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0 il and Gas in Wes tern Canada 

CHAPTER I 

ORIGIN AND ACCUMULATION OF OIL AND GAS1 

ORIGIN OF PETROLEUM 

The ongm of petroleum is discussed in almost every text book on 
petroleum geology and, therefore, only a brief outline of the subject need 
be given here. There are a number of theories and these may be grouped 
into two major classes: (1) inorganic; and (2) organic. 

INORGANIC THEORIES 

It has been suggested that water acting on metallic carbides in the 
earth might produce hydrocarbons. The objections to this theory are 
clearly presented by Stigand (1925) 2 who states: 
"The existence of improbably large quantities of metallic carbides, within access in the 
earth, would be required, if only to suffice for originating the amount of petroleum which 
has been produced, as the amount of metallic carbides demanded is very great in pro
portion to the petroleum that can be produced from them. Furthermore, the circum
stances that large deposits of bitumen or petroleum are only found in the stratified 
rocks, that the deposits found in the strata of younger age predominate, and that very 
frequently barren porous beds are intercalated in the petroliferous beds, or the strata 
su'bjacent to an oil series do not contain petroleum, all tend to constitute evidence con
trary to the supposition of deep-seated origin." 

There are also other theories based on chemical reactions between 
various substances, but in most cases the objections to these theories are 
so convincing to the field geologist, that they are dismissed by him as being 
highly improbable. 

ORGANIC THEORIES 

According to the organic theory, petroleum and natural gas are believed 
to originate from organic matter buried in sediments that were deposited 
under special conditions in shallow sea water and in lagoons and estua,ries 
along the seashore. Investigations carried out by Trask (1927 and 1928) 
under the American Petroleum Institute have shown that some limestones 
may be source beds of oil. Lime sediments now being formed in the Florida 
Keys and in the Gulf of Hatabano in Cuba yielded on distillation 2 · 5 gal
lons of oil a ton, or about 1 per cent of the weight of the sediment, and 

lText books on petroleum g"°logy: "Geology of Petroleum" , W. H. Emmons. 2nd Edition, 1931, 
McGraw-Hill Book Co. Inc.; " Geology of P etroleum and ::\'aturo.l Gas", E. R. Lilley, 1928, D. Van 
Nostrand Co. Inc.; " Out lines of th e Occurrence and Geology of Petroleum," I. A. Stigand, 1925, Charles 
Griffin and Co., Ltd.; " ProRpecting for Oil and Gas," L. S. PanY'ity, 1920, John Wiley and Sons Inc.; 
"Practical Oil Geology ", D . Hager, 1919, McGrnw-Hill Book Co. Inc. 

2The date and, in some cases , page numbers following the author's name will enable the reader 
to find the complete bibliograph ic re.fercnce in the list of papers at the end of this chapter. 
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hence may be a source of oil since such a yield means a potential supply 
of 105,000 barrels of oil a square mile for each foot of sediment. Lime 
deposits a considerable distance from shore off Key West, however, could 
not be source beds since they yielded on distillation only a very small 
amount of oil. Sands and silts from recent deposits in such places as San 
Francisco Bay, San Diego Bay, Bay of Fundy, and Orinoco Delta, in all 
of which places there is a fairly strong tidal action, yielded only an 
insignificant amount of oil, whereas fine mud from shallow water in Pam
lico Sound off the coast of North Carolina yielded as much as 2 · 7 gallons 
a ton. From the examination of recent sediments from many areas it is 
concluded that clays are more likely to be source beds of oil than either 
silts or sands. Furthermore, it appears that sediments that yielded con
siderable oil showed that a concentration of organic matter had taken place 
due to special conditions of deposition. The organic matter entering these 
sediments is derived from plankton, the floating organisms living on the 
surface of the sea, and since these forms of life are more plentiful near 
shore than in the open sea it follows that sediments deposited relatively near 
shore or in shallow, epicontinental seas are likely to be richer in organic 
matter than those laid down far from land. Plankton, however, is readily 
carried by moving waters and those that die and fall to the sea bottom will 
be transported by currents to accumulate in protected depressions on the 
sea floor or in quiet basins. This seems to have occurred in such basins as 
Lake Maracaibo, a large, shallow, brackish-water lagoon on the coast of 
Venezuela, where recent sediments from the shallow parts were found to 
yield much less oil than those from the deep, central part of the lake. Con
centrations of organic matter may occur in deep water in depressions on the 
ocean floor as was found to be the case in the vicinity of Channel Islands 
off the coast of California. 

In order to estimate the value of recent sediments as sources of oil, 
probable source rocks of oil of the geologic past showing a wide strati
graphic and geographic range were distilled. The results according to Trask 
(1928, page 1065) showed that 
"the average ignition loss varied directly with the oil yield and W>as very similar to 
that from recent sediments. Furthermore the specific gravity of the oil, the tempera·· 
ture of formation of the oil, the gas production, and the average ignition loss of the 
coke, were all similar to the results from recent deposits. In regard to past geologk 
sediments, it is unknown how rmuoh oil has migrated in or out of the deposits but the 
striking similarity of the results from such a wide variety of past geologic sediments 
to corresponding results from recent deposits, suipports the view that the better grades 
of sediments forming today are to be considered as future potential source beds 
althou~ perhaps not so good as some past geologic deposits." 

Some investigators believe that source materials of oil may be derived 
from the decay of vegetable matter carried to the sea by rivers and streame 
in the form of humic acids that are precipitated in the presence of salt 
water. According to Rae (1922) 
"microscopic work on shales associated with oil deposits has shown the presence of 
an unknown, rich, dark, organk, ulmohurmic groundmass . . . . . Rivers and streams 
act as the concentrating agents for millions of tons of organic material, whioh are 
later incorporated into marine or inland lake deposits. By subsequent pressure, heat, 
and catalytic agents, the organi·c material is converted into petroleum." 



3 

Haseman (1930) has reported the occurrence in recent sediments of 
asphaltum and a few other hydrocarbons which he regards as having been 
synthesized from humic acids. He believes the humic acids are produced 
in swamps and precipitated by brackish waters along their sandy margins. 

In certain cases the close association of possible source materials with 
the petroliferous beds seems to offer almost conclusive evidence of origin. 
For example, the presence of an abundance of diatoms and foraminifera in 
the Eocene of California led Arnold to conclude that the oil in the over
lying Miocene was derived from them. In other places the association of 
coal with petroleum has given rise to the suggestion that the petroleum as 
well as the coal has been derived from terrestrial vegetation, but, as pointed 
out by Stigand (1925), it may be that it is marine vegetation that is 
involved for 
"it is under shallow water conditions suoh as on littoral or estuarine tracts or in basins, 
that petroliferous strata have most frequently been formed. Furthermore, series 
of strata containing petroleum often exhibit evidence of former land surfaces the 
presence of which must have been preceded and fo llowed by extensive shallow water 
conditions and shifting tidal regions; this would be more particularly significant in 
the case of formations containing successions of coal and lignite seams . . . . . 
which indicate secular oscillations centring about sea-level." 

Such conditions on tidal flats are favourable for the growth of marine 
vegetation that may possibly have been the source of petroleum in such 
cases. Redwood (1926, page 184) states that "the :::alt-marshes of Sar
dinia are covered from time to time with sheets of seaweed decomposing 
into an oily substance akin to petroleum" and Emmons (1931, page 57) 
has pointed out "the fact that iodine is found in seaweeds and also in the 
waters of certain oil-lfields is significant in this connexion". Stuart (1926) 
page 69) believes that in the oil fields of Burma there is a direct relation
ship between the oil deposits and silicified wood found in the overlying 
rocks. He points out that the fossil wood belongs to the genus Diptero
carpus, a species of which now growing in Burma is Yery rich in wood oil 
and from which natives obtain as much as 40 gallons of oil in one season 
by tapping the trunk. These trees, due to their high specific gravity, sink 
to the bottom when immersed in water, and not only might large quantities 
of oil have originated from their burial, but since the leaves were also 
rich in oil they were a potential source of oil during the life time of the 
trees. 

From this evidence it is concluded that oil may originate from waxy, 
gelatinous, and resinous substances of plants either of marine or terrestrial 
origin, or from the decaying protoplasm of marine animals. Differences in 
the composition o,f the source materials necessarily mean differences in the 
composition of the petroleum formed from them. Changes in the composi
tion of petroleum may arise subsequent to formation as a result of filtra
tion during migration and of interactions between the petroleum and sub
stances in the formations through which it bas passed. There may be 
losses due to natural distillation and the escape of the lighter volatile 
materials. Thus the petroleum found in an oil field may differ quite widely 
in composition from the petroleum as first formed, a fact that in many cases 
makes it difficult to determine the character of the material from which the 
oil has been derived. 
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ACCU::VIULATION OF OIL AND GAS 

There are two opposing conceptions regarding the time of formation 
of oil from organic debris. The first, sponsored by Murray Stuart (19·26) 
and other geologists, is to the effect that the organic material was con
verted int-0 oil prior to its burial. The oil is believed to adhere to clay 
particles for which it has great affinity and, later, to be squeezed out into 
the more porous rocks during the consolidation and deformation of the 
enclosing strata. The second conception is that the source material of ·oil 
is acted on by anaerobic bacteria and a substance called kerogen, low in 
oxygen, results. After burial of this substance oil is formed from it by 
heat and pressure during the consolidation or deformation of the enclosing 
sediments. The kerogen, according to this view, is only an intermediate 
product between ·the organic source material and the petroleum, and cer
tain physical and chemical changes are necessary before it is transformed 
to petroleum. Hawley (1929, page 365) has demonstrated experimentally 
that petroleum is not formed by shearing pressures in oil-shales ·and con
cludes that " temperature is by far the more important agent in promoting 
the conversion of bituminous material in rocks to oil." 

Regardless of how or when the oil is formed, since the source materials 
are widely distributed through the oontaining sediments, the oil when fir13t 
formed must also be widely disseminated. In order that oil fi elds may 
result, the oil must collect in porous strata within limited areas. Many 
geologists believe that oil collects near where it was generated, others, as 
for instance, Rich (1927, page 1139), believe that large quantities of oil 
formed during mountain building may have, at least in part, moved a long 
distance from its point of origin. 

GRAVITATIONAL THEORY OF ACCUMULATION 

If water, oil, ·and gas are placed in a closed vessel they tend to arrange 
themselves according to their specific gravities, the gas, the lightest on 
top, the oil below it, and the water at the bottom. This tendency was 
long ago rec-0gnized as having operated where oil was found in domed-up 
strata in the Appalachian and Ontario areas, but it is now understood 
that though gravity tends to cause a rearrangement of the gas, oil, and 
water after they have arrived at a place where accumulation occurs, yet, 
gravitational force alone is not sufficient to cause a migration of oil fr.om a 
source rock to a porous reservoir rock. It has been shown by various 
authors that capillarity, deformative movements in the earth's crust, the 
movement of water, and the movement of gas all influence the migration 
of oil. 

CAPILLARY THEORY OF ACCUMULATION 

If a clean glass tube of fine bore is dipped into water, the water rises 
inside the tube to a higher level than the surface of the external water. 
This tendency of liquids to enter minute openings or pores, such as is 
illustrated by a glass tube or by the absorption of water by blotting paper, 
is the result of capillary action. 

Experimental evidence led McCoy (1916, page 798-805) to believe that 
capillarity is the main force causing oil in a water-saturated sand to 
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migrate, thus making possible the accumulation of oil in reservoirs capable 
of retaining it. Washburne (1914, page 830) has stated that, 
"since water has about three times the surface tension of crude oil, capillary action 
must exert about three times as much pull upon it. The amount of the capillary 
pull varies inversely as the diameter of the pore. Hence rthe colliltant tendency of 
capillarity is to draw water, rather than oil, into the finest openings, displacing any oil 
or gas in the latter." 

Shale contains much smaller pore spaces than sand and consequently any 
slow flow between shale and sand would drive oil from the fine pores in 
the shale and concentrate it in the ooarser pores of the sand. Since gas is 
not drawn into capillary openings by the action of surface tension and 
there is no capillary resistance to its movement, it is much more readily 
concentrated in the coarser pores than oil. It is possible, according to 
Washburne, where there is no flow between shale and sand, that the force 
of capillarity alone would be sufficient to draw enough water into the shale 
to displace the oil and to concentrate it in the coarser pores of the sand. 
In water-free rocks, oil, because of capillarity, would be drawn into the 
finer pores and hence the result would tend to be diffusion rather than 
concentration. 

There are limits to the sizes of pores in which capillarity can act. In 
pores greater than 0 · 508 mms. in diameter there is no capillary action in 
the case of pure water. The minimum diameter, according to Washburnei 
is more uncertain, but is usually placed at 0·0002 mms. In such smal 
openings it has been shown (Johnson and Adams, HH4) that the adhesion 
is so great that it overcomes the capillary force. 

Though in the case of small pores the capillary attraction of water is , 
theoretically, three times as great as that of oil, certain conditions may 
greatly modify this force. The capillary action of water in a pore having 
a thin film of oil is not nearly as great as in a pore that contains no oil, 
t herefore, where water is moving into a finely porous bed and displacing 
oil originally in ·that bed, the capillary fo11ce exerted by the water is not 
three times that of oil. Under such conditions .the force of capillarity will 
not be nearly as effective in concentrating oil in the coarser pores as might 
be supposed. 

HYDRAULIC THEORY OF ACCUMULATION 

Experimental studies by Mills (1920, pages 398-421) led him to believe 
that capillary adjustments between oil and water in saturated strata are 
restricted to short lateral ranges and that wide movements of oil due to 
such forces are the exception rather than the rule. He concluded that the 
up-dip migration of oil and gas under the propulsive force of their buoy
ancy in water, as well as the migration of oil either up- or down-dip caused 
by hydraulic currents, is among the primary factors influencing the accu
mulation of oil. The movement of oil under the action of currents is what 
has been termed the hydraulic theory of oil and gas accumulation. 

This theory was developed by Munn (1909) and a general state
ment regarding it was published by Rich (1921) who states 

"The principal cause of the migration of oil and gas is the movement of under
ground water which ca,rries with it minute globules of oil and bubbles of gas, pos.sibly as 
fast as they are formed. Accumulation results from the selective segregation of oil 
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and gas, which on account of their buoyancy always tend to work ~heir way upward 
as they are carried along and are caught and retained in anticlinal or other suitable 
traps. 

The nature of the trap necessary to cause accumulation depends on the rate of 
movement of the water and corresponding texture of the sands or other medium 
through which it flows. Where the sands are porous and there is a strong hydraulic 
head a sharp anticline with large closure is necessary to retain the oil; in fact where 
the movement is especially rapid, even such a structure may be inadequate. Where 
the sands are fine and the water movement is slow, slight structural and textural 
variations are enough to arrest the movement of the oil and gas. Under such con
ditions broad, flat anticlines with very little closure, terraces, or even minor flatten
ings of the regional dip, are enough to cause accumulation." 

According to this theory any condition that retards the movement 
of underground water carrying globules or bubbles of oil and gas, will tend 
to bring about the accumulation of the oil and gas. Such retarding con
ditions, according to Rich, may be assumed to be present: (1) in anticlinal 
traps, (2) where the size of rock pores decreases, and (3) where a decrease 
in the rate of water movements is caused under certain conditions. Rich 
points out that where oil and gas are carried to an anticline, the buoyancy 
of oil and gas in the water becomes effective and, as a result, they tend to 
rise to the top of the structure and to become concentrated there. In 
cases where the regional dip decreases in amount, giving rise to a terrace 
structure, there will be a slowing down of the movement of the circulating 
solutions, and this may be sufficient to cause an accumulation of oil and 
gas without any reversal of dip. A change from a relatively porous rock 
to one of less porosity will also cause at least a partial stagnation, allow
ing the oil and gas to accumulate in the more porous rock, as where a sand 
lens is surrounded by less pervious parts of the same stratum. It ie prob
able, in such cases, that capillarity plays a considerable part in the accu
mulation of the oil and gas in the rock with larger pore spaces. 

Mills and Rich (19·21, pages 347-371) deduced from experiments that 
a strong water movement through an anticlinal trap might carry along 
with it all the oil and gas, allowing no opportunity for them to collect in 
the top of the trap. Moreover, a strong water flow through an anticlinal 
trap in which there has already been some accumuation of oil and gas 
might flush away the accumulated oil and gas or, if only a partial flushing 
resulted, the oil would probably extend farther down the dip on the lee side 
of the anticline than on the side by which the water entered. Where the 
water movement is slow, the oil and gas would first concentrate in the crest 
of the trap and later additions would be on the side from which the water 
comes. These two cases explain why in some instances the division between 
oil and water is not at the same level on the two flanks of an oil pool. 

ACCUMULATION DUE TO DEFORMATIVE MOVEMENTS 

As pointed out by Lilley (1928, page 201) the "compacting of sedi
ments through increasing static pressure plays an important role in causing 
the reduction of pore space in sediments and thus is directly responsible 
for the initiation of movements" of contained fluids or gases. As a result 
of experiments carried out in 1928, Beckstrom and Van Tuyl (1928, page 
1049) came to the conclusion that " compaction is by far the most impor-
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tant cause of migration of oil from shale into porous reservoirs." Certain 
authors believe movement is started by differences in pressure due to vary
ing amounts of diastrophism from place to place, although others regard 
this as but a minor factor in movement. 

ACCUMULATION OF OIL AS RELATED TO MOVEMENT OF GAS 

Gas has the property of diffusion, but is not drawn into capillary 
openings by surface tension and hence there is no capillary resistance to 
its movements. It thus moves through pore spaces in rocks with much 
greater ease than oil. Gas is soluble in oil in proportion, roughly, to the 
pressure exerted. The pressure created by gas in the oil and the buoyancy 
given to the oil by the dissolved gas are both factors in the movement of 
oil. Absorbed gas also tends to lower the viscosity of the oil and especially 
so if the gas forms minute globules. According to Mills (1923, page 14) 
"the escape of gas with entrained oil through fissures has been an impor
tant factor in the migration and accumulation of oil in many faulted areas. 
Compressed gas is the propulsive force by which oil generally moves to pro
ducing wells." 

STRUCTURAL FEATURES OF OIL POOLS 

Oil and gas accumulations are associated with various structural 
features (Clapp, 1917). The structures of the fields of western Canada are 
indicated in some detail on later pages, and in this place, therefore, only a 
generalized consideration is given to the subject, omitting all reference to 
types of structure not yet recognized in Canada. 

ANTICLINAL OR DOMED STRUCTURE 

An anticline is an arch-like or dome-shaped fold. If the angle of dip 
of the two sides or limbs is the same and in opposite directions, the fold or 
anticline is symmetrical. Any marked departure from this condition pro
duces an asymmetrical fold (See Figure 1), and names have been applied 
to different variations from the ideal form. A dome is a special form of 
anticline in which the beds dip away from the crest in all directions or 
quaquaversal fashion (See Figure 2). 

Regardless of the various theories advanced to account for the accumu
lation of oil and gas, it is generally agreed that one of the commonest 
structures in which oil and gas are found is the anticline. In order that oil 
and gas may accumulate in any anticlinal structure certain conditions are 
essential. (1) There must be a petroliferous stratum from which oil and 
gas can be derived. It is thought that oil and gas form from organic 
materials and originate, respectively, as small globules and bubbles. 
These must collect if a pool of oil or gas is to form and, no matter what 
explanation is adopted as the cause of movement, it is agreed that there 
must be migration of the oil and gas to points where structural conditions 
allow their accumulation. (2) There must be a porous horizon into which 
and along which the oil and gas may migrate and be collected in pools of 
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commercial size. Migration for the most part must take place through the 
pore space of the rocks and the rock of the structural reservoir must be 

Figure 1. (After L. C. Uren). Simple asymmetric anticline with 
oil-bearing strata (sbowu in solid black) reached by three wells 
(Nos. 1, 3, and 4). The strata on the left dip more steeply than 
the stratn on the right and the dip of the axial plane changes 
with depih as shown by the curving line G-H. 

Figure 2. (After L. C. Uren) . Dome structure illustrated in pl an 
and vertical sections; an oil-bearing stratum (shown in solid 
black) is depicted in the vertical sections and the area under
lain by it is shown on the plan. 

sufficiently porous to hold a large amount of oil and gas if an oil field is 
to be formed. The amount of oil and gas at any point will depend, among 
other things, on the amount of oil and gas available, on the size of the 
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reservoir, and on its efficiency as a retainer of the oil and gas. The size 
of the reservoir will, in turn, depend on the size of the structure and the 
degree of porosity of the strata. (3) There must be an impervious cap 
to prevent upward dissipation of the gas and oil after arrival in a struc· 
turally favourable reservoir. A highly suitable cover for an oil reservoir is 
a fine-grained, wet shale. It has been calculated (McCoy, 1919, page 258) 
that at a depth of 1,500 feet the force necessary to make oil migrate through 
a wet shale (openings 0·01 micron) is about 4,000 pounds a square inch and, 
therefore, that there could be no migration of oil through such a shale. 

In a symmetrical ·anticline under ideal conditions, the arrangement of 
gas, oil, and salt water ·in a pornus stratum acting as a reservoir is as fol
lows: the gas occurs on the crest of the fold, the oil underlies the gas and 
occurs in the limbs of the fold, and the salt water underlies the oil. This 
arrangement is such as would result from gavita·tional segregation. So 
symmetrical a disposition of the gas, oil, and water does not usually obtain 
in nature. The anticline may not be of symmetrical form and -0ther factors 
governing accumulation may also lack symmetry, with the result, for in
stance, that the oil may be largely concentrated in one limb of a fold. 
Furthermore, in many oil fields the high pressures revealed in the early 
stages of production indicate that much of the gas must be absorbed in 
the oil. As is the case in a number of Canadian gas fields a structure 
may contain gas and salt water, but no oil. The lack of oil in such cases 
may be due to the fact that gas is much more mobile than oil and conse
quently may move much farbher from its place of origin or may pass through 
beds so finely porous as to hold back any oil. Other explanations of the 
absence of oil might be given, as, for example, that metamorphi~m has 
prnceeded to such a stage that only gas may be present. Regardless of 
what the explanation may be the fact remains that many gas fields yield 
only " dry" gas which shows no evidence of associated oil. 

SYNCLINAL STRUCTURE 

A syncline is a trough-like fold. If a porous stratum in such a fold 
contains oil and gas, but no water, the gas will tend to rise along the limb 
of the syncline and to segregate at the crest of the succeeding anticline, 
whereas the oil will tend to sink to the bottom of the downwarp or syn
cline, the movements in both cases being due to gravity. Such occurrences 
of oil in synclines are known in Canada, but are exceptional. It is prob
able that the movement of oil under the influence of gravity alone is 
relatively weak, because other forces, particularly that of capillarity in 
a fine-grained stratum, ·are much stronger. The action of C!l.pillarity 
alone in a water-free sand is one of diffusion rather than concentration, 
but, acting in conjunction with gravity, there might be some concentration, 
especially in the case of ·a porous stratum having relatively easy channels 
of movement through lairge pores where the force of capi.Uarity would be 
small. It is probable, however, that irregularities in the character of the 
pore spaces in a sand would tend to make concentration relatively incom
plete. 
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SAND LENSES 

It has already been stated that capillary attraction in the case of 
pores within the critical limits of size is three times as great for water as 
for oil and for this reason water will penetrate the finer parts of a sand 
and force orl to the coarser parts. This, probably, is the controlling factor 
governing the accumulation of oil in those parts of a porous stratum where 
the pore spaces are largest. These coarsely porous parts of a strntum usually 
have irregular forms, pinch ·out laterally, and are in general lens shaped 
(See Figure 3). Where gas and oil are concentrated in such coarser sand 

Figure 3. (After L. C. Uren). Lenticular deposits. Lenses of 
coarse sand in oil-bearing shales serve as local centres of con
centration. 

lenses, they may be under high pressure. It has been suggested that the 
pressure may be due to capillarity, but this idea has been refuted by Wash
burne (1914, page 852). Possibly it is partly due to hydrostatic pressure 
which in many gas and oil fields is nearly equalled by the gas and oil 
pressure. Sand lenses containing oil and gas may occur without any relation 
to other structural features. Since most such lenses are irregular, the gas 
and oil collect in the higher parts, as in anticlinal structures. 

TERRACES 

A local flattening of the strata in a region otherwise characterized by 
a uniform dip gives the terrace structure (See Figure 4). Where water 
carrying along with it oil and gas is moving up the dip and where (Rich, 
1921, page 355) the movement is 
"so slow thait, assisted by the gravity component of buoyancy, it is little more than 
able to move the oil with it, the flattening at the down-dip edge of a terrace might be 
enough to arrest the movement of the oil and gas and start an accumulation . . . . 
This pool would grow from accretions added on the down-dip side and in time might 
extend for a considerable distance down the dip from the edge of the terrace. In 
general a terrace should be able to cause oil accumulation only where the movement 
of the rock fluids is comparatively slow, so that sljght obstacles suffice to arrest tlhe 
movement of the oil globules." 
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Johnson and Huntley (1916, page 72) in discussing the terrace struc
ture assume that where 'there is a gravitational separation of oil and gas 
through water there is a critical gradient which will allow oil and gas to 
accumulate. Where the dip exceeds in amount the critical gradient, the 
oil and gas wiU be carried up the dip, but where the dip falls below the 
critical gradient the oil and gas will tend to accumulate. It is stated, how
ever, that " it is difficult to ascertain the critical gravitational gradient 

Figure 4. Terrace structure; an accumulation of oil is shown 
(solid black). 

because of two variables: (a) degree and types of porosity, and (b) direction 
and effectiveness of the current within the reservoir"; the current is con
sidered as generally flowing up dip. The terrace, these authors believe, 
must also be wide, otherwise the oil and gas may escape up the dip. These 
and other factors have led Johnson and Huntley to regard terraces as of 
low rank among favourable structures and especially so since structures 
that appear as terraces on the surface may be absent at depth. Small folds 
on a terrace structure, however, offer favourable conditions for accumulation, 
since they combine the anticlinal fold with the terrace structure. 

FAULTED STRUCTURES 

Earlier views that faulted structures were not favourable for the 
accumulation of oil and gas have been greatly modified by the discovery of 
many highly productive faulted structures and certain investigators have 
concluded that in some fields the accumulation of petroleum has occurred 
as a result of faulting. It has been stated (Pratt and Lahee, 1923, page 
231) that " faulting is associated with, and probably is, the controlling 
structural feature of all the oil fields in the relatively flat-lying beds of 
the Gulf Coastal plain, from the Lower Cretaceous up to the Pliocene." 
Faulted structures affording oil production are also known in many other 
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oil fields, especially the Rocky Mountain fields, where the accumulation is 
thought to be closely related to the faulting. Rich (1923, page 222) has 
pointed out that too much emphasis may be placed on faulting and that 
although it may be beneficial in some instances it may be decidedly detri
mental in others by providing a channel of escape for oil and gas that 
would have been retained in an anticlinal structure. Mills (1923, pages 14-
15) states that: 
"The escape of water through natural passages, sucli as fault fissures, has induced wide
spread hydraulic 1currents througih the beds toward these points of diminished pressure, 
and these water currents, plus buoyancy, have contributed largely toward the migration 
of oil to favourable rock entrapments in the vicinrity of the faults. The propulsive force 
of expanding gias has been one of the <Contributing causes for the hydraulic currents. 

Paradoxical as ~t may seem, the escape of gas with entrained oil through fissures has 
been an important fa,ctor in the migration and accumulation of oil in many faulted areas. 
Compressed gas is the propulsive force rby wihich oil generally moves to producing weHs. 
It is also one of the propulsive forces iby which oil has moved with or even ahead of 
water under conditions of differential pressure brought about by faulting. 

The concomitant formation of gas and oil, togather with the diffusion of absorbed 
gas under high pressure throughout the underground water and disseminated oil, are 
assumed to have preceded the processes herein outlined and have made them possible . 
.Aibso11bed gas tends to lower the Vliscosi ty as well as the specific gravity of the oil, 
espe<eially where the aibso~bed gas eicpands sufficiently to form minute bubbles within the 
oil. Aga;in under the propulsive force of water currents alone, the oil tends to move 
Jess readily than the water, as exemplified by the formation of water cones around pro
du<:ing wells, but wlhere there are rconsider01ble proportions of rapidJy expanding gas, the 
oil is propelled ahead of the water. Trhere are, of ·course, limiting conditions beyond 
which the folding and fracturing, or even the erosion of petroliforous strata, have 
permitted the excessive Joss of oil and gas. There are also conditions under which 
faulting has caused barriers to migration ..... where open fissures cutting deeply 
buried petroliferous beds have formed channels for the migration of oil, gas, and water 
and have then rbecome sealed sufficiently to retain a part of the oil and gas in the reser
voir rocks, the processes herein .outlined have evidently functioned. . . . . During the 
more or .Jess extensive :movements of oil, gas, and water toward producing weUs, tlhe 
gas and oil tend to segregate aibove the water into favouralbly situated p:i.rts of the 
sands. This has been termed induced segregation. It is mildly analogous to what 
hwppens when hard or lith:ified strata containing unsegregated ~as, oil, and water under 
pressure are fractured by faulting or fissu11ing. 

Another important analogy between bhe deep-seated effects induced by oil and gas 
wells and the effects of faulting is the deposition of practically the same minerals in 
the wells and ·in the natural fissures. Calcite, barite, and gypsum, with inclusions of 
waxy hydrocarbons, accumulate in such quantities in the wells of tihe Appalachian and 
Mid--continent fields as to cause serious production troubles. Calcite, gypsum, and waxy 
hydrocarbons occur in the nratural fissures cutting petrolirferous strata in many fields. 
The origin of rboth types of deposits, those in the wells and those in the rock fissures, 
can ibe traced to the escape of water, gas, and oil from petrolifcrous strata. 

Where the gas originally aiccompanying the oil and water (primary gas) has 
escaiped through the fissures, the accumulated oil may be practica]rly devoid of gas. 

. . . . But wlhere consideralble gas under high pressure accompanies oil in faulted 
and fissured structures it seems probable that this gas is ei·ther primary gas retained by 
the early sealing of the fissures, or that it is secondary gas Wlhich formed in, or migrated 
to, the entrwpment aifter the fissures were seailed. It is possible that both phases of gas 
a;ccumulation are represented in many structures. That there !has been an enormous 
escape ·of gas :incident to the migration and aiccumulation of oil in most fields is indi
cated by the higih concentration of salts in the waters associated with the oil. This 
concentmtion has undoubtedly been brought about through the removal of water vapour 
in escaping gases." 
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Discussing the question as to why all the oil and gas does not escape 
from faulted areas before the fissures are sealed, Mills (1923, page 20) 
writes: 

"The questiion might just as well be asked: Why does all the oil not flow from a 
productive sand through the wells that ta'P that sand? In both cases, the flow ceases 
when tJhe 'Propulsive force becomes inadequate to propel the oil to the surface. Let it 
be remembered that under ordinary conditions of recovery, about 80 per cent of the oii 
originally contained in a rproductive sand may, and probaibly does, remain underground 
when an oil field is abandoned. As in the oase with wells, the complete escape of oil 
through open fissures has prob!llbly failed largely because of dissipated gas pressures, 
whereas the final retention of the ail is due to the sealing of the fissures !before the gas 
pressures in the vicinity of the faults have again built up uhrough regional adjustments." 

Fault fissures may be sealed by the minerals mentioned by Mills and 
also by tar or asphalt. It has been shown (Rogers, 1919, and Pack, 1920) 
that sulphate waters react with oil, the sulphates being reduced by the 
hydrocarbons of the oil or gas to sulphides and the oil and gas in part 
being oxidized. Hydrogen sulphide thus formed is readily oxidized to give 
sul'phur which is quite soluble in petroleum. The high sulphur content of 
some oils may be in part at least accounted for in this way. As sulphate 
waters are much more common near the surface than at depth, this action 
is probably greater near the surface and as the lighter oils are changed 
into heavier oils by this action, and as evaporation and oxidation also take 
place near the surface, the oil may be changed to tar or asphalt and thus 
seal t he avenue of escape. According to P ack 
"tJhe effect of the deeper waters on the oil is not so extensive as that of surfa.ce waters, 
but it is evident none the less, for in place after pla,,ce (in the Sunset-Midway field) 
where water is found in the oil sand a deposit of tar or heavy oil separates the portion 
of the sand occupied by oil from that occurpied by water." 
It is thus evident that in this case even at depth tarry materials can 
effectively seal off a channel of escape for oil. 

POROSITY OF RESERVOIR ROCKS 

The commonest rocks acting as reservoirs for accumulations of oil 
and gas are porous sandstones, and dolomites or dolomitic limestones. 
Other rocks are not of so great importance, although in some fields oil 
has been produced in quantity from crevices in shales. 

The porosity of a sandstone depends on a number of factors, as for 
example the shape of the sand grains, the manner in which they are packed, 
the variation in size of the individual grains, and the amount of clay or 
silt or of calcareous or siliceous cement between the sand grains (See Figure 
5). If the grains are uniform in size and shape, the amount of pore space 
is the same no matter how small or large the grains may be, provided they 
are packed in the same fashion. If the grains are large there will be a 
comparatively small number of large pore spaces, if the grains are small 
there will be a large number of small pore spaces, but the total amount of 
pore space will be the same. Where the grains are arranged in the most 
compact manner, the amount of pore space is about 25 per cent of the whole 

68386-n 



14 

volume; where the grains are arranged so as to give the maximum pore 
space this amounts to nearly 50 per cent of the whole (Slichter, 1899, page 
305). As has been pointed out by Johnson and Huntley (1916, page 34) : 
"A distinction should be made between tfile theoretical porosity of a rock and its 
effective porosity. Owing to the fact 1Jhat in many rocks a considerable proportion of 
the pores do not communioate even thou~ bhe theoretical porosity may be high, the 
yield (of oil) ,js necessarily very low. A rock with very small pores cannot be drained 
of its oil content even though such pores communicate, because of friction !Lnd where 
gas or water is also present because of capillarity." 

B D 

o.s.c. 

Figure 5. (After E. R. Lilley). Some types of rock textures and structures that 
affect porosity. A: sedimentary deposit of grains well sorted according to size, 
interstices comparatively large, degree of porosity high. B: sedimentary deposit 
of grains poorly sorted according to size, interstices comparatively small, degree 
of porosity low. C: sedimentary deposit of grains well sorted according to size, 
the grains themselves porous, the interstices comparatively large, degree of por· 
osity very high. D: sedimentary deposit of grains well sorted according to size, 
the comparatively large interstices reduced in size by deposition of mineral 
matter, the porosity diminished. E: rock rendered porous by presence of fissures 
produced by solutions. F: rock rendered porous by presence of fractures. 

Thus, although a fine-grained sand may have as much porosity as a 
coarse-grained sand, its effective porosity may be very small and in some 
cases may even be nil. As already indicated, if the grains of a sand are not 
uniform in shape and size, the smaller grains may fill part of the spaces 
between the larger grains and consequently reduce the porosity. Silt and 
clay or materials cementing the sand grains will also diminish the amount 
of pore space. 

Next to porous sands, dolomites and dolomitic limestones form the 
most important reservoirs for oil and gas. 

Analyses, published by Orton (1888, pages 103-105), of rock from dif
ferent parts of the Trenton formation, first drew attention to the fact 
that in the Trenton oil fields of Ohio the oil is associated with dolomite. 
Pieces of res~rvoir rock, dolomite, blown from the wells, are very porous, 
whereas the compact limestone with a low magnesium content holds little 
if any oil and gas. It has been thought that the porosity of the dolomite 
is due to its formation from limestone, since in the change of a relatively 
pure limestone to dolomite a shrinkage of as much as 12 per cent may 
take place. The view that the porosity is wholly due to dolomitization 
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was questioned by Phinney (1889, page 658) because " chips and larger 
masses thrown out of ·the wells by the force of gas show that even where 
the rock is hard and compact small cavities are scattered throughout in 
such a manner as to suggest that a part of its substance had been removed 
by solution." It is now generally known that porous limestones and dolo
mites in certain cases furnish suitable reservoirs for very large amounts 
of both oil and gas. 

Dolomite forms in 10everal ways, as for example by (1) deposition, 
(2) replacement, (3) leaching. Twenhofel (1926, page 257) concludes 
that: 
"Unles.s the environmental conditions in the seas of the geologic past were greatly 
different from what they are at present, there is little pos.sibility that the dolomites 
were formed by primary organic or chemical deposition. On the other hand, sediments 
which originally were deposited on the sea floor as calcium carbonate, or with calcium 
carbonate as the most important constituent, are known to have become dolomitized 
a few feet below the surface. . . . . . The high content of magnesium carbonate 
arose either from leaching or replacement of calcium carbonate. 

It bas been commonly assumed that in tb(l formation of dolomite by replace
ment, there is an increase in the porosity of the rock formed " 
and that the reaction involves: 

"A shrinkage of 12·30 per cent in volume. Many dolomites are porous and 
cavernous, and this characteristic has be€n assumed to be typical of all dolomites and 
to have arisen through replacement after solidification. However, many dolomites 
have more than the required pore space, while others, in essentially horizontal posi
tions, have less than 0· 1 per cent. It is difficult to explain these variations as due 
to replacement alone. Shells which have undergone partial or complete replacement 
by dolomite in numerous instances show no decrease in volume, and it is obvious 
that field observations do not support the view that dolomitization involves a 
decrease in volume. Although it has not been proved that the porosity of some dolo
mites is due to replacement it is probable that a part of it may arise in this way, but 
there is a variety of other factors wbicih are determinants of the pore space, among 
which are the physical characters of the particles composing the original calcite secli
ments, the cementation, the leaching subsequent to deposition, and the pressure to 
which the sediments were subjected. 

One feature in the distribution of dolomites which is of interest is the fact that 
the occurrence of dolomite very frequently is regional rather than local." 

According to Howard (1928, page 1155) porous limestones may be 
classified according to the origin of their porosity as follows: 

(1) Limestones with primary porosity 
(a) Chalk 
(b) Oolitic limestone 
(c) Primary crystalline dolomite and limestone 
( d) Coral reefs 

(2) Limestone with secondary porosity 
(a) Limestone associated with former erosion surfaces 
(b) Limestone with porosity developed as a result of mineralogi

cal changes 

(3) Fractured limestones 
(a) Strongly jointed limestone 
(b) Limestone fractured as a result of crustal movement 
( c) Limestone fractured as a result of mineralogical changes 
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According to this author limestones with primary porosity rarely form 
oil reservoirs, and limestones in which the porosity has developed below 
an erosion surface probably form " fully 95 per cent of the known lime
stone reservoirs." 

An unconformity represents a break in sedimentation and may or 
may not represent a period of time during which the already deposited 
sediments were subjected to erosion. It is thought that secondary por
osity may develop in limestones as a result of leaching and solution during 
a period of erosion, the porous horizons being confined within the depth 
of groundwater penetration. 

According to Beal and Lewis (1921, page 194): 
" Ma.ny geologists and engineers engaged in estimating, by the use of porosity, th 

oil content of sands in the Mid-contin~mt field ordinarily use a factor of IT~ per cent. 
. . . . The porosity of the ordinary oil sand in California is usually taken as about 
25 per cent, undoubtedly a low figure, since sands as loose as those generally average 
36 per cent or more in porosity. Porosity in the Appalachian field is estimated at 
10 to 12-! per cent, but actually productive portions of the sands probably average at 
least 15 per cent." 

RELATION OF OIL PRODUCTION TO GAS PRESSURE 

The amount of oil recovered from oil sands by ordinary methods is 
by no means the total amount in the sand. Some estimates place the 
recovery at only 10 to 20 per cent. The amount recovered " depends 
mainly upon the porosity and size of the pores, upon the available energy 
within the sand for expelling the oil from the pores of the sand, and upon 
the efficiency of this energy." The gas diss·olved in the oil under pressure 
is the main force that expels oil from a sand, although gravitation and 
water pressure are important in some instances. The failure of a well to 
produce more oil, even though only 10 to 20 per cent of the oil in the sand 
has been extracted, is not, according to Beal and Lewis, the result of 
exhaustion of the oil, but is due to the exhaustion of the gas associated 
with the oil. The conservation of gas in connexion with producing wells 
is thus of vital importance. 

Beal and Lewis have discussed the effect of gas pressure on produc
tion, and the foHowing statements are mainly based on their treatment of 
the subject. Since the amount of gas that can be dissolved in the oil is 
proportional to the pressure, " doubling the pressure, therefore, doubles the 
quantity of absorbed gas and hence the energy, being the pressure multi
plied by the gas volume, is quadrupled. The expulsive energy thus 
increases as the square of the pressure, provided there is enough gas asso
ciated with the oil to saturate ·the oil at the existing pressure." Some of 
the gases present are condensible at the higher pressures and thus go into 
solution as liquids. The effect in the field is that the expulsive energy 
may increase at even a greater ratio than the square of the pressure. It 
is essential, therefore, in the best interests of the life of an oil field, that an 
amount of gas as small as possible be used to produce each barrel of oil. 
If large quantities of gas are allowed to escape freely in the initial stages 
of production it is obvious that the recovery of oil will be much less than 
the possible maximum. 
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In many fields the gas pressure is about equal to the hydrostatic 
pressure, a condition that has been e:icplained (W ashburne, 1914, page 857) 
by the " fact thait the weight of water in the rock pores resists the slow 
outward movement, and that equilibrium is established when the outwaird 
pressure is equal . . . . to the hydrostatic head." There :i.re many 
instanoes, however, where the gas pressure is much in excess of the theoreticrul 
hydrostatic pressure and W ashburne believes this excess of pressure may be 
" assigned in general to greater freedom of communication underneath the 
sand . . . . to locally more active ascent of rock fluids from any 
cause, or to greater resistance above the sand." Pressures lower than the 
theoretical hydrostatic pressure may, on the other hand, be "assigned to 
the opposite causes, or to leakage, or to dryness of parts of the overlying 
rock." As proof of the origin from below of pressures in excess of the 
theoretical hydrostatic pressure W ashburne cites (1914, page 856) the fact 
that such excess pressures are most common in areas where fracturing is 
prevalent. Also, excess temperatures in oil fields, excess of chlorine in 
associated water, and the aibundance of helium in some deep wells, point 
to the same conclusion. It has been shown that capillary pressure under 
:iertain conditions is quite large, but W ashburne believes since there is no 
change in volume in capillary movement that capillarity itself could not 
produce any great pressure in an oil sand. 

RELATION OF OIL PRODUCTION TO THE SPECIFIC 
GRAVITY OF THE OIL 

A heavy oil being more viscous than a light oil requires more energy 
to expel it from the pores of a sand. Since in any reservoir there is only a 
certain amount of available energy due to the gas pressure, it follows, 
therefore, other factors being equal, that there will be a larger ultimate 
recovery of the oil if it is light than if it is heavy. For the same reason 
the initial flow of oil from a sand is likely to be smaller if the oil is heavy 
than if it were light. The general tendency, however, for an oil well pro
ducing heavy oil, is to decline less rapidly than one producing light oil 
under similar conditions. 

RELATION OF OIL PRODUCTION TO SPACING OF WELLS 

The relationship of production to spacing of wells has been discussed 
by Beal and Lewis (1921, page 194), and they point out that the closer the 
spacing of wells the greater the ultimate recovery of oil. The gas absorbed 
in the oil is the propulsive force driving the oil to a well and for each 
reservoir only a certain amount of energy is availa,ble. The energy due to 
the gas pressure may be dissipated in driving either a small amount of oil 
a long distance or a large amount of oil a short distance. It is desired, of 
course, to obtain the maximum possible recovery of oil and it is obvious 
that this end will best be accomplished where the energy is used in driving 
a large amount of oil a short distance, or in other words where the spacing 
of the wells is dose. There are, naturally, limits to the close spacing of 
wells and for each field there is a certain spacing which is the most economi
cal. 
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CHAPTER II 

GEOPHYSICAL METHODS OF LOCATING OIL AND GAS 

INTRODUCTIO~ 

The occurrence of oil and gas accumulations depends on several con
ditions: (1) the presence of adequate source materials of oil and gas; (2) 
the existence of suitable reservoir rocks under sufficient cover to retain any 
oil or gas; and (3) the occurrence of a geological structure favourable for 
the accumulation of oil into a limited area. In areas like the plains and 
foothills of western Canada where the evidences of oil and gas are wide
spread the presence of adequate source materials may be taken for granted. 
Also, the existence of porous sandstones and limestones suitable for acting 
as reservoir rocks is probable. The problem of finding oil and gas is, there
fore, fundamentally a problem of finding favourable structural conditions 
such as are outlined in Chapter I and for this purpose certain geophysical 
methods have been devised. These are described under: (1) Torsion Bal
ance, (2) Seismograph, and (3) Other Methods. 

TORSION BALANCE 

The torsion balance is an instrument designed by Baron Roland Von 
Eotvos, Professor of Physics in the University of Budapest, but modified 
and perfected to make it applicable to specific problems. It is a gravity 
measuring apparatus which, however, does not measure the actual value of 
gravity, but indicates variations due to a deficiency or an excess of mass 
at any point where the instrument is used. 

An account by Captain H. Shaw and E. Lancaster-Jones (1925, page 
18) describing the instrument and the principles governing its operation, 
is summarized here. 

" The torsion balance is extremely simple and consists of an horizontal aluminium 
beam suspended by a very fine wire. At one end of the beam a weight of gold or 
platinum is fb.:ed while a second weight is suspended some distance below the other 
end of the beam. The wire usually employed is platinum alloyed with 20 per cent 
iridium, of 0·04 mm. diameter, but smaller wires and wires of other materials have 
been used from time to time. The whole suspended system must be adequately pro
tected against all kinds of disturbance, and this is achieved by enclosing it completely 
in a double or treble walled metallic case, each case being thermally insulated from the 
others. The instrument is operated in a specially designed double-walled tent which 
provides additional protection from radiation. These precautions are necessary in 
order to minimize temperature changes and convection currents in the beam chamber 
on account of the extreme sensitiveness of the torsion wire. One of the main difficul
ties has been to prepare wires having a constant equilibrium position and it is of 
importance to maintain the temperature as nearly constant as possible during observa
tions. With wires such as described above, it is possible to measure values of the order 
of one-billionth part of the total gravity, but in order to obtain such accuracy the 
wires require to be specially prepared. They are subjected to a baking treatment and 
are kept under constant tension for months or even years. 



20 

The mirror mounted on the middle of the beam enables its deflection to be observed 
and this may either be read by means of a telescope or recorded photographically. 
Means are also provided for clamping the beam and relieving the tension from the 
torsion wire so t.hat it may be transported from place to place without fear of damage." 
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Figure 6. Sketd1 to illustrate 
the principle of the Eotvos 
torsion balance. (From The 
1'.Iining Magazine, vol. 32, No. 
1, page 19.) 

The theory of the balance and its operation 
are as follows: 

"Consider a light beam B C (Figure 6) to be 
accurately balanced by the weights B and D, and free 
to rotate in an horizontal plane about a fine suspen
sion wire AO. It is well known that the weight of a 
body is the force with which the earth is attracting 
the body, and we are accustomed to regard these 
forces at neighbouring points as being parallel to 
each other. This, however, is only an approximation 
to the truth, for in reality the forces of the earth's 
gravitational attraction at points only a small dis
tance apart are not absolutely parallel. If, for con
venience, we consider the earth's gravitational force 
on B to be represented by a vertical line BF the cor
responding force of the weight D will not be parallel 
to BF but will be inclined very slightly to that direc
tion, say along DE. In the illustration this inclina
tion is considerably exaggerated in order that it may 
be clearly represented in the drawing. The gravita
tional force DE may be resolved into three mutually 
perpendicular directions giving force P, Q, and R, the 
last named being parallel to BF. Of the otlier two 
components P is the force parallel to the direction 
of the beam, but Q is perpendicular to the direction 
of the beam and tends to rotate the whole beam 
system about the suspension wire AO. The wire AO 
thus becomes twisted, until eventually a position of 
equilibrium is reached, when the torque due to the 
minute force Q is just balanced by the torsional force 
of the wire AO. The beam thus comes to rest in a 
definite position which can be ascertained by the 
/reflection of a scale in the mirror carried at the 
middle of the beam. The whole beam system is now 
rotated into a different azimuth and the observation 
repeated. From observations of the equilibrium 
position of the beam in five different azimuths the 
variation of the gravity at that station can be cal
culated." 

To overcome the difficulty of taking readings in five different positions, 
Eotvos constructed a double-armed torsion balance (See Figure 7) which in 
reality is a combination of two instruments mounted on one pedestal and 
in which the arms are set in opposite directions. With this instrument 
observations are made in three positions. Since the construction of this 
instrument various improvements have been made, but the principles of 
operation are the same. 

According to Heald (1932, page 41) the effectiveness of the torsion 
balance 
"depends upon its ability to detect changes, from point to point, in the attril!cbion of 
gravity and to inteJipret these changes into terms of geology. Its theory is develoved 
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from Newton's law blmt every body attracts every other body witlh a force that is 
directly proportional to the mass of the body, and that Lhe attraction becomes Jess as 
tJhe bodies are moved farLher apart. This Jaw is manifested even with an instrument 
as crude as a spring balance which, as is well known, will record a heavier weight for 
an article at sea-level than it wiH for the identical article when weighed in high country 
some thousands of feet aibove sea-level. 

The torsion balance, effectively operated, tells us whether the rocks under one 
area are heavier than those under another, and the rate at which the ohunge in mass 
occurs. Since the pull of gravity is inversely proportiona·l to the distance between any 
two bodies that are under consideration, it is apparent that if, far beneath the surface, 
there is a formation that is relatively quite heavy, and due to foiding or faulting, that 
heavy formation is nearer tlhe surface at one point than at another, the pull exerted 
by the heavier formation would have the greatest effect at the point where it lies 
nearest the surface. Under favourable conditions, therefore, 1·he torsion balance will 
reflect changes in structure of the rocks and will accurately reflect such phenomena as 
anticJ.ines, synclines, and large faults. 

There are, however, many factors that conspire to render the interpretation of the 
torsion balance data into terms of oil field structure difficult and at times impossible. 
Every mass exerts an influence on the instrument and the :nfluence of a large mass 
miles away may be appreciable. The work that has been done has demonstrated !lhe 
existence of great concentration of heavy material miles below the surface of the earth 
which has a pronounced effect on the instrument, and that gives results which could 
equally well be produced by a very large structure wit.hin drill ing depth. Every hill 
exerts a lateral pull on the instrument. Every heavy boulder, close beneath the sur
face, will leave its record, and interfere with the recognition of the effects due to 
structure. 

Since the successful operation of the gravity methods depends on detecting changes 
in the Qnfluence of gravity, it follows tlhat if the rocks underlying a given area are very 
uniform in character the instrument will not reflect the changes in depth at any given 
horizon and, therefore, will be ineffective. 

Again, there are areas where the geologic structure is so complex that in spite of 
the e~istence of beds strongly contrasting in mass, the instrument is \\fleeted by so 
many pulls from different directions, and conditions vary so abruptly from point to 
point, that it has proved impossible to convert the instrument records into a reasonaible 
geological picture. This is no fault of the instrument but must be attributed to the 
inability of physicists and geologists to recognize the probable origin of the forces that 
have given the results recorded by the torsion balance. 

From the preceding discussion it may be concluded that the torsion balance will 
work most effectively in areas where the surface is flat as in extensive prairie, where 
there are no hidden "pockets" of either light or heavy material hidden close below 
the surface, where there arc certain units among the formfltions within dri!ling depth 
that are appreciably heavier than thoc:e overlying them, and where structural conditions 
are comparatively simple. A change in any of these factors detract.s from the useful
ness of torsion balance work and may at the present stage of our capacity to interpret., 
make the work valueless. 

At present the torsion balance is totally unmit::tble for work in areas where the 
surface is cut into high ridges and deep vall eys, ~mere tihe rocks at a depth of 1,000 
feet or more are closely folded or completely broken by faults, or where the rocks 
down to the limits of drilling depbh furnish no apprecia:ble contrast in the mass of 
individual units or formations." 

SEISMOGRAPH 

The seismograph is an instrument that registers and records earth 
tremors due to earthquakes. The instrument, however, has been adapted 
to the study of geological structures and its action is described by Heald 
(1932, page 42) as follows: 

"Vibrations, created by a shock, travel through any substance at a rate directly 
proportional to tihe elasticity of the substance and the denser the body thP. !Pss will 
be the speed. In seismic surveying such waves are produced by firing a charge of 
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dynamite, or other high explosive, and the time it takes them to reach a given point 
is determined by an instrument designed to detect even very minute vibrations. Since 
rocks with different physical properties transmit these vibrations at different rates it is 
apparent that by this method a good deal can be learned about the nature and the 
attitude of the strata underlying a given area. It is equally apparent that since dif
ferent rocks behave differently the siguificance of the results and the accuracy of the 
interpretation depend critically upon a correct conception of just what geological condi
tions can produce certain observed results." 

Seismic methods are subdivided into " refraction " and "reflection " 
methods. 

R efraction Methods 
" Refraction as the term is used in physics, means the departure from a straight 

line or path w1hich is suffered by a ray or beam of light, sound, etc., as it passes 
obliquely from one medium through which it travels with a given velocity, into another 
through which it travels either faster or slower than it did through the first. By 
means of rather lengthy computations it is possible to take advantage of thio refraction 
principle and to determine from the distance between the shot point and bhe seismo
graph, and the time that it takes the wave to travel from the point of explosion to 
the seismograph, approximately what path was followed by the vibration or elastic 
wave, and certain of the characteristics of the rocks through which it passed. The 
time it takes for bhe vibration to travel from the shot-point to any single seismograiph 
is not, in itself, significant, but by comparing the records obtained by seismographs 
at a number of different distances from the shot-point the subsurface conditions can 
be worked out. 

The re.fraction method of seismogrwph work has been most intensively used in 
the search for salt domes, but it has also been applied to the search for concealed 
anticlinal structure, and to determine whether or not cert!liin formations whose presence 
could be ascertained by lib.is method were wi thin drilling depth . It has been particularly 
effective in discovering salt domes which lie less than 5,000 feet below die surface, 
although attempts to secure information from greater depths have not been so uni
formly BUCcessful. Under favourable conditions it will also map concealed geologic 
structure very faithfully, but complicated structure gives it a great deal of trouble. 

Unlike the torsion balance it will work effectively in areas whPre the topography 
is rough, provided certain necessary factors are recognized and included in the com
putations. However, it may be rendered totally useless by the presence near the 
surface of a thick bed of highly elastic rocks such as rock salt or dense limestone, 
for it is extremely difficult to force a vibration or wave lib.rough such a bed in order 
to explore the underlying conditions. Equally effectiive in defeating seismograph work 
is a thick bed of unconsolidated materia l such as loose sand. For example, a seismo
graph can work effectively in an area covered by sand dunes only if holes are dug 
through the sand to the underlying more solid material and both the shot and the 
recording device are placed beneath the bottom of the sand layer. \Yater, however, 
is a help rather than a hindrance and good results have been secured in many lake 
and swamp-covered areas. 

The refraction seismograph is particularly suitable to explore territory where 
there are neither very elastic beds such as heavy limestone, nor incoherent beds, such 
as loose sand, near the surface; where the formations down to a depth of at least 
several hundred feet are soft shales and sandstones with a highly elastic bed such 
as dense limestone underlying this inelastic material, and where the geologic struc
ture is relatively simple. It is not recommended for work in areas where rocks are 
sharply folded, with individual beds inclined more than 30 degrees from the hori
zontal, or where there are closely spaced faults." 

Reflection Method 

" Only a part of any wave or vibration that. strikes an elastic layer of rock will 
penetrate it or travel along it. Another part will be reflected from its upper surface, 
just as light is reflected from a mirror, and will rebound toward the surface. The 
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reflection method of seismograph mapping uses instruments and technique designed 
to detect these rebounding vibrations and to compute from them the depth to the 
layer from which they were reflected. It will not furnish all the information that 
may be obtained through work by the refraction method, but, on the other hand, 
it has been proved effective in some areas where refraction work is unsatisfactory, 
either because of excessive cost or because of geological conditions. iln other areas 
a combination of refraction and reflection work has been found most satisfactory. 

One of the merits of the refraction work is that it will tell with a fair degree of 
precision the depth to the first layer of rock at which there is a sharp increase of the 
speed with which the elastic wave travels, whereas nowhere in the literature do I 
find any claim that it is possible to determine from the reflections the depth to the 
reflecting layer. If a method for such determinations has been worked out it is a 
trade secret and not general knowledge. In lieu of determining the depth to some 
characteristic layer by means of the seismograph work itself, as is done in the refrac
tion method, it is customary to begin reflection work in a g·iven area by making a num
ber of readings at some point where the depth to different formations which be
cause of their physical characters may yield good reflections, are known. A pro
ducing field or an abandoned dry hole, the log of which was carefully kept, will 
supply the desired information, although if a dry hole is used it is important to also 
know that it was drilled straight. Otherwise the conclusions as to the time it takes 
the vibrations to travel down to some given horizon and to rebound to the surface 
obviously will be erroneous. It is, therefore, customary to select, if possible, wells 
or dry holes which were tested for straightness with some one of the well-known 
methods such as the hydrofluoric acid bottle. 

If no wells have been drilled from which the desired information may be 
secured it may be necessary to estimate the probable speed of the vibration through 
such rocks as are known to underlie the area, and to proceed on the basis of this 
assumption. If, for example, the geologists can assure the seismograph operators 
that a certain percentage of the rocks down to a depth of 6,000 feet comprise shale, 
another percentage comprises heavy beds of limestone and that the remainder are 
sandstones, the geophysicists will compute a reasonable speed, based upon their experi
ence in other areas and upon the known average velocities of seismic waves in shales, 
limestones, and sandstones. The assumption will be appreciably in error except by 
grace of the most extraordinary coincidence, but this will not greatly affect the sig
nificance of the work for the same erroneous assumption will be uniformly applied 
to every separate computation of depth, and they will all err in the same direction 
from the true value except in areas of very large, steep structure. Therefore, when 
the work is finished a contour map of the top of the reflecting horizon, based upon 
the erroneous assumptions, will be almost indistinguishable from one based upon 
absolute accurate determinations of the speed through the formations overlying the 
reflecting formation. However, the map based upon the assumed velocities may 
indicate that the reflecting horizon is either a good deal nearer the surface or a good 
deal deeper than the drill may prove it to be. 

When it seems vitally important to determine accurately the depth to the reflect
ing horizon and the exact time it takes the seismic wave to reach it and return to the 
surface, refraction methods should be used to secure the desired information if no 
wells have been drilled in the area. 

Where conditions are favourable it is possible with the reflection method, to con
tinuously trace the top of some horizon that sends a strong "echo " to the surface, 
to secure the relative elevations of a great number of points on the reflecting surface, 
scattered over the area which is under investigation, and to prepare a structure map 
comparable with one that would be made if the overburden were stripped away and 
the reflecting bed were exposed for inspection. The most favourable conditions are 
a thick section of rock such as shale and rather soft sandstone which do not tend 
to reflect the seismic wave, underlain by a thick reflecting bed such as dense lime
stone. Smooth, flat topography will facilitate the work, but rugged country will not 
prohibit accurate results provided the seismograph operators make the appropriate 
corrections in their computations. The most favourable conditions also call for 
structure upon which the beds dip at a comparatively gentle angle since the direction 
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of rebound of a ray is affected by the inclination of the surface from which it is 
reflected. If the beds dip steeply accurate results with the present instruments and 
technique are improbable. 

Unfavoura1ble famors include too many reflecting horizons. In some areas as many 
as fifteen or more individual horizons give reflections that are recorded iby the instru
ment and the operator is then confronted with the puzzle of determining just what 
reflections on one record correspond with those on another ............. ..... ....... . 
An unfavourable condition that is less common is the lack of traceable reflecting 
horizons. The reflection seismograph will detect significant features in some areas 
where the formations are such as to completely frustra,te attempts to map it by 
refraction methods, but even the reflection work may be defeated by the uniform 
nature of the formations. Contrast is essential. 

A thick elastic bed close to the surface or a thick layer of unconsolidated sand 
will defeat any attempt to secure information by the reflection method just as it 
will defeat refraction. Also, complicated structural conditions will bring despair to 
the operators of the reflection seismograph quite as quickly as to those of the refrac
tion instruments. In fact, in the writer's opinion, no geophysical method has yet 
been devised which can successfully read the story of a closely folded or complexly 
faulted area." 

The reflection method of seismographic survey has been operated in 
certain areas in western Canada with what is reported to be marked success. 
Throughout most of the southern plains area, Mesozoic sediments consisting 
primarily of sandstones and shales are underlain by dense Palreozoic 
limestones which constitute a good reflecting surface, and it has been found 
feasible to outline the structural features of the limestone surface lying at 
depths of several thousands of feet. Some of these areas are to be tested 
by new wells and if these should prove successful there is no doubt that 
the seismic work will be greatly extended. 

OTHER METHODS 

Various magnetic and electrical methods have been used in oil prospect
ing. Surveys of large aTeas have been made by the use of a magnetometer, 
but in certain cases it has been found " magnetic highs " do not correspond 
to "structural highs." According to Heald (1932, page 42) 
"it is now .believed that in most areas the magnetic intensities are significant of 
conditions in the granitic or other igneous rocks that lie below the formations that may 
possibly yield oil and that their usefulness depends upon the ability of the geophysicist 
and the geologist to correctly 'deduce just how, if at all, these conditioilS in the 
igneous rocks may have resulted in geologic structure suitable to induce the formation 
of an oil pool." 

In spite of difficulties of application, however, magnetic method::: have 
been used in the search for gas fields in Alberta with a certain amount of 
succe5s. 

Electrical methods depend on the measurement of resistivity in under
ground strata that have the properties of conductors of electricity. Beds 
carrying salt waters of certain types ,act as fair conductors, whereas dry 
strata unless they have a high mineral content are insulators for the purposes 
of electrical prospecting. The property of conductivity in strata in which 
the pores are filled or partly filled with saline waters depends primarily 
on the chlorine content of the water. Oil-field waters •are usually high in 
chlorides and carbonates and hence are fair conductors, whereas surfacP. 
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waters have a high sulphate, and a low chloride, content and hence are poor 
conductors. It follows then that in most oil-bearing strata fair conductor 
beds are likely to occur and these can be used for resistivity measurements 
provided they are not too deeply buried, since it is understood the best 
results are obtained above a depth of 1,500 feet. 

According to Reiland (1932, page 1279) 
"there are two distinct applications of the resistivity method. First is the method of 
resistivity mapping. The object of this method is to obtain a contour map of the 
area, showing lines of equal resistivity. 'Dhese lines represent the ground resistivity 
only to a definite depth, and, to facilitate the interpret11,tion of the result.;;, two or 
more contour maps may be made of the same area, representing the resistivity down 
to two depths of investigation. The second method is the so-called method of elec
trical drilling. The results are to give the vertical variation of the re~istivity at one 
point only and the depth at wihich any changes occur." 

The results are plotted as a vertical or depth profile and by measurements 
at various places a number of profiles are obtained. These profiles are then 
correlated and from them the structure is deduced. 

This method has been used in western Canada in the Rogers-Imperial, 
Spring Coulee, and other areas in Alberta and in the Dirt Hills of Saskat
chewan where a structure favourable for oil and gas accumulation is said 
to have been outlined. 
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CHAPTER III 

PHYSICAL FEATURES, GEOLOGICAL STRUCTURE, AND 
STRATIGRAPHY OF THE GREAT PLAINS AND FOOTHILLS 

PHYSICAL FEATURES 

The Great Plains of Canada are bounded on the east by the Canadian 
Shield and on the west by the foothills which are a narrow belt 12 to 35 
miles wide lying east of the mountains. From the International Boundary, 
where their width is 800 miles, the Great Plains extend northward for 1,500 
miles to the Arctic Ocean at the mouth of Mackenzie River where their 
width is less than 100 miles. They include the southwestern part of Mani
toba, much of Saskatchewan, most of Alberta, a northeastern part of British 
Columbia, and a large part of Mackenzie River basin in the Northwest 
Territories. East of the Mackenzie for many miles south and north of 
Great Bear River the continuity of the plains is broken by the folded, 
Franklin and Norman mountains which thus lie east of the main Cordillera. 
In the area west of Simpson the plains sharply abut against the mountains. 
This same condition is found along Liard River north from its confluence 
with Fort Nelson River where, according to MoConnell (1890, page 54), 
" the mountains are not fringed by a belt of foothills, such as usually 
accompany them in other places, but rise abruptly from an almost level 
plain, and attain at once their full height of about 4,000 feet. The folds 
and fractures to which the mountains are due also seem to die away with 
startling rapidity." South of the Liard where it flows east from the 
mountains to the plains a foothills belt is present and has a width of 38 
miles (McConnell, 1890, page 50) and apparently is composed of folded 
rocks (McConnell, 1890, page 44). South of Liard River the eastern 
boundary of the mountains has a northwest trend, but north of the Liard 
the boundary turns eastwards for 150 miles, beyond which it resumes the 
northwest trend. It appears, therefore, that the disappearance of the 
foothills to the north of the Liard is in some way connected with the 
appearance of the more easterly range of mountains. The foothills belt 
is present from Liard River to the International Boundary, a distance of 
about 800 miles. Southward from Canada it forms a narrow belt 
in northern Montana extending, according to Stebenger (19118), through 
Blackfeet Indian Reserve and disappearing in Sun River area to the south. 

The plains of Canada are a part of the Great Interior Plains of United 
States which extend southwards to the Gulf of Mexico. According to 
Young (1926, page 128) the Great Plains, 
'·except for a narrow stnip in southern Alberta and Saskatchewan, drain northward to 
the Arctic Ocean or eastward to Hudson Bay, and the general slope is northward or 
eastward from elevations of 3,000 to 5,000 feet along the edges of the mountains on 
the west, to 1,200 or 1,500 feet or less ailong the eastern border. But, though the region 
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as a wihole slopes eastward at a rate of ·only a few feet per mile, tJ1e surface, except 
locally, is not a plain but is rolling and is traversed by valleys, many of which, even 
the wider, are trench-like in form; and in various districts, broad, plateau-like areas 
rise abruptly above surroundings plains. The southern part of the region includes the 
prairie country of western Canada, which in Alberta extends nearly 400 miles north 
from the International Boundary. Northward succeeds a strip of mixed prairie and 
woodland and 1beyond this the country, except locally, is wooded. 

In the southeast, the Manitoba J()IW11and forms the eastern part of the region. The 
lowland, with an average breadth somewhat greater than 100 miles, extends from the 
International Boundary northward for 450 miles. Within ·it lie several large lakes, of 
which Lake Winniipeg, 250 miles long, is the largest. The lowland surface is a sli~tly 
undulating, drift-covered plain sloping gently downwards from west to east and having 
an average elevation of between 700 and 900 feet above the sea. 

The western boundary of the Manitoba lowland is ma1,ked by a prominent escarp
ment forming the edge of the Mberta UJpland which extends west to the (foothills of) 
Rocky Mountains and nortJhiwest to the latitude of Great Sktve Lake where lit forms 
the Maickenzie lowland stretohing northward to the Arctic Ocean. In the southeast 
the iboundary of the A1berta upland is sharply defined by the edge of the abrupt drop 
down thP Manitoba escanpment to the lowland to the east. This escarp!Ilent, though 
broken by wide valleys opening eastward into the lowland, is a marked feature wihich 
in a breadth of several miles or ~ess rises to iheiights o.f 400 to 1,000 feet or more above 
the Manitoba lowland. Back from the edge of the escarpment, the country in various 
districts continues to rise across a zone of morainic ridges and hills, ibeyond which it 
decLines to the general ,]eve! of the sunface of the upland. West o·f the north end of 
Lake Winnipeg, beyond the valley o.f Saskatchewan River, the front of the Aliberta 
upland is marked iby at least one group of hills facing norbhward over a lowland 
in some respects a counterpart of the Manitoba lowland. The limits of the upland 
farther norbhiwesbward are impe11fectly known, but in the extreme north the edge is a 
series of northward-facing escanpments rising about 400 feet above the Ma·ckenzie low
land and extending from Slave River northwestward to Liard River and possibly west
ward wp the valley of that river. 

The surface of the Mberta upland on the whole rises gradually from its eastern 
and northern limits to the western boundary (on the eastern edge of bhe foothills). 
Along its ·outer, eastern edge, the upland varies iin elevation between 1,000 and 2,000 
feet above sea-level, but along the flanks of the mountains on the west, it rises to 
elevations of 4,000 feet. In many places the westerly rising, plain-like or gently rolling 
upland surface bears plateaux, some of which are of great extent and rise steeply 
hundreds of feet or even 1,000 feet or more aibove the surrounding level country. The 
nearly flat or rolling upland is further diversified by the sharply incised vaHeys of major 
waterways which, rising in the Rocky Mountains, flow eastward or northward across 
the upland, and as they leave it follow wide valleys, in sOiJlle cases 50 miles broad. 
These valleys divide the bordering escarpment into sections that, when viewed from 
the eastern lowlands, appear as detached ranges of hills. In the soubh, the even sur
faces of the general upland and of the plateaux rising aibove it are further marked by 
sharply cut valleys and trenches which are remnants of an older drainage system and 
now hold feeble streaims or none at all. 

The Mackenzie lowland borders the Alberta upland on tihe north. It coll!lilenees 
at the west end of Lake Athabaska and extends northward along Slave River as a 
narrow area, but in the latitude of Great Slave Lake lit broadens to a width of 250 
miles and embraces the full width of the Interior Plains region. It continues north 
to the Arctic Ocean, bounded on the east by the Canadian Shield and on the west by, 
successively, Mackenzie Mountains, Peel Plateau, and Arctic Mountains. To the north 
its width decreases and for a stretch of several hundred miles it is divided longitudinally 
into two parts by Franklin Mountaiins, between wthich and Mackenzie Mountains on 
the west J•ies Mackenzie Valley, in places only 20 miles broad. The general elevation 
of the lowland decreases from 700 ~eet in the south to sea-level in the north, but 
besides the Franklin ranges, various ridges, !hills, and plateaux rise to considerable 
heights above the general level. Peel Plateau, which borders Mackenzie Mountains on 
the north and lies west of the lower Mackenzie River, pwbably should be regarded 11~ 
part of the Interior Plains re~ion." 
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The foothills as already indicated, form a belt a few miles wide 
extending from the International Boundary 80~ miles n~rthwes~ to Liard 
River. They are a series of almost parallel hills and ndges with eleva
tions of 3 500 to 4 OOO feet along the eastern or plains edge and rising to 
as much ~s 6 OOO feet on the western or mountain side. Topographically 
the foothills ~erge eastwards into the gently undulating plains, but are 
more sharply defined from the mountains on the west. The rather abrupt 
change from the foothills to the moui;itain.s is due to the fact that the 
mountains are composed of hard, massive limestones that stand at rather 
high elevations, whereas the foothills are formed of softer sa~dstones and 
shales that are easily eroded. So far as type of structure is concerned 
there seems to be little if any difference between the mountains and the 
foothills. In Crowsnest Pass area the foothills are considered to extend 
west to the great overthrust mountains whose axis marks the boundary_ 
between Alberta and British Columbia (See Figure 8). To the north as 
far as the southern boundary of the Rocky Mountains Park (about latitude 
50° 45'), a broad valley intervenes between the main range of the Rocky 
Mountains on the west and the limestone mountains of Livingstone and. 
Highwood Ranges on the east. This valley is occupied by ridges and hill 
of Mesozoic rocks that topographically and structurally belong to the footc 
hills. Livingstone and Highwood Ranges, therefore, appear to be outliers 
of the mountains bordered both east and west by foothills. To the north, 
in the vicinity of Bow River, the foothills lie entirely east of the first range 
of mountains and this is the condition northwestward, although other lime
stone outliers such as Brazeau and Bighorn Mountains occur. These out
liers do not appear to differ in type of structure from the foothills. 

The rivers that flow eastwards from the mountains to the plains cut 
across the foothills regardless of structure except where the former river 
valleys were blocked by glacial debris during the Ice age and the streams 
were forced to seek new channels. The main rivers and streams that flow 
across the strike of the foothills are, therefore, antecedent and superim
posed on the present structure. Such subsequent streams as are present 
flow northwest or southeast along the strike valleys to join the main 
streams. The larger antecedent streams and rivers occupy well-defined 
valleys usually with steep or precipitous walls and the tributary or subse
quent st.reams join them through canyon-like gaps in the valley sides. The 
strike valleys of the foothills contain some fairly large muskeg areas and 
numerous lakes. 

In the southern part of Alberta the eastern foothills are mainly bare of 
trees, but covered with prairie grass. Trees, however, grow in protected 
areas and close to the mountain front. Northward the trees increase in 
abundance with poplars in the east and conifers in the west. North of 
Bow River most of the foothills, both ridges and valleys, are, or in recent 
times have been, forested. Owing to their high elevation the foothills are 
subject to early frosts and for the most part are not suitable for agri
culture. Ranching, however, flourishes, especially in the southern, more
open country. 

08386-3~ 
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GEOLOGICAL STRUCTURE 

There is a very great contrast between the structure of the plains 
and that of the foothills. The foothills are characterized by thrust fault
ing with associated shearing and folding, indicating great compressive 
forces, whereas the plains are characterized by gentle undulations with a 
minimum amount of faulting. In southern Alberta as far north as Bow 
River there does not seem to be any intermediate structural zone between 
the foothills and the plains, although topographically the one merges into 
the other. In this area, at least, there is some evidence to support the 
belief that the foothills are a mass overthrust eastwards along low-angle 
faults onto the relatively flat strata of the plains. These low-angle 
faults east of the Highwood foothills area, Turner Valley, Jumpingpound 
and Wildcat Hills are steep at the surface and constitute the boundary 
between the intricate foothills and the relatively simple plains structures. 
The foothills structure is considered to be of the same type as that of the 
mountains, although there may be differences in the magnitude of thrust
ing. 

North of Bow River, in the area mapped by MacKay (1924-26) in 
the vicinity of Cadomin and Mountain Park, the foothills have not been 
interpreted as underlain by low-angle thrusts and the same is true of the 
foothills in Peace River area, where according to McLearn (1923, Figure 
1, page 2, and page 8) sharp, faulted folds on the eastern edge of the 
-foothills occur east of wide aTeas of relatively slightly disturbed strata. 
'To the north, along Liard River north of its confluence with Fort Nelson 
River, according to McConnell (1890, page 54) "the mountains are not 
fringed with a belt of foothills . . . but rise abruptly from an almost 
level plain and attain at once their full height of about 4,000 feet. The 
folds and fractures to which the mountains are due also seem to die 
away with startling rapidity." To the south of this area where Liard 
River cuts through the mountains from the west, there is, however, a belt 
of foothills which as stated by McConnell (1890, page 50 D) is 38 miles 
wide and " is characterized by a much greater irregularity in altitude 
than is usually the case." The disappearance of the foothills northward 
s~ems to be due to an eastward offset in the mountains and it is sus
pected that there are no foothills north of this offset, since in Mackenzie 
River Valley west of Simpson the gentle, undulating plains structures 
occur up to the base of the mountains. In a former report (Hume, 1922, 
Map 1957), it was considered that the eastern edge of the mountains 
in this area was a normal fault dipping eastwards. The strata of the 
plains are younger than those exposed in the mountains and their rela
tively undisturbed condition along the edge of the mountains did not 
suggest thrusting. But in southern Alberta the relatively undisturbed 
condition of the strata in front of the most easterly thrust of the foot
hills is almost as striking and the effects of the thrusting along the edge 
of the foothills appear to die out so suddenly that it is possible that in. 
the north the fault along the edge of the mountains west of Simpson is 
a thrust along -a westward dipping plane. On the other hand, since a 
foothills belt is entirely lacking in Mackenzie River area it is possible 
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that the general structure is entirely different from that of the foothills 
in southwestern Alberta. 

Thrust faulting is the dominant feature of the southern foothills. 
Approximately parallel ridges of rock are separated by numerous thrust 
faults which trend in a northwest direction in a rough way following the 
trend of the mountains to the west. If, as postulated here, the southern 
foothills are underlain by low-angle thrusts, the numerous faults between 
the ridges may be subsidiary to the low-angle faults and may join them at 
depth. The folding within each fault block is probably mainly the result 
of thrust faulting causing distortion of each fault block under severe com
pression. The fault blocks override one another from the west and such 
normal faulting as occurs may be due to a readjustment after the main 
episode of compression. Locally within the foothills faulted anticlines and 
synclines of considerable magnitude occur and one of the remarkable 
features of these structures is the rapidity with which they may plunge 
downwards at their extremities. 

The structural division between the foothills and the mountains seems 
to be rather indefinite, which is naitural if both possess, as is suspected, the 
same type of structure. In the south the mountains are underlain by the 
low-angle Lewis thrust fault which has been traced for 50 miles in northern 
Montana (Willis, 1902) and 85 miles in southern Alberfa (Mackenzie, 1922). 
North of Crowsnest Pass, Livingstone Range lies east of the Lewis thrust 
which there follows the west side of a valley underlain by Mesozoic strata 
whose structure it is believed is like that found in the southern foothills. 
Livingstone Mountains, therefore, seem to be an outlier within the foothills 
belt and their structure (Rose and Leaoh, Map 1584) seems to be of the 
same type as that of the foothills. Other mountain areas occur within the 
foothills, as for example Moose Mountain south of Bow River, which is a 
large-scale anticlinal fold. Brazeau and Bighorn Mountains between Red 
Deer and Athabaska Rivers are mountain ranges with thrust faults along 
their eastern sides. 

Such low-angle faults as are known in the foothills are steeply inclined 
at ,their outcrops which in some instances can be traced for long distances. 
Subsidiary faults which apparently join these at depth are also steep and 
in most cases the dip of the fault plane is believed to be 70 to 75 degrees 
or greater. This steepness is shown by the fact that the trace of the fault 
on the surface is, in most cases, a straight line regardless of topography. 
In a few cases the fault outcrop has been abserved and the fault plane seen 
to be steep. Prior to drilling it was not suspected that low-angle faults were 
present in the foothills, although they were known to occur in the mountains, 
as for example the Lewis overthrust. Drilling in the foothills, however, has 
shown low-angle faults in a number of localities and it is thought that others 
occur where no drilling has been done. It may be that northward in the 
foothills this type of structure disappears, since structural studies in Peace 
River area have shown more open folding and less overthrusting than in 
more southerly foothills ·areas where from some distance north of Bow River 
south to the International Boundary thrusts seem to be the dominant type 
of structure. In certain parts of this southern area it is known that the 
foothills are composed of fault plates overlying one another and it may 
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be that others occur at depth beneath those that can be observed at the 
surface. In only one area has drilling given any definite data on the angle 
of dip of these low-angle faults at some distance west of their outcrops. 
This is in Urn New Black Diamond area, west of Turner Valley, where three 
wells penetrated the fault plane and show the fault under the superficial 
anticlinal structure to have a westward dip of 18 to 20 degrees. In other 
areas, as for example Fisher Creek, northwest of the north end of Turner 
Valley, it is suspected the angle of dip of a low-angle faul.t encountered in 
drilling is approximately the same as that of the New Black Diamond area. 
In other areas the dip of the plane of the fault under certain structures that 
have been drilled seems to be much steeper and in Turner Valley it may 
be as much as 35 degrees. 

In most cases the angle of dip of the fault plane at the surface is 
inferred to be high because of the occurrence of steeply inclined strata near 
the place where the fault must occur, although the fault itself may be con
cealed. Almost all observed faults in the foothills, however, seem to be steep 
at the surface and, as has already been pointed out, follow a straight line 
regardless of topography. Where observed they nowhere dip at an angle 
less than 50 degrees and in by far the greater number of cases the angle is 
70 degrees to vertical. The general opinion regarding the low-angle faults 
encountered in drilling is that they are steeply inclined at the surface and 
maintain a high inclination for an unknown distance downwards, beyond 
which they gradually flatten to an angle much less than at the surface. From 
the data available from a number of areas where these low-angle faults have 
been proved by drilling, it seems probable that the depth to which the steep 
dip continues varies in the different areas. This depth may be of vital 
importance in the case of some structures that superficially appear to be 
favourable for oil and gas accumulation but in which the productive horizons 
may not occur above the fault unless it continues to be steep to a con
siderable depth. It becomes of great importance, however, to be able to 
recognize faults that ohange from steeply dipping faults at the surface to 
less steeply inclined at depth and to be able to forecast the lowest horizons 
likely to occur above these faults. 

In Fisher Creek area in Tp. 21, Range 4, and in Two Pine area in 
Tp. 23, Range 5, W. 5th Mer., it has been shown (Hume, 1932) that there 
are faults that have eastward dipping fault planes and along which the 
upper easterly block has moved west relative to the lcwer, western block, 
that is in the reverse way to what usually has taken place along the more 
common, west-dipping thrust faults of the foothills. If the pressure that 
caused the faulting was exerted from the west, as is thought probable, then 
the east dipping faults are underthrusts. A consideration of the mechanics 
of faulting leads to the belief that such underthrusts would likely originate 
at a place where the plane of a major overthrust shows the maximum 
concavity in changing from a steeply inclined plane at the surface to a 
less steep one at depth. The underthrusts are, therefore, taken as indi
cating such a change in dip and in Fisher Creek area where underthrusting 
occurs it is known from drilling that the thrust fault on the east side of 
the structure is steeply inclined at the surface but is less so at depth. In 
both Fisher Creek and Two Pine areas there is a zone of underthrusting 
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rather than a single underthrust fault and east of the zone, approaching 
the outcrop of the major overthrust which underlies each structure, there is 
a zone of highly disturbed strata. In Two Pine area this greatly disturbed 
zone, including the zone of underthrusting, is nearly a mile wide, whereas 
in Fisher Creek area it is somewhat narrower. At no place on either 
structure has the plane of any one of the underthrusts been observed, but 
the beds associated with the faults are steeply inclined and hence it is 
believed the fault planes also have a steep dip of possibly as much as 
70 degrees. 

If, then, in any area of underthrusting and overthrusting, the under
thrusts and the major overthrust with an assumed fairly steep dip are 
projected downwards from the surface they will meet in what is thought 
to be the zone of maximum <:urvature of the overthrust where it changes 
from a steeply dipping fault to one of less dip at depth. The depth and 
position of the zone of maximum curvature having been determined, if the 
major overthrust is projected westward from this point with an angle of 
dip of 20 degrees, which is the angle of low-angle faulting under one 
structure, some indication may be obtained of the depth at which the low
angle fault occurs under any structure that at the surface may appear to 
warrant drilling. If the depth to the fault is found to be sufficient to allow 
for the productive zones occurring rubove it and if the surface structure 
is favourable for oil and gas accumulations then drilling may be war
ranted. Interpretations of the depth to the fault plane need to be used 
with care, however, since outside of one structure so little is known con
cerning the dip of low-angle faults in the foothills and it may be that 
in some areas their dip is less than 20 degrees. 

The low-angle faults seem to have been developed in many instances 
in coal-bearing strata and apparently the coal seams may occur either 
above or below the thrust plane. The coal-bearing beds perhaps are less 
competent than the associated sandstones and hence more easily deformed 
and it may be that the coal and carbonaceous shales form a gouge on 
which sliding readily takes place. In New Black Diamond area the coal
bearing Belly River beds were encountered below the low-angle fault under
lying this structure, whereas in the Fisher Creek structure northwest of 
the north end of Turner Valley, the coal-bearing beds occur above the low
angled fault plane and are Kootenay in age. In New Black Diamond 
area apparently the low-angle fault is nearly parallel to the beds below 
the fault plane and hence approaches a bedding plane fault. In Fisher 
Creek area, on the east side of the structure, Kootenay coal-bearing beds 
and carbonaceous shales outcrop immediately above the fault plane, and 
although a well drilled a mile west of this place encountered a consider
ably greater thickness of Kootenay beds above the fault than occur above 
it at the outcrop, nevertheless the horizon traversed by the fault is approxi
mately the same at both places, showing that in a distance of 1 mile the 
fault cuts only slightly deeper into the stratigraphic succession, though 
there is very little doubt that the strata above t he fault plane are highly 
contorted in depth as well as at the outcrop. The relative attitudes of 
the fault plane and of the beds under it are not exactly known. At the 
outcrop of the fault there is one exposure of sandstones that is believed 
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to be Belly River. The beds dip west at about 45 degrees. Below the 
fault plane in the well drilled 1 mile west, at a depth of 2,690 feet, Belly 
River strata also occur. In the well several hundred feet of Belly River 
strata were drilled before the well was abandoned, whereas at the outcrop 
east of the fault there is only a very small thickness of Belly River strata 
above Alberta shales. It is concluded from this evidence that the westerly 
dip of the Belly River continues from the outcrop to where it was encoun
tered in the well, and because there is a greater thickness in the well than 
at the outcrop that the dip of the fault plane is less than the dip of the 
Belly River strata. The angle of the fault plane at the well is not known 
but it is assumed to be not greater than 20 degrees. The dip of the Belly 
River beds at the outcrop is 45 degrees westJward. If this same degree 
of dip continues to the well it would account for the relations explained 
above and an approach to a bedding plane fault may be present if the 
dip of the strata below the fault is but slightly in excess of the dip of 
the fault plane. 

The structure of Turner Valley area seems to be somewhat different 
from the two structures above described. The fault that underlies Turner 
Valley emerges to the east either in coal-bearing strata at the top of the 
Belly River or in coal-bearing strata of the Edmonton over which the 
Belly River has been thrust. A number of wells have drilled through 
the low-angle fault underlying Turner Valley. Those near the east side 
encountered Belly River beds below the fault plane; those farther west 
along the strike but still on the east side encountered Alberta shales 
and one well (Sterling Pacific No. 1) encountered Blairmore after having 
drilled a very considerable thickness of Palrnozoic limestone above the 
fault. Such a succession of beds under the fault plane seems to point to 
an easterly dip of the strata in the eastern side of the field and since 
at least 90 per cent of the beds in the foothills dip west it is almost cer
tain that somewhere under the west part of the field there will be a 
reversal of dip to the west. If this is so then there is an anticline beneath, 
aiS well as above, the low-angle fault. Now here for any great distance 
under Turner Valley can the low-angle fault approach a bedding-plane 
fault because it cuts across the strata and in this respect it appears to be 
different from the low-angle faults of New Black Diamond and Fisher 
Creek areas. 

It has already been pointed out that the low-angle faults in the foot
hills are steep at the outcrop. Any explanation of low-angle faulting 
must take this into consideration. Low-angle faults may develop from 
overturned folds by the stretching and shearing of the overturned limb 
which took place for example in the "nappes " of the Alps, but in the· 
foothills it is obvious the low-angle faults did not develop in this wiay 
since the amount of overturned strata there is relatively small. In the 
case of the New Black Diamond and Fisher Creek low-angle faults there 
must have been relatively little folding prior to faulting because the atti
tudes of the faults so nearly approach that of the beds below the fault 
plane. The bending of the strata above the fault plane, especially in New 
Black Diamond and Turner Valley areas, into anticlinal structures would 
seem to be due to the drag of the beds against the fault plane with the 
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consequent development within the drag-fold of faults subsidiary to the 
main overthrust. There is no apparent reason why the low-angle faults 
under these structures, as they approach the present surface, suddenly 
5teepen to high-angle faults, as they appear to do in all foothills ·struc
tures. Although several suggesti@s can be made none of them is entirely 
satisfactory. It may be that as the fracture, which subsequently became 
the fault, developed from depth toward the surface, there was a place 
where the thickness of strata above the upper end of the fracture was 
insufficient to keep it developing at the same angle as in the deeper areas 
and it suddenly turned steeply to the surface. Movement taking place on 
this fracture would tend to lift the strata above it as well as push thei 
whole block forward and cause it to over-ride the surface in front of the 
point of emergence of the fault at the surface. No evidence of such over
riding has been found, although it is probable that the total displaceme_nt 
along some faults is not less than 10,000 feet and may even be consider
ably greater. It may be that the first fault plate that developed in the 
mountain building over-rode an erosion surface and completely covered 
the area now included within the foothills belt. Other faults developing 
at a slightly later date may have originated under the first overthrust 
mass, each successive fault occurring at a greater depth than the one pre
ceding it. Any one of these fault plates that so developed would be 
separated by a fault from the underlying mass of strata and by another 
fault from the overlying mass. If such a fault slice were moving forward 
relative to the underlying mass it would tend to carry the overlying mass 
with it, but if it moved faster than the overlying mass then the drag that 
would develop along the fault plane separating it from the ,overlying mass 
would tend to steepen and rotate the lower plane of faulting at or near 
its junction with the overlying mass. There is some evidence to sup
port the belief that the faults at present exposed were at one time under 
an overlying fault plate. The present mountain front in the southern 
part of Alberta is bordered by an overthrust fault and there is reason to 
believe the thrust plate of the mountains may have been at one time 
much more extensive and may have covered the whole of the foothills 
belt. The question of the former probable extent of this mass involves 
considerations as to the date of the thrusting and the amount of subse
quent erosion. In Canada the thrusting cannot be precisely dated on 
account of the absence of strata younger than early Eocene. The early 
Eocene beds were involved in the mountain deformation and hence the 
faulting must be post-early Eocene. According to Mansfield (1927, page 
382) the Lewis thrust "is either of late Eocene or early Oligocene age" 
and it may be safely inferred as stated by MacKenzie (1922) that the 
faulting belonged to the end phase of mountain-building. There is much 
evidence both in United States and Canada of extensive erosion subse
quent to deformation. Hewett (1920) describing the Heart Mountain 
overthrust west of Bighorn Basin, Wyoming, shows that McCulloch Peak, 
in which Madison (Mississippian) limestone overlies Cretaceous strata, 
was at one time part of the overthrust mass although it is now separated 
from it by 28 miles. In southern Alberta, Crowsnest Mountain, in which 
Palreozoic limestone rests on Cretaceous strata, is part of the Lewis over-
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thrust, but is 2 to 3 miles east of it and hence must be an erosion rem
nant. This shows that the retreat of the thrust plate front is to be 
measured in miles. Other proof of extensive erosion can be deduced from 
the fact that the Cypress Hills conglomerate, of Oligocene age, with bould
ers up to 12 inches in diameter, was derived from the mountains about 200 
miles to the west, although all traces of it have been removed from the 
intervening area. The unmistakable evidence of great erosion subsequent 
to mountain deformation suggests that the front of the thrust plate which 
forms the eastern edge of the mountains in many places in southern 
Alberta, may have at one time extended much farther eastwards to cover 
the whole or a part of the foothills belt (Hume, 1931). This conclusion 
is also suggested by the character of the foothills themselves. The ridges 
in the eastern foothiHs are low and well rounded, whereas those in the 
west are much higher and sharper, a condition suggesting less erosion in 
the west because the same strata and the same structures characterize 
the eastern and the western foothills. Greater erosion in the east than in 
the west would naturally result from a gradual westward recession of the 
front of an overthrust mass whereby the eastern areas would be uncov
ered and subjected to erosion for much longer periods than the western 
ones. The character of the drainage system also indicates widespread 
and presumably deep erosion. All the major streams and rivers flowing 
from the mountains to the plains cut across the strike of the foothills 
without showing any marked structural control except where their courses 
nave been diverted by glacial debris and in many such instances the old 
channels striking at right angles to the general structure can be traced. 
The drainage from the mountains, therefore, is superimposed on the pres
ent surface, a condition that would result from a drainage pattern devel
oped on a former higher surface since destroyed by erosion. In a few 
places east of the eastern edge of the foothills there are huge blocks of 
quartzites quite unlike any rocks found in the foothills but similar to 
rocks known to occur in the mountains to the southwest. These blocks 
have been interpreted as glacial erratics, but their occurrence in a number 
of places about equally distant east of the east edge of the foothills sug
gests that they may be erosion remnants. One of these blocks east of 
Turner Valley on Sec. 21, Tp. 20, Range 1, W. 5th Mer., is 160 feet long, 
55 feet wide, and 20 to 25 feet high, but is broken into two parts. A 
few smaller blocks occur in the same vicinity but there is no wide distri
bution of these rocks as would be expected if they were glacial erratics. 
If they are erosion remnants of a former thrust plate, the thrust plate 
must have completely covered the foothills area in this part of Alberta. 
It is known from drilling in many areas that low-angle faults do occur 
in the foothills yet no "windows" through them have been observed. If, 
as here suggested, there formerly was in the foothills a higher fault plate 
that has subsequently been removed by erosion, the lack of deep erosion 
below it with the consequent absence of " windows " may be due to 
the long-continued protection afforded by this cover prior to its complete 
removal. Thus various lines of evidence indicate that in the foothills area 
there may have been a thrust plate that has since been removed and it is 
thought that the steepness of dip of the faults at or near the surface with 
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1:t ,much less dip at depth may be due to the drag of the fault against a: 
former fault plate as movement proceeded in the lower fault plate rela
tive to the one overlying it. 

There is a possibility that there may have been a certain amount of 
folding in the foothills subsequent to faulting. In W aterton Lakes area 
the upper part of Mount Crandell is underlain by a fault (Hume, 1933) 
that was folded with the Precambrian sediments composing the mountain. 
Since the Mount Crandell fault block is a slice within the vastly greater 
fault block of Precambrian rocks thrust along the Lewis fault over Meso
zoic strata, there is a strong proba:bility that the Lewis thrust is also 
folded, as was deduced by Willis (1902, page 332) for the Lewis fault in 
Montana. Mackenzie (1922, page 129) believed that the structural fea
tures within the foothills were related to one episode of compression so that 
if the Lewis thrust is folded the low-angle faults of the foothills may also 
be folded. It is noticeable, however, that in Waterton Lakes-Flathead area 
the axes of the later folding seem to follow an east-west trend at right 
angles to the strike of the formations. No folding later than the faulting 
has so far been detected in the foothills, but observations leading to such 
a conclusion would be difficult to make since faults are rarely exposed for 
any considerable distance. It is, therefore, possible some later folding did 
occur. 

The plains, as already stated, are charaderized by gentle folding with 
very little faulting. One of the main structural features is the Alberta 
syncline in which Tertiary and late Cretaceous strata outcrop. It extends 
from the International Boundary northward 440 miles to Lesser Slave Lake, 
with a maximum width of about 150 miles but narrowing both to the north 
and the south. East 9f the syncline the strata dip gently westerly or south
westerly and culminate in an anticline in Ribstone area in eastern central 
Alberta. On the westward flank of this anticline a number of local folds 
have been outlined (Hume, 1925 and 1926) and it is probable others exist. 
In the southern part of Alberta east of the Alberta syncline there is a 
broad fold along the International Boundary known as the Sweet Grass 
Arch. It plunges northwards and is no longer evident north of Red Dee:t 
River. Several, small, subsidiary folds occur on the arch and these are 
the locus of prolific gas fields and also provide some oil production. 

Throughout the western part of southern and central Saskatchewan 
the strata dip gently east or northeast and, because still farther east they 
dip to the west or southwest away from the Canadian Shield, it ia believed 
that the eastern part of Saskatchewan and the western part of Manitoba 
are underlain by a broad, shallow syncline. Within this broad syncline, 
however, there may be local folds. Thunder Hill, in Swan River Valley, 
described by Kirk (1930, pages 132-134), is apparently such a fold and 
Kirk (1930, page 134) has also suggested that Minitonas Hill, an isolated 
prominence also in Swan River Valley, 20 miles east of Thunder Hill, may 
be another. These structures in western Manitoba are hard to explain. 
It seems unlikely that they are the result of an eastward transfer of 
pressure from the mountain building many hundreds of miles to the west. 
They might possibly be due to salt plugs, although there is no evidence 
that such is the case and no salt domes are known in Canada. Another 
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possible explanation is the settling of sediments around a core of Pre
cambrian rocks or of Palffiozoic limestones, but the dip on the flanks is too 
steep. In Lake St. Martin region, Manitoba, a knob of Precambrian rocks 
projects through Palffiozoic strata. Since the knob was an eminence on the 
floor of the Palffiozoic sea the strata that accumulated on it would have 
a depositional dip. The angle of dip of the strata laid down on the fianke 
of the knob would be increased by the compaction of the sediments subse
quent to deposition because the maximum compaction would take place 
where the sediments were thickest. Shales shrink by compaction more 
than sandstones and limestones such as occur in Lake St. Martin area, and, 
therefore, if a knob occurred under a thick series of shales such as are 
found in the Upper Cretaceous the settling might be sufficient to give a 
distinct anticlinal structure, although the dip of the strata away from the 
knob would be very gentle. Since Thunder Hill appears to be a very 
pronounced structure in which, according to Kirk (1930, page 133), the 
strata are some 300 to 400 feet above their level in the surrounding district 
the explanation of the structure as being due to a core of Precambrian 
or other rocks is hardly tenable, although at the present time no other 
explanation can be suggested. 

West of the broad syncline in western Manitoba and eastern Sas
katchewan there is a broad arch in central Saskatchewan extending in a 
northwest direction through Regina area to Hanley, south of Saskatoon. 
According to Wickenden (1932, page 195) the top of the Lower Cretaceous 
in .a well drilled at Pilot Butte, 9 miles east of Regina, is about 470 feet 
higher than in a well drilled in Moose Jaw City 40 miles west of Regina. 
The difference in elevation of the top of the Palffiozoic between these two 
wells is nearly twice this, amounting to 800 to 1,000 feet. In the Simpson 
well drilled in Tp. 29, Range 25, W. 2ncl Mer., about 75 miles north of 
Moose Jaw, the top of the Lower Cretaceous is about 70 feet lower than in 
the P.ilot Butte well, or 400 feet higher than at Moose Jaw. Jurassic 
strata are not present in the Simpson well and would not be expected 
since in southern Alberta sediments of this age thin and disappear 
to the north and are not present in the Oyen well drilled a few 
miles west of the Saskatchewan boundary in 'Dp. 25, Range 4, W. 4th 
Mer., 220 miles nearly due west of Simpson. The fact that the top of 
the Lower Cretaceous is several hundred feet higher in the Simpson and 
Pilot Butte wells than at Moose Jaw indicates post-Cretaceous folding 
north and east of Moose Jaw. The rise of the Palreozoic surface is more 
pronounced than the rise of the top of the Lower Cretaceous and, there
fore, cannot all be accounted for by the post-Cretaceous folding. It may 
be that part of the rise of the Palffiozoic surface took place in pre-Jurassic 
time and thus accounts for the absence of Jurassic beds in the north, 
for the Jurassic ·sea may only have reached to a certain elevation so 
that to the north the Palffiozoic surface remained above Jurassic 
sea-level. On account of the steepness of the dip of the Palffiozoic surface 
between the Pilot Butte well and Moose Jaw on the one hand and between 
the Simpson well and Moose Jaw on the other hand, Wickenden (1932, 
page 195) suggested that the high Palffiozoic area to the north and east of 
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Moose Jaw may be bounded on the southwest by a fault scarp. The rise 
in elevation of the top of the Lower Cretaceous to the north and east of 
Moose Jaw would seem, however, to be more in harmony with folding and 
it is quite conceivable that some folding of the Palreozoic may have 
occurred prior to the deposition of the Mesozoic sediments, which is known 
to have taken place in the Sweet Grass Arch in Alberta. 

STRATIGRAPHY 

Within the Great Plains and foothills region rocks of widely diverse 
ages outcrop. The range in age is shown in the following tabular statement. 

Recent and Pleistocene. These are mostly unconsolidated deposits con
sisting of boulder clay, gravel, and sand with some interglacial sands and 
lignite. Deposits such as these are widespread and over large areas effec
tually conceal the older strata. 

Tertiary. In centml Alberta, south of North Saskatchewan River, a 
large area is underlain by the Paskapoo formation represented in south
western Alberta by the Willow Creek and Porcupine Hills formations. In 
southern Saskatchewan and Manitoba early Tertiary (Paleocene) beds 
occur over extensive areas and gravels believed by Russell (1932) to be of 
late Eocene age have recently been found near Swift Current. Strata 
believed to be Tertiary in age cap Turtle Mountain in Manitoba, but the 
age is not definitely known. Oligocene conglomerates occur in such areas 
of Alberta as Cypress Hills, Hand Hills, and Swan River Plateau south of 
Lesser Slave Lake. Conglomerates possibly of Tertiary age are also known 
(Hume, G.S.C., Map No. 277 A) from the foothills near Cochrane, Alberta. 
Miocene gravels have been reported by Sternberg (1930, page 29) from 
Wood Mountain area, 8'askatchewan, and represent the youngest Tertiary 
strata known in the Prairie Provinces of Canada. In Mackenzie Basin the 
Tertiary is represented by continental deposits over part of Peel Plateau 
and in smaller areas in the Mackenzie lowlands where they lie unconform
ably on Cretaceous and Devonian rocks. 

Cretaceous. With the exception of those areas covered by Tertiary 
rocks, Cretaceous deposits cover all except the northern part of the Alberta 
Plateau. East of the area in central Alberta covered by Tertiary strata, 
the surface of the plains bevels the Cretaceous, so that, on the whole, pro
gressively older Cretaceous formations appear eastward, the eastern edge 
being the escarpment overlooking the Manitoba lowland. Cretaceous sedi
ments cover large areas in the Mackenzie lowlands and Peel Plateau and 
outcrop extensively in the foothills. 

Jurassic and Triassic. Strata of these ages outcrop only in the Rocky 
Mountains and foothills where faulting and folding have brought them to 
the surface. Juras-sic marine strata underlie the younger rocks of the 
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southern plains and probably extend some distance east into · southern: 
Saskatchewan. They have not been recognized in well records in northern 
and central Alberta. 

Rocks of this age outcrop only in the Rocky Mountains and foothills. 
It is known, however, that they extend eastward under the plains of south
ern Alberta and they may ·Occur in southern Saskatchewan. No strata of 
this age have been recognized in the area of Palreozoic rocks in northern 
Alberta, although there is evidence that beneath younger beds they may 
extend as far north as North Saskatchewan River in central Alberta. Car
boniferous rocks do not .occur in the Mackenzie lowland but are present in 
Liard Mountains. 

Devonian, Silurian, and Ordovician. These form the Manitoba low
land and occupy Iarge areas within Mackenzie Basin. 

Devonian strata underlie the younger beds of all the Great Plains and. 
foothills, but the distribution of the Silurian and Ordovician is more uncer
tain and they may be entirely absent from southern Alberta. The age of 
some of the lower Palreozoic rocks penetrated by wells in northern Alberta 
is doubtful. 

Cambrian. Rocks of this age are known in small areas in the Mac
kenzie lowlands and Franklin Mountains. They are also known in the· 
eastern Rocky Mountains of southern Canada and presumably extend east
ward under the footh ills and plains. They do not occur on the Manitoba 
lowland. 

Precambrian. Rocks of this age underlie the whole of the foothills and 
plains. They outcrop in the Canadian Shield east of the area of Palreozoic 
rocks forming the Manitoba lowland and northward to the east side of 
Great Bear Lake and the Arctic Ocean. Thev also occur in the mountains 
in southern Alberta where they are known as .the Lewis series. 

PALJEOZOIC 

The Palreozoic formations overlap the Precambrian of the C::111adial1' 
Shield, occupy the whole of the Manitoba lowland ·and large areas within 
the Mackenzie lowland, and outcrop extensively among the folded and 
fau1ted strata of the eastern ranges of the Cordillera. Palreozoic beds pre
sumably everywhere underlie the younger strata ·of the plains, but may vary 
considerably in age and in thickness from place to place. 

In the earliest Palreozoic time a great basin of deposition extended 
over the area now occupied by the eastern Rocky Mountains and deposi
tion of sediments continued, but with certain interruptions, from Cambrian 
into early Tertiary, when uplift due to mountain building brought the· 
long-continued period of deposition to a close. The Palreozoic seas occupy
ing the basin were at times quite restricted, but at other times they spread' 
far to the east and during some periods probably occupied the whole or 
nearly the whole of the Great Plains region. There were intervals 
when parts of the region were above water and subject to erosion while 
other parts remained submerged and were sites of continuous deposition. 
These varying conditions affected the distribution of individual formations .. 
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Strata which may have at one time been very widespread are thought to 
have been greatly reduced in areal extent by erosion prior to deposition 
of younger beds1. In later times the greater part of the region was 
mantled by Mesozoic sediments and now the Pahcozoic strata outcrop 
only along the borders of the region and are so far apart as to make 
correlation difficult. 

CAMBRIAN 

In Cambrian time a thick series of sediments was deposited at inter
vals, if not continuously, along the eastern part of the Cordilleran region 
from south of the International Boundary to far north in l\fackenzie 
Mountains. Cambrian sediments now exposed in the vicinity of Bow 
River in the eastern Rocky Mountains comprise, according to Walcott 
(1927, page 1\56), more than 11,000 feet of sands, siliceous silts, and lime
stones. Presumably these Cambrian beds extend some distance under the 
foothills and plains, but there is no evidence they were ever p:esent in 
Manitoba. In the north, Cambrian seas occupied parts of Mackenzie 
Basin. Rocks of this age have been reported by Williams (1923, page 
72) from Cap Mountain area south of Great Bear River and east of 
Mackenzie River, where they consist of 1,300 feet of quartzites and shales 
with gypsum. Cambrian strata also occur west of Mackenzie River in 
Carcajou Mountains west of Norman (Hume, 1923, page 53) and, there
fore, presumably underlie at least that part of Mackenzie Basin lying 
between Franklin and Mackenzie Mountains. Rocks possibly of Cambrian 
age have been reported by O'Neill (1924, page 25A) from Coronation Gulf 
on the Arctic coast. 

ORDOVICIAN 

Earliest Ordovician sediments are exposed in the eastern ranges of the 
Rocky Mountains. These include the Ozarkian of Ulrich and are repre
sented by the Mons formation (Walcott, 1928, pages 265-266), 986 feet 
thick in the Ranger River Canyon section near Banff. This formation 
extends northwest to Red Deer River 25 miles away. It possibly occurs 
still farther north, since the Chushina formation exposed in Robson Peak 
area is equivalent to at least part of the Mons. These formations thin 
rapidly to the east and hence probrubly did not extend far east of the 
present mountains. They are succeeded by the Sa1,bach formation which 
at Fossil Mountain, 9 miles north of Lake Louise, is nearly 1,100 feet 
thick and consists of limestone with a small amount of cherty quartzite 
(Walcott, 1928, page 283). The Sarbach in the Ranger River Canyon 
section some distance southeast is only 124 feet thick. This again shows 
a rapid thinning eastward. The Sarbach formation is Beekmantown in 
age. In Skoki Mountain area, 9 miles northeast of Lake Louise Station, 
the Skoki formation consists of about 500 feet of limestones and is of 
Chazy age. The strata overlying the Skoki are Devonian, although in the 
western Rocky Mountains Ordovician strata of Richmond age and Silurian 
beds also occur. 

In Manitoba the lower Palreozoic section is quite different from that 
in the west and consists of strata of Ordovician age. On the west shore 
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of Lake Winnipeg the Winnipeg sandstones were deposited on the irregular 
Precambrian floor and hence vary in thickness up to 100 feet (Dowling, 
1901, page 41 F). This is a tangential formation which in different locali:
ties is of slightly different age (Dowling, 1903, page 11 FF). In some 
localities it may be Black River, although in others it may be younger. 
In the southern part of Lake Winnipeg Basin the Winnipeg sandstone 
is overlain by a greenish shale not known to outcrop but found in the 
Stony Mountain, Winnipeg, and Winnipegosis wells (Maddox, 1930, page 
180). This shale ranges in thickness up to 110 feet. It is overlain by, in 
ascending order, the Lower Mottled (Doghead) limestone 70 feet thick, 
the Cat Head limestone 70 feet thick, and the Upper Mottled (Selkirk) 
limestone 130 feet thick. These limestones were considered by Dowling 
to be the equivalents of the Galena-Trenton of Minnesota. More recently 
Foerste (1928), after studying Dowling's faunal lists, has concluded that 
they indicate a Richmond age. The sea in which they were deposited 
spread southward from the Arctic Ocean where limestones of a similar 
age occur. In Stony Mountain area, Manitoba, dolomites and shales of 
Richmond age overlie the Upper Mottled limestone and according to the 
record of the Stony Mountain well are 330 feet thick. They were also 
penetrated by wells drilled for water in Winnipeg, but these wells began 
about 100 feet below the top of the Stony Mountain beds (McLearn, 1915, 
page 72). As cores were taken from these wells the age of the strata is 
definitely known from included fossils. To the north a well drilled at 
Mafeking, west of Lake Winnipegosis, penetrated 330 feet of Ordovician 
limestones underlain by about 50 feet of Winnipeg sandstones. At Reed 
Lake (Dowling, 1903, page 11 FF), 70 miles northwest of Lake Winnipeg, 
about 100 feet of limestones resting on sandstones are the equivalents of 
the upper part of limestones below the Stony Mountain formation. In the 
vicinity of Cormorant Lake, a few miles north of Saskatchewan River and 
40 miles east of the 2nd meridian, there are about 105 feet of limestones of 
Ordovician age overlying 10 feet of sandstones (Mclnnes, 1913, page 59). 
About 130 miles northwest of Cormorant Lake the Cretaceous overlaps the 
Precambrian and covers the Palreozoic formations, but farther northwest 
the Palreozoic again appears as a fringe along the edge of the Canadian 
Shield and is best known from exposures along Atha:baska River north of 
McMurray. This Palreozoic area apparently contains no Ordovician strata 
and wells at McMurray drilled through the Palreozoic to the Precambrian 
show a series of anhydrite, gypsum, and salt beds of either Silurian or 
Devonian age, lying directly on granitic rocks. 

In South D akota, the Black Hills uplift brings Ordovician strata to 
the surface and these constitute the Whitewood formation (Darton and 
Paige, 1925) which has a maximum thickness of 60 to 80 feet but thine 
southward and disappears. It carries a fauna similar to that of the so
called Galena-Trenton of Manitoba. In the Little Rocky Mountains of 
Mont.ana, the Bighorn limestone, with a thickness of 350 feet, occurs 
(Colher and Cathcart, 1923, page 173). The same formation occurs in 
Bighorn Mountains, Wyoming, where it is 300 feet thick (Darton, 1906). 
It is considered to be Galena-Trenton in age .and is the equivalent of the 
Whitewood formation of South Dakota. Thus the Lower Ordovician rocks 
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of Manitoba may extend southwestward but disappear to the north~est 
since they are not present in the bore-holes at McMurray on Athabaska 
River and are unknown in the eastern Rocky Mountains of Canada. They 
may be present beneath younger strata in the southern part of the Prairie 
Provinces, but not in the more northerly or westerly parts. They have 
not been recognized, however, in the Comm-0nwealth Milk River well in 
Sec. 9, Tp. 3, Range 15, W. 4th Mer., although this well is known to have 
reached Cambrian strata. The Stony Mountain group of beds of Mani
toba may be even more restricted in areal extent than the underlying 
Ordovician beds. It is probably absent from northern Saskatchewan and 
Alberta and its presence in the south is doubtful, although some Richmond 
is present in Bighorn Mountains but apparently is absent from Black Hills. 
Richmond strata occur in the western Rocky Mountains, but may have 
been deposited in a sea extending to the Pacific or Arctic and not con
nected across the Prairie Provinces with the sea in which the Richmond 
was deposited in Manitoba. 

In the Mackenzie lowland Ordovician strata occur, although little is 
known of their areal distribution or exact age. Beds of Ordovician age 
occur on the east side of the North Arm of Great Slave Lake (Hume, 1926, 
page 59) and rocks possibly of Ordovician age occur in some of the moun
tains bordering Mackenzie River (Williams, 1923). 

SILURIAN 

The Silurian is represented in Manitoba by dolomites and gypsum beds 
of the Stonewall formation (Kindle, 1913, page 249). These occupy a 
belt paralleling the Ordovician on the east and extend from southern 
Manitoba to Saskatchewan River (Mclnnes, 1913, page 62). Extensive 
outcrops occur ·On the east shore of Lake Winnipegosis {Tyrrell, 1893, 
page 153 E) where the strata consist wholly of limestones (Virgiana decus
sat~m zone) 1 . In Lake St. Martin area these limestones are overlain 
by at least 150 feet (Wallace, 1925) of gypsum and anhydrite beds, in 
turn overlain by dolomites (Leperditia hisingeri zone). These rocks 
were formerly called Niagaran (Tyrrell, 1893, page 153E), but it is now 
known (Savage, 1918, page 340) that Virgiana decussatum occurs only 
in Silurian strata of pre-Niagaran age or of about the age of the Cataract 
formation of southwest Ontario. The thickness of the Stonewall forma
tion is not definitely known. Kindle (1913, page 251) considered it to be 
not less than 250 feet. A well drilled at Mafeking on Sec. 2, Tp. 43, 
Range 26, W. l st Mer., penetrated 610 feet of dolomites that by reason 
of their lithology and fossil content are assigned to the Silurian. In the 
Winnipegosis well, 95 miles to the southeast on Sec. 29, Tp. 30, Range 
17, W. Prin. Mer., the thickness appears to be 350 feet. Neither gypsum 
nor anhydrite was reported from either of these wells. However, as 
already stated, 150 feet of gypsum occurs in Lake St. Martin district; 
northeast of the north end of Lake Winnipeg. In a well at Dominion 
City south of Winnipeg ·and nearly 200 miles southeast ·of Lake St. 
Martin area a thickness of 60 feet of gypsum was reported by Wall ace 

1 Formerly called Conchidium decussatum, See Kindle, 1915, p . 7. 
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(1925, page 23) to be underlain by 110 feet of red clay and sand. A 
short distance to the north, at Arnaud, the gypsum is 25 feet thick and 
the red clay 135 feet thick. The stratigraphic position of the red clays 
and overlying gypsum is doubtful. They may be Silurian, but as sug
gested by S. R. Kirk1 more probably are Devonian or younger. 

In a well (Allan, 1923, pages 50, 51) drilled at McMurray, on Atha
baska River, 370 feet of dolomites and shales with alternating beds of 
gypsum, anhydrite, and salt underlie strata carrying Devonian fossils. 
It is possible these beds are Silurian, but owing to the widespread occur
rence of gypsum and anhydrite beds in the Devonian underlying the 
Mesozoic strata of the plains of Alberta it seems more probable that they 
are Devonian. On Clearwater River, east of McMurray along the edge of 
the Canadian Shield, there are limestones underlying beds of known 
Devonian age. No fossils have been found in these limestones and, there
fore, their age is not definitely known but is possibly Silurian. On Peace 
River from Little Rapids to 5 miles north of Peace Point (Camsell and 
Malcolm, 1921, page 62) limestone, gypsum, and anhydrite outcrop that 
are thought to be Silurian. Strata carrying Silurian fossils occur near 
Fitzgerald on Slave River and overlie the limestone and gypsiferous dolo
mites exposed along Salt River near the salt springs west of Fort Smith. 
Silurian beds occur on Cariboo I sland south of Fitzgerald and at several 
points on lower Slave River (Cameron, 1922, page 18) . They also occur 
along the west side of the North Arm of Great Slave Lake, in this case 
being of Guelph age (Hume, 1926, page 61). In Mackenzie River area 
there is a great thickness of Silurian strata. The lowest member, the 
Franklin Mountain formation (Williams, 1923, page 72), rests on the 
Cambrian and consists of 500 to 1,000 feet of limestones of approximately 
Medina-Cataract age. It is overlain disconformably by 500 feet of lime
stones and chert of the Mount Kindle formation of Niagaran age. These 
are overlain conformably by 1,600 feet of brecciated dolomite with inter
bedded gypsum and chert composing the Lone Mountain formation. The 
Lone Mountain formation has been correlated by Kindle (1921, page 44) 
with the Hear M·ountain formation of Bear Mountain at Norman, where 
highly brecciated limestones replaced laterally by gypsum beds occur at 
the top of the section and have a maximum thickness of 450 feet. These 
limestones overlie 1,000 feet of well-bedded limestones in Carcajou Moun
tains, and in Bear Mountain overlie red, gypsiferous shales. Strata of 
the Bear Mountain formation occur along the west flank of Norman Range, 
along Whitefish Lake east of Norman Range, and in Mount Charles on 
Great Bear River (Williams and Hume, G.S.C., Maps Pub. No. 1957, No. 
1977, and No. 2022) . They presumably underlie the younger strata of all 
Mackenzie Valley from south of Wrigley to the Ramparts of the Mackenzie 
and may be even much more extensive. 

As in many areas anhydrite and gypsum are associated with Silurian 
beds it formerly was thought that the presence of anhydrite or gypsum was 
indicative of the Silurian, and this horizon was considered to be much more 
extensive than is now known to be the case. Anhydrite-bearing Devonian 
beds have been penetrated by deep wells in southern Alberta and it is prob-

1 Personal communication. 
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able that there the Silurian is entirely lacking. The Silurian is believed to 
be absent from Montana (Knappen and Moulton, 1930, Plate 2) and has 
not been definitely determined in Colorado. It is, therefore, probable that 
in southern Alberta the Devonian rests on Cambrian since so far as known 
there is also no Ordovician. 

DEVONIAN 

Devonian rocks are very extensive in western Canada and presumably 
underlie younger strata .over the whole of the Great Plains and foothills 
from the Manitoba lowland to the Rocky Mountains. They underlie all 
Mackenzie Basin except in a few places where they have been removed by 
erosion and older rocks exposed. They, however, vary considerably in lith
ology and thickness as would be expected in so extensive an area. 

In Manitoba the Devonian is divisible into three formations (Kindle, 
1913, page 248), namely, Elm Point limestone, Winnipegosan dolomite, and 
Manitoban limestone. The Elm Point limestone is of Middle Devonian age, 
Lower Devonian strata being absent. The Elm Point outcrops on the east 
shore of Lake Manitoba and has been described by Tyrrell (1893, page 
194 E). It consists of at least 25 feet of light buff or cream-coloured lime
stone and has a fauna characterized by a variety of Atrypa reticulari.s with 
a flaring edge on the shell. It is overlain by the Winnipegosan dolomite 
about 165 feet thick, in which the dominant and characteristic fossil is 
Stringocephalus burtini. This formation outcrops mainly in the vicinity of 
Dawson Bay, Lake Manitoba. The Manitoban limestone of Middle or 
Upper Devonian age overlies the Winnipegosan dolomite, is exposed mainly 
on Lake Winnipegosis, and according to Wallace (1925, page 49) has a 
thickness of 185 feet. In the Winnipegosis well a small thickness of red 
shale occurs, apparently at the base of the Devonian. A well at Mafeking 
in Sec. 2, Tp. 43, Range 26, W. lst Mer., showed that the Devonian at this 
place had a total thickness of 310 feet and, in descending order, consisted 
of cream-coloured and light grey to brown dolomite 150 feet thick, a thin 
layer of red dolomite underlain by grey and brown dolomite 120 feet thick, 
and red and greenish, shaly dolomite 30 feet thick. 

Devonian rocks outcrop along the western edge of the Canadian Shield 
in Saskatchewan and are well exposed on Athabaska River north of McMur
ray in Alberta. Here the complete section as determined by drilling (Allan, 
1921, pages 106-8) consists of 440 feet of alternating grey limestones and 
grey and greenish shales underlain by anhydrite and gypsum beds which, 
as already pointed out, are probably Devonian. McConnell (1893, page 
51 D) states that: "From the Athabaska the Devonian limestone extends 
in a broad band around the southern end of Birch Mountains, and across 
Lake Claire to Peace River and up the latter stream to a point 2 miles above 
Vermilion Falls." From Lake Claire the Devonian continues as a broad 
band northwestward to Great Slave Lake, Slave River approximately fol
lowing the Silurian-Devonian contact for considerable distances from Fort 
Smith northwards. 

Devonian strata outcrop very extensively about the western end of 
Great Slave Lake and in Mackenzie River Ba.sin. On Great Slave Lake 
there is no Lower Devonian and the lowest Middle Devonian in the vicinity 
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of the lake are the Horn River shales (Whittaker, 1922, page 51) outcrop
ping on Horn River north of Providence. The shales are 60 feet thick with 
the lower part not exposed. They underlie the Pine Point limestonec; which 
outcrop at Fort Resolution and Pine Point on the south shore of Great Slave 
Lake and on the north shore west of the North Arm (Cameron, 1922, pages 
19-21). The Pine Point limestones are 595 feet thick and have been corre
lated with the Elm Point limestones of Manitoba. They underlie the 
Presqu'ile dolomites which are well exposed on both the south and north 
shores of Great Slave Lake west of the outcrops of Pine Point limestones. 
The Presqu'ile dolomites are 375 feet thick and contain the Stringocephalus 
burtini fauna, which definitely col'relates them with the Winnipegosan dolo
mites of Lake Winnipeg. The Presqu'ile dolomites on the north shore at 
Nintsi (Windy) Point contain abundant oil seepages. The dolomites are 
very porous and are a possible reservoir for oil. They are overlain by 200 
feet of Slave Point limestones which form a broad band on the south side 
of Great Slave Lake in the vicinity of the mouth of Buffalo River and on 
the north shore form bands both east and west of the Presqu'ile dolomite 
exposed at Nintsi Point. They are the youngest Middle Devonian rocks in 
Great Slave Lake region. 

The Upper Devonian of Great Slave Lake area consists of the Simpson 
shales 250 feet thick, the overlying Hay River shales 400 feet thick, and, 
youngest of all, the Hay River limestones 300 feet thick. All three forma
tions outcrop in the vicinity of the west end of Great Slave Lake and 
on various streams and rivers tributary to it and to the upper part of 
Mackenzie River. 

In the vicinity of Norman on Mackenzie River, the Devonian strati
graphy is quite different from that on Great Slave Lake. The oldest Devon
ian beds in the vicinity of the Ramparts of the Mackenzie and farther north 
are the Hare Indian River shales of Middle Devonian age (Kindle, 1921, 
page 45). These shales do not outcrop in the Norman area. They have 
been tentatively correlated with the Pine Point limestones, but may include 
representatives of the Horn River shales of Great Slave Lake area. They 
are overlain by the Ramparts and Beavertail limestones, having a combined 
thickness of 650 to 700 feet. The Ramparts limestone on account of the 
presence of Stringocephalus burtini is definitely correlated with the 
Presqu'lle dolomite of Great Slave Lake and the Winnipegosan limestone 
of Lake Manitoba. 

The Beavertail limestones in Norman area are overlain by the Upper 
Devonian Fort Creek shales at least 800 feet thick. The Fort Creek shales 
are probably about equivalent to the Simpson shales of Great Slave Lake 
although much thicker. They carry a Portage fauna. Near Norman certain 
very persistent, narrow dykes cut the Fort Creek shales. It was formerly 
thought (Hume, 1923, page 58) that they were of weathered igneous rocks, 
but microscopic examination subsequently proved them to be sandstone 
dykes. They are only a few inches wide and cut across the bedding 
of the shales. A sandstone dyke 10 feet wide cuts the Fort Creek shales on 
top of the" Rainbow arch" on Carcajou River about 50 miles from its junc
tion with the Mackenzie. The Fort Creek shales are succeeded by the Bos
worth formation consisting of 1,600 to 2,000 feet of sandstones and shale1 
(Hume, 1923, page 58). This formation consists of alternating shales and 
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sandstones which carry a Spirif er disjunctus fauna definitely correlating 
them with the Hay River shales and limestones of Great Slave Lake 
area. The sandstones are in part quite porous and along the east side of 
Mackenzie River north of Norman yield many oil seepages. 

In North Nahanni-Root River area, 175 miles south of Norman, the 
upper Devonian is even thicker than in Norman area, particularly in that 
part of the section correlated with the Bosworth formation; and it is 
believed younger Upper D evonian strata are present. This may well be 
as the top of the Devonian is an erosional plane and in the Ramparts area 
of Mackenzie River, only 130 miles north of Norman, Cretaceous strata 
rest directly on Middle Devonian, whereas at Bluefish Creek 9 miles north 
of Norman, Eocene rocks rest directly on Upper Devonian (Sec G.S.C., 
Map 1977) , indicating that there the Cretaceous has been removed by 
erosion in pre-Eocene time. The Devonian in certain places was, there
fore, exposed not only to pre-Cretaceous but as well to Pre-Eocene erosion 
and consequently the thickness is quite variable even within a fairly 
restricted area. 

The Devonian has a wide distribution in Mackenzie area and is 
known to occur east of Mackenzie Delta (See G.S.C., Map 1585). To the 
west of the delta it is concealed beneath younger rocks. 

South of Athabaska River at McMurray and Peace River at Ver
milion Chutes and between the D evonian outcrops in the east and the 
Rocky Mountains in the west, the Palmozoic strata are concealed by a 
thick cover of younger sediments and are known only from drilling (Moore, 
1931). It is very difficult in well samples to differentiate the Devonian 
from the overlying Carboniferous or from the underlying strata as all are 
limestones. In the Commonwealth Milk River well on Sec. 9, Tp. 3, Range 
15, W. 4th Mer., below limestones considered to be of Carboniferous age 
and above strata believed to be Cambrian there are 300 feet of black oil
shales underlain by dark grey and brownish limestones and shales with 
anhydrite. These beds are considered by Moore to be Devonian and he 
correlates them with strata penetrated by the Potlatch-Adams well about 
30 miles south of the International Boundary in the Kevin-Sunburst field. 
In this well (Perry, Table 1, 1929), below what is assumed to be the base 
of the Carboniferous, 20 feet of oil-shale overlie 920 feet of anhydrite, 
dolomite, limestone, and shale. Fragments of rock blown from the well 
by gas flow showed Devonian fossils. In the Eyremore well on Sec. 26, 
Tp. 17, Range 18, W. 4th Mer. , limestone believed to be Carboniferous is 
underlain by 40 feet of oil-shales resting on 20 feet of hard, dense, grey 
limestone, below which is 310 feet of pale grey anhydrite. Underlying the 
anhydrite beds are brownish limestones and shales with a second zone of 
anhydrite in the lower part. On lithological grounds this whole section is 
readily correlated with the Devonian of the Potlatch-Adams well in 
Montana. 

In the Duvernay well on Sec. 34, Tp. 55, Range 12, W. 4th Mer., at 
a depth of 155 feet below the top of the Palreozoic limestones, there is a 
thickness of 30 feet of oil-shale, underlain by 20 feet of bituminous lime
stone, below which more oil-shale was encountered. Moore regards the oil
shale zone as marking the top of the Devonian , since it contains Lingula 
spatula, a Devonian species also found in the oil-shale zone of +he Potlatch--
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Adams well of Montana. In Ribstone area, in Ribstone No. 1 well, the 
top of the Palreozoic limestone was encountered at a depth of 2,062 feet. 
Cores taken from the well at a depth of 3,154 feet carried, according to 
determinations by E. M. Kindle, Devonian, probably Upper Devonian, 
fossils. In the same well a very poorly defined bituminous zone occurs at a 
depth of 2,460 feet or 400 feet below the top of the Palreozoic. It is possible 
that this bituminous zone is the top of the Devonian and if so the upper 400 
feet are Carboniferous limestones. 

In the McMurray-Ath&baska region salt and anhydrite beds underlie 
limestones carrying Devonian fossils (Allan, 1921, pages 107-8). Since the 
available evidence points to the occurrence of anhydrite in the Devonian 
in other parts of Alberta it seems probable that the salt and anhydrite 
beds of McMurray area are also Devonian, although in more northerly 
areas salt and gypsum occur associated with Silurian beds. Anhydrite and 
salt beds are also known from wells in Saskatchewan. In Unity Valley 
No. 2 well on Sec. 14, Tp. 41, Range 24, W. 3rd Mer., salt in small amounts 
was encountered at a depth of 3,201 feet, with anhydrite-bearmg beds 
between a depth of 2,928 and 3,124 feet in strata believed to be Devonian. 
In the Simpson well in Tp. 29, Range 12, W. 2nd Mer., a salt zone reported 
to be 12 feet thick was encountered at a depth of 3,420 feet. The upper 
part of the Palreozoic in this well is Devonian, but no definite information 
is available in regard to the salt horizon. In the Pike Lake well on Sec. 13, 
Tp. 34, Range 7, W. 3rd Mer., the top of the Palreozoic limestone was 
encountered at a depth of 2,315 feet and between 3,020 and 3,060 feet there 
occurred anhydrite-bearing beds. The top part of the Palreozoic lime
stone in this well is Devonian, but no data is available as to the exact 
.age of the anhydrite beds although it is assumed they also are Devonian. 
This conclusion seems warramted in view of the widespread occurrence of 
:anhydrite beds in Alberta, and also in Manitoba where according to 
McLean and Wallace (1914, page 168) 
"eypsi1m (.)ccurs in an Upper Devonian horizon on the west side of Lake Manitoba. In Leifur district, and in a northwesterly direction from that distrrict, thin beds are 
found near the surface. The gypsum found in the bore at Vermilion River was con
sidered by Tyrrell to ibe ·of Devonian age . . . . . There are no indications of 
it in a fairly complete exposure of the Upper Devonian at Dawson Bay, but the 
gy;psum obtained in the bores of N eepawa and Rathwell is probably from this 
horizon". 

CARBONIFEROUS 

The Devonian in certain regions was followed by the Mississippian and 
this in turn by the Pennsylvanian, two divisions collectively known as the 
Carboniferous. Marine strata of Mississippian and Pennsylvanian ages 
and mostly limestones occur in the eastern Rocky Mountains and are over
lain by beds whose age has been interpreted as either Permian (Shimer, 
1926 page 11) or late Pennsylvanian (Warren, 1927, page 34). Cal'boni
fero~s limestones are known from outliers of the mountains within the 
foothills such as Moose Mountain, south of Bow River, and Brazeau Range 
to the n'orth, and have been encountered in many wells in Turner Valley 
and vicinity. They also underlie the southern part of Alberta where they 
have been encountered in many wells. In this area there seem to be two 
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fairly well-marked lithological divisions, an upper zone of white limestones 
underlain by a zone of dark grey to brown limestones. In the Common
wealth Milk River well on Sec. 9, Tp. 3, Range 15, W. 4th Mer., the upper 
zone of white limestones was 820 feet thick, whereas the lower zone of 
darker limestones was 280 feet thick, giving a total thickness of 1,100 feet 
above the oil-shales, previously mentioned, which are considered to be the 
top of the Devonian. In the Eyremore well on Sec. 26, Tp. 17, Range 18, 
W. 4th Mer., the division between the upper white zone and the lower dark 
zone is even more clearly marked than in the Commonwealth well with 530 
feet of the upper, and 220 feet of the lower, zone, or a total thickness of 
750 feet. In a few wells, as for example Imperial-Burdett on Sec. 8, Tp. 11, 
Range 11, W. 4th Mer., Roth No. 1 well at Medicine Hat, and Drazan 
No. 1 well in Many Islands Lake area, Moore (1931, page l 145) has 
shown that the upper white crystalline zone is replaced by a red and pink 
limestone and chert phase which ranges in thickness from 250 feet in 
Imperial-Burdett well to 370 feet in Roth No. 1 well, and to 85 feet in 
Drazan No. 1 well. This variation in thickness of the upper zone is 
believed to be due to the fact that the top of the Palreozoic limestone is 
known to be an eros·ional unconformity. There is also, according to Moore, 
a prominent thinning of the lower, darker member resulting from a dis
conformity at the top of the Devonian. 

The extent of the Carboniferous under the plains of Alberta is not defi
nitely known. In the Duvernay well on Sec. 34, Tp. 55, Range 12, W. 4th 
Mer., the top of the Palreozoic was encountered at 2,075 feet. At 2,230 feet, 
or 155 feet below the top, there are 30 feet of oil-shales that Moore regards 
as the top of the Devonian. These 155 feet of limestones are, therefore, 
believed to be Carboniferous although no fossils to give an exact age deter
mination were obtained from them. In Wainwright and Ribstone areas of 
eastern central Alberta it was formerly thought that the Devonian directly 
underlay Lower Cretaceous beds. This deduction was based mainly on the 
Athabaska River section at McMurray where no Carboniferous is present. 
This view, however, is no longer tenable since the Duvernay well in which 
Carboniferous strata occurs is north, although also slightly west, of Wain
wright. In Imperial-Ribstone No. 1 well where the top of the Palreozoic was 
encountered at 2,062 feet there are 400 feet of limestones, below which is 
a poorly defined bituminous zone that may represent the top of the Devon
ian, since Devonian fossils were obtained from cores from this well at a 
depth of 3,154 feet. Thus it is quite possible there are 400 feet of Carbon
iferous limestones in this area. This thickness seems to be quite in harmony 
with the northward thinning of the Carboniferous, since, as already pointed 
out, the available information indicates that to the north in the Duvernay 
well there are but 155 feet of beds of this age and at McMurray on Atha
baska River they are not present. The farthest east that the Carboniferous 
has been definitely recognized is in the Fuego well on Sec. 34, Tp. 25, Range 
4, W. 4th Mer., where the top of the Palreozoic was encountered at a depth 
of 3,110 feet and yielded Carboniferous fossils. 

The age of the top part of the Palreozoic, which is deeply buried by 
younger strata, is unknown in southern Saskatchewan. It is possible some 
Carboniferous may be present, although none occurs (Wickenden, 1932, 
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pages 177-196) under the younger rocks in central and northern Saskatche
wan nor is any known in Manitoba. 

In Liard River area, east of the mountains, Carboniferous strata occur 
(Hume, 1923) and presumably, therefore, are present in a belt along the 
eastern edge of the mountains southward to the international border. So 
far as known, they do not occur anywhere in Mackenzie Basin. 

TRIASSIC 

The Mesozoic was a time of extensive deposition of shales and sand
stones, many of which are of continental origin. This is in striking contrast 
with conditions in Palmozoic time when the strata that formed are mainly 
marine limestones and shales. Evidently at the end of the Palmozoic there 
was an uplift to the west which not only greatly restricted the inland seas 
but provided an elevated area, the erosion of which supplied the sediments 
that constitute the various formations of the Mesozoic period. 

The Mesozoic began with the deposition of Triassic strata. In Banff 
area the Spray River formation, consisting of marine limestones, dolo
mites, and arenaceous shales, may have a thickness as great as 3,400 feet 
(Warren, 1927, pages 38-41) and is Lower Triassic in age. No Triassic 
rocks are known in the foothills south of Bow River, where so far as 
known Jurassic strata rest directly on Palmoz.oic limestones. It is prob
able, therefore, that such Triassic strata as may have been originally 
present over the western plains were completely removed by erosion. It 
is thought, however, that in Triassic time there was a sea extending 
southward from the Arctic, because Triassic sediments occur on upper 
Stewart River in the Yukon (Keele, 1910, page 39), in Liard River area 
(McConnell, 1890, page 49 D), and in the foothills on Peace River (Mc
Learn, 1917, page 16; 1921, page 2; 1930, pages 1-5). In Peace River 
area, the Schooler Creek formation is believed to be Upper Triassic and 
consists of a lower member of grey, calcareous sandstones, arenaceous 
limestones, and calcareous shales 2,000 feet thick overlain by 400 to 500 
feet of chocolate brown to purplish grey, calcareous sandstones and im
pure limestones·. It is quite apparent, however, that this formation does 
not extend far eastward, since in the vicinity of Vermilion Chutes on the 
lower Peace River, Cretaceous strata rest directly on Devonian lime
stones. No Triassic strata .are known east of the foothills of Peace River 
district and it is thought they are entirely absent from Mackenzie Basin. 
They occur in the foothill s in Cadomin and Mountain Park areas (See 
G.S.C. , Maps 208 A and 209 A) and probably, in places at least, between 
here and Banff area. 

JURASSIC 

Jurassic strata are present in the mountains and foothills and extend 
under a considerable part of the plains in southern Alberta and Saskat
chewan. .Jurassic strata were encountered in a deep well drilled at Moose 
Jaw (Dowling, 1919, page 44; Wickenden 1932, pages 182-184) where 
they have a thickness of 250 feet or more. It is probable, therefore, that 
Jurassic strata underlie the western part of southern Saskatchewan, but 
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more doubtful if they occur in eastern Saskatchewan. Well sections in 
Manitoba, however, show a considerable thickness of shale above the 
Devonian Manitoban limestone and below the Cretaceous sandstones. Dow
ling (1919, page 37) considered part of these to be Jurassic, and Wickenden 
(1932, pages 179, 184) has definitely determined Jurassic fossils from the 
Commonwealth Manitou well in Tp. 2, Range 9, W. lst Mer., and the 
Dauphin No. 1 well in Tp. 24, Range 20, W. lst Mer. The Jurassic is 
believed to thin northward. It is not known in the Viking-Wainwright
Ribstone area. No Jurassic is present on the Athabaska at McMurray 
nor in Mackenzie River Basin. 

The exact correlation of Jurassic strata in the foothills with those under 
the southern plains of Alberta has not been determined. The Jurassic in 
the foothills is known as the Fernie formation, whereas that under the plains 
has been called Ellis. McLearn (1927, pages 67-70) has pointed out that 
different faunas occur at " almost every locality." For example the Fernie 
at Blairmore is early Upper Jurassic; the part of the formation on the upper 
part of Sheep River, the age of which has been definitely determined, is 
early Middle Jurassic; the Fernie beds in Lake Minnewanka area are the 
very latest Lower Jurassic to early Middle, and also Upper, Jurassic; in 
Mountain Park area, the Fernie is lower Middle Jurassic; at Moose 
Mountain (Hume, 1932, page 44) late Lower, and lower Middle, Jurassic; 
and at Fernie, B.C., from which place the formation was named, mainly 
Upper Jurassic, but a Lower Jurassic fauna has recently been ·reported by 
Warren (1931, page 110). It is thought, however, that the strata at each 
locality have a long time range and that it is only by chance that different 
faunas have been preserved or found in different localities. This would seem 
to be the case in Kananaskis Valley (McLearn, 1930, page 2) and at Lake 
:rvfinnewanka (Warren, 1929, page 26) where faunas ranging in age from 
latest Lower Jurassic or early Middle to Upper Jurassic have been found. 
The lithology and thickness of the Fernie, however, seem to be quite 
variable. In Blairmore area there are 900 to 1,000 feet of thin-bedded, 
calcareous sandstones with light and grey shales (McLearn, 1930, page 67). 
In Moose Mountain area south of Bow River there are about 220 feet of 
very black shales with thin limestone bands and brown, sandy shales (Hume, 
1932, page 44). In Turner Valley area the thickness is somewhat in doubt 
due to the difficulty of separating the Fernie from the overlying Kootenay, 
but it is probably not more than 220 feet and the lithology is much the same 
as at Moose Mountain. In Mountain Park area the thickness is as much 
as 1,300 feet (MacKay, 1930), and the strata consist of black marine shales 
with thin beds of fine-grained, buff-weathering, quartzitic sandstone. To the 
north in Peace River area, the Pine River formation is considered by Spieker 
(1922, page 118) to be Jurassic. It consists of blue-black marine shales 
with a minimum thickness of 300 feet and the base not exposed. 

In the foothills south of Bow River the Jurassic beds rest directly on 
Palreozoic limestones. The same is true in ·the eastern foothills along 
Brazeau Range, but 15 miles to the west in Bighorn Range the Jurassic 
rests on 550 feet of Triassic strata (Webb, 1931, page 342). This indicates 
for eastern localities in the foothills an erosional break of some magnitude 
between the Palreozoic and the Jurassic. To the east of the foothills, under 
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the plains, the Jurassic thins and different horizons of the Palreozoic occur 
under the Mesozoic. It is not known whether the thinning of the Jurassic 
eastward is due to non-deposition or to an erosional interval of later Jurassic 
or early Cretaceous time. 

LOWER CRETACEOUS 

The Cretaceous is a thick series of non-marine and marine strata widely 
distributed over the plains and foothills and occurring in various placee 
within the Mackenzie lowland. In western Canada, in Jurassic or early 
Cretaceous time, the area west of the present Rocky Mountains was uplifted 
(Schofield and Hanson, 1922, page 29) and over the area of the present 
eastern mountains and foothills non-marine sediments with e~tensive coal 
seams were deposited. These beds constitute the Kootenay formation. It 
consists of coarser maiterials in the west than in the east and the coal 
becomes less important and the formation thinner to the east. Within the 
foothills the thickness of the Kootenay and the number of coal seams it 
contains are quite variable. 

The Blairmore overlies the Kootenay and is also non-marine. In the 
western foothills the basal Blairmore is a heavy conglomerate with inter
beds of sandstones 70 feet thick. This basal phase thins rapidly eastwards 
and disappears within the foothills. Where it is lacking the diviS"ion between 
Kootenay and Blairmore is difficult to determine and farther east in the 
region of the plains it is more convenient to refer to the equivalents of the 
Blairmore and Kootenay as Lower Cretaceous. In Turner Valley, as 
indicated by wells, a coal seam lies 625 to 650 feet below the top of the 
Blairmore. For a time this coal seam was regarded as being the top of the 
Kootenay. The base of the formation was arbitrarily drawn at the top of 
the Home sand 275 to 300 feet stratigraphically lower than the coal seam. 
It was soon discovered, however, that there are Lower Cretaceous strata 
below the Home sand and, therefore, the bottom of the Kootenay was later 
drawn (Hume, 1930, pages 4-5) at the top of the Dalhousie sand about 250 
feet stratigraphically below rthe Home sand. Still later work led to a 
revision of these opinions and a section prepared by J. B. Webb of the 
Hudson Bay Oil and Gas Company is now considered to afford the most 
logical interpretattion. This interpretation places the top of the Blairmore 
below a grit zone (Hume, 1927, pages 4-5) in the overlying Alberta shale 
and places the base 1,200 feet below at the bottom .of the Dalhousie sand 
where a conglomeratic zone that is correlated with the basal Blairmore 
conglomerate of western foothills sections occurs. Below the Dalhousie 
sand, coal has been encountered in a number of wells, and below this a 
"brown sand." The coal-'bearing beds are considered to be Kootenay. In 
a few wells they are as much as 100 feet .thick, in other wells, however, they 
are absent. The top of the " brown sand " jg considered to be the top of 
the Fernie. In former interpretations, the Dalhousie sand was thought to 
be in the Fernie, but according to present ideas the Fernie is restricted to 
about 200 feet of strata from the top of the " brown sand " to the Palreozoic 
limestone. 

If the interpretation of the Turner Valley section, which restricts the 
Kootenay to a thickness of 100 feet or less, is correct, the Kootenay in the 
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foothills shows a very rapid thinning eastwards and, therefore, is unlikely 
to extend far under the plains. In the Wabash well on the Stoney Indian 
Reserve south of Bow River, the Kootenay is stated by Evans (1930, 
page 30) to have a drilling thickness of 599 feet. It is likely that the 
stratigraphic thickness is about the same as on Canyon Creek, Moose 
Mountain, namely, 350 feet. To the north, in Mountain Park area, 
according to MacKay (1930, Fig. 4), the Mountain Park formation 400 feet 
thick, the Luscar formation 1,700 feet thick, and the Cadomin conglomerate 
35 feet thick, represent the equivalents of the Blairmore of southern Alberta. 
The Cadomin conglomerate is the thick conglomerate zone at the base of the 
Blairmore in the western foothills south of Bow River. Below the Cadomin 
conglomerate of Mountain Park area is the Nikanassin formation, 1,900 feet 
thick, occupying the stratigraphic position of the Kootenay elsewhere. In 
Crowsnest area, southern Alberta, the Kootenay contains a great thickness 
of workable coal seams, whereas in Mountain Park area the Luscar forma
tion, probably of Blairmore age, is the important coal-bearing member. 
Thin coal seams occur in the Blairmore south of Bow River and coal occurs 
in both the Blairmore and Kootenay north of Bow River (Evans, 1930, 
pages 3-33). The lower part of the Blairmore contains calcareous shales 
and arenaceous limestones in Turner Valley and adjoining areas, and these 
carry a fauna of gastropods and lamellibranchs. On Elbow River, near 
Moose Mountain, these strata are 200 to 300 feet thick. Similar occurrences 
are reported by Evans (1930, page 33) from Ram River in Tp. 38, Range 12, 
W. 5th Mer. Locally the Blairmore in the foothills carries conglomerate 
beds. In most cases the pebbles are small, but in some cases cobbles are 
4 to 5 inches in diameter. A very large lens of conglomerate occurs in the 
Blairmore in Highwood area in Sec. 34, Tp. 18, Range 3, W. 5th Mer. 
Other lenses containing abundant igneous pebbles occur in Sec. 6, Tp. 22, 
Range 4, and in Sec. 32, Tp. 21, Range 4. The stratigraphic position of 
these conglomerates carrying igneous pebbles is apparently high up in the 
Blairmore formation. In Blairmore area Rose (1917, page 110) noted 
igneous pebbles in a rather persistent conglomerate about 1,250 to 1,500 feet 
above the base of the Blairmore formation and stated they were absent 
from the basal conglomerate of the same formation. 

In Crowsnest area the Crowsnest volcanics, 1,150 feet thick (Leach, 
1913, page 23), overlie B.Jairmore strata. In Turner Valley area a fine con
glomeratic zone with coarse, quartz-sand beds from 1 to 40 feet thick 
occurs closely associated with the base of the marine beds that directly 
overlie the Blairmore. This horizon is known as the " grit" zone and is 
usually considered to mark the division between the Lower and Upper 
Cretaceous. It belongs with the upper marine beds rather than with the 
underlying Blairmore. In the area west of Turner Valley, the "grit" 
contains a few, rounded, waterworn pebbles and it is thought that the 
material was derived from the Crowsnest volcanics. The " grit" has been 
seen by the writer in the foothills north of Bow River and a conglomerate 
with cobbles of chert and quartzites as much as 6 inches in diameter is 
known (Evans, 1930, page 33) to occur on Ram River at the top of the 
Blairmore. A similar conglomerate occurs on the south fork of Burnt 
Timber Creek, whereas at other places the contact between the Blairmore 
and Alberta shales is marked by a bed of bentonite 6 inches to 1 foot thick. 
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Non-marine beds are widely distributed under the plains, and although 
in the western plains, and in Athabaska (McMurray) and Peace River 
areas these are Lower Cretaceous it is not by any means certain that they 
are of this age in other areas. Basal sandstones of Cretaceous age occur 
along the eastern edge of the Manitoba escarpment which is an aibrupt 
descent to the Manitoba lowland of Palreozoic rocks. They are also known 
(Mclnnes, 1913, page 65) from Lake Wapawekka region, Saskatchewan. 
The basal sandstones in Manitoba and Saskatchewan are, according to
Kirk (1930, pa~e 115), of Upper Cretaceous age. The fossils found in 
these beds are not diagnostic Upper Cretaceous forms, but there does not 
seem to be a break between these beds and the overlying Upper Cretaceous 
beds. The situation in the east, in Manitoba, is quite in contrast with 
that in Athabaska River (McMurray) area where, as stated by McLearn 
(1917, page 146), the basal, non-marine McMurray formation ("tar 
sands ") 110 to 180 thick, the overlying Clearwater marine shales 275 
feet thick, the Grand Rapids sandstone mostly non-marine and 280 feet 
thick, and the marine Pelican shale 90 feet thick, are all Lower Cretaceous. 
If the basal beds in Manitoba and Lake Wapawekka region are Upper 
Cretaceous, they occupy the stratigraphic position of the Pelican sand
stone of McMurray area, which is marine at the top and bottom but has 
a middle non-marine member, the whole being 35 feet thick. 

In wells drilled south of McMurray and as far east as Pike Lake
in Tp. 34, Range 7, W. 3rd Mer., in Saskatchewan, the basal beds of the 
Cretaceous are sands and shales with coal, and because of the number of 
wells and their positions so much closer to McMurray area than to Mani
toba, there seems little doubt that these basal beds are also Lower Cre
taceous. A little coal occurs in the Grand Rapids and McMurray forma
tions of the Athabaska section and its presence in the wells suggests, but. 
is not proof, that the coal-bearing strata in the wells and along the 
Athabaska are of like age. In Wainwright and Ribs tone areas, samples 
obtained in wells from the base of the marine shales regarded as being 
Upper Cretaceous in many cases show chert pebbles or fragments of con
glomerate. The strata below are non-marine, coal-benring beds considered 
to be Lower Cretaceous. Shales interstratified with the coal-bearing beds 
may be marine as in McMurray area. It seems certain that Lower Cre
taceous seas existed in the north and east during the deposition of non
marine beds in the west. Wickenden (1932, page 196) has shown that 
marine Lower Cretaceous occurs in southernmost Saskatchewan and marine 
Lower Cretaceous is believed to be present in wells drilled in the eastern 
part of southern Alberta. 

In eastern Peace River area the Lower Cretaceous, marine, Loon 
River shales, 1,100 feet thick, rest on the Palreozoic limestones. Some oil 
has been found in Peace River area in arenaceous shales near the base of 
the Loon River formation. The stratigraphic position of these beds sug
gests a correlation with the McMurray formation. The Loon River shales 
are regarded as approximate equivalents of the Clearwater shales because, 
as stated by McLearn (1930, page 6), a fauna found in the uppermost 
Loon River shales close to the contact with the overlying Peace River 
sandstones is similar to a fauna in the Clearwater formation. The Loon 
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River shales are overlain by the Peace River sandstone which in Peace 
River area consists of a lower sandstone with a maximum thickness of 
160 feet, a middle shale with a thickness of 30 feet, and an upper sandstone 
with a maximum thickness of 130 feet. The upper sandstone in the south
erly part of Peace River area is massive, crossbedded, and carries a dis
-continuous lignite seam. The thickness of this member becomes less to the 
north and the upper part is replaced by bedded sandstone and shale of 
marine origin. The Peace River sandstone is probably about the equiva
lent of the Grand Rapids formation of Athabaska River area. It is over
lain by the St. John formation now considered to be mostly Lower Cre
taceous. In the western Peace River area the Lower Cretaceous begins 
with the Bullhead Mountain formation which has a maximum thickness of 
4,400 feet of beds mostly of non-marine origin. The age of the lower 
part is not definitely known, but may be Kootenay since the upper or 
Gething member with extensive coal seams carries a Lower Blairmore flora. 
The Gething member may be a non-marine phase of the eastern Loon 
River marine shales, but this correlation is only tentative as the age of 
the overlying Moosebar is not definitely known. The Moosebar formation 
(McLearn, 1923, page 5) is partly marine and consists of at least 800 

ieet of shales. It is overlain by 50 to 80 feet of the Gates sandstone which 
in turn is overlain by the Fort St. John marine shales, 1,400 to 2,200 feet 
thick. The lower part of the Fort St. John shales and the upper sand
stone of the Peace River formation carry faunas similar to those found in 
the top of the Grand Rapids sandstone. 

A summary of the information regarding the Lower Cretaceous strati
graphy of the plains and foothills is given in the following table derived 
from McLearn (1931, page 6, 1932, page 168). 

Athabaska Lower Peace Peace River Mountain 
River River Canyon Park Blairmore 

Pelican shale, 90 feet, Fort St.John shale, Fort St.John shale, 
marine 1,100 feet, 1,400 to 2,200 

marine feet, marine Mountain Park 
sandstone, 

Upper sand- Gates sandstone, 400 feet, 
.~ stone, 130 feet 50-80 feet non-marine 

Grand Rapids sand-
stone, 280 feet, IZ Shale member, 

rn mostly " 30 feet 0 Blairmore sand-" non-marine o:I Moosebar shale, 0 
~ Lower sand- stone and ., 800 feet, 0 shale, .s stone, 160 feet partly marine Luscar sand-

" stone and 1,850 feet , ... non-marine {.) shale, ... 1,700 feet , 
" Clearwater shale, Gething mem- non-marine ~ Loon River shale, 0 275 feet, ber, 1,400 feet, ....< marine 1,100 feet, ·~ non-marine mar me o: 

" Cadomin 0 
McMurray, ~Lower conglomerate, 

110-180 feet, 35 feet 
non-marine oi member, 

"' 3,000 feet, .a Nikanassin, Kootenay, 
:; non-rnarine 1,900 feet, 700 feet, 
;:Q non-marine non-marine 
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UPPER CRETACEOUS 

The Upper Cretaceous in the foothills and plains consists of wide
spread marine and non-marine beds. In the southern foothills marine 
shales of Colorado age overlie the Crowsnest volcanics, -0r, where these 
disappear to the north, the Blairmore formation. In the area between 
Highwood and Bow Rivers the base of the marine Colorado shales is 
marked by a fine-grained conglomerate, the " grit " zone, from 6 inches 
to 40 feet thick and very persistent. The materials of this zone may be 
reworked material from the Crowsnest volcanics, but the zone is a part 
of the marine shales as in a few areas, at least, it is underlain by thin 
bands of marine shales resting on typical Blairmore strata. The Colorado 
shales in the foothills pass without break upwards into marine Montana 
shales and the whole shale series was formerly called "Benton". The 
name "Benton", however, is not applicable and in 1929 a new name, 
Alberta shale, was proposed (Hume, 1930, page 6). The Alberta shale 
in the area south and immediately north of Bow River is divided into 
a lower and an upper part by bands of conglomerate and sandstone t o 
which the name Cardium has been given (Cairnes, 1914, page 27). In 
many areas in the central and western parts of the foothills of this district, 
the Cardium sandstones form three bands separated by shales carrying 
upper Alberta fossils, whereas in eastern foothills sections these bands thin 
and tend to disappear. In Turner Valley there is only one well-marked 
sandstone band. This is thought to be the middle band of western sections 
and about 100 feet stratigraphically below it is a thin, pebbly band that 
probably represents the lower Cardium band of western sections. The 
name Lower Alberta shale should properly be confined to the beds below 
the lowest Cardium sandstone band as Upper Alberta fossils are found 
above it. However, where, as in Turner Valley, the lower band cannot. 
be used as a mapping unit it has been customary to include in the Lower 
Alberta all shales below the middle Cardium band. In mapping western 
foothills areas it is not everywhere possible to determine to which band 
a Cardium outcrop belongs and, therefore, in such places the boundary 
between the Lower and Upper Alberta shales may be incorrectly placed. 
To the east in the plains area the Cardium horizon is not recognizable and 
hence the name Alberta shale is applied to the whole group. In the foot
hills area, in the vicinity of Turner Valley, the Lower Alberta shales are 
aJbout 850 feet thick and the Upper Alberta, including 350 feet of the 
Cardium zone at the base, 3!bout 1,950 feet. In southern Alberta, in Red 
Coulee area, the total thickness of the Alberta shale is probably not more 
than 1,750 feet. In Bighorn Basin, north of North Saskatchewan River, 
the Cardium zone becomes a sandstone formation 390 feet thick and is 
known as the Bighorn formation (Malloch, 1911, page 36). Below it ar0 
shales grouped under the name Blackstone formation, which are probably 
the equivalents of the Lower Alberta shales of southern foothills areas. 
Shales above the Bighorn sandstone are called the W apiabi formation. 
They represent the Upper Alberta shales and are 1,300 to 1,800 feet thick. 
The names Blackstone, Bighorn, and Wapiabi have been used by MacKay 
(1930, page 475) in describing the stratigraphy of Mountain Park area 
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where the Blackstone is considered to be 1,700 feet, the Bighorn 350 feet, 
and the Wapiabi 1,700 feet, thick. 

In the southern plains of Alberta the upper part of the Alberta shales 
carries large Baculites ovatus indicative of a Montana age. These shales 
are overlain by the non-marine Milk River formation mainly consisting 
of sandstones with some carbonaceous shales. The Milk River formation 
is overlain by marine Pakowki shales which thin from east to west and as 
a distinct marine horizon proba;bly disappear on the east side of the 
Alberta syncline, so that in the southern foothills the Alberta shales are 
overlain by a series of non-marine beds, 3,000 feet thick, the Allison 
(Belly River) formation, that proba-bly represent not only the Pakowki 
but the underlying Milk River and also horizons above the Pakowki. 
North and east of southern Allberta the Milk River formation disappears 
and is replaced by marine shales similar to the Pakowki. In these north
ern and eastern areas the division between the Alberta shales and the 
overlying shales that thus occupy the positions of the Milk River and 
Pakowki, is rather indefinite. However, a peculiar, speckled shale con
sisting of white or yellowish flakes of carbonate of lime in a dark shale 
matrix and carrying shell fragments and columnar calcite occurs in the 
Alberta shales slightly below the base of the Milk River sandstone in 
southern Alberta. Apparently the same speckled shale occurs to the north 
and east where the Milk River is aibsent, and since to the south and west 
it lies very close to the top of the Alberta shale, it is considered to be the 
upper contact of the Al·berta shales. 

The Alberta shales are probably the approximate equivalent of the 
LaBiche shale of MciMunay area in the north. The lower part of the 
LaBiche shale contains the well known Colorado fossil, Prionotropis, char
acteristic of the Lower Alberta shale of foothills sections; and the upper 
part contains the Inoceramus lundbreckensis fauna of Montana age also 
known from the upper part of the Upper Alberta shale of southern foot
hills areas. 

All available evidence indicates that the Alberta shales, partly Col
orado and partly Montana in age, extend from the foothills east beneath 
the plains region of Alberta and at least western Saskatchewan. The 
Alberta shale decreases in thickness from west to east from at lea,st 2,500 
feet in the foothills to approximately 1,700 feet in southern Alberta, and 
525 feet in Wainwright, and 650 feet in Ribstone, areas. In the latter 
areas it is overlain by the Lea Park formation of Montana age from 
which it is separated by the speckled shale zone mentioned aibove. The 
Lea Park has been correlated with the Pakowki formation of southern 
Alberta, but there are reasons for believing (Wickenden, 1932, page 193) 
that the shales equivalent to the Milk River and Pakowki in the east are 
the equivalents of the Lea Park, Ribstone Creek, and Grizzly Bear 
formations which overlie the Lea Park in eastern central Alberta. The 
writer believes that the Birch Lake formation of the north is probably 
represented at the base of the Foremost beds in the south. The Lea Park 
formation thickens between Ribstone and Viking from 410 feet in the east 
to 650 feet in the west and the non-marine Ribstone Creek formation also 
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seems to thicken towards the west. It is probable, however, that the 
Grizzly Bear, which is a marine shale series, thins from east to west, but 
information on the combined thickness of all three formations is not very 
definite throughout any extensive area. 

In Peace River area the Upper Cretaceous began with the deposition 
of the Dunvegan sandstone, which along Peace River is about 530 feet 
thick (McLearn, 1918, page 18). It may thicken considerably southward 
as 50 miles south of Peace River a thickness (Spieker, 1922, page 116) of 
2,000 feet is reported for the Dunvegan and an overlying sandstone member 
called the Sukunka formation. The Sukunka may be part of the Dun
vegan or a westJward phase of the Smoky River shales which overlie the 
Dunvegan in eastern sections. The exact equivalents of the Dunvegan 
sandstones in the southern and Central Plains areas of Alberta are not 
known, although there are sandy members at the base of the Alberta 
shales that yield gas at Viking, Bow Island, Foremost, etc. The Dunvegan 
sandstone, according to McLearn (McLearn and Hume, 1927, page 245) 
"its evidently a marginal delta or alluvial plain built out into an early 
Upper Cretaceous sea and submerged at times. It did not extend south to 
Mountain Park area, but may have extended eastward to the lower Atha
baska River where the Pelican sandstone may be an eastward extension 
of it." The Pelican sandstone is the basal member of the Upper Ore~ 
taceous in McMurray (Athabaska) area and is overlain by the LaBiche 
shales previously mentioned. 

The Smoky River formation which was laid down on the Dunvegan 
sandstone in eastern Peace River area is partly Colorado and partly 
Montana in age. It is 300 feet thick and consists of three members. The 
lower member, the Kaskapau shale, contains in the lower part the Priono
tropis or Carlisle fauna and in the upper part the Scaphites ventricosus or 
Niobrara fauna with which occurs Baculites cf. ovatus of Montana age, 
indicating that the stratigraphic range is about the same as th!lt of the 
Alberta shale of the 60uthern foothills where the Lower Alberta shale, as 
already indicated, contains the Prionotropis fauna and the Upper Alberta 
shale the Scaphites ventricosus and Baculites ovatus faunas. In the west
ern part of Peace River area the Smoky River formation is 800 feet thick 
and, like the eastern sections, contains a median sandstone member. The 
Smoky River formation is equivalent to the LaBiche shales of Atha
baska area. In Smoky River area, Peace River region, the Wapiti, a non
marine formation with a thickness of at least 900 feet and the top not 
exposed, overlies the Smoky River formation. It contains several coal 
seams and so far as known is of Montana age. It probably represents 
some part of the Belly River formation, which in the foothills of southern 
Alberta overlies the Alberta shales. 

Overlying the Pakowki shales in the southern plains of Alberta is 
a non-marine series consisting of the Foremost and overlying Pale Beds. 
These have been designated Belly River by Williams and Dyer (1930, 
page 16) although an older usage included the Pakowki and Milk River 
formations. The Belly River as defined by Williams and Dyer it 
equivalent to the Judith River of Montana. In eastern central Alberta 
the equivalents of the Foremost and Pale beds are Birch Lake and the 
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Pale and Variegated formations. The Pale and Variegated beds are non
marine, but the Birch Lake is partly marine in the type section !lt Birch 
Lake (Warren, 1926, page 9). The Belly River as thus used is a lithologic 
rather than a time term since all the non-marine beds that constitute the 
Belly River pass eastward into marine beds in Saskatchewan. The Allison 
of the foothills probably includes some beds younger than the Pale Beds and 
strata equivalent to the Pale, Foremost, Pakowki, and Milk River forma
tions combined, since as already stated the marine Pakowki thins and 
disappears westwards. 

In southern Alberta, as at Lethbridge (Link and Childerhose, 1931, 
page 1230), the top of the Belly River formation is marked by a series 
of coal-bearing beds. This coal series persists throughout the southern 
foothills and forms a fairly definite horizon marker. In the southern 
foothills the coal series is overlain by marine shales of t he Bearpaw 
formation and these are recognizable as far north as Highwood River 
where they are highly arenaceous. North of this, however, the Bearpaw 
cannot be recognized and the coal series at the top of the Belly River 
is arbitrarily considered to mark the division between the Belly River 
and the overlying, non-marine Edmonton strata. Farther north at Bow 
River and northwards in the eastern foothills, there is no sharp division 
between the Belly River and Edmonton beds since both are non-marine, 
but poorly defined coal seams occur at about the same stratigraphic 
position as the coal series at the top of the Belly River in southern areas 
and hence a rough division can still be made between the two formations. 
It is probable that the Edmonton in the eastern foothills consists of several 
thousand feet of non-marine strata; and on Red Deer River the combined 
thickness of the Edmonton and Belly River is thought by Evans (1930, 
page 31), to be more than 8,700 feet. To the north in the foothills, in 
Saunders Creek area, the non-marine formations are locally grouped by1 
Allan and Rutherford (1923, page 51) under the name Saunders formation 
with a thickness of 11,000 to 14,000 feet. According to Russell (1932, 
page 142) the Saunders formation, however, probably includes some non
marine Tertiary beds which in central Alberta are called Paskapoo and 
directly overlie the Edmonton formation. In Bighorn Basin the non
marine Montana beds have been named the Brazeau formation (Malloch, 
1911, page 37). This is thought by Allan and Rutherford (1923, page 51) 
to be the equivalent of the lower part of the Saunders formation of 
Saunders Creek and Nordegg area where the lower part is separated from 
the upper by the Saunders coal series. In Bighorn Basin the top of the 
Brazeau has been removed by erosion, the part remaining is 1,700 feet 
thick (Malloch, 1911, page 39). 

On the plains of Alberta the Belly River non-marine beds are over
lain by the marine Bearpaw formation. In the east, in Saskatchewan, 
where the Belly River thins and disappears, · the Bearpaw marine shales 
directly overlie other marine Montana shales. The Bearpaw sea extended 
into the area of the southern foothills, and shales of this age are definitely 
recognizable as far north as Highwood River and probably occur on the 
east flank of Turner Valley. North of this, however, strata of Bearpaw 
age are not recognizable and the shore-line of the Bearpaw sea seems to 
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have crossed central Alberta south of North Saskatchewan River in the 
western part, but probably somewhat farther north in the eastern part 
where, however, all sediments of this age have been removed by erosion. 

In southern Alberta, along the eastern edge of the Alberta syncline, 
the Bearpaw formation is overlain by a relatively thin sandstone formerly 
called Fox Hills. Russell (1932, page 130) has shown that this sandstone 
is older than the Fox Hills and is to be correlated with the Horsethief 
formation of northwestern Montana. He has called it the Blood Reserve 
sandstone and shown that it thins and disappears northward. In south
western Alberta the Blood Reserve sandstone is overlain by the St. Mary 
River formation of non-marine beds, and in central Alberta where the 
Blood Reserve sandstone is absent the Bearpaw shales are overlain by 
the Edmonton formation. The St. Mary River formation in the foothills 
of southern Alberta may be 3,000 feet thick, although it is thought by 
Williams and Dyer (1930, page 54) to be only 1,600 feet on St. Mary 
River. In Drumheller district the Edmonton is about 1,225 feet thick 
(Allan, 1925, page 239). According to Russell (1932, page 132) the St. 
Mary River formation may be approximately correlated with the Edmonton 
into which it grades on Little Bow River. 

In Cypress Hills area, according to Williams and Dyer (1930, page 
41), Bearpaw shales are overlain by the following succession of beds: 
130 feet of brown sandstones, 110 feet of dark grey shales with Bearpaw 
fossils, 50 feet of white, silty sandstone, a thin coal seam, and 80 feet of 
grey, silty shale. These are the so-called Fox Hills beds of this area and 
they are overlain by 285 feet- of sandstones and shales with lignite, that 
by Williams and Dyer were grouped as the Estevan formation. Above 
them are white, refractory clays of the Whitemud formation. McLearn 
(1929, page 41) has shown that at Twelvemile Lake in Saskatchewan, 
the so-called Estevan beds do not underlie the Whitemud beds but overlie 
them and should, therefore, be included in what has been termed the 
Ravenscrag formation. The name Estevan is, therefore, no longer tenable 
and the name Eastend has been adopted (Russell, 1932, page 132) in its 
place to designate the strata which in Saskatchewan lie between the 
Bearpaw and Whitemud formations. It has also been found that the 
name Fox Hills should not be used because it refers to marine beds, 
whereas the so-called Fox Hills of Cypress Hills are non-marine. Russell 
(1932, page 133) is of the opinion that the lower, brown sandstone of the 
so-called Fox Hills passes eastward into shale similar to the shale over
lying the sandstone in Cypress Hills area. This overlying shale carries 
Bearpaw fossils and according to Russell represents the top of this 
formation. The sandstones, shales, and coal beds overlying the Bearpaw 
and underlying the Whitemud formation thus become the Eastend 
formation and the section in Cypress Hills formerly described as Bearpaw, 
Fox Hills, Estevan, and Whitemud formations now becomes B-earpaw, 
Eastend, and Whitemud formations. The upper part of the Bearpaw of 
this section, however, is younger than the youngest B-earpaw of the more 
westerly part of Alberta. 

The Eastend beds of Cypress Hills area, as already stated, are over
lain by the Whitemud formation, a thin group of refractory clays and 
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sandy clays. A series of beds similar to the Whitemud formation has 
been noted by Sanderson in Horseshoe Coulee west of Drumheller in the 
upper part of the Edmonton formation and has been correlated with the 
Whitemud beds by Russell (1932, page 127). In southern Saskatchewan 
there are at least two Whitemud beds (McLearn, 1929, page 35), but the 
lower is that now known as the Whitemud formation. It rests on the 
Bearpaw but in places was partly or wholly removed during an erosion 
interval that preceded the deposition of the overlying Ravenscrag forma
tion of non-marine beds with coal. The upper horizon of the refractory 
clays, etc., at one time confused with the beds of the Whitemud formation, 
constitutes what McLearn (1930, page 58) has called the Willowbunch 
member of the Ravenscrag formation which ranges in age from late 
Cretaceous (Lance) to Paleocene (early Tertiary). The Willowbunch 
member occurs more than 400 feet above the base of the Ravenscrag 
formation and coal seams occur both below and above it. On account of 
the preceding erosion interval the Ravenscrag formation in places in 
southern Saskatchewan rests on the lower, non-marine sandstones of the 
Eastend formation or even on the Bearpaw formation, whereas in other 
places it rests on the Whitemud formation. 

In central Alberta an erosional unconformity has been noted by Allan 
(1925, page 240) between the Edmonton formation and the overlying 
Paskapoo of Eocene age and according to Sanderson this hiatus amounts 
to as much as 450 feet. According to Williams and Dyer (1930, page 46) 
the Edmonton formation is pre-Lance in age and the Paskapoo as shown 
by its mammal content is younger than Fort Union. Hence the erosional 
unconformity represents at least Lance time and according to Russell 
(1932, page 138) the lower and middle Paleocene as well. 

The Upper Cretaceous of Manitoba has a basal sand tone 19 to 90 foet 
thick, which on account of its stratigraphic position has been referred to the 
Dakota. The age, however, has not been definitely established. Sandstones 
occur at the base of the Cretaceous which outcrops close to the southern 
edge of the Canadian Shield in Saskatchewan. The age of these sandstones 
is also uncertain because of the fact that sandstones occur in the McMurray 
area of Alberta at both the base of the Upper Cretaceous (Pelican sand
stone) and at the base of the Lower Cretaceous (McMurray formation) and 
hence in the absence of fossils no lithological correlation is possible. Above 
the basal sandstones in Manitoba are marine shales and thin-bedded lime
stones 1,000 to 1,100 feet thick. These maTine beds are the depositional 
products of a sea that apparently continued through Upper Cretaceous time 
in the east, but which gave way in western Saskatchewan and Alberta to 
periods of non-marine deposition such as resulted in the Belly River and 
other non-marine series of beds. It is known that the upper part of the 
Bearpaw of Alberta is younger in the east than in the west due to the 
persistence of the sea in the east when it had disappeared in the west, but 
it is not known whether the youngest marine Upper Cretaceous beds of 
Manitoba are the time equivalents of the youngest non-marine Upper 
Cretaceous beds of Alberta. It is thought by Kirk (1930, page 127), how
ever, that the youngest marine horizon of the Upper Cretaceous of Manitoba 
thins and disappears westward, as would be expected from the gradual 
eastward recession of the late Upper Cretaceous sea. 
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Cretaceous rocks occur in Mackenzie River Basin, but there is little 
information regarding their exact age. In the vicinity of Norman Cretaceous 
rocks are known on the Redstone, Dahadinni (Hume, 1924, Map 2022), 
Keele (Gravel) (Keele, 1910, page 40), Little Bear, and Carcajou Rivers 
(Hume, 1923, Map 1977) and are exposed in various localities along 
Mackenzie River. On Little Bear River, the lower part of the Cretaceous 
consists of sandstone and shales overlain by several hundred feet of dark 
shales which on account of the presence of Scaphites are considered to be 
Upp er Cretaceous. About 120 miles below the Ramparts of the Mackenzie 
is another area of Cretaceous strata, which extends down the Mackenzie to 
the head of the delta and westward across the mountains, including Peel 
River Plateau (McConnell, 1890, page 21 D; G.S.C., Map No. 1585, 1921). 

Farther south in the area of Nelson and Lia;rd Rivers, Cretaceous strata 
have been reported by McConnell (1890, page 19 D) and by Williams 
(1923, pages 67-69). The sediments along Nelson River consist of 100 feet 
of crossbedded sandstones and grits overlain by 650 feet of marine shales 
tentatively correlated with the St. John, and these in turn overlain by 500 
feet of sandstones with thin coal seams possibly equivalent to the Dunvegan 
sandstone of Peace River area. 

TERTIARY 

In the description of the Upper Cretaceous strata reference has already 
been made to the· Tertiary sedimentation which followed the deposition of 
the youngest Cretaceous rocks. As shown by McLearn (1930, page 55) 
there seems to have been continuous deposition from Oretaceous into 
Tertiary time in southern Saskatchewan, as the lower part of the Ravenscrag 
formation carries Lance dinosaurs whereas the upper part is thought to be 
Paleocene. In central and northern Alberta the late Cretaceous Edmonton 
formation is overlain by the Eocene Paskapoo. The Paskapoo formation 
is correlated with the Fort Union and the Upper Paleocene (Russell, 1932, 
page 138), whereas the Edmonton is pre-Lance in age (Williams and Dyer, 
1930, page 46). In the vicinity of Red Deer River, it has been shown by 
Sanderson that a thickness of 450 feet of the Edmonton was removed during 
the erosional interval separating the two formations. In the foothills south 
of Bow River conglomerates and conglomeratic sandstones have been noted 
(Hume, 1927, page 7) at the base of what is considered to be Paskapoo and 
farther north similar conglomeratic beds are present both in the Paskapoo 
and at the base of massive sandstones that are lithologically similar to the 
Paskapoo and quite unlike the underlying Edmonton strata. Some doubt 
has been thrown on the value of these lithological distinctions as indi~ators 
of the position of the Paskapoo-Edmonton boundary, by the finding by 
Rutherford (1927, page 41) of a dinosaur tooth in beds that on lithology 
would be assigned to the Paskapoo. 

In the southwestern plains of Alberta, the approximate equivalent of 
the Edmonton, the St. Mary River formation, is overlain by the Willow 
Creek formation and this in turn by the Porcupine Hills formaition. From 
Oldman River southward the Willow Creek formation according to Russell 
(1932, page 138) " ... contains brillia~t colour bands; brick red, orange, buff, 
maroon, and slate blue are common tints." ~hese are believed to be due to 
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surface weathering and are absent in the more northerly development of the 
same formation. The Willow Creek formation consists of soft, argillaceous 
sandstones rather coarsely bedded. Russell (1932, page 140) correlates the 
Willow Creek with the lower 700 feet of the Paskapoo, although on Oldman 
River the Willow Creek is about 1,200 feet thick. The absence of an 
unconformity at the base of the Willow Creek where it rests on St. Mary 
River, suggests thait the lower part of the Willow Creek may represent the 
gap that exists between the Paskapoo and Edmonton and may be Lower 
and Middle Paleocene. The Porcupine Hills formation, which overlies the 
Willow Creek, consists of massive to well-stratified sandstones. The contact 
between the two series is gradational. The Porcupine Hills formation may 
be as much as 2,000 feet thick and is correlated with the upper part of the 
Paskapoo, that is Upper Paleocene. 

In southern Saskatchewan, as already indicated, the non-marine beds 
of the Ravenscrag formation range in age from Lance to Paleocene. Higher 
Tertiary beds are believed to occur in Turtle Mountain, southern Manitoba. 
In Cypress Hills area (Williams and Dyer, 1930, page 69) conglomerates, 
sandstones, silts, and marls constitute the Cypress Hills formation, of Lower 
Oligocene age. The Cypress Hills formation unconformably overlies strata 
from Upper Bearpaw to Ravenscrag and comprises the youngest strata 
definitely determined in the western plains of Canada. In Hand Hills, near 
Red Deer Valley, Alberta, similar conglomerates, marls, and sands occur 
(Tyrrell, 1887, page 77 E) and are thought to be of about the same age as 
those in Cypress Hills. In certain places on the summit of Swan Hills, south 
of Lesser Slave Lake, there are unconsolidated gravels of pre-Glacial age 
and it has been suggested by Allan (1919, page 12) that these may be the 
equivalents -0f the Cypress and Hand Hills conglomerates. Similar conglom
erates have been found (See G.S.C., Map 277 A) in the foothills south of 
Bow River near Cochrane, but in this case the conglomerates are cemented 
by a calcareous matrix. No fossils have been found in them. They cap a 
flat-topped hill at an elevation of 4,350 feet and unconformably overlie 
Edmonton and Belly River strata. Late Eocene conglomerates and sand
stones carrying mammalian remains have been found (Russell, 1932) near 
Swift Current, Alberta. They rest unconformably on Cretaceous strata. 
Still younger gravels of Miocene age occur (Sternberg, 1930, page 29) in 
Wood Mountain area, Saskatchewan. They range from a few feet to 50 
feet in thickness and rest unconformably on cream or buff beds of the upper 
part of the Ravenscrag formation. 

Tertiary beds believed by Bell (1922, page 76) to be Eocene have been 
found in Mackenzie River Valley. They consist mostly of loosely consoli
dated clays and sands with some thin lignite seams. The burning coal seam 
found by Mackenzie, when he made the discovery of the river that carries 
his name, occurs a few miles from Norman and is in Eocene strata. The 
Tertiary in this area unconformably overlies Cretaceous and Devonian and 
is found mostly in small, isolated basins. A small area of Tertiary is also 
known (Camsell, 1906, page 41 CC) on Peel River in the vicinity of Wind 
and Bonnet Plume Rivers. The strata are sandstones and clays with lignite, 
and unconformably overlie older strata. 
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CHAPTER IV 

OIL AND GAS PROSPECTS IN THE FOOTIDLLS OF 
SOUTHERN ALBERTA 

INTRODUCTION 

Drilling has been done in a number of areas from the International 
Boundary north to the vicinity of Bow River (See Figure 8) and in Coal
spur area west of Edmonton. For the purpose of this report these areas 
are grouped as follows: 

Pincher Creek area. 
Waterton Lake and Cameron Brook area. 
Rice Creek and Willow Creek area. 
Turner Valley area. 
New Black Diamond area. 
The area of the Highwood-Jumpingpound anticline including : (a) High wood 

anticline, (b) Waite Valley, (c) Fisher Creek, (d) Birch Ridge, (e) Two 
Pine anticline. 

Jumpingpound anticline . 
Morley area. 
Moose Mountain area. 
Wildcat Hills anticline. 
Ghost River area. 
R ed Deer Foothills area. 
Coalspur-Lovett anticline. 

All these areas lie within the foothills belt, which is 12 to 25 miles 
wide 8.nd lies between the mountains and the plains. The foothills con
sist of approximately parallel ridges and valleys with elevations ranging 
from 3,500 to 6,000 feet. The strata exposed are mainly sandstones and 
shales of Cretaceous and Tertiary age, but there is one series of volcanic 
rocks in the vicinity of Crowsnest Pass. Underlying the Cretaceous rocks, 
but within reach of the drill, are Jurassic and Palreozoic rocks, the latter 
forming the main source of gas and oil in the only producing foothills field, 
namely, Turner Valley. The dominant structural feature is thrust fault
ing. Most of the fault planes dip steeply westward and break the foothills 
into a series of westward dipping fault blocks over-riding one another from 
west to east. Low-angle faulting has been proved by drilling to occur in 
Pincher Creek, Turner Valley, New Black Diamond, Jumpingpound, and 
Wildcat Hills areas and its occurrence elsewhere is suspected. The foot
hills are separated from the plains by a series of low-angle thrusts and 
whereas west of the outcrops of these faults the structure within the 
foothills is exceedingly complicated, east of them the structure of the 
plains is relatively simple. There is, however, no sharp topographic 
division between the foothills and plains, but there is a marked division 
between foothills and mountains due to the fact that the softer sandstones 
and shales composing the foothills are more easily eroded than the harder, 
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Figure 8. Foothills aTeas in routhwestern Alberta explored by drilling. l, 
Pincher Creek area; 2, Waterton Lake and Cameron Brook; 3, Rice 
Creek and Willow Creek area; 4, Turner Valley; 5, New B1ack Diamond; 
6, Highwood area; 7, Waite Valley; 8, Fisher Creek; 9, Birch Ridge; 
10, Two Pine area; 11, Jumpingpound; 12, Morley area; 13, Moose 
Mountain ; 14, Ghost Ri.ver; 15, Wildcat Hills. 
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massive Palreozoic limestones that mainly form the mountains. It is 
believed , however, that the mountains and foothills have the same type 
of structure, although they may differ in the magnitude of overthrusting. 

The stratigraphy of the foothills is given in the following tables. For 
convenience and because of lack of knowledge of the exact correlation of 
different formations, the information is presented in three tables dealing 
with, respectively, the stratigraphy of: (1) the area south of Highwood 
River ; (2) Highwood to Red Deer River; (3) Mountain Park-Cadomin 
area. 

Stratigraphy of the Foothills South of Highwood River 

Age Formation Description Thickness Notes 
Feet 

Porcupine Hills Light grey sandstones with 2,&00 Approximately the 
interbedded grey shales (Stewart, 1919) equivalent of the 

Tertiary and clays. Non-marine Paskapoo of the 
(probably area north of 
Eocene) Willow Creek Reddish shales and sand- 500 High wood 

stones with thin limestone River 
bands. Sandstones prom-
inent near top of formation. 
Non-marine 

St. Mary River Highly calcareous, light grey 2,700 on Crows- Approximately the 
sandstones with interbed- nest River ; equivalent of 
ded shales. Coal in the 3,000 on Old- the Edmonton 
lower part of the formation man River formation 
with oyster beds. Non-
marine 

Bearpaw Dark shales and sandy 700 in south; less Not definitely 

"' shales. Marine to the north known in the 
"' foothills north "' "" of Highwood 

"' "' 0 River "' ~ 0 
Q) 

Belly River Light grey sandstones with "' 2,500 to .s interbedded dark and 3,000 Q) .. greenish grey shales. Coal (.) .. occurs particularly near 
Q) the top. Small conglomer-c. ate lenses. Sandstones c. 

::::> often highly crossbedded. 
Non-marine 

-- Alberta shales Dark and grey shales with 2,000 on Crows-
("Benton") some sandstone beds. In nest River 

certain areas can be di-
0 vided into an upper and a .,, 

lower member, separated 
"' .. by conglomerates, sand-0 
0 stones, and shales corn-
(.) posing the Cardium of the 

area north of High wood 
River. Marine 
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Stratigraphy of the Foothills South of Highwood River-Concluded 

Age Formation Description Thickness Notes 
Feet 

Crowsnest Volcanic tuffs and breccias. 1,000 in South-
Local in distribution fork area 

(MacKenzie, 
1913, p. 239) ., 

Greenish and grey sand-"' Blairmore Thickness to the Contains a dicoty-0 

" stones and shales. Maroon west 1,800 to ledon flora in up-t.> 

!l shales may be present in 2,865 (Leach, per part and a 
" certain localities. A thick, 1912, p. 196) monocotyledon .... 
u cherty conglomerate at flora in lower 

.... base and lenses of con- part 
" glomerate within the for-~ 

3 mation. Non-marine 

Kootenay Grey sandstones and shales, 600 to 750 
many rusty weathering. 
Coal beds in the upper-
most part. Non-marine 

Jurassic Fernie Dark grey to black shales The Fernie is tran-
with interbedded sand- sitional into the 
stones and thin beds of Kootenay 
limestones (McLearn, 1929, 

p. 87) 

Palreozoic Limestones 

Stratigraphy of the Foothills North of Highwood River to Red Deer River 
(G.S.C., Maps 257 A, 258 A, 277 A) 

Age Formation Description Thickness Notes 
Feet 

Tertiary Paskapoo Yellowish weathering, mass- (?) Not exposed with-
(Eocene) ive sandstones and greenish in the foothills 

and dark shale. Thin zones (disturbed) belt, 
of cong lomeratic sand- but occurs on the 
stones at the base and eastern edge 
within the formation. Non-
marine 
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Stratigraphy of the Foothills North of Highwood River to Red Deer River 
(G.S.C., Maps 257 A, 258 A, 277 A)-Continued 

Age Formation Description Thickness Notes 
Feet 

Edmonton Grey and light-coloured, soft 1,000 to Thickness not defi-
sandstones, and greenish 1,200 nitely known, 
and dark shales. Thin coal (Footnote 1) but thought to 
seams. Non-marine increase north-

ward 

Bearpaw Arenaceous shales and shaly CHOO Not known north 
~ sandstones on High wood of Highwood 
c River River .s 
" Belly River Light grey, crossbedded 2,000 in Turner 0 
~ sandstones with dark, grey Valley-High-

and greenish shales and wood area. 
ironstone bands. Coal at May be thick-
the top of the formation in er to the north 
the south and in the central 
part of the formation on 
Bow River. Local lenses of 

"' conglomerate. Non-marine 
" 0 

Upper Alberta Dark grey shale8 and thin 1,600 to Montana fossils in Q) 

" --.s shale (Upper sandstone beds. G!aucon- 1,850 top few hundred 

"' "Benton") ite very abundant in sandy (Footnote 2) feet of beds. Col-.... 
C) beds at top of the form- orado fossils 
.... ation on Ghost River. (Scaphites ventri-
Q) Many ironstone nodular cosus fauna) be-c. 
c. bands. Marine low ~ 

Cardi um Sandstone bands in many 350 Contains Cardium 
cases capped by fine con- pauperculum and 

0 glomerate from a few Scaphites ventri-
"'Cl inches to 14 feet thick. cosus faunas and i! Only one prominent sand- hence belongs ..8 
0 stone band in eastern foot- with the Upper 

0 hills, but three in the west Alberta shale 
and separated by shales 
carrying upper Colorado 
fauna. Marine 

Lower Alberta Fine-grained, dark sbales. 850 in High wood Contains Inocera-
shale (Lower A well-marked sandstone area. Thicker mus labiatus and 
"Benton") horizon about 100 feet to the north. Prionotropis 

above a basal grit zone. 1,150 on Burnt fauna 
Marine Timber Creek 

south of Red 
Deer River 
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Strati,graphy of the Foothills North of Highwood River to Red Deer River 
(G.S.C., Maps 257 A, 258 A, 277 A)-Concluded 

Age Formation Description Thickness Notes 
Feet 

Blairmore Grey and greenish sand- 1,200 in Turner The Blairmore in 
stones and green, grey, and Valley and Turner Valley 
maroon shales. Lower part 1,630 on El- contains a coal 
highly calcareous with thin bow River seam approxi-
limestone bands. Lenses east of Canyon mately 625 feet 
of conglomerate occur Creek. On below the top of 
within the formation and Ram River the formation. 

"' in the west a heavy bed and Red Deer Coal seams oc-
::l of conglomerate lies at the River approxi- cur in the Blair-0 ., base. The conglomeratic mately 1,900 more north of <.> 
Cl! sandstone of the Dai- to 2,000 Bow River .., ., housie sand is believed to .. 

C) represent this horizon in .. Turner Valley and hence ., 
is the base of the Blair-I!: 

0 more there 
~ 

Kootenay Dark-coloured sandstones 375 on Canyon Coal in the Koot-
and shales. Coal near top Creek, Moose ene.y not corn-
of the formation Mountain. merically 

Thin (0-100 important north 
feet) in of Bow River in 
Turner Valley the foothills 

Jurassic Fernie Brown to black shales with 220 at Canyon At Canyon Creek, 
glauconite. Limestone Creek, Moose Moose Moun-
bands in lower part. Mountain. tain, an erosional 
Brown, thin-bedded, or Probably contact with 
ribboned sandstones in the about the overlying Koot-
upper part same thick- enay. In Crows-

ness in Turner nest Pass trans-
Valley itional with 

overlying 
Kootenay 

Pennsylvan- Rundle Limestone with much chert 1,400 in Moose Contains porous 
ian? and in upper and lower beds Mountain area horizons particu-
Mississip- and crystalline in central lar!y in the 
pian part upper part 

Mississippian Banff shales Dark shales, limy shales, 650 to 700 Partly exposed in 
and limestones Moose Mountain 

1 The Ranl'.hmen's well on L.S. 16, Sec. 13, Tp. 20, Range 29, W. 4th Mer., was commenced in the 
Paskapoo formation, the base of which is thought to occur at 1,000 feet where a coarse sandstone over 
100 feet thi"I.. was encountered. At l,OSO to 2,000 feet (pttrticularly at 1,990) coal occurs and this is 
believed to l>e the top of the Belly River. The thickness of the Edmonton is thus only 990 to 1,000 feet. 
The Belly River contains a thin coal seam at the base in Turner Valley area and the samples from the 
Ranchmen's well show coal and shaly sandstone at 4,170 to 4,190 feet, which are thought to represent 
this hori1.0n, giving a thickness for the Belly River of 2,200 feet. A section measured on H;ghwood 
River showed 2,700 feet of Belly River strata, but this section may be partly repeated by faulting 
although no faults of any considerable magnitude were observed (See Hume, 1930, p. 10). This thickness 
of 3,000 to 3,200 feet of Deily River and Edmonton in Highwood River area is strikingly in contrast 
with a thickness of 8,000 feet on Red Deer River (See Evans, 1930, p. 31). 

2 North of Bow River the thickness of the Upper A:lberta shale, including the Cardium, is more 
than 2,200 feet (See Evans, 1930, p. 31). 
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Stratigraphy of the Mountain Park-Cadomin Area (MacKay, 1930, and 
G.S.C., Maps Nos. 208 A and 209 A) 

Age Formation Description Thickness Notes 
Feet 

Brazeau Soft , grey, crossbedded 11, OOO Includes the Belly 
sandstones and greenish River and Ed-
grey shale with bands of monton and pos-
conglomerate. Coal in the sibly younger 
upper part. Non-marine strata 

Wapiabi Black shales with ironstone 1, 700 Correlated with 
"' concretions. Marine the Upper Al-::> 
0 berta shale of "' " southern foot-.s hills areas 
"' .... u Bighorn Grey sandstones and dark 350 E<t;uivalent to the .... 
"' shales with thin conglom- ardium mem-c. 

erate lenses. Thin coal ber of the Upper c. 
;::i seams locally. Mostly Alberta shale 

marine but partly fresh-
water 

Blackstone Black and dark green fissile 1, 700 Equivalent to the 
shales with lenses and thin Lower Alberta 
beds of impure limestone shale of southern 
and iron carbonate con- foothills areas 
cretions. Marine 

Mountain Park Coarse, crossbedded sand- 400 The Mountain 
stones and olive green Park and Luscar 
sandy shales with lenses of are apparently 
conglomerate composed the equivalent 
largely of small black of the Blairmore 
chert pebbles. Non-mar- formation 
ine. 

Lu scar Grey, soft sandstones inter- 1, 700 

"' bedded with dark grey 
::> shales and several lenses 0 

"' of conglomerate. Contains " _g all the Lower Cretaceous 
Q) commercial coal seams . .... u Non-marine 
k 

"' ~ Cadomin Massive, light-coloured con- 35 Equivalent to the 
0 glomerate composed of conglomerate at ..;i 

pebbles of quartzites and the base of the 
chert cemented in a silic- Blairmore for-
eous matrix. Non-marine ation 

Nikanassin Dark grey sbales and brown- 1,900 May be the equi-
weathering grey sandstones valent of the 
with thin, impure coal Kootenay 
seams. Non-marine 

Black shales with thin beds 

" of fine-grained, quartzitic 1,300 ·;; sandstone. A black chert "' "' bed, and quartzitic con-.... 
::> glomerate are locally pres-~ 

ent at the base. Marine 
------

.s Thin-bedded, fine-grained, 536 Probably thickens 
ill arenaceous shale overlain at Mountain to the west and 

"' by soft, alternating, buff Park thins to the east ·.: and red limestone and grey, 
E-< fissile shales. Marine 
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Stratigraphy of the Mountain Park-Cadomin Area (MacKay, 1930, and 
G.S.C., Maps Nos. 208 A and 209 A)-Concluded 

Age Formation Description Thickness Notes 
Feet 

Pennsylvanian Hard, black quartzites 0- 90 

Mississippian Massive, and thin-bedded 1,500 
limestone underlain by 
grey shale with calcareous 
bands. Marine 

Devonian Massive limestone and black 3,300 
and grey, calcareous shales. 
Marine 

Cambrian Thin-bedded, magnesium 2,000 
limestone with mud cracks, 
ripple-marks, and pseud-
omorphs of salt crystals un-
derlain by heavy and thin-
bedded, soft, green shales 

PINCHER CREEK AREA 

Reference: Stewart, J .S.: Geol. Smv., Cana.da, Mem. 112 with Map No. lr712. 

The Geological Survey has no detailed information on the structures 
within Pincher Creek area (locality 1, Figure 8) other than that shown on 
Map 1712. Several wells have been drilled, of which a number provide 
reliable information concerning the stratigraphy and show the strata to be 
repeated by faulting as in other parts of the foothills. 

'flhe following logsi illustrate the stratigra.phy of the area. 

Log of Twin Butte (Northwest Company) No. 11 W ell 
(Sec. 14, Tp. 4, Range 30, W. 4th Mer.) 

Thickness 
Feet 

170 
60 

Alberta shale ("Benton") , possibly including some Crowsnest Volcanics . 
Blue-grey shale .. ............ . 
Grey sandstone . . ..... ... ... . . . . 
Arenaceous shale .. . . .... . .... . ........ . .. . 20 
Blue-grey shale, in part sandy . ... .. . . .... . 1,270 

Blairmore 
Light grey and greenish sandstone alternating with dark grey and 

greenish shale with carbonaceous materials. . . . . . . . . .. .. ... .... . 1,020 
Kootenay 

Sandstone with coal. ...... . . . ... . ... . 2 
Coal.. ... . . .... . . ... .. . . . .... ... . . 9 
Dark sha le, sandstone, and coal. .. . . . . .. . . 64 
Coal. .... . . . .. . . ... . ...... . . ... .. .. .... .. . . . ... . . . ..... . .. . . . 3 
Dark grey sand with coal . ... .. .... .. ... .. ... . . . . ... ..... .. . 62 

Aod 
Dark grey shale, siliceous. . . . . . . . . . . . . . . . . . . . . .... .. . 60 
Dark grey shale, calcareous .... .. . . .. ... . . .. . ... . ... . . ...... . ... .... . 30 

1 Published by peimiesion of Imperial Oil Co., Ltd. 

Depth 
Feet 

170 
230 
250 

1, 520 

2.540 

2,542 
2,551 
2,615 
2,618 
2,680 

2, 740 
2, 770 
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The well whose log follows was drilled on the same section as Northwest 
Company Twin Butte No. 1 and hence affords an interesting comparison. 

Log of Alberta Gas and Fuel Company Drywood No. 11 Well 
(L.S. 10, Sec. 14, Tp. 4, Range 30, W. 4th Mer. ) 

Upper Alberta (" B enton") shale 
Grey shale ..... . .... .. ......... . ......... . ... .. . . .. . . . ... . ..... . .. . 

Cardium 
Sandstone with small pebbles at 190 feet ................ . .. . . .. . .. . . 

Lower Alberta ("Benton") shale 
Dark shale .............. .. ...... ... .. ... .... . .... . .. .. ... . ...... . . 

Crowsnll8t Volcanics 
Volcanic rock interbedded with shale . ............................. . 

Blairmore (Top not well defined) 
Greenish grey sandstone alternating with green and dark grey 

shales; coarse sandstone beds 80 feet thick (2,260-2,340 feet) . . . 
Kootenay 

Dark grey, sandy shale .......................... . ................ . 
Coal 8 to 10 feet thick .. ...... ......... ... ......................... . 
Sandstone and dark shale with coal at 2, 670-2, 680 feet ... ... . ...... . 

Alberta shale ("Benton") repeated by a fault 
Cardium1 

Shale with pebbles (Cardiumf) 2, 680-2, 710 feet . .... ......... . ..... . 
Sandstone ..... . .......................... . ...... .. ..... . . . . . . .... . 
Sandy shale .. . .... . ................. .. . .. ....... .. .............. . . 

Lower A lberta shalll8 and Crowsnest Volcanics 
Dark grey shale with some volcanic material near base ..... .. . ... . 

Thickness Depth 
Feet Feet 

190 190 

40 230 

465 695 

205 900 

1,440 2,340 

240 2,580 
10 2,590 
90 2,680 

120 2,800 
20 2,820 
10 2,830 

2,265 4,095 

1 Log compiled from examination of samples, Dept. of Supervisory Engineer. Published by per
mission of Alberta Gas and Fuel Co. 

The Twin Butte (Northwest Company) No. 2 well in Sec. 20, Tp. 3, 
Range 29, W. 4th Mer., seems to have been drilled entirely within the 
Alberta (" Benton ") shale. The strata to the bottom of the well at a depth 
of 4,394 feet are recorded as being dark blue and grey shales, in part 
arenaceous. 

The Alberta Gas and Fuel Company "Jenkins'' or " Waterton" No. 1 
well in L.S. 3, Sec. 34, Tp. 2, Range 29, W. 4th Mer., like the Imperial Oil 
Oimpany's Twin Butte No. 2 well, is believed to have been drilled entirely 
within the Alberta (" Benton ") shale, a condition that is rather surprising 
in view of the great depth (4,610 feet) reached. As indicated by the 
samples from the well, sandstones that may belong to the Cardium occur 
from 460 to 490 feet and from 4,520 to 4,540 feet. At 1,370 feet J. G. Spratt 
reported considerable slickensiding which may indicate faulting. If true, 
this may mean that the well from 490 to 1,370 feet was drilled in Lower 
Alberta ("Benton") shales and below this, due to faulting, in Upper 
Alberta (" Benton") shales. The well would then finish at 4,610 feet in 
Lower Alberta (" Benton ") shales below the Cardium which occurs at 
4,520 to 4,540 feet. 
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Log of Alberta Gas and Fuel Company Castle No. 11 Well 
(L.S. 2, Sec. 11, Tp. 6, Range 1, W. 5th Mer.) 

Drift ... ........ ... ........... .......... ............ . ... . . . . ..... . 
B elly River 

Grey sandstone alternating with greenish and grey shale. Ironstone 
and carbonaceous materials ............................ . .......... . 

Alberta ("Benton" shale) 
Sandy, grey shale. . . . ................... . ....... . ............. . . . . 

Thickness 
Feet 

75 

1,975 

1,260 

Depth 
Feet 

75 

2,050 

3,310 

1 Log compiled from examinat-ion by J. G. Spratt, Dept. of Supervisory Engineer, and published 
by permission of Alberta Gas and Fuel Company. 

WATERTON LAKE AND CAMERON BROOK AREA 

References: Geol. Surv., Canada, A.inn. Rept., vol. I, 1885, pt. B, pp. 38-4i (1886); 
vol. V, pt. SS, 11890-91, pt. 2, pt. SS, p. 1'24 (1<893). 

Daly, R. A.: Geol. Surv ., Canada, Mem. 38, pp. 50, 90 (1912). 
Dowling, D. B.: Geol. Surv., Canada, Sum. Rept. 1920, pt. B, pp. l&-22. 

W aterton Lake, at the entrance to the mountains in southern Alberta, 
is at an elevation of 4,202 feet. According to Dawson (1886, page 38 B) 
" it is separated by a rocky spur of Sheep Mountain into two parts of 7 and 2! miles 
respectively in lengbh. The first or upper portion is almost entirely surrounded by 
high and rugged mountains while the northern part, making a right angle with the 
former, lies along the base of Sheep Mountain and is bordered by lowland to the north. 
A river of about a mile in length leads from the lower end of the lake to a third 
expansion of a;bout 2: miles in length which is surrounded lby low hills only." 

W aterton Lake is drained by W aterton River which flows northward to 
Belly River. Cameron (Oil) Creek flows from Cameron (Summit) Lake 
on the international border and enters upper W aterton Lake at Cameron 
Falls. 

The mountain front i's a great overthrust known as the Lewis thrust, 
by which the Precambrian Lewis series are overthrust onto the Cretaceous 
rocks of the foothills. The foothills have much less relief here than in more 
northerly .areas, so that although the strata lying immediately in front of 
the mountains are thrust faulted and folded as elsewhere in the foothills, the 
topography is more nearly that of the plains. The mountains rise abruptly 
above the plain-like area and are rugged, their peaks and ridgeEi rising 
several thousand feet above deeply incised, narrow valleys. 

The strata of this area belong to the Lewis series whose known thickness 
is more than 11,000 feet, the base of the series being not exposed. The Tocks 
are mainly limestones and argillites with smaller amounts of quartzites. 
Igneous rocks are represented by lava flows, sills, and dykes, but the total 
thickness of these is small in comparison with that of the sedimentary beds. 
The sediments exhibit a wide variety of colours; they range from white 

68386-6 
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and grey limestones and quartzites to yellowish weathering argillites and 
red argillites and quartzites. For this reason the series is readily divisible 
into a number of easily Tecogniz·able formations showing a remarkable colour 
contrast. 

W aterton Lake-Cameron Brook area is part -0f a larger area of Pre
cambrian rocks that comprises Clarke Range and extends from W aterton 
Lake to the east side of Flathead Valley. The Precambrian beds of this 
area extend along the International Boundary for 6 miles east of W aterton 
Lake and 18 miles west of it to Flathead Valley and disappear beneath 
younger strata 25 miles north of the International Boundary about 13 miles 
south of Corbin, B.C. This large area is synclinal in structure, with the 
central part of the syncline occupied by Cambrian and later Palreozoic 
sediments but which do not extend as far south as the International 
Boundary. Except along the mountain front at W aterton and for a few 
miles west of it, there is very little faulting in the Lewis series, the strata 
of the east side -0f the syncline dipping southwesterly at 25 to 35 degrees. 
The mountain front, however, is cut by a number of faults of which one 
above the Lewis fault at W aterton underlies the top of Mount Crandell 
(See Figure 9) and has been folded with the Lewis series. This same fault 
also occurs on the east ·and northeast face of Ruby Ridge to the west of 
Mount Crandell, on Cameron Mountain to the south of Mount Crandell, 
and on Sheep Mountain east: of the town of W aterton on the east side of 
W aterton Lake. The valleys between these mountains are cut below the 
fault plane. On the southeast face of Ruby Ridge the fault is very apparent 
and it can be traced across Cameron Valley to Cameron Bend Mountain on 
the south side of Cameron Brook. West of the fault for a short distance 
the strata are tilted at angles up to 60 or 70 degrees and in this area of 
highly disturbed rocks, about 5 miles up Cameron Brook from W aterton 
Lake, seepages of oil issue through the drift in the bottom of Cameron 
Brook Vrulley. It is probable that in this a11ea of disturbed rocks there are 
minor faults or that the rocks aTe highly fractured, and there seems !i.ttle 
doUJbt but that the seepages of oil are directly related to this fractured zone. 

The seepages of oil on Cameron Brook were seen by Selwyn in 1891 
during a visit to this area following some excitement as a result of their 
then recent discovery. At later dates the seepages were examined by other 
members of the Geological Survey and by the writer in 1932. If the gravel 
along the edges of Cameron Brook is stirred oil will rise to the surface of 
the water to form iridescent films. In the early days, following the discovery 
of oil, trenches along the edge of the brook were used by a man named 
Aldridge to collect the oil and although these trenches are now caved in a 
small amount of oi1 can still be obtained from them by digging small pits. 
One large pit of more recent date, situated a short distance south of the 
brook, contains a small amount of heavy, black, viscous oil with water. 
Other seepages occur on Lineham Creek, a tributary of Cameron Brook. 
These issue from grey and greenish argillites of the Appekunny formation 
dipping gently southwesterly along the edge of a canyon. The amount of 
oil issuing here seems to be very small, but the odour of petroleum is 
distinctly noticeable in the vicinity and iridiscent films appear on the surface 
of the creek as water containing a small amount of oil drips into it from the 
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canyon sides. No peculiarity of structure which would in any way explain 
the seepages wa.s observed in this locality. The seepages on Cameron Brook, 
however, besides being related to the fracture zone outlined above, are on 
the southwest flank of an anticline that roughly parallels the lower part of 
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Cameron Brook Valley. The anticlinal structure can be readily observed 
between Crandell Mountain and Cameron Fialls where, according to Daly, 
200 feet of strata belonging to the lowest visible member of the Lewis series, 
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the Waterton dolomite, outcrop. Above the Waterton dolomite and forming 
the core or the anticline are white and grey limestones and quartzites of 
t he Altyn formation. Daly considered this formation to be 3,500 feet thick, 
but this estimate may be too great as some of the strata are repeated by 
faulting along the north face of Cameron Mountain. Above the Altyn beds 
is a series of grey and greenish argillites with bands of quartzites and lime
stones constituting the Appekunny formation. The seepages on Cameron 
Brook, as well as those on Lineham Creek, issue from Appekunny beds, the 
former being only a short distance from the Appekunny-Altyn contact. 

Between 1901 and 1907 a number of wells were drilled on Cameron 
Brook at the site of the oil seepages (Oil City), on Lineham Brook close to 
the seepages that there occur, and on the flat at the town of W aterton. An . 
incomplete list of these wells, the only Government records obtainable, is 
given below. 

Wells Drilled in Cameron Brook-W aterton Lake Area 

Well L.S. Sec. Tp. Range Mer. Depth Remark• 
----- ----

Feet 

Rocky Mountain Develop- 16 30 1 30 4 1,020 Drilled in 1901. Oil en-
ment Co.; Original Dis- countered at 1.020 feet. 
covery Oil Co. ; Patrick 
Oils, Ltd.; Lineham 
No.1. 

Rocky Mountain Develop- 10 30 1 30 4 1,500 Drilled between 1903 and 
ment Co., No. 2. 1907. Oil shows. 

Rocky Mountain Develop- 9 30 1 30 4 460 Drilled between 1903 and 
ment Co., No. 3. 1907. 

Original Discovery Oil 16 30 1 30 4 1,900 Well site approximately 50 
Co., Original No. 2. feet west of Lineham 

No. 1. Drilled in 1919-
20. Oil shows, but as no 
commercial flows were 
obtained the well was 
abandoned. 

Western Oil and Fuel W.t 23 1 30 4 1,920 Commenced in 1930. Some 
(Coal) Co.; Can. Oil and oil encountered. Subse-
Mines Co. , Ltd.; West- quently three other wells 
ern Oil and Coal Cons.; were drilled. No. 2 is 
Western Oil and Coke said to have been on 
Co. Sec. 29, Tp. 1, Range 30, 

and reached a depth of 
408 feet; No. 3 on Sec. 4, 
Tp. 2, Range 30, r eached 
a depth of 286 feet; and 
No. 4 location unknown , 
reached a depth of 124 
feet; 

Pincher Creek Oil and Re- 9 25 1 1 5 Drilled 1906-10 . A little 
fining Co.; Pincher oil at 90 feet. Three 
Creek Oil Co. more wells were drilled 

by the Pincher Creek 
Oil Co. , each 300 to 800 
feet deep. All gave 
some oil and one is re-
ported to have produced 
100 barrels. 
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The Geological Survey has samples to a depth of 1,753 feet (1932, 
page 74) from the Western Oil and Fuel Company's well near Cameron 
Falls on Sec. 23, Tp. 1, Range 30, W. 4th Mer. The log of this well is as 
follows: 

Thickness 
Feet 

Grey shale ................................ . ............. . . . ....... .. .. ........ . . .. . 
Grey and purple dolomite.... ..... ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 553 
Very siliceous, dark grey dolomite............. . ... .... .......... ...... 7 
Very siliceous, medium grey dolomite........ ... . . . . ..... ....... ..... . . 31 
Very siliceous, greenish grey shale.. .. ................. . ................ 44 
Purple shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Light and dark grey dolomite............... . ............. . .... . . . ..... 475 
Medium grey shale, yielding oil on distillation. ............ . ............ 3 
Medium grey dolomite......................... ..... ... . ... .. . ...... ... 25 
Medium grey shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Light grey shale..................... . ........ .. .. ........... ........ .. 4 
Medium grey shale.. . . ......................... ....... ............... .. 2 
Light grey shale, slickensided...... . ... ... ...... . ...................... 6 
Medium grey shale....................................... . .... ....... .. 58 
Greenish grey shale.............................. .. . . ... .......... . ... . 11 
Green shale.......................... . . ...................... ... ..... . . 31 
Green-grey shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Light grey shale........... . ... . ................... . . ........ . ......... 15 
Light grey sandstone......... . . . .... .. . .... .... ...... .. . ........ . . . . . . . 6 
Green-grey shale............... . ... . . . ... . ............... . .. .. . . . . .. . . . 8 
Light grey sandstone...... . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Green-grey shale................ . . . .... .. .............................. 82 
Light, grey sandstone.................... . .... . ...... . .. . ..... . ........ . 23 
Medium grey sandstone........... . ... . . . . . ............................ 41 
Dark grey sandstone........... .. ........ . ..... . . . . . . . . . . . . . . . . . . . . . . . . 5 
Medium grey sandstone . . .. .......... . . . . . ... .... .... ... . . . . . . . . . . . . . . . 15 
Brownish grey sandstone.............. . . . ..... .. . ...................... 17 
Greenish grey shale, slickensided.......... . ............. .. ............. 39 

Depth 
Feet 

86 
639 
646 
677 
721 
730 

1,205 
1,208 
1,233 
1,244 
1,248 
1,250 
1,256 
1, 314 
1,325 
1,356 
1,365 
1,380 
1,386 
1,394 
1,431 
1,513 
1,536 
1,577 
1,582 
1,597 
1,614 
1, 753 

According to Daly (1912, page 91) the bottom of this well was in 
" Benton " shales, but from a re-examination of the samples from the 
well Johnston (1932, pages 74-75 B) has concluded 
" that the Beltian siliceous dolomite extends to 1,205 feet and occurs again at 1,208 
to 1,233 feet, 3 feet of oil-shale intervening. The age of the oil-§liale is not apparent, 
but it probably is much younger than the Beltian. The lower shales and sandstones 
do not resemble the "Benton" or Alberta shales, but do resemble the Crowsnest 
volcanics . . . . The great number of samples showing slickensides indicate that 
there has been considerable slicing of the lower beds by thrust faulting and it is 
possible that the volcanics are overthrust on younger beds." 

This well appears to establish the fact that the Lewis series is over
thrust onto Cretaceous strata. There are conflicting reports as to whether 
any oil was obtained in the well, but if obtained it must have been in 
small amounts. As the hard, metamorphosed sediments of the Lewis 
series are totally unsuitable to act as source beds for oil, it has been 
suggested that the underlying Cretaceous beds gave rise to the oil now 
issuing as seepages on Cameron Brook and obtained in small amounts 
in several wells drilled in that general vicinity. 

Recently Oil City Royalties have constructed a derrick near the site 
of the oil seepages on Cameron Brook and close to Discovery No. 1 well 
drilled many years ago and in which some oil was obtained. As the 
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location is in the zone of fractured rocks lying above the thrust plane of 
the Mount Crandell fault, it is possible that the Oil City Royalties 
well when drilled will obtain some oil from the fractured zone down to a 
depth of possibly 1,000 feet. No large commercial flow and no sustained 
production could, however, be expected on account of the lack of con
ditions necessary to give a large concentration of oil at this shallow depth. 
It is believed that no adequate test of the oil prospects of this area can 
be made unless a well is drilled through the Precambrian to the underlying 
Mesozoic strata in which the -0il is supposed to have originated. The 
depth to the Lewis thrust at the well location is somewhat problematical. 
As the well will commence in Appekunny strata below which there are at 
least 3,000 feet of Altyn and not less than 1,200 feet of Waterton dolomite, 
it can not possibly reach the Lewis thrust under 4,500 feet and, depending 
on the dip of the strata, the depth may be somewhat greater. The esti
mated depth of 4,500 feet is based on the assumption that the dip of the 
Lewis thrust from the Western Oil and Fuel Company's well near Cameron 
Falls to the well location is westward at an angle of between 4 and 5 
degrees, 1 a dip quite in harmony with that observed by Willis (1902, 
page 332) for the Lewis thrust in Montana where the dip varies from 
3 to 7i degrees. 

The seepages of oil on Cameron Brook and elsewhere are evidence of 
the existence of oil in this area. As already stated there are no grounds 
for expecting to obtain oil in commercial quantities from the Precambrian 
Lewis strata. The prospects of obtaining commercial yields by drilling 
through the Lewis thrust to the underlying Mesozoic or Palreozoic are 
dependent on two factors, namely: (1) the amount of porosity in the 
productive horizon; and (2) the structure below the fault plane. 

No predictions can be made as to the horizon likely to be encountered 
below the Lewis thrust. At W.aterton Lake the Lewis thrust is concealed 
by drift and outwash materials but the fault was studied by the writer 
in the vicinity of North Kootenay pass. Here the Lewis strata are over
thrust onto the coal beds of the Kootenay formation, the coal having acted 
as the sliding ·surface and having been ground into a gouge a foot or more 
track. The Kootenay beds, although they appear to dip west at a low 
angle, are in reality overturned and lie above the basal Blairmore con
glomerate which in turn overlies higher Blairmore strata. In various 
places under the Lewis thrust are huge masses of Palreozoic limestone 
embedded in the Kootenay coal series. It is obvious, therefore, that in 
certain places the Lewis rocks must overlie Palreozoic limestones from 
which large masses have been torn and carried forward by the fault move
ment. The .amount of fracturing and shattering of the beds below the 
Lewis thrust must necessarily have been very great and in such a frac
tured zone it would seem possible, given favourable structural conditions, 
for oil to accumulate in commercial quantities. 

It has already been stated that the seepag~ on Cameron Brook are 
on the west flank of an anticline that roughly parallels the lower part of 
Cameron Brook. This anticline is below the level of the Mount Crandell 
fault which on Mount Crandell can be readily shown to have been folded . 

1 The Oil City Royalties well location is approximately 1,000 feet higher than the well of the 
Western Oil and Fuel Co. at Cameron Falls where the Lewis thrust was penetrated at a depth of 
1,233 feet. 
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As the Mount Crandell fault is probably only a subsidiary of the under
lying Lewis thrust, it is inferred that the Lewis thrust may also be folded 
as has been found by Wi'11is (1902, page 332) to be the case in 
Montana. If this is so then the Cameron Brook anticline may persist 
downwards across the Lewis thrust into the Mesozoic or Palreozoic beds 
that also would then have an anticlinal structure. Such an hypothesis 
would explain the occurrence of oil in the fractured zone on the west side 
of the Cameron Brook anticline, and the prospects for oil in any well 
drilled through the Lewis thrust and on the anticline would depend on 
the extent to which the structure had produced a condition favouring 
concentration of oil in the fractured beds under the fault plane. 

RICE CREEK AND WILLOW CREEK AREA 

Reference: Stewart, J. S.: Geol. Surv., Canada, Mero. 112 (1919) , Map., Pub. No. 1712. 

Log of Imperial Rice Creek W elll 
(L. S. 12, Sec. 4, 'l'p. 14, Range 2, W. 5th Mer.) 

Alberta ("Benton") shale 
Dark grey shale . .. .. .. . . ... ............................... . ...... . 
Dark grey shale, green chert pebbles ........................ . ... .. . 
Dark grey shale .................................................. . 
Much slickensiding from 660 to 700 feet, indicating fault. 

Belly River 
Dark grey shale and lighter grey to greenish grey sandstone .. ..... . 
Dark shale and sandstone ....... ... .............. ..... ............ . 
Greenish and light grey sandstone and shale ...... .. ........ ... .... . 
Light grey to white sandstone, some shale ..... .................... . 
Dark brown and grey sandstone, and dark shale. Coal at 2,010 feet. 

Upper Alberta (" B enton") shale 
Dark grey shale .................................................. . 
Coarse, grey sandstone ....................... . ....... ........ ..... . 

This sandstone member often occurs in the top of the Alberta 
shale and represents the transition to the Belly River for
mation. 

Dark grey shale . ................................................ . . 
Cardium 

Dark grey shale, green and grey chert pebbles ...... • ....... • ....... 
Dark grey shale .. . ..................... . ................. . ... . ... . 
Dark grey shale, green and grey chert pebbles ..................... . 

Lower Alberta ("Benton") shale 
Dark grey shale, bentonite at 4,0lo-4,020 feet ... . ... . ............. . 
No samples ................. ..... ... ... .... .. . .................... . 

Blairmore 
Dark ~rey to greenish sandstones and shales ....... ... ....... ...... . 
Greenish grey sandstone .. .. .. ...... . ..... . ...................•.... 
Dark grey sandstone and shale .................................... . 
Grey sandstone ................. .......... ..... ..... .. ... .. ....... . 
Mostly sandstone, some shale .. . ........................... . ...... . 
Grey sandstone ......... .. ....... . .... ... ......................... . 
Dark grey sandstone and shale ................................... . . 
Light grey to greenish sandstone ............... .. .. ... . ... ..... . .. . 
Fault 

Alberta ("Benton") shale 
Dark grey shale ... . .......................... . ... ...... ... .. ..... . 
Dark grey shale, green chert pebbles ...................... . .. . .... . 
Dark grey shale ............................ ... ....... . . . ....... .. . 
Dark grey shale, green chert pebbles ........................ . . . ... . 
Dark grey shale . .. ....... ... ........ .. ............ ... ..........•.. 

1 Published by permission of Imperial Oil Co., Ltd. 

Thickness 
Feet 

440 
20 

250 

580 
290 
90 

190 
160 

30 
10 

1,050 

10 
230 

10 

660 
100 

20 
450 
80 
20 
60 

240 
90 

150 

90 
10 

340 
10 
60 

Depth 
Feet 

440 
460 
710 

1,290 
1,580 
1,670 
1,860 
2,020 

2,050 
2,060 

3,110 

3, 120 
3,350 
3,360 

4,020 
4,120 

4,140 
4,590 
4,670 
4,690 
4,750 
4,990 
5,080 
5,230 

5,320 
5,330 
5,670 
5,680 
5, 740 
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The well commenced in Alberta shale, passed through a thrust fault 
at 710 feet into Belly River, through a normal succession to 5,230 feet, 
through a seoond thrust fault and into Alberta shales again. 

There is a thin coal member at the base of the Belly River in Turner 
Valley area. It is thicker northwards. 

The Blairmore contact must be approximately at the base of the 
interval of 100 feet listed under Lower Alberta shale and unrepresented 
by samples, as the bentonite zone with minutely crossbedded sandstone 
and shale at 4,010 feet is about 100 feet stratigraphically above the Blair
more contact. 

The feature of the Alberta shale in this well is its comparatively small 
thickness. A comparison with the Turner Valley area follows. 

Upper Alberta shale including Cardium . ..... . ......... . ....... . 
Lower Alberta shale .......................................... . 

Turner Valley 
Stratigraphical 

thickness 
Feet 

1,900 to 1,950 
800 to 850 

Rice Creek 
Drilling 

thickness 
Feet 

1,340 
760 

The thinning of the Alberta shale may indicate flowage due to a zone 
of extreme disturbance, or it may be that the Alberta shale was never 
as thick as in Turner Valley. 

Log of Imperial Willow Creek W ell1 
(Sec. 29, Tp. 14, Range 2, W. 5th Mer.) 

Lower Alberta "Benton" shale 

~l=~n~~'.~: "."."."."::::::::::::::::::::::::::::::::::::::::::::::::::: 
Blairmore 

Grey and greenish shale and sandstone ............................ . 
Coal-greenish shale . ..... . ... .... . .................... . .. . ..... . . . 
Greenish shale and sandstone .................. ... ..... .. .......... . 
Grey sandstone .... ... ... .... ............ ..... .................... . 
Dark grey shale .. . . ... ...... . ... ... . ........ ..................... . 
Light grey, calcareous shale, etc., with a few darker bands ......... . 
Light grey to white sandstone-coarse ..... .......... . ............. . 
Iron-stained sandstone and shale with small nodules or concretions .. . 

Kootenay 
Dark to black, sandy shale .. .. ........ . ..... . ......... .. ......... . 
Coal and shale .................................................... . 
M~s~ly dark to black, sandy shale . ....... . .............. . ......... . 
M1ssmg ................................................ . ... . ... . .. . 
Mostly dark to black, sandy shale .......... . ...................... . 
Coal and shale ... . . ...... ... ............ ... ..... . . ................ . 
Brownish sand .................................................... . 
Coal and shale .................................................... . 
Black to dark shale ............. . . . ........ . ........ . . . .... . ...... . 
Light grey sandstone .................. .. . . . ................... .. .. . 

Thickness 
Feet 

280 
290 

730 
10 

220 
40 

160 
180 

10 
20 

60 
10 

110 
30 
70 
10 
30 
10 
40 
40 

D epth 
Feet 

280 
570 

1,300 
1,310 
1,540 
1,580 
1, 740 
1,920 
1,930 
1,950 

2, 010 
2,020 
2, 130 
2, 160 
2,230 
2,240 
2,270 
2,280 
2,320 
2,360 
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Log of Imperial Willow Creek W ell1 

(Sec. 29, Tp. 14, Range 2, W. 5th Mer.)-Concluded 

Fe:mie 
Dark grey to black shale .................... .... . .. ... .. ........ . . . 
Dark grey shale with ostracods . . .... . . . ...... . ................. . . . 

Some ostracods have a reticulated surface ; others show striations 
also. 

Light grey sandstone and shale .... ... . . ...... .... . ... ... .... ...... . 
Sandy, grey shale ...... ... .............. . .. . .. .. .. . . ... . . . .. . . .... . 
Light grey sandstone, calcareous ............. . ............. ... ... . . 
Dark grey to greenish shales . ........... . .... . ....... . ... , ........ . 
Brown sandstone and shale, calcareous .......... .. . . ... .. ...... . .. . . 
Dark grey shale and sand stone ..... . .... . ... .. . . ..... . . . ... . ...... . 
Fine-grained calcareous sandstone .. . . . ....... . . . . . . . . ............. . 
Brown sandstone and shale ................ .. . ................. . ... . 
Light-coloured sandstone ... . ................... . .... .. . . ... .. . . .. . . 
Mostly brown sand, some dark shale .. .. .... . ... . ............... . . . 
Sandy limestone . .............. . ................ . ............. . . . . . 
Brown sand with black shale . ..... . . . .... ... .. . . .... ............. . 
Sandy limestone . ..... . . . .... ... . . . . .... . . . .... . ..... . ...... . .. . .. . 
Brown sand with black shale . ... . ........................... . .. . . . . 
Very black shale, slickensided .. . ............. ... .... .... ...... . .. . 
Very black shale, glauconite ....... .. .. . .. ... . .. . .. . ...... . . .... . . . 
Very black shale ............................. . ...... .. ........... . 

Kooterw.y? (Repeated by a fault) 
Brown sand stone with black shale .............. . .. . . . .... . .. . ... . . 
Black shale with grey sandstone, coal. ... .. . .... .... . . .. .. .. ...... . 
Fine, grey sandstone .. .... . . .... . . . ............. . ........... . ..... . 
Dark shales with grey sandstones .... .. .................. . .. . .. .. . . 
Fine, grey sandstone ..... . ............ .. ... . .... .. . .. ...... ... .... . 

1 Published by permission of I mperial Oil Co., Ltd. 

TURNER VALLEY AREA 

Thickness 
Feet 

30 
10 

50 
40 
40 

110 
130 
50 
10 
80 
20 
90 
30 
60 
10 
80 
80 
10 

150 

40 
60 
10 
40 
10 

Depth 
Feet 

2,390 
2.400 

2,450 
2,490 
2,530 
2,640 
2,770 
2,820 
2,830 
2,910 
2,930 
3,020 
3,050 
3, 110 
3 ,120 
3 ,200 
3, 280 
3,290 
3,440 

3,480 
3,540 
3 ,550 
3, 590 
3,600 

References: Slipper, S. E. : Sheep River Gas and Oil Field, Alberta ; Geol. Surv., 
Canada, Me.m. 122 (1921). 

Hume, G. S. : Turner Valley Oil Area, Alberta; Geol. Surv., Canada, Sum. Rept. 
1926, pt. B (1927) . 

McLearn, F. H., and Hume, G. S.: Stratigraphy and Oil Prospects of Alberta; 
Bull. Am. Ass. Pet. Geol., vol. 11, No. 3, pp. 237-260 (1927). 

Hume, G. S.: The Highwood-Jumpingpound Anticline with N ates on Turner 
Valley, New Black Diamond, and Pridclis Va lley Structures, Alberta; Geol. 
Surv., Canada, Sum. Rept. 1929, rpt. B (1930). 
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42, No. 1, p. 185, 1931 (abstract). 

Goodman, A. J.: The Structure of Turner Valley Gas Field, Alberta (with dis
cussion) ; Trans. Can. Inst. of Min. and Met., 1931. 

Hume, G. S.: Overthrust Faulting and Oil Prospects of t.be Eastern Foothills of 
Alberta between the Bow and Highwood Rivers ; Ee. Geol., vol. 26, No. 3, 
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The Turner Valley gas and oil field (locality 4, Figure 8) is about 
35 miles southwest of Calgary and lies within the foothills belt of faulted 
and folded rocks. Drilling activity began in this field in 1913 and a 
number of wells, some o.f which gave small flows of gas and oil, were 
completed. None of these early wells, however, reached the Palreozoic 
limestone from which the main supply of gas and oil is now secured, and 
activity ceased during the period of the Great War. In the autumn of 
1924 Royalite No. 4 well, drilled in Sec. 7, Tp. 20, Range 3, W. 5th Mer. , 
obtained from the Palreozoic limestone a flow of gas of aibout 20,000,000 
cubic feet a day, with a high naiphtha content. The bringing in of this 
well resulted in the development of the field which as at present outlined 
is about 13 miles long and 1 mile wide and lies within Tps. 19 and 20, 
Ranges 2 and 3, W. 5th Mer. 

Throughout a great part of Turner Valley the surface is covered by 
drift, although there is a fairly complete section of the bedrock exposed 
along Sheep Creek, which cuts across the central part. This section 
shows that the central part of the valley is underlain by Upper Alberta 
(" Benton ") shales with the Cardium zone repeated in several places 
by sharp folding. The folding that is most a,pparent is a central syncline 
in the Cardium beds with an anticline both to the east and to the west .. 
The central syncline is probably thrust fau1lted along the strike and 
other fau lts can be seen in a few places or are indicated by repetitions 
of strata in wells. Belly River rocks outcrop along the east and west sides 
of the vailley and superficialJy the structure ooggests a normal anticline 
with a certain amount of folding and faulting. Drilling, however, has 
revealed a very complicated structure and shown that the area is under
lain by a low-angle fault that outcrops east of the eastern Belly River 
Ridge. This low-angle thrust is believed to be the major structural feature 
and the whole structure is regarded as being a drag-fold developed above it 
due to eastward thrusting. The faults within the field are known to haYe 
steep dips and are believed to be subsidiary to and to join the low-angle 
thrust at depth. Objections to this view have been raised by certain 
geologists who believe the low-angle thrust formed as the result of folding. 
If this had happened it would seem that the fold should have become 
recumbent before being faulted and, therefore, the beds on the east side 
of Turner Valley should be overturned. Surface evidence does not support 
this view. The eastern strata are not overturned, although undoubtedly 
they are overturned at depth in the proximity to the low-angle fault as 
might be expected from drag-folding along the fault plane. 

The stratigraphy of Turner Valley is illustrated by the graphic log, 
Figure 10. It was formerly thought that the coal that occurs about 650 
feet below the top of the Blairmore represented a Kootenay coal horizon 
and consequently the division between Blairmore and Kootenay was made 
at this coal seam. Also it was thought that the Home sand was the 
approximate base of the non-marine strata and hence all strata below the 
Home sand and above the P alreozoic limestone were assigned (Hume, 1927, 
page 2) to the Fernie. It was later recognized (Hume, 1930, page 4) that 
there were non-marine strata below the Home sand and the base o.f the 
Kootenay was placed at the Dalhousie sand that formerly was considered 
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to be within the Fernie. J. B. Webb of the Hudson Bay Oil and Gas 
Company has made a further contribution to the stratigraphy and has 
shown that a small conglomeratic zone at the top of the Dalhousie sand 
is probably the equivalent of the heavy conglomerate at the base of the 
Blairmore in western foothills areas. At the present time, therefore, all 
strata below the " Grit " zone down to and including the conglomeratic 
sandstone of the Dalhousie sand are included within the Blairmore, giving 
the formation in Turner Valley a stratigraphic thickness of about 1,200 
feet. Below the Home sand and above the Dalhousie sand are a series 
of limestone and limy sandstone beds which are well exposed on Elbow 
River (Hume, 1932, page 48 B) near Moose Mountain. These lime
stone beds contain gasteropods and pelecypods and where exposed on Fisher 
Mountain in the Fisher Creek structure an occasional Unio occurs. There 
is little doubt, therefore, that the Dalhousie sand is the equivalent of the 
basal Blairmore conglomerate of western sections, since the sequence in 
Turner Valley can be definitely correlated with exposed sections. In many 
wells in Turner Valley a small amount of coal occurs below the Dalhousie 
sand and in certain wells, as for exaimple Model No. 1 in the north end of 
Turner Valley, there is a considerable thickness of coaly and sandy shales 
at this horizon. Beneath this is the so-called "brown sand", a granular 
sandstone of very definite and easily recognizable character. There seems 
to be some divergence of opinion regarding the age of this "brown sand", 
but the section at Canyon Creek, Moose Mountain, suggests to the writer 
that the sandstone is at the top of the Fernie formation. The Kootenay 
in Turner Valley is, therefore, very thin and in some wells where the 
" brown sand" appears to directly underlie the Dalhousie sandstone it may 
be entirely absent. The division between the Kootenay and Fernie, how
ever, may be only an approximation, since in Crowsnest area (McLearn, 
1929, page 87) there is a transition zone (passage beds of McLea.rn) be
tween the two formations. This may indicate continuous sedimentation 
from marine to non-marine beds. The uppermost Fernie consists of the 
"brown sand" which in exposed sections is a finely crossbedded, ribboned 
sandstone. Below this the beds become shaly and glauconite occurs. The 
main part of the formation consists of dark shales with a glauconitic phos
phatic (MacKay, 1932., page 18) belemnite zone 35 to 50 feet above the 
Palreozoic limestone on which the Fernie rests. The Fernie also contains 
limestone beds, particularly in the lower part, and these have, in some 
wells, been confused with the top of the Palreozoic limestone, although as a 
rule they are darker in colour. This new interpretation of the stratigraphy 
of Turner Valley brings it into harmony with exposed sections in other 
parts of the foothills. 

The stratigraphy of Turner Valley is well illustrated in the following 
logs of Royalite No. 14 and Sterling Pacific No. 1 wells. Royalite No. 14 
is the shallowest well in Turner Valley p:wducing from the Palreozok 
limestone and Sterling Pacific No. 1 well is interesting because after drilling 
a considerable thickness of Palreozoic limestones it passed through the low
angle fault under Turner Valley into Cretaceous strata. 
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Log of Royalite No. 14 Well1 
(L.S. 4, Sec. 7, Tp. 20, Range 3, W. 4th Mer.) 

Upper Alberta ("Benton") shale 
Dark grey shales ...... .. ...... . 

Cardium (Middle member) 
Dark grey shale, chert pebbles. . ... ... . . .. . .... . . . . . ...... .. . 
Dark grey shale with some sandstone..... . ........ . 
Dark grey shale, chert pebbles.......... . .. ... ... .. .. .... . 

Lower Alberta ("Benton") shale 
D ark grey shale..... . ... .. ...... . .... . .. . . . • ... ... . . . ..... 
Dark grey shale ...... . ... .... . . ... . . . . . ... . ... . ........... . ...... . 
Dark grey shale .. . . ....... .. . .. .. .. ...... . ......... .. . . . . ... .... . . 
Dark grey shale with sandstone ... ......... . ........ . ............. . 
Dark grey shale ............................................. . . . . . 

Blairmore 
Dark grey and green sandstone with grey shales .. ... .. . .... . . . . .. . . 
Sandstone (Stockmens sandstone) .... ...................... . .... . . . 
Dark grey shale with sandstone .. ... ................ .. ............ . 
Sandstone (McDougall-Segur sandstone) ........ . .. . ... . .......... . 
Dark grey and greenish shales and sandstone with carbonaceous 

materials ......... .. .. ... . .............................. . .... . . 
Dark grey and green shale with coal. ............. .... ...... .. . . .. . 
Dark grey and green shale and sandstone with carbonaceous materials 

and coal. . .... . . .... .. . ....... . .... ... ... . ... . . ... .... . . ..... . . 
Fine-grained grey to white sandstone (Home sand) . .. ........ . .... . 
Dark grey shale and sandstone .................................... . 
Lime bands with shale . ........ ........................ .. . . . ... . .. . 
Light grey sandstone (Dalhousie sandstone) ...... . ... . .......... . . . 

Kootenay1 and Fernie 
Brown sandstone ....... .. .. ... ...... . ... . . . ..... . .. .. .. .. ... . .. . . . 
Dark grey to black shale with belemnites a t 3,170-3 ,180 feet .... .. . 

Top of Palroozoic limestone ........................................... . 

Thickness 
Feet 

410 

10 
40 
10 

220 
10 

710 
10 
40 

220 
10 

170 
40 

500 
10 

290 
20 
10 

160 
60 

100 
170 

1 Published by permission of Imperial Oil, Ltd. Compilation from log by J. G. Spratt. 

Depth 
Feet 

410 

420 
460 
470 

690 
700 

1,410 
1,420 
1,460 

1,680 
1,690 
1,860 
1,900 

2,400 
2,410 

2,700 
2, 720 
2, 730 
2,890 
2,950 

3, 050 
3,220 
3,220 

It will be noted that if the brown sandstone listed under Kootenay ( ?) 
and Fernie is considered to be Fernie, the Kootenay is either absent or 
represented by only a few feet of strata not indicated by the samples. 

Log of Sterling Pacific Oil Company Well No. 11 
(L.S. 15, Sec. 33, Tp. 18, Range 2, W. 5th Mer.) 

Upper Alberta (" Benton" ) shale 
Grey shale .......... ...... . . . . .... . . ... . 

Cardium1 
Grey shale with considerable brown sandstone . 

•Lower Alberta ("Benton") shale 
Grey shale ..... .. .... ... ........ . ............. . .. .. . . .. . . . .. .... . . 
Grey sha le with glauconite ... . . . .... ......... .. .... . ............. . 
Grey shale...... ..... . . .......... . . . .......... . .............. . 

1 Compilation from Jog by J . G. Spratt. 

Thickness 
Feet 

900 

30 

2,220 
90 
30 

D epth 
Feet 

900 

930 

3, 150 
3,240 
3,270 

2 Th.is is an unusually thjck section of Lower Alberta shale and it may be repeated by faulting. The 
st1 atigraphic thickness is considered to be about 8.50 feet. 
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Log of Sterling Pacific Oil Company Well No. 1 
(L.S. 15, Sec. 33, Tp. 18, Range 2, W. 5th Mer.)-Concluded 

Thickness Depth 
Feet Feet 

Blairmore 
Greenish and grey shale and sandstone ............................ . 520 3,790 
Grey shale with trace of red shale ................................ . 100 3,890 
Grey and green shale and sandstone ............................... . 550 4,460 
White sandstone and shale (Home sand) .. . .. . . ... . . .............. . 50 4,510 
Grey shale and brown limestone ....... ... . . . .... ... ... . . ........ . . 150 4,660 

60 4, 720 
20 4, 740 
10 4, 750 

G~e>'. sandstone, limy matrix ..... . ......... .. ... . . . . .............. . 
M1ssmg ......... . ................ . ........................ . .... ... . 
White sandstone (Dalhousie sandstone) ..... ... . ..... ... .... ... .... . 

Kootenay 
Black, coaly, and sandy shales ........... . ... . ................... . 30 4, 780 

Fernie 
Brown sandstone (brown sand) .. . .. . .............................. . 70 4,850 
Grey-black shale .. ............................................... . 240 5,090 
Grey-black shale and sandstone with black, cherty grains ......... . 60 5,150 
Palwozoic at . . ................... . ................. ... ......... ... . ............ 5,160 

80 5,240 
30 5,270 

Lij!;h~ and buff-grey limestone ......... . ... .. ........... . .......... . 
Missing ....... . ................................... ················ · 
Light buff-grey limestone ... .. ............ .... ..... . . . . . . . ...... . . . 130 5,400 

10 5,410 
320 5, 720 

Light buff-grey limestone, slightly porous . .... . . . ................. . 
Light buff-grey limestone ....... .... ...... . ...... . ...... ... . ...... . 
Dark grey limestone........................... . . . . ... . . . ....... . 620 6,340 

90 6,430 
··· ·· ····· ·· 6,436 

Light grey limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . ...... . . 
Fault (Low-angle fault under Turner Valley) at ......... ... ........ . 

Blairmore 
70 6,500 
10 6,510 

Grey and green shales and ~andstone ......... . 
Grey and green shales, trace of maroon shale .. 

The type of structure of Turner Valley is illustrated by the cross-section, 
Figure 11, drawn at right angles to the strike in the vicinity of Sheep Creek. 
The south end of the general structure, as shown on Geological Survey Map 

SOO 5000 

4oo0 9 4000 

.3000 

2000 

!OOO 1000 

Geological Survey, Canada. 

Figure 11 . Generalized structure section across Turner Valley f<rom Sec. 34, Tp. 19, 
Range 3, W. 5th Mer., to east side of Sec. 16, Tp. 20, Range 2, W. 5th Mer. 1, 
Pahoozoic limestone; 2, Fernie ·an<l Kootenay; 3, Blairmore; 4, Lower Alberta 
shale; 5, Cardium; 6, Upper Alberta shale; 7, Belly River; 8, Edmonton; 9, 
Paskapoo. 

257 A, plunges rapidly from Longview Hill .southwards and Edmonton rocks 
occur on Highwood River south of Turner Valley. The fault that outcrops 
east of Turner Valley in the vicinity of the Black Diamond bridge over Sheep 
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River has not been traced south of this place, but has been encountered in 
several wells under southern Turner Valley where there appears to be a low
angle fault of oonsiderable magnitude along which Palreozoic limestones have 
been thrust over Cretaceous strata. The fault, therefore, may be considered 
to extend throughout the length of Turner Valley, but possibly dies out or 
changes trend southward as any extension of it along the strike does not 
occur on Highwood River. The plunge at the south end of Turner Valley is 
very steep and suggests that the fault may change in trend southwards and 
join the important thrust fault in front of the Highwood foothills area on 
Sees. 9, 16, and 17, etc., Tp. 18, Range 2, W. 5th Mer. At the north end of 
Turner Valley, south of Quirk Creek (north branch), Sheep River, there is 
a zone of discordant strikes on Sec. 26, Tp. 20, Range 3. This has been 
interpreted as indicative of a cross fault (G.S.C., Map 262 A), but this view 
has been refuted by the geologists of Imperial Oil Company, Limited, 
because of results obtained by core drilling in the vicinity of the supposed 
cross fault. In the area north of this supposed fault borings indicate an 
unusual thickness of Alberta ("Benton") shale and it has been suggested 
that the Alberta shale of this area is repeated by the low-angle thrust fault 
outcropping along the western flank of Belly River Ridge in the part of 
Turner Valley northwest of Section 26, and that the southward continuation 
of the outcrop crosses Turner Valley in the general vicinity of the at one 
time postulated cross fault. This thrust may be a continuation of the low
angle fault that outcrops east of the New Black Diamond structure and if 
so some modification of the Geological Survey's map is required for this 
area. All wells north of the supposed cross fault seem to have encountered 
overturned strata at depth, a condition that is in harmony with overturning 
above a low-angled fault such a'9 suggested above. No well in the extreme 
north end of Turner Valley has been able to reach the Palreozoic limestone 
which in central and southern Turner Valley produces gas with naphtha. 

PRODUCTIVE HORIZONS IN TURNER VALLEY 

Shows of oil are common in Turner Valley in the lower Alberta 
("Benton") shale, but no commercial production has been obtained from 
this formation. There are, however, several producing sands in the Blair
rnore formation, namely the Stockrnens, McDougall-Segur, Home, and 
Dalhousie sands. The Stockrnens sand is about 100 feet below the top of 
the Blairmore and gave some gas production in the Stockmens well in Sec. 
27, Tp. 20, Range 3, W. 5th Mer. It has, however, not yielded extei:sively. 
The McDougall-Segur sand, about 200 feet below the top of the Bla1rrnore, 
has yielded oil in a number of wells, the oil having a gravity of about 54 
to 55 degrees Baume. The Home sand, which is about 875 feet strati
graphically below the top of the Blairmore, was found to be productive in 
Horne No. 1 well at a depth of 4,560 feet and yielded oil of 44 to 45 degrees 
Baume. Since this disC{)very it has yielded oil in a number of wells. 
Royalite No. 4 obtained an initial flow of 7,000,000 cubic feet of gas at this 
horizon at a depth of 2,890 feet. The Dalhousie sand, which lies at the 
base of the Blairmore, was first found to be productive in Dalhousie No. 5 
well on Sec. 30, Tp. 19, Range 2, W. 5th Mer., at a depth of 4,810 feet and 
yidded oil of about 52 degrees Baurne. The main product_ive. zone of 
Turner Valley, however, is in the upper part of tJhe Palreozoi.c limestone 
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and was discovered by Royalite No. 4 well at a depth of 3,740 feet. Only 
one well, i.e. Royalite No. 14, has found the Palroozoic limestone at a less 
depth than Royalite No. 4 and in several productive wells the depth is i11 
excess of 5,000 feet. This horizon produces gas with naphtha having a 
gravity as high as 73 degrees Baume. This productive zone occurs at quite 
widely varying depths below the top of the Palreozoic limestone. This may 
be explained by any one or a combination of several conditions, namely: 
(1) the top of the limestone is an er·osion surface; (2) the attitude of the 
beds, and hence the drilling thickness, may be quite variable; (3·) the zone 
of porosity may not be confined to one horizon. 

In McLeod No. 4 well, at a depth of 4,972 feet or more than 1,200 feet 
below the top of the limestone, a large flow of wet gas was encountered 
(Bull. Can. Inst. Min. and Met., May, 1929, page 602). This horizon 
seemed to be quite different from the upper Palmozoic productive zone in 
that the naphtha had a somewhat different gravity and was more nearly 
free from sulphur than the upper zone. 

The oil production of Turner Valley from 1914 to 1932 has been as fol
lows (See schedule, Dept. of Lands and Mines, Alberta). 

Year Naphtha 
in barrels 

1914-21. ...... .. .. .... ...................... ........ . . . . . ... ...... .... .... . 
1922 . . ...... .. ...................... . .... . . . . .... . . . .. ........ ... . 
1923 .... ....... .. .... .. . . ................ .. ... . ..... ... .... . .. . . .. . 
1924 ......... .. .... . ....... .. . . ... . . . . .... . .... .. . . ......... . . . . . . 
1925 ............ . . ... . .... . . .. . . . ... .. . . . . .... ........ .... . ....... . 
1926 ........ . .. . .. ..... . . . .... ..... . .. . . . . . . .. . . . . ............ . .. . 
1927 .......... . ... ... ... ... .. . .... . . . . . .................... . .. .... . 
1928 .... . . .... ..... . ...... . .. . . . .. . . . . . . .. . . . . . . . .. ..... ..... . 
1929... ... . .............. . . . .. .... . .... .... . . .. ... . 
1930 . . . ...........• ....... • . ....... ... . .... ......... .. .. ... .... 
1931 1 .•...••• •. . • ••••• • • •••• • • • • • • •..•. •• . . • . • ••• •••• • . • . .•.. • . . 

19321 ............ ............... . . . .. . .. .. . . . ................ . 

9,294 
8 ,060 

13, 205 
165, 717 
211,008 
290,270 
410, 623 
908, 741 

1, 314,039 
l , 345, 689 

854, 116 

Light crude 
in barrels 

56,599 
6,559 
1, 943 

844 
2,926 
2, 609 

38,808 
70, 734 
73 ,369 
53,917 
26, 936 
21,694 

1 I nformation supplied by Metallurgical and Chemical Branch, Bureau of Statistics, Ottawa. 

The natural gas production of Turner Valley has been as follows: 

Year 

1922 .............. ............................. . .. . . 
1923 ....... .. . . . . .. . .... ... .. ..... .. . .. .. . . . . ... ... . 
1924.. . ... .......... . . . . ............. . . . .... . 
1925 . . ........... . . . . . ...•.... . ........... . • . ........ 
1926 ..... ........ ... . . ......... . ... ..... ... . . . . ..... . 
1927 .. ........... . .. . . .... . . ..... ... . . . .. . . ........ . 
1928 ................... . ........ . ....... . . . . . . . . ... . 
19W.......... . .....•.. .. . . .. . • ..... . . . . . . . .. . ... . 
1930 .. . ........... ..... • .. .. .. ... . .. . . . ... .. .. . ... . . . 
1931. . . ........ ....... ... . .. .. . .. . .. .. • . ... • ........ . 
1932 . . ....... ..... . . . ...... .. ........ . .. .......... . . 

1Amountofgas •Amountofgas •Total amount 
in thousands in thousands in thousands 
of cubic feet of cubic feet of cubic feet 
sold, other d estroyed produced for 

than for by all uses and 
field use burning wasted 

998. 987 . . . . . . . . . . . . . . . ...... ...... . 
1,371, 181 .............. . . . . . ... .. . ... 
1, 631, 337 ········ ···· · · .. . .... . . ... .. 
1,215,149 5,260,000 8, 760,000 
4 , 250, 512 4, 300,000 8,800,000 
5, 325, 207 6,520, OOO 13,870,000 
7, 359, 567 13, 930, OOO 21 , 320, OOO 

12, 183, 853 45, 180, OOO 61,450,000 
14, 147, 224 97, 310, OOO 114, 080, OOO 
12, 242, 037 156 , 800, OOO 169,280,000 
9, 605, 705 111,080,000 

1 Information supplied by Met . and Chem. Branch, Bur. of Statistics. 
2 Calder, W .: Can. Inst. of Min. and Met., Nov. 1932, p. 635. 
3 Can. Inst. of Min. and Met., April 1933, p. 258 . 
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NEW BLArCK DIAMOND AREA 

References: Slipper, S. E.: Geol. Surv., Canada, Mero. 122, 1921, with map. 
Hume, G. S.: Geol. Surv., Canada, Sum. Rept. 1929, .pt. B, pp. 21-22. 
Hume, G. S.: Geol. Surv., Canada, Map 257 A, Pub. No. 2252. 

The New Black Diamond area is 1 to 2 miles west of the central 
part of Turner Valley and is crossed transversely by Sheep River. The 
structure was formerly thought (See G.S.C., Map 1724) to be a faulted 
anticline, but drilling has revealed that the anticlinal structure which is 
apparent from the attitude of the Alberta shale (" Benton ") exposed 
along Sheep River is only a superficial structure that in reality is a drag
fold developed above a low-angle fault. The low-angle fault encountered 
in the wells outcrops west of the Lineham coal seam on Sheep River on 
the east side of Sec. 2, Tp. 20, Range 3, W. 5th Mer. (Geol. Surv., Map 
No. 257 A), where the strata have a steep dip taken to indicate a steep 
westward dip of the fault plane. The crest of the superficial anticline 
passes through the southeast corner of Sec. 3, Tp. 20, Range 3, and the 
northwest corner of Sec. 35, Tp. 19, Range 3. The anticlinal structure 
plunges to the north and on Kew Ridge, Belly River strata are exposed 
on the strike of the Alberta shale which outcrops along Sheep River. To 
the west, at the west side of Sec. 34, Tp. 19, Range 3, on Sheep River, a 
thrust fault occurs and forms the west boundary of the structure. The 
strata of the west flank of the anticline have a southwesterly dip of 12 to 
25 degrees, but are steeper and contorted close to the fault along the west 
side of the structure. East of the crest of the anticline the Alberta shales 
dip 50 degrees northeasterly and there is some indication of minor faulting. 
The anticline is succeeded eastward by a syncline, exposing gently dipping 
Belly River strata crossing Sheep River on Sec. 2, Tp. 20, Range 3. A 
short distance east lies the outcrop of the low-angle thrust fault. So far 
as can be determined there are no overturned beds on the east flank, which 
might be expected as the beds were presumably dragged against the low
angle fault. 

United Oils of Alberta, Limited, in the early boom days of Turner 
Valley in 1914, drilled a well on the northeast quarter of Sec. 3, Tp. 20, 
Range 3. This well began in Upper Alberta shale and was abandoned 
at 3,090 feet in coal-bearing strata at that time considered to be Kootenay 
but now thought to be Belly River, the well having passed through the 
low-angle fault underlying the structure and having encountered Belly 
River str.ata beneath the fault plane. The log of this well shQws the 
following stratigraphic succession. 
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Log of United Oils of Alberta, Limited, No. 1 W elll 
(Sec. 3, Tp. 20, Range 3, W. 5th Mer.; Elevation, 4,175 feet) 

Thickness Depth 
Feet Feet 

Upper Alberta ("Benton") shale 
Blue-grey shale. .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . 530 530 

Cardium 
Blue-grey shale with conglomerate pebbles .. . ........... .. ......... 10 540 
Blue-grey shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 700 
Sandy shale and sandstone......................................... 50 750 
Sandy shale with conglomerate pebbles ........ . .. . ........ . ..... . . 30 780 
Blue-grey shale, partly sandy........................ . ....... .. .... 140 920 
Blue-grey shale, quartz pebbles.... .. ............ . . . . . .......... ... 20 940 

Lower Alberta ("Benton") shale 
Blue-grey shale with some sandstone horizons and becoming quite 

arenaceous below 1,080 feet, with chert pebbles recorded at 
1,190-1,200 feet and 1,260-1,270 feet, below which blue-grey shale 
occurs......................................................... 500 1,440 

Top of Blairmore at.. ... ..... ... ..... .. ... . ........ . . . .. . . . . . . . ...... . . . . . . . . . . . . . . 1,440 
Grey and green shale and sandstone with maroon shales, from 

1,700 to 1,740 feet, followed by lighter coloured sandstones 
and greenish shales to 2,596 feet, below which there occurred 
dark shales at................................................. . . . . . . . . . . . . 2,970 
Fault at.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 970 

Belly River 
Sandstone with coal at 2,995, 3,005, 3,060, 3,065 (2 feet), 3,085-3,090 

(4 feet), and dark shale........................................ . . . . . . . . . . . . 3,090 

1 Published by permission of United Oils, Ltd. 

The Cardium sandstone is represented in the sandstone between 700 
and 750 feet. The pebble zones probably represent the upper and lower 
bands of the Cardium in more westerly sections where the stratigraphic 
thickness is 350 feet and the Cardium consists of three bands. It is pos
sible, however, that some of the strata here included in the Cardium are 
lower Alberta shales as the thickness of this formation as shown in the well 
log is too small. 

Two wells, namely, Weymarn New Black Diamond No. 1 on L.'8. 1, 
Sec. 2, Tp. 20, Range 3, and Outwest Petroleums No. 1 on L.S. 5, Sec. 35, 
Tp. 19, Range 3, were drilled in this area in 1929. The summary of the 
logs is as follows: 

Log of Weymarn Oils New Black Diamond No. 1 Well 
(Elevation, 4,054 feet) 

Feet 

Grey shale, Alberta shale ("Benton"). Surface to.................................. 2, 130 
Fault at........................................................................... 2, 130 
Sandstone and greenish and grey shale with coal at 2,156-2,160, 2,190-2,200, 2,230-2,240, 

2,290-2,300, and 2,580-2,590 feet. The colour becomes greener below 2, 720 feet 
and the log shows an alternation of sandstones and shales to bottom of hole at... 3, 910 

The coal apparently belongs to the uppermost part of the Belly River 
formation which in outcrops shows green shales and sandstones in the 
central part of the formation. 
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Log of Outwest Petroleums, Limited, No. 1 W elll 
(Elevation, 4,150 feet) 

Upper Alberta ("Benton") shale 
Grey to black shale ... . .......................................... . 

Cardium 
Grey to black shale, chert pebbles ............. ... ................ . 
Grey to b lack shale . ........... . ... . .............. .. ...... . ...... . 
Sandstone and black shale ............. . ................•....•..... 
Grey to black shale ... . ................................. . . ... .... . 
Grey shale, conglomerate pebbles . ................................ . 

Lower Alberta ("Benton") shale 
Grey shale with some sandstone and a bentonite layer at 1,640-1,660 

feet .. . ....... .... ... ··· ············ ····· ····· ··· ·············· 
Grit ........ . ................ ...... ..... . ... . ..................... . 

Blairmore 
Green and grey shale and sandstone . . .. ........... . . .. .. .......... . 
Stockmens sand ... .... ..... .. . ........ .. . . . . . ..................... . 
Green and grey shale and sandstone ... ... ...... .............. . ... . . 
McDougall-Segur sand ......... . ..... . . . . . . ............ ... ........ . 
Green and maroon shale .. .... . ..... .. ......... . . . ...... . .. . ...... . 
Greenish and grey sandstone and shale ..... . ...... . .. .... ......... . 
Fault at ..................... . . . . ... ...... . . ... . .. ............. ... . 

B elly River 
Shale and brown, carbonaceous sandstone .... . . . .. .... . . . . . . ...... . 
Shale and a little coal. ................................. .. .. . ...... . 
Shale and coal. ............ . ......... . ..... . ...... . . . . .. . . ........ . 
Shale and sandstone with ironstone. Coal at 2,790 feet ...... ...... . 

1 Summary from log prepared by J. G. Spratt. 

Thickness 
Feet 

290 

20 
170 
30 
20 
10 

1,380 
40 

120 
20 

160 
20 
60 

180 
............ 

100 
10 
20 

1,080 

Depth 
Feet 

290 

310 
~80 
510 
530 
540 

1,920 
1,960 

2,080 
2,100 
2,260 
2,280 
2,340 
2,520 
2,520 

2,620 
2,630 
2,650 
3, 730 

The fault at about 2,520 feet is the low-angled fault underlying the 
structure and has thrust Blairmore over the uppermost part of the Belly 
River formation. · 

Knowing the elevations of the three wells, United No. 1, Outwest, 
and Weymarn Petroleums, and considering that the fault was penetrated 
at 2,970, 2,520, and 2,130 feet, respectively, the angle of dip of the fault 
plane can be calculated to be about 22 degrees and the strike to be north 
21 degrees west or 314 degrees magnetic. The strike of the formations 
in this part of the foothills ranges from north 25 degrees west to north 
10 degrees wesrt or 310 to 325 degrees magnetic. 

The fact that all three wells passed t!hr.ough the low-angle fault into 
the upper part of the Belly River formation which outcrops along the east 
side of the outcrop of the fault suggests that the bedding planes of the 
strata underlying the fault very nearly parallel the plane of the fault. 
Above the fault, however, lower stratigraphic horizons are encountered 
in the more westerly wells than in the more easterly one and, therefore, 
still lower horizons would be expected in wells located still farther west, 
although it seems highly improbable that the Palreozoic limestone could 
be reached within the New Black Diamond structure. If this is true the 
prospects of the New Black Diamond structure are not favourable so far 
as production from the Palreozoic limestones is concerned. 

The low-angle fault underlying the New Black Diamond structure is , 
as already mentioned, steep at the outcrop. It can be traced southeasterly 

68386-7§ 
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and becomes the low-angle fault underlying Highwood area. Its position 
on Highwood River has not been precisely determined, but is considered 
to lie in the extremely crumpled zone of Edmonton strata that outcrops 
on the west side of Sec. 16, Tp. 18, Range 2, and on Bull (Coal) Creek 
near its junction with Highwood River (Geol. Surv., Canada, Map 257 A, 
note 3). In a northwest direction from the New Black Diamond structure 
its extension is somewhat questionable. There is a difference of opinion 
among geologists as to the validity of the transverse fault shown on 
Geological Survey maps as crossing Turner Valley from Sec. 16 to Sec. 35, 
Tp. 20, Range 3, and as offaetting eastwards the New Black Diamond 
fault (See Maps 257 A and 262 A). As already explained the continuation 
of the New Black Diamond fault may cross Turner Valley from west to 
east and oontinue thence afong the west flank of the eastern Belly River 
Ridge in the north end of Turner Valley, and if SIO this f:ault may continue 
for a long distance northwestward. Although this fault has not definitely 
been tr81Ced northiwestward it is interesting tv note that it lies on the strike 
of a fault that occurs just east of the Two Pine anticline on Elbow River 
and that is believed to be a low-angle fault under this structure. 

HIGHWOOD-JUMPINGPOUND ANTICLINE 

Reference: Hume, G. S.: Geol. Surv., Canada, Sum. Rept. 1927, -pt. B, .pp. 1-2.0; 
1929, pt. B, pp. 1-20. Geol. Surv., Canada, Maps 257 A, 258 A, and 261 A to 
265 A indusive. 

The Highwood-Jumpingpound anticline is the major anticlinal feature 
of the eastern foothills between High wood River and J umpingpound Creek. 
On Highwood River, on Sees. 19 and 20, Tp. 18, Range 2, eastward dip
ping Belly River strata are exposed. On the same river Belly River strata 
again occur on Sec. 7, Tp. 18, Range 3, but dip westerly. Thus the major 
structure is anticlinal, but it is broken by thrust faults into a number of 
fault blocks some of which exhibit considerable folding. This anticline can 
be traced from Highwood River for 40 miles in a northwesterly direction 
to Jumpingpound Creek on the south side of Tp. 24, Range 5. So far 
as can be told from the study of the surface geology it has not, however, 
the same structural height throughout and the width V·aries. The apparent 
high structural areas may be roughly divided into: (1) Highwood anti
clinal area extending from south of Highwood River north as far as Sheep 
River; (2) Fisher Creek area centring around Fisher Creek in Tp. 21, 
Range 4, and the Birch Ridge structure extending from Sec. 31, Tp. 21, 
Range 4, to Sec. 2, Tp. 23, Range 5; and (3) Two Pine anticline lying 
mainly north of Elbow River, in the east side of Tp. 23, Range 5, and 
extending to the north end of this township south of Jumpingpound Creek. 
Low structural areas are: (1) Waite Valley in the southwest corner of 
Tp. 20, Range 3, and the north east corner of Tp. 20, Range 4; (2) Elbow 
River area between the Fisher Creek and Two Pine anticlines. 

These high and low structural areas result from marked reversals of 
direction of plunge along the main anticline and, whereas low stratigraphic 



95 

horizons are exposed in the high structural areas, higher stratigraphic 
horizons occur at the surface in the low structural areas. The anticline 
also narrows northward from Highwood to Elbow River. This is due to 
the occurrence of several synclines tlhat commence in the northwesterly 
part of Turner Valley map-area (Map 257 A) and continue northwesterly 
to merge into a large synclinal area west of the Two Pine anticline (Map 
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Figure 12. Showing location of Highwood-Jumpingpound anticline (by pattern of 
ruling) and: l , Turner Valley area; 2, Highwood area; 3, W aite Valley area; 
4, Fisher Creek structure; 5, Birch Ridge structure; 6, Two Pine structure; 
7, Moose Mountain area. 
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258 A). Along the west side of Tp. 24, Range 4, on Jumpingpound Creek, 
Edmonton strata occur in the central part of this syncline, whereas farther 
south in Tps. 21 and 22, Range 4, there is a broad belt of faulted Belly 
River strata lying east of the anticline. The anticline is extensively 
faulted and folded. Within the high structural areas·, i.e., Highwood River, 
Fisher Creek, Birch Ridge, and Two Pine anticlinal areas, Blairmore strata 
are exposed, whereas elsewhere Alberta ("Benton") shales occur over most 
of the anticlinal area. 

HIGHWOOD ANTICLINAL AREA 

References : Hume, G. S.: Geol. Surv., Canada, Sum. Rept. 1929, pt. B; Geol. Surv., 
Canada, Maps 257 A, 261 A. 

Within the eastern foothills on Highwood River several fault blocks, 
mainly dipping westerly and exposing Blairmore rocks, occur. East of 
the most easterly block, Alberta ("Benton") shales, Belly River and 
higher strata occur, mainly dipping east. West of the areas of Blairmore 
are areas of Alberta shales and Belly River strata dipping westerly. Thus 
there is, in a general way, an anticlinal structure broken into several fault 
blocks within which minor faulting and folding occur. It is believed, 
however, that the whole structure is underlain by a low-angle fault that 
is the continuation of the New Black Diamond low-angle thrust fault. 
On Highwood River this fault occurs in the area of intricately folded 
Edmonton strata in the vicinity of Longview bridge on the west side 
of Sec. 16, Tp. 18, Range 2. The extreme contortion in proximity to the 
fault is well illustrated by exposures on the lower part of Bull (Coal) 
Creek in the east part of Section 8 and the west part of Section 9 in the 
same township and range. Although it is difficult to locate exactly the 
outcrop of the major overthrust it is believed that the intricately folded 
strata occur west of it and that their structures are a resultant of the 
thrusting along the fault plane which in this locality is relatively close to 
the surface. Several wells have been drilled in Highwood area, but at a 
considerable distance west of the outcrop of the major overthrust under
lying the structure and for this reason the fault has not been encountered 
in drilling. 

The wells drilled on the Highwood structure are as follows: 

Well L.B. Sec. Tp. Range Mer. Depth H orizon reached 
Feet 

---------

Alberta Associated . ...... 5 7 16 2 5 2,860 Blairmore 
Western Alberta No. 1 .... 11 7 17 2 5 3,878 Palwozoic limestone 
Banner Oils No. 1. ....... . 6 34 17 2 5 630 Alberta shale 
H.B. Oil and Gas Co. 

No.1. .. . .. . . . . .... . . . 8 1 18 3 5 4,087 Palwozoic limestone 
Highwood Imperial No. l' 3 36 18 3 5 4,525 Palwozoic limestone 
Northwest C and E ..... . . 8 35 18 3 5 3,315 Palwozoic limestone 
Warner No. 31 ... .. . . ..... 3 28 18 3 5 2,800 Blairmore 
Cal. Dev. and Prod . No. 1 . .. ... 21 19 3 5 5,010 Palwozoic limestone 

lHighwood Imperial No. 1 well l\fter penetrating a relatively small amount of limestone passed 
through a fault into higher stratigraphic beds and was abandoned at a depth of 4,525 feet. 

2 Warner Nos. 1 and 2 were abandoned on account of drilling difficulties. 
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The stratigraphy of this area is shown by the log of Northwest C and 
E well 1 on L.S. 8, Sec. 35, Tp. 18, Range 3. 

m~tig ..... :::::::::::::::::::::::::::::::::::::::::::::::::::::::: :: : : : 
Blairmore 

Greenish grey shale and sandstone .. ... .. ............ . .... ..... .. .. . 
Maroon and green shale .. . ... . ...... .... ............... . .......... . 
Greenish grey shale with some sandstone ... .......... ......... .. . . . 
Grey sandstone ........ ..... .. ... . ... . .. .. . . ....... . . ... .... ...... . 
Greenish grey shale ... . .... . ... . ........ .. ....... . ........... . .... . 
Grey sandstone . . ........ . ......... . . . .......... . .... .. .... . ...... . 
Greenish grey shale .. . .................................. . . . . ...... . 
Coarse sandstone . ......... . . ... .. . .. . ......... ... .. . ....... . ..... . 
Grey shale ... . ................ . ................ .. .. . ......... . . .. . 
Greenish grey shale with coal 610--020 feet ............... . ... . ..... . 
Dark grey and greenish shale . . ... ....... ....... . ................. . 
Fine-grained, greenish sandstone and shale .................. . . ... . . . 
Sandy shale ........................ ....... ...... ... .... . ......... . 
G~e:l'., calcareous sandstone with some ironstone .............. . .... . 
Missing .. ........................ . ...... . ... .... ... ............... . 
Grey sandstone . . . ........ ... .. . . .. ..... . ... . ... . . .. .. . ........... . 
Dark grey shale ... . ... . . . .. . .. . ..... . ............ .. .. . ........... . 
Light grey sandstone ............ ... . ............ ..... . . . . . ....... . . 
Dark grey shale ................................... . ... . . .. .. . . .. . . 
Grey sandstone .............. .. . . . . . . . ..... ... .. . . ... . ............ . 
Dark grey shale and ironstone . .. ......... .... ........ . ........ .... . 
White, siliceous sandstone and calcareous sandstone "Crooked hole 

sandstone"? ..... .... ......................................... . 
Grey, calcareous shale with lime fragments ............... . . . ... . . . 
Light grey sandstone . .... .............. . ... . . . .................... . 
Sandy, light grey shale ........................................... . 
Calcareous, light grey sandstone ........ .. ..... . ................ .. . . 
Calcareous, sandy shale ... ...... . . . .. . . . ... . ....... . ........ . ..... . 
Black shale with lime bands ........... . . . ..... .. .. . . . .. . ... . ..... . 
Fine-grained, calcareous sandstone .... . . .. ...... . . . .. .... .......... . 
Dark grey shale ... .. . .... . . .. .. ... . ...... .... ..... . ...... .. .. . . . . . 
Light grey, calcareous sandstone ..... ... . . ........................ . 
Black shale ......................... . . . . ....... . . ..... . ...... . .... . 
Shales with brown, calcareous fragments (fossils) ..... .. ........... . 
Black and grey shale with sandstone ...... . ............... . .. .. . . . . 
Calcareous, black shale with pyrites ...... .. .......... ....... . . .. . . . 
Dark grey to black shale .. . .... . ........... . . . . . . . ..... . ......... . 
Coarse, dark sandstone with dark shale .............. ... . 
Dark grey, calcareous shale and sandstone . .. ... ... .. . . . ...... . .... . 
White, quartzitic sand stone and dark shale ... .. ...... . .. ........ . . . 
Dark grey sandstone with dark shale ........ ...... ... . . . . ......... . 
Conglomeratic, coarse grey sandstone . .... . ..... . . . . . ... .......... . 
Dark grey, sandy shale ...................... . ............ . ...... . . 
Coarse and conglomeratic sandstone ....... . .. .. ...... . . . . . . . . . .... . 

Kootenay 
Sandstone and dark, carbonaceous shale ....... . . . ... .. ............ . 
Black and brownish shale . .......... .. ...... . .................. . .. . 
Black and grey shale and fine-grained sandstone .. ...... . ........ .. . 
Black shale, micaceous and carbonaceous ................... . ...... . 
Brown sandstone with shale .................. . ...... . .... ... ...... . 

Fernie 
This is the approximate base of the Kootenay 

Brown, granular sandstone with some glauconite ................. .. . 
This is the "brown sand" 

Very coarse, conglomeratic, grey sandstone .... ........ . .... .. ..... . 
Granular, brown sandstone, glauconite .... .... ...... .. . . . . . . . . .. .. . . 
Shaly sandstone and brownish to black shale . ... .. ........ .. ... ... . 
Grey to black shale with pyrites and glauconites .. . ....... ... ..... . 
Grey and black shale, pyrites, and glauconite abundant from 

2,235-2,250 feet ..... ... ................................ .. .... . 

Thickness 
F eet 

30 
10 

50 
20 
90 
60 

150 
10 
30 
20 
50 

260 
170 
20 
20 
50 
40 
30 
10 
60 
30 
10 

110 

50 
70 
60 
95 
25 
35 
30 
35 
20 
10 
20 
5 

30 
20 
45 
25 
25 
10 
20 
5 
5 

10 

5 
10 
15 
35 
10 

55 

10 
35 
5 

60 

55 

Depth 
Feet 

30 
40 

90 
110 
200 
260 
,no 
420 
450 
470 
520 
780 
950 
970 
990 

1,040 
1,080 
1,110 
1, 120 
1, 180 
1,210 
1,220 
1,330 

1,380 
1,450 
1,510 
1,605 
1,630 
1,665 
1,695 
1, 730 
1, 750 
1, 760 
1, 780 
1, 785 
1,815 
1,835 
1,880 
1,905 
1,930 
1,940 
1,960 
1, 965 
1,970 
1,980 

1,985 
1,995 
2,010 
2,045 
2,055 

2,110 

2, 120 
2,155 
2,160 
2,220 

2,275 

I. Summary of log compiled by J. G. Spratt. Published by permission of Imperial Oil Co •• LW. 
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------------------------- ---
Ferni~onc. 

Dark shale with glauconite 2,285-2, 295 feet .... . .... . . . . ... . . .... . . . 
Brown limestone band and dark shale . .. ... . .. . ... . .............. . . 
Dark shale-belemnites at 2, 360 feet ....... . .. . ............ . ..... . . 
Buff limestone and sandy shale . .. .. ... .. . .... . .. ... ... . . . . . . ... ... . 
Black shale with shaly limestone fragments . .. .. .. ... .. ... . . .. .... . 

This is approximately the base of the Fernie and the top of 
the Palreozoic limestone. 

Palreozoic 
Light brown to grey limestone .... .. .. . .... . . . .. . ....... . . . .. .. .. . . 
Dark grey limestone ...... .. . ........ . .............. .. .. . . . .. . .... . 
Light buff limestone with chert . .... . . . . ... . . . . . .... . ... . . . . .. .. .. . 
Light grey limestone .... ... .. . ... . ...... ... .. . . . ... ...... . ..... . .. . 

Thickness D epth 
Feet Feet 

35 2,310 
10 2, 320 

130 2,450 
20 2,470 
24 2,494 

26 2,520 
10 2,530 
15 2,545 
45 2,590 

A small amount of oil was encountered at 2,535 feet, but not in suffi
cient quantity to be of commercial value. 

FISHER CREEK STRUCTURE 

References: Hume, G. S. : Geol. Surv., Canada, Sum. Rept. 1929, pt. B; 1931, pt. B; 
Maps 258 A, 263 A, 264 A, Blue print on scale 10 inches= 1 mile (1931) . 

The Fisher Creek structure lies 12 miles west and slightly north of 
the north end of Turner Valley in Tp. 21, Range 4, W. 5th Mer. Within 
it is a large area of Blairmore strata and on the east side of Fisher 
Mountain a small area of Kootenay strata comprising the oldest rocks 
anywhere exposed on the Highwood-Jumpingpound anticline. The topo
graphy of the area is rather rugged for this part of the foothills, Fisher 
Mountain having an elevation of 5,000 feet and rising nearly 700 feet 
above the adjoining valleys. This topography results from differential 
erosion, the high hills within the area being capped by the harder and 
more resistant strata which in this particular area are mainly Blairmore 
sandstones. 

The structure is bounded on the east by an overthrust fault which at 
its maximum displacement thrusts Kootenay strata eastwards onto Alberta 
("Benton ") shales, thus indicating a stratigraphic break of possibly as 
much as 2,500 feet. It is suspected that the Alberta ("Benton ") shales 
east of the fault have a west dip only slightly greater than the dip of the 
fault plane, and as in the case of other faults of this type, that is, faults 
that approach bedding plane faults, the total displacement along the fault 
is probably many times the stratigraphic displacement. Within the struc
ture are a number of eastward dipping faults along which the west sides 
have moved downward relative to the east sides. If, as assumed, the 
pressure causing these faults is from the west, the faults are underthrusts. 
The underthrusts probably originate where the underlying overthrust 
changes from a fairly steep dipping fault at and near the surface to a 
fault with a much lower dip at depth. West of the underthrusts are a 
number of overthrusts that are assumed to be steep dipping throughout 
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and to join the main overthrust at depth. These faults break the structure 
into a series of fault blocks, but in nearly every case the displacement 
along these faults is relatively small, that is, never more than a few hun
dred feet. The dip of the strata in the Fisher Creek structure is more 
gentle than in some other foothills structures of a similar type and on the 
west side, where Alberta shales overlie the Blairmore, the dip averages 
50 to 55 degrees. 

One well drilled by Cottonbelt Mining Company on Sec. 21, Tp. 21, 
Range 4, has tested this structure. The log of this well is as follows: 

Thickness Depth 
Feet Feet 

Surface materials . ... . . .... . ..... ... ........ .. . .. .. . • .. ..•.. . ...... 80 80 
Blairmore 

Greenish grey sandstone ...... . .... . ...... ..... .. ..... ... ......... . 
Green and dark grey shale with traces of maroon shale ............ . 
Sandstone and greenish shale ....... ......... ..... ........ ...... ... . 
Greenish shale with sandstone. Water reported at 201 feet. Drilling 

60 140 
10 150 
10 160 

difficulties resulted in this well and the derrick was skidded 10 
feet and a new hole started .... ... .. ...................... . .... . 80 240 

Greenish grey shale and shaly sandstone ... . ........ . ..... ... ..... . 100 340 
Sandstone carrying water at 345 feet ........................ . . .. ... . 
Greenish grey shale .. .. . .. .. . ................ ....... .. . ... . ....... . 
Light green-grey shale ... .. . ...................... . . . ... . ....... . . . 

20 360 
80 440 
50 490 

Light grey sandstone with artesian water at 485 feet ..... .. .. . . .. . . . 
Green-grey shale . . ... ...... .. ......... .. .............. ..... . ...... . 
Light grey sandstone and sandy shale .. . . ................. . ... . .. .. 

50 540 
60 600 
70 670 

Light grey sandstone with some shale . . . . ...... . . . ...... . . . ....... . 
Greenish grey, sandy shale .. ................ . ............•........ . 
Grey sandstone with some shale ..... .. .. ... . . .... ..... . .......... . 

80 750 
290 1,040 
20 1,060 

Greenish grey shale .. ... .... ..... .. ... . . ..... ... .. . . . .... . .. .. .... . 
Grey sandstone and shale ................•....... . .. • .... • ... ... ... 

100 1, 160 
20 1, 180 

Greenish grey shale ........... .. ... . . . . . ... . .......... .... .......•. 
Green sandstone and shale .. . .. .. . . .. .. .. . .. . ............ .. . . . . .. . . 

160 1,340 
50 1,390 

Greenish grey shale .... ........ . ....... . ..... .. ... . ... .. . . . . ... . . . . 10 1,400 
Dark brownish shale ...... . .... . . . .•................. . . .. .. . . .. . .. 10 1,410 
Dark grey shale .. .. ... ..... . .......•.. . .... • ...... . . .. ..... . ...... 
Yellow, siliceous sandstone ..... ...... ......... . ... ... . . ... . ... . . .. . 

50 1,460 
10 1,470 

Dark grey shale ............................... . . .. . ........ .. .. . . . 20 1,490 
Siliceous, white and yellowish sandstone . ...... . ........... ... ... .. . 
Dark grey shale and sandstone ....... . .. .................. ... ... . . 
White, siliceous sandstone underlain by coal. This is the "Crooked 

2 1,492 
5 1,497 

hole sandstone." It probably begins a t 1,493 feet .... ... ... ... . 5 1,502 
Dark, sandy shale, partly ~.alcareous ... .. ................. . ... . ... . 
Grey sandstone, calcareous.. ... . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . 

50 1,552 
25 1,577 

Dark, sandy shale becoming brownish . ..........•.......•.. . . . . ... 
Brownish, limy bands and shales ....... ... ..... .. ............. . ... . 

40 1,617 
25 1,642 

Dark to brownish shales , calcareous ...... .. .. . ...... . .......... . . . . 105 l, 747 
Grey sandstone with brownish shales, limy .... . ... . ... . ... . ... ... . 60 1,807 
Black shales, calcareous ............. . .. ..... . . . ... ... . ..... . ...... . 10 1,817 
Dark grey to brownish, siliceous and calcareous shales . ... . . .. . . . . . 
Brown, siliceous limestone and calcareous sandstone . . . ....... ...... . 

350 2, 167 
70 2,237 

White, siliceous sandstone ........................ ... ........... . .. . 28 2,265 
Kootenay 

Coal and eoaly shales ... .... ... .. .. ............ . . . . . . ............. . 22 2,287 
Brownish black sha les ......... . .... .. .. .... . . .. ...... .... ...... . . . 40 2,327 
Coal, and coaly shales ....... . . . . . . . ................ . ......... . . .. . 
Brown shales ................. .... . . . .. .... ... .........•.... . .. • . .. 

20 2,347 
20 2,367 

Coal, and coaly shale .. . ............ .. ................. •. ......... . 
Brown shales ......... . ... . . ...... . ... . .. . ... ..... . .. . ....... ... .. . 

10 2,377 
20 2,397 

Grey sandstone and brown shales ..................... . . ........... . 
Brownish, sandy shales .. ..... .. .. ..... . . . ..... .. .•...... . ........• 
Brown and black shale and coal. ..... .. .... .. . . . .. .. ... . ........ . . . 

20 2,417 
143 2,560 
10 2,570 

Coal, and black, carbonaceous shale ......... . . ....... . . . . .. ....... . 70 2,640 
Black shale and coal.. .. .. . .... ..... ... ..... .............. . ....... . 40 2,680 

Fault 
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Thickness Depth 
Feet Feet 

Belly River 
Grey sandstone and dark shale ....... ... ... ................ . ...... . 10 2,690 

40 2, 730 
20 2,750 
50 2,800 
30 2,830 
50 2,880 

Dark greenish shale and sandstone ................................ . 
Light grey sandstone and dark greenish shale ...................... . 
Dark greenish shale and sandstone ..... . . . .... .... ... ... ... ..... . . . 
Light grey sandstone and greenish shale .. .. ... . .. ....... . ......... . 
Dark greenish shale . ........ . .. ... .... .. ..... . .................... . 

10 2,890 
50 2,940 
60 3,000 

Light grey sandstone and greenish shale ........................... . 
Dark green, sandy shale and sandstone .... ... .. . . ................. . 
Dark greenish shale .............................................. . 
Light grey sandstone and greenish shale ... ........ ... .. .. ... .. .... . 70 3,070 

As is shown by the log the Cottonbelt No. 1 well encountered a fault 
at about 2,680 feet, at which depth Kootenay strata are overthrust onto 
Belly River sandstones and shales. This fault is apparently a low-angle 
fault underlying the structure. It is inferred to occur on the east side of the 
structure in Sees. 15 and 22, Tp. 21, Range 4, W. 5th Mer., but is not the 
northwestward continuation of the low-angle fault assumed to be present 
under Highwood area. The Fisher Creek structure must, therefore, be 
regarded as a slice overlying the main Highwood-Jumpingpound structure, 
below which the limestone must be at a relatively great depth. As already 
stated, Kootenay strata occur on the east side of Fisher Creek area, above 
the outcrop of the low-angle fault. As no horizons lower than Kootenay 
were encountered in the well it is very probable that the fault follows this 
horizon for some distance and hence the occurrence at any point in the 
structure of Palreozoic limestone above the low-angle fault is unlikely. This 
conclusion, if true, completely eliminates the Fisher Creek structure as a 
possible producer of oil and gas, since productive horizons are not contained 
in the favourable surface structure. 

BIRCH RIDGE STRUCTURE 

References: Hume, G. S.: G€ol. Surv., Canada, Sum. Repts. 1931 and 11932, pt. B. 
Geol. Surv., Canada, Maps 258 A, 264 A, and 265 A. 

The Birch Ridge structure is a westward dipping fault block. It is 
named from a prominent hill included in the area and known locally as 
Birch Ridge. The centre of the structure exposes Blairmore strata that can 
be traoed from south of Whisky Creek in Sec. 31, Tp. 21, Range 4, almost 
to Elbow River in Sec. 2, Tp. 23, Range 5. As a result of detailed work 
carried out in 1932 some corrections to Maps 258 A and 265 A are necessary. 
These maps show the Blairmore extending only to Sec. 25, Tp. 22, Range 5, 
but owing to an error of identification of one outcrop it is now known that 
this Blairmore area extends about 1 mile farther north. The Blairmore 
strata -0f the Birch Ridge structure are bounded on the east side by a thrust 
fault along which they are overthrust onto Alberta (" Benton ") shales at 
about the horizon of the Cardium sandstone. As the strata close to the 
fault have a steep dip it is assumed that the dip of the fault plane is also 
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steep and there is no evidence to show that this condition changes at depth. 
It was formerly thought that this fault died out along a northwest direction 
and passed into a simple anticline as shown on Map 265 A. The re-inter
pretation of the north end of the structure, where there are few outcrops 
except on Elbow River, indicates that the fault persists at least as far north 
as Elbow River and that the anticlinal structure shown by the Cardium 
band on Map 265 A is east of the fault which here thrusts Lower Alberta 
shales against the anticline. The plunge of the Birch Ridge structure at the 
north end is indicated by an outcrop of Blairmore east of the centre of 
Section 2 and the outcrop of Lower Alberta shales on Elbow River farther 
north along the strike. 

The only well drilled on the Birch Ridge structure is that of Elbow 
Oils, Limited, on Sec. 35, Tp. 22, Range 5. This well was drilled on the 
west flank of the structure and apparently encountered some faulting in the 
Lower Alberta shales as the top of the Blairmore was not reached until a 
depth of 2,220 feet had been made. There is no evidence to indicate any 
other faults between the top of the Blairmore and the top of the Palreozoic 
limestone and hence the Elbow well when completed will be a test of the 
Birch Ridge structure. In the south part of the structure it is believed the 
Lower Alberta shales are unfaulted and hence slightly less drilling depths 
would be required than at the Elbow well . In the south end of the '3tructure 
there is one gas seepage issuing from a spring in the Lower Alberta shales. 

TWO PINE ANTICLINE 

References: Hume, G. &. : Gool. Surv., Canada, Sum. Rept. 1927, pt. B.; 11931, pt. B. 
Geol. Surv., Canada, Maps 258 A, 26.5 A. 

The Two Pine anticline lies between Elbow River at Bragg Creek 
post office and Jumpingpound Creek. It is 4-t miles long and 1 mile wide. 
Blairmore strata outcrop over the axial part of the anticline where, as in the 
Fisher Creek structure, certain, hard, sandstone beds that relatively are 
more resistant to erosion than the surrounding strata form hills and ridges 
rising to a maximum elevation of 5,000 feet and giving a relief of several 
hundreds of feet. The anticlinal nature of the fold is well shown on Elbow 
River where the Blairmore is bounded on the east and west by Lower 
Alberta ("Benton") shales dipping, respectively, east and west. East of 
the structure, Upper Arberta ("Benton") shales are thrust along a major 
overthrust fault onto strata that are Edmonton or belong to the top of the 
Belly River formation. This fault, like the fault east of the Fisher Creek 
structure, i's apparently steeply dipping at the surface, since its outcrop 
seems to follow a fairly straight line regardless of topography. It is 
suspected, however, that as there is a wide zone of disturbed strata with 
many repetitions of the Cardium band, to the west of the fault outcrop, 
and as there are a number of underthrust faults within the structure, that 
the major overthrust changes to a less steeply inclined fault at depth. As 
has been previously pointed out (Hume, 1932, page 53 B) the underthrusts 
are thought to originate in the zone of maximum concavity of the major 
overthrust and either to join or to die out before reaching it. Other over
thrusts occur in the Two Pine anticline, but these are considered to be 
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steeply inclined throughout and to be subsidiary to, and to join, the main 
overthrust at depth. The strata within the Two Pine anticline are more 
steeply inclined than in the Fisher Creek structure, a condition that appears 
to be due to more severe compression. Three wells were drilled in the 
vicinity of the Two Pine structure in 1914, but none of these reached a 
depth sufficient to give conclusive results, although " shows " of oil were 
reported. Recent activities have centred around the drilling of Graystone 
No. 1 (Signal Hill No. 2) well located on the west flank of the Two Pine 
anticline. 

The wells are as follows. 

- Sec. Tp. Range Mer. Depth Horizon reached 
F eet 

Moose Mountain No. 1 . ..... . . ... 34 23 5 5 2,410 Blairmore 
Moose Mountain No. 2 ....... . ... 34 23 5 5 1,350 Alberta shale 
Graystone No. I ............... . . 34 23 5 5 Drilling Blairmore 

According tJo Slipper (1921, page 34), Moose Mountain No. 1 well 
obtained a small quantity of petroleum in upper Blairmore sandstones at a 
depth of 1,602 feet. The oil had a gravity of 45 to 47 degrees Baume. 
The well was torpedoed and as no increase in oil was obtained it was 
abandoned. 

The log of Graystone No. 1 well to the depth reached in 1932 is as 
follows. 

Alberta shale 
Dark grey, sandy shale to .. ........ . . . . . . . ... . . . . . . . .... .. ... . .... . 
Dark grey shale, sandstone, a nd sandy shale with gas reported at 

290 to 295, 360 to 370, 530 to 540, 590 t o 675, and slight amount of 
water at 775-800 feet ... . . . .. ... ... ........... . ..... .. ..... . . . . . 

Dark grey shale with few quartz pebbles ........... . .............. . 
Dark shale with some sandy beds with a little water at 1,235 and an 

oil show at 1,350 feet ............................. . . . . . . ... .... . 
Grit .. .... ................. . . . ..... . ........ . . .. . . . ... ... . . ... . . . . . 

Blairmore 
Grey sandstone ............................................. . . ... . . 
Mostly grey shale with some sandstone .............. . ..... . . . . . . . . . 
Greenish and purplish shale and some sandstone ....... . . .. ... . .... . 
Greenish shale with some sandstone ................. . . .. .. ... . . . .. . 
Light grey sandstone with pyrites .... .. . ... . .. . ... . . . ........... . . . 
Greenish grey shale .. .... .............. ..... ..... . ................ . 
Green and maroon shale ................... . .. . ........ . ....... . ... . 
Grey shale .......... .. .. .. . . . . ...... . ..... . ........ . .. . . . . . . . ..... . 
Fine-grained, grey sandstone . ............... . . . . ... . . .... .... . . . . . . 
Dark grey shale .. . . ....... ............... •............. ...... ..... 
Fine-grained sandstone and grey shale .. . ......... ........ ... .. ... . . 
Dark green, sandy shale ....... ... ... .... ... ... ........ . ....... . .. . 
Greenish grey sandstone and shale ............. . ...... .. .. . . . . . .... . 
Greenish grey shale with some sandst one .. ... .......... . .... . ..... . 
Dark grey sandstone with interbedded shale .... ..•.... . ..•....... . 
Sandy, greenish grey shale ................ . . . . ... ..... . . . . . ....... . 
Shaly sandstone . .. .. .. .............. . ............ .. . . . . ...... . .. . . 

Thickness D epth 
F eet Feet 

685 

405 1,090 
10 1, 100 

650 1,750 
10 1, 760 

10 1,770 
75 1,845 
15 1,860 
20 1,880 
70 1,950 
20 1,970 
30 2, 000 
80 2,080 
10 2,090 
70 2,160 
20 2,180 
30 2,210 
20 2,230 
50 2,280 
50 2,330 
30 2,360 
10 2,370 
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Thickness Depth 
Feet Feet 

Blairmore (Cone.) 
20 2,390 
30 2,420 
10 2,430 

Sandy, greenish grey shale. . . . . . . . . . . . . . . . . . . . . . . .......... . ... . 
Greenish grey, shaly sandstone........ . ... . ............... . 
Fine-grained, grey sandstone... . . . . . . . . . . . . ........ . 

70 2,500 
20 2,520 
20 2,540 
30 2,570 

100 2,670 
30 2, 700 

Dark grey, sandy shale, traces of plants .............. ............. . 
Fine-grained, grey sandstone. Oil reported at 2,520 feet ............ . 
Dark, carbonaceous shale, badly sheared ......... . ..... . ......... . . 
Greenish grey shale .......... . .............. ...................... . 
Greenish grey sandstone and shales ........... . ... . ..... . . . . . ... . .. . 
Dark grey shale with coal. .............. ... ... .... . . .... .. ... ..... . 
Dark grey shale with some sandstone ........ . . ....... . ... . ..... .. . 100 2,800 

10 2,810 
30 2,840 
40 2,880 
60 2,940 

Dark, carbonaceous shale ........... . ... . ....... ..... .. .... ....... . 
Grey, fine-grained sandstone .. . . . . . . . ....................... . ... .. . 
Black, carbonaceous shale with coal. ............................. .. 
Fine-grained sandstone .................. • ....•...............•..... 
Dark shale with a little coal. ........... . .. . .. ... .. . .. . .... .. .. ... . 20 2,960 
Missing .. .. . ........................... ... . . ... . .... ... ..... ... ... . 70 3,030 

100 3, 130 
30 3,160 
20 3,180 
30 3,210 

110 3,320 
80 3,400 
90 3,490 

Dark grey shale with some sandstone .... . ..... . . ........ . ....... . . 
Grey, fine-grained sandstone .. .. ................................. .. 
Dark grey shale with sandstone ........ ........ .. .... . . .. .... . . .. . . 
Grey sandstone with shale .................. ... ....... . . ... . . ... . . . 
Grey to greenish shale and sandstone .............. . ... . ... . ....... . 
Grey, fine-grained sandstone .... ... ............ . ...... ....... ... .. . 
Grey sandstone and shale ..... ... ................................. . 

60 3,550 
40 3,590 

130 3, 720 
40 3, 760 

135 3,895 
10 3,905 
5 3,910 

70 3,980 
30 4,010 
60 4,070 

Dark grey, sandy shale . . ............... . ..... . ..... . •............ . 
Dary grey, shaly sandstone ....................................... . 
Dark grey shale with some sandstone ........ . . . . . .. ... . . . . ..... . . . 
Grey, calcareous sandstone ........................................ . 
Grey to black shale ............................. • ....... • ....... • .. 
Sandy, brown limestone. . . . . . . . . . . . . . . . . . . . . . . ........ . ........ . 
Grey, sandy shale and limy sandstone ....... . ....... . . ... ...... . . . . 
Dark shale, partly calcareous ........... . ... .. ............. . ..... . 
Brownish, limy sandstone and sandy limestone .......... . . . . ...... . 
Dark shale, sandy and calcareous ..... ... ... . .. ...... .. .. . .. . ..... . 

Some gas was encountered in this well in the Alberta shales and small 
amounts of oil were reported from the Blairmore at depths of 1,350, 3,905, 
and 4,120 feet. 

WAITE VALLEY STRUCTURE 

References: Hume, G. S.: Geol. Surv., Canada, Sum. Rept. 1929, pt. B; Geol. Surv., 
Canada, M aps 257 A and 262 A. 

Waite Valley lies north of Sheep River and south of Fisher Creek 
area in Tp. 20, Ranges 3 and 4, W. 5th Mer. It is low topographically 
because it is mainly underlain by Alberta ("Benton") shales which are 
much more easily eroded than the Blairmore strata that outcrop in Fisher 
Creek area to the north and in the hills north and south of Highwood 
River to the south. The strata underlying Waite Valley, although anti
clinal, form in reality a low, structural area into which the strata plunge 
downwards at the two ends. A tongue of Blairmore projects northwards 
from the south end and extends as far north as Sec. 6, Tp. 20, Range 3, 
in which section the Innerfold well was commenced. A narrow strip of 
Blairmore also occurs in the west part of Waite Valley south of Quirk 
Creek (See Map 262 A). 
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The following wells have been drilled in Waite Valley: 

-- L.S. Sec. Tp. Range Mer. Depth Horizon reached 
Feet 

---------

Brock No.1. . . ........... 2 35 20 3 5 3, 712 Alberta shale 
Richfield No. 1. .......... 4 25 20 3 5 4, 765 B lairmore 
Gibraltar No. 1. ....... ... 4 18 20 3 5 1,400 Alberta shale 
Innerfold No. 1 .. .... ... .. 2 6 20 3 5 4,295 Blairmore 
Angus No.1. . . ....... .. . . 5 33 19 3 5 3, 100 Blairmore 
Anglo-Pacific ............. 4 27 19 3 5 495 Alberta shale 

The logl of the Richfield well ls as follows: 

Thickness Depth 
Feet Feet 

No samples................................... ... .......... . . . . . . . . . . . . . . . . . . . . . . . . 40 

Cardium 
Grey, fine-grained sandstone and chert pebbles ............ .. .. .. .. . 
Sandy shale .... ............... ... ................. .... ... .. ... . . .. . 
Grey sandstone-chert pebbles ................ .. ....... . . . ....... . . 

Lower Alberta ("Benton") shale 
Grey to black shale, in part sandy, with glauconite at 3,190 feet . ... . 
Grit bed at .................. .. ....... .......... .. ....... . ........ . 

Blairmore 
Grey, sandy shale and sandstone .......... . . .. ......... .. ....... .. . 
Medium-grained, grey sandstone ........ .. ...................... .. . . 
Grey to green shale, in part sandy ................................. . 
Green and maroon shale .. . ........... ... .. . ......... . ............ . 
Light grey sandstone with some shale .................... ... ...... . 
Dark greenish grey shale . ................ ... ..... .. ... ............ . 
Medium-grained, grey sandstone ....... ...... .... ..... . ......... ... . 
Green and maroon shale ............ ..... ....... .. ..... .. ... . ...... . 
Light green shale ..... . .. . . . ................... . .................. . 
Greenish grey sandstone ........................ . .... .... ...... .. . . 
Dark grey, sandy shale, trace of maroon shale . ..... .... ....... ... . . 
Medium-grained, grey sand stone . ... ... ... ....... . ........... ... ... . 
Greenish grey shale ... .. .......... . . . ............ . ........ ..... ... . 
Greenish and maroon shale . ....... .. . . . .. ....... .. ............ ... . . 
Dark greenish grey shale ....................... . .......... .. . . .... . 
Light grey sandstone with maroon and green shale ...... . .... . ..... . 
Light grey sandstone .... . . . .. . .......... . . .. ............ . ... .. .... . 
Light greenish and maroon shale .......................... . ....... . 

40 
70 
70 

3,250 

70 
10 
80 
50 
70 
80 
60 
50 
40 

100 
120 
20 
40 

160 
95 
5 

20 
120 

80 
150 
220 

3,470 
3,470 

3,540 
3,550 
3,630 
3,680 
3, 750 
3,830 
3,890 
3,960 
4,000 
4, 100 
4,220 
4,240 
4,280 
4,440 
4,535 
4,540 
4,560 
4,680 

1 Published' by permission of R ichfield Oil Company, Ltd. Summary of log compiled by J. G. Spratt. 

OIL PROSPECTS OF THE HIGHWOOD-JUMPINGPOUND ANTICLINE 

Oil and gas seepages occur at many places on the Highwood-Jumping
pound anticline and considerable volumes of gas with some oil have been 
found in a number of wells drilled. So far, however, only wells drilled 
within what has here been designated the Highwood anticlinal area have 
reached the Palreozoic limestone. In these wells, namely, Western Alberta 
No. 1, Hudson Bay Oil and Gas Company No. 1, Northwest C and E, and 
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Calgary Development and Production No. 1, shows of oil with some gas 
were encountered in the Palreozoic, but unfortunately in no well were these 
large enough to provide commercial production and salt water was present 
in every case. The wells have demonstrated, however, that at properly 
selected sites the Palreozoic limestone can be reached at reasonable depths 
and it is thought that, disappointing as the results have been, there remain 
untested areas that offer good opportunities for obtaining commercial yields 
of either gas or oil or both. 

The Highwood-Jumpingpound anticline evidently originated as a fold 
that was later faulted as compression proceeded. It is assumed that oil 
and gas were generated and began to concentrate in this .anticline in the 
early stages of compression, but it is not known to what extent the con
centration had proceeded before faulting occurred. In a fairly broad 
anticline the concentration of oil and gas might be expected to be relatively 
imperfect and if such an anticline were faulted it would be expected that 
each fault block would contain only such gas and oil as was present ill! 
it prior to the faulting, because the faults would act as barriers to 
migration. The result would be, therefore, that subsequent to faulting 
there would be only a rearrangement of the oil and gas in each fault block; 
little or no migration from one fault block to an adjoining block would 
take place. It is possible, therefore, that in the Highwood anticlinal area, 
where the original anticlinal structure was fairly broad, no f.ault block so 
far di'illed received a sufficient volume of oil or gas to give commercial 
production, but did receive sufficient to account for the shows of oil and 
gas obtained in the wells drilled. Not all of the wells that reached the top 
of the Palreozoic limestone were, however, located on the crest of the struc
ture in which they were drilled. Certain of these structures were, there
fore, not fully tested and may contain oil in commercial quantities because 
the shows of oil were of a very encouraiging nature. Other fault blocks 
may also be worthy of tests but at present it is impossible to reach any 
definite conclusions regarding them. 

If the above deductions in regard to the Highwood anticlinal area are 
correct it would be inferred that narrower parts of the Highwood-Jumping
pound anticline where concentration may have been more complete prior 
to faulting, offer still more favourable prospects. The Highwood-Jumping
pound anticline narrows northwestward and within this part are high, 
structural areas. Some of these may, however, be only superficial struc
tures, as drilling has proved to be the case in Fisher Creek area where, 
although the surface structure is high, it is cut off at depth by a low-angle 
fault passing above the Palreozoic limestone. The Two Pine anticline 
north of Elbow River is, so far as can be told, structurally similar to the 
Fisher Creek structure and its value will depend on whether areas 
of P.alreozoic limestone are present above the low-angle fault which 
undoubtedly underlies it. The Birch Ridge structure, also structurally high 
at the surface, is, so far as known, different from the Fisher Creek and 
Two Pine structures in that there is no evidence that it is underlain by 
a shallow, low-angle fault. The Birch Ridge structure is believed, there
fore, to be worthy of a test such as is being made by Elbow Oils south of 
Elbow River. Waite Valley seems to be definitely eliminated as an oil 
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and gas prospect, although the western part where a narrow strip of 
£.lairmore outcrops may be worthy of serious consideration should other 
more favourably situated parts of the Highwood-Jumpingpound anticline 
prove productive. 

At numerous places throughout the Highwood-Jumpingpound anti
cline seepages of gas and oil occur. In most of these cases the gas and 
oil can be definitely traced to either the Lower Alberta (" Benton ") shales 
or to the Blairmore formation. As there are some very bituminous, black 
shales in the lower part of the Lower Alberta shales some of this gas and 
oil may have been derived from this source. But this can hardly be true 
for seepages that issue from the Blairmore formation such as the large 
gas flows on Bull (Coal) Creek in the Highwood anticlinal area, the oil 
shows from the Blairmore formation on Highwood River, and the large 
gas seep from a Blairmore anticline in the north part of the Two Pine 
structure. The non-marine beds of the Blairmore formation can scarcely 
be regarded as probable sources of either oil or gas and the more likely 
source is Jurassic or Palreozoic beds. The seepages are regarded, there
fore, as indicating that large concentrations of oil and gas may be present 
in Jurassic or Palreozoic strata where structural conditions are favourable, 
porous reservoir rocks exist, and the cover is sufficiently thick. 

JUMPINGPOUND ANTICLINE 

Reference: Hume, G. S.: Geol. Surv., Canada, Map 277 A. 

The Jumpingpound anticline, locality 11, Figure 8, lies on the eastern 
edge of the foothills south of Bow River in Tps. 24 and 25, Ranges 4 and 
5. Jumpingpound Creek enters the anticlinal area from the southwest 
and flows for a number of miles along the strike passing eastward out of 
the antidinal area near its north end. The major structural features are 
believed to be similar to those of Turner Valley. Ridges of Belly River 
strata border the area as far south as the south boundary of Township 25. 
South of this there is a wide fiat with practically no outcrops other than 
those exposed along Jumpingpound Creek, but it is presumed the structure 
continues southeast for some distance but plunging southward. The anti
cline also plunges northward at the north end with the result that Lower 
Alberta (" Benton") shales are exposed in the central part of the anti
cline and are completely surrounded by Upper Alberta shales. The anti
cline, like that of Turner Valley, is broken by a number of thrust faul ts 
and is believed to be underlain by a low-angle thrust fault that outcrops 
east of the eastern flank of Belly River strata. This low-angle fault may 
be an extension of the fau1t that underlies Turner Valley 30 miles to tJhe 
southeast. The fault cont inues northwest from the Jumpingpound struc
ture to Bow River, north of which another fault a very short distance east 
becomes the low-angle fault under the eastern foothill s. Two wells drilled 
by the Imperial Oil Company, Limited, in the Jumpingpound anticlinal 
area, encountered the low-angle fault. The first, known as Bow River 
No. 1 well , on Sec. 12, Tp. 25, Range 5, passed through the fault at a 
surprisingly small depth and in consequence the structure is somewhat 
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difficult to interpret. The second well, Bow River No. 2, on Sec. 31, Tp. 
24, Range 4, encountered a small fault that repeated the top of the Blair
more, reached a sandstone that may possibly be the equivalent of the 
Dalhousie sand at 3,174 feet, passed out of the Fernie at 3,281 feet and 
there encountered what is presumed to be a low-angle fault below which 
carbonaceous sandstones and shales of probably Belly River age occurred. 
The logs 1 of the wells are as follows: 

Log of Imperial Jumpingpound Bow River No. 1 Well 

Drift ....... . .. ... ..... . ..... . .................................... . 

Upper Alberta shale 
Grey and dark shale ...... .. ... . ... . . . . . ............... . .......... . 

Cardium 
Grey sandstone . .. .................................. .. ........ . ... . 

Lower Alberta shale 
Grey and dark shale . .... ............... . .. ... ... . . ... . . . . ... . . . . . . 
At 1,680 feet the shales are slickensided and it is believed a fault was 

encountered. 

Belly River 
Grey sandstone and shale ; darker towards the base . . .......... . . . . . 

Upper Alberta shales 
Grey and dark shales ....................... . . . . . .. ............. . . . 
Grey sandstone . . ... . ... . ....... . ... . ....... .. ..... . . .. .. . ... .... . . 
Dark and grey shales with glauconite zone 3,700-3,710 feet ......... . 

Thickness 
Feet 

70 

170 

70 

1,370 

l, 790 

110 
50 

1,620 

Depth 
Feet 

70 

240 

310 

1,680 

3,470 

3,580 
3,630 
5,250 

The well finished in upper Alberta shale without reaching the Cardium 
sandstone. The glauconite zone at 3,700 to 3,710 feet is very prominent in 
the upper part of the Upper Alberta shales on Ghost River. 

Log of Imperial Jumpingpound-Bow River No. 2 Well 
(L.S. 11, Sec. 31, Tp. 24, Range 4, W. 5th Mer.) 

Lower Alberta shales 

Thickness 
Feet 

Grey to dark shales with some sandstones.... . ...... . ..... ... .... . . • 420 
Grit mixed with da,rk shale ............................ . ... . ...... . 

Blairmore 
Sandy shale .. . ............................................ . . . . ... . 
Coarse, grey , and fine sandstone . ............ ........ . ... . . . ....... . 
Dark grey to green shale ................. . ........... . ............ . 
Maroon and greenish shales ..... .. ... . . . ... .................... .... . 

g~~~!!~cf;;;;,~h-~l.es.' .' .' .': : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Light green and grey shale .. ...................................... . 

g~::~j~~ ~~=~ ~~fe8~~e: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
D ark grey shale ................. . ..... . . ......... . ...... .. .. . .... . 
Grey sandstone .. .. ...... . .................. . ....... . ............. . 
Missing-(fault) . ... . .......... . . . . . . . . . . . . . . . . . . . . . ............ . 

1 Published by permission of Imperial Oil Co., Ltd. 

6S3M-8 

10 

20 
30 
10 
10 
20 
30 
50 
20 
20 
10 
60 
10 

Depth 
Feet 

420 
430 

450 
480 
490 
500 
520 
550 
600 
620 
640 
650 
710 
720 
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Log of Imperial Jumpingpound-Bow River No. 2 Well 
(L.S. 11, Sec. 31, Tp. 24, Range 4, W. 5th Mer.)-Concluded 

Lower Alberta shales 
Grey shales ... . ........... . .... . . .. ............. .. ... .. .. . ........ . 
Grit . ..................... . .................. ....... ... .. ........ .. 

Blairmore 
Dark grey to green shale, sandy ....... . ......... .... . ... ...... ... . . 
Maroon and greenish shales .... ... .. .. . . .................... . ...... . 
Dark grey and green shale .................... ..... . .. .. . . . . ...... . 
Grey sandstone .. . .......... . ...... ...... . ..... ... . ...... . . . . . .. . . . 
Dark green, pasty, sandy shale ... . ......................... . . . . . .. . 
Grey sandstone ...... . .. . ................ . . . .. . ...... . . . . . . ....... . 
S8'.nd.Y shale and sandstone .. .. .......... . ... ................. . .. . . . 
M1SSlllg ................. . ........ . . . . . . · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Grey sandstone .................. ... . ....... ............ ....... . . . . 
Dark grey shale ................... . ............ ... ............... . 
Grey sandstone .. .................. . ..... .. ...... . ..... ... . . ...... . 
Grey and green shale, partly sandy ........ ... . ... ...... ... . . ... . .. . 
Dark green, sandy shale, trace of maroon shale ...... .. ............ . 
Green shale ............... . . . ............... . .......... .. ......... . 
Green and purple shale . .... . ................... ... .. ..... ..... .. .. . 
Green and grey shale . . .................... .. ... . . .. . . . . .. .... .... . . 
Greenish grey shale and shaly sandstone . .. ...... ................ .. . 
Greenish grey sandstone .... . .... . . . ............................. . . . 
Greenish grey sandstone with coal. .............................. .. . 
Black, carbonaceous shale and coal. .. . ....... ... .................. . 
Greenish grey sandstone .. ....... . ............. . .. . .. .. . ..... .... . . 
Sandy, grey shale .... ......... .. .. . ... . .... ...... .. . ... . . . .. .. . . . . . 
Grey sandstone ............... . ....... . ........ . ... .... . . . . . ...... . 
Dark greenish shale . ................... .. . . ... ......... . . . . . ...... . 
Sandy, green shale with trace of coal.. .... . ... .. ..... ... ......... . . 
Greenish grey sandstone ................ . . . ..... . . . .. . .... .... ... . . 
Dark grey to green, sandy shale ............. . . . . . . . . ............ . . . 
Grey sandstone ..... ... .... ... . . . . . . . . ...... ............... ..... .. . 
Dark greenish grey shale . .... . ... . . . . ..... .... . .... . ...... .. .. . ... . 
Grey sandstone . .. . . . . .. .. ... ...... . ... ... ... ... . . ... .. .. . .... .... . 
Dark greenish grey shale .......... ... .. . ... . . . .. ...... . ........... . 
Dark greenish grey shale with sandstone . .... .. ... ...... .. ...... .. . 
Dark greenish grey shale ................. . ... . ..... . .. ............ . 

g~::~i:~ ~~:~ :~1:.~~~:: " ........ ::::::: :: :: ::::::::::::::::::::::::: 
Dark grey shale and brownish lime fragments .. . .......... .. . ..... . 
Sandy, dark grey shale . .......... ... .. . ..................... .. .... . 
Limy, grey sandstone . . .... . ... . . . . . .................. . .......... . . 
Light grey, limy sandstone and shale .... . ... . . ..... . . . . . . . . . . . . .. . . 
Grey sandstone . ... .. . ......................... . . . ..... . .......... . 
Dark grey, calcareous shale, sandy .......... . . . .................. . . 
Dark grey, calcareous shale and sandstone .... . .................... . 
Light grey to dark grey sandstone ... . . .. .......... . ............... . 
Dark grey, sandy shale ... . . . ................... . .... ... ... ... .. . . . 
Dark grey sandstone . .. ............. . ... . ...... . ......... . ...... . . . 
Sandy shale and sandstone .... ..... ..... .. . . ... . ....... .. ......... . 
Grey sandstone-"Dalhousie sand?" ... .. . ........................ . 

It is not certain that this is the Dalhousie sand. If so the Koo
tenay is very thin. 

Kootenay (?) 
Sandy, dark grey shale and sandstone . . . . ...... . ..... .... ..... . . . . . 

Fernie 

Thicknesa 
Feet 

50 
10 

30 
10 
10 
30 
90 
50 
10 
10 
50 
20 
20 
90 
40 
50 
20 

250 
100 
120 

10 
30 
60 
10 
20 
10 
30 
20 

140 
10 
10 
20 

130 
20 

210 
20 
80 

3 
83 

4 
22 
4 

48 
71 
70 
30 
15 
74 
22 

14 

Brown and dark grey sandstone... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
Grey sandstone and dark shales.. . ...... .. ........... . .. . ......... . 29 
Fault at .. . . .. . . ........ . . . ... . .. .. . ... .. .. . . ..... . . . ........ . . . ............. . 

B elly ~iv.er 
M1ssl1lg ...... ........................ · ·· ·· ·· · · ···· · · ···· · · · · ··· · · ·· 
Light grey sandstones, dark shales with carbonaceous materials .... 

22 
221 

Depth 
Feet 

770 
780 

810 
820 
830 
860 
950 

1,000 
1,010 
1,020 
1,070 
1,090 
l, 110 
1,200 
1,240 
1, 290 
1,310 
1,560 
1,660 
1, 780 
1, 790 
1,820 
1,880 
1,890 
1,910 
1,920 
1,950 
2,010 
2,150 
2, 160 
2, 170 
2, 190 
2,320 
2,340 
2,550 
2,570 
2,650 
2,653 
2, 736 
2, 740 
2, 762 
2, 766 
2,814 
2,885 
2,955 
2,985 
3,000 
3, 174 
3, 196 

3,210 

3,252 
3,281 
:;,281 

3,303 
3,524 
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Apparently only the west side of the Jumpingpound anticline has any 
prospective value and this is oonditional on the presence of Palreozoic 
limestone within the anticline. There is still some doubt as to whether 
in structures of this type any considerable body of Palreozoic limestone is 
involved in the folding above the low-angle faults. If the rate of dip of 
the strata as 'Observed at the surface over the western part of the anti
clinal area continues in depth, the plane of the low-angle fault would 
intersect these beds and no Palreozoic limestone could be present except 
possibly in the form of an isolated mass in the central part of the anti
cline. If, however, the strata on the west flank sufficiently flatten in dip 
with depth, continuous beds of Palreozoic limestone could lie above the 
low-angle fault, especially if the dip of the strata in proximity to the 
fault were less· than the angle of the fault. In such a case the Palreozoic 
limestone would be in the form of a wedge thickening to the west. Data 
derived from wells drilled in the foothills in general, appear to indicate 
that except locally, as for example in proximity to a fault, the surface dips 
continue in depth and this being so there is a reasonaJble dou:bt as to whether 
Palreozoic limestones are present in the Jumpingpound anticline. It should 
be noted that the Imperial-Jumpingpound No. 2 well was drilled on a 
site considered to be exceptionally well chosen for a test and failed to 
reach Palreozoic limestone. 

MORLEY AREA 

References: Rutherford, R. L.: Geology along the Bow River, Cochrane and Kanan
askis, Alberta; Sci. and Ind. Research Council Report 17, 1927. 

Hume, G. 'S.: Geol. Surv., Canada, Map 277 A. 

The village of Morley is on Bow River in the Stoney Indian Reserve. 
Some drilling has been done in this area, but no production has been 
secured although " shows " of gas have been encountered in a number of 
wells. A list of the wells drilled in this area is as follows: 

Wabash Oils, Limited, west of Ohiniki Lake 
Gold Coin No. 1, 2 m~les east of Ozada Siding 
Gold Coin No. 2, about 1 mile west of Gold Coin No. 1 
N orcon No. 1, about 1 mile east of Ozada Siding 
Melbourne Oils (Reserve Oils) No. 1, olose to Bow River aJbout one-half mile 

east of Morley 
Karnorley, north of Bow River north of the mouth of Kananaskis River. 

All these wells except Melbourne Oils No. 1 are on the north end of 
an anticlinal structure that plunges downward from Moose Mountain where 
the Palreozoic limestones are exposed. Certain faults are believed to occur 
and the prospects depend on whether concentrations of oil and gas have 
formed against these faults and that the faults prevented the oil and gas 
escaping up ithe dip to the outcrop of the limestones. The area where 
drilling has been done has not been investigated by the Geological Survey 
and hence no opinion regarding the oil and gas prospects can be formed. 
The Wabash Oils, Limited, well commenced drilling in Blairmore strata, 
all other wells commenced in the Alberta (" Benton") shales. 

68386-8~ 
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The log (Evans, 1930, page 29 B) of the Wabash is as follows. 

Alluvium .... . . .............................. .. ................... . ... . 
Blairmore 

Alternating sandstone and siliceous shale; 6-inch coal seam reported 
at 154 feet ...................... . ... ... .................... . .. . 

Coal seam 1 inch thick in shale ............................. . . .... . 
Alternating sandstone and shale; the shale dark grey (sandy) to 

black, some of it quite carbonaceous. Bedding planes in core 
samples show low dip, some sliokensiding ....... . ............. . 

Mostly sandstone, some shale, and many bands of black, chert pebble 
conglomerate. Average diameter of pebbles t tot inch ....... . 

Kootenay 
Alternating sandstone and shale. Many veinlets of calcite. Shales 

commonly slickensided. Drag-folds indicated by rapid variation 
in attitude of bedding in core samples. Coal at the following 
horizons: 3 feet of coal with thin bands of shale at 835 feet; 
27 feet of coal with shale or bone partings at about 889 feet; 
7 feet of coal at about 894 feet; 5 feet of coal at about 1,036 
feet; 4 feet of coal at about 1,049 feet. A fossil plant at 953 feet 
determined as "probably Kootenay" by W. A. Bell ..... . . . .. . 

Fernie 
Black shale with calcareous bands. H ard, limy shale, some pyrite. 

Belemnite guards at 1,400 feet ............................. . ... . 
Core sam pies lacking ... . ...... . ............ . ..................... . 
Black shale, partly calcareous ........ . . .. ......... .......... ...... . 

Fernie (and, or) pre-Fernie 
Limestone. At 1,480 feet a grey, limestone breccia with chert and 

pyrite. At 1,630-1,635 feet, brecciated limestone. A gas blow 
at 1,629 feet. Six inches of gypsum at 1,800 feet. Finely porous 
limestone at 1,924-1,940 feet. One foot of gypsum at 1,985 feet . 
One foot of gypsum at 2,018 feet .......... . .. ........ .......... . 

Thickness 
Feet 

106 

69 
1 

397 

88 

599 

150 
40 
30 

561 

Depth 
Feet 

106 

175 
176 

573 

661 

1,260 

1,410 
1,450 
1,480 

2,041 

N orcon No. 1 well commenced drilling in Lower Alberta (" Benton ") 
shales. An oil and gas show was reported at 930 feet and the top of 
the Blairmore was encountered at 1,135 feet with water at 1,152 feet. 
Further water was reported at 1,515 feet and a strong gas flow at 1 530 
feet, apparently in the equivalents of the McDougall-Segur sands. Red 
and green shales occurred at 1,584 feet. No work has been done on this 
well since 1929 and water is flowing from the casing head with a con
siderable gas flow. It is believed that the area at the Norcon well is cut 
off by a thrust fault from the main mass of Moose Mountain area and 
hence the gas concentration may be due to accumulation against this fault.. 

The Melbourne Oils (Reserve Oils) No. 1 well is in an area of com
plicated faulting and it is believed that the depth to the limestone would 
be very great. The structure at the well is not regarded as favourable , 
since on the strike to the southeast the structure is undoubtedly synclinal 
(See Map 277 A). 

Crossing Bow River in the vicinity of Jacob Creek east of Morley and 
extending northwesterly for several miles is a broad belt of folded and 
faulted Alberta ("Benton") shales that are anticlinal in structure. On 
Bow River, at Jacob Creek, is a belt of Lower Alberta shales one-half 
mile broad and separated from another more easforly band by a zone of 
highly faulted strata in which there are several repetitions of the Cardium. 
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The structure as a whole .plunges southwards and a few miles south of 
Bow River Belly River strata appear on the strike. In a northwesterly 
direction the structure rises and on Ghost River on the strike occurs an 
area of Blairmore strata. The complete structure north of Ghost River 
has not been mapped by the Geological Survey and the amount of closure 
to the north, if any, is unknown. 

On Bow River east of the broad belt of Alberta shales, above referred 
to, is a fault that is suspected to be low-angled. It causes the Alberta 
shales to be overthrust onto Belly River rocks. This fault is thought to 
be the same as that which occurs east of the Two Pine anticline where 
detailed studies indicate that it dips at a low angle. Further proof that 
it has such an attitude is the somewhat sinuous course followed by the fault 
north of Bow River. It may be that this fault dips at an even lower angle 
than many others in the foothills whose presence is known from drilling 
but whose detection at the surface is very difficult because of their straight, 
line-like outcrop. It is possible this low-angle fault may underlie the anti
clinal structure at Jacob Creek at a very shallow depth and hence prohibit 
the surface structure from persisting deep enough to embrace the possibly 
productive oil and gas zone. Further detailed work, however, will be 
needed in this area before the accurate details of the structure can be 
determined. 

MOOSE MOUNTAIN AREA 

Reference: Cairnes, D. D.: Moose Mountain District, Southern Alberta (second 
edition); Geol. Surv., Canada, Mem. 61, 1914, with map. 

Moose Mountain is an anticlinal mountain 3 miles wide and 12 miles 
long, exposing Palaiozoic limestone. Two wells have been drilled in this 
area as follows: 

Moose Dome Oils No. 1, on Canyon Creek in t.he ·centre of Moose Mountain 
Herron Petroleums N.o. 1, IQn the east flank oi Moose Mountain on Elbow River 

111bout 2 miles east of Canyon Creek. 

Moose Dome Oils commenced drilling within the Palrnozoic limestone 
below the zone productive of oil and gas in Turner Valley. The well was 
entirely within Palrnozoic strata and encouraging shows of oil and gas 
were encountered, but at what stratigraphic positions is unknown. Herron 
Petroleums No. 1 well commenced in the Blairmore formation near the 
contact with the Lower Alberta (" Benton ") shales. The Palrnozoic lime
stone was encountered at a depth of 2,700 feet. 

F,rom Moose Mountain where the Palaiozoic limestone is exposed there 
is ~n eastward dipping succession of strata including Fernie, Kootenay, 
Bla1rmore, Lower and Upper Alberta shales, and Belly River (See G.S.C. 
Map 258 A) . There is very little minor folding and only very minor 
faulting. The dip gradually diminishes eastwards from fairly steep in the 
Lower Blairmore and Kootenay to as low as 5 to 10 degrees within the 
Upper Alberta shales. The structure, therefore, provides only a very 
limited a:mount of closure in small folds east of the outcrop of the Palmo-
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zoic limestone. No production is to be expected from horizons that out
crop in Moose Mountain, even where they lie at a considerable depth in 
the eastern flank of the structure. It would seem that if any productive 
horizons occur in the flank of the structure they must be horizons lower 
than any outcropping in the west and it was in such lower horizons that 
the shows of oil and gas were encountered in Moose Dome Oils No. 1 well. 
The log1 of Herron Petroleums, Limited, No. 1 well is as follows. 

Thickness Depth 
Feet Feet 

Bl,airmore 
Alternating shales and sandstones ........... ... . . .. . ... . ......... . . 
Sandstone with water .................. . ..... . .. . .. ... ..... .. ... . . . 

90 90 
10 100 

Grey to green-grey shale...... . .............................. . 10 110 
Green and maroon shale . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . .. . 10 120 
Dark grey and green shale ...... .. ............. . . . . . . . ............ . 
Dark grey, medium-grained sandstone . . .................. ....... . . 
Greenish grey shale .... ...... ... ... .. . . ..... . ..... . . . . . ........ . 
Greenish, fine-grained sandstone .......... . ... .. . . ..... . . . .. . 
Grey and green shale . .. . . ...... . . . . . . .. . . ..... . .................. . 
Green and maroon shale. . . . . . . . . . ...... . . .. .... .... . . . . ... . 

140 260 
10 270 
20 290 
30 320 
20 340 
20 360 

Green and grey shale .......... . .. . . . . .. ... . ..... .... ..... . . . . . ... . 
Greenish grey, fine-grained sandstone ... . . . . . . .... . ... . .. . . 
Greenish grey shale ........ . .. .... ..... . . . . . ... .. ... . . . . . .. . 
Greenish grey shale with some sandstone.. .. ... . ... . . .. ... . . . . 
Greenish and dark grey, fine-grained sandstone .... . ..... . ... . .... . 

50 410 
10 420 
20 440 
40 480 
70 550 

Greenish and dark grey, medium-grained sandstone . . . . . 
Dark grey, carbonaceous shale with traces of coal. .. 
D':'-r~ grey shale and medium-grained sandstone ... . . 
MlSSlllg ......... . . . ......... . ........ . . . ................. .. . . . . .. . . 
Greenish grey shale, sandy . . . . . . . . . . . . ........... . 
Greenish grey, shaly sandstone ............ . . . ..... . ... . . . .. . 
Dark grey shale ........... . .. .. . . . . .. . . . . .... . . . . . . . . . . ... . 
Coarse, light grey sandstone-calcareous . . .. . . .. ... ... ... ...... . . . . 
Dark grey shale ... . ........ . .......... .. ... .. .. .... . ... . . .. . .. . .. . 
Dark grey shale with coal 810-820 feet .. .............. . . . .. .... . .. . 

~;::;:~. ~~~~ .~~~~~~~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Greenish grey shale ................ . . . ............ . ...... . . .. .... . . 
Green-grey sandstone ........... . ...... . .......... . . . .... . . . . . .... . 
Dark grey shale with a little caloareous sandstone ......... . . . ..... . 
Dark grey, slightly calcareous shale ....... . . ...... .... . . . ......... . 
L~h~ ~rey, coarse sandstone with some shale .... . .......... . ... .. . 
M1sslllg . .... ... . . .... . .... ... .... . ........ . .. . .............. .. .... . 
Medium-grained sandstone with some shale ................. . . . ... . 
D':'-r~ grey shale and some sandstone ... . . . . . ........... ..... . ..... . 
M'isslllg ...................... ... .... . . . ...... . ...... . .. .. . . .... ... . 
D~~ grey shale and some sandstone . ..... . . ....... .. . .. . . .. .... . . . 
MlSSlllg ..... . .... ... ... . ... . . . ..... ... .. . . . .... . ... .. ........... .. . 
D':'-r~ grey shale with slight brown tinge . . .. . . .... . . ........ . . .... . 
M1Ssmg .... ..... ... .. . . .... . . .. . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
G~eJ'., sandy, calcareous shale .. ... . . . . . . . . ....... .. ... .. .......... . 
MlSSlllg . . .... ........... ....... ... ..... . . . .. ... . . ....... . ...... . . . . 
Grey, sandy, calcareous shale ....... . . . . .. ... . .... . . . . . . . ....... .. . 
Dark, shaly, calcareous sandstone .. ... . . . ....................... . . . 
Dark grey, slightly sandy shale ...................... . .... .... .. . . . 
Dark, fine-grained, calcareous shale ............ . ............ . ..... . 
Dark grey, calcareous sandstone ... .. .................... . .... . . . . . 
Dark grey, sandy, and carbonaceous shale ....... . .......... . ...... . 
Dark grey, calcareous sandstone .... ........... . .. . .. . ... . . . .. . ... . 
Dark grey, carbonaceous shale . .. ... . . ... . . . . . .... . . . . . ....... .. . . . 

60 610 
40 650 
10 660 
30 690 
30 720 
20 740 
20 760 
20 780 
20 800 
90 890 
30 920 
70 990 
40 1,030 
10 1,040 
20 1,060 
80 1,140 
10 1,150 
10 1,160 
10 1,170 
20 1,190 
10 1,200 
10 1, 210 
10 1, 220 
20 1,240 
20 1,260 
10 1,270 
10 1,280 
30 1, 310 
70 1,380 
20 1,400 
10 1,410 
25 1,435 
10 1,445 
20 1,465 
15 1,480 

l Log compiled from log by J. G. Spratt. Published by permission of Herron P etroleums, Ltd. 
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Thickness Depth 
Feet Feet 

Blairmore-Conc. 
Dark grey, calcareous sandstone and carbonaceous shale ... ........ . 70 1,550 
Dark, sandy shale .. .......................... ... ......... . ....... . 45 1,595 
Grey, fine-grained sandstone ... . ............... . ........ . . . ....... . 10 1,605 
Dark, shaly, limy sandstone ....... . ........... .. .... . .. .. . . . ..... . 40 1,645 
Fine to medium-grained, limy sandstone . . . .... . ........... ....... . 50 1,695 
Dark shale .................................................. . . ... . 10 1, 705 
Dark, carbonaceous shale ... . ......... . ... .. . . . . .................. . 10 1, 715 
Dark, sandy shale . . . . .................. . . .. . .. .... .. ....... .. .... . 70 1, 785 
Medium to coarse-grained sandstone .......................... . .... . 40 1,825 
Fine-grained sandstone . .. . .. ..................... . .... . ........... . 40 1,865 
Dark, carbonaceous shale with a little coal. ... . .. . . ..... .... . . ... . . 40 1,905 
Dark, shaly sandstone .......... . . .... .......... : .. ...... .... .... .. 25 1,930 
Conglomerate and sandstone .............................. . ... . ... . 100 2,030 

Kool.nay 
....... '7iJ'. 2,030 

2, 100 
............ 2,110 

Coal. ...................................................... . ..... . 
Dark shale, shaly sandstone, partly carbonaceous .... ... ...... .. .. . 
Coal. ....... . ... ..................... ... .............. .. .. . .. .... . . 
Dark, sandy shale ...................... . .... .......... ........... . 50 2, 150 
Dark sandstone . .... ........ ...... . .... . ......... . ............... . . 30 2,180 
Carbonaceous shale and coal. .................... ... ..... . ........ . 40 2,220 
Missing .. ........................... .... .. . ... . . . .. . ...... .. . .... . . 20 2,240 
Dark grey, sandy shale ........................... . ............... . 50 2,290 
Dark, shaly sandstone with coal ............... . ..... . ........... . . 20 2,310 

20 2,330 
10 2,340 

Dark to brown, fine-grained sandstone ..................... . . ..... . 
Brownish grey, shaly sandstone ......................... . ......... . 
Fine-grained sandstone and dark shale, a little coal. ....... . ....... . 10 2,350 
Dark, sandy shale .............................. .. ................ . 15 2,365 
Carbonaceous shale, coal, and dark sandstone . ..... .. . ........ .. .. . 30 2,395 
Dark, sandy shale ................... . ...... . . . . . ........ .. ....... . 5 2,400 
Dark, fine-grained sandstone ......... . . ... .. . ... .. .. . . . . ...... .... . 10 2,410 

30 2,440 
70 2,510 

Brownish grey sandstone and black, coaly shale .... .......... . .... . 
Medium-grained, granular, brown sandstone .................. . . ... . 

Fernie 
80 2,590 
10 2,600 
30 2,630 

Grey to black, micaceous sandstone with pyrites ... . ..... . . . . . . . .. . 
Grey to black shale with glauconite ................ . .. ............ . 
Grey to black shale with pyrites ......................... . ... ... .. . 

30 2,660 
20 2,680 
10 2,690 

Grey to black shale; belemnites, glauconite, and phosphate nodules. 
G~eY'. to black shale, partly limy ............... . .. . ...... ......... . 
M1ssmg ... . ................... . ..... . . .... .... .. . . . . . . ... . . . ...... . 
Grey to black shale ............ . ....... . ...... .. ................. . 10 2, 700 

Palmozoic 
10 2, 710 
10 2, 720 

Shaly limestone, brownish grey, crystalline . .. . .. ....... . ... . . . ... . 
Shaly limestone ..................... . .. ..... .. .. ........ .. .... .. . . 
Impure limestone with traces of chert ........................... . . . 10 2, 730 
Finely crystalline limestone ..... . .............................. . . . . 65 2, 795 

15 2,810 
10 2,820 

Buff, dense limestone ............. . . . .. . . . ... . ....... . ... . ........ . 
Grey, calcareous sandstone ..... .. .. . ................... . . ... . . ... . . 
Buff, dense limestone ............. . .. . .. . . . ..... . . . .... .. ... ...... . 70 2,890 
White anhydrite. . ....... . . . . . . .... ... ... . ..... .. . ....... . .. . 20 2,910 
Dark, dense limestone ... ... ........ . . . . ..... ........ . ............ . . 35 2,945 
White anhydrite ..... . ... .... ....... . . ... .. .. ......... ............ . 20 2,965 
Dark, dense limestone .. .......................................... . 10 2,975 
Dark buff limestone with much anhydrite .. . ............. ...... .. . 10 2,985 
Dark grey to buff limestone .. .. ............................. . . . .. . 100 3,085 
Dark grey limestone with anhydrite and pyrite .................... . 10 3,0Q5 
Dark grey, crystalline limestone ........ . .... .. ... ..... . . .... . . ... . 45 3,130 
Crystalline limestone, porous at 3,140-3,160 feet ........... ...... .. . . 40 3,170 
Crystalline limestone, free sulphur at 3,190-3,200 feet ... .. . .. ....... . 30 3,200 
Crystalline limestone, porous at 3,200-3,220 feet and with sulphur 

impregnation ............ .. .. . . . .......... .... ................ . 20 3,220 
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WILDCAT HILLS ANTICLINE 

The Wildcat Hills anticline lies north of Bow River on the eastern 
edge of the foothills in the south part of Tp. 27, Range 5, W. 5th Mer. 
It is superficially the same general type of structure as Turner Valley and 
the Jumpingpound anticline, although much less extensive, being less than 
! mile wide and 1 mile long. The central part of the anticline is 
occupied by Upper Alberta ("Benton") and is completely surrounded by 
Belly River rocks that form ridges on the east and west flanks and dip to 
the east and west respectively. The anticline plunges to the north and 
south. Apparently it is underlain by a low-angle fault that was encountered 
in drilling at a fairly shallow depth. The outcrop of this fault is presumably 
east of the eastern Belly River Ridge and it there dips steeply west. As 
in the case of the Turner Valley and Jumpingpound anticlines, the Wildcat 
Hills structure is a superficial drag-fold developed above a low-angle thrust. 
It offers no prospects of producing any oil or gas. 

GHOST RIVER AREA 

The so-called Ghost River area lies in Tps. 26 and 27, Range 6, W. 5th 
Mer., and extends north and south of Ghost River several miles northwest 
of its junction with Bow River. It is flanked by Belly River strata that 
show quite variable dips to the eas·t of from 15 to 70 degrees on the east 
flank and a fairly uniform westward dip of 60 to ·65 degrees on the west 
flank. The central part of the structure is occupied by Upper Alberta 
(" Benton ") shales, the lowest horizons being the Cardium bands which are 
repeated by faulting. There are many faults within the area that repeat 
the Upper Alberta shales. In fact the faulting as observed along Ghost 
River and one tributary from the southwest that joins Ghost River in the 
southwest corner of Sec. 4, Tp. 27, is so excessive that the structure would 
seem to have little value as an -0il and gas prospect on account of the very 
deep drilling that would be neoessary to reach the Palreozoic limestone. The 
anticlinal structure is only apparent in the flanking Belly River strata, the 
Upper Alberta shales of the central part having a west dip except in a very 
narrow area along the eastern side. This general westerly dipping attitude 
is presumably due to the faults that have thrust the part of the anticline 
west of the axis against the extreme eastern flank, and as a result the main 
eastern part of the anticline within the Alberta shale has been replaced by 
one or more thrust fault blocks. 

Two wells have been drilled on the Ghost River structure. These are 
the Baymar No. 1 well on L.S. 15, Sec. 5, Tp. 27, Range 6, W. 5th Mer., 
and the Atlantic-Keystone well on L.S. 1, Sec. 19, Tp. 27, Range 6. The 
Baymar No. 1 well encountered the Cardium sandstone at 768 feet, drilling 
ceased at a depth of 850 feet. It is quite apparent from the structure that 
before the Blairmore could be reached in this well, ·the Cardium band would 
be again intersected at least once and perhaps several times. The amount 
of throw of the thrust faults is unknown, but assuming it to be the 
minimum, the depth to the Palreozoic limestone would be greater than could 
be reached by the drill. 
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The Atlantic-Keystone well encountered Cardium sandstones in the 
Alberta shales at depths of 245, 890, 1,000, 1,260, 1,680, and 2,480 feet. 
The structure is somewhat difficu1t to interpret due to the fact that in this 
area there are three Cardium bands within a stratigraphic thickness of 350 
feet. The interpretation suggested is as follows: Upper Cardium sandstone 
band at 245 feet repeated by faul·ting at 890; second sandstone band at 
1,000 feet; third sandstone band 1,260 to 1,410 feet. The drilling thickness 
of the Cardium zone would thus be 540 feet. Since the zone is 350 feet 
thick, the drilling thickness indicates that the strata dip at an angle of 
about 50 degrees. Such a dip is in harmony with the observed dips of the 
strata. along Ghost River. The third sandstone band is probably repeated 
by faulting at 1,680 feet and again at 2,480 feet. The well drilled to a 
depth of 2,930 feet without reaching the Blairmore. 

The log of this well confirms the surface evidence of excessive faulting 
within the structure and also confirms the opinion that the structure has 
little value as a gas and ·oil prospect on account of the extreme depth of the 
possible productive horizons. 

RED DEER FOOTHILLS AREA 

Within the foothills along Red Deer River, in Tp. 31, Ranges 9 and 10, 
W. 5th Mer., is an anticlinal structure discovered by R. J. MacLaren and 
held at the present time by the Hunter Valley Oil Company, Limited, of 
which Campbell M. Hunter is president. Where the axis of the anticline is 
crossed by the river, the Cardium sandstone lies in an arch less than a mile 
wide, but only 1,800 to 2,000 feet across the strike, with dips of approxi
mately 40 degrees on the east side and 50 degrees on the west side, and 
with a strong northward plunge across the intervening width of the arch. 
West of the outcrops of the Cardium zone in the west limb of the anticline 
is a southwest dipping series of beds of which the youngest belong to the 
Belly River formation. East of the Cardium zone in the east limb of the 
anticline the strata dip northeasterly and form the west limb of a gentle 
syncline in the centre of which basal Belly River beds are exposed. The 
axis of the syncline lies about 2 miles east of that of the anticline. Both 
the syncline and the anticline plunge rapidly northward and on James 
River, 6 miles north on the strike of the anticline, only westward dipping 
strata occur. For about 3 miles southwest of Red Deer River the anti
cline remains at about the same level structurally. South of this it begins 
to open up and Blairmore strata occur in the central part. The eastern 
flank of the anticline, however, becomes faulted and Blairmore strata are 
thrust first against the east dipping Cardium on the east side of the 
structure and farther south against the upper part of the Upper Alberta 
shales close to their contact with Belly River rocks. From the most north
erly exposure of Blairmore to the north fork of Burnt Timber Creek, a 
distance of 3 miles, lower and lower Blairmore beds outcrop until on 
Burnt Timber Greek the lime series towards the base of the Blairmore 
occurs. The eastern part of these Blairmore beds is highly contorted and 
the eastern flank of the anticline seen farther north is wholly replaced by 
a fault which, as already stated, thrusts lower Blairmore strata almost in 
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contact with Belly River beds. The rapidity with which this displace
ment takes place along the fault and in many places the relatively low 
dip of the beds close to the fault lead to the conclusion that this fault dips 
west at probably not more than 35 degrees. This relatively low dip to 
the fault plane also explains the extreme contortion of the Blairmore beds 
on the east side as observed on both the north and south forks of Burnt 
Timber and Fallen Timber Creeks, since these beds have been greatly 
disturbed by the low-angle fault close to the surface under them. From 
the north fork of Burnt Timber Creek southeast for 18 miles to and beyond 
the north fork of Ghost River this band of Blairmore strata outcrops. 
Between the north and main branches of Ghost River, in the northeast 
part of Township 27, Range 8, only a short distance south of Meadow 
Creek, this, Blairmore band ends in the centre of a complex anticline 
plunging southward. 

To the east of the Cardium anticline above referred to on Red Deer 
River, and its continuance southeastward in the faulted structure exposing 
Blairmore strata, lies a syncline in the central part of which Belly River 
strata occur. This syncline opens southward due to the plunge and on 
Fallen Timber Creek Belly River strata in it occupy a width of zt miles. 
These Belly River beds are exposed from 1 mile south of Red Deer River 
to Sec. 20, Tp. 27, Range 7, a distance of nearly 20 miles. South of Sec
tion 20 the syncline is plunging northward and disappears. East of the 
syncline westerly dipping strata occur in the normal sequence, namely, 
Upper Alberta shales, Cardium bands, Lower Alberta shales, Blairmore, 
and in certain areas more than 100 feet of Kootenay. The westward 
dipping sequence, however, is bounded by a low-angled thrust fault which 
along its outcrop thrusts various horizons of Kootenay, Blairmore, or 
Alberta shales onto Belly River strata. The lowest stratigraphic horizons 
exposed above the fault plane occur in the vicinity of and north of Red 
Deer River where the fault follows a highly sinuous outline and is thought 
to have a westerly dip of not less than 10, and not more than 25, degrees. 
To the north on James River, as well as south of Red Deer River, the 
fault plane may have a somewhat steeper dip since the trace of the fault 
on the surface there appears to be a fairly straight line. 

The prospects for oil and gas occurring in the anticline on Red Deer 
River where the Hunter Valley well is being drilled are dependent on the 
structure continuing downwards without encountering the low-angled fault 
above the prospective productive horizons. There is a possibility produc
tion might be found in sands in the Fernie formation, although the most 
prolific productive horizon in the only foothills field so far developed 
namely Turner Valley, is in the upper part of the Palreozoic limestone'. 
The Hunter Valley well commenced drilling in Lower Alberta shales about 
50 feet below the Cardium and reached the top of the Blairmore forma
tion at about 1,400 feet. The stratigraphic thickness of the Lower Alberta 
shales in this area is 1,150 feet, so that it is thought the dip of the strata 
in the well averaged about 38 degrees. This is due to the northward 
plunge, although the well started in comparatively flat strata. Below the 
Lower Alberta shales the Blairmore has a stratigraphic thickness of 1,900 
feet which on a dip of 40 degrees would give a drilling thickness of about 
2,500 feet, making the base of the Blairmore proba:bly 3,900 to 4,000 feet 
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deep. The thickness of the Kootenay under the Blairmore is unknown. 
West in the mountains it is riot less than 1,600 feet (Evans, 1930, page 33 B). 
East in the foothills however, as far as known, it has thinned to at most a 
few hundred feet. 'The thickness of the Fernie in this area is also unknown, 
but the exposed section on Ram River, 100 miles distant, shows 490 feet 
of strata between the base of the Kootenay and a very porous limestone 
horizon near the top of the Palreozoic. It seems, therefore, improbable 
that the Palreozoic limestone at the Hunter Valley well could occur at a less 
depth than 5,000 feet. At this depth the dip of the low-angled fault becomes 
a serious consideration because a continuous dip of 10 or even 15 degrees 
from the fault outcrop to the well site will undoubtedly cut above the top 
of the Palreozoic limestone, whereas a dip of 25 degrees would cause the 
fault to be at a depth of more than 8,500 feet. It is possible, also, that the 
fault steepens from a low-angle fault at the outcrop to a higher angled 
fault at an unknown distance west of the outcrop. The depth to the fault, 
therefore, at any place cannot be accurately predicted and the test on this 
structure is considered to be extremely important in reference to further 
exploration in this part of the foothills. 

At the eastern edge of the foothills lower Belly River sandstones and 
shales dipping southwestward at gentle angles are overthrust onto highly 
crumpled and steeply dipping, soft, coal-bearing sandstones and shales of 
the Edmonton formation. The structural break is exceedingly sharp and 
the Edmonton beds for some distance east are thrown into gentle folds. On 
one of these folds Monarch Oil Company, Limited, in 1914-15, drilled a 
well on Sec. 5, Tp. 32, Range '6, W. 5th Mer., to a depth of 3,560 feet. The 
sediments encountered in drilling consisted entirely of non-marine sand
stones and shales of the Edmonton and Belly River formations and shows 
of both oil and gas were reported (Slipper, 1921, page 34). In this area 
the Edmonton and Belly River formations are considered to have a com
bined thickness of not less than 8,000 feet (Evans, 1930, page 31 B). It is 
unknown at what horizon in the Edmonton drilling commenced. 

West of the main fault at the eastern edge of the foothills, Cartier 
Majestic Oils, Limited, drilled a well in 1931 on Sec. 36, Tp. 31, Range 7, W. 
5th Mer., to a depth of 1,135 feet. The well commenced in basal Belly 
River beds and .continued in strata -0f this age to the bottom -0f the hole. 
Since 1931 the well has been deepened somewhat, but the strntigraphic 
horizon reached is unknown. It seems pmbable that before any considerable 
further depth is made the low-angled fault underlying the eastern foothills 
will be encountered below which Edmonton beds are likely to occur. 

OOALSPUR-DOVETI ANTICLINE 

Reference: MacKay, B. R.: Geol. Surv., Canada, Map 276 A, Pub. No. 2184. 

An anticline extends from Lovett to Coalspur, from Tp. 47, Range 19, 
to Tp. 49, Range 21, W. 5th Mer. It lies about 1! miles north of the 
Lovett-Coalspur branch of the Canadian National Railway. The area is 
wholly covered by the Brazeau formation (See table of formations, page 72) 
and the dip of the strata on the flanks of the anticline ranges from 20 to 40 
degrees. The anticline is, however, faulted along the crest with the north 
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side thrust up in respect to the south side. A 10-foot volcanic ash bed in 
the Brazeau formation occurs about 6,000 feet above the base of the forma
tion and with the commercial coal seams of the area forms a very reliable 
horizon marker. It can be traced along the flanks of the anticline which is 
a fairly broad structure (See G.S.C., Map 276 A). 

Two wells were drilled in this area by the Imperial Oil Company, 
Limited. The first well was abandoned on account of mechanical troubles, 
without having passed through the Brazeau formation. The second well, 
drilled on L.S. 3, Sec. 3, Tp. 46, Range 21, W. 5th Mer., reached a depth 
of 4,305 feet and at a depth of 2,810 feet passed through the Brazeau 
formation into the W apiabi shales in which the well was completed'. The 
Brazeau sediments consisted of light grey to dark grey sandstones alter
nating with dark shales. A small amount of coal was encountered at a 
number of horizons and small shows, of gas occurred. The Wapiabi forma
tion, as far as it was penetrated, consisted of dark grey shales. The Big
horn sandstone, which is believed to be the equivalent of the Cardium 
zone of southern foothills areas', was not reached. 

From this information it would appear that on account of the very 
deep drilling required to reach any possible productive horizons, the Coal
spur-Lovett anticline has no present value as a prospect for oil and gas. 
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STRATIGRAPHY 

The stratigraphy of the plains and foothills has already been out
lined in Chapter III. A detailed description of the formations outcrop
ping or met in drilling in southern Alberta is given here (For locations 
of drilling areas See Figure 13). 

Palmozoic. The Palreozoic of the southern plains of Alberta has been 
described by Moore (1931) from well logs. It consists of marine strata 
of Mississippian, Devonian, and Cambrian age. The age of the pre
Devonian rocks is somewhat questionable, but in the Potlatch well in the 
Kevin-Sunburst field of Montana it is considered (Romine, 1929, page 791) 
to be Upper and Middle Cambrian. Only one well in southern Alberta, 
namely the Commonwealth Milk River well, has reached these older rocks 
which, according to Moore (1931, page 1153), are buff and buff-brown, 
crystalline limestones underlying a zone of anhydrite tentatively placed at 
the base of the Devonian. 

A number of wells in Alberta have penetrated strata considered to be 
Devonian. The division between the Devonian and overlying Carboni
ferous is placed at a black, bituminous shale (oil-shale) zone which in a 
number of wells is 10 to 30 feet thick and contains (Moore, 1931, page 
1149) Lingula spatula, a fossil regarded as indicative of highest Devonian. 
The oil-shale zone with the underlying strata containing anhydrite have 
been called the Potlatch anhydrite formation by Perry (1929, page 4), but 

1 M r. C. S. Evans hns co -operated with the writer in the preparation of the data conrerning 
southern Alberta. 
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this is divided into the Three Forks and Jefferson form ations by other 
geologists (Romine, 1929, page 790). According to Moore (1931, page 22), 
immediately below the black, bituminous shale zone of the Three Forks 
formation are 20 feet of hard, dense, grey limestones which in the Eyremore 
well of the Hudson's Bay Oil and Gas Company lie on 310 feet of pure, 
pale grey anhydrite. The thickness of this anhydrite zone is quite variable 
and hence if the bottom of the Three Forks formation is drawn at the 
base of the anhydrite zone this formation is also quite variable in thick
ness. Below the Three Forks formation in the Commonwealth Milk River 
well there are nearly 800 feet of dolomitic limestones, including a basal 
anhydrite zone. Moore assigns these strata to the Jefferson formation, 
also of Devonian age. 
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Figure 13. Albel'ta south od' R ed Deer River showing locations of areBB in southern 
plains explored by drilli ng. 1, Red Coulee ar ea; 2, Skiff (Devenish) area; 3, 
Foremost gas field; 4, Bow I sland gas field; 5, Medicine Rat gas field; 6, Milk 
R iver area; 7, Many Island Lake area; 8, Cypress Hills area; 9, Suffiel d area; 
10, Brooks area; 11, Blood Indian R eserve-Lethbridge-Spring Coulee area; 
12, Taber-Barnwell-Chin Conlee ar ea; 13, Twin River area; 14, Keho Lake area; 
15, Eyremore area. 

According to Perry the beds immediately overlying the Devanian oil
shale zone consist of shaly and sandy, thin-bedded limestones of Missis
sippian age. This zone in the Commonwealth Milk River and Erickson 
Coulee wells is 80 feet thick. It apparently disappears northward and in 
the Imperial-Burdett well pure limestones rest on the black Devonian shale 
(Moore, 1931, page 1146). Above the sandy beds in the southern wells 
and directly succeeding the oil-shale in northern wells is a zone of dark 
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limestones and overlying this a much thicker series of white limestones 
with some cherty members. According to Moore (1931, page 1145) 
"the only variation from the general wihite ·crystalline character of the upper part jg 
a red and pink limestone and chert phase that is revealed in Imperial-Burdett No. 1, 
Roth No. 1, and Drazan No. 1 -in the vicinity of the oity of M edicine Hat. This zone 
has sharp upper a nd lower contacts and ranges in thickness .from 250 feet in Imperial
Burdett No. 1 to 370 feet in Roth No. 1 and to 85 feet in Drazan No. 1. Thin phases 
ranging from a few to 20 feet in thickness in this pink or red zone, are entirely 
chert." 

The thickness of the Mississippian decreases from south to north. In 
the Commonwealth Milk River well it is approximately 1,100 feet, whereas 
at Eyremore it is about 750 feet. The thickness, however, is somewhat 
variable as would be expected since the top of the Mississiippian is an 
erosional surface. Moore also believes there is some thinning in the lower, 
dark limestone member. 

Jurassic. Jurassic strata do not outcrop on the plains oJ southern 
Alberta. The following section from Sweet Grass Hills, Montana, has been 
described by Sanderson (1931, page 1158) 

Top of Jurassic 
Black, brown weathering shale . ........ ... . .......... ......... . . 
Densio, massive, limy, pyritic, black shale with conchoidal fracture 

and containing Gryphaea and Ammonites .. ............. . . ... . . 
Fissile, calcareous, light grey shale with a few Gryphaea ......... . 
Black shale with a few thin beds of grey limestone . . . .......... . 
Black, fissile shale with beds of grey limestone 4 inches to 1 foot thick 
Dark grey, calcareous shale interbedded with compact, grey, rubbly-

weathering limestone at 2 to 4-foot intervals ................. . 
Sandy limestone and fissile, grey shale ... ......... ..... .. ........ . 
Conglomerate with polished, black chert pebbles; coarse sandstone 

and mud galls .. ... ... .. ........... .... ... ......... ........ . 
Fine-grained, thin-bedded, slaby sandstones, laminre marked by 

Iirnonitic streaks grey in colour with pinkish tones .......... . 
Siliceous and calcareous sandstone partly oil stained .............. . 
Thin-bedded, siliceous limestone alternating with grey and dark grey 

shales ... . ...... .. . .. ............ .... ........... . · · · ....... · 
Black, massive limestone with corals, bryozoa and ostrea, and other 

pelecypods .. .. .. .. . ...... .. ... . . .... ..... ...... ....... . ... . . 
Light grey, calcareous shales alternating with dark limestone ....... . 
Soft, buff-coloured limestone .................................... . 
Fine-grained, siliceous sandstone, grey with pinkish tones. This 

sandstone is variable in thickness and locally may be absent .. 

Total thickness ............. .. ......................... . 

Thickness 
Feet 
19 

33·5 
24 
38·5 
26·5 

26·5 
30·5 

0·5 

42 
7·5 

8·5 

4 
12·5 
2 

30 

305·5 

These Jurassic strata have been included in the Ellis formation and 
as the measured section is close to the International Boundary the name 
Ellis is applied to beds of equivalent age in southern Alberta. In well logs, 
however, it is not always easy to distinguish the boundary between the Ellis 
and overlying Lower Cretaceous, nor is it always certain where the divi
sion between the Jurassic and the Palmozoic occurs, because of the occur
rence of limestones in both the lower Ellis and the Pala:iozoic beds. 

In certain wells in Red Co_ulee field there are sandy beds at the base 
of the Ellis and in others, as in the Roth wells at Medicine Hat, there 
appears to be a well-developed sandstone. At other places, as for example 
the Eyremore well, the Ellis seems to have lost its typical character and 
is represented by dark shales with thin limestone bands underlain by 
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sandstones with red, green, and grey shales and chert. In certain Red 
Coulee wells the base of the Lower Cretaceous appears to be a well
developed sandstone below which are grey, light greenish, and brownish, 
slightly calcareous shales with glauconite. Glauconite seems to be a par
ticularly characteristic feature of the upper shales of the Ellis and has 
been noted in many wells in Red Coulee and elsewhere, as for example 
Commonwealth-Milk River and Erickson Coulee wells. In certain areas 
outside of Red Coulee the strata below the well-marked sandstone beds 
appear to be Lower Cretaceous and tlie division between the Lower 
Cretaceous and Ellis cannot be sharply defined. 

The Ellis seems to show considerable variation in lithology .and thick
ness from place to place. The varying lithology of the lower part may 
be due to ithe fact that the Ellis was deposited on an irregular erosion 
surface formed of the Palaiozoic strata. It is possible that an erosion sur
face also occurs at the top of the Ellis formation, since in the foothills 
the Kootenay thins so rapidly in an eastward direction as to make it 
quite doubtful if any Kootenay occurs in the plains area where Kootenay 
time thus might have been an interval of non-deposition and erosion. 

There is evidence to show that the Sweet Grass Arch was a prominent 
structural feature in pre-Jurassic time. According to Moore (1931, page 
1154) there are in the south higher stratigraphic Madison (Mississippian) 
beds on the limbs of the arch than over its centre. This condition indicates 
that prior to the pre-Ellis erosion interval, the pre-Jurassic fold was 
expressed topographically. Furthermore, as Moore points out, the erosion 
surface developed on the Palaiozoic rises northwards and in that direction 
successively truncates lower and lower Palieozoic horizons. That is, the 
pre-Jurassic arch appears to have plunged southward. The cqntinued 
existence of it on into Jurassic time may account in part at least for the 
variation in thickness that occurs in the Ellis formation. On the present 
Sweet Grass Arch the Ellis in Red Coulee field (area 1, Figure 13) has 
a thickness of about 60 to 80 feet. To the west, at the Parco-Nordon 
well (area 13, Figure 13) it is about 190 feet. Still farther to the west 
and slightly north at the Spring Coulee well (area 11, Figure 13) the 
thickness is 323 feet. To the east of Red Coulee, the Ellis has a thickness 
of 140 feet in the Erickson Coulee well (area 6, Figure 13). This well 
is on the central part of the present arch and the increased thickness of 
the Ellis here as compared with its thickness in the Red Coulee area 
suggests that the pre-Jurassic arch may have been farther west than the 
present arch. In the boundary well of southwestern Saskatchewan the 
Ellis is approximately 220 feet thick, whereas to the north in eastern 
Alberta in the Eagle Butte No. 2 well (area 8, Figure 13) the thickness 
is 300 feet and still farther north in the Drazan well at Many Island Lake 
(area 7, Figure 13) the thickness, according to Dyer, is 253 feet. In the 
Devenish wells (area 2, Figure 13), north and east of Red Coulee, the 
thickness of the Ellis is 150 to 175 feet. Farther north a pronounced 
thinning occurs, as at Taber (area 12, Figure 13) where in the Cole
Hunter well the thickness is only 75± feet, and at Eyremore (area 15, 
Figure 13), still farther north, only 60 to 80 feet of doubtful Ellis strata 
are present. To the west of Taber, in the Imperial Texas (area 11, Figure 
13) well the thickness of the Elliis 'is 260 feet and north of this, in the 
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Keho Lake well, it is 180 feet. Evidently these last two wells are on the 
west flank of the pre-Jurassic arch. It is not known if the Ellis continues 
to thicken westward. The evidence shows, however, that the Ellis thins 
and disappears northward, as none of it has been recognized in wells in 
Central and eastern Al·berta. 

Lower Cretaceous. The Lower Cretaceous in the southern foothills of 
Alberta consists of the Kootenay and Blairmore formations, the latter 
with local developments of volcanics. Within the foothills, the Kootenay 
in a very short distance from west to east thins markedly and, therefore, 
probably does not extend for any great distance eastward under the plains 
of southern Alberta where all the Lower Cretaceous may be equivalent 
(Irwin, 1931, page 1132) to the Hlairmore formation. In view of the 
absence of evidence permitting an exact correlation it seems advisable, 
however, to refer to the strata as being Lower Cretaceous. They are non
marine sediments and, as is to be expected, show considerable variation 
in thickness and lithology. In Red Coulee (area 1, Figure 13) and Milk 
River (area 6, Figure 13) areas the Lower Cretaceous strata according 
to Evans (1931, page 12) 
"consist of grey, brownish grey, green, and red shales with thin (a few inches to a 
few feet) sandstone beds and a heavy sandstone bed at the base .... They lie above 
the Ellis and vary in thickness from 580 feet in the western part of the area (Range 
16) to 490 feet in the eastern part (Range 12). In general the upper part is pre
dominately shaly, and it is here that grey and green shales predominate, though 
some red shale is present in most of the well logs. Sandstone is greater in amount 
and present in thicker beds in the lower part where it is associated with red shales, 
though grey, green, and brown shales also occur." 

According to Yarwood (1931, page 1167) there are three zones of red 
shales in Red Coulee area. 

" The first of these occurs in places as high in the section as the top of the 
Blairmore but is not persistent. The second red bed, in like manner, is not persistent 
and where it does appear the interval between it and the top of the Blairmore is not 
uniform. This marker occurs at an average depth of 236 feet below the top of the 
formation but the interval ranges from 180 to 300 feet. The third red bed .... has 
been logged in about 75 per cent of the wells. It occurs at an average depth of 
345 feet below the top of the Blairmore and is considered the most important horizon 
in this part of the section." 

The lower part of the Lower Cretaceous in Red Coulee field contains 
several sandstones. According to Erdmann as reported by Evans (1931, 
page 22) the lower part in the Border oil field of Montana, just south of 
and continuous with the Red Coulee field of Alberta, is thought to be as 
follows: 

Gas sand .................................... . ......... . 
Variegated shale ........... .... ..... . . . .. ... •..... . ..... 
V analta sand ............. . ............................ . 
Grey, green, pyriiic shale ............................... . 
Cosmos sandstone .................. . ................... . 

Feet 
10 to 45 
40 80 

5 15 
10 15 
30 40 

"The gas sand is commonly regarded as the counterpart of the Sunburst sand 
in the Kevin-Sunburst field, but it probably occupies a slightly higher stratigraphic 
horizon. The variegated shale is regarded as the westward expansion of the ' yellow 
bhale' horizon of the Kevin-Sunburst field. The Vanalta and Cosmos sandstones 
occupy the horizon of the 'laminated sandstones ' of the Kevin-Sunburst field." 

68386-9 
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The thickness, as penetrated by various wells, -0f strata believe':l to be 
Lower Cretaceous, is given in the following table. 

Thick-
Area No. Well L.S. Sec. Tp. Range Mer. ness Remarks 

(Figure Feet 
13) 

--------
15 Eyremore ............ 1 26 17 18 4 410 
14 Keho Lake ........... 2 17 11 22 4 550 
12 Cole-Hunter, Taber .. 3 11 10 17 4 400 
6 Commonwealth 

"Milk River" ...... 3 9 3 15 4 430 
11 Spring Conlee ........ 11 15 4 23 4 675 
13 Parco-Nordon ........ 16 34 1 20 4 610 
1 Vanalta No. 1. ... .... 3 4 1 16 4 537 Not ~rilled th~?ugh 
1 Vanalta No. 2 . ....... 3 4 1 16 4 530 
1 Vanalta No. 3 ........ 3 4 1 16 4 545 " " 
1 Alta. Pac. Con. "Red 

Coulee" ............ 2 4 1 16 4 540 " " 
1 Southern Alta. Exp .. 8 3 1 16 4 519 " " 
1 Commonwealth 

"Red Coulee" .. .. . 10 3 1 16 4 573 
1 Celtic .. .. .... ........ 4 17 1 16 4 540 
1 Scottish United .. .. .. 1 3 1 16 4 553 " " 
1 Urban . .............. 2 4 1 15 4 500 
6 Erickson Coulee .... .. 13 8 1 12 4 490 
6 Range No. 2 ......... 6 21 1 11 4 380 
2 Devenish No. 1. ..... 5 27 5 14 4 410 
2 Dauntless ............ 9 36 6 15 4 420 " " 
4 Imperial Burdett ....... .... 8 11 11 4 330 
5 Roth and Faurot No. 

1 ................... SW. 6 13 5 4 250 
8 Eagle Butte No. 2 .... 4 30 7 3 4 210+ 60 feet of samples mis-

sing at top 
Boundary ............ 4 9 1 27 3 620 Partly missing 

The contact of the Lower Cretaceous with the overlying Alberta shales 
is placed where green or red shale or greenish sandstones give way to over
lying, drab-grey shales or grey sandstones. In some wells the grey shales 
and sandstones are fairly carbonaceous, whereas in other wells little carbon
aceous material is found and the beds contain small amounts of glauconite. 
Since no exposure of the Lower Cretaceous occurs in this area the position 
of the contact is regarded as being somewhat arbitrary. 

Alberta Shale. In the southern plains of Alberta, Upper Cretaceous, 
grey and dark grey marine shales overlie the Lower Cretaceous and underlie 
the Milk River sandstone. These shales have as a rule been called Colorado, 
but in certain areas (Evans, 1931, page 13) it is known that the upper part 
contains marine Montana fossils. The name Benton, which also has been 
used to designate these shales, is also not applicable and as the shale group 
is believed to be a correlative of the Alberta shales of the focthills the name 
Alberta shales is here used for the plains areas to designate the marine shales 
of both Colorado and Montana age that lie above Lower Cretaceous and 
below non-marine Montana beds. McLearn (1929, page 95) states that in 
the vicinity of Lundbreck in the Crowsnest area " the basal sandstones of 
the Belly River ... are followed below by about 80 feet of banded sandstone 
and shale and by several hundred feet of shale." In the basal part of this 
shale there occurs a fauna including a species (lnoceramus lundbreckensis) 
that is stated to be very similar to a species found in the basal part of the 
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Allison farther west. The basal part of the Allison and the basal part of 
the Belly River in this general district must be the same or nearly the same 
age. The Inoceramus lundbreckensis fauna which McLearn (1929, pages 98 
and 106) considers to be Montana in age is "probably close in time to the 
Eagle fauna " so that it is apparent that the so-called Colorado shale of 
Crowsnest area contains strata of Montana age, as does the Alberta shale 
of Turner Valley area where the upper part carries large Baculites ovatus 
of Montana age. Similar large Baculites ovatus have been found (Evans, 
1931, page 13) in Buckley Coulee, Montana, just south of Coutts, Alberta. 
It thus seems logical to use the name Alberta shale in the plains areas of 
southern Alberta. 

In the south, in Milk River dist rict, the Alberta shales are overlain by 
the Milk River (Eagle) sandstone. To the north and east the Milk River 
disappears and the marine Montana shales at the top of the Alberta shale 
pass upward into other marine Montana beds called P akowki, which overlie 
the Milk River sandstone where it is present. The Alberta shale does not 
include the strata of Pakowki age and where, as in central Alberta, well 
samples show a continuous shale series from the top of the P akowki to the 
Lower Cretaceous, no formational name is available to designate the whole 
group. Farther north, in Wainwright-Ribstone area, the Lea Park is at 
least in part the equivalent of the Pakowki, but here again no lithological 
division can be made between the Lea Park and underlying shales which 
presumably are also equivalents of the Alberta shale formation. 

The Alberta shales in southern Alberta have been described by Spratt 
(1931, pages 1171-79). The upper part consists of about 1,200 feet of dark 
grey shales with bentonite horizons and some thin, very fine-grained sand
stone beds. Ironstone and impure limestone horizons are present, presum
ably in the form of nodular layers. The lower part, about 500 feet thick, 
consists of dark shales with alternating grey sandstones, particularly toward 
the base. In southern Alberta, according to Wickenden (1932, page 203), 
foraminifera occur in the upper part of the Alberta shale in a zone about 
200 feet thick and whose upper limit is about 300 feet below the top of the 
formation. Two species, namely, Clavulina sp. and Bullopora leavis, occur 
in an horizon about 420 feet below the top of the Alberta shali~ and this zone 
can be used for correlation purposes. The two species have been found in 
wells as far west as Lethbridge and as far east as Skiff but are not known 
to be present in eastern central Alberta or Saskatchewan. They occur in 
samples from wells in Red Cou!ee field <Evans, 1931, page 22) as follows. 

Well L.S. Sec. Tp. R ange Mer. 
Depth in 

well 
Feet 

--------- - - ---1--- --------- ---1---

Top of Bullopora zone 
Alta. Pac. Cons. No. 1. .... . . . . . .. . .. . 2 4 1 16 4 610 
Daleo No. 2 ........ . ........ .. . . .... . . 7 19 

Top of Clavulina zone 
2 17 4 1, 040 

Alta. Pac. Cons. No. 1. .. ... 2 4 1 16 4 640 
Southern Alberta Exp. No. 1. .. ........ 8 3 1 16 4 580 
Commonwea lth "Red Coulee" No. l. . 10 3 1 16 4 630 
Devonshire No. 1. .. . ..... 4 10 1 16 4 580 
Daleo No. 2 ... ... .... . ..... . 7 19 2 17 4 1,070 

68386-9~ 
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In certain wells small, black chert pebbles or ·coarse, chert sandstone 
occur in the lower part of the Alberta shale. The data relating to these 
occurrences is given in the following table. 

Height of 
Depth Depth to chert 

to chert top pebbles 
Well L.S. Sec. Tp. Range Mer. pebbles Lower above 

Cretace- Lower 
ous Cretace-

ous 
Feet Feet Feet 

------

Roth No. 2 ............ . ... .... 9 17 13 6 4 2,330 2, 705 375 
Commonwealth Milk River 

No. l. .................... 8 9 3 15 4 1, 650-80 2, lGO 510 
Erickson Coutee No. l. . . ....... 13 8 1 12 4 1, 350 1,870 520 
Parco-Nordon Twin R iver ..... 16 34 1 20 4 2,560 3,060 500 
Keho Lake ....... ...... . ..... . . 2 17 11 22 4 3, 770 4, 190 420 
Eyremore . . ... .............. . 1 26 17 18 4 3,190 3,540 350 

2, 010-30 
Burdett ............... ....... . . ... .. . 8 11 11 4 2,070-90 2,500 490 
Cole-Hunter "Taber" .. . . . ... . . 3 11 10 17 4 2,220-60 2, 720 500 
Imperial Texas ... ... ... . . . . . ... 14 22 8 22 4 3,240-60 3, 715 475 
Taylor "Red Coulce" Vanatta 

3 16 4 1,470 490 No.3 ... ....... . . . . ........ 4 1 1,960 
Commonwealth Red Coutee . .. . 10 3 1 16 4 1,460 1,980 520 
Capitol Red Coulee ........... . 3 21 1 16 4 1,550-70 2,030 480 

(S.S.) 
Vanalta No. 2 .... . . · ··· · · ·· ···· 3 4 1 16 4 1,380 1,950 570 
Scottish United ... ...... . .... .. 1 3 1 16 4 1,370 1,880 510 
Daleo No. 2 ...... . . . . ... . ...... 7 19 2 17 4 1,900 ? ? 

Note. In the Keho Lake well, cherty sandstone occurs at a depth of 3,860 feet and 
at 1,550 to 1,570 feet in Capitol Red Coulee well. 

The occurrence of these pebble zones over such a wide area is 
very remarkable and indicates very uniform conditions of sedimentation. 
Although the data given in the above table is not entirely conclusive, it 
suggests the presence of a pebble zone in the Alberta shale at approximately 
500 feet above the top of the Lower Cretaceous. The several occurrences 
at other heights and the seemingly rather persistent zone at 500 feet are as 
a whole strongly suggestive of the Cardium zone of the eastern foothills 
where this zone consists vf three conglomeratic and sandstone horizons with 
a total thickness of 350 feet and marks the base of the Upper Alberta shale. 
In Turner Valley area of the eastern foothills the Lower Alberta shale is 
about 850 feet thick. A thinning eastward would be expected. 

In certain wells, particularly in Battle River (Wainwright-Ribstone) 
area in the north, small, smooth chert pebbles occur at or near the base of 
the Alberta shales. It is probable, however, that this zone is not the same 
as that occurring 500 feet above the base of the Alberta shale in southern 
Alberta, but more probably correlates with another zone which shows chert 
pebbles at or near the contact of the Alberta shale and Lower Cretaceous 
(See logs of Roth No. 2, Ontario Alberta No. 1, Alberta Pacific Consolidated 
Spring Coulee wells, etc.). According to Evans (1931, page 13) in southern 
A~berta the upper 200 feet and the lower 600 feet of the Alberta shales are 
mor:e sandy than the middle part. The lower 600 feet are more sandy than 
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the upper part and contain a fairly persistent sandstone horizon which, 
according to Spratt (1931, page 1174), occurs 350 to 400 feet above the base 
and produces gas in Bow Island field. Other sands, carrying water in Red 
Coulee field, occur near the base of the formation. It was formerly thought 
that in Medicine Hat field the gas horizon was in the Milk River sandstone. 
Spratt (1931, page 1179), however, is of the opinion that the productive 
sandstone is in the upper part of the Alberta shales. He places it 300 feet 
'below the base of the Milk River formation, but Wickenden 1 considers it 
to be less than 100 feet below this horizon. The difference of opinion is due 
to the difficulty of recognizing the exact division between the Milk River 
and Alberta shale formations. 

Milk River F.ormation. In southern Alberta the Milk River formation 
is the oldest continental deposit of the Upper Cretaceous. It is well developed 
in Milk River area, from which it obtains its name. It thickens to the west 
and is apparently the equivalent of the lower part of the Allison formation 
of the foothills. It is recognizable (Spratt, 1931, page 1178) at least as far 
north as Bow Island, but loses its identity both to the north and to the east 
and at Medicine Hat it is thought (Slipper and Hunter, 1931, page 1196) to 
be only 10 feet thick. It consists of two main divisions known respectively 
as the Upper and Lower (Virgelle) Milk River. It is overlain by marine 
Pakowki shales from which it is separated by a thin, chert conglomerate. 
The Upper Milk River consists (Evans, 1931, page 15) 
"for the most part, of shales and sandy shales with several thick (8 to 20 feet) beds of 
sandstone. The shales and sandy shales are grey, dark grey (usually lignitic), yellowish, 
and greenish grey. Weathered exposures are characterized by light grey, yellowish 
grey, black, purplish grey, and brownish bands. The succession varies both in lithology 
and thickness from place to place but in general is as follows. 

Pebble bed at base of Pakowki Feet 
Grey and yellowish shales and sandy shales; some bentonite and 

selenite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 to 30 
Coarse and medium-grained, yellowish sandstone............... 8 " 24 
Shales, carbonaceous and sandy, with thin sandstone beds, and 

beds and layers of nodules of iron carbonate, and greenish 
sandstone cemented with iron carbonate. These layers and 
nodules weather dark brown . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 

Medium and coarse-grained, yellowish sandstone . . . . . . . . . . . . . . 8 " 22 
Grey, greenish grey, and dark grey, sandy shales with two to 

four, thin, lignitic bands . ... . . . ........ , .. , . . . . . . . . . . . . . 45 " 50 
Top of Lower Milk RiYer ." 

The Upper Milk River formation, as shown on an isopach map by 
Slipper and Hunter (1931, page 1193), decreases in thickness from 200 feet 
west of Lethbridge to zero slightly west of Bow I sland. 

The Lower Milk River consists (Evans, 1931, page 15) 
" of thick (70 to 100 feet), massive, fine to medium sandstone, composed chiefly of 
quartz grains (with minor black and brown mica) rather loosely cemented with a 
calcareous and shaly matrix. At its base, the massive sandstone gives way to alternations 
of sand and shale, and in the well Jogs the base is usually placed where sand first 
becomes subordinate to dark shale ... TowaTds the top of the Lower Milk River 
the sandstones are markedly crossbedded and there are many large (up to 10 feet 
diameter) ovoid concretions of sandstone cemented with ferruginous carbona.te, which 
characteristically form the cappings of ledges and pillars or 'hoodoos'." 

1 Wickenden, R. T. D.: P ersoMl communication. 
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The thickness of the Milk River as determined m a few wells is as 
follows. 

Well L.S. Sec. Tp. Range Mer. Thickness 
Feet 

- --------

Spring Coulee .... .. .......... . .... .. 11 15 4 23 4 530 
Parco-Nordon ..... . ................. 16 34 1 20 4 490 
Keho Lake .. .... . .... .... .. ....... .... .... 2 17 11 22 4 300 
Cole Hunter "Taber" .. .. .. . .... . . . . . . . ... 3 11 10 17 4 280 
Commonwealth "Milk River" ....... . ... . . 8 9 3 15 4 420(?) 
Devenish No. 1. ............... · · ··· · · · · · ·· 5 27 5 14 4 295 
Range No. 2 ... . ..... . ............... ..... . 6 21 1 11 4 420(?) 

The sandstones at the top of the Lower Milk River outcrop on Milk 
River Ridge, on Sweet Grass Arch. To the north, east, and west they pass 
under younger strata. Water entering the formation on Milk River ridge 
provides the water of the artesian basin outlined by Dowling (1916, page 
104; 1917, page 79; 1923, page 104). 

Pakowki. In southern Alberta the Pakowki formation overlies the 
Milk River sandstone and underlies the Foremost beds. North of Bow 
Island where the Milk River is no longer recognizable the Pakowki is not 
easily distinguished from the underlying Alberta shales. It is a marine 
formation of shales and sandstone and thickens markedly from west to 
east. In Milk River district the section is as follows (Slipper and Hunter, 
1931, page 1189). 

Interbedded, dark, blue-grey shales with fine-grained sandstones . . 
Dark, blue-grey shale (some cone in cone calcite near the top) . . 
Greenish to grey, fine-grained sandstone . . ..... . ............... . 
Dark, blue-grey shales, sandy shale, and fine-grained sandstone. 

This horizon varies laterally, the shales and sandstones 
replacing one another .. . ... ... . . . .... . .. ...... ... . . ... ... . 

Greenish to grey, fine-grained sandstone ................. . . .... . 
Dark, blue-grey, sandy shale . . .. ... ....... . .. ... .... . ... ... .. . . 
Dark, blue-grey shale . . .. . ................................... . 
Dark, blue-grey shale and sandy shale ................. .. . . . .. . . 

Total thickness .. . . . ... . .. ... ..... . ..... ...... ....... . 

Thickness 
Feet 

23 
25 
25 

25 
25 
10 
40 
10 

183 

... "In the eastern part of the plains Mea the Pakowki is composed almost entirely 
of shale; in the southwest a sandstone phase occurs near the middle. In localities west 
of the town of Milk River it is possible that the formation consists entirely of sand· 
stone, this being a further development of the middle sandstone phase." 

The thickness of the Pakowki, as measured in wells in various local
ities, is as follows (Slipper and Hunter, 1931, pages 1189-91). 

Locality 
Milk River ridgl! .. .. .. .. .... . .. . . .. .. .. ... . .. .. ........... . . 
Monarch . ..... ......... ..... . . .. ......... . ...... .... ... . .. . . 
Lethbridge ............. .. ........... . ..... ...... .. . .. . .. ... . 
Barnwell .. ... . . ...... ..... . ... .... . ... . . ................... . 
Grassy Lake ...... ..... . . .......................... .... .... . 
Burdett .... . . . . ........... . ... . ..... ............. .... .... . . . 
Foremost .. .. . . . ... . .. .............. . . . . .. ..... . ... .. . ... .. . . 
Medicine Hat . ....... . . . ...... . . . . ... ..................... .. . 

1 .Approximate. 

Thickness 
Feet 
183 
100 
130 
110 
190 
1951 

220 
290 



129 

The westward thinning of the formation is indicated by the fact that 
only 40 feet of strata equivalent to the Pakowki occur in the Spring Coulee 
well (Yarwood, 1931, page 1266). 

In some localities the base of the Pakowki is marked by a fine chert 
conglomerate and in certain areas the top part contains sandy shale with 
thin, coaly, and carbonaceous shale layers. 

Foremost Beds. In southern Alberta a series of brackish water beds 
overlying the marine Pakowki formation are known as the Foremost beds. 
On Oldman River the top of the formation is placed at the Taber coal seam, 
but according to Dowling (1917, page 37) this seam occupies a higher place 
in the series in the west than it does in the east. To the west and north
west of Taber it loses its identity, passing into a coal series 100 feet thick 
(Slipper and Hunter, 1931, page 1185). To the southwest the base of the 
overlying Pale Beds is marked by a massive, buff-weathering sandstone 
and where this or the Taber coal seam can be recognized the division 
between the Pale and Foremost Beds is readily made, but elsewhere the 
division is somewhat arbitrary. There is a general difference, however, in 
that the Foremost consists of darker beds than occur in the overlying Pale 
Beds, the name of which indicates the lighter colour of the sediments 
included in it. The base of the Foremost is marked (Slipper and Hunter, 
1931, page 1186) by a very persistent sandstone which on account of its 
good outcrops on Verdigris Coulee has been named the Verdigris sandstone. 
The base of this member, however, is not sharply marked, but instead the 
sandstone grades downward into the marine Pakowki shales. This sand
stone is not recognizable at Medicine Hat, Lethbridge, and elsewhere 
(Slipper and Hunter, 1931, page 1186), but in general is more prominent 
in the south and southwest where it has the greatest thickness. The Fore
most consists of lenticular beds mostly of dark grey shales and sandstones. 
Ostrea beds are very prominent in some sections in the central part of the 
formation (Slipper and Hunter, 1931, page 1185) , but they too are lenticular. 
A coal zone known as the McKay coal horizon, in the lower part of the 
formation, is commonly accompanied by prominent seams of bentonite 
(Powers, 1931, page 1209). A generalized section of the Foremost beds is 
as follows (Slipper and Hunter, 1931, page 1183). 

Feet 
Carbonaceous shale, coal seams, and ferruginous limestone (Taber 

coal horizon) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
Sandstones and shales in thicker units than below . . . . . . . . . . . . . . 120 
Thinly bedded, carbonaceous shales, sandstones, sandy shales, fer-

ruginous limestones, and ostrea beds . . . . . . . . . . . . . . . . . . . . . . 100 
Colloidal clays and coal seams (McKay coal horizon) and sand-

stones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 60 
Basal sandstone (Verdigris Randstone) . . . . . . . . . . . . . . . . . . . . . . . . 60 

Total thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 440 
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The thickness of the Foremost formation at various localities is given 
in the following table. 

:Milk River Ridge (Hake and Addison, 1931, page 1219) ....... . 
Lethbridge (Imperial-'l'exas well) (Powers, 1931, pages 1204-6) .. 
Monarch (Powers, 1931, pages 1204-6) . . . . . . . . . . . .......... . 
Keho Lake ( " " " ) ........ . ............. . 
Champion ( ) ... .... .. ... .......... . 
Eyremore ( ) .... .. .............. .. . 
Taber (Hake and Addison, 1931, page 1219) .. ... ....... .... . . 
Brooks (Powers, 1931, pages 1204-6) ......................... . 
Medicine Hat (Williams and Dyer, 1930, page 29) ...... ..... . 

Thickness 
Feet 
350 
410 
395 
390 
400 
420 
326 
375 
350 

Pale Beds. The Pale Beds overlie the Foremost. The base, particu
lal'ly in the southwestern part of the southern plains, is a fairly persistent 
sandstone. At the top of the formation is a series of coal measures (Link 
and Childerhose, 1931, pages 1229-30) in which there are four seams of 
coal, three of which range from 6 inches to 2 feet in thickness and the 
fourth is 4 to 7 feet thick and is the main commercial seam of the area. 
Above the uppermost seam of coal is an Ostrea coquina bed a few inches 
to 3 feet thick, but not present everywhere. Above it are a few feet of 
grey shales or sandy shales overlain by a brown, ferruginous sandstone 8 
inches to 2 feet thick and regarded by Link (Link and Childerhose, 1931, 
page 1229) as forming the top of the Pale Beds. 

The Pale Beds are freshwater sediments consisting of grey and greenish 
grey sandstones, shaly sandstones, and dark shales (Powers, 1931, page 
1201) . Crossbedding, concretions, and lenticular beds are characteristic 
of this formation. On Milk River Ridge the formation consists (Hake and 
Addison, 1931, page 1220) of four groups of sediments as follows : an upper 
zone, 280 feet thick, containing more sandstones than E>hales; a second zone, 
175 feet thick, predominantly of shales but containing numerous thin lime
stones; a third zone, 220 feet thick, consisting of alternating sandstom~s, 
shales, and thin limestones ; and a fourth zone, 200 feet thick, bearing many 
thin limestones but only a few sandstones and characterized by the 
occurrence of thin, carbonaceous beds which decrease in number, thickness, 
and carbon oontent from top to bottom. The total thickness varies markedly 
from place to place as is shown by the following table. 

Milk River Ridge (Hake and Addison, 1931, page 1220) .... . .. . 
Lethbridge (Powers, 1931, pages 1204-6) .. .... .. .. ... ... .. .. .. . 
Monarch ( " " " ) ...................... . 
Keho Lake ( ) ...................... . 
Champion ( ) ...... ... . .... .. ...... . 
Eyremore ( ) ................... . .. . 
Brooks ( ) ...... ..... .. . ........ . 
East of Medicine Hat at Rapid Narrows, South Saskatchewan 

River (Williams and Dyer, 1930, page 29) ........... .... . 

Thickness 
feet 

875 
740 
760 
680 
600 
550 
605 

350 

The Pale and Foremost beds constitute (Williams and Dyer, 1930, page 
16) the Belly River formation which according to various authors is 
equivalent to the Judith River beds of Montana. The thickness of the two 
formations decreases considerably from west to east, the thinning amounting 
to 600 feet in 125 miles between Macleod and Medicine Hat (Powers, 1931, 
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page 1210). To. the north, in Battle River area, the Belly River was form
erly thought to include all strata between the top of the Pale Beds and the 
base of the Ribstone Creek. It is probable that the Pale and Foremost 
formations of southern Alberta are equivalent to the Pale, Variegated, and 
Birch Lake formations of eastern central Alberta, and that the Pakowki 
and Milk River of southern Alberta are equivalent to the Grizzly Bear, 
Ribstone Creek, and Lea Park formations of the more northerly areas. 
Belly River is a lithologic rather than a time term and the Belly River in 
the foothills probably includes the equivalents of the Pakowki and Milk 
River as well as the Pale and Foremost beds of southern Alberta. To the 
east, in Saskatchewan, the Belly River disappears as a recognizable forma
tion and there its equivalent is a marine shale constituting part of what has 
been called Pierre. 

Bearpaw Formation. The Pale beds are overlain by a series of marine 
shales and sandstones of Montana age included in the Bearpaw formation. 
In the southwest part of the plains these shales are overlain by the so-called 
Fox Hills sandstone or Blood Reserve formation, which, however, disappears 
northward and there the Bearpaw shales are overlain by non-marine beds 
of the Edmonton formation. The stratigraphy of the Bearpaw is shown 
(Russell 1932, pages 28-30) by the following section from St. Mary River 
in Tps. 6 and 7, Ranges 22 and 23, W. 4th Mer. 

R emarks Material 

Base of Blood Reserve 
sandstone .. . . ... . ... . .. Interbedded sandstone and sh ale ......................... . 

Top of Bearpaw .. . . . ..... Shale, somewhat sandy, grey and grey-brown ... .. . . ..... . . 
Shale, fissile or friable, grey .. ......................... . .. . 
Shale , bentonitic, light greenish grey ............. . . . ..... . 
Shale , friab le, grey .... . ..... . ........... . . . . . . . . . ..... . .. . 
Shale , sandy, soft, grey-brown ... ... ... . ... .. ............. . 
Shale , friable, grey, with concretions . ... ... ......... . ... . . 
Concealed .. . ... ................................ . . .. .. . . . . 
Shale, somewhat carbonaceous, fissile, grey brown . ....... . 

l 
s~~l~i~~~:~~-a~ ~~~~.~ '. fr_iab.le '. g.r~y.-~rown_ and. ~r·e·~ '. .~'. ~h 
Shale, concret1onary, grey-brown .. ... ... . . . . . ... . ........ . 

Ryegrass member . .. ... Shale, grey and brown, somewhat sandy, friab le .. ........ . 
Shale, concretionary, grey-brown ......... . . . .. . .......... . 
Shale, sandy , friab le, grey-brown, with concretions ....... . 

Bentonite No. 14 . ....... . Shale, bentonitic, friable, grey-green ....... . ......... . 
Shale, friable, grey .. . ...... .. .... . ............. ... . 

Bentonite No. 13 ........ . Shale, bentonitic, friable, grey-green .... . .... . . . . . . . 
Shale , rather compact, dark grey . .. ...... . . . . . 
Shale, yellow-streaked...... .... . . . . . . . . . . . 
Shale , friable, grey, with thin concretionary bands ..... 
Concretions, b ard, crossbedded, grey-brown ... .. . 
Shale , friable, grey .. ...... ....... .. . . . . . . 
Concretions, rusty brown ................ . ...... . 
Shale, grey, with concretions . . ... . ...... . .. . 

B entonite No. 12 ......... Sh ale, bentonitic, friable, greenish grey .. ... . . . . . . . ... . .. . . 
Shale , fissile, grey .. . . . . .. ..................... . .... .. ... . 
Shale , bentonitic, greenish grey ... .... . . ............ . ..... . 
Shale, friable , grey .. . .............. . . . ..... ... ......... . . . 
Shale, somewhat sandy, friable, grey-brown, with conc1·e-

tions ........ .. . . . ... ... ................................ . 
Shale, b entonitic, friable , pale yellow ...... ... . . . . ... . .... . 
Shale, friable, grey-brown, somewhat sandy in places ..... . 
Concretions, grey-brown ... .. ... ... ... . . .. . . 
Shale, friable, grey and grey-brown . . . .. ..... . . . .......... . 

Thickness 
Feet 

4 
8 

10 
O·l 
3 
1 ·5 
6·5 

10 
12 

11 
0·5 
8 
0·5 
7 
0·2 

12 ·5 
0·3 
3 

0-0·1 
40 
0·5 
8 

0-3 
55 
0·5 

11 
0·04 
4 

5 
0-0·1 
8·5 
0-2 

15·5 
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Remarks Material 

Bentonite No.11 ......... Shale, very bentonitic, pale buff .......................... . 
Shale, friable, grey and grey-brown .. .. ................. .. . 
Concretions, grey-brown ................. . ................ . 
Shale, friable, grey and grey-brown .......... ..... ... . . . .. . 
Shale, bentonitic, light grey ................. ........ .... .. 
Shale, sandy, soft, friable, grey-brown .................... . 
Shale, friable, grey and grey-brown, somewhat sandy at 

top .................................................... . 
Shale, bentonitic, pale buff ............................... . 
Shale, friable, grey, somewhat sandy and brown in places . . 

Bentonite No.10 ......... Shale, bentonitic, light greenish grey ..................... . 
Shale, grey, friable ....................................... . 
Shale, somewhat bentonitic, grey-green ................... . 
Shale, friable, grey ............ .. .... .. ..... ..... ... ...... . 

Bentonite No. 9 .......... Shale, bentonitic, friable, light greenish grey ..... ......... . 
Shale, rather sandy, grey and brownish grey, with fossili-

ferous concretions ........................... ... ..... .. . . 
Bentonite No. 8 .......... Bentonite, friable, light greenish grey .... . ................ . 

Shale, friable or fissile, fossiliferous, grey ................. . 
Bentonite No. 7 . . ........ Bentonite, pale greenish grey ............................. . 

Shale, fissile, grey, with fossils and concretions .. . . ... .... . 

l 
Shale, sandy, friable, grey-brown ......................... . 
Concretions, rusty brown ................. . ..... .. ........ . 
Shale, sandy, friable, grey-brown ......................... . 

Kipp member........... Concretions, rusty brown ................. .............. .. . 
Shale, sandy, rather soft, friable, brownish grey, with fos

siliferous concretions and scattered nodules; transitional 
below ....................................... . .......... . 

Shale, friable, brownish grey to grey, somewhat sandy in 

Bentonite No. 6; "D" of 
places; fossiliferous concretions .......................... . 

Link and Childerhose. Bentonite, light greenish grey ..... .. .. ..... .... .......... . 
Shale, friable, grey ....................................... . 
Bentonite, light greenish grey .... . ......... . ............ .. 
Shale, fissile or friable, grey, with concretions ....... ..... . 
Shale, bentonitic, light grey ....... . ...................... . 
Shale, fissile, grey, with concretions ......... .. .... .. ..... . 
Fossil bed, Arctica ovata ...... . ........................... . 
Shale, fissile, grey, fossiliferous ........................... . 

{
Shale, sandy, soft, grey-brown ..... .... .... . . .. ........... . 

Magrath member....... Concretions, rusty brown, fossiliferous .................... . 
. . Shale. sandy, soft, grey-brown ...... .. ..... ......... . . .... . 

Bentonite No. 5 .......... Shale, bentonitic, especially in lower portion, light greenish 
grey ............... .. .... . ........ . ........... . . . ...... . 

Shale. fissile or friable, grey, fossiliferous, with concretions 
Concretions, rusty brown ..... . ............. . ............. . 
Shale, fissile or friable, grey, with concretions ............ . 
Concretions, rusty brown . ... .. ..... ..... . ................ . 
Shale, sandy, grey, friable .. ....... ................ . ...... . 

Bentonite No. 4; "B" of 
Link and Childerhose. Shale, bentonitic, pale greenish grey .... ... ..... . . ... ..... . 

Shale, fissile or friable, grey ............. . ...... .... .... .. . 
Concretions ............................. . ........ . .. . .. .. . 
Shale, bentonitic, pale grey-buff .......... . .. .. ........... . 
Shale, grey . .......... . .................................. . 
Concretions .... ... .. . . ........ ........ . .................. . 
Shale, fissile, grey ....... .......... . .. ..... .............. . 

Bentonite No. 3 .......... Bentonite, pale greenish grey, usually with shale parting in 
lower portion .......................................... .. 

Shale, friable, grey ...... . . . .. .... ... ... ........ .. ........ . 
Shale, bentonitic, grey and yellow . ....................... . 
Shale, fissile or friable, grey, with concretions ............ . 
Shale, bentonitic, light greenish grey ..................... . 
Shale, fissile or friable, grey, with concretions and fossils .. 
Concretions, rusty yellow . .... . ......... . ... . ........... .. 
Shale, grey ........................... . .. . ............... . 

Thickness 
Feet 

0·2 
5 
0-2 

21 
0-0·05 
3-4 

5 
0-0·1 
14 
0·2 
1·5 

0-0·2 
4 
0·5 

12 
0·7 

15 
0·5 
5 
2·5 
0·5 
5 

1-2 

20 

62 

0·3 
1 
0·2 

22 
0-0·2 
13 
0·1 

15 
3.5 

0-0 ·5 
3 

2 
55 
0-2 
18 

0-1 
2 

0·5 
12 

0-1 
O·l 
7 

0-1 
5 

0·2 
3 
0·05 
7 
0·1 

38 
0-2 

1 
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Remarks Material Thickness 
Feet 

Bentonite No. 2 .......... Bentonite, light grey....... . .......... . . . . . . . . . . . ... . ..... O·l 
Shale, fissile or friable, grey.............................. . 19 
Concretions, dark reddish brown.......................... 0-1 
Shale, fissile, grey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Shale, bentonitic, yellowish . ............ .. ...... . . . ....... 0·05 
Shale, fissile, grey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Bentonite No. 1; "A" of 
Link and Childerhose .. Bentonite, pale greenish grey. ......... .. ................. . 0 ·7 

Shale, fissile, grey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Concretions, rusty brown... .. .... . ....... . ... .. .. . . . ...... 0-1 
Shale, fissile, grey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Concretions . ............... . ........... . . . . . . . . . . . . . . . . . . . 0-1 
Shale, fissile, grey, with concretions..... . . ... ....... . ..... 10 
Concretions, dark reddish brown.......................... 0-1 
Shale, grey....... .. ........... . .. ... ... . . . . . .. . . ... ... . .. 6·5 
Shale, friable, brownish grey, with thin, rusty, concretion-

ary bands .. .......................... . ... . . . . . ... . . .. .. . 5 
Shale, friable, grey ... .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·5 
Shale, sandy, friable, brownish grey .. . . . . . . . . . . . . . . . . . . . . . 1·5 

Base of Bearpaw ......... Shale, fissile, grey . . . . . . . . . . . ...... . .. .. . . . . ..... . ...... . . 4·5 

Top of Bellv River ..... .. Coal. ..... .... . .... . . ...... . .. . . . . . . . ............. . ....... 0 ·3 

The sandy shales that occur in the Bearpaw formation in Lethbridge 
area are probably local developments. In the area to the north, at Keho 
Lake, three sandstones are still recognizable (Clarke, 1931, page 1246), but 
in other areas only one prominent sandstone occurs and it lies in the lower 
third of the formation. This lowest sandstone is underlain by shale which 
according to Clarke has a thickness of 220 feet at Keho Lake, 230 feet in 
Little Bow River area (Tp. 14, Range 20), 250 feet at Champion, 180 feet 
at Eyremore, and 180 feet on Bow River (Tp. 19, Range 18). The thick
ness of the sandstone member is also variable, being 35 feet at Keho Lake, 
70 feet at Little Bow River, 10 feet at Champion, 35 feet at Eyremore, and 
40 feet on Bow River. The thickness of the sandy shales above the lowest 
sandstone member is somewhat variable, being 380 feet at Champion, 360 
feet at Eyremore, and 335 feet on Bow River (Tp. 19, Range 18) . In the 
shales above the lowest sandstone there are, in various areas, thin sand
stones and in Keho Lake area there are two well-marked sandstones, each 
40 feet thick. The top of the upper of these sandstones is 95 feet below 
the top of the Bearpaw and, therefore, occupies the same stratigraphic posi
tion as the Ryegrass sandstone. The top of the intermediate sandstone 
is 325 feet below the top of the formation. 

Farther to the north, in Neutral Hills area, brown, massive sandstones 
called the Bulwark beds (Slipper, 1918, page 8) occur in the Bearpaw 
formation. The stratigraphical position of the Bulwark sandstone within 
the Bearpaw is not definitely known. 
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The total thickness of the Bearpaw as measured in various areas is 
as follows. 

Thickness 
Locality Feet 

Lethbridge (Tp. 8, Range 22) (Link and Childerhose, 1931, page 
1229) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 726 

Keho Lake (Tp. 11, Range 22) (Clarke, 1931, page 1246) . . . . . . 740 
Little Bow River (Tp. 14, Range 20) (Clarke, 1931, page 1246) 600 
Eyremore (Tp. 17, Range 18) ( " " " ) 575 
Bow River (Tp. 19, Range 18) ( ) 575 
Bassano (Tp. 21, Range 18) ( ) 510 

The Beal'paw formation was deposited in a sea that advanced from 
the south and southeast. It is represented in the eastern part of the 
southern foothills by sandy shales. It thins northward and is not definitely 
recognizaible north of Highwood River. It thickens eastward and pre
sumably at one time covered all the southern plains region of Alberta. To 
the east, in Saskatchewan, strata equivalent to the Bearpaw occur, but 
since the Belly River is absent they form part of a continuous series of 
shales of Colorado and Montana age. 

Blood Reserve Formation. In the southwestern plains of Alberta a 
series of sandstones overlying the Bearpaw and fo11merly called Fox Hills 
has been named Blood Reserve formation by Russell (1932, page 32) who 
states that this formation is the northward continuation of the Horsethief 
sandstone of Montana and that he believes (1932, page 130) it to be of 
pre-Fox Hills age. The sandstones are in general massive with a calcareous 
or argillaceous cement. According to Russell the thickness on St. Mary 
River in Tp. 6, Range 23, is 70 to 80 feet and at Monarch 40 feet. Sander
son (1931, page 1251) includes still higher beds in the " Fox Hills " and 
states that there is an increasing amount of carbonaceous detritus toward 
the top, the upper part containing thick beds of Ostrea, in places pre
ceded by a thin coal seam although more commonly succeeded by a 
thick coal seam which is regarded as the base of the overlying St. Mary 
River formation. Sanderson also points out that the normal sandstone 
section is interrupted in some places by dark shales in thin beds con
taining marine fossils, although Russell regards the formation as of brackish 
water deposition. Sanderson gives the following thickness for various 
localities: Del Bonita, 121 feet; St. Mary River, 1 mile north of Inter
national Boundary, 327 feet with the main sandstone bed 225 feet thick; 
canyon of Belly River near Hillspring, west of Cardston, about 186 feet; 
Pothole Creek, south of Magrath, 80 feet; St. Mary River, south of Leth
bridge, Sec. 24, Tp. 6, Range 23, 62 feet; drill hole No. 11, Commonwealth 
Petroleum, Limited, Sec. 25, Tp. 8, Range 23, 142 feet; Monarch, Sec. 32, 
Tp. 9, Range 23, 80 feet, of which 40 feet is sandstone and constitutes the 
whole of the Blood Reserve formation of Russell; Little Bow River, near 
Travers, Sec. 32, Tp. 14, Range 21, 21 feet, of which 15 feet is sandstone. 
On Geological Survey Map 204 A the Blood Reserve (" Fox Hills") sand
stone is shown as extending north of Bassano. Russell, however, is of the 
opinion that the sandy beds exposed on Bow River south of Bassano at 
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the top of the Bearpaw do not belong to the Blood Reserve sandstone, 
but are a part of the Bearpaw formation which he calls the Bassano 
member (Russell, 1932, page 126). 

St. Mary River Formation. The St. Mary River formation overlies 
the Blood Reserve sandstone in southwestern Alberta and consists of alter
nating grey to buff, massive sandstones with grey, somewhat arenaceous 
shales. Seams of coal or carbonaceous shale are present in the base of 
the formation according to Russell, but some or all of these are included 
in the "Fox Hills" of Sanderson. Freshwater fossils occur abundantly 
within the formation with brackish water fossils in the lower beds. The 
formation according to Williams and Dyer (1930, page 54) is 1,600 feet 
thick, but thickens westward to perhaps as much as 3,000 feet in the 
foothills (Stewart, 1919, page 40). According to Russell (1932, page 132) 
the St. Mary River formation is a correlative of the Edmonton which in 
north-central Alberta occupies a similar stratigraphic position. 

The St. Mary River-Edmonton formations constitute the upper divi
sions of the Cretaceous. In the north-central part of Alberta the Edmon
ton is overlain by the Paskapoo formation, from which it is separated by 
an erosional interval that, according to Sanderson, produced erosion of a 
maximum depth of 450 feet. In the south the St. Mary River fo1mation 
is overlain by the Willow Creek formation, overlain by the Porcupine Hills 
formation. No erosional break is apparent between the St. Mary River 
and Willow Creek formations and on W aterton River in the foothills, 
according to Russell (1932, page 139), a thick transitional series of strata 
is exposed. 

The Paskapoo, Willow Creek, and Porcupine Hills formations are post
Cretaceous and as all are non-marine and do not seem to offer prospects 
for oil and gas they are not described in detail. 

STRUCTURE 

East of the complicated zone of folding and faulting in the foothills 
belt there is in Alberta a relatively large synclinal area extending from 
the International Boundary to Lesser Slave Lake. The central part of 
this syncline is occupied by post-Cretaceous beds. The syncline is narrow 
in the south where it is bordered on the east by the Sweet Grass Arch 
which is a fairly wide, anticlinal area plunging northwards and dying out 
north of Oldman and South Saskatchewan Rivers. In Canada the Sweet 
Grass ATch has no closure to the south, but on it and on the east flank 
of the Alberta syncline subsidiary folds have developed and are being 
prospected for oil and gas with some success. The gas fields of this area 
are the Bow Island, Foremost, and Rogers-Imperial fields; the oil fields 
are the Red Coulee and Skiff, and developments of a promising nature are 
carried on at Twin River and Kel10 Lake. East of the Sweet Grass Arch 
a gas field occurs on a local fold at Medicine Hat and gas has been struck 
in considerable quantities in other areas of the southern plains and in one 
well in Cypress Hills. 
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OIL AND GAS HORIZONS 

Several productive horizons have been found m southern Alberta. 
These are as follows. (1) Medicine Hat gas sands which occur about 100 
feet (Wickenden, peTsonal communication) below the Milk River sand
stone, with shows of gas in higher horizons. It was formerly thought the 
gas sands at Medicine Hat belonged to the Milk River sandstone, but 
later studies (Spratt, 1931, page 1178) have shown that they are in 
the upper part of the marine shales underlying the Milk River horizon. 
(2) Gas-producing sands in the lower part of the Alberta shales in a 
sandstone and shaly sandstone zone the top of which is about 350 to 400 
feet (Spratt, 1931, page 1174) above the Lower Cretaceous in Bow Island 
and Foremost gas fields. This zone also gave a show of oil in the Keho 
Lake well of the Hudson's Bay Oil and Gas Company, but so far has 
yielded no commercial oil production. (3) Oil and gas in the lower part 
of the Lower Cretaceous strata in the Vanalta sandstone (Evans, 1931, 
page 21) in Red Coulee oil field, and gas in the basal sandstone of the 
Lower Cretaceous in Rogers-Imperial No. 1 well (Williams and Dyer, 
1930, page 123) . (4) Oil in the Jurassic (Ellis) in Devenish Nos. 1 and 
3 wells in Skiff field. (5) Oil and oil shows at the Jurassic-Palreozoic 
contact and in the top of the Palreozoic limestone in a number of wells, 
as for example Fuego No. 1, Parco-Nordon No. 1, Twin River No. 1, 
Imperial-Texas No. 1, and Keho Lake No. 1. The Parco-Nordon No. 1 
well yields a small amount of oil at this horizon, whereas the Texas
Imperial and Keho Lake have had encouraging showings. In the Rogers
Imperial No. 1 well, in addition to the gas encountered at the base of the 
Lower Cretaceous, a large flow was struck either in the base of the Ellis 
or at the J urassic-Palreozoic contact. 

Oil and Gas Fields and Prospected Areas 

RED COULEE FIELD 

Red Coulee field is in Tp. 1, Range 16, W. 4th Mer., 5 miles west of 
the town of Coutts (Figure 14). It lies on the Sweet Grass Arch which 
plunges northward, but the dip is not uniform and the accumulation of oil 
occurs in a structural nose that apparently extends only a short distance 
into Canada so that the main fold lies in United States, where it is known 
as the Border field. The first test in Red Coulee field was made by the 
Northwest Company in 1922-23. This first well obtained a fair show of 
oil at a depth of 2,525 feet, but gave no commercial production. In 1929, 
Vanalta No. 1 was drilled and oil was obtained at a depth of 2,470-2,477 
feet in the basal part of the Lower Cretaceous in the Vanalta sand. Other 
wells showed that Vanalta No. 1 is on the crest of a narrow plunging arch 
and close to the foot of a fairly steep terrace slope (Evans, 1931, page 24). 
Two other wells, namely, Vanalta Nos. 2 and 3 on the same small arch close 
to No. 1 well, produced oil and Alberta Pacific Consolidated" Red Coulee" 
No. 1 well, drilled on the east flank of this small arch, produced oil for 
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several months before being abandoned. Vanalta No. 4 well, drilled 1,100 
feet north of the International Boundary and down the dip of the struc
ture from the other Vanalta wells, obtained no commercial production from 
the Vanalta sand. On the other hand, the Southern Alberta Exploration 

19 

18 

7 

6 

Wells 
0 

/ 
/ 

/ 

,/ 
/ 

8 Prooducing o il 

() Prooduced oil f'on 
shone t;ime 

® Show oF'oil 

-<:>- N oOI! 

20 

/ 
/ 

/ 

_,, If 

/ 

/ 
/ 

/ 

/ 

/ 
/ 

Geolog1ca/ Survw. Canada. 

/ 

21 

/ 
/ 

/ 

/ 

/ 

/ 
/ 

,-16 
/ 

/ 
/ 

22 23 

15 14 

TP:"l, R. 16 

10 

' \ 
/ 1,..--{ ( f 

I \ ' ', \ _,,,,/ // ____ / __ __,. 

II 

2 

ALBERTA 
·· ·-;;foNTAr:i.A- · 

TP.37 N,R.3 
(Wes6 oF' Mont:ana Menld1an) 

Scale o.P Miles 
0 

Cont.our> lnter>val 10 Feet, 

Figure 14. Structural contour map of Red Coulee field, west of 4th Meridian, Alberta, 
contours r epresent surface of Colorado water sand. 

well, slightly more than a mile east of the Vanalta wells , obtained oil at 
a depth of 2,429-2,439 feet in the Vanalta sand. At this location there are 
indications of another structural nose, but the data are somewhat limited 
and the details not definitely known. The structure of Red Coulee field 
is shown in Figure 14, reproduced from a report by Evans (1931). 
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According to Evans (1931, page 21) 
"In most of the wells a fine white sandstone occurs with its base 47 to 60 feet 

above the Vanalta oil sand. This sandstone seems to be less than 10 feet thick, since 
from 10 to 70 per cent of the samples from the 10-foot interval in which it occurs 
consist of shale. It is probable that there are several beds of this sandstone, since 
it is present as fragments in two or three of the 10-foot samples. Small flows of gas 
were encountered at this horizon in several of the wells." 

In many of the wells at an horizon 65 to 75 feet above the top of the 
Lower Cretaceous, there occurs a water sand which according to Yarwood 
(1931, page 1167) has a thickness of 30 feet, but which may be an alter
nation of sandstone and sandy shales. 

The stratigraphy of Red Coulee area is shown by the logs of Common
wealth "Red Coulee" No. 1, and Daleo No. 2, wells. 

Log of Commonwealth" Red Coulee" Well (Evans, 1931, page 28) 
(L.S. 10, Tp. 1, Range 16, W. 4th Mer.; Elevation, 3,527 feet) 

Drift . . . ......................... . ....... .. . .. . · . · ..... ·· ··· ··· · · ····· · 
Lower Milk River 

Yellowish, medium-grained sandstone ..... . ... ....... ............. . 
Fine to medium, light grey sandstone . . . . ... ... ....... .... . . . . .... . 
Fine, light grey, shaly sandstone ................................ .. . 

Alberta ("Benton") shale 
Dark shale and sandy shale, little grey sandstone, some beds limy. 
Dark shale .................. . ...... . .. ............ . ..... . . . . ... .. . 
Dark, sandy shale and fine, grey sandstone . . .. ... ... .... .......... . 
Dark shale, bentonitic ............ ... .... .. . ...................... . 
Dark shale . ............. . ..... . .. .. ...................... . ....... . 
Dark shale and sandy shale, some fine, grey sandstone ............ . 
Dark shale, some bentonite ...... .. ............................... . 
Sandy shale and 40 per cent medium quartz, and black chert sand-

stone . .... .................. . .......... . . . ... . ................ . 
Dark shale, a little sandstone.. . . . . . . . . . . . . . . . . . . .......... . 
Dark shale and bentonitic, medium sandstone ..................... . 
Dark shale, some bentonite ... ................................... . . 
Dark shale and bentonitic, fine to medium sandstone . . ........ . 
Dark shale ....................................................... . 
Dark shale and fine to medium sandstone with some glauconite .... . 
Grey shale, some bentonite ....... .. .... . ......................... . 
Grey shale and bentonitic, sandy shale ..... ... .................... . 
Dark shale and fine, grey sandstone .. ............................. . 
Medium-grained sandstone and dark shale; a little glauconite; water 
Dark grey shale, some sandy and some bentonitic beds ............ . 

Lower Cretaceous 
Grey and greenish grey shale, some greenish, bentonitic sandstone . 
Dark grey , light grey, green, and red shale ........... . ... . ........ . 
Grey and greenish grey sandstone . .. ... . ... . . . . .. . ................ . 
Grey, green, and red shale .... .... . ..... ... ..... .. ... . ..... . . ..... . 
Grey, green, and red shale, minor grey and greenish sandstone, little 

coal. ... ......... . .......................... . ... . ............. . 
Missing ....... . .. . ................................ · ··· 
Grey, green, and red shale .. . ... .... .... ...................... . ... . 
Grey, green, and red shale , 20 per cent white sandstone ............ . 
Grey and green shale . .... ...... . . . ............................ •• . . 
Red shale ............................ . . . ....................... . .. 
Light grey sandstone .... . ................. . ............... .. ..... . 
Grey, greenish, and red shale, some sandstone ........... • ...... 
Medium, light grey sandstone ......... .. ................•......... . 

Thickness Depth 
Feet Feet 

20 20 

70 90 
70 160 
40 200 

470 670 
510 1,180 
40 1,220 
60 1,280 
30 1,310 
60 1,370 
80 1,450 

20 1,470 
50 1,520 
10 1,530 

150 1,680 
20 1, 700 
40 1, 740 
80 1,820 
30 1,850 
40 1,890 
20 1,910 
10 1,920 
60 1,980 

40 2,020 
80 2,100 
50 2,150 
10 2,160 

llO 2,270 
10 2,280 
10 2,290 
20 2,310 
60 2,370 
20 2,390 
10 2,400 
30 2,430 
20 2,450 
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Log of Commonwealth "Red Coulee" W ell (Evans, 1931, page 28) 
(L.S. 10, Tp. 1, Range 16, W. 4th Mer.; Elevation, 3,527 feet)-Concluded 

Thickness Depth 
Feet Feet 

Lower Cretaceous-Cone. 
Brownish shale ........ .......... .. . .. . ..................... ... ... . 45 2,495 
Brownish shale and medium to coarse, grey sandstone .. ..... . .... . . 10 2,505 
Medium to coarse, quartz and black chert sandstone, pyrite, and coal 

fragments; Vanalta sand; water at 2,535 feet .................. . 48 2,553 
Ellis 

57 2,610 
4 2,614 

Light greenish grey shale and shaly limestone; pyrite, some cal-
careous and glauconite beds at base ......................... . . . 

White, sandy dolomite, 30 per cent sand; water at 2,614 feet ... . ... . 
Sandy dolomite and grey shale ................................. .. . 11 2,625 

Palmozoic limestone 
White limestone, some grey shale 2,689-2,695 feet ... . ..... . 107 2, 732 

Log of Daleo No. 2 Well (Evans, 1931, page 30) 
(L.S. 7, Sec. 19, Tp. 2, Range 17, W. 4th Mer.; Elevation, 3,630 feet) 

Thickness 
Feet 

Missing . ......... ....................................... ... ....................... . 
Foremost 

Drift, grey sandstone, dark carbonaceous shale, a few coal fragments 70 
Pakowki 

Grey and slightly greenish grey, fine sandstone, shaly sandstone, 
and sandy, grey shale. Foraminifera present at 130-150 and 
280-290 feet........................... .............. . . ......... 170 

Milk River 
Grey shale and grey sandstone..................................... 20 
Light grey, shaly sandstone, a little greenish sandstone and white 

''mud"....... . ...... . ..... ..... . .. ... .......... . .............. 30 
Mostly white, sandy "mud", some greenish and brown shale. . . . . . . 40 
Light grey and greenish grey shale, some brown shale. .. ........... 20 
Fine, light grey, shaly sandstone... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Fine, light grey sandstone, brown shale, and coal fragments....... . . 10 
Grey, sandy shale and shaly, medium-grained sandstone....... . . . . 10 
Light grey, medium-grained sandstone.............. . ............. 20 
Light grey, medium-grained sandstone, some brown shale... 10 
Light grey, sandy shale and brown shale........................... 10 
Light grey, fine and medium sandstone and shaly sandstone. . . . . . . . 60 
Light grey, medium-grained sandstone and shaly sandstone......... 110 

Alberta shale 
Dark grey shale, some sandy shale. Top of Bullopora zone at 1,040 

feet and top of Clavulina zone at 1,070 feet .................. . ... 1, 240 
Dark shale and some light grey, medium-grained sandstone, a little 

bentonite................................. . . . . . . . . . . . . . 30 
Dark shale, a little bentonite..... ..... . ........ ......... ... 50 
Grey shale, and shaly sandstone............................. . ... . . 130 
Grey, shaly sandstone, and quartz and chert sandstone.... . ... .. ... 10 
Grey shale and shaly sandstone...... .. .... . .. . . . . . . . . . . . . 130 
Grey, sandy shale and grey sandstone.......... . ........ 20 
Grey shale and fine, shaly sandstone.. . ...... ... . ............ .. .... 30 
Missing.. .. .. .. .. . . . . . . . . .. . . . . . .. .. . . . . . . . .. . . . .. . .. . . . .. . 270 

Lower Cretaceous 
Grey and green shale. . .. . .. .. . . . . . . . . . 10 
Grey and green shale, some red shale......... . ......... .. . ... ..... 40 
118386-10 

Depth 
Feet 

50 

120 

290 

310 

340 
380 
400 
420 
430 
440 
460 
470 
480 
540 
650 

1,890 

1,920 
1,970 
2, 100 
2,110 
2,240 
2,260 
2,290 
2,560 

2,570 
2,610 
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Log of Daleo No. 2 Well (Evans, 1931, page 30) 
(L.S. 7, Sec. 19, Tp. 2, Range 17, W. 4th Mer.; Elevation, 3,630 feet)

Concluded 

Thickness D epth 
Feet Feet 

Lower Cretaceous-Cone. 
Grey and greenish shale .. . . .. ... . .. .. . . ... . .. .. .. . ... ... .... . .... . 60 2, 670 
Grey, greenish, and red shale . . ... .. .. . ...... . . . . . . ... . .. . ........ . 
Grey, greenish, and red shale, minor grey sandstone . ...... . .. . . . .. . 
Mostly white sandstone, some red and green shale . .. ...... . .. . .... . 
Grey, green, and red shales, a little white sandstone . . .. . .......... . 
Grey and greenish shale ...... . ..... . . ..... .. . .. . ... . .. .... .. . . . .. . 
Grey , green, and red shales with grey sandstone ................... . 

30 2,700 
40 2, 740 
20 2, 760 
70 2,830 
60 2, 890 
50 2,940 

Grey and green shale .. ... . .... . ...................... . . . . . . .. .... . 10 2,950 
Light grey sandstone .. . . . ..... .......... . . . ... . ... . . . . . . .. . . . . . . . . 
Grey, green , and red shale and sandstone .. . . . . . . .... . . ... . .. . . . . .. . 
Cherty sandstone and chert .......... . . . . . ... . ... . ... . ....... . .... . 

Ellis 

10 2,960 
30 2,990 
20 3,010 

Light grey, dense, calcareous shale ... . ....... ... ... . . . ... . ... . . . .. . 70 3,080 
Lime and chert with shale and sandstone ..... ... . . ......... . . . . . . . . 40 3,120 

Mississippian lim estone 
Mostly limestone . . .. . . .. .. . .. ... . . .. .. ...... . .... . ..... ... ... .... . 20 3,140 

SKIFF FIELD 

The area where drilling has been done in the vicinity of Skiff lies 
south of the Canadian Pacific Railway and north of Etzikom Coulee. No 
exposures of rocks occur in the immediate vicinity of the wells. Foremost 
beds outcrop east of Crow Indian Lake and in Range 15, in Etzikom 
Coulee. The details of the structure are unknown, but a northwesterly 
dip is indicat ed by the elevation of the top of the Lower Cretaceous in 
the wells drilled (See Figure 15). 

F eet 
Devenish No. 2 well: Elevation of top of Lower Cretaceous... . 541 
Devenish No. 1 well: Elevation of top of Lower Cretaceous.... 510 
Devenish No. 4 well : Elevation of top of Lower Cretaceous.... 470 
Dauntless No. l well : Elevation of top of Lower Cretaceous... . 369 

The top of the Palreozoic limestone was reached in three wells and 
shows that the dip is in the same direction but at a slightly different angle, 
as would be expected since the top of the Palreozoic is an erosion surface. 

Devenish No. 2 well: elevation of top of Palreozoic ........... . 
Devenish No. 1 well: elevation of top of P alreozoic .......... . . 
Dauntless No. 1 well: elevation of top of Palreozoic . . ...... . . 

F eet 
+ 6 
- 90 
-269 

Development in Skiff area commenced in 1926 with the drilling of 
Devenish No. 1 well which, at a depth of 3,080 feet, encountered in Ellis 
strata oil of 18 ·2 degrees Baume, that rose to a level of 800 feet below 
the surface. The well was deepened, but encountered water which was 
shut off by plugging. The well when tested in January and February, 
1928, produced only 22 barrels of oil a day. Later the well produced 40 
barrels a day, but by May, 1930, production had dropped to 25 barrels 
a day. The success of this first well encouraged further exploration and 
arrangemenra were made between the Devenish Oil Company and Imperial 
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Oil Company, Limited, to have the latter drill several wells. No oril or 
gas in any quantity was encountered in No. 2 well which was drilled to 
a depth of 3,171 feet. This well was south of, and higher structurally 
than, No. 1. No. 3 well was drilled close to No. 2 well and encountered 
oil at 3,054 feet. Pumping tests carried out between August 1 and 10, 
1929, under the direction of the Supervisory Engineer, Department of the 
Interior, gave 37 · 86 barrels of oil of 19 · 5 degrees Baume a day, with some 
water. Later, by the use of a compressor pump, the well produced 30 to 
40 barrels a day for a time. Devenish No. 4 well, drilled by the Devenish 
Oil Company to a depth of 3,148 feet, showed that the well was lower 
structurally than Nos. 1 and 3 and no commercial quantity of oil or gas 
was encountered. Dauntless No. 1 well, drilled in 1929, encountered oil 
shows, but like Devenish No. 4 well gave no commercial production. 

5 

TP.6. R.15. 

TP.5. R.15. 

SCALE OF 
0 

TP. 6. R.14. 
(Wo-T4th.Mer) 

o4 
0

1_ 
3• 

TP.5. R.14. 
2 

5 

TP.6. R.13. 

TP. 5. R.13, 

Figure 15. Skiff field wells. 1, Devenish No. l; 2, Devenish No. 2; 3, Devenish 
No. 3; 4, Devenish No. 4; 5, Dauntless No. 1. 

The Geological Survey has little exact information regarding the struc
ture in this area other than that provided by the deep wells. It is apparent 
that there is a rise from west to east from Devenish No. 4 to Devenish 
N os. 1 and 3 wells. Devenish No. 1 well is 170 feet higher structurally 
than Foremost No. 7 well, 4! miles north and 20 miles east of Devenish 
No. 1 well. It is apparent, therefore, that in the area east of Devenish 
No. 4 and west of Foremost No. 7 anticlinal conditions exist. The position 
of the crest of the structure is unknown, but it is highly improbable that 
the crest coincides with the location of Devenish No. 1 well. If it does 
not, the crest lies east of Devenish No. 1 well and the production from 
Devenish Nos. 1 and 3 wells seems to warrant assuming that larger flows 

68386-10~ 
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would be encountered by drilling farther east. So far as known there is 
no southward closure to the anticline since Devenish No. 2 situated south 
of No. 1 was higher structurally. It may be that the oil is confined to a 
lens of sandstone the extent of which can only be determined by drilling, 
but as a southward flattening of dip might provide the necessary conditions 
for accumulation if closure is absent, it is thought more likely that the 
occurrence of the oil is directly related to the structure rather than to 
irregularities of sedimentation. The area east of the present Devenish 
wells, therefore, seems worthy of serious consideration as an oil prospect. 

Log of Devenish No. 1 Well 
(L.S. 5, Sec. 27, Tp. 5, Range 14, W. 4th Mer.; Elevation, 3,050 feet) 

::Ii. Samples to a depth of 345 feet contain much intermixed surface 
materials 

Foremost 

Thickness 
Feet 

Missing ........ .. ... .. .... . ..................................... · . ......... · · · · 
B'!fft sandy shale with coaly materials....................... 60 
M1ssrng ......... ..... ......... ............. ... ....... 10 
Grey, sandy shale, some coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Grey, sandy shale........................ .. ... .. ....... .. . . . . . . ... 40 
Grey, sandy shale.... ............ . ... . . . . .. ... . . . . .. .. . . . . . ...... . 165 

Pakowkir 
Grey shale ........................... ... ... . . ... .... . . . . .. . 
Grey shale with a little sandstone .. .... . . . . .............. . 

g;:~n~~'.~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ..... . 
Milk River 

Dark grey and light grey shale .. . ................... . ............ . 
Dark grey and light grey shale with lignite ........ .. ...... . . . . 
Dark grey shale ............ . .................... . 
Light grey, sandy shale . ...................................... . 
Grey, sandy shale with carbonaceous materials ................ . 
Grey sandstone with carbonaceous materials ...... . ......... . . .. .. . 
Grey, sandy shale with carbonaceous materials .............. . ... . . 

Alberta shale 
D~r~ grey shale ..................................... . . . .. . ... . 
M1ssmg .... ........... ........ . 
G~e:I'. shale, somewhat sandy. . . . .... . .. . ............ . 
M1ssmg.......... .. ... . . . . . . . . . . . . . ... . . . . . . ........ . 
Dark grey shale ..................... . ..... .. . .. . . . ... . .... . . 
Dark grey shale with sandstone .......... . . .... .. . . ....... . . 
Dark grey shale ........... . .................. . 
Dark grey shale with some bentonite .. ...... . ......... . . . 
Dark grey shale ... ................ . ............ . ............ . 
Dark grey shale with bentonite.... . . .... . .. . .. . . . .. .. .. . ... .. . 
Dark grey shale.................. . . . . . . . .... . . .. . 
Dark grey shale with bentonite... . ... . .......... . ... . 
Dark grey shale, traces of bentonite ................... . 
Dark grey shale ............. . ......... . . ... . . . . . .. .. .... . .. . .. . .. . 
Missing.............. . ........... . .... . .. . . . ..... . 
Dark grey shale ..................... . ............... . 
D~r~ grey shale with sandstone .............. . . ... . . . .. ...... . .... . 
M1ssmg .......................................... . . .. ............. . 
D~r~ grey shale with some sandstone and bentonite .. . 
M1ssrng ..................................... . .. . 
Dark grey shale, sandstone, and bentonite .. . 
Dark grey shale, a little sandstone ......... . 

140 
10 
30 
10 

20 
30 
20 
70 
20 
30 
55 

10 
10 
20 
50 

220 
20 

110 
240 

50 
10 
30 
10 

130 
60 
10 
70 
10 
10 
50 
10 
90 
70 

Depth 
Feet 

35 
95 

105 
135 
1715 
335 

4715 
485 
515 
525 

545 
575 
595 
665 
685 
715 
770 

780 
790 
810 
860 

1,080 
1, 100 
1,210 
1,450 
1,500 
1,510 
1,540 
1,550 
1,680 
1, 740 
1, 750 
1,820 
1,830 
1,840 
1,890 
1,900 
1,990 
2,080 
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Log of Devenish No. 1 Well 
(L.S. 5, Sec. 27, Tp. 5, Range 14, W. 4th Mer.; Elevation, 3,050 feet)

Concluded 

Thickness Depth 
Feet Feet 

Alberta shale-Cone. 
Grey, sandy shale and sandstone . . ........ .. ............. . 10 2,090 
Grey sandstone (water)............ . .... . ... . 10 2, 100 
Grey sandstone and shale.............. . ..... . . . . . . ..... . . 20 2, 120 
Grey sandstone ........................ ..... . ......... . ........... . 13 2, 133 
Grey shale and sandstone, carbonaceous .......... . . 12 2, 145 
Grey shale and sandstone .... . ....... .... .. ...................... . 15 2, 160 
Grey shale and sandstone, carbonaceous .. . ..................... .. . . 10 2, 170 
Bentonite ...... . ... . .. . ........ . . .. ......... . .............. . 10 2, 180 
Missing .. . .............. . .. . . . ............................ . . . .. . . . . 20 2,200 

110 2,310 
30 2,340 

G~e:y: shale, sandy shale, and sandstone with a litt le bentonite . .. . . 
M1ssmg ......................... .. ......... .. ........ . 

40 2,380 
10 2,390 
60 2,450 
25 2,475 
10 2,485 

G~e:y: shale and sandstone ...... . .. . . 
M1ssmg...... ... .. .... .. .. . .. . . . . . . . . .. . · · · · ·· · · 
Grey shale and sandy shale .......... . . . .. .. ... . ............... ... . 
Dark grey sandstone (oil and gas show 2,458 feet) . . ......... . ..... . 
D ark grey shale and greenish sandstone ............... . ........... . 
D ark grey, sandy shale .......................................... . 20 2,505 
Dark grey shale with some bentonite . . . .......... . ......... . ..... . . 35 2,540 

Lower Cretaceous 
30 2,570 
40 2,610 

Grey and greenish shale, sandy ..... . . . .. . .. . ..... . . .............. . 
Grey and greenish shale and grey sandstone .. .... ... .. . . .......... . 
Fine, light grey, shaly sandstone ........ . ......................... . 10 2,620 
Green and grey shale. . . . . . . . . . . . ..... . .................... . 40 2,660 
Green shale and sandstone . ... .................................. . . . 60 2, 720 
Green shale with carbonaceous materials .. ................ . . ...... . 10 2, 740 

30 2, 770 
150 2,920 

Grey and green shale with sandstone . . .... . ... .... .......... . .... . . 
Grey and green shale with sandstone and little red shale .......... . . 
Grey sandstones .... ... ..... .................................. .. .. . 40 2,960 

Ellis 
D ark grey shale........................ ... . . .. ............. . . . . 30 2,990 
Dark grey, calcareous shale ..................... ........ .... . ..... . 10 3,000 

10 3,010 
60 3,070 

10 3,087 

Dark grey shale with light grey sandstone . .. ...... . . . ... . ... .. . . . . . 
Dark grey shale slightly greenish .......... .. ................. . .. . 
Dar!' gre.y and greenish shale with limestone and sandstone contain-

mg oil ........ ... . .. .. . .... . ...... . ... . . ... ... ........ ...... . . . 
Dark grey and greenish shale and limestone ................ . 9 3,096 
White sandstone ......................... ... .... ..... ...... . ...... . 24 3,140 

Mississippian 
Grey limestone .... ... ..... . ... . ......... ... .... . . . . .. ........... . . 42 3,182 

FOREMOST FIELD 

In 1916 United Oils of Alberta, Limited, drilled a well to the depth 
of 3,716 feet in Etzikom Coulee on the southwest quarter of Sec. 31, Tp. 5, 
Range 10, W. 4th Mer. The well is reported to have encountered a small 
amount of gas at 960 and 1,663 feet, salt water at 1,940 feet, a flow of 
10,000,000 cubic feet of gas a day at 2,015 feet, a further flow of 2,000,000 
cubic feet a day at 2,070 feet, salt water at 2,240 and 2,910 feet, and an 
oil show at 2,990 feet. As the water had not been properly shut off the 
well was later plugged and abandoned. 
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The results obtained by this well led to the development of the Foremost 
gas field by the Canadian Western Natural Gas, Light, Heat, and Power 
Company. Operations on Foremost No. 1 well commenced in April, 1923. 
The well was drilled to a depth of 2,191 feet and penetrated three gas sands 
that gave a combined flow of 26,000,000 cubic feet a day. In all, nine wells 
(including one by United Oils of Alberta) were drilled in a limited area 
extending from Sec. 24, Tp. 6, Range 11, to Sec. 29, Tp. 5, Range 10. 

The gas from the Foremost field was piped to Calgary, but after the 
development of the Turner Valley field following the completion of Royalite 
No. 4 well in the autumn of 1924 the Foremost field has not been extensively 
drawn upon and constitutes a very important reserve supply of gas which 
can be utilized as necessity arises. 

The gas in the Foremost field is derived from sandstones in the lower 
part of the Alberta shales at a depth of 2,070 to 2,250 feet in depth. 
According to Williams and Dyer (1903, page 121) the structure is a north
ward plunging anticline that flattens southward without providing actual 
dosure. The dip on the east and west flanks is said to be 30 to 50 feet a 
mile. 

Log of Foremost No. 7 Well 
(L.S. 4, Sec. 24, Tp. 5, Range 11, W. 4th Mer. ; Elevation, 2,968 feet) 

Thickness 
Feet 

Missing ................................. . . ........ ....... .. . ................ . . . 
.Foremost 

Grey shale, fragments of coal.................... ..... .. .. ...... . 
Light greenish shale............................. .. . ..... . . ... . . 
Lignitic shale and grey sandstone ...... ... . . . . .. . . . . 
Light grey sandstone. . ....... .. ... . . . ............... .. 
Light greenish and dark lignitic shale and sandstone .............. . 
Light grey sandstone................................ . ........... . 

Pakowki 
Grey shale with small amount fine sandstone ............ .... . . .. . . . 

Milk River 
Grey and lignitic shale with coal fragments; pebbles at 690-700 feet. 
Light grey sandstone with some coal. .... ..... . ......... .. .. . ..... . 
Grey and carbonaceous shales and grey sandstones ...... ... ........ . 
Fine, light grey, shaly sandstone ....................... . .... . . .. . . . 
Grey shales with sand............ . . . . . . . . . . . . . . . . ... . . . . ... .. 

Alberta shales 
Grey shales, in part sandy .... .. ..... . . . . . ...... . . . . . ........ . .... . 
Grey sandstone ...................... . ...... .. .... . . .............. . 

70 
40 
80 
20 

110 
40 

190 

30 
30 
50 
40 
40 

1,292 
5 

Depth 
Feet 

20 

90 
130 
210 
230 
340 
380 

670 

700 
730 
780 
820 
860 

2,152 
2,157 

Although the base of the Pakowki is commonly marked by a fine chert 
conglomerate the samples from 670 to 690 feet resemble Upper Milk River. 

BOW ISLAND FIELD 

(See Figure 16) 

The first well in Bow Island gas field was drilled by the Canadian 
Pacific Railway Company, but the Canadian Western Natural Gas, Light, 
Heat, and Power Company have done the major part of the development 
work. In 1911 they acquired the first well from the Canadian Pacific and 
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since then have completed twenty-four others. In addition to those owned 
by the company there are two other wells in the field, one of them owned 
by the village of Bow Island, and the other by the Southern Alberta Land 
Company. A tabulated list of the wells with locations, open flow measure
ments, etc., follows. 

Gas Wells in Bow Island Gas Field 

E levation Depth Elevation Initial open 
No. L.S. Sec. Tp. Range above to top of of top of flow, cubic 

sea-level gas sand gas sand feet a day 
------

Feet Feet Feet 

1. .. . . . ........ 6 15 11 11 2,300 1,866 434 8,500, OOO 
2 .. . ....... .... 15 15 11 11 2,273 1,849 424 Abandoned 
3 ...... . .. ... . . 14 9 11 11 2,273 1,849 434 13, OOO OOO 
4 . . .. ......... . 3 17 11 11 2,273 1, 843 430 29, OOO, OOO 
5 ... . . . . . . . . . . 9 22 11 11 2,270 1,867 403 Abandoned 
6 .............. 1 16 11 11 2,286 1, 881 405 4,200, OOO 
7 ..... . ....... 8 18 11 11 2,283 1,856 427 7,000, OOO 
8 .............. 13 18 11 11 2,314 1,891 423 12, OOO, OOO 
9 .............. 2 24 11 12 . . .. ...... . . . . . . . . . . 414 Abandoned 

10 .. . .... . ...... 8 23 11 12 . . . . . . . . . . ······ · · ·· 415 Abandoned 
11 .. . ..•. . . . .... 1 7 11 11 . ......... .......... ....... . .. 7, 300,000 
12 ... .... . ...... 13 7 11 11 2,467 1,958 409 16, OOO, OOO 
13 . . ······ .. . . . 3 9 11 11 2,521 . ......... .......... 18, OOO, OOO 
14 . ....... . .... 1 1 11 12 2,548 2, 100 448 7,000,000 
15 .... . .. . .. ... . 13 12 11 12 2,581 2, 170 411 4, OOO , OOO 
16 ...... . . . ... .. 4 4 11 11 2,554 2, 134 420 Abandoned 
17 ..... . ...... .. 1 25 11 12 2,594 2,207 387 Abandoned 
18 .............. 4 1 11 12 2,663 2,230 433 Abandoned 
19 ... . . . . . . . . . . 16 25 10 12 2,531 2,076 455 3,000,000 
20 ......... ... .. 16 30 10 11 2,550 2, 100 450 Abandoned 
21.. .. . . . . . ····· 1 30 10 11 2,564 2,127 437 Abandoned 
22 .............. 14 31 10 11 2,544 2, 100 444 1,300, OOO 
23 .... ..... ..... 16 17 11 11 2,396 l, 981 415 2,300, OOO 
26 .... .. . . . . 15 33 10 11 2,559 .......... ········ · · Abandoned 
27 .............. 4 20 11 11 2,496 2,092 404 1, 300, OOO 
28 ..... ........ . 12 4 11 11 2,275 . ......... ........ . . 7,000,000 
29 .....•.....•.. 9 24 11 12 . ......... .......... .... .... .. 12,000,000 

28= Village of Bow Island well: 29=Southern Alberta L and Company well. 

No outcrops ()f rock occur in the immediate vicinity of the field. The 
gas occurs in a porous sandstone band 35 feet thick, in the Alberta ~hales 
about 1,300 feet below the base of the Milk River sandstone. The structure 
of the field is represented in Figure 16 which is based on the data given in 
the preceding table. That the irregular-shaped dome with a closure of only 
50 feet has been large enough to hold the large quantity of gas obtained in 
the field is surprising. Undoubtedly the reason is that the small dome is 
situated on the crest of the Sweet Grass Arch. 

Bow Island field 1 was discovered in 1909 and by 1914 the total open 
flow of all the producing wells amounted to 184,000,000 cubic feet. The 
original rock pressure was 745 pounds and in 1927 after the withdrawal of 
about 38,000,000,000 cubic feet of the estimated content of 45,000,000,000 
cubic feet of gas, the pressure had fallen to 256 pounds with a daily 

1 Information supplied by P. D. Mellon , Can. West. Nat. Gas, Light, Heat, and Power Company, 
Calgary. 
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capacity of all the wells of 16,000,000 cubic feet. As it was recognized by 
the officials of the Canadian Western Natural Gas, Light, Heat, and Power 
Company that further withdrawal of gas would accentuate the encroachment 
of edge water it was decided to experiment with re-pressuring to determine 
if such was feasible and if so to introduce waste gas from Turner Valley. 
In the preliminary experiments gas from the Foremost field was used and 
beginning the latter part of September, 1927, approximately 37,000,000 cubic 
feet of gas was introduced through eight wells. This caused a rise in the 
rock pressure from 256 to 286 pounds, or at ,a rate slightly less than 1 

R.12 R.11 
Geolo /ea/ Surve . Canada. 

Figure 16. Bow Island gas field {after Dyer); structure 
contours represent top of the gas sand; numbers desig
nate the wells as given in the table, page 145. 

pound a million cubic feet of gas stored. As the preliminary experiment 
was successful the necessary repairs were made to pipe-lines and wells and 
high-pressure compressors installed. The actual work of pumping Turner 
Valley gas into the field began on August 4, 1930, at the rate of 3,500,000 
cubic feet a day and was continued until December 31, during which time 
623,000,000 cubic feet had been stored. In the beginning only three wells, 
Nos. 4, 7, and 8, were used, but later gas was also introduced through wells 
Nos. 11 and 12. The storage of gas was continued through 1931 and on 
August 19, 1,555,650,000 cubic feet of gas had been stored with an increase 
of pressure1 in the field to 335 ·2 pounds which is equivalent to a rise of one 
pound in rock pressure for 17 ,984,000 cubic feet stored. It is estimated that 
perhaps 20,000,000,000 cubic feet can be stored. 

1 Measurement of ten wells after being shut in 11 days. 
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Log of Northwest Company, Burdett No. 1 W ell 1 

(Sec. 8, Tp. 11, Range 11, W. 4th Mer.; Elevation, 2,580+ feet) 

Thickness Depth 
Feet Feet 

Drift ...................................... · . ··················· · ·· ............ 140 
Foremost 

40 180 
70 250 

Light grey, sandy shale with traces of coal. . ................. . 
Grey, sandy shale ....................... . 
Grey, sandy shale, a little coal.... . . ..... . . .. .... . ... . .. . 20 270 
Grey, sandy shale ........ .. ....... : 130 400 

Pakowkit 
Grey shale .............. . . .. .. ........ .. . ... ....... .. 420 
Grey shale, traces of coal. . . . . . . . . . . . . . . . . . ....... .. . 130 550 
Grey shale ....... . .......... .. .. . .... . ..... . . . .... . . . . . . 40 590 

Milk River 
Grey shale, sandy ...... ..... . 200 790 

Alberta shale 
Dark grey shale .... , . . . .... .... . .. . . ... . . .......... .. . 50 840 
Dark grey, sandy shale.... . . . . . . . . . . . . . . .... . ..... . 70 910 

140 1,050 · 
140 1, 190 

Dark grey shale ..... . ................... . ............. .. .... . . .. . . . 
Dark grey shale, in part sandy . ... ...... .. . ... . ....... .. ... . ..... . . 
Dark grey shale, chert pebbles .. ... .. . ............. ... ............ . 10 1,200 
Dark grey shale .... . ... . ........ . ........................ . . 170 1,470 

10 1,480 
70 1,650 

Dark grey shale, chert pebbles ......................... .......... . . 
Dark grey shale, somewhat sandy . ...... ... ...... ..... . . . ... . .... . . 
Dark grey shale, bentonite . . .......... . .... ...... ... ....... ... . . 20 1,670 
Dark grey shale ...... . .................. . .. . . . ................... . . 100 1, 770 
Dark grey, sandy shale .... ........... . ............... . ........ . ... . 40 1,810 
Dark grey shale ............................. . . . ............ . ... .. . 30 1,840 
Dark grey shale, with bentonite .... ... .. .. . . . ............. ... . . . . . . 20 1,860 

270 2,130 
10 2,140 

Dark grey shale, somewhat sandy and with a little bentonite ...... . 
Dark grey shale, with chert pebbles ... . ........ .. ... ... ........... . 

40 2, 180 
130 2,310 

Grey sandstone, somewhat shaly .... . ... . ..................... .. .. . 
Grey, sandy shale, some bentonite and sandstone .. . ............... . 
Grey shale, a little sand ... . ...... . ........................ . ...... . 190 2,500 

Lower Cretaceous 
Light green, grey, and red shale.. .. . . ... . . ............. . 10 2,510 
Grey and greenish shale ...... ..... .............. . ............. . 10 2,520 
Variegated shale..... . . . . . . . . . . . . . . . . . ....... .... . 20 2,540 
Grey shale.. . . .. . ... . ....... . ........ . ........... . .......... . . 10 2,550 
Light green and reddish shale ....................... ......... ..... . 20 2,570 

20 2,590 
10 2,600 

Grey shale .. ...... . . . .............. . ................ .. . . ... . . . . 
Greenish and reddish shale with bentonite ...... ........ . .... ...... . 
Grey and greenish shale with t races of coal. ..... . ......... . ... . ... . 10 2,610 
Light grey sandstone, some coaly shale ..... .. .. ..... . ... . ......... . 20 2,630 

20 2,650 
40 2,690 
10 2, 700 

Dark shale and sandstone . .. . .... . .......................... . . .. .. . 
Grey, green, and reddish shale with sandstone . . ................... . 
Black, carbonaceous shale ....... ... . ..... .... .... . . . ........... .. . . 
Dark shale . ... ....... ........ . . . .... .................... . . .. . . 10 2, 710 
Dark and greenish shale........ . .... . . . . . . . . . . ........ . 20 2, 730 
M1ssrng ................................. . .... ........ . 10 2, 740 
Variegated shale with grey sandstone. 30 2, 770 

30 2,800 
10 2,810 

Dark grey and greenish shale ..... . 
Dark grey shale, trace of maroon shale .. 
Dark grey shale with sand ........ . 10 2,820 
Dark grey to black shale ................... ... . 30 2,850 
Dark grey, green, and maroon shale .. 10 2,860 

Ellis? 
40 2,900 
70 2,970 

Blue-grey shale and sandstone ....... . 
White, sandy lime and dark grey shale. 

Mississippian 
White limestone .... ... . 90 3, 060 
Pink limestone.... . .. 50 3,110 
Brown limestone.. ....... . .... .. ...................... . 120 3,220 
Pink and brown limestone..... . .............. . 10 3,230 
Grey to brown limestone. ...... . . . . . . . . . . . . . . . . . . . . . . ..... . 160 3,390 
Dark grey limestone ................................... . . . ........ . 190 3,580 

1 Published by permission of Imperial Oil Co., Ltd. Log compiled in part from log by J. G. Spratt. 
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Log of Northwest Company, Burdett No. 1 Well 
(Sec. 8, Tp. 11, Range 11, W. 4th Mer. ; Elevation, 2,580+ feet)-Concluded 

Thickness Depth 
Feet Feet 

Devonian1 
Black shale . . .. .............................................. . .... . 10 3,590 
Grey, sandy limestone............ . .................... . 20 3,610 
Black shale .................... . ... .. ................ . .... . 10 3,620 
Grey limestone ........ ............ . .... . ....... . ...... . ........ . 
Grey and dark grey shale ....................... .. . ... ............ . 

10 3, 630 
10 3,640 

Grey, sandy limestone............... . . . . ......... . . .. ... . . . 
Greenish, calcareous shale ......... . . . .............. .. .. . .... . 
Greenish, calcareous shale with anhydrite .. . 

100 3, 740 
60 3,800 
20 3,820 

Greenish grey shale and limestone ............................... . 
Grey, calcareous sandstone with shale ................ . . .. .... . . . .. . 

120 3,9!0 
50 3,9JO 

Grey shale, little limestone ...... ............ . . . ... ... . 
Missing.......................... . . ..................... ....... . 

50 4,040 
10 4,050 

Grey shale and limestone ............. ..... ... ... ... ........... ... . 10 4,060 

MEDICINE HAT FIELD 

.A<ccording to Dyer (Hume, 1928, page 50) 
"Attention was first directed to the gas possibilities of Medicine Hat area by the 

seepages of gas in South Saskatchewan River; these are made evident by a continuous 
stream of bubbles rising to the surface of the water. The first wells were drilled in 
1901, but penetrated only to a shallow gas sand 700 feet deep, from which a very 
small production was obtained. In 1908 the Canadian Pacific Railway Company drilled 
to 1,000 feet and penetrated the Medicine Hat Gas sand which has proved the prin
cipal gas horizon in the field. From that time on, all wells have been drilled to the 
deeper horizon and the shallow wells have been abandoned. The following table 
contains a list of the wells drilled in Medicine Hat, with data concerning open flow 
measurements, depth of the gas sand, etc. 

Nameo!well 

Gas Wells in Medicine Hat Field 

Sec. Tp. Range 
Eleva
tion o! 

well 

Depth 
to 

Medicine 
Hat 

gas sand 

Eleva
tion 

Medicine 
Hat sand 

above 
sea-level 

Open 
flow 

cub. It. 
a day 

--1------------1----·1------------------
Feet Feet Feet 

above 

i 31 
sea-level 

1 Main St ... . .. .. . . . . ...... . ........ SW. 12 5 2,202·95 .......... ·········· 2,225,000 
2 Armory ............ . ......... . . .. . NE. tat 12 5 2, 145·05 ·· ·· ····· · 3.000 ,000 
3 Rosary ............... • . . . . . ..... . . NW. i 32 12 5 2, 132·65 . . . . . . . . . . 2.000,000 
4 Balmoral. .... ........ . .. SW. i 32 12 5 2, 128·95 905 .. i;224 ... 

2,500,000 
5 Electric Plant . .................... NW. t 35 12 6 2,167·75 ...... "9i8 4.000,000 
6 Cra!t ..... ...... ··· ····· ···· SW. 136 12 6 2,148·15 1,230 3,264,000 
7 S. Industrial.. .... NW. t 18 12 5 2.346·95 1,094 1,253 2,300,000 
8 W. Industrial .... NE. t 22 12 6 2,312·82 1,065 1,247·82 2,100,000 
9 Stella ......... . ... ..... SW. t 28 12 5 2, 147·65 938 1,209·65 2,500,000 

10 Hargrave .. . .................... ... NW. t 31 12 5 2, 165·65 2,500.000 
11 Cousins and Sissons .......... .. . . .. NE. t 25 12 6 2, 269·44 1,075 '"jj94··· 2,800.000 
12 Central Park ............ . .... NW. t30 12 5 2, 262·87 1,030 1,232·87 3,000,000 
13 Maple St ..... .. . ............ NW. t 29 12 5 2, 131 ·35 ·········· . . . . . . . . . . 2,500.000 
14 Powell . .............. .... SE. po 12 5 2, 139·55 ·········· 2, 900,000 
15 Huckvale ......... ... . NE. 

corner 6 13 5 2,336 ·53 1,080 1, 256·53 3,625,000 



149 

Gas Wells in Medicine Hat Field-Concluded 

Name of well Sec. Tp. Range 
Eleva
tion of 
well 

D epth 
to 

Medicine 
Hat 

gas sand 

Eleva
tion 

Medicine 
Hat sand 

above 
sea-level 

Open 
flow 

cub. It. 
a day 

--1------------1----·I--- ---------------

16 
17 
18 
19 
20 

I 21 
22 
23 
24 

~~l~i~ier._ .. ·.· : : : :: :: : . :::: :: : : · :: :: ·NE.'·t·aa 
Marlborough .............. . . . .... SW. t 30 
Wellington .............. . .... . .... SW. t 28 
C.P.R. No. 1 ...... . ... .. ... .... SE. t 31 
C.P.R. No. 2 . .. SE. t 31 
C.P.R. No. 3 . . . . . . . . . . . . NE. t 36 
Purmal............ . . . . . . . . . NW. t 28 
No. 1 Canada Cement Co .. ...... . Dauntless 

Sta. 
25 No. 2 N;E. t 28 
26 No. 3 SE. t 22 
27 No. 4 NE. t 14 
28 No. 5 SE. t 28 
29 Golden Valley Irrig. Co. NW. t 33 
30 Roth and Faurot No. I... . . . . . SW. t 6 
31 Redcliff, South........... NE. t 5 
32 Redcliff, East............... ... . .. NE. t 9 
33 Redcliff, West. ..... ......... ... .. . NE. t 7 
34 Redcliff Pressed Brick Co... ... SW. t 9 
35 Redcliff Brick and Coal No. 2.. . . NW. t 5 
36 Redcliff Brick and Coal No. 3.. NW. t 5 
37 Dom. Glass Co................. SW. t 17 
38 Redcliff Broadway.... . .... SW. t 17 

12 
12 
12 
12 
12 
12 
12 
12 

.... .... 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
12 

5 
5 
5 
5 
5 
5 
6 
5 

........ 
6 
6 
6 
6 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
5 

Feet Feet Feet 
above 

sea.level 
2. 133 ·55 . . . .. .. .. . . .. .. .. . . 2,800,000 
2, 137·16 904 1,233·16 3.000.000 
2,151·65 915 1.236· 65 1,850,000 
2, 171·05 975 1, 196·05 2,225,000 
2, 178·65 . ........ . 
2,179·54 970 1,209·54 2,800,000 
2,236·98 979 1,257·98 2, 995 , 000 

..... 2;36o : : : : : : : : : : : : : : : : : : : : 2, OOO, OOO 

2,330·96 
2,306 ·37 
2,223·33 
2,291·86 
2,171·22 
2,329·76 
2,450·88 
2,413·04 
2,434·47 
2,443·28 .. . 
2, 421 ·32 
2,247·04 

1,095 1, 235 ·99 2,338,000 
1,057? 1,249 ·37? 2, 117, 000 

965? 1, 258·33 1.500,000 
1, 058 1. 240 2,600,000 

940 1, 231· 22 .. . ..... . . 
1,081 1,248·76 2,600,000 
1, 187 1,263·88 . . . . . . . .. . 
l, 150 1, 263 4,000,000 
1,183 1,251·47 4,000,000 

1,195 ?? 1,800.000 
1,250·3 4.000,000 
1,224 2.000,000 

3,147,000 
.... . . .. . . ... ....... 5,000,000 

39 Dunmore June....... . . NE. t 9 
40 Dunmore ...... .. . ...... . .......... T ownsite ..... "1·3· ....... 6 ..... 2,' 4'9'0" 
41 Roth and Faurot No. ... .. .. . . . . . . 8 1,252 1,238 

The best wells in the field have open flows of nearly 5,000,000 cubic feet a day. 
Those under 2,000,000 cubic feet are considered poor. The original total open flow 
capacity of the field was about 80,000,000 cubic feet a day, but it is reported that by 
1922 this had decreased to 50,000,000 cubic feet. The rock pressure in the early 
history of the field was 550 pounds a square inch; this had declined to 425 pounds 
in 1925. The open-flow capacity is, therefore, falling more rapidly than the rock 
pressure. The rock pressure in Redcliff has always been higher than in Medicine 
Hat; in 1925 it was about 475 pounds. Abount one-half the wells are owned by the 
municipalities of Medicine Hat and Redcliff; the remainder, for the most part, are 
owned and used by industrial concerns. 

The structure of the field as represented in Figure 17 is largely based on the 
data contained in the preceding table, but additional information was obtained by 
determining the strike and dip of the overlying rocks (Foremost beds) in the coal 
mines in the western part of the field and along the river valley opposite Redcliff. 
The structure which causes the accumulation of the gas is low and broad with about 
50 feet closure, and extends northward from the structurally higher land on the south. 
It is divided into two parts by an east-west trough that roughly parallels the river. 
The southern part of the field was developed first and has received most attention. 
A few good wells have been obtained in the trough. The northern part, however, 
holds most promise for the future. It is higher than the southern part and the rock 
pressure also is greater. Some of the best wells have been drilled on it, including the 
Huckvale well and the Broadway well at Redcliff. 

How far the gas-field extends beyond the present proved area has not been 
determined. The Canada Cement Company's well _at D!luntless is a very poor one, 
and the field probably does not extend south at this pomt. Some gas was obtained 
at Dunmore, but the gas sand was thin and the field probably does not extend farther 
east. Nothing is known of the western extent of the fie•ld, but possibilities of obtain
ing good flows outside the structure shown on the map are not considered good. 
Future drilling may show that the field extends a considerable distance farther north 
and it is even possible that the rocks may rise in that direction. ' 
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The manner in which the rock pressure has kept up is remarkable and augurs 
well for the continued life of the field. Edge water has appeared in but few of the 
wells in the central part of the city, namely in the Power Plant well and in Canada 
Cement well No. 2. With the wise conservation measures that have been, and are 
being, taken and with proper care in avoiding water troubles, the field should last 
for a number of years, and there is always the hope of extending the area to the 
north or of finding new fields sufficiently close at hand for the gas to be piped to 
Medicine Hat. 

In the summer of 1925 the drilling firm of Roth and Faurot, by agreement with 
the city council of Medicine Hat, commenced a search for oil in the rocks below 
the Medicine Hat gas sand within the limits of the Medicine Hat gas field. For 
their first well they chose a location in the northern part of the city~L.S. 4, Sec. 6, 
Tip. 13, Range 5, W. 4th Mer." 
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Figure 17. Medicine Hat gas field; structure contours represent 
top of Medicine Hat gas sand; numbers designate the well as 
given in the table, pages 148 and 149. 

This well did not find oil in commercial quantity. The Medicine 
Hat gas sand where penetrated was 39 feet thick and was reached at a 
depth of 1,081 feet, the Alberta shale-Lower Cretaceous contact is at 
approximately 2,525 feet, the top of the Ellis at about 2,760, and the top 
of the Palrnozoic, although difficult to determine from the samples, is 
thought to be at approximately 2,980 feet. A flow of 2,600,000 cubic feet 
of gas a day under a pressure of 400 pounds a square inch was struck in 
the Medicine Hat gas sand and a flow of 10,000,000 cubic feet of gas which 
turned to water in one day was obtained at a depth of 2,845 feet. 
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Dyer considered the Medicine Hat gas sand to be an eastward exten
sion of the Milk River sandstone. Spratt (1931, page 1178) has shown 
that this is probably not the case. According to determinations made by 
Wickenden (personal communication) the top of the Alberta shale in 
Roth No. 1 well occurs between depths of 990 and 1,000 feet and since the 
Medicine Hat gas sand was reported to occur at a depth of 1,081 feet it 
must lie within and near the top of the Alberta shale. 

Log of Roth and Faurot W ell No. 2 

(Sec. 8, Tp. 13, Range 6, W. 4th Mer.; Elevation, 2,490 feet) 

Foremost beds 
Buff-coloured and grey shale ......... . . . .... .......... ... . ... .. ... . 
Grey, sandy shale and sandstone ...... .. . . . . . . ........ . .... .. ..... . 
Grey sandstone . ... . .. . ...... . . .. . . .. . ....... . ... . ......... ... . . .. . 
Light grey shale with sandstone ........ . . . ................. . ... . .. . 
Sandy, grey shale, carbonaceous .. ....................... . . . .. .. .. . . 

" " trace of coal. .. ..... . .... ....... . ..... . .. . ... . .. . 
Coal bed . ........ . . ... . .. . . ....... . .............. ...... .. .. ..... .. 
Grey to brown, coaly shale .. . ... .. ........ . ......... . . . ... . ....... . 
Grey shale with traces of coal .. .. ......................... ... ..... . 

" " carbonaceous materials ...... ... . . .. . ... . ......... . 
lignite ................ . ..... . .............. . . . ... . 

Pakowki formation 
Light grey, sandy shale.......... . ... . . . ............ ... . 
Grey shale, darker........ . . . . . . . . . . . . . . . . . . . ... .. . 
Very fine, light grey shale ................... . ... . ......... . ... . ... . 
Fine, grey shale . ................... . .. ..... .. . ..... .. .. . . .. ..... . . . 
Grey shale, slightly darker ............ . .... . . . . . . . . . .... . . ....... . 
Grey shale . ..... . . ......... . ........... . ......... .. . ... . 

" , darker ......... . ...... . ..... . ... . 
Brownish grey shale . ... ....... . .............. . ....... . . . .. . 
Grey, sandy shale and calcareous sandstone .... . ..... . . . .... . 
Dark grey shale ............................... .. . ........ .. . . . . . . . 
Grey shale, darker. ....... . . . . . . . . . . . . . . . . ... .... . ... . ... . 
Grey shale with a little bentonite ... . . . .... .............. . . ... . ... . 
Grey shale.................... .... . . . .. ....................... . 

Samples missing.... . . . . . . . . . . . . . . . . .... . ........ . . . . . ..... .... . 

Alberta shales 
Grey shale ... ...... . ...................... . ............. . ......... . 

" " w,i,th san~y shale and sandstone. . . . . . . . . . . . . . . . . ...... . 
pyrite ... .. . . . ........................ . . . . ........ . . 

" with bentonite . .. ..... . 

" with pyrite ...................... . ....... ... . 

Dark grey shale with sandstone bands ... .......................... . 
" brown to grey shale with sandy partings and sandstone ...... . . 

Dark grey shale with tiny, black chert pebbles .................... . 
Sandy, grey shale with chert pebbles ................... . 

" " with some pyrite and bentonite .... . .. . .. . ... . . . . 

Lower Cretaceous 
Fine-grained sandstone with quartz grains and black, grey, and 

green chert pebbles ......... ................ ... ....... . ...... . . 
Reel shale with a little green shale ........... . ..... . . ... ... . . . . . . . . . 
Lighter red shale . ................................................ . 
Light green to bluish shale with some maroon to reddish shale ... . 

Thickness 
Feet 

" '"""25 ' 
15 
20 
40 
10 
10 
10 
10 
20 
70 

10 
120 
30 
20 
10 
50 
20 
70 
30 

100 
10 
30 
40 

400 

400 
20 
20 
50 
10 
10 
10 

200 
210 
120 
10 

130 
245 

35 
20 
30 
40 

Depth 
Feet 

100 
125 
140 
160 
200 
210 
220 
230 
240 
260 
330 

340 
460 
490 
510 
520 
570 
590 
660 
690 
790 
800 
830 
870 

1,270 

1,670 
1,690 
1, 710 
1,760 
1,770 
1, 780 
1, 790 
1,990 
2,200 
2,320 
2,330 
2,460 
2,705 

2, 740 
2, 760 
2, 790 
2,830 
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Log of Roth and Faurot Well No. $ 

(Sec. 8, Tp. 13, Range 6, W. 4th Mer.; Elevation, 2,490 feet)-Concluded 

Thickness Depth 
Feet Feet 

Lower Cretaceous-Cone. 
10 2,840 
20 2,860 
55 2,915 
20 2,935 

Light green to bluish shale; a little coal.. ........... . . . . ... . ....... . 
Light green to purplish red shale; a little coal. . .. . . .. . . . . . . .. . . . .. . . 
Grey, green, and reddish shale . ....... . ....... . 
Grey sandstone .. . ........ . .. .. .... . . .... . .. .................. ... . . 

Ellis formation 
5 2,940 

10 2,950 
20 2,970 
60 3,030 
10 3,040 
20 3,060 
10 3,070 
80 3,150 

Sandstone with some shale and dolomite .. ........................ . 
Reddish brown and light greenish shale with some sandstone and 

dolomite .................. . ........ . ....... ...... ... .......... . 
Very fine sand .. . ................................................. . 
Buff and brown, clay shale, calcareous and in part limy .... . .... ... . 
Grey sandstone with dark grey shale (oil show) ................... . 
Grey, calcareous shale with pyrites .................... ....... . . . . . . 
Fine, white quartz sand; water at 3,065 feet ... ...... .. . .. .......... . 
Grey and reddish stained sandstones ..... . . .. . . .. . ... .. . . .. . . .. . .. . 

It is reported that the top of the Medicine Hat gas sand was struck 
at 1,252 feet and hence the top of Alberta shale should be in the 400-foot 
interval between 870 and 1,270 feet unrepresented by samples. This well 
did not reach the Palreozoic limestone, although it must have been very 
close to it at 3,150 feet. The top of the Palreozoic was encountered at 
Roth No. 1 well at approximately 2,980 feet. A log of the Palreozoic sec
tion in No. 1 well is as follows: 

White and pinkish, cherty limestone ....... . .......... . . .... ........... . 
Dark shale . . ....... ... . .. ... . ... . ........ . . . ............. . . 
Greenish shale .......... . . ............... ..... . .. . ... . ... . ..... . 
Samples very poor and indeterminate .......... . ...... .. . .... . . .. ... ... . 
White and pinkish anhydrite and limestone ....... . . . . .. . . ..... .... . . . . . 
Grey limestone and black shale .... . .................................. . 

Thickness 
Feet 

630 
80 
60 

110 
60 

140 

Depth 
Feet 

3,610 
3,690 
3, 750 
3,860 
3,920 
4,06(). 

The dark shale corresponds, according to Moore (1931), to the top 
of the Three Forks formation, i.e., the top of the Devonian, whereas the 
overlying, cherty limestone is Mississippian. 

MILK RIVER AREA 

Milk River area (Figure 13, No. 6), as here considered, includes the 
sites of the Commonwealth Milk River well, Erickson Coulee well, and the 
structure on which the Rogers-Imperial (Range No. 1 and Range No. 2) 
wells have been drilled. There are also a number of other wells in the area. 

Milk River, Pakowki, and Foremost beds are exposed along Milk 
River which flows eastward across the area, turning southward in Range 5. 
The river lies in a comparatively deep valley showing some bad land 
topography in the eastern part where the higher beds are exposed. Drain-
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age from Sweet Grass Hills has cut many deep coulees in the south side 
of the valley from Range 13 to Range 7. The most prominent valley 
joining Milk River Valley on the north side is Verdigris Coulee which 
trends in a southeast direction and contains a number of small lakes. It 
is cut deeply below the general level of the plains and exposes successively 
higher beds to the northwest. On a small branch of it in Tp. 3, Range 15, 
the Commonwealth Milk River well was drilled. 

Structurally the Milk River area is part of the Sweet Grass Arch which, 
as already stated, plunges northward. The rate of dip varies considerably, 
but in Range 15 is about 40 feet to the mile. West Butte lies south of 
Range 12 and close to the International Boundary. From it the strata dip 
steeply northward and the structure along the International Boundary seems 
to be a series of plunging anticlines on the Sweet Grass Arch. The Rogers
Imperial gas field is on one of these folds northeast of West Butte. Dykes 
radiating from the intrusive mass of West Butte are known in the Rogers
Imperial field and may occur elsewhere. They may have considerably 
influenced the concentration of oil and gas, as apparently seems to have 
been the case in the Rogers-Imperial field. The Geological Survey has little 
information regarding the details of the structure. 

Log of Commonwealth Milk River Wells 
(L.S. 8, Sec. 9, Tp. 3, Range 15, W. 4th Mer.; Elevation, 3,157 feet) 

Thickness Depth 
Feet Inches Feet Inches 

Missing ..... . .. .... .... .................. . .... . . . . . . . . . . ..... ... . ............... . 
Milk River 

20 0 

Brown weathering shale ..................................... . . . 
G~e:I'. shale and sandy shale . .. .......... . .. ....... . ........... . 
M1ssmg ............................ . .............. ....... . . ... . 
Dark grey, carbonaceous, and lignitic shale . .... .... ........... . 
Grey shale with a little sandstone . ............. . . ... ... ... ... . . 
Light grey sandstone ..... .... ............................... . . 
Dark grey shale with plant remains .................. .... . . . .. . 
Light grey sandstone ... ... ... . ................. . ....... .. .... . 

20 0 
40 0 
10 0 
10 0 
10 0 
30 0 
60 0 
90 0 

40 0 
80 0 
90 0 

100 0 
110 0 
140 0 
200 0 
290 0 

Light grey, sandy shale, sandstone, traces of lignite ........... . 
Alberta shale 

170 0 460 0 

Dark grey shale with occasional sandstones. Traces of bentonite 
at 83CHl40 feet .... . ....... . ............................... . 540 0 1,000 0 

Dark grey shale, partly sandy ........... . . . . . . . . . . . ... ....... . 
Dark grey shale with some bentonite . ......... .. .. . ..... ... .. . 
Dark grey shale ......................... . .................... . 
Grey sandstone and shale (water) .. . . ... . ........ . . . ... ..... . .. . 
Grey shale and sandstone ..................................... . 

570 0 
60 0 
40 0 
10 0 
50 0 

1,570 0 
1,630 0 
1,670 0 
1,680 0 
1, 730 0 

Light grey sandstone (water) .............................. . .. . 
Dark grey shale and sandstone ............. . ............... . . . . 
Grey, fine-grained sandstone ............. .. . . ..... . ...... .. . . . . 
Dark grey, sandy shale and sandstone .... ............ ...... . . . . 
Grey sandstone (water) .................. ............. ........ . 
G~e:I'. shale and sandstone with bentonite .... ....... ........ ... . 
M1ssmg ............................... · ···· · · · ················ · 
Grey sandstone, some shale and bentonite ..... .. ..... . ...... . . . 
Grey shale and sandstone with bentonite ......... . ....... . .... . 
Grey sandstone (water at 1,974-1,980 feet) ........... . ..... .. .. . 
Grey shale and sandstone .... .. .. ..... ... .. . .. . . ... . . . . .. .. ... . 
Grey sandstone .......................... . .... . ... .. . ......... . 

10 0 
40 0 
10 0 
40 0 
10 0 
10 0 
10 0 
20 0 
80 0 
40 0 
20 0 
10 0 

1, 740 0 
1, 780 0 
1, 790 0 
1,830 0 
1,840 0 
1,850 0 
1,860 0 
1,880 0 
1,960 0 
2,000 0 
2,020 0 
2,030 0 

Grey shale alternating with grey sandstone ....... .... ......... . 130 0 2,160 0 
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Log of Commonwealth Milk River Wells 
(L.S. 8, Sec. 9, Tp. 3, Range 15, W. 4th Mer.; Elevation, 3,157 feet)

Continued 

Lower Cretaceous 
Grey and greenish shale and sandstone ....................... . . 
Grey sandstone . ....................................... . ...... . 
Green and maroon shale, some sandstone ...................... . 
Grey sandstone ................................. . ............. . 
Grey, green, and red shale and sandstone ..... . ..... ..... .. .. .. . 
Red shale ............................. . ... . . . . . .......... .. .. . 
Red and green shale ..................... . . . . ........ ..... .... . 
Grey sandstone with some shale . ........ .. ...... ... ..... ..... . 
Grey, green, and maroon shale ..... .. ...... . .................. . 
Grey sandstone .. . ............ . ......... . .. .. ..... . . ..... ... .. . 
Grey, green, and maroon, sandy shale ... ............ . ......... . 
Grey and green shale; ironstone at 2,500 feet ......... . ....... . . . 
Grey and green shale, trace of marol.ln shale ....... ............ . 
Light grey, shaly sandstone ..................... . . .... . . ...... . 
Grey, green, and maroon shale ............... . ........ . ..... . . . 
Light grey, shaly sandstone and shale ....................... .. . 
Light grey sandstone "Sunburst" sand ........... . ............ . 

Ellis 
Grey and brown shales with glauconite ........ . . . ............. . 
Light grey, calcareous shale ................... . ... . ... . ....... . 
Light greenish grey, calcareous, and sandy shale, pyritic ....... . 
Light greenish shale, some white limestone and chert .......... . 

Mississippian 
Granular, white limestone, oil stained ...................... . . . . 
Light-coloured limestone ...................... . . . .... . ........ . 
Cherty limestone ................. . ...... .. . . . . ........ .... . .. . 
Dark grey, calcareous shale ..... ..... .. . .... .......... . ... .. .. . 
Dark grey, shaly limestone . ....... .. . . . .. .. ............. ..... . 
Light grey limestone ................... . . . ........... . ........ . 

Devonian 
Black, bituminous shale . .. ...... . . ... ... .. . . .. . .. ... ..... ... . . 
D'.lr~ grey limestone and shale .. . .............. ..... . . ........ . 
M1ssrng ...... . ... ... ........................... . . . . . ..... · · · · · · 
Light grey limestone ..................... . . .............. .... . 
Grey to brown limestone and anhydrite . . .... ...... . ... . ..... . . 
Grey limestone .............. . ................................ . 
Light buff limestone, a little anhydrite .......... .............. . 
Grey to brownish limestone with anhydrite at 4,17D-4,180 and 

at 4,22D-4,230 feet ......................................... . 
Dark buff and grey limestone ................................. . 
Missing (may be the lower anhydrite zone of the Devonian) ... . 

Pre-Devonian , probably all Cambrian 
G:e:l'. to light brownish limestone ..... . ......... .............. . 
M1ssrng . . . . ....... ............. ·. · ·. · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Light brownish limestone ............. .... .. . ........ . 
V ~ry. dark brown limestone, silty. . . . . . . . . . . . . .. . ....... . . 
M1ssmg ...... . .... . ........................................... . 

The log of rest of well from core samples. 
Interbedded buff and grey, sugary-textured and hard, dark grey, 

dolomitic limestone, all with paper-thin partings of black, 
fine-grained bituminous shale. The coarsely crystalline parts 
bear small vugs filled with white anhydrite . The porous, 
buff limestone at 5,144 feet gave a small show of oil in chloro-
form ....... . ...... .. .. .... .. .... . ........................ . 

Fine-grained, hard, black, calcareous shale .................... . 
Core lost, probably all shale ..... . ............. ............... . 
Dark brownish grey, medium to coarse, crystalline dolomitic 

limestone with partings of black, bituminous shale ..... . ... . 

Thickness 
Feet Inches 

10 0 
10 0 
10 0 
10 0 
20 0 
10 0 
10 0 
40 0 
30 0 
20 0 
90 0 
80 0 
10 0 
40 0 
10 0 
10 0 
30 0 

50 0 
60 0 
20 0 
10 0 

40 0 
160 0 
110 0 
10 0 
90 0 
90 0 

30 0 
30 0 
70 0 
50 0 
20 0 
30 0 
50 0 

110 0 
440 0 
65 0 

91 0 
46 0 
78 0 

145 0 
65 0 

9 5 
1 0 
2 0 

2 8 

Depth 
Feet Inches 

2,170 0 
2,180 0 
2,190 0 
2,200 0 
2,220 0 
2,230 0 
2,240 0 
2,280 0 
2,310 0 
2,330 0 
2,420 0 
2,500 0 
2,510 0 
2,550 0 
2,560 0 
2,570 0 
2,600 0 

2,650 0 
2, 710 0 
2, 730 0 
2, 740 0 

2, 780 0 
3,540 0 
3,650 0 
3,660 0 
3, 750 0 
3,840 0 

3,870 0 
3,900 0 
3,970 0 
4,020 0 
4,040 0 
4,070 0 
4,120 0 

4,230 0 
4,670 0 
4, 735 0 

4,826 0 
4,872 0 
4,950 0 
5,075 0 
5, 140 0 

5, 149 5 
5, 149 6 
5, 151 6 

5, 153 8 
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Lou of Commonwealth Milk River Wells 
(L.S. 8, Sec. 9, Tp. 3, Range 15, W. 4th Mer.; Elevation, 3,157 feet)

Concluded 

Pre-DeMnian, probably all Cambrian-Concluded 
Dense, medium grey, dolomitic limestone with thin, dark and 

white bands .................. ....... .. ................... . 
Grey, subtranslucent anhydrite banded with dark, calcareous 

shale in thin stringers ....................... .. .. . .. ....... . 
Hard, dense, dolomitic limestone with inclusions of anhydrite .. 
Dark grey, thin-bedded, platy, fine-textured anhydrite ........ . 
Brownish grey, coarse-grained, dolomitic limestone with some 

inclusions of anhydrite .................................... . 
Denser , closer grained, light grey, dolomitic limestone with 

small anhydrite inclusions. At 5,163 feet a small band of 
pure, fine-grained, dense anhydrite interbedded with small 
amounts of black, bituminous shale ....... . .... .. ..... ... . . 

Brownish grey, sugary-textured, crystalline, dolomitic lime-
stone with thin films of dark, bituminous matter .......... . 

Core lost, probably coarse-grained dolomite ................... . 
Brownish grey, medium-textured, crystalline, dolomitic lime-

stone. Gave a small oil show with chloroform ............ . 
Light grey, fine-grained, crystalline, dolomitic limestone ...... . 
Brownish grey, medium-textured, crystalline, dolomitic lime-

stone with partings of black, bituminous shale ............. . 
Light grey, dense, fine-grained anhydrite with thin films of 

black shale and some grey, dolomitic limestone ........... . 
Core lost ....... . ..... . ............... .. .................. . ... . 
Dark brown, coarse-textured, crystalline, dolomitic limestone, 

some brownish oil. Rock is of low porosity ............... . 
Dark grey, dense to coarse-grained anhydrite containing small 

percentage of lime ................. ..... ........ . ......... . 
Coarse-grained, crystalline, pearly anhydrite .................. . 
Hard, fine-grained dolomite interbedded with coarse, crystal-

line anhydrite . . ........ .. ........ .. ...... .... .. . ... . ..... . 
Dark grey, limy dolomite and anhydrite with a few partings of 

dark, fine shale ...... . ............ ............ ........... . . 
Core lost .... .. ... . ........... .. ....... .. ..... . ............ ... . 
Light brown, soft, crystalline, medium-grained, dolomitic lime-

stone. Probably water-bearing .... .. ...... ... ............ . 
Dark grey to black chert ....................... . ............. . 
J.ight buff, sugary-textured, crystalline, limy dolomite ...... . . . 
Dark grey, fine-grained, dense, limy, hard d olomite at top 

grading to dense, blue, siliceous, limy dolomite ......... . .. . 

g~;: l~~~~l~YI~h~l~~~- seri.cit~'. _c_o_ars_e~gr~i~ed.' _siliceous s~al_e.":: : 
Dark steel-grey, sericitic shale with Linoula sp.? at 5,206 feet 

6 inches and at other lower horizons in shale. Shale has 
patches, spots, and thin beds of deep maroon (hematite) 
colouring. Has some crystals suggestive of pyrite. Parts 
of shale extremely flaky, other parts deep greenish grey and 
very fissile, other parts hard, more siliceous, and of deep 
maroon colour. More fossils at 5,230 feet .................. . 

Thickness 
Feet Inches 

3 6 

0 10 
1 3 
0 9 

2 3 

2 3 

7 
11 

1 8 
0 10 

4 

2 
5 

2 0 

6 0 
2 0 

6 

2 0 
2 6 

1 6 
0 2 
0 10 

2 8 
0 2 
5 8 

36 0 

Depth 
Feet Inches 

5,157 2 

5, 158 0 
5, 159 3 
5,160 0 

5,102 3 

5,164 6 

5, 166 1 
5,168 0 

5, 169 8 
5, 170 6 

5, 171 10 

5, 173 11 
5, 179 0 

5,181 0 

5,187 0 
5,189 0 

5, 190 6 

5,192 6 
5,195 0 

5, 196 6 
5, 196 8 
5, 197 6 

5,200 2 
5,200 4 
5,206 0 

5,242 0 

The log of the upper part of the Commonwealth Milk River is by J. G. 
Spratt. The log of the lower part is by J . 0. G. Sanderson who places the 
strata from 4,950 to 5,205 feet in the Meagher limestone (Cambrian), and 
the strata below this, in the Barker shale formation. 

68386-11 
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Log of Erickson Coulee Well 

(L.S. 13, Sec. 8, Tp. 1, Range 12, W. 4th Mer.; Elevation, 3,216 feet) 

Missing . ................................ ........ •. ..................... 

Alberta shale 
Grey shale ........................................................ . 
Grey shale with bentonite ........ • ................................. 
Grey shale .......... . ...... . . .. ... ................... .•.... ........ 
Grey shale, very bentonitic ....................................... . 
Grey shale, with grey, calcareous sandstone ....................... . 
Grey shale, with sandstone with bentonite, chert pebbles, 1,260-

1, 270, 1,340-1, 350 feet .......................................... . 
White bentonite ........ ....... ...... .......... ................ .... . 
Dark grey shale and grey sandstone, some chert pebbles and benton-

ite ............ ... ....... . .. ........ ....................... . ... . 
Dark grey shale and sandstone with bentonite ..................... . 
Dark grey shale and sandstone, chert pebbles at 1,670-1, 680 feet ... . 
Dark grey shale and bentonite .................... ... . .. ....... ... . 
Dark grey shale and shaly sandstone ............. .. . ..... ......... . 
Dark grey shale .... . ............................................. . 
Dark grey shale and bentonite .................................... . 
Dark grey shale . ..... .. ... ..... .. . ....................... ... ..... . 

Lower Cretaceous 
Dark grey and green shale, and sandstone ............. . ........... . 
Light grey and greenish sandstone, grey, green, and red shale ..... . 
Light grey and greenish sandstone, and grey shale ...... . . . ........ . 
Grey, green, and red shale, and greenish sandstone ............. . ... . 
Green shale, and grey and greenish sandstone, some red shale and 

bentonite ........ .. ....... ........................ ......... ... . 
Light green shale, some red shale ... ... .. . ...... . ................. . 
G~e:I'. and greenish sandstone, some red shale ... .. ...... ....... .... . 
M1ssmg ...... .. . .... . . ....... ...... ..... ....... ...... ............. . 

i;l~~~~rey-~~~-~~t.on~ ·.-.·::::::::::::::::::: :: :: : : : : : : : : :: : : :: : : : : : : : 
Ellis, top of, probably at about 2,360 feet 

Grey, sandy, slightly calcareous shale with glauconite ............. . 
Calcareous shale, much glauconite ...................... .. . ........ . 
C~lc~reous shale, less glauconite ......................... . . . . . . . ... . 
Missing .................................... ················· • ······ 
Light grey, calcareous shale, a little red shale . .. . .............•.... 
Greenish grey, shaly limestone with some glauconite ............ . . 
Greenish grey, shaly limestone with calcareous sandstone ......... . 

Mississippian 
Grey limestone with chert and sandstone ....................•...... 
Grey limestone with chert ............................• . ..... . .. ... 
Grey limestone, cherty, 3,330-3,360 feet ......... .................. •. 
Grey limestone ..................................•.......•......... 
Grey limestone and quartz sand . .. .... ... .............. .... .. ..... . 

Devonian 
Black, bituminous shale ........................... . ............... . 
Grey limestone ............ .... ............................... .. .. . 
Greenish, calcareous shale with anhydrite .. .. . ....... .. .... ....... . 
Mostly anhydrite and gypsum ......... ... .... ... .... . ............. . 

Thickness 
Feet 

120 
110 
210 
20 
40 

170 
20 

120 
90 
60 
10 
60 
10 
30 
40 

20 
60 
60 
90 

150 
10 
60 
8 
2 

50 

10 
20 
40 
10 
20 
20 
20 

10 
10 

830 
90 
80 

10 
10 
40 
60 

Depth 
Feet 

760 

880 
990 

1,200 
1,220 
1,260 

1,420 
1,440 

1,560 
1,650 
l, 710 
1, 720 
1, 780 
1, 790 
1,820 
1,860 

1,880 
1,940 
2,000 
2,090 

2,240 
2,250 
2,310 
2,318 
2,320 
2,370 

2,380 
2,400 
2,440 
2,450 
2,470 
2,490 
2,510 

2,520 
2,530 
3,360 
3,450 
3,530 

3,540 
3,550 
3,590 
3,650 
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Log of Range Oil and Gas Company Well No. 2 

(L.S. 6, Sec. 21, Tp. 1, Range 11, W. 4th Mer.; Elevation, 3,361 feet) 

Thickness Depth 
Feet Feet 

Missing . . ..... .... ..... ... .... . .................... . ................. . . ············ 110 
Pakowki 

Shale with sand, chert pebbles 120-130 feet ................... . ... . . . 20 130 
Upper Milk River 

Shale and grey sand, carbonaceous .......................... . ..... . 20 150 
Light grey sandstone .. ....... ...... .. ............. .. . ....•..•....•. 
Light grey sandstone with a little grey shale ....................... . 

10 160 
40 200 

Grey shale ........................................................ . 10 210 
Sand and shale . .. .. . .... . . . .......... . ............................ . 20 230 
Grey shale, traces of lignitic materials .... ... ........... . ..... .. ... . 20 250 

Lower Milk River 
Light grey sandstone ................. ... ....•............... •.. ... . 120 370 
Light grey sandstone with shale ........ ... ... ........ ....... .... .. . 10 380 
Grey, clayey sand .. .............. . ..... ..... .. ......... .... .. .... . 30 410 
Greenish grey, sandy shale ........................................ . 

Some of the sandy shale may belong to the Alberta shale. 
There is, however, a very distinct colour change at 550 feet. 

Alberta shale 

140 550 

t.:>?'l 
Grey to dark grey shale ... ..................... ... ....... ...... ... . 
Grey to d ark grey shale with bentonite ............................ . 
Grey to dark grey shale ..................... . ..................... . 

510 1,060 
10 1,070 

650 1, 720 
Grey sandstone ......... . ............ . ............................ . 20 1, 740 
Sandstone with shale ................. . . .. ... ....•.......•......... . 100 1,840 
Sandstone . .. ................................... • .................. 40 1,880 
Dark grey shale ....... .. ............ . ............................ . 
Grey sandstone with shale and bentonite .......................... . 

30 1,910 
40 1,950 

Dark grey shale with bentonite ........... . .... . ..... ........... .. . 40 1,990 
Sandstone and shale ............................................... . 20 2,010 
Grey sandstone ................................................... . 50 2,060 
Grey to black shale, shaly sandstone, and bentonite .. ...... . .. •. ... 
Grey to black shale . ... ... ............... . ........................ . 

170 2,230 
60 Z,270 

Coarse grey sandstone ..... ... . .................................... . 
Lower Cretaceous 

50 2,320 

Green and grey shale .............................................•. 
Green shale, trace of coal 2,520 feet ................................ . 

120 2,440 
100 2,540 

Green and maroon shale ... . ........... . ....... . .... . .. . ........ ... . 45 2,585 
Sandstone and vari-coloured shale ..... . ........................... . 25 2,610 
Limestone and grey shale ...........................•.......•...... 
Grey shale ................ .... ............ .. ...... ... ...... . . ..... . 
Grey shale and light buff limestone ................................ . 

10 2,620 
20 2,640 
10 2,650 

Coarse sandstone ......... . ........... ... ...... ........ . .. ....... .. . 
Vari-coloured shale ........ ........ ................ .. ..... ... ..... . 
Light grey sandstone ........................................ . ..... . 
Green and reddish shale ............................. . ... .. ....... . 

Ellis 

10 2,660 
20 2,680 
30 2, 710 
30 2, 740 

Grey, limy shale, slightly greenish ........... •• .. ..... ... ...... •... 
Brownish grey, limy shale ........ . .... . . ... . ......... ..... . .. ... . . 
Light buff, grey, limy sandstone ...... .. .. . ........... ..... ..... .. . 

70 2,810 
20 2,830 
10 2,840 

Limy sandstone and light and dark shale .......... ... . . .. ..... ... . . 30 2,870 
White sandstone ......... ...•........ .......... .... ............... . 
Green-grey, calcareous shale; fossil fragment ...... . ................ . 
Buff limestone and green, calcareous shale .........•................ 
Green, calcareous shale ... .. .... .......... . .. .... .................. . 

Palreozoic (Mississippian) limestone 

10 2,880 
20 2,900 
12 2,912 
3 2,915 

Cherty limestone, bluish grey .. ....... ... . ........ . ............... . 3 2,918 

In the above log the descriptions are by J. G. Spratt, the divisions into 
formations by the writer. 

68386-11~ 
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MANY ISLAND LAKE AREA 

(Figure 13, No. 7) 

Many Island Lake area is 20 miles northeast of Medicine Hat. 
Attempts have been made by several companies to drill wells, but only two 
holes reached any considerable depths. These were the Community Oil 
Company's well which reached a depth of 2,500 feet, and the well of the 
Many Islands Oil and Gas Company, Limited, which attained a depth of 
3,540 feet and penetrated 350 feet of Palreozoic limestone. The upper 1,870 
feet of this well was drilled by jetting machine and com<equently the 
information regarding this part is not very reliable. The lower part, how
ever, was drilled by diamond drill and furnished an excellent log. 

Log of Many I slands Oil and Gas Company, Limited, Drazan No . 11 Well 
(L.iS. 13, Sec. 34, Tp. 13, Range 2, W. 4th Mer.; Elevation, 2,368 feet) 

Recent ........ .................... ................ ... . . ... .. ....... ... . 
Foremost 

Light-coloured clay and sandy clay .............. . ................. . 
Grey sand, clay bands .................. .. . .. . . .. ... . ...... . ...... . 
Light grey and greenish clay, thin beds of sand .................... . 
Brown, carbonaceous shale and coal. ................ : ............. . 
Missing ...... .. .. . .. . ............... .... .. .... .... . . ............ . . . 
Shale and clay, light grey, slightly sandy at intervals ......... .. ... . 
Shale, grey, darker ... . . ........... .. .. . .... . ..................... . 
Shale, grey and brown, coal scams and oyster beds ... . ...... . ..... . 
Shale, blue-grey ................... . ................ . ...... .... ... . 
Sandstone, greenish grey ............................... . .. . .... ... . 

Pakowki and Milk River equivalents 
Shale, blue-grey .......................................... . ....... . 
Sandstone, hard . ... .. . . . ........ ........... . .... .. ............... . 
Shale, blue-grey ............................ . ..................... . 
Shale, brown .... . ........................ .. ...................... . 
Saudy shale, black .... . .................... .. ................. .. .. . 
Shale, grey, dark, fissile .......................................... . 
Shale, grey, dark, slightly sandy .. .... ............................ . 
Shale, blue-black, compact, and fairly hard, containing some fine 

sand, thin bunch of bentonite ............... . .................. . 
Shale, blue-black, and fine sand , steel grey ........................ . 
Shale, blue-grey, fissile, laden with iron pyrites ... ................. . 
Shale, dark, compact ..................... . .......... . ............. . 
Shale, blue-grey, iron-stained from pyrites ....... . ... . ........ ... .. . 
Shale, dark, compact, with fine sand partings yielding gas . . ... .... . 
Shale and fine sand .... ..... ... ......... ....... . ..... .... .... . .... . 

Alberta shale 
Shale and sandy shale. A speckled shale zone occurs at this horizon 

with fossil shells and columnar calcite ......... . ..... .... . ..... . 
Sandy shale ..... . ............................... . ....... ... ...... . 
Shale, dark; bands of bentonite ...... ............ .................. . 
Shale and fine sand, gas? This i~ probably the equivalent of the 

Medicine Hat gas sand .... ............... .... .... ...... ....... . 
Shale, dark bands of bentonite .................................... . 
Dark, hard shale . . ........................ . ...................... . 
Soft, dark shale ................................................... . 

Thickness 
Feet 

0 

68 
36 
35 
11 
14 
70 
46 
22 
18 
15 

50 
2 

368 
12 
9 

14 
20 

100 
130 
57 
23 
25 
55 
45 

20 
35 
48 

13 
36 
54 
20 

Depth 
Feet 

55 

123 
159 
194 
205 
219 
289 
335 
357 
375 
390 

460 
462 
830 
842 
851 
865 
885 

985 
l, 115 
1, 172 
l, 195 
1,220 
1,275 
1,320 

1,34.0 
1,375 
1,427 

1,4.40 
1,476 
1,530 
1,550 

1 This log is slightly modified from n log prepared by W. S. Dyer and published in Geol. Surv., 
Canada, Ee. Gcol. Ser. No. 5, pp. M-55. The main change made here is in the position of the top of the 
Alberta shale. 
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Log of Many Islands Oil and Gas Company, Limited, Drazan No. 1 Well 

(L.S. 13, Sec. 34, Tp. 13, Range 2, W. 4th Mer.; Elevation, 2,368 feet)
Continued 

Thickness Depth 
Feet Feet 

Alberta shale-Cone. 
Soft, dark shale .. . ................................................ . 20 1, 570 
Hard, dark brown shale .............. ........ ........ .... . ... . . ... . 5 1,575 
Soft, and dark brown shale . ................................. .. .... . 16 1,591 
Hard, dark brown shale with fossils .................. .. ........... . 1 1,592 
Hard, dark, sandy shale .......................................... . 
G rey, soft shale ........................ . .......................... . 

38 1,630 
30 1,660 

Hard ironstone nodule? ............................................ . 2 1,662 
Dark brown shale . . ...... .........•............... ........... . .... . 8 1,670 
Hard ironstone nodule . . ... ......... . . .. ..... ... ...... ............. . 1 1,671 
Soft, dark brown, sandy shale ... . ................................. . 9 1,680 
Hard ironstone nodule ........ . .................................... . 0·5 1,680·5 
Dark brown, coarse, sandy shale ............. .... ................. . 
Dark brown, hard and tough shale, and fine sand .................. . 
Hard, dark brown shale and sand ....................... . . . ....... . 

39·5 1, 720 
86 1,806 

4 1,810 
Light brown sand and shale ........... . ........... . .. . ...... ... ... . 50 1,860 
Hard, brown sand and ironstone ................................... . 10 1,870 
Hard, grey sand stone .............. . .. ........... ..... ... .... .. . .. . 
Shale and sandy shale ............. ...... .. .................... . ... . 
Shale . ............ . . . . .. ............ .. ....... ... ....... · .. ········· 

12 1,882 
43 1,925 
37 1,962 

Shale, part of core only ..... . .. .. .. ............. . .................. . 48 2,010 
S3:nd. and shaly sand, part of core only ...... ......... . ........ . .... . 
M1ssrng ............ . ..... . .................. . ... ................ .. . 
Shale ........................... . ......... . ...... .. ...... . . ..... .. . 

23 2,033 
7 2,040 

43 2,083 
Shale grading to sandy shale ...................................... . 
Shale, only a few inches recovered ................................. . 

20 2,103 
18 2, 121 

Shale, a few inches of sandstone at 2,160 feet .......... . ....... . .... . 39 2,160 
Shale ...... . ............... ... ....... ....... ... .. .. .. . .... · ·· ······ 24 2, 184 
Core lost except a few inches of shale . . . .... ........... . . . . . ... .... . 24 2,208 
Shale .. . .. .. ... . ........................ . ................ . ...... .. . 86 2,294 
Sandy shale to sandstone ....... .. ........................... . ..... . 
Sandstone and sandy shale ..... . .................................. . 

4 2,298 
37 2,335 

Sandstone ....... . . . . . .... .. ... . ........... . .. ......... . .. .... . .. . . 25 2,360 
Sandstone and sandy shale ... . .... .. .... . .... ..................... . 
Shale .................... . ........... .. ... . . . ..................... . 

65 2,425 
5 2,430 

Missing except a little shale and bentonite? .. .. .................... . 
Sandstone and shaly sandstone. Bentonite reported at 2,456 feet ... . 

11 2,441 
47 2,488 

Sandy shale ........ .... . . ........................................ . 32 2,520 
Only one foot of shale recovered. Some bentonite? at 2,530 feet .. . . 12 2,532 
Shale, part recovery ..................... .. .... . ... . ..... . ........ . 50 2,582 
Shale, dark .......... ... ...... .... ........ . . . .................. . 85 2,667 

Lower Cretaceous 
Yellowish grey, crossbedded sandstone .. . ....... . ....... ... ....... . 87 2, 754 
Shale, green .. ... ...................... . ... . . ................. . . .. . 
Shale, grey, green, and reddish .................... . ....... . ....... . 
Sandstone, grey ...... ... . . .................. . ..... .... . .. ......... . 

7 2, 761 
32 2, 793 
15 2,808 

Shale, black ... .. ...... . ..................... .... ........... . ..... . 8 2,816 
Sandstone, grey ..... . .... , • ......................... . ... . ..... .... . 
Shale, red, oil show 2,808 to 2,822 feet ....... .. ..... ..... . . ..... . .. . 

2 2,818 
4 2,822 

Shale, grey, sandy .... . ....... . ................................... . 
Shale, chocolate-red ........... .. .... . .. .... ...................... . 

13 2,835 
5 2,840 

Shale, grey .......... . ............................................ . 9 2,849 
Shale, black .. . ................ . .................................. . 1 2,850 
Shale, red ........ . .............................. . ................ . 8 2,858 
Shale, grey .... . ..... . . .. ...... ... ....... . ... . .............. . ..... . 
Shale, black, carbonaceous in places ... . .................. . ........ . 
Shale, grey, sandy .......................................... . ..... . 
Sandstone, grey . .. ................ . ... .. .......................... . 

12 2,870 
3 2,873 

16 2,889 
15 2,904 

Coarse, grey sandstone .... ............. ..... . ................ . .... . 33 2,937 
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Log of Many I slands Oil and Gas Company, Limited, Drazan No . 1 W ell 

(L.S. 13, Sec. 34, Tp. 13, Range 2, W. 4th Mer.; Elevation, 2,368 feet) 
Concluded 

Thickness D epth 
Feet Feet 

Ellis 
Ligh t-coloured , h ard, sandy limestone ...... . . . . . .......... . .. . .. . . . 5 2,942 
Grey sha le . . . . .. . .. .......... . . . ... . . . . . . . ... . . . . .. . . . . . ... . . . ... . 21 2, 963 
G rey, a renaceous limestone and some shale . ... . ...... .. .... . . . . . . . . 8 2, 971 
Hard, grey shale .... . . . . . . . . . . . . . . . ... . ... . . . . . . . ... . . . ......... . . 5 2,976 
Grey shale with streaks of limestone and sandstone .. . .. .... . ...... . 10 2, 986 
White or ligh t grey, argillaceous limestone very like Jurassic of Sweet 

G rass H ills but somewhat lighter colour. Show of oil between 
3, 005 and 3, 018 feet ... . ............................... ..... .. . . 50 3 ,036 

G rey, fi ne-grained , argillaceous limestone. Fossils . ... . ........... . 
G rey, fi ne-grained sandstone .... ... .... .. .. . .... .. .. . ... . .. .. ... .. . 

9 3, 045 
13 3,058 

J,ight grey, hard , a rgillaceous limestone ... . . . ... . . . ... . . . . . . . . . . . . . 7 3,065 
Very hard , grey, sandy sha le . . . ......... . . . ..... . . . . . . . .. .. . . ... . . . 2 3, 067 
Pale grey, argillaceous limestone ......... . .... . . . . . . . . . . . ..... . ... . 2 3, 069 
B lack shale . ......... . ... . . . ... .. .... . ............ . .. ... . ....... .. . 2 3,071 
G rey, a rgillaceous limestone . .. . . . . . . .. .. . ...... . ... . ..... . ..... . . . 
Sha le and limestone, grey, hard .... . . . . ... .. . ... . ... . ... . ... . ..... . 

5 3,076 
4 3,080 

Dark grey, soft shale ............ . . ... ... . ... . . .. ... . . . ......... . . 3 3,083 
G rey limestone, hard ............ . ...... . ..... . . . . . . . . . ..... . . . . . . . 3 3,086 
G rey, and dark sha le . ................ . .... . ...... . . . ...... . ...... . 5 3,091 
Grey, sandy shale . . ..... . . . ..... .. ..... .. . . .... . . . . ... . . ..... . .. . . 8 3,099 
B lack shale . . ................ .... .. . ..... . ........ . . ... . ... . .... . . 4 3, 103 
Green, sandy shale and pyrite ...... . .......................... . . . 7 3, 110 
L ight grey, a rgillaceous limestone with crystalline quartz ..... . .... . 
White, rather h ard limestone, very porous with show of heavy 

black oil between 3, 113 and 3, 123 feet . ..................... . 

3 3, 113 

27 3, 140 
White, chalky limestone, porous toward top . . ... . ........... . 15 3,155 
G reen, soapy shale . . ... . . . ... . . . ............. . ... .... .... . .. . 8 3, 163 
Hard, white limestone.. . .. . . . ..... . ................ . ..... . 2 3, 165 
G reen shale . ..... ...... . . . .. . .... . . .. . ... .. . . ... . ... . . . . . .. . . ... . . . 1 3, 166 
Hard limestone ... .... .... ............... •.... ..... .. . . ... .. ....... 8 3, 174 
Softer limestone ... . . . . . . . .... .. .................... .... ... .. .. . .. . 2 3, 176 
Hard, white limestone . .. . . . . . . . . . . . . ... ...... . . . ... . . . . . ... . ... .. . 
Soapy , green shale ... . . . . . . . . . . . . . ................................ . 

2 3, 178 
5 3,183 

Grey limestone ............. . ....•.. .. ...•.. .... ....•... .. ....... . . 1 3, 184 
G reenish grey, soft shale ......................................... . . 6 3, 190 

Palreozoic (Mississippian) 
Light grey limestone, crystall ine .......... . ........ . .............. . 3 3,193 
::?omewhat mottled, brown and grey, very hard limestone . . . . . . . . . . 2 3, 195 
Grey and white, crystalline limestone . . ... . ... . ..... . . . . . . . . . . . . .. . 26 3,221 
Cherty limestone, not crystalline , grey and brown mottled .. ....... . 2 3,233 
Grey, sandy shale . .... . ... . .. . ................. .. .... . . .. .... . 
Cher ty, mottled limestone, grey and brown .. . ...... . ..... . . . . . . . . . 

1 3,234 
6 3,2'!0 

G rey limestone, crystalline in places . ................... • .......•.. . 18 3,258 
Grey, non-crystalline limestone, with crinoid stems .... . , .......... . 11 3,269 
Grey limestone, more crystall ine .............. . . . ........ .. ....... . 3 3,272 
Grey limestone with cr inoid stems .................. . . . . . ... . . . . . . . 18 3,290 
Hard , grey limestone. Spir ifor at 3,292 feet . . ......... . 34 3,324 
Hard, groy limestone, more crystall ine. Large, brachiopod-like 

P roductus at 3, 325 fee t ...... . ................................. . 4 3,328 
Grey limestone with very numerous crinoid stems and sections of 

b rachiopods ...... . ....... . ........... .. ... ... .. . . .. .......... . 13 3,341 
Grey, sandy limestone ....... . ... . . . . . ...... . ... . . . .. .. . . ..... . . . . . 4 3,345 
G rey limestone full of crinoid stems and with some b rachiopods; 

b lack cher t from 3 ,353 to 3,354 feet ........................... . 29 3,374 
D ark, hard limestone with fossils .... ..... . ....................... . 
Dark grey shale, hard ............. . . ... .. .. ..... . . . .... . .. . .•.. . .. 
Calcareous shale, hard .. . ... .... ... . ... . . . . ... . . . ... . . .. .. . . . . .. . . . 

9 3,383 
7 3,390 

11 3,401 
Calcareous shale , streaked with sandstone layers ..... . .... . ....... . 34 3,435 
D ark brown limestone ...... .. ... . ...........................•..... 10 3,445 
G rey, fi ne-gra ined, sandy limestone with black cher t ... . . . ..... . .. . 95 3, 540 
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According to Dyer (Hume, 1928, page 56) the top of the Lower Cre
taceous in this well is 100 feet lower than in Roth No. 1 well at Medicine 
Hat, giving a low regional dip of 5 feet a mile to the east or northeast. 
Dyer states that 
"the elevation of the contact between the Bearpaw shales and the Pale beds at several 
points around Many Island Lake and Medicine Hat illustrates well the nearly 
horizontal attitude of the strata. Thus, in an outcrop in Sec. 34, Tp. 16, Range 8 
(30 miles northwest of Medicine Hat), the elevation of this contact is 2,580 feet; in 
Sec. 30, Tp. 15, Range 2 (15 miles north of the Drazan well and 20 miles north of 
Many Island Lake), it is 2,547 feet; in Sec. IG, Tp. 1:1, R ange 3 (4 miles south of 
Iirvine), it is 2,631 feet; in Sec. 18, Tp. 11, Range 29, W. 31·d Mer. (5 miles soubheast 
of Walsh, Sask.), it is 2,539 feet. This shows a dip of 5 feet a mile to the east." 

No local structure is known in Many Island Lake area and hence 
prospects for gas and oil are questionable. The equivalent of the Milk 
River sandstone in Drazan No. 1 well carried a little gas. Apparently the 
Medicine Hat gas sand about 100 feet below the top of the Alberta shale 
is very thin. 

CYPRESS HILLS AREA 

By Loris S. Russell 

Cypress Hills of southeastern Alberta and southwestern Saskatchewan 
constitute a large erosion remnant of the Tertiary plains of western Canada. 
The summit, at an elevation of about 4,800 feet above sea-level, is an 
extremely flat plateau, interrupted in many places by stream dissection. 
At the western end of the hills certain outiiers, such as Eagle Butte, are 
cut off from the main upland by a large valley known as Medicine Lodge 
Coulee. The presence of geological structures suitable for the accumulation 
of oil and gas in the western Cypress Hills was first suggested by W. S. 
Dyer (1928, pages 15-29). This was followed by the drilling of the two 
Eagle Butte wells. During 1931 the writer visited this area and conducted 
detailed surveys of the geology in the vicinity of Eagle Butte and Thelma. 
This investigation confirmed the observations of Dyer, but showed that his 
interpretations were open to some modification. 

The stratigraphy of southern Saskatchewan has been investigated criti
cally by F. H. McLearn (1927, 1928, 1929, 1930). The results of this work 
have necessitated a revision of the stratigraphy in the western Cypress 
Hills. One notable change is that the strata formerly divided into the Fox 
Hills and Estevan formations are now grouped in the Eastend formation. 
The stratigraphic succession in the western Cypress Hills is now considered 
to be as follows. 

Lower Oligocene Cypress Hills 
T ertiary 

Upper? Paleocene Ra vensrrag 

Whitemud 

Mesozoic Upper Cretaceous Eastend 

Bearpaw 
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Only the upper part of the Bearpaw formation is exposed within 
Cypress Hills. These upper beds consist mostly of the typical dark grey 
shale, but also contain thin bands of silt that become more numerous 
toward the top of the formation. 

The overlying Eastend formation is best exposed on Willow Creek, 
near Thelma. Here the writer has subdivided (Russell, 1932, page 132) 
the section into the following members. 

F eet 
Uppermost member: silt and fine sand, pale buff, transitional 

above to the Whitemud formation.................. .. ... ± 30 
Carbonaceous member: alternating sand and clay, with carbon-

aceous beds and at least one lignite seam . . . . . . . . . . . . . . . . . . 49 
Upper sandstone member: sandstone, soft, massive, crossbedded, 

grey, buff, or brown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Shale member: shale, friable or fissile, grey-brown, sandy or ben-

tonitic in places; some clayey sandstone; marine fossils.. .. 95 
Lower sandstone member: sandstone, soft, massive, cross bedded, 

grey and grey-buff, finely banded with brown............... ±172 

The lower sandstone and the shale member together are the Fox Hills 
formation as recognized by Williams and Dyer (1930, pages 62-74), and 
the remainder is the Estevan formation of those authors. In the writer's 
interpretation the shale member represents the uppermost part of the 
Bearpaw formation of Saskatchewan, and the upper sandstone and upper
most member are the approximate equivalents of the type; Eastend in 
Frenchman River Valley, Saskatchewan. Both the lower sand8tone and the 
carbonaceous member apparently disappear to the east. 

A somewhat thicker section of the Eastend formation was measured 
in Medicine Lodge coulee, about 6 miles to the northwest. Here the shale 
member appears to be represented by less than 20 feet of sandy shale, with 
brackish-water fossils in places. 

The Whitemud formation belongs to the same sedimentary phase as the 
underlying Eastend, as shown by the transitional nature of the contact. As 
the Whi,temud formation is the most conspicuous geological horizon in the 
area, a detailed section is given below. This was measured in Medicine 
Lodge coulee, Sec. 31, Tp. 7, Range 3, W. 4th·Mer. 

Feet 
Argillite or tuff, sil iceous, hard, compact, light grey . . . . . . . . . . . . . . 0 · 5 
Clay, friable, plastic, dark grey-brown........ ............... ... 27 
Clay, somewhat kaolinized, friable, white to light grey . . . . . . . . . . 4 
Clay, friable, plastic, dark grey-brown . . . . . . . . . . . . . . . . . . . . . . . . . 5·5 
Clay, light grey, white-weathering. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Clay, friabl e, black, r efractory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Clay, friable, light greenish grey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l · 5 
Silt, kaolinized, white . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

These Whitemud beds are correlated by the writer with the type White
mud of Saskatchewan, and, following Sanderson (1932, page 67), with 
certain beds in the upper part of the Edmonton formation. Most students 
of the geology in the western Cypress Hills have limited the Whitemud 
formation to the white clay and silt. The writer follows McLearn in 
including also the dark clays, up to the base of the overlying Ravenscrag. 

The upper limit of the Whitemud beds is an erosional unconformity, 
and in many places the formation appears to be removed completely. This 
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possibility must be kept in mind when using the Whitemud horizon for 
structural mapping. The overlying formation, the Ravenscrag, consists 
mostly of medium- to coarse-grained, buff-coloured sandstone, especially in 
the lower part. It is considered by the writer to be similar in lithology and 
age to the Paskapoo formation of central Alberta, and to represent only 
the upper part of the type Ravenscrag of Saskatchewan. 

The. Cypress Hills formation is the uppermost unit in the section, and 
underlies the summit of Cypress Hills. In the western end of the hills, 
near Medicine Lodge Coulee, the formation is about 40 feet thick, and is 
composed almost entirely of quartzite and chert conglomerate, with coarse 
sandstone matrix. 

Cypress Hills, Alberta, are situated on the eastern limb of the Sweet 
Grass anticline, so that the general dip of the area is a slight one to the 
east. In places, however, the Whitemud beds and other horizons occupy 
anomalous elevations, as noted by all recent observers in the area. Dyer 
(1927, pages 18, 21) made numerous observations on the position of these 
horizons and from the data so obtained plotted a subsurface contour map 
for the region of Eagle Butte and Bullshead Creek. The disturbed con
dition of the Whitemud beds was noted by this author, but apparently not 
considered as a significant feature. In contrast, some of the petroleum 
geologists who have worked in this area appear to have interpreted all 
the anomalous elevations as the result of large-scale slumping. The great 
extent to which Whitemud beds may be slumped without deskuction of 
the bedding is well shown in Frenchman River Valley, between Eastend 
and Ravenscrag, Saskatchewan. In Eagle Butte area the Whitemud 
formation in many cases shows unmistakable evidence of such dislocation. 
The geologist here must decide to what extent slumping is to be invoked 
as an explanation of the apparent structural irregularities displayed by the 
Whitemud beds. It is the writer's opinion that sharp changes in level 
at this horizon cannot be accepted as indications of subsurface stTUctural 
features unless corroborated by other evidence. As a check on Lhe White
mud the most useful horizon is the carbonaceous member of the Eastend 
formation, also employed by Dyer. With this viewpoint the writer plotted 
his observations in the form of structure sections. The sections aTe de
scribed from south to north, so that the more regular conditions may be 
examined first. 

One section lies in a north-south direction and follows closely the 
valley of Willow Creek. The beds here have a very slight dip to the 
north, with small subsidiary folds. M. Y. \Villiams (G.S.C., Map 204 A, 
1928) has recorded dips as high as 49 degrees in Sec. 23, Tp. 6, Range 3, 
W. 4th Mer., just south of the end of this section. These dips appeared to 
the writer as the results of Pleistocene or Recent slumping in the Bearpaw 
beds. 

In two east-west sections the regional eastw?.rd dip appears, as 
determined from both the Whitemud beds and t he carbonaceous member 
of the Eastend. This inclination is slight on the east side of Medicine 
Lodge Coulee, but on the west side there is an increase in the dip, resulting 
in the unusually high elevations of the Whitemud beds in Sec. 25, Tp. 7, 
Range 4, W. 4th Mer., and at the west end of Eagle Butte, Sec. 9, Tp. 8, 
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Range 4, W. 4th Mer. In another section the eastward dip increases from 
Fly Lake to the east side of Medicine Lodge Coulee. At the latter place 
Bearpaw beds outcrop aibout 150 feet above the valley floor. These were 
not seen on the west side, and probably decrease rapidly in elevation 
toward the northwest. The western portion of this section passes through 
the uplands between Eagle Butte and Bullshead Creek. As noted above, 
the Whitemud beds are exposed near the western summit of Eagle Butte. 
The next outcrop to the north is about 2,000 feet distant and 218 feet lower 
in elevation, and from this point as far north as Sec. 21, Tp. 8, Range 4, 
W. 4th Mer., the Whitemud formation is exposed at decreasing elevations. 
However, as the beds in all these outcrops are inclined or otherwise dis
torted the marked decrease in the elevation of this horizon north of Eagle 
Butte may be ascribed in pa1"t to slumping. T1rn presence, also, of a true 
northerly dip in this vicinity is shown by the occurrence of the Eastend 
coal in Sec. 28, Tip. 8, Range 4, W. 4th Mer., 50 to 75 feet rubove Bulls
head Creek. 

Another section involves the supposed fault described by Dyer on 
Bullshead Creek. Near the east end of the section in Sec. 4, Tp. 9, Range 
4, W. 4th Mer., traces of Whitemud beds were found at about the same 
elevation as the disturbed outcrops south of Bullshead Creek. Slumping 
may have occurred here also, but its moderate extent is shown by the 
presence of the coal on Bullshead Creek, as mentioned above. Proceeding 
eastward no outcrops are encountered until the valley of Bullshead Creek 
is reached ( S'ec. 2, Tp. 9, Range 5, W. 4th Mer.). The conditions here 
have been well described by Dy.er. Near the northwest corner of Section 
2 there is a large outcrop of typical Bearpaw beds. Southeast or upstream 
from here the bedrock is covered for a short distance, but near the centre 
of Section 2 there are several small coal mines and some outcrops of 
disturbed Whitemud beds. The coal seam here dips slightly to the south
east, but shows no evidence of slumping. The position of the Whitemud 
beds relative to the seam indicates that the former have slumped down 
50 to 75 feet. However, owing to the relatively undisturbed appearance 
of the coal seam the writer concurs with Dyer in ascribing the conditions 
here to the presence of a fault zone, which has a displacement of at least 
400 feet. It is possible, however, that the fault does not persist at depth. 

In conclusion, it is evident that certain horizons in the western Cypress 
Hills vary greatly in elevation within rather short distances, and tl:.at these 
variations can not be completely explained as the results of large-scale 
slumping. However, the structural features so indicated are very complex 
and do not appear to have definite trends, as represented in Dyer's sub
surface contour map. Such complex, irregular structures might result from 
the unequal settling of underlying sediments. If this is the true explana
tion, the structural features at depth may be expected to differ consider
ably from those near the surface. 

The presence of natural gas in western Cypress Hills has been 
demonstrated by Eagle Butte well No. 1, which encountered large flows 
at depths of 1,175 and 3,340 feet. The negative results of the No. 2 well 
indicate that the reservoirs tapped by No. 1 are of limited extent. There 
is, as yet, no evidence in this region of petroleum in commercial quantities. 
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The area in the vicinity of Eagle Butte appears worthy of further 
investigation. St:Jructural features are visible in the surface geology here, 
but may not correspond to the structure at depth. It is recommended that 
any further deep drilling be preceded by shallow test-well investigations. 
The areas immediately east and south of Eagle Butte particularly merit 
study in this manner. Excellent key horizons may be encountered here 
at moderate depths. 

Log of Eagle Butte No. 2 W ell1 

(L.S. 4, Sec. 30, Tp. 7, Range 3, W. 4th Mer.; Elevation, 3,854 feet) 

Sand, gravel, etc .. .. ............ .... .. . . . ............... . .... . ... . . . .. . 
Bearpaw 

Grey shale with s.andy streaks .. ... .... ........ • .. ... . . ............ 
Grey shale , a little sandstone ... .. . ... • . •.......•....•.......•...... 

Pale beds? 
G rey shale, carbonaceous streaks .. .. . . . . ..... . ... ......... ... . . . .. . 
G rey shale, coal fragments ....... . .. .. . . .... . . . .. ... . ... .... . ..... . 
Yellowish grey, sandy sh ale .. ........... . ......•.. .. . . ......•.. . ... 
Yellowish grey sand .............................................. . 
Yellowish grey, shaly sandstone .. .... ... . .... . . . . .... . ..... ....... . 
Yellowish grey, calcareous sandstone ... ...... . ....... . .... . .... . .. . 
Yellowish grey sandstone ... , . ........................ .. ..... . ...... . 
G rey sand. . . . . . . . . . . . . . ...................... . .. .. . .. . . ..... . . . . . 
Dark grey sandstone and carbonaceous shale .... . . . .. . . .. ... .. .... . 
Grey sand............... . ................ . 
Grey, shaly sand. . . . . . . . . . ..... ...... .. .... . . . .. .... ... ... . 

Foremost 
Dark grey shale ............ . . . . . ... .. . . . .. .... . .. .... .. .. . . ...... . 
Dark grey shale, with coal. .......... . . ............... . .. .. .. . . ... . 
Dark grey shale ............ . . . ............. . . . . . ... . . .. .. .. ...... . 
Dark grey shale with coal .......................... . . . . ..... .... . . 
Dark grey shale with coal and fossil shells . ... ... ... .... . ...... . ... . 
Dark grey shale with coal .................... . ... ... .. ... ..... . .. . 
Dark grey shale in part carbonaceous ........... . ...... ........ . ... . 
Dark grey shale with coal ................... .. ...... . ............ . 

Pakowki 
Yellowish grey shale, slightly bentonitic ...... .. ... ..... .......... . 

Milk River 
Grey, sandy shale, black and yellowish, chert pebbles ..... . ..... . . . 
Sandy shale .................................................... . . . 
Light grey, calcareous sandstone .. ............................ . ... . 
Grey shale and sandstone, water at 2, 200 feet ............... . ...... . 
Grey shale in part sandy .......................................... . 

Alberta shale 
Grey shale (speckled shale zone) .......... . .. . . . .. . .. . ..... ....... . 
Grey shale ...................... ... ....... . ... . .. .. .. .... .. . ..... . 
Grey, bentonitic shale ....... .......... ......... . . ......... . . ..... . 
Grey shale ......................................... . ........... .. . 
Grey, bentonitic shale .. ....... . .... .. .. . . . . .. . ... . ..... . .... . .... . 
Grey shale, some bentonite . . .. .. .. . ....... . ...... . ........... .. .. . 
Grey shale, very bentonitic .............................. . . .......• 
Grey shale, bentonitic (much at 3, 420 feet) ........•.. . .... . . . . . .... 
Grey shale ...................... . .. .. . ........... ............ . . . . . 
Grey shale and sandstone, bentonitic ................... . .. ........ . 
Grey shale, a little sandstone ...... .. ........ .. ...............•.... . 

Lower Cretaceous (marine)? 
Grey sandstone, a little shale ................•..... .. ..... ......... 
Grey sand ................................................ . ....... . 

Thickness 
Feet 

50 

800 
30 

170 
50 

110 
10 
10 
20 
30 
10 
10 
10 
50 

70 
10 
50 
10 
10 
10 
40 
10 

540 

30 
45 
5 

10 
220 

20 
220 
30 

430 
10 

180 
10 

100 
150 
10 
50 

10 
40 

l Log of well and conclusions based on comparison of the two wells by G. S. Hume. 

Depth 
Feet 

50 

850 
880 

1, 050 
1,100 
1, 210 
1,220 
1,230 
1,250 
1,280 
1,290 
1,300 
1,310 
1, 360 

1,430 
1,440 
1,4JO 
1,500 
1,510 
1,520 
1,560 
1,570 

2, 110 

2, 140 
2, 185 
2, 190 
2,200 
2,420 

2,440 
2,660 
2,690 
3,120 
3,130 
3,310 
3,320 
3,420 
3,570 
3,580 
3,630 

3,640 
3,680 
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Log of Eagle Butte No. 2 W ell 

(L.S. 4, Sec. 30, Tp. 7, Range 3, W. 4th Mer.; Elevation, 3,854 feet)
Concluded 

Thickness Depth 
Feet Feet 

Grey sandstone, in part shaly ............. . ... . ...... . ............ . 60 3,740 
60 3,800 
20 3,820 

250 4,070 
40 4,110 

Dark grey shale .... .... .. .... . ............. . . ... ... . . ....... ..... . 
Dark grey shale, bentonitic . ......... . ...... . ........... . . . . . ..... . 

Ei:s~n~~~Y. ~ha.1~::::::::::::::::::::::::::::::::::::::::::::::::::: 
Lower Cretaceous (non-marine) 

Brown and greenish shale ...................... . .......... . . .. . .. . . 60 4,170 
30 4 ,200 
20 4,220 

G'.e:l'. and greenish shale and sandstone ............. . . .. . . . ..... . . . . 
M1ssmg..... .. . . . . . . . .. .. . . .. . .. .. .. . . . . . . . . · · · · . · · · · · · ··· ··· · · 
Grey sandstone with maroon and green shale..... . ..... . ...... . 10 4,230 

10 4,240 
10 4.,250 

Greenish shale, some sandstone ............................... . ... . 
Greenish and maroon shale ........................................ . 
Grey sand ........................... . ...... . .. ... ....... . ...... . 20 4,270 
Grey dolomite and sand ...... . . . .............. . . . . .. . ............ . 20 4,290 

30 4,320 
10 4,330 

Grey sand ....................... . ... ....... . . . .. . ... . 
Grey sandstone......... . . . . . . . . . . . . . . . . . .. ........ . ... . 
Grey sand . . . ..... ..... ........ . ... . .... . ......................... . 10 4,340 
Brownish, sandy shale . ... ... ..... .. . ............. ... ..... . .... . .. . 

Ellis 
20 4,360 

170 4,530 
10 4,540 
30 4,570 
30 4 ,600 
40 4,640 
~o 4,6GO 
10 4,670 

Greenish grey shale, calcareous ....... ... ......... . . . .......... . 
Greenish grey shale, and sandstone .. . .. . ..... .... . ... . ....... ..... . 
Greenish grey shale, with limestone ........... . .... . . . ... ..... . .. . . 
Greenish grey shale, a little limestone .. ... . . ... .......... .. . ...... . 
Light huff limestone and grey shale ... .. . . ... . . . .................. . 
Greenish grey shale ............................................... . 
Limestone . .... ... . ............... ... .................... . .. . ..... . 
Greenish grey shale .......... ...... . ... . . .. ....................... . 10 4,680 

The uppermost 220 feet of beds assigned to the Pale Beds are so 
classed although dark of colour. The contact of the Bearpaw and Pale 
beds is not well marked although quite distinct in No. 1 well at 600 feet. 
The coal at the top of the Foremost occurs at the same height above sea
level in Nos. 1 and 2 wells. It is believed the well did not penetrate the 
Palreozoic limestone, but finished in the Jurassic (Ellis). 

A comparison of the log of No. 1 well on L.S. 9, Sec. 31, Tp. 7, Range 
4, with No. 2 well on L.S. 4, Sec. 30, Tp. 7, Range 3, is as follows: 

-- vVcll Depth Elev. of Difference No. Feet horizon 

Coal at top of Foremost .. .. .......................... 1 1,210 2413 - 1 2 1,440 2414 
Top of Milk River .......... ··· ················ · · ·· ··· 1 1,880 1743 - 1 2 2, 110 1744 
Top of Alberta shale .................................. 1 2, 130 1493 +59 2 2,420 1434 
Top of marine Lower Cretaceous ...................... 1 3,330 293 +69 2 3,630 224 
Top of non-marine Lower Cretaceous ........... . . . .... 1 3,805 -182 +74 2 4, 110 -256 
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Thus although these two wells are 6 miles apart the higher horizons 
are at approximately the same elevation. The Alberta shale in each well 
is also about the same thickness and the main difference in the elevations 
of corresponding horizons at depth is apparently due to the Milk River 
formation being 60 feet thicker in No. 2, than in No. 1, well. A thickening 
of the Milk River formation within a local area might be accounted for by 
a lensing of certain sandstone beds, but since the top horizons are prac
tically horizontal it follows that both the top of the Alberta shale and the 
top of the Lower Cretaceous show an eastward slope between the two 
wells of about 10 feet to the mile. This sugges.ts tilting of the strata 
below the base of the Milk River formation prior to the deposition of the 
Milk River beds, a condition not known to occur elsewhere. This tilting 
is also suggested by the concentration of gas encountered in No. 1 well 
and the absence in No. 2 well. A tilting or warping, however, assumes a 
time interval between the top of the Alberta shale and the beginning of 
the deposition of the Milk River formation. Such a time interval seems 
improbable in the light of evidence from other areas and it seems certain 
there was no erosion of the Alberta shales since the thickness in the two 
wells is about the same. There does not appear, therefore, to be any 
obvious explanation of the tilting at depth and the horizontal character of 
the strata at the higher horizons. 

SUFFIELD AREA 

The Geological Survey has no information regarding the local struc
ture in the vicinity of Suffield. 

Log of Ontario-Alberta Oil Development Company, Limited, W ell No. 1 

(L.S. 15, Sec. 34, Tp. 17, Range 8, W. 4th Mer.; Elevation, 2,475± feet) 

Thickness Depth 
Feet Feet 

Drift ................................ .. . .. · · .·.· ·.· ········ · ··········· ....... . .... 80 
Pale beds 

Light grey, argillaceous sandstone .. . ....... . .... . ..... . .... . . . . ... . 50 130 
Light grey sand with water at 141 feet ..... . ... .....•.... .. ... . . .... 30 160 
Ironstone band ........ . ... . ...................................... . 2 162 
Pale grey sandstone and shale ......... . .... . .... . ..... . . .. . .. . .. .. . 18 180 
Light grey shale ............... . ................................. . . 10 190 
Grey shale with carbonaceous partings . . . .. . .. ....... . ......... . . . 20 210 
Pale, yellowish grey shale .. ........................•.... . . . • .... .. . 10 220 
Soft, light grey sandstone with shale ........ .. .......... ... ....... . 20 240 
Light grey shale with plant remains .... .. ......................... . 10 250 

Foremost beds 
Grey to dark brown shale with coal fragments .................... . 
Fine-grained, light grey sandstone .. ................. .. ............ . 

10 260 
10 270 

G rey to dark brown shale with coal fragments ...... ... ..... . . .... . 20 290 
Coal and dark brown, carbonaceous shale ..... ..... ...... ...... . ... . 10 300 
Grey shale and coal fragments .................... . ........... . . . . . 90 390 
Grey, sandy shale ......... . .... . .............•............ 30 420 
Grey, sandy shale with coal fragments ............... . ............ . 70 490 
Grey, sandy shale with sandstone .. . ................... . . .. . . . . . . . 10 500 
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Loy of OntP..1io-Alberta Oil D evelopment Company, Limited, Well No. 1 

(L.S. 1.i;, Sec. 34, Tp. 17, Range 8, W. 4th Mer.; Elevation, 2,475+ feet)
Concluded 

Fine-grained, light grey sandstone, some shale and coal. ........... . 
Light grey, argillaceous sandstone .......... . .. . . . ........... . ... . . . 
Fine-grained sand with traces of coal. .. . ...... . ............... . .. . . 
Fine-grained sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . ........ . 
Fine, sandy shale .............. . ............ . ................. .. .. . 
Fine-grained, grey sand .................... . ...................... . 
Sandy shale with plant remains ......... . ......................... . 
F~e-:grained, grey sand with sandstone ........... . ............. . .. . 
Missing .................................................. . .. . . .... . 

Pakowki and Milk R iver equivalents? 
Dark grey shale, in part sandy (Foraminifera) .... . ............ . .. . 
Dark grey shale, with sandstone .................. .. .............. . 
Fine-grained, grey sandstone (water) .......... . . . . . . . . . . ..... ..... . 
Fine-grained, grey sandstone with ironstone and coal fragments .... . 
F ine-grained sandstone with shale ................ .. ......... .. ... . 
Grey shale with some sand ........................................ . 
Grey shale with bentonite ......................................... . 
Grey shale ....................................................... . 
Grey shale with sandy partings (gas show reported at 1, 108 feet) .. . 
Grey shale, partly sandy. Gas show reported at 1,210-1,215 feet . . 
Grey shale containing traces of pearly shell fragments and sandy 

layers. Gas show at l,30CJ.-1,315 feet .......................... . 
Grey shale ..................... . .................... . ............. . 

Alberta shale 
Grey shale, a few shell fragments (speckled shale at 1,370-1,400 feet). 

Gas show reported at 1,430--1,450 feet ............. . ............ . 
Grey shale ........................................ . ... . ......... . . . 
Grey shale with bentonite and sandstone .......................... . 
Grey shale, darker, trace coal at 1,770 feet ......................... . 
Grey shale, darker and more fissile below 1,980 feet . . . ............ . 
Dark grey shale with sandstone and glauconite .................... . 
Sandy shale with traces of shells of columnar calcite ............... . 
Grey to black shale with traces of bentonite ...... . ..... . .......... . 
Missing ........................................................... . 
Dark grey shale ........ . ......................................... . 
Sandstone with glauconite and chert pebbles (water) .. ........... . . . 

Lower Cretaceous? and Ellis? 
Sandstone ............................................. . ....... . .. . 
Dark grey shale with sandstone . .................................. . 
Grey, fine-grained sandstone, some shale ................ . ......... . 
Dark grey shale ......... .. .. . ......................... . .......... . 
Sandstone with chert pebbles ... . ... .............................. . 
Dark grey shale with some sandstone .. . .......................... . 
Sandstone with chert pebbles at 2,780 feet. Water at 2,797 feet .... . 
Shale and sandstone, traces of red shale ... . .. .. ...... . ............ . 
Grey shale with brown and reddish shale ................... . .. ... . . 
Grey sandstone .......... . . . . ... ....... . .. ..... ................... . 
Grey shale ...................................................... . . . 
Grey shale with dark brown oil sand ......................... . . . .. . 
Grey shale ........................................................ . 
Grey shale, little pyrites and sandstone. Water at 3,097 and 3,105 

feet .. ... ..................... ·································· 

~i:~nS:.~'.~ '. ·. '. .. · .·: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Palreozoic 

Limestone with chert ............................................. . 
Limestone with shaly fragments ........ .. .... . .... . ............... . 

Thickness Depth 
Feet Feet 

10 510 
10 520 
10 530 
10 540 
10 550 
10 560 
10 570 
20 590 
70 660 

80 740 
20 760 
10 770 
10 780 
10 790 

130 920 
50 970 
40 1, 010 

190 1,200 
20 1,220 

90 1,310 
60 1,370 

110 1,480 
70 1,550 

160 1, 710 
250 1,960 
150 2,100 
20 2, 120 
30 2, 150 
60 2,210 
60 2,270 

160 2,430 
10 2,440 

50 2,490 
40 2,530 

110 2,640 
40 2,680 
20 2, 700 
60 2,760 
40 2,800 
40 2,840 
50 2,890 
20 2,910 

150 3,060 
20 3,080 
10 3, 090 

10 3,100 
20 3, 120 
50 3,170 

40 3,210 
110 3,220 
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Foraminifera were found by Wickenden in the sample from a depth 
of 670 feet, thus indicating that the strata of this horizon are marine and, 
probably, of Pakowki age. By this interpretation, however, the equivalents 
of the Pakowki and Milk River formation would be 710 feet thick, which 
seems excessive since there appear to be only 490 feet of strata of the 
same age in the Brooks No. 1 well, 40 miles to the northwest. The position 
of the top of the Lower Cretaceous in this well is also debatable, but if 
placed at a depth of 2,440 feet the thickness of the Alberta shale is 1,070 
feet and agrees with the thickness of 1,075 feet assigned to this series at 
Brooks. The elevations of the top and bottom of the Alberta shale in, 
respectively, the Brooks No. 1 and Ontario-Alberta wells indicates a south
easterly dip of 285 to 290 feet in 40 miles, or about 7;! feet a mile. This 
is probably not the true dip since the regional dip is supposed to be 
north easterly. 

BROOKS AREA 

Prior to 1913 the Canadian Pacific Railway drilled two wells for gas 
at Brooks, Alberta (Figure 13, No. 10), and in each obtained a small flow 
of natural gas. These wells were later taken over by the Canadian West
ern Natural Gas, Light, Heat, and Power Company, Limited, who have 
also drilled three new wells. 

Well L.S. Sec. Tp. ,Il.ange Mer. Elev. Depth Year Results 
Feet Feet drilled 

------
Prior to 

No. 1. .. SE. 32 18 14 4 2,487 2, 795 1913 20,000 cub. ft. of gas a day 
No. 2 .. . NW. 31 18 14 4 2,495 1, 379 1913 Gas at 855, 1,233, and 1,353 

feet. Small flow 
No. 3 ... 15 32 18 14 4 2,500 1, 625 1928 Gas at 585, 1,240, and 1,540 

feet. 68,000 cub. ft. a day 
No. 4 ... 12 33 18 14 4 ........ 1,370 1931 Gas at 1,198, 1,329-1 ,332 

feet. 200,000 cub. ft . a day 
No. 5 ... 4 33 18 4 4 ········ 1,297 1932 Gas at 1,191 feet and at lower 

depths. 160,000 cub. ft. a 
day 

The gas obtained in No. 1 well at 855 feet was struck in a coal horizon 
in the base of the Foremost beds. In other wells a small amount of gas 
seems to have been encountered in sandstone beds that are the equivalents 
of the Pakowki and Milk River. The gas found at 1,540 feet in No. 3, 
well appears to be in a sand about 140 feet below the top of the Alberta, 
shale. It is possible that this last horizon is the equivalent of the Medicine 
Hat gas sand. 

The Geological Survey has no information regarding the details of the 
structure (if any) at Brooks. 
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Log of Brooks No. 1 Well 
(S.E. Sec. 32, Tp. 18, Range 14, W. 4th Mer.) 

G lacial material. . ........... . ... . ....... . ... . .......... ... .. .. . ... . . . . 
Missing ... . ....................•........ .... ..... .. . . ........ . .•...... . 
Pale beds 

Light grey sand .... ............. .. .................. . . . . . . . ... . . . .. 
L ight grey, argillaceous sand a nd shale .. .... . ..... .... .. . ..... . ... . 
Ill issing . .... ..... . ...................... . . .. ...... . . . . .. ...•..... . . 
Grey shale, coal fragments ... . .......... . . . ...... . ... .. .. .. ....... . 
D~r~ grey shale, bentonite and coal.. .. ... . . . ... . . ... . •......... ... 
M1ssmg .. .. ................................•.... . . . ................ 
Greenish grey shale ............ . ....... . . . ........................ . 
Light grey, sandy shale with ironstone ........... .. ..... . . ........ . 
Light grey sandstone .. . ........ . ................... . ......... .. ... . 
Light grey, argillaceous sandstone ...... . . . . . . . . . . . .......... . .... . . 
Greenish grey shale .... . . . . . . . . . . . ....•.... . ..•....... .... . . ....... 
L ight grey, argillaceous sandstone . ... . . . . . ........... . ......... ... . 
C reJ: sand and argillaceous sand ... .. ....... .... .. . . . ... .. .. . ...... . 
M1ssmg ...... . ....................................... . ... . ... . . ... . 
Li~h ~grey, argillaceous sand ........... .. .... . . . . . ... . • . ....... . ... 
M1ssmg . . ... ....... . ..... ... . . . . ... . ..•......... . . . ...... . . . ..•. . . . 
Dark grey shale . . . . . . . . . . . . ... ... . . .......•.......•..•. . .. . ....... 

~~~~~~~y.san.d ....... .'.':::::::::::: : : : :::::::::::::: :: : :: : : : : : : : : : : : : 
Light grey (salt and pepper) sand .... ....... .. ........ .. .. ..... .. . .. 
Greenish grey, sandy shale with ironstone .......... ... . . . . ........ . 
Fine, grey sand .. .. . ....... .. .........................•............ 
Grey (salt a nd pepper) sand . .. ......... . .. ..... .. . . . .. .. .. . . . .... . . 

Foremost beds 
Dark grey shale , sand and coal. ...... . ... . . . .. . .... ... • .......•.... 
Dark grey shale, sand and much coal. ........ .. . . .......... . ..... . . 
Dar k grey sha le, sand and coal. .................... ..... . .... .... . . 
Dark grey shale and sand .. .. . ................. .. . .. ....... . .. ... . . 
Grey sand and coal. ... . . ..... . . . . ................. .. . ..... ....... . 
Grey shale, sand, a nd coal. . .............. .. .. . .. . ....... .. ..... .. . 
G rey shale , a nd much coal. ....... ... .... . .................. . ... .. . 
Mostly coal, a little grey shale ..... . ..•....... .. . . ............•.. . . 
Grey shale ...... . .. ... . . . .. .. . ...........•....•... ... .. . .•. . ....... 
Grey shale a nd coal. .... . . .. . ... ... . ............. .... ... .. ........ . 
Grey shale .................... . ......... . . .. .. ... .. ...... . .. .. . . . . . 
Grey sand ..... . ......... . . .. . . .. .. . . . . . . .. . ... .. .. ... . . . . ........ . 
Grey sand a nd shale ........ .. ... . ............. ..... .. ........ • . . . . 
Grey shale ......... . .... . ....................... .. ............•.... 
Dark grey shale and sandy shale .......... .... ..... . ..•.. .. . .. ... . . 
Greenish grey shale , ironst-0ne and fossil shells .. . .... .. .. .. ... ..... . 
G rey shale .......... . ....... .. .. . . . .......... .. .... . ... . .......... . 
G rey sand . . ..... . . .. .... . ... . ....................... ... ......• . ... 
G reenish grey shale ................•..•....•....... .. ....... . . . .... 
Dark grey shale . . .... ... . ......... . .......•.... .. .. . . . ...... . . . .. . 
D ar k grey shale with coal. .... .. . ........ . .... . .. ... ..... ... .. . . .. . 
D ark grey shale .. ..................................... . . . ..... ... . 
Dark grey shale with coal a nd fossil shells ......... . ............ . .. . 
Mostly coal, 20,000 cub ic feet oi gas .. .... ...... . . .. .... . . .. .. .. . . . . . 
D ark grey shale, sand, and coal. .......... . ...... .... ..... . . .. . ... . 
Dark grey shale, sand, coal and fossil shells . . ......... ... •..... . ... 
Light grey, fine sand .......... .. ............ . ....... . . . . . . ....... . . 
Light grey, fine sand a nd shale .. .. ................................ . 
Light grey sand ................ . ............. .. ................... . 

Equivalent of Pakowki and Milk River 
G reenish grey shale (a few coal fragments at 930-935 feet) ...... . . . . . 
Dark grey shale .. .......... .... ...... ..... . ..... . ........... . . .. .. 
Grey shale with fine sand .. . .. . . .................................. . 
G rey shale with a few coal fragments ...... . ... . .. .. . ... . .... . . .... . 
G rey shale ... . . . ........ . . . ...... . ................... . . . ..... .. ... . 

Depth 
Feet 

20 

10 
9 

10 
10 
10 
10 
10 
10 
20 
10 
10 
10 
10 
29 
5 

10 
7 
4 

49 
25 
25 
30 
33 

15 
111 
10 
11 
11 
20 
10 
10 
10 
10 
9 

10 
10 
40 
20 
20 
50 
15 
15 
50 
10 
20 
46 

4 
15 
15 
15 
5 

10 

145 
25 

5 
5 

30 

Thickness 
Feet 

35 
55 

65 
76 
86 
96 

106 
116 
126 
136 
156 
166 
176 
186 
196 
225 
230 
240 
247 
251 
300 
325 
350 
380 
413 

428 
439 
449 
460 
471 
491 
501 
511 
521 
531 
540 
550 
560 
600 
620 
640 
690 
705 
720 
770 
780 
800 
846 
850 
865 
880 
895 
900 
!)10 

1, 055 
1,080 
1,085 
1,090 
1, 120 
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Log of Brooks No. 1 Well 
(S.E. Sec. 32, Tp. 18, Range 14, W. 4th Mer.)-Continued 

Depth Thickness 
Feet Feet 

Equivalent of Pakowki and Milk R iver-Concluded 
Fine, grey sand ........ . ........ . .... . .. . ....... .. .. . . . ... . ... . . . . . 
l<ine, grey sand and shale .... . ... . .... . .. . ................ . 
Grey shale .. . ....... . ..... . .... . .......... . ........ . . .. . . . 
Fine, grey sand .. . . . . . .... . . . . . ......... . .... . ..... .. . . ..... . ..... . 
Grey shale and fine sand ....... . . .. ... . . .. .. ... . . . .. . . .. . . . . . . ... . . 
Grey shale .. ... . . ... . ... . .... . ..... . .... . . . . ...... . . . . . ..... . . . . . . 

15 1, 135 
20 l, 155 
10 l, 165 
5 l, 170 
5 l, 175 

20 1, 195 
Grey shale and fine sand......... . . . .... . .... .. ....... . . . . . 25 1,220 
Fine, grey sand ............... . ..... . . .. . . . . . . . . . .... . .. ... .. . . . . . 
Fine, grey sand and shale ....... . ....... . ..... . ...... . 
F ine, grey sand .. . . . ...... . ...... . .......... . ...... . . . . .... . ..... . . 

40 1,260 
1.5 1,275 
10 1,285 

Fine, grey sand and shale ..... .. ..... . .... . ... . . . . . . . . . .. . .. . ..... . 25 1,310 
Fine, grey sand, shale, and coal fragments . . .. . .... . . . . . . . .. . ... . .. . 5 1,315 
Fine, grey sand and shale ...... . ... . . . .......... . . . ..... . . ... . . . . . . 
Fine, grey sand ................ . .. . ........... . . . ............ . . . .. . 
Fine, grey sand and shale ........... . . . ... . . .. . .. . .. . . . .... .. . .. . . . 
Grey shale and fine , grey sand.. . .. . ... . . . ... . . . ... . ..... . 
Fine, grey sand and grey shale.... . ..... . . . . . ... .. ... .. . . . . 
G rey shale . ... . . . ........ . ... . . . .. . ... .. . .... .. . . . .. . . . .. .. . . . . . . . . 
Fine, grey sand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . . . . 
Fine, grey sand and shale .... . .... . . . 
G rey shale . ... . .. ... . .... . . . . . . . ... . .. . ... . . . ...... . ... . 

10 1,325 
10 1,335 
5 1,340 
5 1,345 

15 1,360 
10 1,370 

5 1,375 
15 l,390 
5 1,395 

Alberta shale 
G rey and fine sand; speckled shale with columnar calcite and 

shell fragments .... . ......... . . . .. . ... . ......... .. .. . 
Grey, sandy shale, fossils, etc .... . . ......... . . . . 
Grey shale and sandy shale.. . .... . . . .. . . . . .... ... . 
G rey sand .. .. . .... . . . . . . . ...... . ... . . . ..... . . . . . ...... . 
G rey sand and shale with brown, chitinous fish remains ..... .. . . . . . 

5 1,400 
70 1,470 
10 1,480 
10 1,490 
5 1,495 

Grey, sandy shale... . .. . . . ... . ... . ........ . .. . ...... . . .. . . 10 1,505 
G rey shale and sandy shale .................. . ......... . 30 1, 535 
Grey sand, fossi l shells . . ... . . . .. . .. . 5 1,540 
Grey sand...... .. .... . . . ...... . ......... . ........ . .. . 
G rey shale and sandy shale .............. . . . . . .............. . ... .. . 
Grey shale and sandy shale, a few small coal fragments .. 

15 1,555 
20 1,575 

5 1,580 
Grey shale and sandy shale with fossil fragments ..... . 10 1,590 
Grey sand and shale ................... . ...... . . . 10 l, 600 
Very fine, grey sand . .......... . ........................ . . ........ . 15 l, 615 
Grey 8and and shale .. . ... . .. . ... . .... . .. . . . . ... .... ... . . . . .. . . . .. . 5 l, 620 
G rey sand . ........ . ...... . ........ . .. . . .. . . . . 
Grey sand and shale . . . . .... . ...... . .. . ... . . .... . . . ... . 

30 1,650 
20 l,670 

G rey shale and sand ..... . . .. .. . . . .... . ............... . . 25 1,605 
Grey, sandy shale .... . . .. . ... .......... . 10 1, 705 
Grey shale .. . . .. .. . ............... . .... . . . ........ . .. . . .. . . . ... ... . 710 2,415 
G rey shale with quartz sandstone ................................ . . 
Grey sandstone and sandy shale ... . .. . ........ . . . ... . . . ... . . 

10 2,425 
20 2,445 

Grey sandstone with carbonuceous streaks and sandy shale .. 
G rey sandstone and sandy shale . .. . . . . ... . . . . . . . ......... . 
Dark shale, partly sandy. . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . .... .. .. . 

5 2,450 
15 2,465 
5 2,470 

Lower Cretaceous? 
Dark shale, quartz sandstone, and bentonite . . . .... . 
D~~~-···················· ·· · · ···· ·· ·· · · · ··· · · 

5 2,475 
10 2,485 

Dark shale and quartz sandstone . .................... . ............ . 
Grey sandstone and sandy shale . .. . .... . .. . . . ... . . . .... . .... . ..... . 

5 2,490 
25 2,515 

Grey sandstone and sandy shale (columnar calcite of foss il shell 
attached to sandy, shale fragment) ........ . . 

Grey sandstone and sandy shale . ..... . ............ . . . . . . . . . . . . . ... . 
Mostly dark grey shale. . . . . . . . . . . . . . . . . .. . . . 
Dark, sandy shale and light grey sandstone ..... ... ................ . 
Dark, sanely shale and light grey sandstone with bentonite ......... . 
Light grey sandstone with a little dark grey shale and bentonite .. . 
Light grey sandstone and dark grey shale. . ....... .. .. . 

5 2,520 
10 2,530 
15 2,545 
40 2,585 

5 2, 590 
25 2, 615 
5 !l.620 

68386-12 
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Log of Brooks No. 1 Well 
(S.E. Sec. 32, Tp. 18, Range 14, W. 4th Mer.)-Concluded 

Depth Thickness 
Feet Feet 

Lower Cretaceoust-Concluded 
8 2,628 
7 2,635 

Light grey, quartz sand .. ... .................. . ....... . ...... . .... . 
Mostly dark grey, sandy shale ... . .... . ......... . . ................ . 
Light grey, quartz sand .................................. . ... . .... . 5 2,640 
Light grey, quartz sand and dark shale ...... . . . . . ....... . ....... . . . 10 2,650 
Light grey, quartz sand, dark grey shale , and bentonite . ...... . .... . 10 2,660 
Dark grey shale and light grey sandstone .......................... . 10 2,670 

5 2,675 
5 2,680 

Dark grey shale, light grey sandstone, and bentonite . ......... . . .. . 
Light grey sandstone, dark shale, and bentonite ... . ...... . ........ . 
Light grey sandstone ............... . .... . ..... . ................... . 5 2,685 
Light grey sandstone, dark shale, and bentonite ...... . . . ..... . .. . . . 20 2, 705 
Light grey sandstone and sandy shale ............. . ...... . ... . .... . 5 2, 710 
Light grey sandstone and much bentonite ........................... . 5 2, 715 
Light grey sandstone and some bentonite .. .... .. . . . . ... . . . ... .. .. . . 5 2, 720 
Light grey sandstone, dark sandy shales, and bentonite ............ . 25 2, 745 

10 2, 755 
5 2, 760 

Dark shale, light grey sandstone, and bentonite ................ . . . . . 
Dark, sandy shale . . ........................................ .. . ... . 
Dark, sandy shale, light grey sandstone, and bentonite .. . ...... . .. . 15 2, 775 
Light grey sandstone .... . .. . . ................... . ................. . 10 2, 785 
Dark shale, light grey sandstone , and bentonite ............... .. .. . 5 2, 790 
Light grey sandstone and bentonite ..................... .. . ... .... . . 5 2, 795 

The lower part of the strata in this well from 2,475 feet to the bottom 
contains much sandstone and the age is somewhat in doubt. The material 
resembles the sediments in Fuego No. 1 well in Oyen area, eastern Alberta, 
below 2,890 feet and above the P alreozoic limestone. These sediments in 
the Fuego well are thought to be Lower Cretaceous since they contain 
foraminifera that are believed to be of this age. 

BLOOD INDIAN RESERVE AND ADJOINING AREA 

The Blood Indian Reserve (Figure 13, No. 11) lies north of Cardston 
and west of Lethbridge. It is bounded on the northeast by Oldman River, 
and on the west and east respectively by Belly and St. Mary Rivers, both 
tributaries of Oldman River. Strata outcropping along these river valleys 
:belong to the following succession, listed in descending order from west to 
east: Willow Creek, St. Mary River, Blood Reserve sandstone (Russell, 
1932, pages 26-38 B), and Bearpaw formations. 

The Blood Indian Reserve is on the west flank of the Sweet Grass 
Arch and the east flank of the Alberta syncline. The prevailing dip is 
thus westerly, but modifications of this dip give rise to local anticlines 
and synclines. The following description by Russell (1932, pages 35-38 
B) gives all the information available regarding structure. 

" An anticlinal axis crosses St. Mary River somewhere between Sees. 7 and 10, 
Tp. 5, Range 23, W. 4th Mer. Outcrops are small and few in number here, so that 
the exact position and magnitude of the structure were not determined. Presum
ably it is the southward continuation of this fold that has been tested by the Spring 
Coulee well of the Alberta Pacific Consolidated Oils, Limited, in Sec. 15, Tp. 4, R ange 
23, W. 4th Mer. 
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Eastward-dipping St. Mary River beds may be observed in Sees. 10, 15, and 27, 
Tp. 5, Range 23, W. 4th Mer., forming the west limb of a low syncline, wihich is seen 
to cross St. Mary River near the quarter corner north of Section 22. The east limb 
of this structure outcrops in Sees. 22 and 34, Tp. 5, Range 23, W. 4th Mer., and the 
westerly dip apparently persists in the remaining St. Mary River strata traversed by 
the rciver. 

In Sec. 24, Tp. 6, Range 23, W. 4th Mer., the Blood Reserve sandstone and the 
upper part of the Bearpaw formation appear, and from here to the mouth of Pot
hole Creek the eJqiosure is almost continuous. This condition, together with the 
presence of numerous determined horizons in the Bearpaw beds, permits a very 
detailed determination of the structure. Normal faults are very numerous here, but 
as they seldom exceed 10 feet in throw they are not recorded. 

The structure contours show a relatively steep westward dip in Sec. 24, Tp. 6, 
Range 23, and Sees. 19 and 30, Tp. 6, Range 22, W. 4th Mer. There is evidence of 
a slight reverse dip in Sec. 33, Tp. 6, Range 22, W. 4th Mer., and the direction of 
strike changes to considerably east of north. In Sec. 12, Tp. 7, Range 22, W. 4th 
Mer., a distinct eastward dip may be measured, but this changes to westward in the 
adjacent Sec. 7, Tp. 7, Range 21, W. 4t-h Mer. These observations are interpreted 
as indicating an anticlinal axis crossing the river in Sec. 12, Tp. 7, Range 22, W. 4th 
Mer., and a synclinal axis crossing near the west boundary of Range 21. 

In the general vicinity of Pothole Creek the base of the Bearpaw formation is 
well exposed, and shows a persistent westerly dip. To the west of here, in the cen
tral part of Tp. 7, Range 22, W. 4th Mer., the beds are nearly horizontal as shown 
by test borings. 

From Pothole Creek to the mouth of St. Mary River the principal feature to be 
observed is the northwesterly direction of the strike. A low anticline may be 
observed in Sec. 24, Tp. 7, Range 22, W. 4th Mer., and there is probably a very shal
low syncline in the northwest quarter Sec. 34, Tp. 7, Range 22, W. 4th Mer., sug
gested by the log of Commonwealth Petroleums test-hole No. 3. 

The structure of the remaining part of the area is determined from scattered 
outcrops on Oldman River and from the logs of test-holes. Data from these sources 
indicate a general westerly dip, which is quite pronounced in the northern part of 
Township 8, but which becomes gentler toward the north. The very strong west
ward dip in the northeast quarter Sec. 25, Tp. 8, Range 23, W. 4th Mer., and the pro
nounced nose in Sees. 30 and 31, Tp. 8, Range 22, W. 4th Mer., are noteworthy. 
These features may indicate large-scale faulting, but no evidence of this was observed. 
It is quite possible that easterly dips are present in the northern part of the area, 
but if so, they must be of rather limited extent. This will be determined by further 
drilling. 

The most striking 8tructural feature of the area appears in the northwest corner, 
3 miles north of the Indian Reserve boundary. This is here designated as the Mon
arch fault zone. It is well exposed in two large outcrops and a number of smaller 
ones on Oldman River, in Sees. 31 and 32, Tp. 9, R ange 23, and Sec. 6, Tp. 10, Range 
23, W. 4th Mer. Essentially, the Monarch fau lt zone consists of a series of blocks, 
separated by thrust faults of rather steep inclination, and involving, in almost every 
case, portions of the St. Mary River, Blood Reserve, and Bearpaw formations. 

In spite of the intense deformation visible in this zone, it does not seem to be 
a major structural feature. This is suggested by the apparent lack of continuity 
along the strike. No fau lt zone is visible in Sec. 26, Tp. 8, Range 23, W. 4th Mer., 
where the same horizons outcrop. Furthermore, in the fault zone itself the strati
graphic displacement is not great. In only one case was it observed to exceed 100 
feet, and it is usually much less. The horizons exposed at river level in the most 
westerly of the visible fault blocks are the same as those seen in the most easterly 
block. If we assumed that the faults disappear in the more competent rocks at 
depth, thei r place must he taken, not by one or more large folds, but by a series of 
small undulations. 

The localization of this zone of intense deformation probably is dependent on 
the stratigraphic relationships. As noted above, almost every fault block consists of 
relatively hard, sand beds (St. Mary River, Blood Reserve), overlying softer, more 

6838&-125 
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argillaceous strata (Bearpaw). In reconstructing the history of the deformation, we 
may postulate a slight dip to the west prior to the development of faults. This dip 
would bring the Bearpaw-Blood Reserve contact to the surface near the site of the 
present fault zone. Further stresses from the west, transmitted by the relatively 
competent St. Mary River fo~·mation, found expression in the development of shear 
zones and faults along the top of the less competent Bearpaw shale. The release 
would be most pronounced near the surface. Continued pressure steepened the earlier 
breaks and developed additional thrusts. This -ivould account for the different 
inclination of various existing fault planes. Cessation of pressure was followed by 
relaxation, developing a few normal faults, as in other parts of the area. AB a 
corollary of this interpretation, we ma.y imagine that the fault zone is not continuous 
for any great distance downward, but that it may extend somewhat westward beneath 
the rather gently dipping St. Mary River formation ." 

Two wells, namely Monarch Nos. 1 .and 2, have been drilled near 
Monarch by the Canadi•an Western Natural Gas, Light, Heat, and Power 
Company, Limited. The first of these reached a depth of 1,775 feet and 
the second 2,813 feet. Showings of gas were reported in No. 1 well and a 
flow of about 10,000 cubic feet a day was encountered in No. 2 at a depth 
of 1,245 to 1,249 feet, with salt water at 2,540 feet. 

Log of Alberta Pacific Consolidated "Spring Couzee" No. 1 TVell 1 

(L.S. 11, Sec. 15, Tp. 4, Range 23, W. 4th Mer.; Elevation, 3,702 feet) 

Thickness Depth 
Feet Feet 

Surface materials .... . .. ................................. ... . ......... . . . . . . . . . . . . . 60 
St. Mary River 

Green shale with trace of gypsum ........ . .. ..... .... ............. . 20 80 
110 190 
110 300 
20 320 

Dark grey shale with less green shale and grey sandstone .......... . 
Green shale with less dark brown to grey and a few sandstone beds. 
Grey sandstone with a little coal. . ................................ . 

20 340 
25 365 

Carbonaceous shale containing coal. ............................. . . . 
Grey-black shale with fragments of grey sandstone .. . . . ........... . 

Blood Reserve sandstone 
Grey, micaceous sandstone ..................................... .. . . 15 380 

100 480 
20 500 

Grey sandstone with a few coal fragments ............ . ...... .. . .. . . 
Grey sandstone containing water ........ . .. ............. .... ...... . 

Bearpaw 
Lead-grey shale .............................. . . .................. . 50 550 
Shale containing bentonite .... . ...................... . ... . ........ . 10 560 
"Rye grass sandstone", 65 per cent dark grey sandstone and 35 per 

cent lead-grey shale ........................................... . 40 600 
Lead-grey shale and minor dark grey sandstone ......... . ......... . 40 640 
Lead-grey shale with ironstone .. .................................. . 10 650 
Lead-grey shale ................................... . ... ..... ...... . 100 750 
Lead-grey shale with shell fragments and coal. ........ . .... ....... . 10 760 
Lead-grey shale .................................................. . 30 790 
"Kipp" sandy member, 50 per cent dark grey sandstone and 50 per 

60 850 
50 900 
10 910 

cent lead grey ........ . ............... . ....................... . 
Lead-grey shale with sandstone fragments ........................ . . 
Lead-grey shale with ironstone .................................... . 
Lead-grey shale containing Nucula (probably) .... . .. . ............. . 26 936 
Lead-grey shale containing bentonite .. ..... ... . .. . . . .......... .. .. . 24 960 
"Magrath" sandy member containing bentonite . .. ................ . 50 1,010 

20 1,030 
40 1,070 

Lead-grey shale .................................................. . 
Lead-grey shale containing bentonite and ironstone . . . . . ... . ... . ... . 
Lead-grey shale containing Dentalium oracile ...... ..... . .. ... .. . ... . 20 1,090 

1 Yarwood, 1931, pp. 1267-77. 
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Log of Alberta Pacific Consolidated" Spring Coulee" No. 1 Well 

(L.S. 11, Sec. 15, Tp. 4, Range 23 , W. 4th Mer.; Elevation, 3,702 feet)
Continued 

Thickness Depth 
Feet Feet 

B earpaw--Conc. 
Lead-grey shale containing ironstone and bentonite . ... . ... . ..... . . . 10 1, 100 
Lead-grey sh a le . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ ..... . 
Lead-grey shale with Placenticeras meeki, Inoceramus, Ostracoda, and 

50 1, 150 

Corbula peranoulata . ................................ ... . . . .. .. . 40 I, 190 
Pale beds 

Grey sandstone with coal and brown, carbonaceous coal, Viviparus 
conradif, Unio danae, and Anodonta? sp .... . .. . ..... ... . ... ..... . 10 1,200 

65 1,265 

117 1,382 

Lead-grey and grey-green shale containing coal in upper part ....... . 
Grey-green shale with beds of grey sandstone Vivipar-us f sp., 

Sphaerium sp. (1,337 feet), fish scale (1,356 feet) ............... . 
P ellet conglomerate, Campeloma multilineata?, Velatella baptista? ... . 
Grey-green shale with thin sandstone beds containing plant remains. 

I 1,383 

E8 1,441 
I 1,442 

35 1,477 
1 1,478 
7 1,485 
7 1,492 

Campeloma m ultilineata (1,400 feet) . .... . ............ . . . . . ..... . 
P ellet conglomerate ........................................ . .. ... . . 
Pale green shale with thin, grey, sandstone beds .. .. ..............• . 
Pellet conglomerate . ..... . . . . . ..... . ......... . . . ..... . .... . ... . ... . 
Pale green shale .... . ..... . . ... . ... .. ... . .. . . . . . . . ............. .. . . 
Grey, micaceous sandstone ..... . . ... . .. . ..... . . . .................. . 
Pale green shale . . ........... . . ..... . . . ....... . . . ... ... .......... •. 3 1,495 

I 1,496 
4 1,500 

Pellet conglomerate and grey sandstone . .... . ....... . ....... .... . . . 
Pale green sandstone. . ... . . . . . . . . . . . . .... . . . .... ... ...... . 

18 1,518 
20 1,538 

Olive-green shale; Goniodiscus? sp. (1,516 feet) ... . . ...... . . . ... . ... . 
Grey sandstone . ... . ..... . ... ..... .... . ....... . ................... . 
Grey-green shale, Campeloma sp. (1,638 feet) , Sphaerium cf .formosum, 

172 1,710 
20 I, 730 
90 1,820 
10 1,830 

130 1,960 
20 1,980 

I 1,981 
153 2, 134 

11 2,145 
25 2,170 

Campeloma cf. limnaeiformis, Campeloma sp. (1,678 feet) . . ..... . 
Grey sandstone ........ . ... . ... . .............. . . . . . ..... . ......... . 
Grey-green shale ............... . . . . . . . . .... . ..... . . . . ... . .... ... . . 
Grey sandstone ................... . ....... . . . ..... . . ... . . . . ... .. .. . 
Grey-green shale conta ining Physa copei at 1,954 feet . . . . . ........ .. . 
Greenish brown shale ....... . .... . ............................. . .. . 
Greenish brown shale containing pebbles .. ..... . .................. . 
Grey-green shale S phaerium cf. formosum (1,938 feet) .. .... . ....... . 
Blue-grey, conglomerati c sandstone . . .. . . . . ... . ... . ............... . 
Grey to green shale Vivipatus reynoldsanus, Physa copei (2,160 feet) .. 

Foremost beds 
Dark brown to grey-green shale containing beds of grey sandstone, 

18 2,188 
I 2, 189 

Sphaerium sp. , Campeloma sp . .... . . .......................... . 
Unio bed containing Unio danae and Unio mclearni ...... ..... ... .. . . 
D ark grey to brown shale containing coal and a little amber, Martesia 

16 2,205 sp.? , Sphaerium sp .?, and Viviparus cf. conradi .. .............. . . 
Dark brown to green shale; Campeloma sp.,Physa? sp., and Sphaerium 

9 2,214 
5 2,219 

formosum .. ................. . . . . . . . .... . ................. .. . .. . 
Grey, micaceous sand stone . .. ... . . . . . ..... . . . .................... . . 
Dark grey to green shale characterized by large specimens of Unio 

12 · 2,231 
44 2 ,275 
5 2,280 

19 2,299 
13 2,312 
9 2,321 
9 2,330 

22 2,352 

~.? ..... . ...... . ................... . ..... . . . ................ . 
Dark grey to green shale ........................ . ... . . ... . . . ..... . 
Grey sandstone ........................ ... . . . ................ . . . . . . 
Dark brown to grey-green shale .............. . ................. .. . . 
Grey sandstone, fine grained, hard .. . ................. . ........... . 
Grey-green, soft, friable shale . . ..............•...... ...... . ..•.. • .. 
Grey sandstone containing petrified wood .. .. ............. . 
Dark grey shale . ... ...................... . ......... . . . . . ... ... ... . 
Dark brown and grey-green shales with coal. Unio sp.? and Viviparus 

21 2,373 
19 2,392 
2 2,394 

20 2,414 

reynoldsanus . . . ... . . . . . . . . . .. . .. ... .... .. .. . . . .. .............. . 
Dark grey shales with thin beds of grey sandstone ............... . . 
Bentonite .. . ........................ . ............. . ... . ... . . .. ... . . 
McKay coal: dark brown, carbonaceous shales containing coal. . . .. . 

I 2,415 
I 2,416 

coal. ............. . . . . . . . . . . . . . . . . . . . .... . . . . ....... . 
Bentonite . .. ..... . ... . ... . . ... ...... ... . ......... . ...... .. ... . ..... . 
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Log of Alberta Pacific Consolidated" Spring Coulee " No. 1 W ell 

(L.S. 11, Sec. 15, Tp. 4, Range 23, W. 4th Mer. ; Elevation, 3,702 feet)
Concluded 

Foremost beds-Cone . 
Coal, bentonite , and lignitic sh ale .. . . . .. . ... . . . . . ... .. . . . . . . . . .. . .. . 
D ark brown shale, with 6-inch bentonite a t 2,421 feet and grad ing to 

sandstone in lower 2 feet ......... . .................... . ..... . . . 
" Verdigris" sandstone ..... . . . . ....... . . . . . .... . ...... . . . . . .. .. . . . . 

P akowki equivalent 
Brown to grey, carbonaceous shale containing coal and Unio mclcarni 

Milk River 
Light grey , limy sandstone with about 25 per cent dark grey shale 

and 25 per cent grey-green shale .. . ... . .... .. ......... . . . ..... . . 
Light grey sandstone with 25 per cent dark grey shale a nd minor 

amoun ts of grey-green shale .. . ........ . ..... .. . . .............. . 
Alberta shales 

T ransition zone; contains 60 per cent grey-black sh ale and 40 per cont 
grey sandstone ....... . . . . . ... .. ...... . . . ... . .. ... . . ... . .. . . ... . 

Grey-black shale with some sand, b ent onite , and ironstone ... .. ... . 
Medicine Hat (?) gas sand : shaly sandstone containing oil t race .... . 
Grey-black shale with sandy lenses, traces of bentonite, pyrite, 

a ragon ite , calcite, chert, and ironstone . ..... .. . . . ... . . . . . . . . . . . . 
Grey-black sh ale 75 per cent ; dark grey sand stone 25 per cent .... . . . 
G rit bed . . . ................... . ... . ............ . . . . . ........ . .... . 
Grey-black shale 70 per cent; dark grey to grey sand stone 30 per cent 
Gas sand . ....... . ... . ...... . . . .. .... ... . . . ... . .. . ... . . .. ..... . . . . . 
Grey-black shale wit h green shale at 4,520 feet . . . . . .. . . ... .. .... . . . 
Bow Island gas sand (?): grey, indurated, medium-grained sand-

stone ....... . ....... . . ... . . . ... . . . . .. ..... . .. . . . . . . .. •• ........ 
G rey-black shale with green shale a t 4,706 feet and 4,711 feet . .. ... . 
Grey, coarse-grained sandstone ...... . .... .. ...... . . .. .. . .. . . . . . . . . . 
G rey-black shale .... .. . . .. ... . . ... ... ... . .. .. . ........ . . . . . . ..... . 
G rey sandstone .... .. .. . . . . . . . ... .... ... ... . . . . . . . . . ....... . .... . . . 
Grey-black shale with thin sand lenses ..... . .......... . ..... .. .. . . . 
Dark grey sandstone . . ......................... . .. . ............... . 
G rey-black shale with th in sand lenses and a few fragments of green 

shale .... . ..... . . .. ..... .. .. . . . . . . . .. . . . .......... .. ........ . . . 
Lower Cretacecus 

G reen shale with grey sand lenses ... . ... . . . . . . . .. .. .. . . .... ....... . 
Medium grey sandstone 50 per cent; grey shale 25 per cent; green 

shale 25 per cont . . .... . ......... . . . ....... . .......... . . . ...... . 
G reen and dark grey shale ............ . .... . ....... .. . . . . .. . ...... . 
Grey sandstone .................... . .. . ... . ..... . ... . ..... . . . .... . . 
B lack, carbomweous sh ale containing coal. . . .... . . . . .. . .. . ... . . . .. . 
G reen shale 60 per cent; dark grey shale 15 per cent; grey sandstone 

20 per cent ; red shale 5 per cent ................. . ......... . . .. . 
Dark grey , sandy shale containing fi sh scales (Cycloides) and light 

grey limestone containing volcanic ash or sponge spicules (?) 
probably marine ... . .. ... ... . ......... . ...... .. ....... . ....... . 

Variegated shale with Unio hamili and Corbula onestae, b ed at 5,625 
feet, fresh water . ... . ..... . .... . ............. . ..... . ..... . .. . . . 

Ch ert conglomerate . . . . ... . ...... . . . . .. . .............. . .......... . 
Jurassic 

" B rown ribbon" sandstone .. ............ ... . .. .. . . . ... . . . ......... . 
D ark grey shale, containing sporadic belemnites; thin , grey lime

stone bands, total 3 per cent of section ; glauconitic shale at 5,687 
and 5,810-5,817 feet ; coal and bentonite at 5,687 feet; traces of red 
shale a nd py rite; fi sh scale at 5,750 feet; Astarte, at 5,796 feet ; 
Pleuromya of. obtusiporata at 5,818 feet . .. ...... . ........... . ... . 

Grey-b lack shale conta ining belemnites , py rite , and glauconite . . . . . . 
Grey, .Il!assiv!J limestone containing belemnites, glauconite, a nd 

ooht 10 pynto ......... . ... . ............. .. .... . ..... . ... . . . ... . 
Grey-b lack shale cont aining pyrite ....... . ..... . . . . . . ..... . ....... . 
White t o brown , sandy , cherty , mott led limestone with rhynchonel-

lid bmchiopods at top ...... .. ..... . .. . .... .. ..... . . . . . . . .. .. . . 

Thickness D epth 
Feet Feet 

2 2,418 

11 2,429 
101 2, 530 

40 '.! ,570 

300 2,870 

230 3, 100 

60 3, 160 
140 3,300 
60 3,360 

840 4,200 
190 4, 390 
20 4,410 
70 4,480 
10 4,490 

165 4,655 

15 4,680 
35 4, 715 
28 4, 743 
15 4, 758 
38 4, 796 
54 4,850 
11 4,861 

106 4, 967 

133 5, 100 

60 5, 160 
52 5,212 
28 5,240 
10 5 ,250 

305 5,555 

50 5,605 

35 5, 640 
2 5, 642 

25 5,667 

244 5, 911 
7 5,918 

8 5,926 
2 5,928 

37 5,965 
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The top of the Palmozoic is plaoed by Yarwood at 5,965 feet, but by 
Mellen and Rohwer (1931, page 1280) it is placed at 5,935 feet. According 
to these authors the limestone at 5,940 feet is reported by A. J. Goodman 
to contain secondary silica interpreted as occurring within a leached zone 
formed during the period of erosion prior to the deposition of the Jurassic 
strata. 

The Palmozoic section according to Mellen and Rohwer is as follows. 

Light grey limestone , chert bands, secondary silica .. . . . . . . ...... .... . . . 
Brown, sandy limestone, cherty, heavy oil saturation .... ..... .. . . ... .. . 
No core recovered.......... . . . . . . . . . . . . . . . ..... ... . 
Light grey, crystalline limestone with chert, iron sulphide, and pyro-

bitumen .. ..................... ...... ... ................. ..... .... . 
Sandy limestone .. .... . . . . . . . .. .............................. .. .. . 
Sandy limestone, only part of core recovered .................. . .. . ..... . 
Grey limestone with 3 inches black, limy shale and 3 inches dark grey, 

shaly limestone... ................ . ....... . .... . ... . ..... . .. . 
Light grey, crystalline limestone, crinoid and Mississippian bryozoa . .. . 
No core recovered. . . . . . . . . . . . . . . . . . . . . . . . .. . ... .. .. ... . . ... . . . 
Light grey, crystalline limestone, styol itic structure, pyrobitumen ... .. . 
No core recovered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
Light grey limestone, cherty, styolitic, iron sulphide and trace of pyri te; 

2 inches dark grey, limy shale and hard, dense limestone, cherty, 
styolitic, Mississippian bryozoa .. .......... . ............... . ... . .. . 

T,ight grey, compact, crystalline limestone ................... .. . . . . .... . 
Dark grey limestone, very porous, coral Diphyphyllum. Good oil 

saturation, dark colour due to pyrobitumen .................. . ..... . 
Soft, light grey to white, crystalline limestone, dolomitic with almost 

pure dolomite at base. Porosity due to dolomitization increases 
with depth. Fossiliferous, mainly Bryozoa with crinoid stems. 
Styolitic structure at 6,177 feet. Sulphur water increasing toward 
bottom , 2,200 pounds pressure per squnre inch. Harder beds at 
6,033 to 6,038 feet. Dense lim estone with chert 6,059-6,065 feet. 
About 15 per cent of core recovered ... . ....... .... ............. ... . . 

Thickness Depth 
Feet Feet 

4 5, 939 
4 5, 943 
3 5, 947 

!) 5, 955 
1 5,957 
9 5,966 

4 5, 970 
2 5, 972 
4 5 ,976 
8 5, 984 

16 6,000 

12 6,012 
4 6,016 

5 6,021 

170 6,191 

The best saturation of oil (31 ·2 degrees Baume), according to Mellen 
and Rohwer, was found between 5,945 and 5,955 feet with sulphur water 
below 6,055 feet. 

Y·arwood correlated a grit bed at 4,410 feet with the base of the 
Alberta shales of Turner Valley. If this correlation is correct and if the 
beds below it are Upper Cretaceous they may be of Dakota age as sug
gested by Irwin (1931, page 1133). 
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Log of Monarch No. 2 Well 1 

(Sec. 12, Tp. 10, Range 24, W. 4th Mer.; Elevation, 3,092 · 6 feet) 

Thickness Depth 
Feet Feet 

Missing ............... .. ... . . .. ................ . .. .... ... ... .. ... . . 
Light grey, sandy clay ............................................ . 
Fragments of boulders .......... . ................. . ............... . 

······· · ·· ·· 20 
30 50 

5 55 
Dark and light grey clay . ............... . ... ...... . ... . .. •.......• . 50 105 
Light grey, fine-grained, argillaceous sandstone .... . . ... . ... ....... . 
D ark , brownish grey shale ...... .... . ... ........... .. . ..... ....... . 

10 115 
10 125 

Light grey shale . . . . . ... .... . . . . . . ... .... ..... . . ... . . . ..... . . ... .. . 
Light grey, fi ne-grained , argillaceous sandstone ........•... .. ........ 
Light grey shale .. . ....... .. . . . .. .. . . . . ..... . . . . . . ..... .. ... . ... .. . 
Light grey, sandy sh a le ....... . ................. ... . . .... .. ....... . 

20 145 
10 155 
15 180 
10 190 

Light grey shale . . . . . .... .. .. . . . . . . . .... . . . . . . . ... . ...... . . . . . . . . . . 25 215 
Dark brown shale . .. ... .. .......... . • . ....•....•...... . . . . . ........ 10 225 
Brown to grey shale ... ...... . . . . . . . .... . . . . . . .. . ... . . . . ... . . . . ... . . 10 235 
Light grey shale ................................. . ... . ........... . . 
Light grey, fine-grained, arg illaceous, calcareous sandstone ... .. .... . 

15 250 
15 265 

Grey shale ............... ...... ......................... . ...... •. . . 50 315 
Brown shale ... . .......... . ............ . · .......... . . . . . . . ......... . 5 320 
Dark grey shale ......... .. .... . ...... . .. ..................... . . .. . 10 330 
Light grey shale . ............. .. .. .. ... . ..... . ...... .. ....... . .... . 10 340 
Dark brown sha le ..... . ..... ..... ... . . . . .......................... . 10 350 
D ark grey shale .. . . ...........• . ... . .... . •.......•.......• . . . .•. . . 10 360 
D ark grey, sandy shale .. ............. .... . . . . ... . . . ..... . . . ...•... 5 365 

~l:s~nf.e~. sha.l~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Dark grey shale ....... . . . ... . . . .... ..... . . ... .... .... .. .. . .. .... . . 
Coal. .. .. ... ......... . . .. . . . . . ...... . ......... ........... ......... . 

35 400 
100 500 

5 505 
10 515 

D ark grey shale and sandy shale . ... . •..........•....•.......•..... 610 l , 125 
Pale and J1 oremost beds 

Dark grey sha le with coal. . . .... ... . . . . . . . . .. ... . . .. .. . .. ....... .. . 
Dark grey shale ... . . .. .... . .......................... ... . . .. .. . . . . 

5 l , 130 
65 l, 195 

Light grey sandstone and brown, carbonaceous shale ............... . 5 1, 200 
Shale . . .. ....... . . . .. . ... . ........................ . ..... . ......... . 5 1, 205 
Light grey, argillaceous sandstone, s lightly calcareous .... . .... . ... . 5 1, 210 
Grey, sandy shale ................ ....... .. . .. ... . . ... . . . . . . . . . ... . 
Light grey, argillaceous sandstone .. . ... . . .. .. . .............. . ... . . . 
Grey shale ............ . . . . . . . . .. .. . .....•.... . .....•......... .. ... . 
Light grey, sandy shale ........................................... . 
G rey , sandy shale ... ..... ..... ............................... •.. . . 

30 1, 240 
15 1, 255 
20 1,275 
30 1, 305 
15 1,320 

Light grey, sand y shale .... ... . ........... . . . ................ ... . . . 
Light grey, a rgillaceous, calcareous sandstone . . ..... .... . .. ..... . .. . 
Light grey, sandy shale ........................... . ..... .. ........ . 

95 1,415 
50 1,465 
40 1,505 

Light grey, argillaceous, calcareous sandstone . .. . ............... . .. . 
Light grey, sandy shale ................ .. . .. ...................... . 
Light grey, argillaceous, calcareous sandstone .... . ........... .. .. . . . 
Light grey, sandy shale .... ..... . . . . .... . . . . . . . . . . . . .... .. . ... . ... . 

15 1,520 
5 1, 525 
5 1,530 

10 1,540 
B rownish grey, sandy shale ............................. . .... .. ... . 10 1,550 
Light grey shale ... ....... ........ .. . . . . ...... . . . ....... .......... . 
Light grey, argil laceous , calcareous sandstone ........ ....... . . . . . . . . 
Light grey, sandy shale .... . ............................. . . ....... . 
Light grey sha le ... ... .. . . . ......... .. . . .............. . . . ......... . 
Light grey, argillaceous, calcareous sandstone . .. .... . ......... . .... . 
Light grey shale ...... . ..... . ... . . ... .. . .......... . ... . ....... . .. . . 
Grey, fine-grained, argillaceous sandstone .. .. ........•... ... ........ 
Light grey shale .............. . . . ... .. . . ... . .......... ..... ....... . 
Grey, argillaceous, calcareous sandstone .. ................... . ....•. 
Grey shale . . .. . ... . ...... . . . ... ...... . . . . .. .. ............... . .. . .. . 
G rey sandstone ..... . . . .... . ....................... . ... . . . ........ . 
Dark grey to brown sha le ...... .. .. . ............................ .. . 
G rey, calcareous sandstone ..... . ... .. ........ . ........ .. .. .. . .. . . . . 
Light grey shale .. ..... . .... ... ... .. ..... . ... . ............. . . ..... . 
Grey sandstone...... . . . . . . . .... . ................ ... . . . .. . . . . . . 

10 1,560 
10 1,570 
20 1, 590 
25 1, 615 
10 1,625 
35 1,660 
15 1,675 
15 1,690 
25 1, 715 
25 l, 740 
5 1, 745 

15 1,760 
40 1, 800 

120 1,920 
35 1, 955 

1 Log supplied by S. E. Slipper. 
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Log of M onarch No. 2 W ell 

(Sec. 12, Tp. 10, Range 24, W. 4th Mer.; Elevation, 3,092·6 feet)
Concluded 

Pale and Foremost beds-Cone. 
D ark grey sha le . . . ... . . . . ..... . .... . . . .. . ....... . ... . . . . . . . .... . . . 
G rey, sandy sha le . . . . . . . ................... . ... . . . . .. . . . . 
Light grey, very fine-grained, argillaceous sand stone . . ..... . ....... . 
D ark grey sha le . . . .... . ...... . . . . ... . . . .............. . ....... . ... . 
G rey shale ... . . ... . ........... . . . . . . .. ... . ...... . . ......... . . . . . . . . 
Light grey, calcareous , a rgillaceous sandstone and grey sha le ...... . . 
G rey, a rgillaceous sandstone ... . .... . .. . . .. . . ... . . ..... . . . . . . . . . .. . 
G rey sandstone . . ................ . . . . . . . . . . . ...... . . .. . . . . . . . . . . .. . 
G rey, soft shale ...... .. ...... . ... . . . .. .... . . .... . . . . . .... . . . .. . . .. . 
Grey sandstone , a li t tle coal. ...... ...... . ..... . .. . . . . . . . . . ..... . . . . 
Sandstone and coal. .. . ..... . .. . . ... . ... .. ..... • . . . ........ . ....... . 
Coal, black, carbonaceous sha le and sand .. .. ... . ..... . . . . . . . . . . . .. . 
D ark grey sandstone ........................... . .. . . .. .. . .. . ... . . . . 
Dark grey shale and sandstone . .. . . .. . . . . . . . . .. . .... . . .. . . . . ... . .. . 
Dark grey sha le .. . ......... . .... . . . . .. . .. . ........ . . . • . . . . . ..• . . .. 
G rey sand stone with dark grey sh ale ... .. . . ....... . . .. ............ . 
D ark grey sha le with a little sandstone . . . ... . ...... . ....... . ...... . 
D ark grey shale wi th carbonaceous sha le .. .. . . . .. . . . ..... . . . . . ... . . 
Coal , b lack, carbonaceous sha le , dark grey shale, and b entonite ... . 
B lack , carbonaceous shale, bentonite, and a litt le sand ..... .. ... . .. . 
Sandstone and black , carbonaceous shale .... . . . ..... . . . . . . .. .. . . . . 

P akowki shale 
Dark grey sh ale . . . ..... . . . .. . ... . ...... . ..... . . ... . . ... . . . .... . .. . 
D ark grey sha le with sand . . .. . . . . . .. . .... . . . .. .. .. . . . . . .. . . .. .. .. . 
Dark grey sha le ...... . ......... . . . . . . ...................... . .. . . . . 

Upper Milk River 
G rey sandstone ... ..... . .. . ...... . ..... . . . . . . . .... . ....... . ... . ... . 
L igh t grey, a rgillaceous, calcareous sandstone .... . . . .... ...... .. .. . . 
Dark grey sha le and sandstone ... . . . . . . . . ........ . ... .. . .. . . . . 
Randstone with dark grey shale .. . . . . . . . . . . . . .. . . . ... . ....... . .. .. . 
Sandstone and sha le............ . . . . . . . . . .. .. .. ... . . . . . . . .. . . ... . . 
Ligh t grey sandstone ......... . ... . ... . .... . ...... . . . . . . . . . 
Sandstone and black , carbonaceous shale.......... . ..... . . . ..... . . 
L ight grey sand stone ........ . . . . .. ... ... . . . . ............ ... . . . . . . . . 
L ight grey sandstone and b lack, carbonaceous sh a le. . ... . . . ...... . 
Dark grey shale , black, carbonaceous shale, and light grey sandstone 

Lower Milk River 
Light grey sandstone...... . . . . . . . ............ . . . 
L ight yellowish grey, argillaceous sandstone . .. . . . .... . .. . . . . . .. . . . . 

A lberta shale 
Sandstone and dark grey shale. . .. . . . . . ........ .. . .. . .. . . .. . .. . . . 
Sandstone and dark grey shale . ... . .... .. . .. .. . . ... . . . . . . . . . . . ... . . 
Dark grey shale ........ . ........... . ...... . ..... . . . . . . . .. .. . . ... . . 

TABER- BARNWELL- CHIN COULEE AREA 

Thickness 
Fee t 

45 
10 
10 
25 
15 
10 
10 
20 
45 

5 
10 
5 
5 

10 
20 
5 
5 

15 
25 
20 
10 

20 
40 
40 

30 
5 

10 
45 
20 
15 
10 
25 
15 
10 

90 
20 

25 
40 
73 

D epth 
Feet 

2,000 
2, 010 
2,020 
2,045 
2,060 
2 ,070 
2,080 
2, 100 
2, 145 
2, 150 
2, 160 
2, 165 
2, 170 
2, 180 
2,200 
2,205 
2,210 
2,225 
2, 250 
2,270 
2,280 

2, 300 
2, 340 
2,380 

2,410 
2, 415 
2, 425 
2,470 
2,490 
2,505 
2,515 
2,540 
2,555 
2,5()5 

2, 655 
2, 675 

2, 700 
2, 740 
2,813 

Oldman River Valley from t he mouth of Little Bow to the mouth of 
Bow River (Figure 13, No. 12) is pre-Glacial in age (Williams and Dyer , 
1930, page 105) and it is suspected t hat the drainage has been influenced by 
the local structure. AU-shaped bend in Oldman River northwest of Taber 
suggests local anticlinal conditions in an east-west direction, although data 
at hand are indicative of a t errace rather than an anticline. The T aber 
coal seam, which is considered to be the top of the Foremost beds in t his 
locality, is understood to have a west dip and this dip seems to be shown in 
t he Chin Coulee wells drilled by the Canadian Western Natural Ga$, H eat, 
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Light, and Power Company in the vicinity of Elcan. No known closure 
occurs to the south, although closure to the north is almost certain since the 
regional dip from the Sweet Gr.ass Arch is in this direction and succes
sively higher beds occur to the northwest of Taber. 

Chin Coulee No. 1 well, drilled on L.S. 14, Sec. 31, Tp. 9, Range 17, 
W. 4th Mer., obtained a flow of gas of about 4,000,000 cubic feet a day 
at a depth of 2,151 to 2,166 feet, but other wells drilled in the immedi•ate 
vicinity yielded only small flows or shows. The Cole-Hunter "Taber" 
No. 1 well, drilled on L.S. 3, Sec. 11, Tp. 10, Range 17, W. 4th Mer., was 
drilled into the Palmozoic limestone and obtained a show of oil at 3,317 
feet in what is thought to be Ellis strata. So far as known no other wells 
in the area penetrated this formation. The Lethalta (Chinalta) well 
drilled some 'tlistance south of the others in L.S. 5, Sec. 23, Tp. 8, Range 18, 
W. 4th Mer., did not reach the base of the Alberta shales. 

Log of Cole-Hunter "Taber No. 1" Well 

(L.S. 3, Sec. 11, Tp. 10, Range 17, W. 4th Mer.; Elevation, 2,567 feet} 

Thickness 
Feet 

Drift .............. . ....... .. . ....... ..... ..... ... . .............. • .... . ... .. ... . ... 
Foremost and Pakowki 

D ark grey shales, sandstone, and coal. ............ .. ........ . . .. . . . 
Grey and greenish shales .. . . ... . ..... . .... ......... . . .... .. . .. . ... . 

Milk River 
G rey, sandy, lignitic sh a les . .. ........... . .. . . .. ... .. ..... . ....... . 
Grey sandstone, carbonaceous ...... . ........................ . . .... . 
Grey sandstone and carbonaceous shale ....................... . .... . 

Alberta shales 
Grey, sandy shales ........ . .................... • .................. 
G rey shales with few sandy layers ... .. . .... . ..... . ... .... . ...... . 
G rey shales and grey sandstone . .. ... . . . .. . . .. .................... . 

Lower Cretaceous 
Grey shalcs and sandstone, trace maroon shale . . . . ... .. . . . ... . . . . . . 
Dark , car bonaceous shale , light grey rnndstone with green and red 

shale ......................... . ............................... . 
Grey and greenish shale and sandstone .. ......... . .. .. ............ . 
Grey and greenish shale, sandstone more prominent .. . .. . .. . . ... ... . 
Dark grey, carbonaceous, light green and red shale . . ..... . . . . .. ... . 

Ellis 
Pale green and brown shale ......... ... ... .. ...............••...... 
Fine-grained, calcareous sandstone . .. . . ..................... ... . ... . 
Light greenish, calcareous shale with some sandstone ; oil r eported 

at 3,317 feet . .. ..... . ....... .. .... . . . ... . . . ... . . ...... .. . ... .. . 
Dark grey and greenish, calcareous shale and coarse, chert sand stone 

Mississippian 
White chert, few fragments of white lime . . ... .. ... . ............. .. . 
Light grey limestone ............... . ... .. .... .. . .. .... . .. . . .. . . .. . . 
Light grey, sandy limestone ...... . ...... ..... ... .. . .. .. ...... . ... . 

330 
180 

140 
80 
70 

240 
l, 140 

450 

70 

210 
60 
80 
90 

60 
20 

30 
17 

23 
190 
52 

Depth 
Feet 

70 

400 
580 

720 
800 
870 

1, llO 
2,250 
2, 700 

2,770 

2,980 
3,040 
3,120 
3,210 

3,270 
3,290 

3,320 
3, 337 

3,360 
3,550 
3,602 

According to Slipper (Slipper and Hunter, 1931, page 1189) the 
Pakowki has been completely cored at Barnwell and shows a total thick
ness of 110 feet. "The base is distinctly marked, in some places by a 
thin chert conglomerate, in others by a green shale, and in others by a 
light grey sandstone of the Upper Milk River". According to the same 
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author it is difficult to determine the top of the formation owing to the 
presence of 50 to 100 feet of beds transitional to the Foremost. For these 
reasons, and also because the Cole-Hunter "Taber" No. 1 well was 
drilled with a rotary, the Pakowki cain not be separated in the log of 
this well. 

Log of the Lethalta Oils, Limited, (Chi'.nalta) Well 1 

(L.S. 5, Sec. 23, Tp. 8, Range 18, W. 4th Mer.) 

Thickness 
Feet 

Drift .... . ... . .. .. .. .. .............. ........ . .. ...... . . .. ................. ········. 
Pale and Foremost 

Grey shale and sand stone with lignitic fragments... .. . ...... ... .... 440 
Light grey sandstone. .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Grey shale and sandstone.......................................... 60 
Grey sandstone.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Missing.................................................... . . . .. .. . 25 

Pakowki? 
Grey shale and sandstone.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155 

Milk Rivert 
Shaly sandstone and shale with carbonaceous materials..... . . . . . . . . 100 
Grey sandstone, a little shale...................................... 165 
Grey, fine-grained sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 

Alberta shale 
Grey shale and sandy shale.. . ............................. ... ..... 1, 155 

Depth 
Feet 

50 

490 
510 
570 
580 
605 

760 

860 
1,025 
1,095 

2,245 

1 Log compiled from Jog by J. G. Spratt and published by permission of Letbalta Oil•, Ltd. 

The Clavulina zone occurs at 1,475-1,485 feet and is considered to 
be about 400 feet below the base of the Milk River formation. The well 
was drilled with rotary equipment and hence the contacts are poorly 
defined in the samples. 

TWIN RIVER AREA 

The Twin River area (Figure 13, No. 13) lies west of Red Coulee field 
and on the east flank of the Alberta syncline. The Nordon Corporation 
outlined the structure by shallow test wells and geophysical methods. The 
Geological Survey, however, has no detailed information regarding the 
structure. 

Log of Parco-Nordon Companies Well No. 1 

(L.S. 16, Sec. 34, Tp. 1, Range 20, W. 4th Mer.; Elevation, 3,962 feet) 

Thickness Depth 
Feet Feet 

Missing............................................................... . . . . . . . . . . . . . 100 
Mostly surface cavings or drift.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 130 
Pale Beds 

Light grey to yellowish sandstone and shale............... . ........ 310 440 
Foremost 

Dark grey and carbonaceous, sandy shale........... .. ............. 70 510 
Grey sandstone... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 520 
Grey shale and sandstone, partly carbonaceous............... . ..... 70 590 
Light grey shale and grey, carbonaceous sandstone.................. 20 610 
Light grey and dark grey shale with sandstone..................... 60 670 
Grey shale and sandstone, coal fragments. .. . . . . . . . . . . . . . . . . . . . . . . . 80 750 
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Log of Parco-Nordon Companies Well No. 1 
(L.S. 16, Sec. 34, Tp. 1, Range 20, W. 4th Mer.; Elevation, 3,962 feet)

Concluded 

Thickness Depth 
Feet Feet 

Pakowkit 
Grey shale .. ......... ..................... . .. . .................... . 70 820 

Milk River 
Dark grey and greenish shale and sandstones with lignitic material 10 830 
Medium-grained, grey sandstone ................................... . 20 850 
Grey sandstone and grey and greenish shale ..................... . . . 20 870 
Grey and green shale ................. . . . ...... .. ..... . ....... .... . 20 890 
Grey and green shale and sandstone . ...... .... ... .. ... . . .. ... ... . . . 20 910 
Grey and brownish sandstone . .................................... . 30 940 
Grey and greenish shale and sand stone ............................ . 30 970 
Light grey sandstone . ............................................. . 
Grey and black shale and some sandstone ................. . ....... . 

50 1,020 
20 1,040 

Light grey sandstone, some grey shale ............................. . 150 l, 190 
Grey and greenish, sandy shale ................................... . 
Grey and green shale with carbonaceous sandstone ........... . ..... . 

40 1,230 
70 1,300 

Alberta shale 
Dark grey shale, sandy ............................... .. .......... . 30 1,330 
Dark grey shale .. . . . ..... . ... . ............ .. .......... . .... . . . ... . 
Dark grey shale with bentonite ........ .. . .............. . .... . .. .. . 
Dark grey shale ................................................ . . . 
Dark grey sandstone with shale ............... . ................... . 
Dark grey shale ..... . .... .... ........ ............ . ... . ...... . .... . 
Dark grey sandstone and shale ..... ... ............. .. .. ..... . ..... . 

790 2, 120 
10 2,130 

140 2,270 
80 2,350 
10 2,360 
10 2,370 

Dark grey shale and grey sandstone ............................... . 
Dark grey shale; grey, coarse sandstone . . ........................ . 
Dark grey shale and sandstone, chert pebbles at 2, 560 feet ......... . 

70 2,440 
60 2,500 

130 2,630 
Dark grey shale and sandstone, a little bentonite .......... . ....... . 40 2,670 
Dark grey shale and sandstone .... .............. . ........ .. ....... . 30 2, 700 
Dark grey sandstone, some shale .. ...... ............ . ....... . . . ... . 50 2, 750 
Dark grey shale and sandstone ...................... . .. . . ... ... ... . 30 2, 780 
Dark grey shale with very coarse sandstone ........ ........... . ... . 20 2,800 
Dark grey, shaly sandstone ...................................... .. 
Grey sandstone ......... .... .. .. ...................... . ....... .... . 

30 2,830 
30 2,860 

Dark grey, shaly sandstone ... . .... . ....... .. .......... . . . . ... .... . 20 2,880 
Dark grey shale ....................... . ........................... . 30 2,910 
Dark grey shale and grey sandstone with glauconite 2,950-2,960 and 

3,040-3,050 feet . ..... ......... .... .. .. .. . ............. . ... . ... . 150 3,060 
Lower Cretaceous 

Light greenish sandstone and grey, partly carbonaceous shale ...... . 
Greenish sandstone and shale .................................. .. . . 

4.0 3, 100 
10 3,110 

Grey, green, and red shale, greenish sandstone ...... ..... ... ....... . 
Grey, brown, green shale and greenish sandstone . .................. . 

40 3,150 
30 3,180 

Missing .... ......... . .................................... . ........ . 
Grey and greenish sandstone ... . .................................. . 

10 3, 190 
30 3,220 

Red and green shale and greenish sandstone ....................... . 20 3,240 
Red shale ............ .. .............. . .................... .. ..... . 10 3,250 
Grey, green, and red shale and greenish sandstone with prominent 

red shale at 3,440-3,450 feet . . ............. . ................... . 230 3,480 
Medium to coarse sandstone, a little variegated shale with prominent 

coal at 3,510-3,520 feet .... . ................................... . 50 3,530 
Coarse, grey sandstone ............................................ . 
Fine, shaly sandstone ............. . .................... . .......... . 
Red shale .................... . .................... . ... . .......... . 

80 3,GlO 
20 3,630 
10 3,640 

Variell:ated shale ..... ..... .................. . .................... . . 30 3,670 
Ellis 

Grey shale with glauconite and white, cherty limestone .. . ........ . 
Grey, calcareous shales with glauconite and limestone ...... .. .. ... . 

20 3,090 
70 3,760 

Grey, calcareous shales and shaly limestone, some chert and belem-
nite fragments .... .......... ......... ... . ..... . ............... . 

Mississippian 
100 3,800 

White limestone . . ......................... ... .................... . 285 4,145 
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KEHO LAKE AREA 

Keho Lake (Figure 13, No. 14) lies north of Scabby Butte which on 
the west face shows a prominent scarp 50 feet high exposing the lower part 
of the Edmonton-St. Mary River 1 formation. Shallow test drilling by the 
Hudson's Bay Oil and Gas Company led to the drilling of a deep well in 
this area. The Geological Survey has no detailed information regarding 
the s.fructure. 

Log of Hudson's Bay Oil and Gas Company Well 2 

(L.S. 2, Sec. 17, Tp. 11 , Range 22, W. 4th Mer.; Elevation, 3,270 feet) 

Drift .. .......... . . . . . ... ... .............. . ...... ······················ 
Edmonton 

Sandy shale and grey sandstone with plant remains . .. ........ . . ... . 
Bearpaw? 

Dark grey shale and sandy shale .... . .............. . .............. . 
Dark grey shale .......... . ........ . ........ . .. .. ................. . 
Bentonite and bentonitic shale ............ . . . .. ... ................. . 
Grey shale, sand stone, and bentonitic shale . ... . .. ....... .. ........ . 
Dark grey shale . ............. ...... .... .. . ... ... ............. ... . . 
Grey , limy sandstone .... .. .. . .... . . .......... . ... ........ . ....... . 
Dark grey shale .......... ... . ..... ... . . . ....... ... ... . ........... . 
Dark shale and bentonite ........ . ............... ...... ... ........ . 
Dark grey shale ................... .. ... ..... . . ................... . 
Dark, shaly sandstone, traces of glauconite ..................... .. . . 
Dark grey shale ...... . ...... . .. . . . . ..... ... ..... . .... . .... . ...... . 
Dark, glauconitic sandstone .......... . ............... . ............ . 
Dark grey shale, sandy ............ .. ............................ . . 
Dark shale with trace of ironstone .. . ......................... . ... . 
Dark grey shale, traces of bentonite ... ..... .. ............. . ....... . 
Dark grey 2hale with ironstone ...... ..... .... .............. . ... ... . 
Dark grey shale .. . ... . ....... . .................... , .... ...... . ... . 
Dark grey shale with traces of coal. ...... . . , ...... . ... ..... . ...... . 

Pale Beds 
Grey, shaly sandstone with coal.. .............. ... . ....... , .. ..... . 
Grey, shaly sandstone with coal. .... ... ... . .... ......... . ... ... . .. . 
Grey shale and sandstone .. ... . ....... . ... . ... . ....... .. ... . ... . . . . 
Light yellowish sandstone .......... .......... ...... . .............. . 
Light yellowish, sandy shale and sandstone ....................... . . 
Light yellowish sandstone . .. ..................... .. ... ......... . .. . 
Light yellowish, sandy shale and sandstone ........ . ...... . ..... . .. . 
Grey, car bonaceous sandstone and yellowish shale .......... ...... . . 
Grey and yellowish, sandy shale and sandstone ......... .... ....... . 
Grey shale and sandstone with plant remains ...................... . 

Foremost 
Grey, carbonaceous shale with coal fragments .. .. ...... ........... . 
Light grey sandstone with carbonaceous materials ................. . 
Grey shale with plant rem a ins a nd ironstone .... .... ..... . .. , ...... . 
Light grey, sandy shale, carbonaceous .. . ...................... . ... . 
Light grey, carbonaceous sandstone ................ , ......... . .... . 
Light grey, carbonaceous sandstone with coal. . ...... .. ........... . 
Dark grey shale with iron carbonate ..... . .. .. ... . .... ..... ... ... . . 
Grey, carbonaceous shale with coal. ....... .. ...... ................ . 
Grey shale with carbonaceous materials and ironstone .. ........... . 
Grey shale with coal. ............................. .. ...... .. ...... . 

1 Russell, L. S.: P ersona.I communication. 
2 Log from 0 to 2,480 feet, by J. G. Spratt. 

Thickness 
Feet 

60 

50 
60 
20 
50 
30 
20 
50 
20 
50 
30 

140 
20 

110 
10 
10 
30 
60 
20 

20 
20 
70 
20 
70 
20 

130 
30 

130 
60 

40 
40 
30 
10 
10 
10 
50 
10 

210 
70 

Deoth 
Feet 

60 

120 

170 
230 
250 
300 
330 
350 
400 
420 
470 
500 
640 
660 
770 
780 
790 
820 
880 
900 

920 
940 

1,010 
1,030 
1, 100 
1,120 
1,250 
1,280 
1,410 
1,470 

1,510 
1,550 
1,580 
1,590 
1,600 
1, 610 
1,660 
1,670 
1,880 
1,950 
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Log of Hudson's Bay Oil and Gas Company Well 

(L.S. 2, Sec. 17, Tp. 11, Range 22, W. 4th Mer.; Elevation, 3,270 feet)
Concluded 

Thickness Depth 
Feet Feet 

Pakowki 
Dark shale with some sandstone and traces of glauco11ite. Traces of 

chert and light grey sandstone at 2, 040--2, 050 feet .............. . 100 2,050 

Milk River 
Grey sandstone . .... .. ...... . ... .. .. . ... ..... .... .. . . ... . ... . .... . . 10 2,060 
Shale and grey, sandy shale with sandstone .. ... ............. ..... . 80 2, 140 
Dark grey shale with coal. ................................... , . . .. . 10 2, 150 
Light grey sandstone ........................................... ... . 130 2,280 
Light grey sandstone with some shale . .......... . . .. .. . ....... . ... . 60 2,340 

Alberta shale 
Dark grey shale, in part sandy .......... .. ................. . ...... . 
Dark grey shale ........................ . ...... , ....... , . .. .. .. , .. . . 
Dark grey, shaly sandstone ......... , .... . . .. . . .......... . ........ . 
Dark grey shale . ..... .. .................... . ...................... . 
Dark grey, sandy shale .......... ........ .. . . ... . .. .. . ... ..... . ... . 
Dark grey shale . ....... ..... . . . ... .... . ............... . . .. . .. . .... . 
Dark grey, shaly sandstone ......... . .......... .. .. ..... ..... ..... . 
Dark grey shale ............... . ............... ... ..... ... ......... . 
Dark grey, sandy shale ................ . ... . ..... .. .... , .......... . 
Dark grey, sandy shale, traces of bentonite . . .. .. . . .... .. ... ...... . 
Dark grey, sandy shale ........................................... . 
Dark grey, sandy shale and sandstone ............................. , 
Dark grey shale, greenish shale, and sandstone ..... . . . . . , ... . , .... . 
Greenish and brownish shale and sandstone ........................ . 

70 2,410 
30 2,440 
10 2,450 

700 3, 150 
30 3, 180 
50 3,230 
JO 3,240 
70 3,410 
50 3,500 
20 3,520 

150 3,670 
160 3,830 

20 3,850 
10 3,860 

Grey sandstone, greenish and dark grey shale ... . ................. . 
Greenish and dark grey shale, and sandstone ............ ... ....... . 
Dark grey shale and sandstone . .................... , .............. . 
Grey sandstone and dark shale ....... . ..................... ..... .. . 
Dark grey shale and sandstone, pyrite . .. .. ..... ... . . ... .. . .. .. .... . 

20 3,880 
40 3, 920 
!JO 4,010 
20 4,030 

160 4, 190 

Lower Cretaceous 
Grey and greenish sandstone . . ................. . .................. . 
Grey and greenish sandstone and dark, carbonaceous, sandy shale .. 
Grey and greenish sandstone and grey, green, and red shale ....... . 
Grey sandstone, coarse ....... .... . .. . ........... ... .. . . ....... . ... . 

20 4,210 
10 4,220 
70 '1,290 
30 4,320 

Grey sandstone, not so coarse . . ........................... . ....... . 10 4,330 
Grey, green, and red, sandy shale and sandstone ........... .. ...... . 
Green and grey shales and sandstone ...... . ..... .. .. , ..... . . . ..... . 
Grey sandstone .. ...... . ............................ , . ... ... ...... . 
Dark grey shale and sandstone .. . ........................... , ..... . 
Dark grey shale and sandstone with coal. . ................ .... .... . 
Dark grey and green shale and sandstone ....................... . . . . 
Dark grey and red shale .... . ......................... . .... .... . . . . 
Dark grey and green shale with coal fragments .......... . ... ...... . 
Missing .... .... .................... .. . . ... ... . ...... .. . ..... . . .... . 
Dark grey and green shale and sandstone .............. . . . . . . . . ... . . 
Dark grey and red, sandy shale ............ ... . . ................. . . 
D~r~ grey and red , sandy shale and sandstone ........... , . 
M1ssmg . .... ...... . . . .............................. ... ..... . ...... . 

60 4,390 
100 4,490 

60 4,550 
10 4,560 
20 4,580 
40 4,620 
10 4,630 
10 4,640 
10 4,650 
40 4,6ao 
10 4, 700 
20 4, 720 
10 4, 730 

Jurassic (Ellis)? 
Dark grey, small amount of red and green shale ........... . .... . . . . . 
Dark grey and brown, limy shale . . ........... ... . . . . ....... . .. . . . . 
Dark grey, limy shale ........................................... . . 
Dark grey, limy, slightly bituminous shale ........................ . 
Dark grey, limy shale and cherty limestone ................... . ... . 

20 4, 750 
10 4, 760 

100 4,860 
50 4,910 
10 4,920 
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EYREMORE AREA 

As a result of geological mapping and structural test drill;ng, the 
Hudson's Bay Oil and Gas Company located a structure favourable for 
the accumulation of oil and gas in what has come to be known as Eyremore 
area (Figure 13, No. 15). A deep well was drilled which, according to 
Powers (1931, page 1205) , commenced in an inlier of Pale Beds. The 
Geological Survey has no information regarding the details of the structure. 

Log of Hudson's Bay Oil and Gas Company 1 Wells No. 1 and No. 1-S 

(L.S. 1, Sec. 26, Tp. 17, Range 18, W. 4th Mer.; Elevation, 2,700 feet) 

Pale and Foremost beds 
Dark grey shale ..... ........ .... . ...... .. ..... ....... .. .......... . 
Pale grey, argillaceous sand ............. .. . ... .. ..... . ......... . .. . 
Pale grey shale with coal fragments ................... . . . . ... ... .. . 
Coal and carbonaceous shale ............... . . ................... . . . 
P a le grey shale, traces of coal. .... . . . ... . ... . . ..... . .. ....... • . .. .. 
Coal. ................................ .. ....... . . ...... . . . ... ...... . 
Pale grey shale . . . . ... . ....... . . . .. . . .. .... . ...... . ... ... . ... ..... . 
Light grey, a rgillaceous sandstone ....... ... . ... ..... .. ..... . ...... . 
Pale to dark grey shale, slightly sandy and carbonaceous in places, 

fragments of coal becoming more abundant from 880 feet to base 
Light grey, argillaceous sandstone, coal fragments .. .. ............ . 
Coal and shaly sandstone ......................................... . 
Light grey, fine-grained sandstone ............................. . ... . 

At this depth the rig was skidded 230 feet north and 30 feet 
east 11nd redrilled as No. 1-S, but no samples taken to 930 
feet. 

Log of Well No. 1-S from 960 feet to bottom of hole 

Coal, and brown to grey, fenuginous shale ...... . ... . .. ..... ....... . 
Ligh t grey, fine-grained sandstone with coal and carbonaceous, 

brown shale ..... ... .... ... . ....... .... ...... . .............. ... . 
Missing ...... . .. . ................. . ............................... . 
Grey to greenish, shaly sandstone with coal and carbonaceous shale 
Grey shale with plant impressions and traces of coal. .............. . 
Grey shale and sandy shale ... . ..... .. ........... . . . ........ . . . . . . 
D ark grey, carbonaceous shale and light grey sandstone. A little 

bentonite ................................... . ................. . 
Medium-grained, light grey sandstone ............................. . 

Pakowki 
Dark grey shale, chert pebbles at 1,400 feet ....... . ................ . 

Milk River 
Fine-grained, grey sandstone and dark shale .. .. ................... . 
Fine-grained, grey sandstone and shale with ironstone and glauco-

nite .......... ..................... ... . ............... . ........ . 
Missing. The top of the Alberta shale occurs in this interval. ...... . 

Alberta she.le 
Grey to black shale with thin sandstones . .................. . .... . • . 
Grey to black shale ...... . . . ............................. . ........ . 
Grey to black shale with bentonite ...... .. .. . .. . ........ .. ... ... .. . 
Grey to black shale ................... . . . ......................... . 

Thickness Depth 
Feet Feet 

80 
10 90 
50 14.0 
10 150 
90 240 
10 250 
30 280 
10 290 

290 920 
30 950 
10 960 
20 980 

20 980 

20 1,000 
50 1,050 
30 1,080 
20 1,100 

200 1,300 

10 1,310 
10 1,320 

80 1,400 

40 1,440 

50 1,490 
500 1,990 

30 2,020 
130 2,150 
10 2, 160 
80 2,240 

1 Published by permission of Hudson's Bay Oil and Gas Co., Ltd. Log compiled by R. M. S. Owen, 
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Hudson's ·Bay Oil and Gas Company Wells No. 1 and No. 1-S 
(L.S. 1, Sec. 26, Tp. 17, Range 18, W. 4th Mer.; Elevation, 2,700 feet)

Continued 

Alberta shale-Concluded 
Grey to black shale with ironstone ...... . .. .. ... ... .... .. ..... .. . . . 
Grey to black shale .. ......... ....... : ...• . ......•..... . . . ......... 
Grey to black shale with bentonite .............................. . . . 
Grey to black shale ..... ....................... . ... . . .. ..... ...... . 
Grey to black shale with sandstones .. . ........................... . . 
Grey to black shale with coarse sandstones .................... .... . 
Sandstone with black and brown, chert pebbles ........... . . .. .. ... . 
Fine-grained, shaly sandstone ................. ... ... .... ....... . . . . 
Fine-grained sandstone with dark shale ............................ . 
Dark to grey shale and sandy shale . ..... . ....... . . ... ... ....... . . . 
Grey to black shale ...... .. ....... . .... .. . ...... . . ... ............. . 
C<?ar.se sandstone and shale ; water at 3,340 feet ..................... . 
Missing . ... .... ..... .... . . . ..... . ...... · ··· ········ ··· ······· ····· · 
Grey-black shales, traces of fibrous calcite believed to be fossil 

Inocerami ..................... . ............... . ............... . 
Lower Cretaceous 

Fine-grained, grey sandstone and shale, 5 feet missing .......... .. .. . 
Maroon and dark green, sandy shale ............................... . 
Maroon, grey, and green shale and grey sandstone ............•..•.. 
Grey to green sandst one .. .... .. ..... ............ . ................. . 
Sand stone and shale with ironstone ................... . ....... . ... . . 
Green and grey shale with plant remains ............. .... .. . ...... . 
Grey to green shale and shaly sandstone with ironstone ............ . 
Grey to green, sandy shale . ............ ... .............. ... . . ... .. . 
Grey to green sh ale .. ..... ...... . ... . ... .......... .. ....... . . .. . . . . 
Fine-grained, grey sandstone and shale ..........•............ . .. . .. 
Grey to green and carbonaceous shale ..... . •.......•..........•.... 
Grey to green sandstone and shale ............... .... .... .. ....... . . 
Grey to green and brown shale ............................... . .. . . . 
Shaly sandstone and shale ........................................ . . 
Grey shale . ... ....... ......... . .... ..... ......... .. . .... .......... . 
Coal and carbonaceous shale . ........ .. ... ...... . ... . . ..... . ...... . 
Fine-grained sandstone ....... . ... .... .... . ..... ... . . ... .... ..... .. . 
Medium-grained sjl-tldstone ..................................... . .. . 
Brown and dark grey shale .......................... . ... . . . ....... . 
Shale and sandstone .............. . ...... .. ........ .. .. ..... . . ..... . 
Vari-coloured shale ....... ... .. ................................... . 
Dark shale . . ...... . .......... . ................................... . 
Fine-grained sandstone, a little ironstone, and grey shale ... . ..... . 

Jurassic (Ellis)? 
Dark to grey, sandy, and calcareous shale .. .. . . .... . ......... . .... . 
Buff limestone and grey shale ........ .. ..... . -· . ..... . ............ . 
Sandstone with white and red chert matrix ....... . ....... .. . ... ... . 
White, siliceous sandstone .... ........... ..... ............. . ....... . 
Coarse sandstone with chert and siliceous sandstone ........... . .... . 

Palreozoic 
Chert with white to grey and brown, porous limestone or dolomite 

and pyrite .................................................... . 
Chert and pale green shale .. .... ....... ... . .... ........ ..... .. .... . 
Limestone with pale green shale and shaly limestone ........... .... . 
White to pale green, sandy limestone .............................. . 

NOTE. At this point hole was accurately measured and found to 
b e 4,037 feet deep. 

Show of oil at 4,032 feet . 
White to buff limestone .................................... • ....... 
Missing .. ..... . ............................. . . .. .. ..... ... .. ...... . 
White to buff limestone .......... . ........ . ...... ... ..... . ........ . 
Light buff chert .. .. . ... . ... ............ . . . .... ... .... .. ..... ..... . 
Cherty limestone .. ................................•.... . .. . ....... 
Limestone and light buff chert ................... . .. . .... ... ..... . . 
Dark grey to light limestone, partly shaly .. . ....... . .............. . 

Thickness De;ith 
Feet 1"eet 

10 2,250 
550 2,800 
20 2,820 

230 3,050 
70 3,120 
60 3, 180 
10 3, 190 
20 3,220 
20 3,240 
10 3,250 
70 3,320 
20 3,340 

110 3,450 

90 3,540 

10 3,550 
10 3,560 
10 3,570 
10 3,580 
10 3,590 
20 3,610 
10 3,620 
20 3,640 
JO 3,650 
40 3,690 
10 3, 700 
10 3, 710 
10 3,720 
30 3, 750 
10 3, 760 
10 3,770 
40 3,810 
40 3,850 
10 3,860 
10 3,870 
20 3,890 
20 3,910 
20 3,930 

10 3,940 
20 3,960 
30 3,990 
10 4,000 
20 4,020 

10 4,030 
10 4,040 
10 4,050 
15 4,065 

. . . . . . . . . . . . 4,041 
179 4,220 
110 4,430 
20 4,450 
20 4,470 
70 4,540 
10 4,550 
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Hudson's Bay Oil and Gas Company Wells No. 1 and No. 1-S 

(L.S. 1, Sec. 26, Tp. 17, Range 18, W. 4th 1\1er.; Elevation, 2,700 feet)
Concluded 

Thickness 
Feet 

Depth 
Feet 

Palreozoic-Conc. 
Dark limestone ................................................... . 
Dark grey, shaly limestone ................................•....... 
Dark grey limestone with glauconite .............................. . 
Black shale .......................... ......................... .... . 
Shaly limestone and black shale ................................... . 
Black shale ........................................... .. .. . ....... . 
Light grey to buff limestone ...................................... . 
Brownish grey anhydrite ..... .. ......... . ......................... . 
Olive-green shale and anhydrite ................................... . 
Brownish grey anhydrite or gypsum ............................... . 
Buff, dolomitic limestone ......................................... . 
Buff, dolomitic limestone with anhydrite . ...... .. ...... . .......... . 
BJ!ff! dolomitic limestone ............... ... ....... . . .. ....... ...... . 
Missmg ............. ... ........................ ......... · ··· ···· ··· 
Dark grey, dense limestone ....................................... . 
Dark grey, shaly limestone ....................................... . 
Dark grey, dense limestone ....... . .... .. ......................... . 

160 
40 
10 
10 
10 
20 
30 
50 
10 

230 
20 
20 
50 
10 

260 
10 

100 

4, 710 
4, 750 
4, 760 
4, 770 
4, 780 
4,800 
4,830 
4,880 
4,890 
5,120 
5,140 
5,160 
5,210 
5,220 
5,480 
5,490 
5,590 

As shown by Moore (1931, page 1150) the Palreozoic section in this well 
closely resembles that of the Potlatch-Adams well in the Kevin-Sunburst 
field of Montana, although the thicknesses of the various members are some
what different. The Carboniferous (4,020 to 4,760 feet) is about 740 feet 
thick and is divisible into a light grey top part 500 to 550 feet thick and a 
darker, lower part. The Devonian, the top of which was encountered at 
4,760 feet, includes the anhydrite-bearing beds. 
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CHAPTER VI 

CENTRAL PLAINS OF ALBERTA 

STRATIGRAPHY 

As here used the term central plains of Alberta 
between Red Deer and North Saskatchewan Rivers. 
shown in the following table. 

designates the area 
The stratigraphy is 

Table of Formations 

Age Formation Thickness 
Feet 

Description -
-

Bearpaw .......... 600 to 700 Dark grey shale containing 
large quantities or selenite 
and ironstone nodules. With-
in these shales is the Bui-
wark sandstone which is 
hard, massive, and brown. 
Marine 

Pale beds About 500 Pale, incoherent, crossbedded 
sandstone and green clays. 
Ironstone bands and coal 
seams occur. Contains fresh-
water fossils 

Variegated beds 200 lnterlayered sands and shales 
with thin coal seams 

Montana Birch Lake 60 to 100 Massive, crossbedded, buff 
sandstone with some shales. 
At Birch Lake a marine 

"' 
member has been reported. 

:::l Mainly brackish water de-
0 posits Q) 
Q) 

"' ..., Grizzly Bear 100 to 40 Dark blue-grey shale contain-" ... ing ironstone and sandstone 0 
nodules; some sand beds 
present. Marine 

Ribstone Creek 225 Greenish yellow, massive, sort Unimportant 
sands with some hard sand- gas showings 
stone beds. Green and car- have been 
bonaceous shale with coal. found in wells 
To the east in Saskatchewan in this forma-
it contains a marine horizon. tion -· Mainly brackish water de-

""" posits 

Lea Park Lea Park Blue-grey shale and sandy Gas showings 
and shale with selenite and iron-

Alberta shale stone nodules. Fossils. 
Marine. 

1,500-1,650 
Alberta shale Grey shale with some sand- Oil and gas 

Colorado stone beds and nodules. 
Marine 

Lower 150 Mostly sands with some shale. Oil and gas 
Cretaceous Continental deposit 

Palwozoic Limestones, marine Oil showings 
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Palmozoic. The Palreozoic has been penetrated by several wells in 
various localities within the central plains of Alberta. The writer formerly 
thought that the upper part was Devonian, but there is now reason to 
believe that a small thickness of Mississippian may be present. The 
Duvernay well of the Alberta-Pacific Consolidated Oil Company, drilled 
north of Vegreville on the bank of North Saskaitchewan River, encountered 
black, bituminous shales at some distance below the top of the Palreozoic. 
These black shales are similar to those that in southern Alberta occur at 
the top of the Devonian and, therefore, the Palreozoic strata above the 
bituminous shales in the Duvernay well may be Mississippian. A small 
thickness of bituminous shales was also found within the Palreozoic in one 
of the Ribstone wells and it is inferred that Mississippian strata underlie 
the whole area. In Wainwright area, in some wells, green or vari-coloured, 
oalcareous shales occur at the top of the Palreozoic and are underlain by 
light grey limestones. A small amount of anhydrite occurs in the Devonian 
in Ribstone area and a 1-foot bed of rock salt was reported from one of 
the Unity Valley wells in Saskatchewan, 25 miles east of the Alberta 
boundary. 

Lower Cretaceous. The Lower Cretaceous in the central plains area 
consists of grey and dark shales and light grey to whitish sandstones. So 
far as known, red or maroon beds such as are present in southern Alberta 
are lacking. Goal occurs at several horizons. In Athabaska (McMurray) 
area the Lower Cretaceous consists of alternating marine and non-marine 
formations and one marine formation, the Clearwater shales, is 275 feet 
thick. Possibly there are some marine strata in the Lower Cretaceous of 
Battle River area since fragmentary shells have been noted in samples from 
some of the Ribstone wells. 

In Battle River area, .smooth, polished chert pebbles commonly occur 
at what has been considered to be the division between the Lower and 
Upper Cretaceous. In McMurray area the top of the Pelican sandstone of 
Upper Cretaceous age is conglomeratic (McLearn, 1917, page 148). A cor
relation made on lithology alone may not have any real significance, but if 
the conglomerate at the top of the Pelican sandstone is equivalent to the 
pebble bed in Battle River area then it follows that Upper Cretaceous 
strata occur below the pebble bed in Battle River area. However, because 
of the doubtful value of the correlation of the two pebbles horizons, the 
division between the Lower and Upper Cretaceous in Battle River area is 
assumed to be marked by the pebble bed. The Pelican sandstone although 
partly marine and containing Inoceramus is mainly ·Composed .of non-marine 
sandstones. In well samples a division between it and the non-marine beds 
of the Lower Cretaceous would be impossible. 

Alberta Shales. In former reports the shales between the Lower 
Cretaceous and the Lea Park formation were designated Colorado shales, 
but presumably, as in the case of the marine shale series of southern Alberta, 
they are in part of Montana age. They are the equivalents of the Alberta 
shales of the Central Plains area and should also be called Alberta shales. 
The equivalent strata of Athabaska area are the LaBiche shales with, 
possibly, the Pelican sandstone. The upper part of the LaBiche shales 

6838&---13J 
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contains the Inoceranius lundbreckensis fauna which occurs in the upper 
part of the Alberta shale in the southern foothills and presumably this 
Montana fauna or an equivalent occurs in the Alberta shale of Battle River. 

The Lea Park has been defined as including the Montana shales in 
Battle River area but, as already stated, Montana horizons are included in 
the Alberta shale. In well samples the division between the Lea Park 
and Alberta shales is somewhat indefinite because of continuous shale 
deposition, but the contact is tentatively placed just above a peculiar 
speckled shale whose speckled appearance is due to white or yellowish 
flakes of carbonate of lime in a dark, soapy-like shale. A peculiarity of 
this speckled shale is that it invariably holds shell fragments and thick 
prisms of calcite (aragonite?) and these make the zone easily recognizable, 
although small amounts of the same kind of speckled shale may occur at 
other horizons. It is possible the speckled shale-fossil shell zone may not 
mark the exaot contact between the Lea Park and Alberta shale, although 
Wickenden (personal ,communication) has noticed a change in th~ micro
faunas (Foraminifera) at this same horizon. At any rate this zone pro
vides a valuable key horizon in the central part of a continuous shale series 
and its widespread occurrence leads to the belief that it is of more than 
local significance. 

In the Central Plains area, assuming that the speckled shale-fossil shell 
zone marks the contact between the Lea Park and Alberta shales, it will be 
noticed from the following table that the Lea Park thickens and the 
A1berta shale thins from east to west, from Ribstone area to Viking area. 
Also, that the Lea Park thins and the Alberta shale thickens southward. 
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Assuming that the speckled shale-fossil shell zone occurs everywhere 
at the same horizon and also marks the top of the Alberta shale, certain 
correlations are suggested. The Lea Park has been recognized in well 
samples as far south as Tp. 32, Range 4, and decreases in thickness from 
about 1,000 feet in the north to 590 feet in the south. Presumably it con
tinues to decrease in thickness south from Township 32. In Tp. 25, Range 
4, the Lea Park has not been recognized in the Fuego well samples, but 
the Belly River strata have been identified. In this well the thickness 
from the base of the Belly River (base of the Foremost beds) to the speckled 
shale horizon at the top of the Alberta shale is 900 feet. This interval of 
900 feet must include more than the horizons representing the Lea Park 
because this formation to the north in Township 32 is only 590 feet thick 
and, furthermore, the available evidence indicates that the thickness of 
the Lea Park decreases southward and in Township 25 would be con
siderably less than 590 feet. It is suggested, therefore, that the base of the 
Foremost is the approximate equivalent of the base of the Birch Lake 
sandstone and that the Milk River and Pakowki in southern Alberta are 
equivalent to the Lea Park, Ribstone Creek, and Grizzly Bear of Battle 
River area. The Birch Lake sandstone may be a sedimentation phase 
similar to that occurring at the base of the Foremost in parts of southern 
Alberta. 

This explanation, if correct, clarifies the problem of what constitutes 
Belly River in Battle River area. Adopting the interpretation of Williams 
and Dyer restricting Belly River in southern Alberta to the Foremost and 
Pale beds, the Belly River of Battle River would be the Birch Lake, 
Variegated, and Pale beds. If, however, the older interpretation of Dowl
ing is followed, whereby in southern Alberta all beds from the top of the 
Pale beds to the base of the Milk River are considered to constitute the 
Belly River, then in Battle River area the Belly River would include all 
beds from the top of the Pale beds to the base of the Lea Park. The 
Belly River according to Williams and Dyer is restricted almost wholly 
to non-marine beds .and it is possible to make this division throughout 
the plains area of Alberta, although it is a lithologic and not a time unit. 

The Alberta shale of the Central Plains area consists of dark marine 
shales with sandstones near the base. These lower sandstones contain gas 
and oil in various localities. It is possible that some part of these sand
stones is equivalent to the Pelican sandstone of the Athabaska (Mc
Murray) River section, although as has already been pointed out the 
division between the Lower and Upper Cretaceous is rather uncertain and 
certain sandstones placed in the Lower Cretaceous may in reality belong 
in the Upper Cretaceous. 

Lea Park Formation. The type section of the Lea Park formation is 
at Lea P ark, Alberta, on North Saskatchewan River. At this place the 
formation consists of dark shales and sandy shales with nodules and dis
continuous ironstone layers. Fossils of Montana age are quite plentiful 
in some localities. The base of the formation is not exposed and, there
fore, the thickness of the formation has not been definitely determined. 
Slipper (1918, page 8) estimated the thickness to be 700 feet, but as 
indicated in the table, page 191, this figure appears to be too small. 
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Ribstone Creek Formation. The Ribstone Creek formation is named 
from Ribstone Creek, a tributary of Battle River in Alberta near the 
Saskatchewan boundary. At this locality it is readily separated from the 
underlying Lea Park formation as the lower beds of the Ribstone Creek 
formation are soft, greenish yellow, crossbedded sands, whereas the upper 
beds of the Lea Park are dark grey, marine shales. The thickness of the 
sand beds at the base of the Ribstone Creek varies from only a few feet 
to more than 20 feet, and several hard sandstone beds occur in outcrops 
within this sand zone. In many of the wells these sands are water-bearing 
and where the sands outcrop along stream or river valleys springs are 
common. Most of the information regarding the character of the middle 
part of this formation has been derived from well records, outcrops are 
rare because the formation consists of easily weathered, soft shales. Where 
outcrops occur the shale is not easily distinguishable from the higher Grizzly 
Hear shales or the lower beds of the Lea Park formation. The Ribstone 
Creek shales, so far as known, however, carry no fossils and the formation 
is considered to be predominantly non-marine, at least in Alberta. Above 
these shales there is another sand zone at the top of the formation, which 
also carries in outcrops a number of hard bands and nodules. It is 
thought that these hard bands are largely a surface feature due to 
cementation of the sand by circulating waters carrying minerals in 
solution, since in well logs not many hard sandstone bands are encountered. 
In certain localities carbonaceous layers and even small coal seams occur 
in the upper part of the formation. On the banks of Battle River near 
the mouth of Buffalo Coulee a coal seam has been mined to a slight extent 
for local use. The thickness of the whole formation is approximately 200 
to 225 feet, thinning eastwards. 

Grizzly Bear Formation. The Grizzly Bear formation consists of dark 
grey, marine shale and carries Montana fossils. It is thought that the 
Ribstone Creek non-marine beds grade upwards into the Grizzly Bear 
marine beds and although in a general way a division can be made, owing 
to the fact that the top of the Ribstone Creek formation is sand, whereas 
the base of the Grizzly Bear is predominantly shale, there is a 10 to 
15-foot zone in which shale and sand beds alternate and carry marine 
fossils as well as an abundance of selenite in crystals and flakes. This 
zone is thought to represent the change from non-marine to marine 
sedimentation. It seems very probable that the seas depositing the Grizzly 
Bear shales were very shallow, since the formation in various places carries 
small nodules made up almost entirely of selenite crystals, and in one well 
at least, a very thin seam of carbonaceous or coaly material was encoun
tered in s~ale~ that :vere thought to belong to this formation, although 
the format10n is considered to be predominantly marine. 

Birch Lake Formation. The Birch Lake formation, named from Birch 
Lake, Alberti:, consists mostly of massive, crossbedded, brownish, and grey 
sandstones with some softer sand and shales. The contact with the under
lying _Grizzl.y Bear shale has not been observed by the writer, but at 
what 1s considered to be approximately the base of the formation a bed of 
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oyster shells, in places 3 feet thick, occurs. This oyster shell bed has 
been found over a wide area and is considered to represent the change 
from marine conditions in Grizzly Bear time to brackish water conditions 
in Birch Lake time. It is probable that the brackish water beds of the 
Birch Lake were deposited almost at sea-level, since the presence of 
marine fossils (Warren, 1926, page 9) in this formation at Birch Lake 
attests to at least one invasion of the sea. 

Varieaated and Pale Beds. Although it has been found impossible in 
the field to make a sharp division between the Variegated and Pale beds, 
yet in a general way the two formations are dissimilar, the Pale beds 
being light grey and whitish sands interbedded with darker shales, whereas 
the Variegated beds are somewhat darker. Both formations contain thin, 
unimportant coal seams and carbonaceous layers and the Pale beds are 
characterized by numerous bentonitic layers. Ironstone nodules are com
mon in both formations. The total thickness as given by Slipper (1918, 
page 8) is 700 feet, but from well logs in Monitor area, where the top of 
t he Pale beds is exposed, the thickness is believed to be somewhat greater. 

Bearpaiv Formation. The Bearpaw overlies the Pale beds and con
sists of dark marine shale with a sandstone member (Bulwark sandstone) 
in the area south and southwest of Wainwright. Shales of this age occur 
on Battle River southwest of Hardisty, but not within the area under 
consideration. The Bearpaw represents the top of the Montana series of 
rocks and in central Alberta is overlain by the non-marine beds of the 
Edmonton. 

STRUCTURE 

East.ward from the edge of the Alberta syncline west of Viking, the 
strata dip southwesterly, but at angles decreasing in size eastward. In the 
vicinity of Wainwright a regional southwesterly dip is still recognizable, 
although it is modified in places by small folds superimposed on the major 
structure; but east of the Alberta-Saskatchewan boundary, in the vicinity 
of Battle River, the dip changes to a southeast direction. The major 
structure between Viking, Alberta, and Battleford, Saskatchewan, is a 
broad anticline, the highest point of which is somewhere in the vicinity of 
the mouth of Ribstone Creek. On this ma:jor structure a number of minor 
folds are known and although the accumulations of oil and gas may in a 
general way have resulted from the larger structure, they occur on the 
minor folds. The locating of these minor folds, therefore, is the most 
important consideration in locating drilling sites, for past experience has 
proved beyond doubt that wells not located on the minor folds have small 
chances of striking commercial supplies of oil or gas. The major struc
ture, which embraces a very large area in an east-west direction, may be 
taken as roughly outlining the territory in which oil and gas may occur, 
but it is only the much smaller areas of local folding that may be expected 
to be productive. 
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VIKING GAB FIELD 

References: Slipper, S. E.: Geol. Surv., Canada, Sum. Rept. 1917, pt. C, pp. 6-7. 
Elworthy, R. T.: "Gas in Alberta"; Mines Branch, Dept. of Mines, Canada, 

Pub. No. 616 A, p. 17 (1924). 

Viking gas field lies north of the town of Viking on the Ca.nadian 
National Railway main line. The country is for the most part flat or 
gently rolling and covered by a mantle of glacial drift. No large streams 
cut through the area and consequently outcrops are relatively scarce. S'Uch 
as do occur belong to the Pale and Variegated beds. 

The Viking field lies on the eastern edge of the Alberta syncline and, 
therefore, the regional dip is westward. There is, however, a local struc
ture forming Viking gas field with closure both to the south and to the 
northwest, but so far as known less closure has been demonstrated in a 
northeast direction. The trend of the structure appears to be northeast
southwest with the highest part of the field centring around Sees. 6 and 8, 
Tp. 49, Range 12. Shows of oil have been found in some of the wells but 
no commercial oil production has been developed. The gas is dry. The 
gas pressure varied between 600 and 660 pounds . The wells are listed in 
the following table. 

Depth Initial 
Elev. Depth open 

Well L.S. Sec. Tp. Range Mer. of well of well to gas flow sands 
Feet in 1,000 

Feet Feet cub. ft. 
------------

Hudson's Bay Oil and 
Gas Co., Ltd. (Hud-
son Bay Marland Oil 
Co., Ltd.) 

Viking No. l. ... ... 5 8 49 12 4 2,278 3,040 2, 122-30 6, 500 
2,376-87 
2,460-65 
2, 580-85 

Viking No. 2 ....... 8 8 49 12 4 2,298 2, 150 2, 140 7,680 

NOTE. In Viking No. 1 well there were oil shows (22 ·2" Be.) at 2,522-2,524 feet and water at 
2,625-2,635 feet. The hole was plugged back to conserve gas sand at 2,122-2,130 feet. Flow of gas 
increased somewhat from initial flow. Initial pressure 660 pounds. 
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Elev. D epth Depth Initial open flow in Well "' of well of well to gas bi) ...; 1,000 cub. ft . 00 ~ .,;. " sands ol "' a day ,...:i 
Q) .... ~ ::;i Feet F eet Feet OJ 

- - - - ---

Northwestern Utilities, 
Ltd., 

No. 1. ........... . 13 24 48 13 4 2,285 2,430 2, 180 9,000 
2,340-45 

No. 2 .. .. ..... .. .. 5 19 48 12 4 2,289 2,373 2,213 1, 750 
2,283 

No. 3 . ... ...... . . 10 25 48 2 4 2,290 2,365 2, 176-85 5,000 
2, 197-2, 201 
2,337-40 

No. 4 ..... . ... . .. 3 30 48 12 4 2,307 2,343 2,215- 19 2, OOO Plugged back 
to 2,221 feet 

No. 5 .......... . . 8 36 48 13 4 2,290 2,220 2, 148-50 5,000 
2, 166-87 

No. 6 .... .. ... .... 5 6 49 12 4 2,283 2,203 2, 154-76 8, 190 
No. 7 ...... . . .. .. 1 6 49 12 4 2,300 2,215 2, 180- 95 6,269 
No. 8 ....... . . . . . 2 18 48 12 4 2,270 2,430 2,209 

2, 215-21 2,000 
No. 9 .. . ... ... 8 24 49 13 4 2,259 2,318 2, 158-65 4, 500 Salt water at 

2,299 feet 
No. 10 ... ... ...... 16 29 48 12 4 2,316 2,245 2, 200-06 

2,211-13 5,000 
No. 11 .... ..... 16 6 ~8 12 4 2,279 2, 152 2, 122-42 9,246 
No.12 .. . . . . . . . . . . . 9 12 49 13 4 2,254 2, 125 2, 116-25 7,500 
No. 13 . . ....... . ... 1 18 49 12 4 2,239 2, 105 2, 085-2, 105 8, 115 
No.14 ...... ····· 4 4 49 12 4 2, 310 2, 198 2, 180 

2, 192-5 5,217 
No.15 ......... . ... 16 2 49 13 4 2,266 2, 165 2, 153-65 5,054 
No.16 . .... . ...... 6 7 49 12 4 2,256 2, 140 2, 127-40 8,418 
No. 17 . . .......... 1 31 48 12 4 2,299 2,215 2,203-11 4,930 
No.18 ....... .. ... 8 17 49 12 4 2,263 2, 118 2, 107 3,251 
No. 19 ....... ..... 13 12 49 13 4 2,255 2, 145 2, 130-43 7,000 
No. 20 ...... ··· ·· .. 12 18 49 12 4 2,248 2, 110 2, 095-2, 110 7,000 
No. 21.. ... . ... 13 4 49 12 4 2,310 2,228 2, 193 200 Abandoned 
No. 22 ... ... . . . .... 10 31 48 12 4 2,283 2, 188 2, 176-87 4,200 
No.23 ..... .... .. . , 10 31 48 12 4 2,307 2, 215 2,200-03 3,200 

L og of Hudson's Bay Oil and Gas Company, Limited, Vik1'.ng No. 1 W ell 1 

(L.S. 5, Sec. 8, Tp. 49, Range 12, W. 4t h Mer.; Elevation, 2,273 feet) 

Thickness 
Feet 

Pale, l;"a>:iegated, B irch Lake, and Grizzly B ear 
M1ssmg . ... .. .... . ... . . . . .. . . . . . . .. . . . . . . . ... ... . ..... .. .. .. . .. . .... . 
Light yellowish grey clay. . . . . . . . . . . . ......... ... . ... . .. . . . 
Sandy clay ................ . . . .. . 
Sandstone ...... .. ...... .... . . ....... . 
Grey-brown, sandy shale . .......... . . . 
Light grey, sandy shale.. .......................... . . 
Light grey, sandy shale and sandstone with traces of lignite at 205-

210 feet .... . ................. . . . ............... . .... . ..... . ... . 
Light yellowish grey shale ........ . 
Grey-brown, sandy clay ......................... . . . ........... . ... . 
Grey sandstone and carbonaceous shale . . ........... . 
Grey clay shale with lignite traces .. . ....... . . . . . . . . .. . .. . ... . ... . . 
Grey clay shale with a little sandstone 385-390 feet . . ...... . ..... . . . 
Grey clay shale .......... . ... . ... . ... .. ..... . .... . . . .... . ......... . 

20 
45 
35 
10 
65 

15 
5 
5 

35 
80 

125 
55 

Depth 
Feet 

25 
45 
90 

125 
135 
200 

215 
220 
225 
260 
340 
465 
520 

1 Log by J . G. Sprat t; published by permission Hudson's Bay Oil and Gas Company, Limited. 
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Log of Hudson's Bay Oil and Gas Company, Limited, Viking No. 1 Well 
(L.S. 5, Sec. 8, Tp. 49, Range 12, W. 4th Mer.; Elevation, 2,273 feet)

Concluded 

Thickness Depth 
li'eet Feet.· 

Ribstone Creek 
Grey shale and sandstone .. .......................... ............. . 25 M5 
Light grey sandstone .............. . . . ............................. . 5 .'i50 
Grey and grey-brown, sandy shale with lignite at 625 feet ..... . . . .. . 95 M5 

35 080 
10 690 
85 775 

Grey sand .......... . .. . ...... .. ...... .... .. .. . . ........... . ...... . 
Grey shale with coal. . ...................... ... ...... . . ... ... . .... . 
Grey sand and sandstone .. . ... . ..... . .... ....... ... .. ............. . 

Lea Park 
45 820 
35 850 

1,000 1,850 

Light grey shale .. ............ ... .. ...................... .. . 
Darker grey shale .... .... ......... . .. . . . ...... .. .. . ........ . 
Dark grey shale ........ . ... . . ..... .. ... . . . .. . .. . .......... . 

Alberta shale 
255 2, 105 

25 2, 130 
Dark grey shale ................................... .. ............. . 
Grey sandstone with a few chert pebbles; gas sand ................. . 
Dark grey shale with fossil fragments . ............................ . 125 2,255 

Lower Cretaceous 
36 2,291 
1 2,292 

48 2,340 

Dark grey shale with coal fragments ......... ... ............ . ..... . 
Grey sandstone ..... . ...................... . . ... .. .............. . . . 
Grey, sandy shale with coal. ...... .... . ................ . .......... . 

5 2,345 
20 2,365 
14 2,379 
33 2,412 

5 2,417 
8 2,425 

84 2,509 
13 2,522 
13 2,535 

Coal , grey shale, and sandstone ... ...... . .......... . ............. . . 
Grey, sandy shale with coal. . ................... . ........ . . ..... . . . 
Sandstone with coal fragments ........ .. ........... ......... .. ..... . 
Missing .... ... ......................... ... . ... . . . . . .......... ······ 
Grey sandstone ............................... . . . ................. . 
Grey, sandy shale and coal fragments ............ .. ............... . 
Li~ht grey, cai·bonaceous shale . ... ........................ . ....... . 
M1ssmg....... . ................... . ............ . 
Grey shale .......... . ... . ................. . ... . . . .... . .. . ......... . 

PalOJozoic 
9 2,544 
5 2,549 

Buff limestone with a 1 ittlc white sandstone ancl pale green shale . . . . 
White sand and limestone ......................................... . 

26 2,575 
10 2,585 

Buff limestone and pale green shale ............. . . . .. .. ........ . ... . 
Red and green, a renaceous shale . . ....... . ......................... . 

25 2,610 
10 2,620 

Buff limestone and pale green shale .......... . ..................... . 
Buff limestone and red, arenaceous shale .. .... .. .......... . ...... .. . 

12 2,632 
23 2,655 

Buff sand with a little green shale....... . . . . . ................. . 
Pale green and red, arenaceous shale and limestone ....... . ......... . 
Reddish sandstone .... .. . ... ........................ . ............ . . 5 2,660 

25 2,685 
2 2,687 

Buff limestone with red and green shale ...................... . .... . 
Brown limestone ... .. .. . . . ... .. . . .. ..... . . ........................ . 
Buff limestone ............ . . ......... . ... . ......... .. ....... .. .... . 3 2,690 
Buff sandstone and limestone ...... . ...... . ........................ . 1 2,691 
Buff limestone .................... .. ............... . .... . ......... . 34 2, 725 
Buff sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ . 10 2, 735 
Light grey limestone .......... . . . . .. . . ................. . ..... . .... . 5 2, 740 
F u ff sand ................... . . .............. ... . .... . .. ... . . .. . .. . . 3 2, 743 
Buff and grey limestone ................ . ................ . .... . ... . . 63 2,806 
Grey shale ........................................................ . 50 2,856 
Brown shale ..................................... . .. . ....... . ..... . 11 2,867 
Grey, calcareous shale . . ................. . .. . .. ... .... ............ . 168 3,035 

KINSELLA AREA 

Kinsella lies about 13 miles southeast of Viking on the main line of 
the Canadian National Railway. In 1929 the McDonald well of the 
Duluth syndicate, drilled on Sec. 29, Tp. 48, Range 10, W. 4th Mer., about 
11 miles north and 3 miles east of Kinsella, came in at about 2,080 feet 
with a gas flow of approximately 29,000,000 cubic feet a day. The details 
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of the structure in this area arc unknown to the Geological Survey, but the 
gas sand is said to be the same as that which yields gas in Viking area 
12 miles west of this well. 

During 1932 Northwestern Utilities, Limited, drilled two wells in 
Kinsella area. The first on Sec. 17, Tp. 47, Range 11, about 8 miles south, 
and 5 miles west, of the Duluth syndicate well, is reported to have obtained 
a flow of 7,000,000 cubic feet of gas a day and the second, on Sec. 25, 
Tp. 47, Range 11, 3 miles northeast of the first, obtained a gas flow of 
19,000,000 cubic feet a day. These dev~lopments are of great importance 
as indicating that a 1'arge area is likely to be highly product~ve, thus 
affording a reserve supply of gas for Edmonton district. 

BATTLE RIVER AREA 

References: Allan, J. A.: Geol. Surv., Canada, Sum. R ept. 1917, pt. C. 
Dowling, D . B., Slipper, S. E., and McLearn, F. H.: " Investigations in the Gas 

and Oil Fcields of Alberta, Saskatohewan, and Manitoba" ; Geol. Surv., Canada, 
Mem. 116 (1919). 

Hume, G. S.: "Oil and Gas Prospects of the Wainwright-Vermilion Area, 
Alberta"; Geol. Surv ., Canada, Sum. Re pt. 1924, pt. B. 

" Oil Prospects ·in Lhe Vicinity of Batlle River at the Alberta-Saskatchewan 
Boundary"; Geol. Surv., Canada, Sum. Rept. 1925, pt. B. 

INTRODUCTION 

Battle River area, as the name is here used, includes an area extending 
from Irma east to the Saskatchewan boundary. The country is float or 
rolling, with a covering of glacial till which obscures most of the under
lying rocks except along stream valleys where erosion subsequent to the 
Glacial period has removed part of the glacial deposits. 

The drainage is toward the east, Battle River and tributaries provid
ing the main drainage channels. North of the area the drainage is to 
North Saskatchewan River which also flows eastwards. Both North 
Saskatchewan and B'attle Rivers have wide valleys which in many places 
are several hundred feet deep and, considering the low relief of the remain
der of the country, are marked topographic features. It can be proved that 
parts of both valleys antedate the Glacial epoch and probably this is the 
case throughout most of their length within this area. They have been 
cut in Cretaceous strata and at least some of the bends of Battle River 
have been controlled by structural features in the underlying rocks, a 
condition that could be possible to any considerable degree only in an 
area where the river valley antedated the Glacial age. 

Hawkins Fold 

A cross-section of this fold appears on Map 2058 which accompanies 
Summary Report 1924, part B. If the writer's interpretation of the strati
graphy is correct, the Birch Lake formation forms the crest of an anticline 
whose axis is assumed to extend in a southeast-northwest direction. Grat
ton No. 1 well in Sec. 4, Tp. 45, Range 6, W. 4th Mer., was drilled on 
the southwestern flank of this fold and gave a fair flow of gas. Since it 
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is assumed that gas fills the crest of the fold and that oil, if present, 
occurs down the flanks, any well drilled 11earer the crest of this fold would 
be a gas well. As the Gratton well is a considerable distance down the 
southwestern flank of the fold it is, therefore, assumed that the fold con
tains only gas. If the fold extends northwest, the axis will pass east of 
Irma and the well of the Irma Oil Holdings, Limited, drilled on Sec. 28, 
Tp. 45, Range 9, is believed to be on the western flank of the anticline. 

FABYAN FOLD 

By running lines of levels in connexion with known stratigraphic 
horizons along Battle River it was found that an anticline, known as 
the Fabyan fold, corresponds rougMy with a southward bend of the river 
east of Fabyan No. 1 well. The Hawkins, F1abyan, and Battle River
Wainwright folds all show structmal control ·over the course of Battle 
River and in each case the anticline is indicated by 2. southward bow in 
the river valley. This is due to the fact that the river valley is pre
Glacia'l 1and hence the structure in part determined the course of the river. 
The axes of the FBlbyan fold cannot be accurately determined because of 
the scarcity of outcrops and the difficulties of stratigraphic interpretation. 
The bend in the river valley seems to indicate that the crest of the Fabyan 
fold lies slightly east of the Imperial Fabyan No. 1 well. The trend of the 
anticline is presumed to be northwest and southeast and the axis is thought 
to pass through a group of wells located about a half mile west of the town 
of Wainwright. The fold is thought to be quite broad with gentle dips 
on the flanks. Imperial Frubyan No. 1 well was the first well to be drilled 
on this fold and at 1,870 feet encountered a flow of 10,000,000 cubic feet 
of gas a day with a small amount of heavy, dark oil and, at other horizons, 
salt water. Maple Leaf No. 1 well, drilled on the west flank of the fold, 
encountered a gas flow of 2,500,000 cubic feet a day at a depth of 1,705 
to 1,720 feet. The horizon is believed to be stratigraphically higher than 
the gas zone in Imperial Fabyan No. 1 well. Imperial No. 2 well, drilled 
on LS. 2, Sec. 14, Tp. 45, Range 8, reached a depth of 2,015 feet with gas 
shows at 1,565 and 1,585 feet. The well is believed to be in a syncline 
separating the Hawkins and Fabyan folds. 

Wainwell No. 1, formerly Interior Oil Company No. 1, well, drilled 
on L.S. 9, Sec. 36, Tp. 44, Range 7, is on the southeast extension of the 
Fabyan fold. This well, at a depth of 2,068 to 2,075 feet, encountered oil 
of a gravity of 15 · 25 degrees Baume and estimated initial flow of 250 barrels 
a day with a flow of gas of 5,577,000 cubic feet. The well was drilled 
to a depth of 2,225 feet and more gas was encountered near the bottom 
of the hole, the total volume being 8,500,000 cubic feet with a closed 
pressure of 390 pounds. Water troubles subsequently developed in this 
well and it was plugged back to the oil horizon. The results of this well 
led to considerable drilling activity .and Wainwell No. 2 A well drilled only 
!l. short distance west of No. 1 well came in at 2,025 feet with an initial 
gas flow of 33,000,000 cubic feet a day and a closed pressure of 350 pounds. 
Wainwell No. 3 well, drilled south of No. 1, obtained a very poor sand at 
the productive horizon and was a failure so far as commercial production 
was concerned. W ainwell No. 4, drilled west of No. 2 well, obtained oil 
in the productive horizon, but later encountered water troubles. Admi"ral 
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Oils drilling northeast of W ainwell No. 1 encountered a tight sand at the 
oil and gas horizon, and although shows of oil were obtained the well 
yielded no commercial production. So far as the available information 
goes Beaumont No. 1 is the only other well on this fold that obtained oil 
in any quantity, although small amounts were encountered in some other 
wells. 

Log of Imperial Fabyan No. 1 (now Fabyan Petroleums No. 2) Well 

(L.S. 16, Sec. 18, Tp. 45, Range 7, W. 4th Mer.; Elevation, 2,040 feet) 

Thickness Depth 
Feet Feet 

B irch Lake 
Light grey sand ......... . . .. ........ . .. . . . ..... . ... . .............. . 

Grizzly B ear 
Grey shale with sandy streaks . .. .... ... . . ...... .. ..... ....... . .. . . 

40 40 

100 140 
Ribstone Creek 

Sandstone and shale .......... ...................... . .............. . 30 170 
Shale with a little sandstone and carbonaceous layers .............. . 20 190 
Hard sandstone (5 feet) and shale ................................. . 10 200 
Grey shale ................ ........................................ . 20 220 
Sand and shale .................................................... . 20 240 
Grey shale and sandy shale ...................... . ................ . 100 340 
Grey shale with sandstone and coal. .... .. .. ... .............. .. ... . 10 350 

Lea Park and Alberta shales 
Grey shale with sandy streaks. Dark, fissile shale 1,810-1,870 leet. 1,545 1,890 

Lower Cretaceous 
Sandstone with some shale ........................................ . 17 1,907 
Sand with grey shale with coal at 1,970-1,980 and 2,000-2,010 feet .. . 43 2,050 
Dark, carbonaceous shale and sandstone .... . ................. . . . .. . 60 2, 110 
Dark, carbonaceous shale and coal .................. . . . ......... .. . 
Dark shale and sand .............................................. . 

20 2,130 
10 2,140 

Palreozoic 
Green shale and limestone ......................................... . 50 2,190 
Dark grey limestone with some shale ........................... . . . 540 2,730 

Gas was struck at 1,720-1,732 feet. The principal gas horizon was 
at 1,870 feet and yielded a flow of about 10,000,000 cubic feet a day. A 
heavy black oil occurred at 1,892 feet with further shows reported at 
1,934-1,947 feet, at 1,962 feet, and minor indications in the Palreozoic 
rocks. It will be noted that both gas sands lie in the basal part of the 
upper Cretaceous. 

The thickness of Lower Cretaceous strata in this well is unusually 
small. At 1,907 feet a conglomeratic, black sandstone was reported. In 
various wells in Wainwright and Ribstone areas chert pebbles occur at 
what appears to be the contact between the Upper and Lower Cretaceous. 

The correlation of the strata from well to well is extremely difficult, 
possibly because most of the wells were drilled with rotary equipment 
and, therefore, poor samples resulted. If it be assumed that the upper gas 
sand in Imperial Fabyan No. 1 well is to be correlated with the gas sand 
in Maple Leaf No. 1 well then the same gas sand is about 40 feet higher 
in Imperial Fabyan No. 1 well than in Maple Leaf No. 1 wel.l. But Maple 
Leaf No. 2 well, which is very close to No. 1 well, struck gas sand that 
yielded 4,000,000 cubic feet a day and lies about 110 feet below the horizon 
of the gas sand in No. 1 well. If this lower gas sand is correlated with 
the lower gas sand in Imperial Fabyan No. 1 well, then the same gas sand 
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is only about 8 feet higher in Imperial Fabyan No. 1 well than in Maple 
Leaf No. 2 well. Thus, between Maple Leaf Nos. 1 and 2 wells and 
Imperial Fabyan No. 1 well, the amount of rise of the two gas sands 
would differ by 30 feet or more and would take place in a distance of a 
mile. The data secured from studies of outcrops seem to indicate that 
the strata rise from west to east and it may be that the 30-foot difference 
in the intervals separating the two gas sands is not to be regarded as in 
opposition to the correlations suggested above. 

The oil sands of the W ainwell wells have not been definitely corre
lated with the gas sands of the Imperial Fabyan No. 1 and Maple Leaf 
wells, but it appears that the oil oomes from sands close to the bottom of 
the Upper Cretaceous. W ainwell Oils, Limited, has a small refinery at 
\V ainwright, but at present it is not operating. 

So far as known the oiil and gas horizons of Battle River area are 
confined to sands in the basal part of the Upper Cretaceous and to sand
stones in the Lower Cretaceous. Oil shows have been encountered in the 
Palmozoic limestone, but as yet no commercial pr-0duction has been 
obtained from them. In Ribstone field a small amount of gas has been 
found in the Ribstone Creek formation and flows of gas up to 500,000 
cubic feet have been encountered in what is thought to be Lea Park shales. 

Wells Drilled on the Fabyan Fold 

- L.S. Sec. Tp. Range Mer. Elev. Depth Notes Feet Feet 

------------
Imperial Fabyan 

No. I. ........... 16 18 45 7 4 2,040 2, 730 10,000,000 cub. ft. of gas, 
small amount of oil 

Maple Leaf No. 1. .. 1 24 45 8 4 1,992 1, 775 Producing gas 
Maple Leaf No. 2 ... 1 24 45 8 4 1,938 1, 775 Producing gas 
Fabyan Petroleums 

No. l. ........... 8 24 45 
Fabyan Petroleums 

8 4 1,927 1,833 Small shows of oil 

No.2 ............ 16 18 45 7 4 ........ 2, 730 This is the Imperial 

Admiral Oils No. 1. 
Fabyan No. 1 well 

16 36 44 7 4 2,226 2,698 Dry hole. Finished in 
Palreozoic limestone 

Beaumont Oils No. 
1. ................ 1 10 45 

Beaumont Oils No. 
7 4 2,193 2,182 Shut in 

2 ................. 10 30 45 7 4 2,207 668 Closed down 
Bethwain Oils No. 1 13 6 45 7 4 2,247 2,485 Closed down. Finished 

in Palreozoic limestone 
Lloyd Petroleums 

No. l. ........... 12 6 45 7 4 ········ 323 Closed down 
Wainwell No. 1. .... 9 36 44 7 4 2,219 2,225 Oil and gas at 2,068-

2,075 feet. Gas at 

Wainwell No. 2 ..... 15 36 44 7 
2,215 feet 

4 2,194 525 Abandoned 
Wainwell No. 2A ... 15 36 44 7 4 2,194 2,033 Initial flow of 33,000,000 

W.1!nwell No. 3 ..... 9 4 
cub. ft. of gas ~ .. {: 

36 44 7 2,216 2,072 Never productive " ~ 
Wainwell No. 4 ..... 15 36 44 7 4 ........ 2,052 Produced some _ fi.. oil, 

water troubles 
Wainwright Oil 

Dev. Co., N'o. l.. 15 36 44 7 4 2,211 218 Abandoned 
Montreal-Alberta 

Oil Co. No. 1.. ... 2 15 45 7 4 ........ 2,650 Shut down. I Finished in 
Palreozoic_Iimestone 
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Battle River-Wainwright Fold 

The Battle River-Wainwright fold crosses Battle River at the north
east corner of Range 7, Tp. 45, and is roughly outlined by the southward 
bow of Battle River. It is thought to extend in a northeast and southwest 
direction, but the character of the fold and the plunge, if any, is unknown. 
Presumably the orest is flat. and the dips on the flanks are very gentle. 
To the west between the Battle River-·Wainwright fold and the Fabyan 
fold there is a syncline of unknown magnitude. On the northeast flank 
the dip is less than one degree and probably the northeast dip does not 
continue for any great distance as the regional southwest dip becomes 
apparent along Battle River before the mouth of Buffalo Coulee is 
reached. 

Nearly all the wells on this fold have been drilled by rotary methods 
and as a result logs are unsatisfactory and the correlation of the strata 
penetrated is uncertain. Apparently the wells commenoe in the Variegated 
beds and reach the base of the Ribstone Creek formation at depths of 
500 to 600 feet. In many of the wells some gas was found at horizons in 
sandy shales struck at depths of from 1,200 to 1,400 feet but all of which 
lie at an elevation of 850 to 1,000 feet. In some wells gas occllll's near 
the ba'5e of the Alberta shales. The greatest potential producer of gas on 
this fold is the National Exploration well on L .S. 1, Sec. 30, Tp. 45, Range 
6. It had an init ial gas flow of more t han 15,000,000 cubic feet a day and 
in this case the gas comes from the Lower Cretaceous at a depth of 2,237 
feet. In a few wells chert pebbles were found at what is supposed to be 
the contact between the Upper and Lower Cretaceous. In most of the 
producing ·oil wells the oil sands occur a few feet below a coal seam in 
the Lower Cretaceous. It was formerly thought (Hume, 1926, page 15) 
that the oil sand in British Petrolcums Nos. 2 and 4 wolls, drilled on L.S. 
13, Sec. 30, Tp. 45, Range 6, was in the Upper Cretaceous. There is no 
doubt the oil horizon in these wells is higher than in British Petroleums 
No. 3, Saska-Wainwright No. 1, Edmonton-Wainwright No. 1, etc., but 
if the chert zone represents the contact of t he Upper and Lower Cretaceous 
it is possible that the oil horizon of British Petroleums Nos. 2 and 4 is 
in the top of the LmYer Cretaceous, although the boundary between Lower 
and Upper Cretaceous has not been satisfactorily determined in either 
well. 

An analysis of the oil from British Petroleums No. 4 well, by the 
Fuel Testing Division, Mines Branch, is as follows: 

Sample taken at well, September, 1924 
Specific graYity at 60 °F.= 0·973 

" " =13·9 ° Be. 
Watcr .......... 7·4 per cent (rnlume) 
Sulphur ........ l · 98 per cent 

Distillation range--
Up to 150° C. (Naphtha) .. . .. .. ....... . ......... . . 
150° to 300° C. (Illuminants) .. . ................... . 
300° C. and up (Lubricants) . .. . . . . . . .. . . ..... . 
Coke and residue oil .............. . ... . ..... . .. . 

P er cent 

12·9 (vol.) 
68·2 (vol.) 
14· l (wt.) 
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An analysis of oil from British Petroleums No. 3B well, made by 
P. V. Rosewarne, Fuel Testing Division, Mines Branch, is as follows: 

Sample taken from initial production of well 

Specific gravity at 60° F.= 0·940 
" " = 18·9° B e. 

·w·ater . .................. .. .. ........ ...... .. ..... . ... . 
Sulphur . . ................ ...... . . .... .. .. ....... ..... . 
Distillation range--

Up to 150° C. (Naphtha) ..................... .. ... . 
150° to 300° C. (Illuminants) . . .................... . 
300° C. and up ( Lubricant~) ........ . .............. . 
Coke and residue oil . .. ... . . . .......... . ....... . 

Log 1 of British Petroleums No. 3 Well 

Per cent 
0·7 
1·6 

2· l (vol.) 
21·3 (vol.) 
69·0 (vol.) 
10·9 (wt.) 

(L.S. 4, Sec. 29, Tp. 45, Range 6, W. 4th Mer.; E levation, 2·304·3 feet: 
Method of drilling: Rotary rig with core barrel used for part of log) 

Surface material .... . .... . ........ . ...... ..... ....... .. ... . 
Shale, dark grey ....... ... .................. .... .... . ..... . 
Sandstone, with hard layer on top ... . ... .. ... . . .... . . . . .... . 
Shale, soft, grey . ...... .. ...... . .... . ..................... . 
Sandstone, hard, grey ..................................... . 
Shale sand, grey ....... . .................................. . 
Shale, grey, sticky, sandy in part ..... . . ... .. . ............ . 
Shale, grey ............... .......... ....... ............... . 
Shale, blue . ...... . ..................... .. ... .. .......... . . 
Sandstone, hard, grey ..... . . . ............. . ............... . 
Shale, coal fragments .. ... . ..... ... ..... . ................. . . 
Shale, grey, hard . ............ ........... .... ......... .... . 
Sandstone, bard .. . .... . .. . .... . .............. . ....... . ... . 
Shale, blue, soft .. .. . ..... . ............................... . . 
Limestone, hard. (Probably ironstone bands or sandstone) .. . 
Shale, grey .. ........ .. ... . . ....... . ... .. .. ............. . . . 
Limestone, bard. (Probably ironstone bands) .............. . 
Shale, sandy, dark grey ........ .. ... .. .............. . .. .. . 
Shale, grey, soft . .. ........................... . ........... . 
Limestone, blue. (Probably ironstone) .................... . 
Shale, blue . . . .. .......................... .. ........... . .. . 
Shale, blue, hard ..... . . . ... .......... ... ..... . .... . ....... . 
Shale, grey, hard .... .... .. ... .. . . ................. . .... . . . 
Limestone, hard. (Probably ironstone band) .. . ........... . 
Shale, grey, soft ..... ... ... ..... ...................... . . . . . 
Shale, blue ..... . ....................... . .... . .......... . . . 
Shale, blue, hard ........ ..... . . ........... .. . .... . ....... . 
Limestone. (Probably ironstone band) ............ . . . ..... . 
Shale, grey, hard ......... .. . .... .. ........ . ...... . ....... . 
Shale, sanely, gr ey ........... ....... ......... .. .. . .. ...... . 
Shale, black, pyrite ........... . ............ ...... .. . •...... 
Shale, black, hard streaks ............................... . . . 
Shale, black, sanely. Gas .... .... . ... . ............. . ... . ... . 
Shale, black, soft .... . . . ......... . ...... .. .......... ... . . . . 
Shale, sandy, dark grey. Gas .. ........................... . 
Shale, black, hard and soft alternating ..................... . 
Shale, dark grey. Glauconi tic sand, 1,800 to 1,804 feet .. . . . . . 
Limestone. (Probably ironstone band) ............... . ..... . 
Shale, black, sandy ... . ...... . ......... . ................ . . . 

l Log supplied by British Petroleums, Ltd . 

Feet 
0 to 130 

130 to 210 
210 to 230 
230 to 251 
251 to 285 
285 to 302 
302 to 343 
343 to 370 
370 to 383 
383 to 386 
386 to 412 
412 to 479 
479 to 480 
480 to 501 
501 to 504 
504 to 507 
507 to 509 
509 to 580 
580 to 588 
588 to 589 
589 to 624 
624 to 784 
784 to 897 
897 to 898 
898 to 997 
997 to 1,045 

l,045 to 1,073 
1,073 to 1,074 
1,074 to 1,189 
1,189 to 1,239 
1,239 to 1,277 
1,277 to 1,300 
1,300 to 1,352 
1,352 to 1,427 
1,427 to 1,481 
1,481 to 1,657 
1,657 to 1,804 
1,804 to 1,804 · 5 
1,804·5 to 1,820 
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Log of British Petroleums No. 3 TV ell-Continued 

Shale, sandy, with pyrite . ..... ........ . ... .. .... .... ...... . 
Shale, black, hard ......................................... . 
Limestone, hard. (Probably ironstone band) ............... . 
Shale, grey, hard ......................................... . 
Lime, sandy, hard, grey ...... . ................. . ......... . . 
Shale, black .............................................. . 
Lime, sandy, hard ............................ .. . ...... ... . 
Shale, black, soft ........ .......... .. .......... ........... . 
Sand, hard . ...... ......... . . . .. . ............. .... ...... . . . 
Shale, black, hard ... ...... .. ... .. .......... ....... .... .. . . 
Shale, black, sandy ....................................... . 
Sand, blue-grey, hard ........... .. ................... ..... . 
Shale, sandy, black ....................................... . 
Sand, brown, soft, with shale partings. All saturated with oil. 

Gas .................................................. . 
Shale, sandy, soft, brown, containing oil and gas ............ . 
Sand, brown, soft, saturated with oil and gas .. ....... ..... .. . 
Shale, black, sandy layers ................................. . 
Lime, grey, very hard. (Probably ironstone band) .......... . 
Shale, hard, dark .... .... ................. .. . ...... ...... . . 
Lime, grey, very hard. (Probably ironstone band) ......... . 
Shale, black, hard .............. ......... . .......... .. .... . 
Lime, grey, hard. (Probably ironstone band) .. ..... ...... . 
Shale, black .............................................. . 
Sand, coarse, white, soft. Bentonite band ................... . 
Shale, black .............................................. . 
Sand, blue .. . . ..... .... ..... ..... ... ....... .. ........ . ... . . 
Shale, black .............................................. . 
Shale, with streaks of soft, brown sand impregnated with oil. Gas 
Shale, black, hard ......................................... . 
Lime, grey, hard, with pyrite. (Probably ironstone bands) ... . 
Shale .................................................... . 
Sand, soft, brown, impregnated with oil. Gas . .. .. ..... .. ... . 
Shale, sandy. Oil and gas ................................. . 
Sand, brown, soft. Oil and gas ............................. . 
Shale, brown, sandy ... . ........... . ....... . ....... . .... ... . 
Shale, brown, sandy ... .... .... ....... .... ...... ........... . 
Sand, showing oil ......................................... , 
Sand, hard, showing oil ... . ...... .......... . . .... ..... .... . 
Sand, hard, shale partings ....... ...... ..... .. ....... ... ... . 
Shale, grey ......................... ...................... . 
Shale, grey, with some sandy streaks .. . ....... . .. ... ....... . 
Sand, hard, coarse ........................................ . 
Shale, grey, sandy ........................................ . 
Shale, grey, sticky ........................................ . 
Sand, hard and coarse, grey ................................ . 
Sand, grey, with streaks of asphaltic material .............. . 
Shale, brown, with streaks of asphaltic material ... ........ . . 
Shale, grey, sandy ........................................ . 
Asphaltic material ........................................ . 
Shale, grey, sandy, asphaltic material ...................... . 
Sand, hard, coarse ........ ...... . ....... .......... ... ..... . 
Sand, grey, with streaks of shale . ...... .. . ............. .... . 
Shale, grey ............................................... . 
Coal ........... .... .... ................. ........ ......... . 
Shale, sticky, grey ...................................... .. . 
Shale, black, with sand partings. Oil and gas .............. . 
Lime. (A part of this was t ested by the Borings Division, 

Geological Survey, showing it to be ironstone) ......... . 

1,820 to 1,836 
1,836 to 1,838 
1,838 to 1,838·5 
1,838 · 5 to 1,852 
1,852 to 1,852 · 5 
1,852·5 to 1,879 
1,879 to 1,879 · 5 
1,879·5 to 1,895 
1,895 to 1,896 
1,896 to 1,903 
1,903 to 1,931 
1,931 to 1,931·5 
1,931 ·5 to 1,939 

1,939 to 1,942 
1,942 to 1,953 
1,953 to 1,956 
1,956 to 2,008 
2,008 to 2,009 
2,009 to 2,021 
2,021 to 2,022 
2,022 to 2,038·5 
2,038·5 to 2,039·5 
2,039. 5 to 2,056 
2,056 to 2,058 
,2,058 to 2,074 
2,074 to 2,075 
2,075 to 2,085 
2,085 to 2,0'93 
2,093 to 2,096 
2,096 to 2,096·5 
2,096 · 5 to 2,098 
2,098 to 2,106 
2,106 to 2,109 
2,109 to 2,111 
2,111 to 2,113 
2,113 to 2,118 
2,118 to 2,120 
2,120 to 2,151 
2,151 to 2,152 
2,152 to 2,155 
2,155 to 2,157 
2,157 to 2,158 
2,158 to 2,160 
2,160 to 2,161 
2,161 to 2,165 
2,165 to 2,166 
2,166 to 2,171 
2,171 to 2,178 
2,178 to 2,183 
2,183 to 2,188 
2,188 to 2,190 
2,190 to 2,200 
2,200 to 2,208 
2,208 to 2,217 
2,217 to 2,222 
2,222 to 2,223·8 

2,223·8 to 2,224·8 

NOTE. The glauconitic horizon at 1,800 to 1,804 feet in this well correlates with a similar 
horizon at 1,684 to 1,688 feet in No. 1 B.P. well and at about 1,705 feet in Maple 
Leaf No. 1 well. 

6838&--lH 
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It is difficult t.o divide the logged strata into stratigraphic horizons, 
but the following division is approximately correct for No. 3 well. 

Feet 
Glacial material . . . . . . . . . . . . . . . . . . . . . . . . . . 0 to 130 
Variegated beds and Birch Lake formation 130 to 285 
Grizzly Bear formation . . . . . . . . . . . . . . . . . . 285 to 383 
Ribstone Creek formation . . . . . . . . . . . . . . . . 383 to 580 
Lea Park and Alberta shale . . . . . . . . . . . . . . 580 to 2,100 (?) (approximately) 
r~ower Cretaceous . .. ............. . ........ 2,100 to (bottom of well) 

TV ells Drilled on Battle R iver-Wainwright Fold 

- L.S. Sec. Tp. Range Mer. E lcv. Depth Notes Feet Feet 

------------
Bethwain No . 2 . ... 16 4 45 6 4 2,347 2,286 Some oil and gas 
British Wainwright 

No. 1 . ... . ... . ... 13 20 45 6 4 2,296 2,238 Closed down 
British Pctroleums 

No. l. . . ........ . 1 36 45 7 4 2, 187 2,017 Abandoned 
British Petroleums 

No.2 ...... . ... . . 13 30 45 6 4 2,251 2,038 Some oil and gas 
British Petroleums 

No.3 ............ 4 29 45 6 4 2,304 2,296 Abandoned 
British Petroleums 

No. 3B ... . ....... 4 29 45 6 4 2,305 2,259 Oil 
British Petrolcums 

No.4 ............ 13 30 45 6 4 2, 251 2,036 Closed clown 
Edalta No. 1. . .. ... 15 19 45 6 4 ........ 2,225 Closed down 
Edmonton-Wain-

\vright No. 1. .. . . 4 29 45 6 4 2,318 2,275 Oil 
Emerald No. 1 .... 8 30 45 6 4 2,326 2,425 Dry hole 
Mid Canada No. 1.. 7 13 45 6 4 ... . . . . 175 Closed clown 
National Explora-

tion No. 1 ... . .. . . 1 30 45 Q 4 2,316 2,268 Gas 
Onalta No. 1 ....... 8 20 45 6 4 2,270 2,232 Oil 
Peninsular Petro-

leums No. 1. ..... 16 30 45 6 4 ... 234 Closed clown 
Sasko-Wainwright 

No. I ............ 1 19 45 6 4 2,314 2,246 Oil 
Senator Oils No. 1. 1 23 44 6 4 ....... 710 Closed down 
Western Consoli-

dated No. 2 ...... 11 30 45 6 4 2,301 2,233 Abandoned 
Wainwright Dome 

(An wood Dome) 
No. 1. ... . ... . ... 7 31 45 6 4 2,349 2,308 Closed down 

Wainwright Petro-
leums No. l. ..... 6 30 45 6 4 ........ 2,252 Oil, closed down 

Ribstone-Blackf oot Anticline 

Outcrops indicating the Ribstone-Blackfoot anticline occur along the 
banks of Battle River and its tributaries Ribstone and Blackfoot Creeks. 
Elsewhere the country is covered by a heavy mantle of drift whioh conceals 
the underlying sediments. The Ribstone-Blackfoot anticline appears to 
occupy the crest of a regional anticlinal structure on which minor folds are 
superimposed. Originally it was thought the trend of the structure was 
northea~t and southwest, but this view has been modified some1vhat by the 
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results obtained from a number of structural test wells drilled by Ribstone 
Oils, Limited. The Ribstone-Blackfoot anticline is now thought to consist 
of a number of domes as is indicated on Figure 18. The structural contour 
lines of this figure represent the attitude of the contact between the sands 
constituting the lower part of the Ribstone Creek formation and the marine 
shales of the Lea Park formation. This contact is exposed on Ribstone 
Creek, 2 miles from Battle River, at an elevation of 1,900 feet. In the 
Imperial Muddy Lake well, 50 miles southeast, the contact is thought to 
lie at an elevation of 1,340 feet. This indicates a southeast regional dip of 
about 10 feet a mile, but this dip may not be uniform as other folds may 
possibly intervene between the two areas. The southerly regional dip is 
indicated by a succession of higher and higher formations occurring along 
a southeast direction from Ribstone area. At the mouth of Ribstone Creek 
Lea Park strata outcrop. To the southeast, at the south end of Manitou 
Lake in the vicinity of Zumbro and eastward to Vera, there is an extensive 
area of sand dunes, the sand of which is thought to have been derived from 
the top of the Ribstone Creek formation. Manitou Lake is probably 
underlain by shales of the central part of the Ribstone Creek formation, 
although so far as known there are no outcrops. Farther southeast around 
Unity and Muddy Lake the Variegated and Pale beds outcrop and these 
can be traced westward to Macklin and on westward to Czar which lies 
southwest of Ribstone area. Southeast of Unity, Sask., marine shales out
crop on Tramping Lake. It was formerly thought (Hume, 1926, page 6) 
these shales might belong to the Grizzly Bear formation; but the south
easterly regional dip indicates that probably they are Bearpaw shales. 
Coal is washed up on the shores of Tramping Lake. It is probable that it 
is derived from the Pale beds. 

West of Ribstone area there is, on Battle River, in Tp. 45, Range 3, 
W. 4th Mer., a small syncline exposing Grizzly Bear shales. Their presence 
indicates a westward dip of about 275 feet in the 12 miles from the mouth 
of Ribstone Creek west to the outcrops of Grizzly Bear shale. The nature 
of the Ribstone-Blackfoot anticline along its continuation northwest or 
northeast is unknown. Along these directions, a considerable distance north, 
Lea Park shales are present along North Saskatchewan River from Lea 
Park, Alberta, to Battleford, Saskatchewan. A certain amount of closure 
has been demonstrated, however, by drilling (See Figure 18). 

East of Ribstone area, the general dip appears to be southeast. It is 
thought that the Ribstone Creek formation changes from a non-marine to 
a marine formation east and north of Ribstone area. Marine sandstones 
outcrop along Big Gully in Tps. 49 to 51, Ranges 23 to 27, W. 3rd Mer. 
Similar sandstones carrying marine fossils also occur on Battle River in 
Tps. 46 and 47, Ranges 24 to 26, W. 3rd Mer. Levels carried on these 
sandstone beds on the north bank of Battle River show that the strata are 
so nearly horizontal that the elevation of what was considered to be the 
same horizon varied only within about 8 feet, that is within the limits of 
the thickness of the beds measured. No definite dip in any one direction 
could be recognized. Along Big Gully what are believed to be the same 
beds showed-principally in Tp. 49, Ranges 24 and 25-a slightly wider 
variation in elevation, but again no definite dip for any distance in one 
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Figure 18. 'Structural contour map of Ribstone-Blaekfoot anticline, contours represent 
Ribstone Creek-Lea Park contact; deep wells are represented by solid black circles, 
structural toot wells by numbered erosses. 
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direction. On the other hand, all elevations measured along Big Gully are 
somewhat higher than those on Battle River, indicating a southward dip of 
a few feet a mile. These sandstone beds are not entirely satisfactory 
horizons for the measuring of accurate elevations, because the exposures 
consist mainly of hard nodules not always at exactly the same horizon, but 
sufficient outcrops were obtained to show that no marked dip is continuous 
for any considerable distance. 

On Battle River, east of Range 24, there are a series of sand hills in 
which no outcrops occur. Farther east, at the mouth of Cutknife Creek, in 
Tp. 45, Range 21, coal has been reported to occur. Still farther east, in 
the vicinity of Prongua in Tps. 43 and 44, Range 18, vV. 3rd Mer., Ribstone 
Creek sandstones outcrop at elevations that indicate a regional eastern dip 
which, in all probability, extends as far east as Battleford. In the north, 
a southward dip is shown by the occurrence of coal presumably ·belonging to 
the Ribstone Creek formation, in a shallow water well in Tp. 53, Range 22, 
near St. Wall burg, at an elevation slightly greater than outcrops of these 
beds south of North Saskatchewan River. A southerly dip is also shown 
by the occurrence of Ribstone Creek strata in the Unity Valley wells in 
Tp. 41, Range 24, at a lower elevation than outcrops of this formation on 
Battle River in Township 47. From these data, therefore, it seems safe to 
conclude that east of Ribstone area the dip is southeasterly. 

In Ribstone-Blackfoot area drilling has demonstrated the existence of two 
distinct sandstone horizons separated by marine shales. The upper sand
stone horizon is at the base of the Ribstone Creek formation. The lower is 
within the Lea Park formation, has a thickness of 50 to 70 feet, and its 
base is 180 to 190 feet below the base of the upper or Ribstone Creek sand
stone. Both sandstones carry water, but apparently the positions of the 
water horizons vary. The water well on the farm of Mr. Garton in Sec. 24, 
Tp. 46, Range 1, ViT. 4th Mer., from which gas was escaping for many years 
prior to the discovery of the Ribstone structure, obtains both water and gas 
from the Lea Park sandstone. It was reported that the gas occurred at a 
depth of 290 feet and the water at 315 feet. If the water comes from near 
the base of the sandstone, the Ribstone Creek-Lea Park contact would be 
about 180 feet higher or 135 feet below the surface and the elevation of the 
contact would be 1,965 feet. Ribstone Oils, Limited, drilled structural test 
well No. 25 on Sec. 25, Tp. 46, Range 1, W. 4th Mer., about 100 yards west 
of Mr. Garton's farm buildings. This well reached the Ribstone Creek-Lea 
Park contact at 1an elevaition of 1,960 feet. Evidently, therefore, the water 
in the Garton well was struck a few feet above the base of the Lea Park 
sandstone. In a well on the farm of Mr. Sands on northwest Sec. 30, Tp. 45, 
Range 1, water was struck at a depth of 312 feet. The elevation of this well 
is not exactly known, but is approximately 2,060 feet. The elevation of the 
water horizon would, therefore, be 1,748 feet. The structural contours 
(Figure 18) indicate that in the vicinity of this well the elevation of the 
Ribstone Creek-Lea Park contact is between 1,890 and 1,900 feet and, 
therefore, that the base of the Lea Park sandstone lies at an elevation of 
1,700 to 1,720 feet. It follows that the water horizon is 30 to 50 feet. above 
the base of the sandstone. 
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The Ribstone-Blackfoot structure was discovered by the Geological 
Survey in 1924. It was further investigated in 1925 when the highest part 
of the structure along Battle River was found to be in the vicinity of the 
present Meridian wells and in fact Meridian No. 1 (Advance) well owes its 
focation to this fact. The three Meridian wells in Sec. 16, Tp. 45, Range 1, 
and the nearby Imperial Ribstone No. 2 well in Sec. 9, Tp. 45, show very 
slight differences of elevation of the oil sand and Algonquin Nos. 1 and 2 
wells only a relatively short distance to the north failed to find production. 
Apparently in Meridian No. 3 well the productive sand is split by a shale 
member that rapidly thickens northward, replacing the productive sand, so 
that at the horizon where oil should have been encountered in the Algonquin 
wells only shales occur. By inference, therefore, the sand should thicken 
southward. In order to examine the structure southward Meridian Oil 
Company drilled several shallow test wells. The results were disappointing 
because they showed that the structure was very flat. A well, lmperial
Ribstone No. 1, drilled to the south on Sec. 5, Tp. 45, struck an oil sand 
that gave 3 to 4 barrels a day. This sand is lower than the productive sand 
in the Meridian and lmperial-Ribstone No. 2 wells to the north and it is 
concluded that the concentration of oil in this area depends more on the 
presence of favourable sand lenses than on the local structure. 

The first productive well to be drilled was Meridian No. 1. At a depth 
of 1,820 feet it struck a gas flow that originally measured 30,000,000 cubic 
feet a day. When the well was allowed to flow both the amount and 
pressure of the gas fell rapidly and much oil sand was blown from the 
well. The well was subsequently deepened to 1,833 feet where oil was 
encountered. Considerable oil of 14 · 5 degrees Baume was taken from the 
well, but owing to market conditions and the lack of storage facilities 
production was not continuous. The indicated produdion was, however, 
believed to justify further drilling and three other wells, Meridian Nos. 2 
and 3 (also in Section 16) and Imperial-Ribstone No. 2 (in Section 9) 
were drilled, all of which were productive. A power plant was installed and 
the four wells were put on the pump. Initially the wells were capable of a 
production of 75 barrels a day, but with continuous pumping this decreased 
rapidly to about 10 barrels each a day, which seems to be about the rate 
~he heavy oil may flow through the sand to the wells. Pumping was con
tinued during the summer of 1931 and several thousand barrels of oil were 
produced and sold for fuel ,to the Canadian Pacific Railway Company. The 
failure to get larger production seems to be due to the small thickness of the 
oil sand, as well as· to the heavy character of the oil which as a result does 
not flow as readily as would a lighter oil. As production could not be main
tained on a profitable commercial basis all wells were abandoned. 

As is shown by the following 1'og of Meridian No. 1 well, the oil was 
obtained in sands of Lower Cretaceous age. 



211 

Log of Meridian No. 1 WeU 1 

(L.S. 4, Sec. 16, Tp. 45, Range 1, W. 4th Mer.) 

Thickness Depth 
Feet Feet 

G lacial drift ................... . 60 60 
L ea Park and Alberta shale 

Grey shale, a litt le sand ...... ................. . .. ........... .... .. . 10 70 
Grey shale, fossil shells at 80 feet ..... .. ....... . . . ..... ............ . 100 170 
Grey, shaly sand .......... . . . .................. . ... . . ... ......... . 30 200 
Fine, grey sand ..................... . ... ... ....... . ..... . ......... . 30 230 
Grey shale, ironstone at 750 feet ......................... .......... . 780 1,010 
Dark grey, in part paper, shales highly bituminous, gas at 1,275 feet 

and at 1,440-1,470 feet (250,000 cub. feet). Sandy shale towards 
bottom ...... . ........................ . ..... ..... ............. . 630 1,650 

Chert pebbles in shale .. ... ... ........ ......... ... .... ............ . 20 1,670 
Lower Cretaceous 

Sandstone, fine-grained, water at 1,670-1,684 feet . ..... ... . . . .. . .... . 10 1,680 
Shale ........ .... ....................... . . ... .................... .. 10 1,690 
Sandstone and shale, carbonaceous .................. . .......... .. . . 30 1, 720 
Shale, ironstone, and coal fragments..... . ......... . . . .. . ........ . 5 1, 725 
Shale .... .. ........ ... ........ ................................... . 5 1, 730 
Sandstone ............ .. . . . . ................... . ........... . ..... . . 10 1, 740 
Shale......... . . . .. ... ..... . . . ...... . . . . . .. ........ .. ....... . . 10 1, 750 
Sandstone, shale, and carbonaceous materials....... . . . .... .. ... . . 40 1, 790 
Shale .............................................. . 8 1, 798 
Carbonaceous shale and coal. ..................................... . 8 1,806 
Shale and carbonaceous materials ............................. .... . 9 1,815 
Sandstone with carbonaceous partings, gas sand at 1,820 foot; initial 

flow 30,000,000 cubic feet ........................... . 12 1,827 
Oil sand ......... ... . . . . . . .... ..... . . ... . . ........ . . ............ . 2 1,829 
Fine-grained, white sand, no oil..... . ..... . . . . . ..... . 5 1,834 

1 Compiled from log by J G. Spratt; published by permission of i\Ierid ian O:Js, Ltd. 

A mechanical analysis of the Meridian Oil sand by F. J. Fraser, 
Geological Survey, shows the following composition. 

Sand with a grain diameter over 0 · 2 mm ... .. .............. . ........... . 
Sand with a grain diameter between 0 · 1 and 0 · 2 mm .. .. .... . ........ . . . . 
Silt grade; particles between 0·01 and 0· 1 mm .................... .. .... . 
Clay grade and oil left after extraction with cold benzol-by difierence . . . 

Per cent 
7·2 

66 ·8 
6·0 

20·0 

The main structure of the Ribstone-Blackfoot fold (See Figure 18) 
lies north of the Meridian wells. It has been outlined by shallow test 
wells. Two deep wells, namely, Ribstone Oils No. 2 and Rayco Oils No. 
1, drilled on this part of the structure, found no commercial gas or oil 
flows. This is surprising in view of the fact that the structure is much 
higher than at the Meridian wells. Two other deep wells, Ribstone Oils 
No. 1 on the east flank of the structme and Oxville Oil and Gas Com
pany's No. 1 well on the west flank, gave encouraging shows of oil but no 
commercial production. The prospects for oil in this higher part of the 
Ribstone-Blackfoot fold do not seem very promising, although it is pos
sible that if more wells were drilled local areas of production might be 
found because of the lens-like character of the Lower Cretaceous s·ands 
that provide the productive zones. 
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An interesting feature of Ribstone Oils No. 2 well (L.S. 5, Sec. 25, 
Tp. 45, Range 1, W. 4th Mer.) was the presence in the Palreozoic lime
stone, at a depth of 3,010 feet, of salt water carrying a high concentration 
of calcium, magnesium, and sodium chlorides. An analysis of this brine 
by the Mines Branch, Department of Mines, gave the following results. 

Specific gravity at 60 degrees F ..................... . 
Solid matter in 100 cc .............................. . 
Percentage of solid matter to weight of brine ......... . 
Composition of solid matter 

Sodium chloride ................................ . 
Potassium chloride ......................... . ... . 
Calcium chloride ............... .... ........ ... . . 
Magnesium chloride ............................ . 
Calcium sulphate .............. . ..... ........... . 
Calcium carbonate .............................. . 

Composition of brine a barrel (35 gallons) 
26·98 grs. of solid matter in 100 cc. 
2,698 lbs. of solid matter in 1,000 imp. gals. 
94·43 lbs. of solid matter in 1 barrel (35 gals.) 

1 ·194 
26·98 grs. 
22 ·59 

43·62 per cent 
2·48 " 

40·36 
12·97 
0·21 
0·30 

99·94 

Pounds of salt constituents recoverable from one barrel (35 gals.): 

Sodium chloride ............ .. ......................... .. ... . . 
Potassium chloride ..... .. . .. .. . ...... . . .. . .................. . 
Calcium chloride ............................................ . 
Magnesium chloride . . . . . . . . . . . . . . . . . ...................... . 
Calcium sulphate ........................................... . 
Calcium carbonate ..... . . .. .. . ..... .. ... ..... . .... ... ....... . 

Pounds 
41·19 

2·34 
38·11 
12·25 
0·20 
0·28 

94·37 

In 1932 a test was made of the rate of production of brine. It 
amounted to about 150 barrels a day. As this was considered to be too 
low to be of value the well was abandoned. 

Log of Ribstone Oils No. 2 Well 

(L.S. 5, Sec. 25, Tp. 45, Range 1, W. 4th Mer.; Elevation, 2,087 feet) 

Thickness 
Feet 

Depth 
Feet 

Glacial drift . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 90 
Sandy clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 20 110 
Sand; water at 120 and 140 feet ...... ... ....... . . . . . . . . . . . . . . . . . . . . . . . . . 30 140 
Lea Park and Alberta shale 

Shale...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 250 
Lea Park sand 

Fine sand.............................. . ....................... 10 260 
Sandstone, sand, and a little shale................ .. ............ 50 310 
Fine sand...................................................... 10 320 

Grey shale with shell fragments, ironstone, and sandstone bands. 
Gas at 1,372-1,392, 1,462, and 1,600 feet .. ... ..... . . . ... .......... 1,413 1, 733 

Lower Cretaceous 
Chert pebbles in shale............................................. . . 1, 733 
Shale..... ....... ......... .... ...... .......... . . . . . ................ 6 1, 739 
Sandstone: flow of 750,000 cubic feet of gas a day at 1, 740 feet and salt 

water at 1,743 feet .. ...... ........ . ......... . ... ... ............. 4 1, 743 
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Log of Ribstone Oils No. fiJ TV ell 

(L.S. 5, Sec. 25, Tp . 45, Range 1, W. 4th l\1er.; Elerntion, 2,087 feet)
Concluded 

Shale and sandstone; pebb les . .. ............ . .............. . ....... . 
Sandstone with a little carbonaceous material ............ .. . ...... . . 
Carbonaceous sha le and coal ................. . .. . . .... ..... . 
Sandstone, ironstone.. . . . . . . . . . . . . . . . . . . .... .. . . . 
Dark shale and coal. .................. ...... .... .... . .. . .. . .. .. . . . . 
Sandstone; salt water at 1,908 and 1,953 feet ...... . 
Shale, a little sandstone, coal at 1,983 feet . ... . ... . 
Sand; oil show; water at 2,023 feet .... . ...... . ....... . . . . ..... . .. . . . 
Sandstone, fine grained... . . . . . . . . . . . . . . .... ........... . . 
Shale, a little ironstone............. . ........ .. . ........ . 
Sandstone, grey , fine grained... . . . . . ...... . . .. . . . . . . . .. .. . . 
Shale, grey to dark grey ........ . .. . .. .. . .... .. .. ..... . . .. . . . . . . . . . 
Sandstone, light grey, pyrite.. . ..... . . ...... . .... . ... . . . 
Shale, grey to dark grey, pyrite . .......... . .. . . . .................. . 
Sandstone, fine grained, grey, pyrite .... . . ........... .. . .. . . .. ... .. . 
Shale, grey to dark grey .. . . . . ... ..... . ............... . ........... . 
Sandstone, fine grained, light grey .... ... . ... . ..... ... ... .... ... . . . 
Shale, grey to dark grey, ca1·bonaceous ..... .. . . .. . . .. . . .. .. . .... . . . 
Sandstone, fine grained, light grey ... ........ . 
Sandstone, sulphur water at 2,166 feet....... . . . . . . . ... . . 
Sand, white , coarse ... ...................... . ........... . .. . .... . . . 

Pala;ozoic 
Limestone, light buff-grey.... . . . . . . . .. . ......... . 
Sandstone ................ . . . ....... . .. .......... . 
Limestone, ligh t grey-buff ... .. . . . . . . ..... . . . . ... . . . . .. . .. . . .. ... . . 
Greenish shale .. . .. . ......... . ..... . . . ... . 
Limestone, b luish grey and buff ..... . . . . . . 

Thickness 
Feet 

11 
123 

12 
1 
6 

50 
64 
5 
2 
6 

17 
1 
G 

12 
47 

3 
14 
4 

23 
10 

101 

27 
8 

824 
5 

95 

Depth 
Feet 

1, 754 
1,877 
1,889 
1, 900 
I,906 
1,956 
2, 020 
2, 025 
2, 027 
2, 033 
2, 050 
2, 051 
2, 057 
2 ,069 
2, 116 
2, 119 
2, 133 
2, 137 
2, 160 
2, 170 
2, 271 

2,298 
2, 306 
3, 130 
3, 135 
3,230 

Wells D rilled on the R ibstone-Blackf oat Anticline 

- L.S . Sec. Tp . Range l\1er. E lev. Depth Notes Feet Feet 
-- - - ----------

Algonq uin No. 1 ... 1 20 45 1 4 2, 051 2, 100 Abandoned 
Algonquin No. 2 ... 5 16 45 1 4 2, 011 2,206 " 
I mperial Ribstone 

No. 1 . .......... . ...... 5 45 1 4 1,851 3,489 Abandoned. Shows of 
oil and gas 

I mperial Ribstone 
No. 2 ... . ...... . . 14 9 45 1 4 1, 796 1,685 Produ~~d oil , ab~~cloned 

Merid ian No. 1. . .. . .... . . 16 45 1 4 1, 938 1,834 
Merid ian No. 2 .. .. . 4 16 45 1 4 1, 912 1,803 " " 
Meridian No. 3 .... . 4 16 45 1 4 1, 994 1,889 " " 
Oxville No. 1. ...... 14 10 46 2 4 2, 046 2,260 Abandoned. Shows or 

oil and gas 
Rayco Oils No. 1.. . 3 4 47 1 4 2, 194 2 ,510 Abandoned 
Ribstone Oils No. 1 1 1 46 1 4 1,921 2, 056 Abandoned 
R ibstone Oils No. 2 5 25 46 1 4 2, 087 3,230 Shows of oil and gas. 

H igh concentration of 
salts at depth of 3,010 
feet 
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Structural Test Wells 

Depth of 
Ribstone Elev. of 

Ribstonc1 Oils, Ltd. Sec. Tp. Range Mer. Elev. Creek-Lea contact 
Feet Park 

contact Feet 
Feet 

------

lA Northwest corner ......... . ...... 11 46 1 4 2,075 124 1,951 
3 340 feet east and 600 feet south of 

nortlnvest corner . ... ... ........ 1 46 1 4 1, 975 28 1,947 
4 Centre . ....... ................... 11 46 1 4 2,054 100 1,954 
5 Southeast quarter . . .............. 25 46 1 4 2,040 86 1,954 
6 Southwest quarter. ............... 25 46 1 4 2,086 105 1, 981? 
7 East half, about middle of. . .. ... 27 46 1 4 2,093 110? 1,980? 
8 Southeast corner .. . . . ......... . .. 33 46 1 4 2,153 180-190 1,960-1,970 
9 70 feet north and 205 feet east of 

north quarter of corner of. . .... . 35 47 28 3 2,096 155 1, 941 
10 125 feet north and 200 feet east of 

north east corner ................ 3 48 1 4 2, 100 146 1,954 
11 100 feet east and 100 feet north of 

northeast corner ........ ..... ... 30 47 27 3 2,163 210 1,953 
12 50 feet nor th of south quarter cor-

ner of. ................... ...... 2l 46 1 4 2, 135 193 1, 942 
13 South east quarter ... .. . . .. ....... 15 46 28 3 2,047 190 1,857 
14 Auger hole, east bank of coulee 125 

yards north of road ............. 13 47 1 4 2,003 Not Below 
reached 1,947 

15 Auger hole, west bank of coulee in 
south part ...... 21 46 28 3 1,942 " " 1,910 ..... ..... ...... 

16 1, 650 feet east and 80 feet north of 
south west corner ............... 1 47 1 4 2,034 ....... . .. ... .... 

17 Southeast quarter ......... .. . ... . 27 47 1 4 2,065 115 1,950 
18 Southeast quarter ...... . . . ....... 13 47 1 4 2,041 112 1,929 
19 Northeast quarter ............... 9 47 1 4 2,189 ......... . ... i;93i>" 20 Routheast quarter .......... ... ... 19 46 1 4 2,173 242 
21 Northwest quarter ............... 21 47 1 4 2,068 100 1,968 
22 Sou theast quarter ................ 3 47 1 4 2,124 159 1,965 
23 120 feet northwest of No. 19 ...... 9 47 1 4 2,190 209 1,981 
24 Northwest quarter ....... . ....... 1 47 28 3 2,096 162 1,934 
25 Northwest quarter ....... . ....... 23 46 1 4 2,100 167 1, 933 
26 100 yards east of southwest cor-

ner . ... .. ..... ... .......... . . . .. 25 46 1 4 2,092 130 1,962 
27 Near centre ...................... 9 48 1 4 2,056 96 1,960 
28 Northeast quarter ...... ...... ... 24 48 28 3 2, 112 181 1, 931 
29 Near north quarter corner of .... . 9 48 27 3 2, 140 208 1, 932 
30 Near northeast corner ........... . 24 48 1 4 2, 109 154 1,955 
31 300 feet south of Ribstone Oils 

No. 2 well ....... . ... ........ .. 25 46 1 4 2,080 115 1,965 
32 t mile east and t mile north of 

south west corner .......... ..... 21 47 27 3 2,085 137 1,948 
33 915 feet south and 1,727 feet east 

of north west corner ........ ..... 11 47 27 3 2,125 165 1,960 
34 Northwest corner ................ 16 45 1 4 ........ Glacial 

drift to 
Lea Park 

shale 

1 Published by permission of Ribstone Oils, Ltd. 
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Elevation 
Depth o! 
to baso Depth Elevation Ribstone 
of Rib- to base o! base Creek-

Sec. Tp. Range Mor. Elev. stone of Lea of Lea Lea Park Remarks 
- Creek Park Park contact 

Feet sand sand sand (actual or 
Feet Feet Feet calcu-

lated) 
Feet ---------------------

)Iericlian Oils, Ltd. 
I East side o! Ri bstone 9 45 I 4 I , 788 . .... . ..... . . . . .. ... . . . . . . .. .. Depth 114 

Creek near Dattle feet. No 
River results 

2 On northwest quarter .. 4 45 J 4 ], 065 . ..... 297 1,678 1,858 Total 
depth, 
299 feet 

3 On northcast corner . . 5 45 l 4 1,953 . · ····· 291 1,662 1,842 Total 
depth, 
297 feet 

4 I mile west of No. 3 ... 6 45 l 4 I. 99i 142 ····· ··· .... ... ... 1,855 Total 
depth, 
148 feet 

Lone Rock Anticline 

To the east of Ribstone area, structural test drilling has revealed some 
evidence of a dome-like structure in the vicinity of Lone Rock in Sas
katchewan close to the Alberta boundary. This anticline is in part roughly 
parallel to the Ribstone-Blackfoot fold, but at the northwest end seems 
to curve a little to the west to join the north end of the Ribstonc-Black
foot fold. The south end of the Lone Rock anticline has not been located 
by drilling and no evidence of it could be obtained from outcrops along 
Battle River. There is no doubt, however, of a regional southerly dip and 
hence closure is to be expected in this direction. As already pointed out, 
marine sandstones at the base of the Ribstone Creek formation outcrop 
along Battle River in Tps. 46 and 47, Ranges 25 and 26, W. 3rd Mer. 
Levels run by the Geological Survey in 1931 along these sandstones indi
cate that the strat.a arc very nearly horizontal, although the regional dis
tribution of the strata seems to indicate an easterly dip between the 4th 
Meridian and Battleford. No conclusions regairding the prospects of the 
Lone Rock anticline may be safely drawn, particularly as the results of 
drilling on the higher part of the Ribstone-Blackfoot fold have been very 
disappointing. 

Oil and Gas Horizons 

Apparently two zones have produced gas and oil in Battle River area. 
One zone is the sandstones at the base of the Upper Cretaceous. These 
have yielded gas in the Viking field and in the Fabyan fold, and oil in 
the Fabyan and Battle River-Wainwright folds. The second zone is in 
the Lower Cretaceous and has yielded oil with some gas in the Battle 
River-Wainwright fold and in the Ribstone field. 
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The conditions of sedimentation are instructive. In the Athabaska 
(McMurray) River area the Lower Cretaceous consists of an alteration 
of marine and non-marine beds as follows: 

Thickness 
Pelican shale Feet 

Black marine shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
Grand Rapids 

Mostly continental sandstones with thin coal seams in the upper 
part; lower part concretionary and marine . . . . . . . . . . . . . . 280 

Clearwater 
Grey and black shales and grey and green sandstones with some 

concretionary layers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 5 
McMurray 

Massive, crossbedded sandstone partly impregnated with bitu-
men; a dcltaic formation ........................ 100 to 180 

To the south in the Ribstone and Wainwright area the Lower Cre
taceous consists mainly of non-marine sandstones and shales, indicating 
that the shore-line of the seas that deposited the marine beds in McMurray 
area 1lay between McMurray and the W ainwright-Ribstone areas. These 
shore-lines with their embayments and lagoons are regarded as being very 
favourable places for the deposition of source materials for oil and gas, 
and it is suspected that a great part of the oil that now occurs as bitumen 
in the McMurray formation was derived from this source. The shore
lines, in addition, ought to have provided sands that would form reservoir 
rocks, and it is interesting to note that the Duvernay well, drilled on the 
bank of North Saskatchewan River north of Vegreville, penetrated an oil
stained sand 50 feet thick in which the sand grains are much coarser than 
any known in the Lower Cretaceous of the Wainwright-Ribstone areas. 
Apparently, therefore, any favourable structure north and west of Battle 
River area should offer excellent oil prospects. The presumed conditions 
of sedimentation also indicate that the oil in the Lower Cretaceous of the 
Wainwright-Ribstone areas is indigenous. The absence of red and maroon
coloured strata from the Lower Oretaceous of Battle River area may 
signify non-oxidation conditions, and hence more favourable conditions 
for the preservation of source materials for oil than is the case in southern 
Alberta where maroon and red shales occur and indicate exposure to atmos
pheric conditions with the attendant opportunities for decomposition of 
source materials. Thus it seems that the Lower Cretaceous of the more 
northern parts of Alberta was more favournble for the formation of oil 
than the Lower Cretaceous of the southern plains. This conclusion is 
supported by the distribution of the known oil occurrences in strata of 
this age. In southern Alberta where the oil occurs in the basal sands of 
the Lower Cretaceous (Vanalta sand of Red Coulee), it is possible the 
oil originated in the Ellis formation which is not present in northern 
Alberta. 

In addition to the two main oil · and gas zones in, respectively, the 
Lower Cretaceous and the basal part of the Upper Cretaceous of Battle 
River area, a certain amount of gas has been found at the base of the Lea 
Park or in the upper part of the Alberta shales. So far no commercial 
production has been obtained from this horizon but the Alberta shales 
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are so highly bituminous in certain areas, as at Ribstone, that gas and oil 
can be distilled from them. There is little doubt, therefore, that the failure 
to obtain a large gas production at this horizon is due to the lack of suit
able reservoir rocks rather than the absence of potential source beds. In 
the Ribstone area small flows of gas have also been noted in the Ribstone 
Creek formation and in a fairly prominent sand in the Lea Park about 
180 feet below the base of the Ribstone Creek formation. These horizons 
m the Ribstone area are water-bearing. 

DUNN AREA 

Two wells have been drilled by London-Ribstone Oils, Limited, in 
Tp. 43, Range 3, W. 4th Mer., south of Dunn on the Canadian National 
Railway. These wells are a considerable distance south of Ribstone area. 
The country in their vicinity is largely occupied by sand dunes and, due 
to lack of outcrops, no structural information is available. The sand area 
seems to be an extension of that at the south end of Manitou Lake where 
the sand is thought to have been derived from the top of the Ribstone 
Creek formation. 

The interpretation of the logs of the London-Ribstone wells presents 
difficulties owing to the fact that the wells were drilled by rotary methods. 
A tentative interpretation of the log of No. 1 well is here given. 

Log of London-Ribstone Oils Well No. 11 

(L.S. 14, Sec. 10, Tp. 43, Range 3, W. 4th Mer.; Elevation, 2,080 feet) 

Sand . . ..................... ... . . . . ..... . 
Clay and sandy clay . ..... . ............... . 

Ribstone Creek 
Sand, water at 75 feet ......... ..................... . . .. ........... . 
Shale, water at 172 and 231 feet ....... . .... ........ . ......... . . .. . . 
Sand....................... . ......... · · · · · · · · ··· · · · 
Shale ........................ .. .. . ............. . ... ..... . . . . . . . . . . . 
Sand with water ...................... ... ... . . ... . ... . . . . . . . . . .... . 

Lea Park and Alberta shale 
Shale ............................................................. . 
Shale with fine-grained sandstone. Gas show at 405 feet .......... . 
Shale with gas shows at 1,055, 1,125 feet. Core sample 1,322-1,343 

shows fossil shells. Fossils also at 1,590, 1,610, 1,650-1,660, 1,700-
1,710, l,740, l,780, 1,810-1,840 feet. Speckled shale 1,322-1,343 feet 

Lower Cretaceous 
Sandstone, 2 feet with fine shale and sandy, carbonaceous layers ... . 
Carbonaceous shale and fine, grey sand .. .... ..... .. . ...... ... . .... . 
Sandstone, light grey and carbonaceous ........ . ... .... . .. ........ . 
Shale a11d sandy layers . .......... ..................... .... . . .... . . 
Ironstone layers 4 inches thick 
Sandstone alternating with thin, carbonaceous shale bands .... . .... . 
Sandstone with slight amount of shale; ironstone band 2 inches thick 

at 2,046 feet ................................................... . 
Sandstone with 1 foot coal at 2,054 feet underlain by 1·6 inch shale .. 
Shale with ironstone and coaly material. .......................... . 
Shale . ....... .............. . . ....... ....................... . . . . ... . 

Thickness Depth 
Feet Feet 

30 30 
30 60 

15 75 
146 231 
39 270 
10 280 
23 303 

97 400 
30 430 

1,530 1,965 

22 1,987 
18 2,005 
5 2,010 

10 2,020 

20 2,040 

13 2,053 
27 2,080 
5 2,085 

13 2,098 

1 Log from samples examined by J. G. Spratt. P ublished by permission of London-Ribstono 
Petroleums, Limited . 
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Log of the London-Ribstonc Oils Well No. 1 

(L.S. 14, Sec. 10, Tp. 43, Range 3, W. 4th Mer.; Elevation, 2,080 feet)
Concluded 

Sandstone, 1 foot ................................. . .......... . .... . 
Shale and coaly material, ironstone. Gas at 2,112-2,118 feet .... . .. . 
Shale; coal at 2,121 feet ......................... . . . ............... . 
Oil sand with thin, coaly shale layers ....................... . .. ... . 
Shale with a little sand ........................ . ..... . ........ . ... . 
Oil sand . ....... ...... ..................................... .... ... . 
Sandstone ..... ...... . ..... ............. . . ...................... . . . 
Sandy shale ........................................ . ......... . •.. . 
Sandstone . ....... . .... ... ...... . ................................. . 
Shale ... .. . . ... . .................. ..... ... . ........ ················ 
Oil sand ...................................................... . ... . 
Sandy shale; water'! ......... ........................... ..• . . . ..... 
Sandstone with carbonaceous partings ......... . • .......•........... 
Shale and shaly sandstone ................................. . . .... . . 
Sandstone ............... . . . ............................... .. .. . .. . 
Ironstone ......................... .......... . ... . ............ . . ... . 
Sandy shale, carbonaceous .. ...•.. . .... . ........ . ................. . 
Sandstone ........................................................ . 
Shale and ironstone ...................................... . ........ . 
Sandstone with thin shale bands .. ....... ..... ... ................. . 
Shale; show of oil ...... ... .......................... . ............ . 
Sandstone with pyrite; show of oil. ................. .. ..... . . . .... . 
Sandy shale ..... ............... .......... ....... . ....... .. ....... . 
Sandstone with pyrite .. .......... ............ . ......... . ......... . 
Shale and sandy shale, all carbonaceous ............. . ......•....... 
Sandstone .. . . ... .................... . ............. . ......•....... 
Shale with a little coal .......... .................. . ... . . .... .. .. . . 

Thickness 
Feet 

1 
19 
3 

11 
5 
1 
5 
2 
2 
2 
9 
2 

34 
2 

11 
1 
9 

13 
8 
4 
6 
4 
6 
6 

18 
2 

14 

Depth 
Feet 

2,099 
2, 118 
2, 121 
2, 132 
2, 137 
2,138 
2,143 
2, 145 
2,147 
2,141) 
2,158 
2, 160 
2, 194 
2, 196 
2,207 
2,208 
2,217 
2,230 
2,238 
2,242 
2,248 
2,252 
2,258 
2,264 
2,282 
2,284 
2,298 

The fine-grained sandstone with shale occurring between depths of 
400 and 435 feet may be the Lea Park sand, but if it is the thickness of 
the Lea Park appears to be only 127 feet instead of 180 feet as it is in 
the Ribstone area. The top of the Lower Cretaceous seems to be at about 
1,965 feet and, therefore, according to the log, the combined thickness of 
Lea Park and Alberta shale is 1,657 feet instead of 1,600 feet as in the 
Ribstone-Blackfoot area. The Dunn area is only about 10 miles south of 
the Ribstone area and, therefore, a closer agreement between the thick
nesses of the formations in the two areas would be expected. If the 
combined thickness of Alberta shale and Lea Park is the same in the two 
areas, then the top of the Lea Park would be at an horizon about 60 feet 
lo,ver than as given in the above log and the sand and shale between 
depths of 400 and 430 feet would not be the Lea Park sand at the base 
of that formation. On the other hand, if the Ribstone Creek-Lea Park 
contact is at 303 feet as given in the log then this well is approximately 
100 feet lower structurally than Imperial Ribstone No. 1 well on Sec. 5, Tp. 
45, Range 1, '"· 4th Mer. The local structu re at the London-Ribstone 
location is not known. 



219 

MONITOR-CZAR-CASTOR AREA 

Monitor-Czar-Castor area is in eastern Alberta and extende north 
of Sullivan Lake and east to the Saskatchewan boundary. It lies eouth 
of Battle River area and at a considerable distance north of Red Deer 
River. It is on the east side of the Alberta syncline and due to a relatively 
gentle west or southwest dip of the strata the succession of formations 
from west to east is Edmonton, Bearpaw, and Belly River, the latter 
comprising what are believed to be the equivalents of the Pale, Variegated, 
and Birch Lake formations of Battle River area and the Pale and Fore
most beds of southern Alberta. 

Drilling has been done in three localities, namely, in the vicinity of 
Monitor, Czar, and Castor. 

Monitor and Misty Hills Area 

Misty Hills south of Monitor, in Townships 3,2 of Ranges 4: and 5, 
rise to a height of 2,800 feet or 500 to 600 feet above the plains on the 
north east. Unlike most other hills in this general area these hills are not 
composed of morainic materials but are erosion remnants of Cretaceous 
strata (Williams and Dyer, 1930, page 98). These strata belong to the 
Bearpaw and older horizons and are highly contorted and folded, the 
result of slumping or distortion by glacial action (Hopkins, 1923, pages 
4:19-30) as in Czar area where beds of the same formations are exposed 
but where the contorted strata are, so far as known, confined to the Pale 
beds which in places are highly bentonitic. As at Czar, the disturbance 
exhibited by the beds in the Misty Hills area is believed to be entirely 
superficial and to have no relation to any oil or gas accumulations that 
may possibly exist at depth. 

Two deep wells have been drilled in this area. Of these the West 
Regent Oil Company's Monitor well on Sec. 19, Tp. 34, Range 4, elevation 
2,210 feet, encountered the Paheozoic limestone at a depth of 3,050 feet. 
The log of the second well is given below. 

Log of Northwest Company's Misty Hills Well 

(NE. t Sec. 29, Tp. 32, Range 4, W. 4th Mer.; Elevation, 2,451 feet) 

Thickness Depth 
Feet Feet 

Missing ......... . .... . ....... . .. . ......... . ....... . ............. . . . 49 
Pale and Variegated beds 

6 55 
40 95 
15 110 

150 260 

Light grey sandstone with coal fragments .................... . .... . 
Light grey sandstone with grey shale ........... . . . .... . ........ . . . 
Grey sand with much argillaceous material. ...... . .. . .... . ....... . 
Light grey shale , in part sandy ................ .. ... . .. .. ........ . . . 
Dark grey, sandy shale ............. .. .......... .. ............. . .. . 200 460 
Dark grey, sandy shale with coal. ........ . .. . .................... . 20 480 

10 490 
80 570 
10 580 
80 660 

Dark grey, sandy shale ........................................... . 
Grey, argillaceous sandstone .... . . ....... . . . .. ... . .. . . . .. . ...... . . . 
Light grey shale ............. . .. . .......... . ...... . .. . ... . . . . . .. . . . 
Grey sand with carbonaceous material. . . . . . . . . ............. . .... . 
Light grey shale with coal and sand ........ . ......... . ....... . ... . . 10 070 
08386-15 
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Log of Northwest Company's Misty Hills W ell 

(N.E. t Sec. 29, Tp. 32, Range 4, W. 4th Mer.; Elevation, 2,451 feet)
Concluded 

Light grey sandstone with coal. ........ .. ......... . ..... . . ........ . 
Dark grey, argillaceous sandstone with some coal. .......... .. ..... . 
Grey, argillaceous sand ........ ....... .. .. . . ..... .. . ........ .. .... . 
Grey, sandy shale ................. . ................ .... .......... . 
Grey, sandy shale with coal. .... . ...... . ... . ............... ..... .. 
Dark grey, sandy shale ........ ....... ...... ... .. .. ... .. .......... . 

Birch Lake formation equivalents? 
Dark grey, fine-grained sand .. .......... .. .. ... . . .. ........... . ... . 

Grizzly Bear formation equivalentar 
Grey, sandy shale .. ........ . . ....... . ................. ... ........ . 
Dark greyish brown, sandy shale . ........ ... . ... .. . ....... . ...... . 
Dark grey, sandy shale with a little coal at 1,030-1,040 feet ........ . 
Grey, sandy shale .. ........... . ... ............ ................ ... . 

Ribstone Creek formation equivalentsr 
Light to dark grey, sandy shale ....... .... ........ . . ..... . . .... .. . . 
Dark grey shale .. .... ...... .... ...... . .... . . ... ....... ..... ...... . 
Light grey shale with sand ......... .. ...... . . ..... . ..... ...... . . . . 
Light grey shale with coal. .............. . ............. .. ......... . 
Light grey sand and sandy shale . . . ..................... . . .. . . ... . . 
Dark grey shale ........................... .... ... .. ...... . ...... . . 
Dark grey, sandy shale .................. ... . .............. ........ . 
Dark grey, sandy shale with coal. . ... ............. . ........ ... . . . . 

Lea Park and Alberta shale 
Finely laminated, grey shale .. ................. .... .. .. . . .. .... . .. . 
Dark grey, sandy shale ............... .. ...... . ........ . . . . . ...... . 
Dark grey shale ....... . ...................... ... ... ............ . . . 
Dark grey shale with traces of fossils ................. .... ...... .. . . 
Dark grey shale .. ........ .... ... ... .. .................... ... ..... . 
Dark grey, sandy shale ........... .. ......... .... .. .. ............. . 
Dark grey, sandy shale with chert pebbles ................ . ..... . .. 
Dark grey, sandy shale .................. . .... . . . ... ... ..... .... .. . 

Lower Cretaceous 
Dark grey and greenish shale ..... . . ................... . ..... .. ... . 
Light grey shale ..................... .. ........................... . 
Brownish, sandy shale .. ... ....... . ...... .. .................. .. .. . . 
Brownish, sandy shale with coal .. . .......... . ......... .... ....... . 
Brownish, sandy shale with red tinge .. ............. .... ... ..... .. . 
Brownish, shaly sandstone .................... .... .......... ... ... . 
Sandstone, sandy shale, and coal. ....... . ........ ..... .... ........ . 
Light grey, fine sandstone ....... .... .. ........ . ............ . ..... . 
Chocolate brown, shaly sandstone .. ....... ..... .. ..... .. ...... .... . 
Brown, sandy shale ............... .. .............................. . 
Black, carbonaceous shale with coal. .................... .. ........ . 
Dark brown shale ...... ..... . ................ . .... . .............. . 
Dark brown shale with coal ........... ... . .. ... ........... .... .. . . 
Dark shale and sandstone ....................... . ... .............. . 
Brown sandstone .. .. .... . ..... ................................ . .. . 
Dark grey, coaly shale .................... . ............. . ........ . 
Dark grey, sandy shale ......... . ....... . .... . ..... . ........... . .. . 
Light grey, sandy shale ......... ... ... .. ....... ........ .. . ........ . 
Brown, sandy shale ............... .. ....... . . . .. . ................ . . 
Grey, sandy shale ................. . . ... ..... .......... .. .... .. . . . . 
Very fine sandstone .... .... . .. ..... ... .... .. ...................... . 
Dark carbonaceous shale with coal. ..... .. . . . ..... . .... .. . ........ . 
Light brown, sandy shale ......................................... . 
Very fine sand .... ..... ...... ...... ............................... . 

Thickness 
Feet 

30 
20 
30 

120 
10 
10 

40 

30 
30 
50 
20 

60 
20 
20 
10 
40 
30 
40 
10 

70 
10 

100 
10 

1,160 
10 
10 

170 

10 
60 
30 
10 
10 
50 
10 
10 
20 
10 
10 
20 
10 
10 
10 
10 
40 
30 
10 
10 
10 
50 
10 
24 

Depth 
Feet 

700 
720 
750 
870 
880 
890 

930 

960 
990 

1,040 
1,060 

1,120 
1, 140 
1,160 
1,170 
1,210 
1,24() 
1,280 
1,290 

1,360 
1,370 
1,470 
1,480 
2,640 
2,650 
2,660 
2,830 

2,840 
2,900 
2,930 
2,940 
2,950 
3,000 
3,010 
3, 020 
3,040 
3,050 
3,060 
3,080 
3,090 
3,100 
3,110 
3,120 
3, 160 
3, 190 
3,200 
3,210 
3,220 
3,270 
3,280 
3,304 

In the above log, descriptions of strata are by Imperial Oil Company, 
Limited; division into formations are by the writer. 
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Czar Area 

South of Czar, in Tp. 39, Range 7, W. 4th Mer., the Pale Beds outcrop 
in various places and particularly in Tit Hills in Township 39, Range 7. 
The Pale beds continue to the west end of Neutral Hills in Township 37, 
Range 7, where apparently they are overlain by Bearpaw shales (Dowling, 
1920, page 23). In Neutral Hills, which rise 300 or more feet above the 
general plains level, there are outcrops of massive sandstone evidently the 
Bulwark member of the Bearpaw formation. A peculiar feature of some 
sections of Pale beds even where these outcrop on the flat plains country 
is their disturbed character due to slumping or to distortion by glacial 
action (Hopkins, 1923, pages 419<-430), and which is similar to features 
exhibited by outcrops that occur in Misty Hills in Township 23, Range 4. 
There is little doubt the movement has been caused or facilitated by the 
presence of bentonite horizons in the Pale beds. These when wet swell to 
several times their thickness when dry and become exceedingly slippery. 
The structures indicated by these beds are superficial and have no relation 
to possible oil and gas accumulations. 

A deep well was drilled by the Northwest Company, Limited, on 
northwest quarter Sec. 17, Tp. 39, Range 7, W. 4th Mer., in t he vicinity 
of Tit Hills. The elevation of the well is 2,267 feet and its log, published 
by permission of Imperial Oil Company, Limited, is as follows. 

Thickness 
Feet 

Missing .... . ............................ . ......... .. .... . ................ . .... . 
Pale and V ariegated beds equivalents 

Li~h~ grey sandstone with coal. ................. . ................. . 
M1ssmg to ...... . ........ . . . .... . .............................. ···· 
Light grey, sandy shale with coal fragments ................. .. .... . 
Fine-grained, argillaceous sandstone with coaly materials with some 

shale ...... .. ................... . ... .................. ... ..... . 
Light grey sand; shale with coal fragments .. ... ............ ...... . 
Fine, grey sand (fresh water ) with shale ........ . . ... . ..... . ....... . 
Light grey, sandy shale ........ . ..... . ... . . . ........ .. . . .. . ....... . 
Light grey sandstone ................. .... .... ............... . ..... . 
Light and dark grey, sandy shale .... . ....... . ................ ... . . 
Dark grey, sandy shale with coal fragments ................. . ..... . 
Light grey, sandy shale .................................... . ...... . 
Dark grey to brown, sandy shale, coal fragments .... . .... .. ....... . 
Dark grey sandstone ........................................ ...... . 
Dark grey, sandy shale ..... ... ... . ................ . ........... . .. . 
Grey, argillaceous sandstone with some coal, possibly the base of 

the Pale beds ...... . ............................ . ............ .. 
Brown-grey shale with some sandstone .... .. ...................... . 
Light grey, sandy; fissile shale with coaly streaks ................. . 
Light grey, argillaceous sandstone with thin coal streaks . ...... . . .. . 
Light grey, sandy shale with some fine sandstone and carbonaceous 

materials ........... . ..... . ......... . ............. . ........... . 
Birch Lake formation equivalents? 

Dark grey, argillaceous sandstone and shale .............. .... .... . . 
Grizzly Bear formation equivalents? 

Dark grey shale, a little carbonaceous material. ................... . 
Ribstone Creek formation equivalents? 

Light grey, sandy shales and sandstone ........ . ....... . ....... . ... . 
Dark grey shales .................. . .. . ......................... . . . 
Light grey sh ales with coal. ...................... . .. . ............ . 

L ea Park and Alberta shale equivalents? 
Dark grey shales .. . . . ........ . ...... . . . .......................... . 
Grey shales, bentonitic ........ . .... . ...... . ....... . .............. . 
D ark grey shales ............................ . . . ........... ... .... . 
68386-15~ 

20 

120 
10 
5 

35 
10 
10 
7 

83 
60 
25 
5 

90 
40 
50 
20 

130 

40 

100 

50 
70 
60 

1,230 
20 
90 

Depth 
Feet 

20 

20} 
70 
90 

210 
220 
225 
260 
270 
280 
287 
360 
420 
445 
450 

540 
580 
630 
650 

780 

820 

920 

970 
1,040 
1, 100 

2,340 
2,360 
2,440. 



222 

Thickness Depi;h 
Feet Feet 

Lower Cretaceous 
Reddish and greenish shales . ........... . 
Grey and greenish shales . ..... .. ... . 
Grey and greenish shales with coal. 
Greenish shale....................... . . . . ....... . .. . ..... . ..... . 
Grey and greenish shale .............. . . . 
Grey and greenish shale with coal.. .... . ........ . 
Grey and greenish shale ... .... ........................ . 
Grey sandstone .............. ................ . .. . .... .. ........ . .. . 
Grey shale .. .... ................... . ... . .... .... .. .. . 
Grey shale with coal. .... .. .. . 
Grey shale . ..... ...... . . . . . . . . . . . . . ........ . 
Grey shale with coal. . . . . . . . . . . . . . . . . . . . . .... . . . .... . . 
Dark and grey shale... . . . . . . . . ........ . ......... . . . . . 
Coal.. ........................ ............ . .... . 
Grey shale with coal fragments .... . 
Dark grey to black shale ... . ..... . 
Light sandstone with black shale ............. . 
Missing ............................ ..... . . . . . . 

Paleozic? 

10 2,~50 
50 2,500 
20 2,520 
10 2,530 
30 2,560 
10 2,570 
10 2,580 
40 2,620 
20 2,640 
10 2,650 
20 2,670 
20 2,690 
30 2, 720 
10 2, 730 
30 2, 760 
50 2,810 
30 2,840 
10 2,850 

White sandstone becoming calcareous at 3, 120 feet and with chert 
fragments ...•..... ............ . . . . ........ .......... . .... . . .. .. 

Light grey limestone ........... ........ . ..................... . . . .. . 
Very sandy, dark grey limestone . ...... .. .. .. . . .. . .. .. .......... . . 
Hard, greyish white limestone .......... .... . ... ... .... .. . 
Sandy, white limestone .. . ..................................... . . . . 

390 3,240 
110 3,360 
40 3,400 
50 3,450 
40 3,490 

It is difficult to state where the top of the Palreozoic should be drawn. 
The sand below 2,850 feet is sharply marked from the sediments above, 
but grades downwards into sandstone that is highly .calcareous and con
tains chert fragments. It is possible that this sandstone to a depth of 
:3,240 feet, where it is sharply divided from undoubted Palreozoic limestone, 
'is an erosion product deposited on the Palreozoic floor prior to the deposi
t ion of the Lower Cretaceous from which it is so sharply divided. If this 
is so the age of the sandstone might be Lower Cretaceous or possibly it 
might have been deposited in the interval between the Mississippian and 
the Lower Cretaceous. A similar sandstone, but not nearly so thick, occurs 
underlying Ellis (Jurassic) strata in Roth No. 2 well at Medicine Hat 
between the depths of 3,060 feet and the bottom of the hole at 3,158 feet. 

Castor Area 
A well drilfod •by the town of Castor some years ago is reported 1 to 

have obtained a flow of gas with a pressure of 300 pounds a square inch 
in a 38-foot gas sand between depths of 1,392 and 1,430 feet in beds thought. 
to be the equivalents of the Foremost. More recently a deep well, known 
as the Paintearth well, has been drilled by the Hudson's Bay Oil and Gas 
Company, Limited, on L .S. 5, Sec. 27, Tip. 39, Range 14, W. 4th Mer. 
The Geological Survey has no data on the details of the structure in this 
area and the rotary samples from the Hudson's Bay Oil and Gas Company 
well are very difficult of interpretation. It would seem, however, that the 
well penetrated 160 to 180 feet of Edmonton strata, followed below by 
approximately 400 feet of Bearpaw shales and sandy shales extending to a 

1 Geol. Surv., Caniida, Mem. 116, pp. 4, 24, 59 (1919). 
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depth of 570 feet. The Bearpaw is underlain by light grey sandstonee and 
shales, presumably the Pale beds, and a prominent sand occurs at a depth 
of 1,200 to 1,220 feet. It is thought this sand represents the base of the 
Pale beds. Below this are grey, sandy shales with some coal with another 
fairly prominent sandstone at 1,720 to 1,740 feet. It is thought that this 
lower sandstone may be the equivalent of the basal sand of the Ribstone 
Creek formation. The speckled shale zone is not well marked but appar
ently occurs at a depth of 2,630 to 2,650 feet which according to the above 
interpretation would give a thickness of 890 feet to the Lea Park. The top 
of the Lower Cretaceous is not recognizable in well samples. The top of 
the Pal:eozoic occurs at 3,650 feet. A gas show was reported in this well 
at a depth of 1,450 feet. 

Oil and Gas Prospects 

The writer is of the opinion that the oil prospects of the Monitor-Czar
Castor area are relatively poor although some oil and gas might occur in 
favourable structures in sands in the basal part of the Alberta shales. In 
southern Alberta there seems to be evidence that oil and gas source beds 
occur in the Ellis formation of Jurassic age, but the Ellis thins northward 
and is entirely absent from the Monitor-Czar-Castor area. The Lower 
Cretaceous of the Monitor-Czar-Castor area in a.11 probability does not 
contain source beds for oil or gas because the strata appear to be non
marine deposited south of the edge of the Lower Cretaceous sea in which 
were laid down the marine strata of McMurray area. So far drilling has 
revealed little indications of oil and gas in the Palmozoic of northern or 
eastern central Alberta and, therefore, it is inferred that in the Monitor
Czar-Castor area the only possible source of oil and gas would be in the 
lower, dark strata of the Upper Cretaceous. Thus it would seem that 
any oil or gas that may be present will be confined almost wholly to the 
sands of the Alberta shales which in rplaces are dark and bituminous and 
on distillation yield small amounts of gas and oil. In the Czar well the 
speckled shale zone that is the approximate base of the Lea Park occurs 
at 1,710 feet. A small amount of gas was reported at 2,100 feet, appar
ently from the Alberta shales. So far as known there is, however, no local 
structure in the Czar area that would give a concentration of gas. In the 
Misty Hills well the speckled shale zone occurs at 1,888 to 1,900 feet and 
a small show of gas was reported at 1,894 to 1,900 feet, that is at the 
approximate base of the Lea Park. A further small show of gas occurred 
at 2,670 feet in the basal Alberta shales, the top of the Lower Cretaceous 
being placed in this well at 2,830 feet. As in the Czar area no local 
structure is known to occur in the vicinity of the Misty Hills well. It is 
concluded that gas fields could occur in the Monitor-Czar-Castor area in 
the lower Upper Cretaceous strata provided suitable structures are present. 
Gas occurs in Belly River sands at various localities in central Alberta 
and hence the occunence of 'Small amounts of gas in these sands in the 
Castor area is not unusual. The origin of this gas is unknown, but there 
appears to be no reason why it could not have been generated in the 
marine sediments that alternate with the non-marine strata in the Upper 
Cretaceous beds overlying the Lea Park formation. 
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WETASKIWIN-PONOKA-PIGEON LAKE AREA 

Wetaskiwin-Ponoka-Pigeon Lake area lies within the Alberta syncline 
and such wells as have been drilled commenced in upper Edmonton or Pas
kapoo strata. Small amounts of gas have been encountered and have been 
used locally, but there is no reason to expect large flows in the higher forma
tions. No well has been drilled deep enough to reach the basfl of the 
Alberta shales and unless some definite structure suitable for accumulation 
is demonstrated no such drilling is warranted. The Geological Survey has 
no definite information regarding the structural details, and the informa
tion that can be obtained from the samples from wells already drilled 
is so unsatisfactory that no correlation between different wells is at present 
possible. The data in regard to the wells drilled are summarized in the 
following table. 

Well L.S. Sec. Tp. Range Mer. E lev. Depth 
Feet Feet 

-----------
Wetaskiwin No. 1.. NE. 14 46 24 4 2,491 1,511 Drilled in 1912. 240 M 

cub. ft. of gas at 1, 210 to 
1,216 feet with small 
amounts at other hori-
zons. Fresh water at 70, 
110, and 160 feet. Salt 

Wetaskiwin No. 2 . . NW. 13 46 24 4 
water at 1,460-l,470feet . 

2,486 1,470 Drilled in 1914. 110 M 
cub. ft . of gas at 1,216 
feet with small amount 
at other horizons . Fresh 
water at 
960 feet. 

70, 110, and 

Wctaskiwin No. 3 .. NE . 14 46 24 4 2,507 3, 185 Drilled in 1914-15. 20 M 
cub.ft. of gas a t 1, 740 
feet, 50 M. cub.ft. of gas 
at 1, 780, small amounts 
at 600 and 2, 010-2,020 
feet. Fresh water at 90, 
130, and 800 feet and 
salt water at l, 700, 
1,835, 1, 860, and 1, 915 
feet. 

Ponoka Asylum NW. 29 42 25 4 ........ 2,485+ Drilled in 1916. 100 M 
No. 1. cub. ft. of gas at 2, 275 to 

2,300 feet with shows 
and small amounts at 
other horizons. Water 
encountered at shallow 
depths and at 2, 100 feet. 
Abandoned. 

Ponoka Asylum 4 32 42 25 4 ········ 2,890 Drilled in 1919-20. 50 M 
No.2 cub.ft. of gas at 1, 115 ft. 

F lows of gas at 1, 522, 
1,730- 1,743, 1,767, 2,604 
ft. No water reported . 

Globe Drilling Co. 13 14 47 27 4 2,900 1,200 Well begun by Mutual Oil 
No. 1. and Gas Dev. Co., Ltd., 

in 1921. Taken over by 
Globe Drilling Co. in 
1924 and operations re-
sumed in 1929. 250 M. 
cub.ft. of gas at 370-381 
feet with small amounts 

~ at 480 and 900 feet. Fresh 
water at 90, 160, and 
650 feet. 
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A well drilled at Camrose on Sec. 2, Tp. 47, Range 20, W. 4th Mer., 
gave a flow of gas of 149,200 cubic feet a day, which was insufficient for 
commercial purposes. According to Rutherford (1928, page 36) 
"the gas horizons penetrated by wells at Ponoka, vVetaskiwin, and Camrose are 
all in Edmonton or older beds. The upper horizons are in Edmonton and cannot 
be expected to be prolific producers at any time or place owing to the nature of 
the formation. . . . The gas from the lower horizons in these wells is very probably 
from Belly River beds and there is a greater likelihood of these horizons being more 
productive, in some districts, although to date, where they have been tested, they 
have not been very productive. Some shallow wells produce gas which has been 
used by individual householders for domestic purposes. Mr. E. F. Bresee, residing 
in Sec. 33, Tp. 43, Range 27, about 14 miles northwest of Ponoka, has been using gas 
for heating purposes from water wells 180 to 190 feet deep for the past eight years 
(since 1920). The life of a gas well here is two or three years until the well becomes 
flooded with water and new wells have to be drilled to obtain gas. The writer is of 
the opinion that the gas is coming from basal P askap_oo beds." 

OYEN AREA 

Oyen area is in eastern Alberta north of Red Deer River. In 
this part of the plains outcrops are relatively scarce except along the 
major streams or rivers and hence information in regard to the local 
structure is very limited or entirely lacking. 

So far as known only one well, namely, Fuego No. 1 on L.S. 16, Sec. 34, 
Tp. 25, Range 4, W. 4th Mer. , has been drilled in this area. The log of 
this well is as follows: 

Log of Fuego No. 1 Well 

Thickness Depth 
Feet Feet 

Sand and clay . . .......... .. . ... . .. .. . ............ . ....... . ... . . .. . 12 
Dark clay shale with glacial pebbles and sand . . ... . . . . ........... . 

Pale and Foremost beds 
118 130 

Light yellowish clay ...................... . ..................... . . . 10 140 
Dark shale, sandy ................................. . ... . .......... . 20 160 
Light greenish or yellowish clay ... . ... . ....... . ............. . .. ... . 117 377 
Fine, white sand .................................... . ....... • ...... 8 385 

130 515 
45 560 

Dark grey and light grey shale ........... . . . • . ..... . •.... . ..•...... 
Sand and sandstone ........................ . . ... ... ........... . .. . . 
Grey shale ............................ . ............... . .. .. ...... . 20 580 
Light grey sand .................... . ... . .. . . . . ...... .. . . .. . .. . . . .. . 46 626 
D ark grey shale .... . ............................................ . . 84 710 

10 720 
20 740 

Dark grey shale with sand .. ........................ • ....•.......•. 
Greenish yellow shale with sand . ..... ......... . .. ... .. ... .. . ..... . 
Light grey sand ....... ............................ . .............. . 10 750 
Dark grey shale ..................... . ............................ . 40 790 
D ark grey shale and sandstone ..... . .... .. .... . . .......... ... ..... . 50 840 

Pakowki and Milk River equivalents 
Dark grey shale .................................................. . 910 1, 750 

Alberta shale 
Dark grey shale; speckled shale at 1, 750-1,760 feet. Chert pebbles 

at 2, 620 feet. Small amount of bentonite in various horizons . . . l, 110 2,860 
Verv dark shale with sandstone ............. .. ...... . ..... . ....... . 20 2,880 
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Log of Fuego No. 1 Well-Concluded 

Lower Cretacoous? 
Very dark shale with increasing amount of sandstone .... . . . .. . . . .. . 
Sandstone with carbonaceous streaks . . . .. .. . ........ .... . . .. . . . . . . . 
Grey shale with sandstone .... . . .... ............ . .. . ...... . ...... . . 
G~eJI'.. carbonaceous shale . .. .... ... .. . . . . . . . . .. . . . . . . . . .. . .. . .. . . . . 
M1ssmg .. . . . .. . ... . .... . . . . ..... . . ... . . .. ........... . ....... . . . ... . 
Grey shale, a little sandstone ..... ... .. . ....... . ..... . . 
Grey shale, and sandstone .. . . . .. . . . . . .. . . . . . .... . ....... . ..... . .. . 

Palmozoic (Mississippian) 
Chert and siliceous limestone . . ...... . .. ... .... .. . .. . . . . . . .. . . . . . . . 
Light grey limestone and chert ......... . .... . . . . . . . .. . . .. .... .. .. . . 
Bottom of hole . .... . . .. . ... ...... . .... .. .. ... . ..... . . .. .. . . . .. . .. . 

Thickness 
Feet 

50 
20 
40 
70 
20 
10 
10 

33 
32 

Depth 
Feet 

2,930 
2,950 
2,990 
3,060 
3,080 
3,090 
3,100 

3,133 
3,165 
3,182 

At 3,136 feet a heavy gas flow with some oil was encountered. The 
initial gas flow was about 5,750,000 cubic feet. This flow diminished quite 
rapidly and may have been drowned out by salt water, as salt water accom
panied by oil flowed from the well for a time. The oil had a gravity of 
10·2 degrees Baume. 

The Geological Survey has no information regarding the local struc
ture and, consequently, no conclusions can be reached in regard to the 
prospects for oil and gas. Test drilling to determine the structure may be 
difficult since at present no definite key horizons are known. It is possible, 
however, that the structure could be outlined by geophysical methods. 

DUVERNAY AREA 

Duvernay area is on North Saskatchewan River north of Vegreville. 
The river has cut a fairly deep valley across the strike of the formations 
and in Alberta east of Edmonton exposed sections of strata from the 
Edmonton to the Lea Park. Bearpaw shales were not definitely recognized 
by Allan (1918), but their equivalents are undoubtedly present. Below 
the Hearpaw and above the Lea Park is a series of formations that Allan 
(1918, page 12) correlates with formations in more southerly districts as 
follows. 

Section in Duvernay Area 

Bearpavr formation .. . .. . . . .. ..... . . . ..... . . . . .. . . 
Myrtle Creek formation .... .. . . .......... . .. . . ... . . . 
Pakan formation .. ....... . . ..... . .. . ... . .... . .. .. . .... . . . . . 
Victoria sandstone ........ . . . . .. . . .. .. . .. . . . . . . . .. . . . .. . . . . 
Shandro shales . .. . . . . . ..... . .... . .... . . . . .... .. ........ . .. . 
Brosseau formation . . .............. . .............. . 

Thickness E quivalent formations 
Feet 

? Bearpaw formation 
1 

425+ Pale beds 
225 Variegated beds 
95 Birch Lake sandstone 
70 Grizzly Bear shales 

325+ Ribstone Creek form a
tion 

Lea Park form ation . .. . . . .. .. .. .. . . . .. . . . . .......... . ... .. . .... . ... .... Lea Park formation 
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In 1897 to 1899 a well (Victoria well) was drilled by the Geological 
Survey near Pakan in Sec. 12, Tp. 58, Range 17, W. 4th Mer. This well 
reached a depth of 1,840 feet, but obtained only small shows of gas. 
According to Dowling1 it began in the Victoria sandstone and finished 
in the equivalents of the Clearwater shales (Lower Cretaceous). Small 
amounts of gas were encountered at 156 and 495 feet in what from present 
knowledge of the stratigraphy would be inferred to be the upper and lower 
sandstones of the Brosseau or Ribstone Creek formations. A small amount 
of gas was also obtained between 1,500 and 1,565 feet in what Dowling 
believed to be Lower Cretaceous strata. 

More recently Alberta Pacific Consolidated Oils, Limited, drilled 
a well , known .as Duvernay No. 1, on L.S. 5, Sec. 34, Tp. 55, Range 12, 
W. 4th Mer. The log of this well, published by permission of Alberta 
Pacific Consolidated Oils, Limited, is as follows: 

Log of Duvernay No. 1 Well 

Samples missing ............. . ............... ..... .. ... .. .. . ...... .... . 
In ~his interval the contact of the Brosseau (Ribstone Creek) and 

the Lea Park probably occurs. 
Lea Park 

Grey shale ........ .. .... . ... . . . . 
Light grey sandstone .................. .. . . .... . ... . ............. . . 
Dark grey shale ....... . 

.Alberta shale 
Dark grey shale ........ .. ... . . .. . ..... . . . ... . ...... . ............. . 
Sandstone a lternating with shale .... . .. . .. ...... ...... . ... . ....... . 
Dark grey to black shale .. .. . . ... . .... ..... ...................... . 
Brown oil sand ... ........ . .......... . ... . .............. ... . . 
Grey shale and bentonite .... ..... . ........... . 
Grey sandstone, bentonite .. .. ....... .. ... . . . .............. . 

Lo~er Cretaceous 
Fine grey sandstone, bentonite, and shale .. . 
Brown sandstone .... . ..... ..... ................... ... ....... . 
Grey shale . ..... ........................ . 
Brown sandstone............ .. . ................ . .. . .............. . 
Coal and black, coaly shale... . ...... . . . . 
Grey sandstone........... . . . . . . . . . . ........... . 
Grey shale .. ..... . . .. ..... . . ... ......... .... . . . ..... . . . .... .. .. . . . 
Dark shale and coaly shale. ....... .. . ...... .. .. .. . ... ... .. .. . 
Fine-grained sandstone, shale, and coal. ..... . 
Dark grey shale . ............... . ....... . . . 
Black shale and coal.... . . . .. . .. .. . . . . . . . . . .... .. ........... . .. . 
Grey, carbonaceous sandstone, oil stained . . . . . . .. .. ...... . .... . . 
Grey, carbonaceous shale .. .. .... ..... . .. . 
Grey shale ....... . ... .. . . .. ..... . . .... ............. . ....... . 
Grey sandstone, oil stained at 1, 617 feet....... .. ............... .. 
Grey sandstone, and shale . . . .. ..... . .. . .. ..... .. .. . . . . . . . 
Fine sandstone, oil stained. . . . . . . . .. . ... ... . ..... . 
Grey shale ................... .... .. .... . ........ . .. . 
Black shale, sandy ........... . . ..... .. .. . . .. ................. . .... . 
Carbonaceous sandstone .... .... . ........... .... .... ..... .......... . 
Dark grey, sandy shale ... ............ ........ ... . . ....... .... . . .. . 
Fine sandstone, oil stained ........... . .............. . ... . .... . 
Dark grey to black shale, in part sandy... . . . . . . .. . ..... . 
Coarse sandstone, oil stained .... ... ......... .... .. . ............... . 
Grey sandstone, slightly shaly ........ .......... . .. ..... .......... . 
Grey sandstone, oil stained in part . ....... .......... . .. ..... ... ... . 

1 For log Sec Geol. Surv., Canada, Mem. 116, p. 63 (1919) . 

Thickness Depth 
Feet Feet 

190 

280 470 
10 480 

570 1,050 

328 1,378 
12 1,390 

JOO 1,490 
1 1,491 
9 1,500 
7 1,507 

18 1,518 
15 1,533 
7 1,540 

10 1,550 
10 1,560 
3 1,563 
7 1,570 

13 1,583 
10 1,593 
2 1,595 
1 1,596 
4 1,600 
9 1,609 
7 1, 616 
4 1,620 
4 1,624 

16 1,640 
1 1,641 
8 1,649 
1 1,650 
2 1,652 
3 1,655 

18 1,683 
37 1, 720 
5 1, 725 
9 1, 734 
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Log of Duvernay No. 1 Well-Concluded 

Thickness 
Feet 

Lower Cretaceous-Cone. 
Sandstone and shale ............ . . . . . .... . . . ...................... . 
Light grey sandstone ........ . ............ .. ....................... . 
Sandstone, partly oil stained ........ . . . ..... . .................... . . 
Dark shale ........................ .. ...... . . . ............... . .... . 
Sandstone, oil stained in part ..... . ...... . .......... . . . ... . ... . .... . 
Light grey sandstone ........... .. . ... ...... . . . ......... . .... . ..... . 
Shale with sandstone partings ... . ...... . . . . . ....... . . . .. . . . ....... . 
Light grey sandstone, oil streaks ................................. . . 
Dark, carbonaceous shale ... . . . ....................... . ........... . 
Brown sandstone, partly oil stained . . .. . .. . ...................... . . 
Dark shale .. .. ......... . . . .................... .. . . ..... . . . . . .... . . 
Sbaly sandstone, slightly oil stained ...................... . . . . . .... . 
Shaly sandstone .................................. . ...... .. .... . .. . 
Pyrite and marcasite .............. . ............. . ....... . ........ . 
Grey to white, calcareous sandstone ........... . ................. . . 

41 ississi ppian 
Limy shale, slightly green-grey .......... . . . ... . .. . ...... . ... . .... . 
Limy shale, harder ................ . . . ............. . ....... . ...... . 
Limestone, buff to grey ... .............. . ............. . ........... . 
Greenish grey, limy shales ......... . .......... . ....... . ........... . 

Devonian 
Brown to black oil-shale ....... . .................... . .. . .......... . 
Dense, buff limestone . . ..... . .. . ........... . ... . . . . . .............. . 
Brown to black oil-shale ........... _ . . . .. .... .... . ..... . ...... . ... . 
Dense, buff limestone .............. . ....................... . ...... . 
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50 
20 
10 
10 

Depth 
Feet 

1, 737 
1, 768 
1, 780 
1,790 
1,840 
1,850 
1,860 
1,910 
1,920 
1,930 
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2,320 
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CHAPTER VII 

NORTHERN PLAINS OF ALBERTA 

The area here included in the northern plains of Alberta extends from 
North Saskatchewan River to the north boundary of Alberta and includes 
the Peace River block, British Columbia. Much open country with small 
areas of trees is found in the southern part of this area, whereas the 
northern part is extensively covered by forest and muskeg. At present 
farming is carried on much farther to the north in the west or Peace River 
section than in the east or McMurray section. 

McMURRAY-ATHABASKA AREA 

References: McConnell, R. G.: Geol. Surv., Canada, Ann. Rept., vol. V, pt. D (1893). 
McLearn, F. H.: Geol. Surv., Canada, Sum. Re.pt. 1916 (1917). 
Dowling, D. B., Slipper, S. E., and McLearn, F. H.: Geol. Surv., Canada, 

Mem. 116 (1919). 
Ells, S. C.: "Bituminous Sands of Northern Alberta"; Mines Branch, Dept. 

of Mines, Canada, Pub. No. 632 (1926). 
(See Figure 19) 

Athabaska River is the largest of the southern members of the Mac-
1rnnzie River system. It rises in the mountains to the west, in the region 
of Yellowhead Pass, and flows northeastward across the plains area almost 
to the eastern edge of the Cretaceous rocks in the vicinity of McMurray, 
and from there northward to Athabaska Lake. From the town of Atha
baska to McMurray, the river flows through a valley 300 to 500 feet deep, 
and is marked by a number of rapids. Below McMurray the valley is 
broad with gentle slopes and a low gradient, but above McMurray the 
valley is narrower with more abrupt slopes and in part is gorge-like. Away 
from the river the region as a whole, according to McLearn (1917, page 
146), consists of " a number of plateau-like surfaces which, along the river, 
become lower in altitude northward. They are underlain by gravel, sand, 
and clay, and are poorly drained, with large areas of swamp and muskeg." 
The country as a whole is wooded and rock exposures occur only where 
streams or rivers have cut valleys through the surface drift. 
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Table of Formations 1 

Thickness 
in feet 

Drift Gravels, sand, and clay 

o! 

"' .5 
"' LaBiche formation Grey and black shales with layers 0 1, 100 

;:;1 of concretions at various horizons. 
-- Marine 

0 

"" i: 
Pelican sandstone 35 Crossbedded sandstone, conglomer-0 

0 atic at top. Central part con-
0 tinental. Top and base m arine 

Pelican shale 90 Black shale. Marine 

Cretaceous 
Grand Rapids formation 280 Sandstone. Upper part continental 

with thin coal seams. Lower part 

"' concretionary, carrying marine 

" fossils 0 
Q) 

" .5 
Clearwater formation 275 Soft, grey shale, black shales, grey Q) .... 

0 and green sandstones with some 
.... 
Q) 

concretionary layers. Marine 
il: 
0 

H McMurray forma tion 110 to 180 Sandstone, massive and crossbed-
ded. In certain places conglomer-
ate and more rarely clay and 
shale are found at the very base. 
Parts are highly impregnated 
with bitumen. Continental 

Unconformity 

Devonian 220+ I Limestones 

1 McLearn, F. H.: Geol. Sun-., Cam1da, Sum. Rcpt. 1916, p. 145. 

The structure is described by McLearn (1917, page 148) as follows: 
"The structure from Athabaska to Point BrU!e is simple, consisting of a half-fold 

or homocline with a low south clip. From Grand Rapids to Pelican Rapids the rate 
of dip is about 51 feet a mile, and north of Grand Rapids the di,p flattens consider
ably. But south of Pelican Rapids to carry the strata to their position in the Atha
baska bore-hole requires a dip of about 10 feet a mile. This greater dip below may 
be due, in part, to the southwest course of the river near Athabaska. Indeed the 
true diip is probably west of south, rather than directly south, and hence steeper on 
sections in the former than in the latter direction. 

The section exposed between Point BrU!e and McMurray is almost at right 
angles to the above and shows a low anticlinal structure (Athabaska anticline). The 
axis lies near Crookied Rapids and the dips on either side are exceedingly low, only 
about 3 or 4 feet a mile. 
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Below McMurray the land on eith& side of the valley is low, so that the top of 
t he McMurray formation soon ceases to be exposed in the cl~ffs. Since the bedding 
of this formation is not reliable for structural ,purposes, the dip cannot be accurately 
determined there. It probably does not depart very far from the horizontal, but 
may have a slight north or n_ortheast dip. This section is best adapted. for demon
strating the structure of the limestone and the nature of the unconformity. 

In addition to sharing with the Cretaceous sediments of the above-described 
Athabaska anticline and the long half-fold to the southwest, as a major structure, the 
limestone is warped into low domes of much smaller magnitude." 

Drilling has been done on some of these minor warpings, but the 
structures are too small to be important as structures suitable to contain 
commercial amounts ·of oil or gas. 

The McMurray formation, composed of massive and crossbedded 
sandstones, is to a considerable extent impregnated with bitumen. The 
bituminous content varies from pla·ce to place and even in different layers 
of the same exposure. The richest parts contain more than 20 per cent 
bitumen, but the average bituminous content is considerably less. The 
bituminous sands outcrop in thick sections in many places along Athabaska 
River from Boiler Rapids to some distance below McMurray, and on 
many of the tributary streams. Southward the dip carries them below 
younger deposits. At Pelican, about 70 miles southwest of McMurray, 
they were encountered in a drill-hole at a depth of approximately 750 feet. 

It has been assumed (McConnell, 1893, page 66) that the bituminous 
sands represent " an upwelling of petroleum to the surface 
but the more volatile and valuable constituents of the oil have long since 
disappeared." On such an assumption it was considered that oil might 
be found away from the outcrop and under suitable cover. To test this 
idea several wells were drilled, but in the central and southwest part of 
the district, as stated by McLearn (1917, page 149), "no liquid oil has 
so far been found, n-0thing more than the asphaltum or at best semi-liquid 
maltha content of the tar sands." According to Dawson (1901, page 28) 
in a well drilled by the Geological Survey in 1897, at the mouth of Peli
can River on the Athabaska, a strong flow of gas was encountered at the 
bituminous sand horizon and tarry-like material filled the bottom -0f the 
hole to such an extent that further drilling was impossible. Other evi
dence of natural gas in this area is afforded by gas seepages, and accord
ing to McConnell (1893, page 64) : 

"The most important natural gas spring in the district occurs on the Athabaska at 
the mouth of Little Buffalo River (Point BrU!e). The gas here forces its way up 
through the tar sands, through 250 feet of the Clearwater shales, and issues from the 
surface in numerous small jets distributed over an area 50 feet or more in diameter. 
Some of the jets burn steadily when lighted until extinguished by heavy rains or 
strong winds, and afford sufficient heat to cook a camp meal. 

A second spring was noticed on the left bank of the Athabaska about 13 miles 
below the mouth of Pelican River. The volume of gas escaping here is less than at 
the mouth of Little Buffalo River and in order to reach the surface it is obliged to 
penetrate 570 feet of shales and sandstones which here overlie the tar sands." 

McLearn (1917, page 151) states 
"explorations to date indicate that the McMur.ray formation (tar sands) is the only 
source of gas that promises to be of commercial importance." 
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The most prominent structure, accmding to McLearn (1917, page 
148), is the low, broad Athabaska anticline and the long half-fold (homo
cline) to the southwest. Evidence from gas seepages and drilled wells led 
McLearn to conclude that: 

"The anticline and half-fold as far down the dip as Pelican are gas-bearing rather 
than oil-bearing" (Only liquid oil is here considered) . . . . . "As far as the homo
clinal structure is effective, . . . . the possibilities for the occurrence of oil south
west of Pelican (i.e. down the dip) are better than for its occurrence north or northeast 
of Pelican (i.€. up the dip.)" 

In the northeastern part of the district, according to McLearn: 
"The wells of the Athabaska Oils, Limited, opposite the mouth of Dover River, 

. . . . . record the .presence of oil, although of low gravity. The wells are all 
shallow and the tar sands themselves outcrop so that the conditions of cover do not 
exist." 

The oil at this place has collected 
"In a hollow of the Cretaceous-Devonian unconformity. This depression is 12 

miles long in the direction of the river and opposite the mouth of Dover River, at 
the wells of the Athabaska Oils, Limited, has a depth of about 85 feet below the river 
and about 140 fe€t below the limestone rim." 

This is an interesting occurrence of oil since it records the presence of 
oil in a syncline, the strata being "dry" so far as the presence of water is 
concerned. 

A sample of gas collected from the Pelican well by Elworthy (1924, 
page 21) in 1916 and analysed by the Mines Branch, gave the following 
analysis: 

Per cent 
Methane CH4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 · 5 
Carbon dioxide C02 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l · O 
Oxygen 0 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 2·9 
Nitrogen N2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • 12·6 
Calorific value per cub. ft. at 60° F. and 760 mm .. .. ........ .... ... 850 B. Th. U. 

As will be noted from the above analysis the gas is dry, i.e. contains 
no gasoline. 

The discovery in other areas of oil in Lower Cretaceous sands occupy
ing the s.ame position stratigraphically as the Lower Cretaceous of the 
Athabaska area has led to the hope that sands comparable in thickness 
with the McMurray formation will be found over a large area at some dis
tance from Athabaska River. According to McLearn (1919, page 127) " the 
Lower Cretaceous includes . . . . . in the Athabaska section the 
McMurray tar sands, Clearwater formation, and Grand Rapids formation." 
Later studies have shown that the Pelican shale is also Lower Cretaceous. 
These formations hold the same stratigraphic position in the Athabaska 
section as do the sands between the base of the Alberta shale and the top of 
the Palreozoic limestones in Wainwright area. Other than that both are of 
Lower Cretaceous age no definite correlation is at present possible. In 
Athabaska area the Clearwater formation, 275 feet thick, the Pelican shale, 
90 feet thick, and the lower concretionary member of the Grand Rapids 
sandstone, are marine, whereas the upper part of the Grand Rapids sand
stone is subaerial as demonstrated by the presence of small coal beds. In 
Wainwright area the Lower Cretaceous sediments have been considered to 
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be entirely non-marine, although no proof of this is available. The non
marine character is inferred from the presence of a number of coal 
seams logged in various wells. Coal and carbonaceous shale 9 feet thick 
were found in British Petroleums No. 3 and No. 3B wells, not far below 
what is considered to be the base of the Colorado shale. It is possible the 
coal is of about the same age as the coal seams in the upper part of the 
Grand Rapids formation, but such a correlation is questionable and unre
liable. If there are no marine shales in the Lower Cretaceous of Wainwright 
area, then the marine phases represented by the Clearwater formation, the 
Pelican shale, and the lower part of the Grand Rapids formation on Atha
baska River must thin out entirely before reaching Wainwright area. If 
this is the situation, the marine phase in Athabaska area must have a shore 
phase toward the southeast where there would be some alternation of marine 
shales and sands, and such a p}ace under suitable structural conditions 
would be a very favourable location for oil accumulations. It has already 
been demonstrated in Wainwright area, that the Lower Cretaceous contains 
oil of economic importance, so that the area northwestward should offer 
equally as favourable, if not more favourable, opportunities for oil, pro
vided, of course, other conditions, such as structure, etc., are equally as 
good as in Wainwright area. 

In Athabaska area the Colorado group includes the Pelican sandstone 
and the Lower LaBiche formation, whereas the Upper LaBiche shales are 
Montana in age. The Pelican sandstone and Lower LaBiche sediments 
are thus of the same general age as the Alberta shale in Wainwright area. 
The Lea Park formation in Wainwright area is Montana in age (Lower 
Pierre) and possibly is a correlative to the Upper LaBiche, since both are 
marine shales. The combined thickness of the Pelican sandstone and 
LaBiche formation is less than the thickness of the Lea Park and 
Alberta shale in vVainwright area, and part of the Pelican sandstone in 
Athabaska area is non-marine. Subaerial conditions seem to have prevailed 
farther west as the Pelican sandstone only 35 feet thick on Athabaska 
River, is correlated (McLearn, 1919, page 4) with the Dunvegan sandstone 
in Peace River area, 530 feet thick. Thus, westward from Athabaska area 
there is an appreciable thickening of the subaerial deposits, whereas south
eastward there is an increase in the thickness of marine deposits. The 
situation thus suggests that possibly during Colorado time a sea continu
ously occupied Wainwright area, with a shore-line for part of the time 
southeast of Athabaska area, where subaerial deposits were formed, and 
hence it is possible that somewhere between Athabaska and Wainwright 
areas there may be alternations of marine shales and sands, as should 
occur towards the shore-line which represents the southeastem edge of the 
subaerial deposits of the Pelican sands. Oil and gas have already been 
found in Wainwright-Viking area in sands near what is considered to be 
the base of the Alberta shales. These sands, however, are believed to be 
marine and, therefore, were deposited under entirely different conditions 
from the subaerial Pelican sandstone. It is probable, owing to the char
acter of the deposition, that the marine sands will be found to be much 
more widespread than the subaerial sands, but either of these sandstone 
horizons under favourable structural conditions would offer reservoir 
horizons for oil and gas accumulations. 
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Figure 19. Mcl\forray-Athabaska area, showing positions of wells 
drilled for oil and gas: 1, Northern .Alberta Eiq>lorations Co.; 
2, 3, and 4, Athabaska Oil and Asphalt Co.; 5 and 6, Fort 
McKay Oil and Asphalt Co.; 7, 8, 9, and 10, A. von Hammer
stein; 11, Athabaska Oils, Ltd. (8 wells); 12, Spokane-Atha
baska Oil Co.; 13 and 14, Alcan Oil Co.; 15, Edmonton Atha
baska Oil Co., Ltd. (2 wells); 16 and 17, Pelican Oil and Gas 
Co., Ltd. 
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As indicated above it is possible that two oil horizons may underlie 
~arge areas between Athabaska and Wainwright districts. One horizon is in 
the Alberta shales and the other in the Lower Cretaceous. At any location 
in this area there is a possibility that both horizons may be present, but the 
thickness and oil content ·are likely to vary widely. Drilling to test the 
possibilities of the region should be done only where there is a local struc
ture of sufficient magnitude to cause oil or gas accumulations. 

The McMurray, a non-marine formation, is not likely to maintain over 
a wide extent the thickness displayed on Athabaska River, for part of this 
formation at least is a delta deposit that apparently thins to the southwest 
to a very small thickness, as is shown by the log of the Pelican well. Its 
€xtension in other directions is unknown. It is believed that the oil that 
gave rise to the bituminous sands migrated to the sands in which it is now 
found. There is a much greater development of marine beds in the Lower 
Cretaceous in Athabaska area than in Wainwright field and a location on a 
favourable structure at some distance from Athabaska River would seem 
to offer the best possibilities to test what is considered to be the better of 
the two horizons in which oil has been found and which have been developed 
to some extent in W aimvright field . Wells located where there is no local 
structure are not likely to be successful in finding oil or gas in commercial 
quantities. 

The presence of oil in the bituminous sands of the McMunay forma
tion is well known. McConnell (1893, page 65) regarded the bitumen as 
derived from the underlying Devonian limestones, as is shown by the 
following sentence from his report: "The amount of petroleum which 
must have issued from the underlying limestones . . cannot now 
be estimated, as the conditions of oxidation and the original composition 
of the oil are unknown." 

The contact of the Palreozoic limestones with the overlying McMurray 
formation is an erosion surface and many cracks and joints in the lime
stone are filled with bitumen. This has been interpreted as meaning that 
the bitumen came from below, but it seems more reasonable to suppose 
the cracks and joints were filled by seepages from above. The limestone 
as a whole is dense, white, and free from bitumen. It is difficult to under
stand how such a great migration of oil could take place unless along 
fissures. If a migration from below did take place then t here must be a 
reservoir in the limestones or below them from which the oil was derived and 
of which evidence should still be available. In the vicinity of McMurray 
two wells, of which cores were obtained, were drilled through the limestones 
in the search for salt. 1 The records of two wells drilled to the granite at 
the mouth of Horse Creek at McMurray are also available. In none of 
these wells was there any indication of an oil reservoir from which the oil 
in the bituminous sands could have been derived. In the log of the salt 
well at McMurray there is a sharp change at a depth of 500 feet, from 
massive, mottled limestone to gypsum and anhydrite, which, with salt and 
thin interbedded shales, continue for 185 · 5 feet (depth of 685 · 5 feet), at 

1 Second Ann. Rept. of the Min. R es. of Alberta , 1920, pp. 111-112. 

68386-16 
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which point drilling was stopped. No indications of oil were found. In 
the log of salt well No. 2 drilled at Waterways the limestone-anhydrite1 

contact was found at a depth of 415 feet. An alternation of gypsum, 
anhydrite, and a slight amount of salt with dolomite beds continued to a 
depth of 782 feet and at 785 feet the Precambrian was encountered. As in 
No. 1 well no indications of oil were found. Thus it is highly improbable 
that the oil now found in the bituminous sands came from a reservoir either 
in the limestones or below them. 

As indications of oil occur in Lower Cretaceous strata in Wainwright 
and other areas it is much more reasonable to assume that the bitumen in 
the bituminous sands originated in the Lower Cretaceous strata of which the 
McMurray formation forms a part and that any bitumen now filling cracks 
and joints in the upper part of the Devonian limestones is due to downward 
seepage under gravitational influences. Such a conception of origin implies 
that the Lower Cretaceous strata have been capable of forming a very large 
amount of petroleum and that the bituminous sands are the residue left as 
a result possibly of evaporation of the lighter constituents of the oil at the 
outcrop, the oxidation of the oil, and changes due to contact with sulphate 
waters, etc. 

In a well drilled at the mouth of Horse Creek the top of the limestone 
has an elevation of about 800 feet above sea-level,2 whereas at Pelican, 75 
miles southwest, the elevation of the top of the limestone is about 400 feet. 
The dip of the surface of the limestone is, thus, about 400 feet in 75 miles, 
or slightly more than 5 feet a mile. This is not the dip of the Palreozoic 
strata, since the top of the limestone is an erosion surface. In the Pelican 
well the part of the McMurray formation represented by sands is very 
thin, whereas it is 110 to 180 feet in the Athabaska section. The dip of 
the Cretaceous beds would be the dip of the limestone surface, i.e. about 
5 feet a mile, if the sands at Pelican in which heavy oil was found were 
equivalent to the basal beds of the McMurray formation at McMurray. 
If, however, the oil-bearing beds at Pelican are equivalent to the highest 
beds of the McMurray formation at McMurray the dip would be about 
8 feet a mile. It may be safely concluded, therefore, that the regional dip 
between McMurray and Pelican is a southwest dip at a rate of between 
5 and 8 feet a mile. Such a regional dip could cause the migration of oil 
toward the outcrops if there were any movement of water up the dip. 
Assuming that the hydraulic theory is applicable, water would enter Lower 
Cretaceous rocks in the foothills area and move slowly toward the lower 
elevations of the outcrops of these formations in the plains area. The 
movement would be eastward or northeastward toward the outlet at the 
outcrops of the Lower Cretaceous on Athabaska River and any oil a.nd gas 
in the water-bearing horizons would be flushed towards the outcrop and the 
bituminous sands would result from the alteration of oil at the outcrop due 
to the loss of the lighter constituents by evaporation, to oxidation of the 

1 Fourth Ann. R ept. of the Sci. and Ind. Res. Coun. of Alberta, 1923, p. 50. 
2 "Investigations in the Gas and Oil Fields of Alberta, E'askatchewan, and Manitoba"; Geol. Surv., 

Canada, Mem. 116, p. 83. 
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oil, and, possibly, to changes resulting from the contact of the oil with 
sulphate-bearing waters. It should be remembered, also, that a migration 
in Athabaska region would be up the dip, that is in the direction that oil 
and gas would tend to move on account of their buoyancy and any effect 
from this cause would aid the flushing effect due to moving waters. Huntley 
(1915, page 343) explained the bituminous sands as due to oil produced in 
the " Dakota " formation as a result of deformation and caused to migrate 
by the flushing effect of water. No flora of the typical Dakota formation 
has yet been found in Canada, McLearn (1923, page 6), so that all Hunt
ley's contentions may not necessarily hold, but it is interesting to note that 
he regards the concentration of oil at the outcrops on Athabaska River 
as having resulted from the flushing effect of underground water movement. 

EASTERN PEACE RIVER AREA 

References: McLearn, F. H.: Geol. Surv., Canada, Sum. Rept. 1917, pt. C.; Geol. Surv., 
Omada, Sum. Rept. 1918, pt. C. 

Dowling, D. B., Slipper, S. E., and McLearn, F. H .: Geol. Surv., Canada, Mem. 116 
(1919). 

(See Figure 20) 

Peace River flows from the British Columbia-Alberta boundary east
ward to the town of Peace River and from there northward to Vermilion. 
At the town of Peace River the river valley i's about 800 feet below the 
level of the bordering plateau country, but the depth of the valley gradually 
decreases northward, until at Vermilion Chutes where limestones of Devonian 
age form ledges in the river the banks are quite low. Along the part of the 
river between the towns of Peace River and Vermilion, the " Ramparts of 
the Peace" occur, the steep valley walls being formed of beds of sandstone. 
West of Dun vegan, sandstone beds of the Dun vegan formation form high 
cliffs which in places weather into castellated forms, but in other parts the 
valley sides are more rounded, and in places terraces occur. The country 
away from the river is plateau-like, part of it is open prairie, but the larger 
part is wooded. At some distance from Peace River the tributary streams 
flow on the prairie level, but close to the river they have cut deep valleys. 

68386-161 
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Table of Formationsl 

Description 

Wapiti 900 feet+ Thick, massive, crossbedded sand-

"' 
stone, with some grey to dark 

c carbonaceous shales. Thin coal 
.s seams, one of which is 180 feet, 
c and another 580 feet above the 0 
~ base of the formation. Continen-

tal 

Upper shale Dark, friable shale with thin beds 
--- of sandstone near the top. Iron-

stone concretionary bands 
0 

"" Bad Heart sandstone Coarse sandstone weathering red-
"' .... Smoky River dish brown, 10 to 25 feet thick . 

..9 300 feet Marine 0 
0 

Lower shale Thin-bedded sandstone and shale at 
the top, below which are dark , 
friable shales and paper-thin car-
bonaceous shales with concretions. 
Marine 

"' " Dun vegan 440 feet in the Smoky River Massive, concretionary, and cross-g 
<> section (estimated) bedded sandstone, with shale, 
$ 530 feet in the Peace Riv- alternating with thick zones of 
"' er section thin-bedded sandstone and shale . .... 

0 Some thin coal seams in the con-
tinental deposits . Subaerial and 
marine 

St. John 560 feet (estimated ) on Dark, friable, and paper-thin car-
Smoky River, much bonaceous shale, with some iron-
thicker in the western stone bands and concretions 
sections of Peace River 

Upper sandstone Massive, white to cream-coloured, 
130 feet (max. ) crossbedded sandstone with a 

discontinuous lignite seam. The 
., upper sandstone thins northward 
" on Peace River, where the upper 0 
CJ part is replaced by bedded sand-<> 
$ stone and shale of marine origin 
"' .... 

Peace River Middle shale 0 Blue-black, friable shale. 
.... 30 feet Marine(?) <l) 

i':: 
0 Lower sandstone Top is massive and crossbedded >-< 160 feet (max.) with large , spherical concretions 

Thins northward passing downwards into bedded 
sandstones and shales which are 
marine. The top may be sub-
aeria l 

Loon River 1,100 feet below town of Dark blue to dark grey, friable 
Peace River. May be shale with some ironstone con-
thicker on Smoky River cretions. Where penetrated by 

wells near town of Peace River 
sediments are arenaceous near the 
base of formation. Where exposed 
the shale is marine 

Palroozoic limestone series 

l McLeam, F. H.: Geol. Surv., Canada, Sum. Rept. 1918, pt. C, p. 2. 
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The structure within Peace River area has been described by McLearn 
(1918, pages 18, 19), as follows: 

"Eastward to several miles below St. John the structure seems to be almost flat. 
Near North Pine River and downstream the structure steepens with an east dip, so as 
to bring the Dunvegan sandstone almost to river-level a few miles below the mouth of 
Kiskatinaw River. From here to the bend at Montagneuse River the structure is flat. 
The se-0tion is east-west to this point. From the mouth of Montagneuse River south
ward a north-south section is cut and here a small south dip is revealed. Where the 
river turns east past Dunvegan an east-west section is again exposed and fiat structure 
indicated. Beyond the mouth of Burnt River the Peace turns to the northeast and 
so continues to Peace River. Here the strata rise downstream and the inclination 
near Peace River amounts to some 40 feet per mile to the south. 

From Peace River northward a north-south section is exposed and at first reveals 
a south dip of 10 feet a mile. In the vicinity of No. 2 well and extending to Tar 
Island the structure is practically fiat, although there is probably a slight rise of 1 or 2 
feet a mile. Downstream from here there is a slight dip north of a few feet a mile 
to a point about 10 miles below the mouth of Cadotte River. Beyond this there is 
a gentle rise and a final flattening out. The above structure applies to that observed 
above river-level. It is possible, however, owing to the thinning of the Loon River 
shales northward and the consequent rise of the limestone contact, that the lower 
strata below river-level, which would be reached by drilling, would be slightly tilted 
southward as compared with the overlying strata above river-level. This applies 
particularly to the section north of T ar Island." 

To the south of Peace River, on Smoky River, McLearn (1919, page 
5) describes the major structure as: 

"A south dipping homocline or half-fold, the north side of a large synclinal basin 
whose axis is south of Bezanson. No undulating structure of anticline and syncline 
is superpose~ on the major structure. There is considerable change of dip, however, 
and a few miles above the mouth of the river a rather poorly defined terrace. Details 
of the dip are given in the table below. Attention is called to the almost flat structure 
revealed by the east-west section from Bad Heart River to the great bend one mile 
east of the east boundary on Range 25; this shows that the general strike is practically 
east-west." 

Dip to south 
Feet a mile 

Mouth (Smoh)' River) to 1 mile south of north boundary of Tp. 81 12 
Latter to south boundary of Tp. 81 . . . . . . . . . . . . . . . . . . . . . . . . . . Flat 

" middle of Tp. 79 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
south of Smoky River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
south boundary of Tp. 77 . . . . . . . .. .. .. .. . . . ...... .. . 20 
within one mile east boundary Range 25. . . . . . . . . . . . . . 12 

Mouth Bad H eart River to PuskwaAkau River . . . . . . . . . . . . . . . . . . 60 
Latter to horseshoe bend above Puskwaskau River . . . . . . . . . . . . . . 15 

" 2 miles below Kleskun Creek . . . . . . . . . . . . . . . . . . . . . . . . 30 
middle of Tp. 72 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
ferry below Bezanson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 

Dip to east 
Feet a mile 

Mouth Bad Heart RiYer to 1 mile east of east boundary Range 25.. 1 

From this it would appear that the structure in Smoky River area, as 
well as along Peace River, is very gentle and nowhere has a dip of as much 
as one degree been noted. Since from the town of Peace River northwards 
the dip is southward this southward dip is probably a continuation of the 
southward dip noted in Smoky River area. North of Tar Island, on Peace 
River, there is a northward dip of a few feet a mile, so tha~ the crest of this 
broad structure is somewhere in the vicinity of Tar Island, although the 
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strata at this place are practically flat. The crest of the structure is, thus, 
probably quite broad, but it is interesting to note its occurrence in this 
locality in view of the fact, according to Camsell (1917, page 148): 

"A spring of natural gas is situated at Tar Island on Peace River about 25 miles 
below Peace River crossing. The gas rises with salt water and some tar among the 
gravel and boulders at the upper end of the island. The flow of gas was roughly 
calculated to be about 3 or 4 cubic feet per minute." 

The occurrence of gas and tar at this point may be due to the broad 
structure already described. 

OIL AND GAS HORIZONS 

In 1917 oil was struck in No. 2 well of the Peace River Oil Company, 
about 15 miles below Peace River. The oil, according to McLearn (1918, 
page 19), occurs in two sandstone horizons "near the base of the Loon 
River and not far above the limestone contact." The upper sandstone was 
encountered from 842 to 948 feet in the drill hole. 

"Above 852 feet this bed yielded gas; from 852 to 905 feet it contained a highly 
viscous oil; from 905 to 910 feet it carried salt water; and from 910 to 948 feet was 
firmly cemented and barren of oil, gas, or water. Below this is a 14-foot shale bed, 
followed below from 962 to 1,032 feet by a second oil sand. This is impregnated with 
oil of a somewhat better quality. This horizon would produce a few barrels per day." 

Also, according to McLearn: 
"Oil of similar gravity was found at the corresponding horizons in the No. 1 well 

1~ miles downstream. The two sandstones are of less thicknes? here and the shale 
between thicker. The thinning of these oil sands northward no doubt limits the possi
bilities of exploration in that direction, since with their disappearance there would be 
no reservoir to contain oil." 

In the Smoky River section McLearn (1919, page 6) found no struc
ture especially favourable for oil. He described a terrace in Township 81 , 
Range 23, but with low dip on the north side. This is the only structure 
in this area that approaches a suitable structure for oil or gas accumulation, 
but the dips are so gentle that its value is rather doubtful. 

Since the drilling of the wells by the Peace River Oil Company, a 
well was completed in 1923 by H. L. Williams and Company, Limited, on 
SE. -! Sec. 11, Tp. 85, Range 21, W. 5th Mer., and a depth of 2,810 feet 
was reached. The Devonian limestone is reported to have been encountered 
slightly above a depth of 1,400 feet and below this limestone and shale of 
Palreozoic age occurred to the bottom of the hole. No flows of oil or gas 
were reported from the Palreozic rocks. In 1916, according to Camsell 
(1917, pages 144, 145): 

"At Vermilion Chutes a drill hole was driven to a depth of 860 feet, but at that 
depth an accident happened to the stem of the drill which prevented the hole being 
driven any farther and drilling ceased without having struck oil. The rocks cut in 
this drill hole are Devonian limestones and shales which have a slight dip to the west
ward. The upper beds are porous and impregnated with bitumen, and at two or three 
points in the neighbourhood heavy black oil comes to the surface in springs." 

Thus, drilling to date in Peace River area has shown the presence of 
-0il in sandt:tone beds at the base of the Loon River formation of Cretaceous 
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Figure 20. Eastern Peace River area, Alberta, showing positions of wells drilled for 
oil and gas; numbers designate the wells as given in the table, page 242. 
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age and also the preaence of oil has been recorded in certain places in the 
upper part of the Devonian. No well so far drilled has, however, found oil 
in commercial quantities. 

A sample of oil from well No. 2 Peace River Oil Company, collected 
by F. H. McLearn and analysed by the Mines Branch, gave the following 
results (McLearn, 1918, page 19) : 

Specific gravity at 60° F ...... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . . . .. . . 981 
Distillation test-

Below 150° C. . . . . . . . . . . . . . . . . . . . . . . . . .. 2% by volume napht ha 
150° to 200° C.. . . . . . . . . . 4·87 
200° to 250° c ........ . . . . . . . . . . . . . . . . . 5·3 
250° to 300° C ... . ... ........... . .... 56·2 
300° to 325° C .. ........... . .......... . . . . . . . . . . . .. 5·2 
R esidue and loss ...... . ... . . . . . . . ............... .. 26·5% 

According to McLearn (1919, page 6), "the oil from Peace River 
' cracks ' at abnormally low temperatures. This phenomenon begins at 200 
degrees and is particularly active between 250 and 300 degrees." 

The crest of a broad structure occurs in the vicinity of Tar Island and 
it is surely more than a coincidence that a seepage of tar and gas occurs 
on Tar Island and that some oil was found in suitable sandstone horizons 
in the Loon River formation in wells drilled in this area. McLearn (1918, 
page 19) has pointed out: 

"As far as structure is .. . effective (in concentrating oil) it should be noted 
that it is of a gentle nature north of the wells (Peace River Oil Company), with very 
low dips. The conditions obtaining at the wells, therefore, mi~ht be expected to prevail 
over a considerable area from the wells north, limited in that direction more particularly 
by the wedging out of the sandstones." 

Since, however, the structure is so gentle the results from the wells 
already drilled may be taken as a fair indication of what might be expected 
to be found by drilling over a much wider area. From what is at present 
known of the structure no area more favourable than the one that has been 
tested can be outlined. It is unfortunate that more pronounced folding does 
not exist in this area, for, excepting the structure, other conditions appear 
favourable for oil. 

Location 
No . Well Depth 

L.S. Sec. Tp. Range Mer. 
---------------

Feet 

1 Peace River Oil Co., No. 1 .... . . . . . .. . . 4 31 85 20 5 1,136 
2 Peace River Oil Co., No. 2 .. .. . . ... . . . . 16 24 85 21 5 1,125 
3 Peace River Oil Co., No. 3 ....... . . . . . . 6 4 85 21 5 1,282 
4 Peace River Oil Co., No. 4 . ..... . ... . .. 9 24 85 21 5 305 
5 Peace River Petroleum, Ltd., No. 1.. . . . R.L.9 31 83 21 5 1, 162 
6 Peace River Petroleum, Ltd., No. 2 .. . . . 9 28 87 20 5 897 
7 Peace River Petroleum, Ltd., No. 3 ..... 9 28 87 20 5 890 
8 North Pacific Oil Co .... ..... . . .. .... .. 10 11 85 21 5 850 
9 Tar Island Oil and Gas Co .. . . . .. ... .. .. 14 24 85 21 5 1,087 

10 Victory Oil Co., No. 1. . .. ... .. . .. . .. . . . 11 31 83 21 5 1,807 
11 Canadian Petroleum, Ltd., No. 1.. . . . . .. SE.i 11 85 21 5 1,275 
12 Canadian Petroleum, Ltd., No. 2 .... . ... SE.i 11 85 21 5 3,008 
13 H. L. Williams . ........... . . . ... . . . .. .. SE. i 23 85 21 5 -
14 P. M. Oil Co ........ . .. . ... .. .... ..... . 7 36 83 22 5 130 
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WESTERN PEACE RIVER AREA 
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Sum. Rept. 1917, pt. C, pp. 14-21 (1918). 
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(See Figure 21) 

The following account is based wholly on published information, a 
bibliography of which is given above. The "Western Peace River Area" 
includes the country north and south of Peace River and extending east
wards from the " disturbed belt" east of the mountains in British Columbia, 
to the plateau country of Alberta. Within this area is the Peace River 
block of British Columbia and, to the south of the Peace River block, the 
country east of the" disturbed belt" drained by Moberly, Pine, Kiskatinaw, 
and Pouce-Coupe rivers. The area includes a belt of moderately folded 
rocks, which lies east of the disturbed belt and passes eastward into the 
plateau area in which the rocks are relatively little disturbed. 

Peace River, according to Spieker (1920), occupies a valley about 800 
feet deep, which in the vicinity of Hudson Hope, on the weiltern edge of 
the Peace River block, is 2 to 3 miles wide. The higher land adjacent to 
the valley is more or less flat, but from Moberly Lake southeastwards the 
surface is broken by hills and dissected by river valleys. According to 
Stewart (1920) this part of the area: 

"Is well timbered, rough and hilly. A relief of 1,500 feet is common and in places 
the higher ridges rise over 3,000 feet a!bove the adjacent river valleys. Peace River 
being the main waterway to which all the streams of the region are tributary has the 
lowest elevations, the higher altitudes are attained by the most westerly ridges. East
wards the uplands gradually !become less irregular and iblend into a high level plateau. 
The main streams flow for the most part in deep, nan-ow, V-shaped valleys and except 
in a few places, at time of low water, are too deep to be forded." 
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Table of Formations 1 

Formation 

Wapiti. 

Character Thickness 
Feet 

Subaerial sandstone, massive, cross- 900+ 
bedded, with shales and lignite (Top not 

exposed) 

1-----1 Smoky River Dark, friable shales, marine with 1,100±1 

Upper 
Cretaceous Colorado 

Lower 
Cretaceous 

.Jurassic? 

Triassic 

median sandstone member 

Sukunka member Coarse, 2ubaerial sandstones, hard
ened continental muds, green 
shales, lignite 

Dun vegan 

St. John 

Massive to thin-bedded sandstones, 
varying in origin from littoral to 
subaerial, with some shale and a 
few thin seams of lignite 

Black marine shales, usually arena
ceous with intercalated sand
stone bands and marine sand
stone locally 

Bullhead Mountain Hard, green-grey conglomerates, 
coar se-grained massive sand
stones and shales, with many 
seams of high-grade coal 

Pine River 

Schooler Creek 
(In foothills) 

Blue-black marine shales with in
tercalated limestone and some 
sandstone 

Purple limestones and fine-grained 
sandstones; limestones vesicular 
near top 

1 From Spieker (ID20) anrl various reports by McLearn. 
2 Russell, L. S. : Personal communication. 

1,000+ 

1,000+ 

1,400 
to 

2,200 

1,500 
to 

4,400+ 

300+ 
(Base not 
exposed) 

3,000 
in the 

foothills 

Triassic. Rocks of Triassic age have not been observed in the plains 
area, but it is presumed they occur underlying younger formations, since 
they were seen by McLearn (1918) on Peace River west of Peace River 
Canyon where they consist of limestones, hardened sandstones, and shales, 
all of which are marine. The total thickness is approximately 3,000 feet 
(McLearn, 1921), but since the Cretaceous rests on the Devonian in the 
€astern Peace River area the Triassic must wedge out eastwards. 

Jurassic (?). Spieker (1920) found blue-black clay shale~ interbedded 
with bands of limestone and sandstone, on Pass Creek, a tributary of Pine 
River. To this series Spieker applies the name Pine River formation and 
assumes it belongs to the Jurassic, although the few fossils found are not 
sufficient to indicate a definite age. 
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Bullhead Mountain Formation. The Bullhead Mountain formation, 
according to McLearn (1923), consists of an upper and a lower member 
in Peace River Canyon and westwards. The upper member is composed 
of conglomerates, grits, and coarse sandstones, with smaller amounts of 
medium to fine sandstones and shales. Large-scale crossbedding is present 
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Figure 21. W estern P eace River area, British Columbia. 

in some of the grits and sandstones and some layers are ripple-marked. 
The lower or Gething member consists of medium to fine sandstone, shale, 
clay ironstone, and a number of coal beds. The thickness of the upper 
member is over 3,000 feet, and the lower member is more than 1,400 feet. 

On Pine River, at the mouth of Commotion (Boulder) Creek, Spieker 
(1920) found the top of the Bullhead Mountain formation to consist of 



24G 

130 feet of extremely hard, resistant conglomerate, the pebbles of which 
are almost uniformly one-eighth to one-quarter of an inch in diameter and 
are flint, chert, and quartz. Below the 130 feet of conglomerate are 600 
feet of sandstone, which decreases in hardness downwards. The bottom part, 
also 600 feet thick, consists of less massive sandstones and possibly shales 
with coal. The total thickness is thus only 1,300 feet, although the area 
examined by Spieker on Pine River is only 20 miles almost directly south 
of the area at Peace River Canyon and westwards where the formation 
is more than 4,400 feet thick. McLearn (1918) correlated the Bullhead 
Mountain formation "with the Peace River and probably also the Loon 
River formation of the eastern succession" on Peace River. 

St. John Formation. According to McLearn (1918) the St. John 
formation where seen on Peace River consists of two, thick, shale members 
separated by a thin sandstone member. The lower shale member in the 
vicinity of Peace River Canyon is 800 feet thick and consists of dark, thin
bedded, slightly arenaceous shale. The middle sandstone in the same 
locality consists of 50 to 80 feet of massive, crossbedded sandstone 
representing subaerial conditions of deposition. The upper member in the 
vicinity of Cache Creek, a tributary of Peace River, is 1,300 feet thick; the 
bottom part is dark, friable shales with concretions overlain by black, 
paper-thin shales, above this are thin-bedded, arenaceous shales with several 
large sandstone lenses, and higher still are thin-bedded i;:andstones and 
shales. The series contains fossils which according to McLearn indicate 
marine conditions of deposition. 

Outcrops of St. John shales are widely distributed over the area under 
consideration. They form the valley slopes of Peace River in the vicinity 
of Hudson Hope and of many of the tributaries including Moberly, North 
and South Pine, Halfway, Kiskatinaw, and Pouce-Coupe Rivers for long 
distances from Peace River. Some of the lower plateau surfaces to the east 
expose these shales, but mostly the plateaux are capped by the harder, 
more resistant, Dunvegan sandstone. 

On Smoky River the St. John shales have an estimated thickness of 
560 feet (McLearn, 1919). In Moberly River area the thickness is placed by 
Stewart (1920) in excess of 2,200 feet. This indicates a thinning eastwards
of about 1,640 feet in about 150 miles. 

Dunvegan Formation. On Peace River (McLearn, 1919) the top of the 
St. John formation grades upwards into the Dunvegan by an increase in 
thickness of the sandstone layers, thus giving a gradation to the massive 
sandstones at the base of the Dunvegan. The Dunvegan formation outcrops 
on Peace River in the vicinity of Dunvegan and westwards and the sand
stone weathers into peculiar castellated forms in the cliffs along the river. 
To the south of Peace River on the Sukunka branch of Pine River, Spieker 
(1920) found a series of shales, hardened muds, and sandstones overlying
the Dunvegan. These beds have not been observed elsewhere and according 
t-0 Spieker may represent the westward phase of the lower Smoky River 
formation, but he classified them tentatively under the name Sukunka 
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formation, as the upper member of the Dunvegan. According to Spieker 
(1920) the Dunvegan formation on Sukunka River, including the Sukunka 
beds, is 2,000 feet thick, although the Dunvegan as measured by McLearn 
(1918) near the mouth of Cache Creek and eastwards is only 530 feet thick, 
representing a very considerable increase in thickness in about 50 miles in a 
north and south direction. 

Smoky River Formation. On Smoky River (McLearn, 1919) the Smoky 
River formation is composed of marine shales with thin bands of sandstone 
near the top. The formation appears on Peace River at and west of 
Dunvegan where shales underlie the adjacent plateaux. According to Allan 
and Cameron's map (1921) these shales form the plateau surface some 
distance east of Pouce-Coupe River, although the plateau in the vicinity of 
the river exposed the Dunvegan formation. The Smoky River formation 
does not appear in the area examined by Spieker just east of the "disturbed 
belt." 

Wapiti Formation. The Wapiti formation does not occur in the area 
under considerati<m, but has been described (McLearn, 1919) from Wapiti 
River, a tributary of Smoky River. In that locality it is composed of cross
hedded sandstones and shales with coal seams. It is thus non-marine in 
origin. The thickness is about 900 feet. 

To the east of the " disturbed belt " bordering the mountains there is 
an area of moderately folded rocks in which a number of possible oil and 
gas structures have been outlined. Since the lower formations occur in the 
west and the higher in the east it may be assumed that there is a general 
eastward or southeastward dip. Such a conclusion, however, may be 
erroneous because of the thinning eastwards of such formations as the St. 
John and the equivalents of the Bullhead Mountain. Allan and Cameron 
( 1921) describe an eastward and northeastward dip for Pouce-Coupe area. 
In the vicinity of Smoky River, McLearn (1919) has shown that the dip is 
southward towards the synclinal area to the south of Wapiti River, although 
in Township 81, on Smoky River, there is a poorly defined terrace. The 
~tructure along Peace River is indicated by McLearn (1918) as follows: 

"The transition from foothillB to plains structure is very abrupt. and takes place 
where the Portage Mountain anticline is succeeded by an area of gentle undulation and 
overthrust faulting extending as far as the Gates. From there to Oarhe Creek there is 
·1 low east dip, under one-half degree, with a local west dip equally low near the mouth 
of Cache Creek. Eastwards to several miles below St. John the structure seems to be 
almost flat. Near North Pine River and downstream the structure steepens with an 
east dip, so as to bring the Dunvegan sandstone almost to river-level a few miles 
below the mouth of Kiskatinaw River. From here to the bend at Montagneuse River 
the structure is flat. The section is east-west to this point. From the mouth of 
:Yfontagneuse River southward a north-south section is cut and here a small dip is 
revealed. Where the river turns east past Dunvegan an east-west section is again 
exposed and fiat structure indicated. Beyond the mouth of Burnt River, the Peace 
turns to the northeast and so continues to Peace River. Here the strata rise down
stream and the inclination near Peace River amounts to some 40 feet per mile to the 
south." 
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Thus the structure as indicated by a study of the Peace River section 
is exceedingly flat for the plains area and the prospects for finding suitable 
structural reservoirs for oil and gas are not bright. 

To the south, in Pouce-Coupe area, Allan and Cameron (1921) believe 
there is a terrace structure on the west side of the Alberta syncline. Accord
ing to them: 

"The high land just east of Kislrntinaw River shows a very fl at tableland capped 
by the Dunvegan forma!f;ion, while east of Pouce-Coupe River valley a gentle easterly 
dip causes the appeamnce of the Smoky River formation. The dip in the strata is in 
all cases very gentle and nowhere has been observed to exceed 25 feet to the mile." 

According to Dresser (1920): 
"Two broad anticlines appear on the !banks of Peace River in t.he first 15 miles 

east of the foothills. The first is near Hudson Hope and the second ait the '(illtes' 
of the Peace, a rock-enclosed narrows some 7 miles east of Hudson Hope. In these 
the dip, which elsewhere is commonly less rthan 5 degrees, rises very perceptibly on 
both limbs of the folds." 

According to Spieker (1922), the Hudson Bay anticline is a low fold 
of small extent and although little is known of the axial extent of the fold 
it is presumed to be continuous with a faulted fold exposed in the west fork 
of Maurice Creek, and dies out southward. The lower member of the St. 
John shale is exposed at the crest of the fold and the top of the Bullhead 
Mountain formation is supposed to be 600 to 700 feet in depth. Spieker 
(1922) thinks: 

"The Hudson Hope anticline is hardly pronounced enough to have been thorougihly 
effective as a reservoir structure and the comparatively small thickness of hopeful beds 
beneath it within ordinary driJling depth emphasizes the decision that it is not to be 
considered with the best anticlines of 1lhe regi·on." 

On Red River, about 20 miles northwest of Hudson Hope, Dresser 
(1920) found a well-marked anticline. 

In the area of gently folded rocks south of Peace River and east of the 
"disturbed belt" Stewart (1920) and Spieker (1920) both noted a number 
of local folds. These are outlined in detail on the map issued with Spieker's 
report. 

OIL AND GAS HORIZONS 

In eastern Peace River area, north of the town of Peace River, several 
wells have been drilled (See Figure 20) and indications of oil and gas 
have been obtained. According to McLearn (1918) the oil in No. 2 well 
of the Peace River Oil Company "occurs at two horizons, beds of sand
stone in both cases, near the base of the Loon River and not far above the 
limestone contact." The Loon River formation lies on the Devonian lime
stone at this locality, but west in the western Peace River area Triassic 
beds occur in part or all -0f the area. The Peace River sandstone and 
probably also the Loon River formation of the eastern succession are, 
according to McLearn (1918), to be correlated with the Bullhead Mountain 
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formation of the western succel:>'Sion. In a later report McLearn indicates a 
doubt as to the validity of this correlation, but if it is correct it indicates 
a change from marine conditions in the eastern area to non-marine con
ditions in the localities where the Bullhead Mountain formation occurs. 
The thick, heavy, massive sandstone beds of the Bullhead Mountain forma
tion do not give much promise of holding oil and gas, but if there was an 
interfingering of marine beds, conditions would be much more favourable. 
In the area under consideration no evidence of the existence of marine beds 
in the Bullhead Mountain formation has been noted at any point and, 
therefore, the chances of finding an oil horizon equivalent to that in the 
Loon River formation are not considered good. 

In Pouce-Coupe area the Imperial Oil, Limited, drilled a well on Sec. 26, 
Tp. 80, Range 13, W. 6th Mer., to a depth of 3,057 feet. The well began in 
the Upper Dunvegan formation.1 On Smoky River the St. John shales are 
estimated by McLearn (1919) to be 560 feet thick, whereas in Moberly 
River area Stewart (1920) estimated the thickness to be at least 2,200 feet, 
and on Peace River near Cache Creek McLearn (1918) estimated the thick
ness to be 2,150 to 2,180 feet. The thickness in Pouce-Coupe area would, 
therefore, be between 560 and 2,180 feet. In the Pouce-Coupe well a gas 
flow estimated at 10,000,000 cubic feet a day was struck at 1 ,675 feet, with 
other insignificant gas shows at 2,000, 2,372, and 2,736 feet, respectively. 
Salt water was encountered at 1,730 to 1,740 feet. The interpretation of 
the Pouce-Coupe well log is very difficult, but it is possible the large gas 
flow was struck near the base of the St. John formation and that the lower 
small flows of gas are in strata equivalent to the Peace River and Loon River 
formations of the eaiStern succession. These strata are not the same as the 
Bullhead Mountain formation farther west. In Pouce-Coupe area Allen 
and Cameron ( 1921) report a terrace structure. It is considered that such 
a structure may be sufficient to cause gas accumulation, whereas oil accum
ulations would, it is thought, demand a much more pronounced structural 
trap. The fact that an oil seepage is reported by Allan and Cameron (1921) 
on Pouce-Coupe River suggests that the St. John formation might be oil
bearing if more favourable structural conditions existed. According to 
Spieker (1922) an ,oil seepage occurs near Rolla, B.C., on Pouce-Coupe· 
River; this is probably the seepage referred to by Allan and Cameron. Gas 
seepages are common, according to Spieker, in the vicinity of the oil seepage 
and another oil seep is known on Moose Creek about 4 miles north of Peace 
River. 

If, ais has been assumed, the Bullhead Mountain formation is entirely 
non-marine west of Pouce-Coupe, this formation would not appear to offer 
favourable opportunities for oil accumulation even if proper structures 
were present, and the only formation within the Cretaceous worthy of 
prospecting would be the St. John which contains considerable sands as 
well as shales. There is, however, the possibility that rocks below the-

1 Russell L. S.: Personal communication. 
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Cretaceous, i.e. Triassic, may be suited to act as oil and gas I'eservoirs. 
As these rocks have been seen only on Peace River west of Peace River 
Canyon nothing is known regarding them except that they probably are all 
marine. Where seen they are in part arenaceous limestone and calcareous 
sandstones containing numerous geode cavities. To the eastward they 
probably would be less metamorphosed than where seen. The thickness 
diminishes eastwards from a maximum of 3,000 feet (McLearn, 1921) in 
the foothills to zero in the eastern succession of Peace River where the 
Cretaceous rests on Devonian limestones. 

LESSER SLAVE LAKE AREA 

Reference: Allan, J. A.: " Geology of the Swan Hills in Lesser Slave Lake District, 
Alberta"; Geol. Surv., Canada, Sum. Rept. 1918, pt. C, pp. 7-13 (1919). 

Lesser Slave Lake area is southeast of Peace River and southwest of 
Athabaska River at McMurray. The lake covers an area of 485 square 
miles, has a length of 60 miles, and a width of from 3 to 12 miles. The 
drainage is to Atha:baska River. The shores, especially on the south, are 
low and marshy but 20 to 30 miles south of the lake the country rises 
abruptly to the Swan Hills Plateau with an elevation of 4,000 to 4,320 
feet or 2,100 to 2,420 feet albove the level of Lesiser Slave Lake. The 
plateau is dissected by streams with the formation of, in places, mesas 
or buttes. Muskeg occurs at all levels even on the tops of the hills, but 
the greater part of the country is forest. 

Rock exposures are few 'and consist of consolidated sediments ranging 
in age from Colorado to early Tertiary. The tops of some of the hills are 
capped by unconsolidated gravels up to 15 feet in thickness, Allan (1919, 
page 12) thinks it possible these gravels are to be correlated with similar 
conglomerates on Cypress and Hand Hills. Underlying the gravels are 
sandstones and shales of the Paskapoo formation about 1,000 feet thick. 
These are in turn underlain by about 650 feet of Edmonton beds. No 
Bearpaw has been definitely recognized and if present it is probably not 
more than 100 feet thick according to Allan. Lower down in the section 
non-marine coal-bearing beds occur. These have been called the Saw
bridge formation and are believed to represent some part of the Belly 
River series. They are underlain by the LaBiche shales, in which com
menced the two wells drilled in this area. 

- LS. Sec. Tp. Range Mer. E lev. Depth 
Feet Feet 

--------------

International Oils No. 1. .. . . ... ............. 11 14 74 6 5 1,910 2,845 
International Oils No. 2 ... .. ... .. .. ...... ... ... .. . 30 75 6 5 1,980 3,105 
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In well No. 1 at ·a depth of 1,855 feet a flow of gas estimated at 7,000 
M cubic feet a day was encountered. This gas was subsequently drowned 
out by watei~. hows of oil were reported between 1,862 and 1,960 feet 
with further shows in limestone, the top of which was encountered at 
1,902 feet. So far as known only s'light shows of gas were encountered in 
No. 2 well. The stratigraphy is illustrated by the log of No. 2 well as 
follows : 

Log of International Oils No. 2 W ell 

Thickness Depth 
Feet F eet 

Drift . . ...... . . . ..................... . ................ . ............ . . . . . . . . . .. . 100 

La E iche 
Grey shale ....... . ......... . ....... .. ...... . . . . . ... . ..... .. ... . .. . 
Dark grey shale . ..... .............. . . . . . ............. . . .. . .. ..... . 
Dark grey, sandy shale ...... . . . ..................... ..... . ... . . .. . 

~::: J~~k :~:;e ~h;;l~ ." ." .": : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Dark grey shale with sand .................... ........... ... . ..... . 
Dark grey shale ....... ... .... .. . ............ ......... ..... . ...... . 

P elican sandstone and L ower Cretaceous 
Conglomerate . ....... ..... .... ............ . ........ . ........ . .. ... . 
Light grey sand stone . . .. .............. . ........ . ..... .. ..... . .. . .. . 
G rey shale ...... . .... ... . ......... . ...... . .. . . . ............ ... ... . 
Conglomerate . .... . ..... . ......... . . . ..... ... ...... ..... . . ....... . . 
Grey sandstone . ............ ...... ..... ............... . . . ...... . . . . 
Grey shale ................... . ......... . ......... . ..... . . ........ . 
Grey sand stone .. .... .................. . .......... .. . . . . ....... .. . . 
Conglomerat e ..... ... . . ... . ........................ . ... ... . . . . ... . 
Grey sandstone ... . ..................................... . . . . . ..... . 
Grey shale . .. .......... .. .... . . . .. . ...... .. ..... . ...... .. .... . ... . 
Grey sandstone .......... . . . . . .. .. .... . ... .. .......... . .... . .. . ... . 
Grey shale . .... ............... . . . ............................ . ... . 
Grey sandstone ............. . .... . ................... ... .. . 
Grey shale ............. ... . .... ........ . .......... . . . .. . . .... . ... . 
G rey sandstone . ...... . .. .. ...... . . . ......... .. ... . ............... . 
Grey shale .............. . .......... .. .... . ...... ..... ....... .. ... . 
Brown sand with oil ............. . ................. . .... ...... .. . . . 

gi:~n~~~~:: ::::::::::: : :::: ::: : : : : : : : : : : :: : : : : :: : : : : : : : : : : :: :: : : : 
Palwozoic 

Brownish sandstone, chert, etc .................... . ... . ....... . .. . . 
Very dark grey shale ............ . ......... ... ......... . .......... . 
Brown limestone ...... . .. ..... . . . .. . . . ....... ...... . ... .. . . . .. . .. . . 
Grey limestone ....... .. .......... .. ..... .. ... ... ................. . 
Brown-grey limestone ................... . ........... . .. ... ...... . . . 
Grey limestone ......................... . .......... . ....... . ... . .. . 
Brown limestone ...... . ..... . ...... . ............ .... . .. . ....... .. . . 
Brown to grey limestone ........ ...... .................... .. ...... . 
Grey limestone ....... . ......... .. . . ... . .. .. . . .................... . 
Grey shale ...................... . ...... . .......... . .............. . 
Grey limestone .. ... ............. ... .......... . ........ .. ... . .... . . 
Dark grey shale, yields oil on distillation ........... . ............. . . 
Grey to brown-grey limestone ....................... . ............. . 
Grey to brown dolomite and dolomitic limestone . . ...... . ......... . 
Grey to brown limestone ...... . ......... . . . . . .............. . ...... . 

68386-17 

120 
410 
100 
150 
200 
30 
40 

40 
20 
10 
10 
40 
20 
30 
10 
40 
50 
50 
50 
70 

140 
10 
60 
30 

150 
2 

8 
10 
60 

140 
10 
60 
10 
20 
10 

100 
30 
30 

460 
40 

135 

220 
630 
730 
880 

1,080 
1,110 
1,150 

l , 190 
1,210 
1,220 
1,230 
1,270 
1,290 
1,320 
1,330 
1,370 
1,420 
1,470 
1,520 
1,590 
1, 730 
1, 740 
1,800 
1,830 
1,980 
1,982 

1,990 
2,000 
2,060 
2,200 
2,210 
2,270 
2,280 
2,300 
2,310 
2,410 
2',440 
2,470 
2,930 
2,970 
3,105 
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In MoMmraiy area the Pelican sandstone consists, according to 
McLearn (1917, page 148) "of crossbedded sandstone, conglomeratic at 
the top". It is possible, therefore, that the conglomerate from 1,150-1,190 
feet in No. 2 well represents the top of the Pelican sandstone. In Atha
baska area the Pelican sandstone is the basal Upper Cretaceous formation 
and as the Pelican shale of Lower Cretaceous age grades upward into it 
the division between the Upper and Lower Cretaceous is difficult to deter
mine in well samples. In Wainwright-Ribstone area, as has been pointed 
out, the division between the Upper and Lower Cretaceous is drawn at a 
pebble bed below which sandstones become predominant and above which 
shales form the maximum part of the sediments. This arbitrary division 
is also applicaible hem and is inaccurate only to the extent of the thick
ness of the Pelican sandstone, which in McMurray area is 35 feet but 
which probably decreases southward. 

The top of the Palreozoic is somewhat difficult to determine. H ard, 
dense limestones occur at 2,000 feet but above this are a series of beds 
containing very dark shales, some sand, and white chert that may repre
sent the erosion products of the Palreozoic, and if so the top should properly 
be placed at 1,982 feet in this well. The age of the upper part of the 
P alreozoic is unknown. In the main the sediments of this part are cal
careous sha;les with a very distinct contact with limestone at 2,470 feet. 
At this contact are some black, bituminous shales that yield oil on dis
tillation. These black shales suggest a correlation with the oil-shales that 
in southern Alberta represent the top of the Devonian. If this is so the 
upper part of the Palreozoic in Lesser Slave Lake area may be Missis
sippian. Caution should be exercised, however, in postulating the exist
ence of Mississippian strata in this area since none is apparently present 
in either Peace River or McMurray areas. 

International Oils No. 2 well is reported to be 70 feet higher than 
No. 1 well. The following horizons in the two wells can be correlated. 

Top of Pelican sandstone (conglomerate) ........................... .. . . 
Top of Palmozoic (erosion surface) .................................... . . 
Contact between Palreozoic shales and limestones ................ ... .. . . 

No.1 No. 2 

Depth to 

Feet Feet 

1, 110 
1,902 
2,420 

1, 150 
1,982 
2,470 

If No. 2 well is 70 feet higher than No. 1 well t hen No. 1 wel1 is 
only 20 to 30 feet structurally higher than No. 2 well although the distance 
between the two wells is aibout 4 miles, representing a dip of a;bout 5 feet 
to the southeast. If, as would be expected in this area, the regional dip 
is to the southwest then the aipparent dip between the we'lls is not the 
actual dip of the formation but might be due to the fact that the wells 
are on a line that approaches the strike of the formation. 
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CHAPTER VIII 

THE PLAINS OF MANITOBA AND SASKATCHEWAN 

PHYSICAL FEATURES 

West of the edge of the Canadian Shield in eastern Manitoba there 
is a lowland underlain by Palreozoic rocks. Lake Winnipeg, with its 
southern end 100 miles north of the International Boundary and stretch
ing northwest for 250 miles, lies along the Precambrian-Palreozoic contact. 
It has a variable width up to 65 miles and a surface area somewhat greater 
than Lake Ontario, but unlike Lake Ontario it is very shallow being only 
40 to uO feet deep. To the south of the lake there is a wide depression 
through which Red River drains northward, bringing with it the water 
of the Assiniboine which joins it at Winnipeg. The Assiniboine is the 
principal river of southern Manitoba and is the union of Souris River, 
which drains southwest Manitoba and southeast Saskatchewan, Qu'Appelle 
River, which originates in Saskatchewan northeast of Regina, and the 
upper part of Atlsiniboine River, which has its source in eastern Saskatche
wan north of Y orkton but for most of its course flows through western 
:Manitoba. Near the north end of Lake Winnipeg Saskatchewan River 
enters by a series of rapids in which the descent is 70 feet in the last 4 
miles. The Saskatchewan is the largest river of the prairies receiving the 
waters of North and South Saskatchewan Rivers which join at Prince 
Albert, the former originating in the eastern mountains southwest of 
Edmonton and the latter being the union of many rivers such as Red 
Deer, Bow, Oldman, Belly, St. Marys, etc., which have their sources in 
southwestern Alberta. Both Red and Saskatchewan Rivers ·carry large 
quantities of sediment. Saskatchewan River, however, before reaching 
Lake Winnipeg flows through a low, swampy area and several small lakes, 
which act as settling basins for sediments held in suspension, and, in con
sequence, although Lake Winnipeg in the vicinity of the mouth of the 
river is quite shallow there is no extensive delta. In the case of Red River 
there is a delta at its mouth at least 12 miles wide and 10 miles long, 
through part of which dredging has to be done every summer in order 
that navigation may be maintained from Selkirk on Red River to points 
on Lake Manitoba. It has been estimated (Wallace, Baker, Ward, 19~6, 
page 163) that Red River in a single year carries past Winnipeg 1,771,500 
tons of soluble matter and 888,500 tons of suspended matter. The north
ern part of Lake Winnipeg has· clear blue water so that the suspended 
matter is dropped at the mouth of the river and in the southern part of 
the lake. 

West of Lake Winnipeg and parallel with it are a number of lakes 
which with Lake Winnipeg are remnants of an earlier, much larger, Pleisto-
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cene lake, Lake Agassiz. The most southerly of the larger lakes is Lake 
Manitoba which extends northwest for 119 miles and is separated by a 
narrow neck of land from Lake Winnipegosis w.hiich stretches 122 miles 
farther northwest. East of these two larger lakes are the smaller bodies 
of water known as Shoal Lake, Dog Lake, Lake St. Martin, and Waterhen 
Lake, and west of them are Dauphin, Swan, Pelican, and Red Deer Lakes. 

The west edge of the Manitoba lowland is delimited by the Mani
toba escarpment, which is a cuesta capped by Cretaceous strata and rising 
1,000 feet or more to an elevation of 2,000 to 2,500 ifeet. The escarpment 
is broken by the valleys of a number of streams that flow eastward, into 
plateau-like areas that from south to north are known as Pembina Moun
tain, Riding Mountain, Duck Mountain, Porcupine Mountain, and Pas
quia Hills. All are south of Saskatchewan River. Very little is known 
concerning the area adjacent to the edge of the Canadian Shield in north
ern Saskatchewan where the border of the Precamibrian follows a westerly 
course to Clearwater River, a tributary of the Athabaska in Alberta. It 
is known (Mcinnes, 1913, page 66 and Map 58 A), however, that east of 
Lac la Ronge, in the vicinity of W apawekka Lake, the Cretaceous strata 
overlap the Palreozoic and rest on the Precambrian, and the high escarp
ment that bounds the Manitoba lowland does not occur in this part of 
Saskatchewan. 

West of the Manitoba escarpment the country is plateau-like, gradu
ally rising in elevation westward and more rolling in the north than in 
the south. In southwestern Saskatchewan there are a series of butte-like 
hills including Missouri Coteau, W ooc!J Mountain, and Cypress Hills. 
Missouri Coteau forms a hilly country west of Moose Jaw, has a width of 
25 to 30 miles, rises fairly abruptly several hundred feet above the prairie 
level on the east and falls away again on the west with a less abrupt slope. 
Unlike Wood Mountain and Cypress Hills it was an area of morainic 
deposition (Johnston and Wickenden, 1001, page 3il). East of it at 
McLean Station the drift was not penetrated in a well 495 feet deep and 
northeast of Regina, Qu'Appelle Valley is 300 feet deep and borings 180 
feet deep in its valley bottom did not reach bedrock. In contrast with this 
the top of Wood Mountain and Cypress Hills, which rise to elevations of 
4,600 to 4,800 feet, are not glaiciated. Wood Mountain Plateau extends 
(McConnell, 1886, pages 13-14C) west from the third meridian. It con
sists of two parts each about 40 miles long. The surface is channelled in 
all directions by deep, wide, dry coulees, but where it is not broken the 
surface is smooth and only slightly undulating except in the western part 
where there is a rolling, hil.ly area resembling the coteau country. In the 
highlands on the southwest side of the eastern part some " badlands " 
occur. 

Cypress Hills are partly in western Saskatchewan and partly in east
ern Alberta. In the east the rise above the prairie level is 600 to 700 feet 
whereas in Alberta it is much greater (Williams, 1929, page 64). The top 
is a plateau sm;face but is ~issected, especially near the edges, by deep 
gorges and <:oulees. The dramage from Cypress HiUs area is by French
man River which passes into United States east of Wood Mountain. ~ear 
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Cypress HiHs the valley of the river is canyon-like, i mile wide and 500 
feet deep in many places (Williams, 1929 page 74). Farther southeast 
it is 1 to 2 miles wide and 200 to 300 fe~t deep (Rose, 1916, page 17) 
and the river meanders in a very crooked course through a silt plain. The 
southern part of Saskatchewan is mostly treeless, except in sheltered river 
valleys. The same is true of central Saskatchewan, w.hich is a fairly level 
country devoted mostly to wheat growing. Farther north poplar trees 
grow in small groves and north of Saskatchewan River the country is 
quite extensively forested. 

STRATIGRAPHY 

Palreozoic strata underlie all of the Manitoba lowland and along its 
eastern border rest on Precambrian rocks. The floor of the early Palreo
zoic sea appears to have had considerable relief. North of St. Martin and 
Partridge Crop Lakes, which lie east of Lake Manitoba, there are several 
outcrops of Precambrian igneous rocks that accordin<Y to Wallace (1927, 
page 39) represent the tops of hills or a high plateau that rose at least 800 
feet above the average level of the Precambrian surface. Presumably the 
relief of the Precambrian floor on which the early Palreozoic sediments 
were deposited was not unlike that now exhibited by the Canadian Shield. 

As the Palmozoic sea advanced, the weathered materials on the Pre
cambrian surface were washed into it and deposited as the Winnipeg 
sandstone. In the southern part of Manitoba this consists of a white, in 
many places very pure, quartz sandstone overlain by shaly beds. It is 
not everywhere present in the north but is fairly persistent in the south, 
although here it shows a considerable variation in thickness even within 
a limited area, presumably due to the irregularity of the floor on which 
it was deposited. Outcrops occur (Wallace, 1925, page 16) on Lake 
Winnipeg at Elk Island, Grindstone Point, Little Grindstone Point, Black 
Island, and Punk Island, and on Simonhouse Lake south of Cranberry 
Lake on Grassy River. At Black Island there is an exposed section of 
33 feet of sandstone. In the Commonwealth Manitou No. 2 well, drilled 
on Sec. 26, Tp. 2, Range 9, W. l st Mer., it is represented by 110 feet of 
dull green shale underlain by, in descending order, 2 feet of quartz sand, 
2 feet of green-grey " arkose,'' and 1 foot of green shale. Below the green 
shale the rocks are Precambrian. In the Stony Mountain well on Sec. 29, 
Tp. 12, Range 2, E. Principal Mer., there are 85 feet of green to green-grey 
shales underlying which are 13 feet of light grey sandstones which in turn 
rest on Precambrian beds. In the Winnipegosis well, drilled on Sec. 29, 
Tp. 30, Range 17, W. l st Mer., 70 feet of shales are underlain by 48 feet 
of sandstones, with one thin streak of shale and another thin streak of 
kaolin or clay containing fragments of weathered igneous material. The 
basal part of the sandstone rests on weathered igneous rock. In the 
Mafeking well, drilled on Sec. 2, Tp. 43, Range 26, W. ls·t Mer. , the 
Winnipeg sandstone consists of 50 feet of fairly pure quartz sand. 
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In the shales at the top of the Winnipeg sandstone member a few 
fossils have been found that indicate a Black River age (Wallace, 1925, 
page 16). The age of the underlying sandstone probably varies from place 
to place, as would be the case as the result of deposition in an advancing 
sea . No fossil s have been found in the sandstone but probably it is also 
Ordovician. So far as known no Cambrian occurs in Manitoba. In south
ern Alberta, Cambrian strata were penetrated in the Commonwealth Milk 
River well, but their easterly limit is unknown. There are, however, 800 
feet of Cambrian beds in the Little Rocky Mountain area of Montana 
(Reeves, 1924, page 75 C) 75 miles south of the International Boundary 
and east of longitude 109, and hence it is quite possible Cambrian strata 
occur, deeply buried, in southwestern Saskatchewan. 

In Manitoba the Palreozoic strata above the Winnipeg sandstone are 
of Silurian and Devonian age, and are mainly limestones and dolomites 
with a few shale horizons and gypsum 'beds. As the Palreozoic strata dip 
gently southwest from the edge of the Canadian Shield the Ordovician, 
Silurian, and Devonian appear as successive bands underlying the Mani
toba lowland nnd trending northwest with the oldest rocks on the east and 
the youngest on the west. The succession is as follows: 

Thickness 
Devonian Feet 

Manitoba limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 
Winnipegosan dolomite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165 
Elm Point limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

Silurian 
Stonewall formation ... ... .......... . . . ............ . . .. . 250 - 610 

Ordovician 
Stony Mountain formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 330 
Selkirk (upper mottled lime.stone) . . . . . . . . . . . . . . . . . . . . . . . . . . 130 
Cat Head limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
Dog Head (lower mottled) limestone . . . . . . . . . . . . . . . . . . . . . . . 70 
\Vinnipeg sandstone ....................................... . 

The Dog Head limestone overlies the Winnipeg sandstone on Lake 
Winnipeg where its principal outcrops are at Grindstone Point, Bull Head, 
Dog Head, Black Bear Island, Tamarack Island, and Jack Head Island. 
To the northwest of Lake Winnipeg, in the vicinity of Wekusko, Reed 
(Alcock, 1920, pages 28-30 and Map No. 1801), Cranberry, Athapapuskow. 
and Amisk (Bruce, 1918, pages 47-49 and Map No.1726) Lakes, Ordovician 
limestones mostly lie directly on the Precambrian, although locally there 
is a slight amount of basal elastic material or reddish limestones showing 
that the weathered material on the surface of the Precambrian was incor
porated into the sediments of the advancing sea. It is not by any means 
certain that these limestones all belong to the same formation and there 
is some evidence suggesting that proceeding northwesterly progressively 
higher horizons occur in contact with the Precambrian. 

The Cat Head limestone is exposed (Wallace, 1925, page 17) at Cat 
Head, McBeth Point, Inmost Island, Outer Sturgeon Island, Howell Point, 
and Robinson Point on Lake Winnipeg. It is easily recognized according 
to Wallace (1925, page 17) "by chert nodules, some of them of large size, 
which are found throughout the beds but particularly at the base of the 
formation. The cherts are distributed in horizontal bands flattened along 
the bedding planes." 
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The Selkirk limestone is exposed on the west shore of Lake Winnipeg, 
near the mouth of Saskatchewan River, and on Selkirk Island and at a 
number of places on the west shore south of this. It is also exposed at 
Lower Fort Garry, East Selkirk, and Tyndall, the latter place being the 
site of extensive quarries of building stone that have largely replaced the 
quarries formerly operated at East Selkirk. 

The Dog Head, Cat Head, and Selkirk formations were formerly 
assigned to the Galena Trenton and correlated with strata carrying similar 
fossils in Minnesota. Faunas of the same age occur in the Arctic on Baffin 
Island and elsewhere and recent studies (Foerste, 1928, and Wilson, 1928, 
page 124) have shown that the age of these beds is Richmond. They are 
overlain in Manitoba by the later Richmond beds of the Stony Mountain 
formation, the upper part of which at Stony Mountain is a buff limestone 
that is quarried. The section at Stony Mountain, according to Wallace, 
consists of the following beds in descending order: 14 feet buff-coloured 
limestone; 15 feet argillaceous limestone full of fossil casts; 12 feet red 
shales; 60 feet speckled, redd.ish limestone, at the base of which is a harder 
limestone on1y known from cores and which may be the top of the Selkirk 
limestone. 

The extent of the Ordovician under the plains of Manitoba and 
Saskatchewan is unknown. It is believed that the Devonian rests on the 
Cambrian in southern Alberta, but 350 feet of Ordovician beds are present 
in the Little Rocky Mountain area of Montana 75 miles south of the 
International Boundary and east of longitude 109. The Ordovician beds 
in Montana are apparently of the same age as the Lower Ordovician beds 
in Manitoba and may signify that Ordovician beds underlie, at least, 
southeastern Saskatchewan and southwestern Manitoba. They probably 
do not extend into northwest Saskatchewan for they are not present on 
Clearwater River in northeastern Alberta. 

The Silurian of Manitoba is composed (Kindle, 1913, page 248) of the 
following succession of beds, arranged in descending order: 

Thickness 
F eet 

Hard, light grey or drab, dolomitic limestone (Leperditia hisingeri zone). . 100 
Gypsum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 
Buff dolomitic limestone (Gonchidimn decussatmn zone) . . . . . . . . . . . . . . . . . . 135 

These beds are well exposed at Grand Rapids near the mouth of 
Saskatchewan River, in quarries at Stonewall, Gunton, and Inwood, at 
Cedar and Moose Lakes, and at the northeast end of Lake Manitoba. 
Formerly they were considered to be Niagaran (Tyrrell, 1893, page 153 E) 
in age, but it has been s·hown (Savage, 1918, page 340) that strata that 
carry similar fossils are pre-Niagaran or about the age of the Cataract 
of southwestern Ontario. 

The gypsum beds are exposed and quarried at Gypsumville north
west of Lake St. Martin. At this locality, according to WaJ.lace (1925, 
page 21), their stratigraphic position is somewhat doubtful as they lie on 
or near a Precambrian outlier. Very little limestone is associated with 
the gypsum beds and drilling at Gypsumville has revealed 150 feet of 
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gypsum and anhydrite. In one quarry the gypsum passes laterally into 
reddish brown beds containing a large amount of argillaceous material and 
it is believed by Kindle (1913, page 250) that this may grade into red 
magnesium shale or limestone. In other localities where gypsum has been 
found it rests on red shales. At Dominion City, 50 miles south of Win
nipeg Wallace (1925, page 23) reports uO feet of gypsum underlain by 
110 f~et of red clay and s·and. To the north of this locality the gypsum 
is 25 feet thick and the red clay 135 feet. 

No limestones have been seen in actual superposition with the gypsum, 
but 8 miles west of Gypsumville unfossiliferous limestones outcrop on 
Fairford River. If, as assumed, the regional dip is westward then these 
limestones overlie the gypsum beds. The 1imestones are believed to be 
correlatives of limestones that elsewhere carry Leperditia huingeri, 
although this correlation has not been definitely establi hed. At the top 
of these limestones is an unknown thickness of red, argillaceous limestone 
which Tyrrell (1893, page 200 E) placed in the Devonian but which Kindle 
(1913, page 251) believes is Silurian. 

The extent of the Silurian under the plains of Manitoba and Sas
katchewan is conjectural, since no wells in Saskatchewan or southwestern 
Manitoba have been drilled deep enough to penetrate this horizon, if pres
ent. It is probable, however, that the Silurian is absent over a great part 
of the southern plains, since it does not occur in either southeas·tern Alberta 
or northern Montana. Its presence in central Saskatchewan is doubtful. 

In Manitoba Middle D evonian strata rest on early Silurian beds, the 
Middle and Upper Silurian and the Lower Devonian being absent. The 
Middle Devonian consists of the Elm Point limestone, the overlying Win
nipegosan dolomite, and, possibly, the sti ll younger Manitoban limestone 
which, however, may be Upper Devonian. The Elm Point limestone is 
exposed at a few places on Lake Manitoba, whereas both the Winnipegosan 
and Manitoban formations are best exposed on Lake Winnipegosis, especi
ally on the shore of Dawson Bay. Manitoban limestone also occurs on 
Red Deer River and the $bores of Red Deer Lake. Salt springs issue from 
the Winnipegosis dolomite and the Manitoban limestone along the west 
sides of Lakes Winnipegosis and Manitoba and gypsum has been known 
for many years in bore-holes drilled at Vermilion River, Neepawa, and 
Rathwell . More recently a continuous bed of gypsum 38 feet thick was 
found (Brownell, 1931, page 274) at a depth of 92 feet in the vicinity of 
Amaranth, west of the southern end of Lake Manitoba. The Amaranth 
deposit has been opened by a shaft and the surface of the gypsum is 
reported to be glaciated (Brownell, 1931, page 276) so that no rock has 
been found above it by which its age might be determined. Limestone is 
found with the gypsum suggesting a replacement origin for the anhydrite 
from which the gypsum has formed. Below the gypsum beds are green 
clay beds only a few feet thick underlain by red shale. Thus although 
these gypsum and anhydrite beds are thought to be D evonian their age 
is by no means very definite. 
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Devonian rocks presumably underlie the whole of the Great P.!ains 
west of the Manitoba escarpment. They have been encountered m a 
number of weHs in Saskatchewan where .strata, presumably of this age, 
carry salt as in the Simpson area 75 miles north of Moose Jaw, or thin 
bands of anhydrite or salt as in the Unity Valley area in western central 
Saskatchewan northwest of Unity. 

No Carboniferous rock outcrops in Manitoba and none is believed to 
be present. This is also assumed to be true for eastern and northern Sas
katchewan although it is probable some Mississippian limestones occur 
in southw~stern Saskatchewan because strata of this age have been 
encountered in a well in Cypress Hills area, a few miles west of the Sas
katchewan boundary, and in Oyen area of Alberta, 150 miles north of the 
International Boundary and 20 miles west of the Saskatchewan border. 

The Mesozoic is represented in Manitoba and Saskatchewan by Jur
assic and Cretaceous strata. The Jurassic is definitely known (Wicken
den, 1932, pages 179,184) from the Moose Jaw and Boundary (Tp. 1, 
Range 27, W. 3rd Mer.) wells in Saskatchewan where it consists of marine 
shales with limestone bands. Non-marine Jurassic beds have been identi
fied from the Pilot Butte well drilled 9 miles east of Regina. In the Com
monwealth Manitou No. 2 well (Tp. 2, Range 9, W. lst Mer.) and the 
Dauphin No. 1 well (Tp. 24, Range 20, W. l st Mer.) in Manitoba green, 
grey, and red shales carrying chara seeds are overlain by shales that con
tain foraminifera and are thought to be .Jurassic. In the Jeepawa well 
(Tp. 14, Range 15, ,V. l st Mer.) 480 feet of shales were thought by Dowl
ing (1919, page 37) possibly to be Jurassic. There is evidence to show that 
in pre-Jurassic time the Palmozoic was uplifted in central Saskatchewan in 
an area east of Regina and extending northwest to Hanley. The extent of 
the uplift is very imperfectly known. Simpson area seems to have remained 
above sea-level in Jurassic time, and in the Regina area during part of 
Jurassic time there may have been a barrier between the Jurassic sea on 
the west and the Manitoba area on the east where the earlier of the Jur
assic beds appear to be non-marine, but their age relationships with the 
Jurassic of the west are unknown. 

The Jurassic is overlain by Lower Cretaceous beds. In McMurray 
area on Athabaska River, Alberta, marine and non-marine beds of Lower 
Cretaceous age alternate. The sea in which the oldest marine beds (Clear
water shales) of Athabaska area were deposited had, according to McLearn 
(1932, page 173) , a shore-line trending northwest across Alberta from the 
International Boundary at the southwest corner of Saskatchewan. To the 
southwest of this shore-line non-marine Lower Cretaceous beds occur as 
in southern Alberta, but northeast of it marine Lower Cretaceous beds 
were deposited and hence presumably occur over the whole of western 
Saskatchewan south of the Canadian Shield. The eastern margin of this 
sea is not known. Beds doubtfully referred to the Lower Cretaceous have 
been penetrated by a few wells in Manitoba, and the sediments suggest 
non-marine deposition although it is possible some marine horizons are 
also present. 
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The Upper Cretaceous of Manitoba, with the exception of a basal 
sandstone mem'ber, is entirely marine and consists of 1,000 to 1,100 feet 
of shales with a few thin limestone beds. It has been subdivided (Kirk, 
1930, page 114 B) as follows: 

Pem bina Mountain section 

Odanah beds 250 feet+ 

Riding Mountain beds 50-80 feet 

Pembina beds 80 feet 

Boyne beds 140 feet 
Morden beds 200 feet 

Assiniboine beds 70 feet 

Keld beds 90 feet 

Ashville beds 100-150 feet 
(unexposed) 

Basal beds 90 feet 

Riding Mountain section 

Odanah beds 300 feet 

Riding Mountain beds 200 feet 

Vermilion River beds 
250-300 feet 

Assiniboine beds 70 feet 

Keld beds 6Q--65 feet 

Ashville beds 170 feet 

Basal beds 19-90 feet 

The basal beds on account of their stratigraphic position have been 
called Dakota, but their age has not been definitely established. Exposures 
occur in Swan River area and on Red Deer River and on the shores of 
Wapawekka Lake north of Saskatchewan River where they overlap 
(Mclnnes, 1913, page 66) onto the Precambrian. 

The Ashville beds are dark grey or black ' shales, essentially non
calcareous, and containing carbonaceous materials and fish remains. Inter
bedded with the shales are thin limestone bands, one of which holds 
abundant oysters. 

According to Kirk (1930, page 119) the section oi Keld beds overlying 
the Ashville on Vermilion Riv.er in Sec. 2, Tp. 24, Range 20, W. lst, Mer., 
is as follows, arranged in descending order: 
Limestone; 4-8 inches; grey, speckled, weathering white. liletoicoceras sp., Anomia 

sp., etc. 
Shale and limestone; 17 feet; alternating bands, grey to buff with prominent 6-inch 

band of limestone at base. Inoceramus labiatus abundant 
Shale; 9 feet; grey, speckled, calcareous; lnoceramus labiatus abundant 
Clay; 41 inches; ibentonitic, weathening white 
Shale; 35 feet; grey, speckled, ·calcareous; with several whi te clay bands 
Clay 6 inches; bentonitic, weatihering white 

The presence of Inoceramus labiatus in these bed.'> seems definitely to 
correlate them with at least part of the Lower Aliberh shales of the foot
hills. 

The Assiniboine beds overlie the Keld and outcrop on several streams 
and rivers north of Assiniboine River. On Vermilion River, i.n Sec. 35, 
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Tp. 23, Range 20, there is a complete section of 72 feet consisting, m 
descending order, of the following beds (Kirk, 1930, page 121): 
Limestone and shale; 3 feet; then, alternating layers; strongly iron-stained 
Shale 20 feet; dark grey, cailicareous, with several thin bands of hard Jimest.one 
Limestone; 4 to 5 feet; hard, grey, weathering buff; highly fossiliferous 
Shale; 45 feet; grey, speckled, calcareous 

The fossils of the Assiniboine do not permit exact correlation with 
the Alberta sections, but it may be significant that a large Inoceramus 
-0ccurs with oysters in all sections and that large, flat specimens of 
Inoceramus with oysters occur in many sections of the Upper Alberta 
shales of the foothills belt. The lower part of the Upper Alberts, shales 
of the foothills area contains the Scaphites ventricosus or Niobrara fauna, 
whereas the upper part contains Bacul·ites ovatus and is M-0ntana in age. 
In Manitoba Baculites ovatus does not occur below the Vermilion River 
beds which overlie the Assiniboine and no occurrence of Scaph-ites ven
tricosus has been reported. Thus although the Assiniboine beds !1re about 
Niobrara age, their precise age is unknown. 

The AEsiniboine beds are overlain by the Vermilion River heds best 
known from Vermilion River. The following complete section (Kirk, 
1930, page 123), expressed in descending order, is exposed between Sec. 3& 
and Sec. 17, Tp. 23, Range 20, W. lst Mer.: 
Shale; 32 feet; dark grey, non-calcareous wiVh bands of clay ironstone and septaria 

containing Pierre fossils 
Shale; 80 feet; dark grey, non-calcareous, weathering to lighter pinkish grey con

taining some brown fish scales, etc. 
Shale; 36 feet; dark grey, mainly non-calcareous, but including bands of grey, speckled, 

cafoareous shale within the ·lower 12 rfeet; numerous, thin, lenticular bands of clay 
ivonstone and septarian concretions containing Puerre fossils 

Shale; 45 feet; dark grey to black, non-calcareous, with calcareous concretions and a 
few lenticular bands of grey, crystalline limestone showing "cone-in-cone" 

Shale; 70 feet ( ?) ; no exposure; " soft dark grey clay shale" of Vermilion River 
well record 

Shale; 8 feet; dark grey, non-calcareous 

In Pembina Mountain area in the southern part of Manitoba, bed 
believed to be equivalent to the Vermilion River -0f the more northerly 
section have been divided into, from lowest to highest, the Morden, Boyne, 
and Pembina beds. They consist entirely of shales. Those composing the 
Morden are dark grey and ca1~bonaceous and grade upwards into speckled, 
calcareous shale forming the Boyne, which in turn are overlain by the 
Pembina dark shales with interbeds of bentonitic clay in the lower part. 

The Vermilion River beds in the north and the Pembina beds in the 
south are, according to Kirk (1930, page 124), overlain by the Riding 
Mountain beds consisting of light grey to greenish grey shales with nodular 
and irregular bands o-f ironstone. Exposures are not plentiful but the 
presence of these beds can be recognized by the fragments of weathered 
ironstone on the slopes of rounded hills1 or buttes whose sides are generally 
bare of vegetation. They are overlain by the Odanah beds, which consist 
of hard, highly siliceous shale well exposed along the edge of Pembin a. 
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and Riding Mountains. The Odanah beds seem to disappear to the north 
and west. Like the underlying Riding Mountain beds they are Pierre! 
in age. According to Kirk (1930, page 127) it is probable that the Odanah 
is merely a local lithological facies of the Pierre assemblage and that the 
Riding Mountain beds, though generally earlier than the Odanah, are 
partly equivalent and thicken westward and pass into the Bearpaw of 
Saskatchewan. 

In Alberta, marine Bearpaw shales lie above non-marine Belly River 
beds and below n-0n-marine iate Cretaceous (Edmonton, St. Mary River, 
Eastend, etc.) strata. Russell (1932, page 134) believes that the Bearpaw 
in Cypress Hills area includes younger strata than in western Alberta. The 
Belly River non-marine strata thin eastward from Alberta and disappear 
in western askatchewan, their equivalent being marine Montana shales 
inseparable lithologicaUy from the overlying shales that farther west are 
called Bearpaw. Wickenden (1932, page 196) has shown that the Riding 
Mountain beds of eastern Saskatchewan and Manitoba are probably the 
equivalent of the Lea Park of A~berta which there underlies the Belly 
River. In eastern Saskatchewan, therefore, there is a great group of 
marine shales -0f Montana age including beds which in age are equivalent 
to the strata in Alberta that range from the Lea Park to the top of the 
Bearpaw as it occurs in Cypress Hills area, and perhaps even higher 
horizons. 

In southwestern Saskatchewan in the vicinity of Cypress Hills and 
Frenchman River, the Bearpaw is overlain by the Eastend formation of 
non-marine beds and this by the Whitemud formation of sands and refrac
tory clays. The Eastend formation at Eastend, the type locality, consists 
of about 100 feet of buff to brown, fine-grained, argillaceous sandstone, but 
thickens westward and in the Cypress Hills area its equivalents are sand
stones, shales, and carbonaceous shales with at least one lign.ite seam. 
Locally the Eastend beds seem to grade into marine shales like the 
Bearpaw. The Whitemud is 35 to 40 feet thick. Above the Whitemud 
is the Ravenscrag, but the two periods -0f deposition were separated by 
an interval of erosion and in places part or even all of the be&; down 
to the Bearpaw were eroded away so that in certain sections in south
western Saskatchewan the Ravenscrag directly overlies the Bearpaw. The 
Ravenscrag formation consists of sandstones, silts, and clays with coal 
seams. The basal part of the Ravenscrag contains fossil bones of the 
reptile "Trioeratops" and hence is Lance in age. The upper part is 
Paleocene, that is early Tertiary. More than 400 feet above the base of 
the formation is the WiHovi.nbunch member (McLearn, 1930, page 58) of 
refractory clays, 20 to 30 feet thick. Above it are cream or buff-weather
ing, fine-grained sandstones, silt, and clays with coal seams, as for example 
south of Big Muddy Lake and south O'f the town of Willowbunch. The 
Estevan and Bienfait coal seams are evidently in the upper Ravenscrag 
formation. A section of the Ravenscrag described by MacLean (1919, 

1 The name Fort Pierre group was introduced by Meek and Hayden in 1861 (See Proc. Acad. Nat. 
Sci., Phil., 1861, p. 419) to designate beds that in Nebraska ove,lie their Niobrara division and underlie 
Fox Hills beds. 
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page 4 A) from the vicinity of the ooal fields of Estevan and Bienfait 
in southeastern Saskatchewan is as follows. The beds are enumerated m 
descending order. 

Thickness 
Feet 

70 Light yellow sands ovcrl~'ing sandy clays ........ ... .. .. ........ . 
Lignite ............ . ................ . ................. . .. .. ... . 
Sandy clays .................................................. . 
Buff sandstone . . . . . . . . . . . . . . . . . . . . . .......... . ........ . ... . .. . 
Lignite with banded clays ..... .. ....... . ...... . ............... . 
Grey clay ........................... . .......... . .. .. ......... . 
Lignite ....................................................... . 
Sand and silt ............................................... . . . 
Lignite at Estevan and Bienfait 7 to 10 feet ................... . 
Stiff blue.grey clay or in some cases inooherent sand 20 to 50 feet. 
Lignite, Taylorton seam ....................................... . 
Dark grey clays and sands ..................... . .......... .. ... . 
Lignite ............................... . .................... . .. . 

f t:n~~e a~~- ~~~~~ . " " " " " " " " " " " " " " " " " " " " " " " " " " " " " : : " " : : : : : : : : : : : : : : Clays and sands with streaks of ligni te ...... . .................. . 
Lignite .................. . ...... ............ . . ................ . . 
Blue clays and sands . . . . . . . . . . .... . ........................ . . . 
Shales amounting to at least 500 feet ................. .... ...... . 

5 
40 
15 
2 
3 
5 

20 
4 

25 
6 

130 
2 

207 
4 

209 
4 

186 

Total thickness above the shales . . . . . . . . . . . . . . . . . . . . . . . . . . . . 937 

The shales at the base of the sands and clays are probably Bearpaw. 
The Willowbunch refractory clay member is not recognizable in this 
section nor is it known what relationship the coal seams farther west bear 
to the coal seams of this section. Still farther east in Manitoba on Turtle 
Mountain there are non-marine strata above the Odanah beds. These 
consist of a basal sandstone called the Boissevain and overlying non-marine 
beds not known from exposures. The age of these strata is questionable 
and they may be Cretaceous, although generally regarded as Tertiary. 
Like the Ravenscrag farther west they carry lignite seams. They occupy 
an area which, according to Dowling (1914, page 60), does not exceed 
48 square miles. 

As already noted, the upper Ravenscrag in southwestern Saskatchewan 
is Paleocene. Younger Tertiary deposits are represented by gravels found 
near Swift Current, Saskatchewan, and believed (Russell, 1932) to be of 
late Eocene age, by the Cypress Hills conglomerate of Alberta and Sas
katchewan of Lower Oligocene age, and by the Miocene gravels (Sternberg, 
1930, page 29) of Wood Mountain area. The Eocene gravels of Swift 
Current area rest unconformably on Cretaceous strata. The Cypress Hills 
conglomerate, according to Williams and Dyer (1930, page 69), "is 
co-extensive with the upland surface of Cypress Hills and caps several 
small plateau remnants south of Frenchman River." It rests on an erosion 
surface of beds that range in age from Bearpaw to Ravenscrag. The Wood 
Mountain gravels are a few feet to 50 feet thick and rest unconformably 
on the upper part of the Ravenscrag formation. They occur on the higher 
parts of Wood Mountain. 

The plains of Saskatchewan and Manitoba are for the most part 
covered by thick deposits of glacial drift and over extensive areas the 
bedrock is several hundred feet below the surface. The higher parts of 
Cypress Hills and Wood Mountain, however, have lit.!tle or no drift 
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(Johnston and Wickenden, 1931 , page 39) , but the e.astern edge of the 
:Ylissouri Coteau was an area of drift deposition. In front of it was the 
broad basin of Lake Regina northeast of which is another broad , morainic 
belt. Other glacial lakes existed in various parts of the plains and 
deposited wide areas of clays. The greatest of these lakes was Lake 
Agassiz in Manitoba which at its greatest height covered almost the whole 
of southern Manitoba and adjoining parts of United States. The different 
stages of its history can be traced in beaches, particularly along the foot 
of the Manitoba escarpment which formed its western boundary. Lakes 
Winnipegosis, Manitoba, and Winnipeg are the present day remnants of 
t his former, much more extensive, body of water whose deposits of sand 
and clay have become the arable land of southern Manitoba. 

STRUCTURAL FEATURES 

The Palmozoic strata of the Manitoba lowland dip gently southwest 
from the edge of the Canadian Shield. West of the Manitoba escarpment 
they are covered by Mesozoic strata, the escarpment representing a true 
cuesta in which the beds dip away from the escarpment face. In the 
western part of southern and central Saskatchewan the dip is eas't or north
east so that in southern Saskatchewan there is a broad basin in which 
the Mesozoic strata are overlain by Tertiary beds. Apparently the top 
of the marine Montana shales in Turtle Mountain area, southern Manitoba, 
is at least 500 feet higher than the same horizon in Estevan area which 
may be about the centre of the basin. From the vicinity of Estevan the 
strata apparently rise gradually to the west and in some areas the rise 
amounts to as much as 10 feet to the mile. 1 At Big Muddy Valley the 
top of the marine shales is about 700 feet higher than at Estevan and at 
Willowbunch Lake, to the northwest, the estimated elevation of the same 
horizon is about 300 feet higher still. This shows what is thought to be 
a southward plunge of the basin. On Morgan Creek in Range 5, W. 3rd 
Mer., at the International Boundary, the elevation of the top of the mariµe 
shales is calculated to be about 1,600 feet higher than in Estevan area, 
165 miles away. At Eastend, in Range 21 and 35 miles north of the 
International Boundary, the elevation of the top of the same marine horizon 
is 2,000 feet higher than at Estevan and at the west end of Cypress Hills 
in Alberta its height has increased by 700 feet more. Such evidence as 
is available, therefore, points to a broad basin steeper in the east than 
in the west and with a southward plunge. Apparently this basin originated 
later than the deposition of the Ravenscrag formation of Paleocene age. 
Within the wide basin very few local folds have been found. Geophysical 
research first by electrical surveys and later by reflection seismograph 
methods are reported to have outlined an anticline in Dirt Hills area 
south of Moose .Jaw, but the Geological Survey has not sufficient infor
mation to indicate the extent of the fold (Warren, 1930, page 45). Dirt 
Hills are on the northeast edge of the Coteau where the Upper Cretaceous 
beds are highly disturbed by slumping and a fault of some magnitude 
with downthrow to the northeast may occur in front of the escarpment. 

1 Personal communication from F. H. j\fcLearn. 
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There is evidence from bore-hole records to show that prior to the 
Cretaceous the Palreozoic rocks were uplifted in an area east of Regina and 
extending northwest to Hanley. The top of the Lower Cretaceous in a 
well drilled at Moose Jaw is 470 feet lower than in the Pilot Butte well, 9 
miles east of Regina, and 400 feet lower than in the Simpson well, 72 miles 
north of Moose Jaw. As the distance from Moose Jaw to the Pilot Butte 
well is 49 miles, the westward component of the dip of the Lower Cre
taceous surface is nearly 10 feet to the mile, whereas the southward com
ponent from Simpson to Moose Jaw is slightly more than 5 feet to the mile. 
This appears to indicate post-Cretaceous folding. The top of the Palreozoic 
in the Moose Jaw well is 800 to 1,000 feet lower (Wickenden, 1932, page 
195) than in the Fllot Butte and Simpson wells, so that the slope of the 
Palreozoic erosion surface is nearly twice as steep as that of the Lower 
Cretaceous. This is not readily accounted for except on the assumption 
that there was pre-Cretaceous folding involving the Palreozoic surface. It 
cannot be a Palreozoic erosion feature since there does not appear to be 
any important difference in the stratigraphic horizon at the top of the 
Palaiozoic surface between the Moose Jaw and Pilot Butte wells. It would 
appear, therefore, that in Regina area two periods of folding have occurred, 
one in pre-Cretaceous, and one in post-Cretaceous, time. 

The presence of the Palreozoic ridge is suggested by positive gravity 
anomalies obtained by Miller ( 1927, pages 175-187), although the ridge 
is not known from geological information to be so extensive as the gravity 
anomalies appear to indicate. There does not seem to be any reason to 
assume that a buried Palaiozoic ridge exists in the vicinity of the Muddy 
Lake well (Sec. 7, Tp. 39, Range 22, W. 3rd Mer.). At this well the eleva
tion of the top of the Lower Cretaceous is 104 feet above sea-level. Fifteen 
miles northwest at Unity Valley No. 3 well the same horizon 1 has an eleva
tion of 180 feet, and 40 miles still farther northwest at Ribstone Oils No. 2 
well (Sec. 25, Tp. 46, Range 1, W. 4th Mer.) the elevation is 354 feet. Thus 
it appears as if this horizon has a fairly consistent southeast dip of 4 to 5 
feet to the mile between Ribstone and Muddy Lake areas. The thickness of 
the Lower Cretaceous in both Ribstone Oils No. 2 and Muddy Lake wells is 
approximately 340 to 350 feet so that the Palreozoic surface, although it 
is an erosion surface, is approximately parallel to the top of the Lower 
Cretaceous. Thi being so there is no evidence that a Palreozoic ridge 
existed in this area at the time of deposition of the Lower Cretaceous 
strata. The top of the Palreozoic in Ribstone area is probably Carboni
ferous, whereas in Muddy Lake area the top is Devonian. It is not impos
sible, therefore, that the Palreozoic was broadly folded and bevelled off 
prior to the deposition of the Lower Cretaceous strata. The southeast 
regional dip of the Mesozoic strata continues for some distance southeast 
beyond Muddy Lake area, but toward the Pike Lake well, 100 miles away, 
there is a reversal of dip. If this is so a syncline occurs between Muddy 
Lake and Pike Lake areas. The top of the Palreozoic at Muddy Lake 
is 215 feet higher than at Pike Lake, but this does not necessarily imply 
a uniform dip in one direction in the intermediate area. 

1 Determination based on chert pebbles recorded in log by J. G. Spratt. 
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East of Saskatoon no data are available concerning the regional dip 
except that the strata dip southwestward away from the Canadian Shield, 
which lies to the north and east. 

Thunder Hill in Manitoba, in Swan River Valley, appears to be of 
structural origin. Kirk (1930, p. 133) has shown that the strata on Thun
der Hill are some 300 to 400 feet higher than the same horizons where 
they occur in the surrounding district and that the strata are flat-lying 
near the summit. According to this author " it appears to be necessary 
to postulate a direct and very much local uplift, but the cause of such 
uplift can only be guessed at." 

According to Wallace (G.S.C. unpublished manuscript) a peculiar 
feature of t he Devonian on Lakes Winnipegosis and Manitoba is dome 
structures of small extent. North of Bell River on the shore of Dawson 
Bay, Lake Winnipegosis, one of these structures is 100 yards wide and 
shows 26 feet of closure in the exposed section. Other small folds of this 
type occur on Snake I sland at the south end of Lake Winnipegosis and 
on Monroe and Onion Points in the northwest part of Lake Manitoba. 
No evidence exists that these domes are due to swelling produced during 
the change of anhydrite to gypsum, although it seems that the stresses 
that caused the folding must have been developed locally since the folds 
do not seem to follow any definite lines of deformation and, therefore, 
have not the appearance of being of tectonic origin. 

REGIONAL DIPS IN SASKATCHEWAN AS DEDUCED FROM WELL RECORDS 
(See Figure 22) 

Top of Lower Cretaceous 470 feet higher in Pilot Butte well than in Moose Jaw 
well; distance 49 miles; slope 9 to 10 feet a mile. 

To,p of Lower Cretaceous 400 feet higher in Simpson well than in Moose Jaw 
well ; distance, 72 miles, slope 5 to 6 feet a mile. 

Top of Lower Cretaceous 400 feet higher in Moose Jaw well than in Rush Lake 
well. Probably a syncline between these two areas, as a syncline is known to be 
present southeast of Riverhurst. 

Top of Lower Cretaceous calculated to be 250 to 300 feet higher a t Simpson than 
at Riverhurst; distance 75 miles; slope 3 to 4 feet a mile. 

Top of Lower Cretaceous 145 feet higher in H anley well than in Simpson well; 
distance 45 miles; slope slightly more than 3 feet a mile. 

Top of Alberta shale 120 feet higher in Eden Valley well at Outlook than at 
Simpson. From this it is calculated that same strata at Hanley are about 25 feet 
higher than at Outlook. Distance 24 miles; slope 1 foot a mile. 

Top of Alberta shale 170 feet higher in Pike Lake well than at Outlook; distance 
33 miles; slope slightly more than 5 feet a mile. 

Top of Lower Cretaceous 164 feet higher in Muddy Lake well than in Pike Lake 
well; distance 100 miles. Probably a syncline between the two areas. 

Top of Lower Cretaceous 48 feet higher in Pike Lake well than in Herschel well ; 
distance 66 miles. Probably a syncline between the two areas. 

Top of Lower Cretaceous 282 feet higher in H erschel well than in Rush Lake 
well; distance 77 miles; slope 3·66 feet a mile. 

Top of Lower Cretaceous 212 feet higher in Muddy Lake well than in Herschel 
well; distance 59 miles ; slope 3·59 feet a mile. 

Top of Alberta shale 345 feet higher in Muddy Lake weU t han in Fusilier well; 
distance 40 miles ; slope 8·5 feet a mile. 

Top of Lower Cretaceous 76 feet higher in Unity Valley No. 3 well than in 
Muddy Lake well; distance 15 miles; slope 5 feet a mile. 

Top of Lower Cretaceous 174 feet hig.her in H.ib tone Oils No. 2 well (Alberta) 
than in Unity Valley No. 3 well; distance 42 miles; slope 4 to 5 feet a mile . 

68386-18 
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PROSPECTS OF OIL AKD GAS OCCURRING IN COMMERCIAL QUANTITIES 

Only small flows of natural gas hav€ been obtained in Saskatchewan 
and Manitoba and have no commercial significance, although gas produced 
in Southwestern Manitoba has supplied fuel for several farm houses. No 
oil in commercial quantities has been found. There does not appear to be 
any reason, however, why both natural gas and oil should not occur pro
vided structures suitable for their accumulation exist. 

The Palreozoic has not been proved to be a source rock for oil or gas 
over a great part of the plains, but the overlying Mesozoic contains a 
number of probable source beds. It is known that marine Jurassic occurs 
in southwestern Saskatchewan and although the sediments of this age are 
quite variable from place to place yet their occurrence with oil in Alberta 
suggests that if favourable structures exist, they might also yield oil in 
southwestern Saskatchewan. It is also known that the Lower Cretaceous 
in western Saskatchewan contains some marine beds and these probably 
alternate with non-marine beds, thus indicating sedimentation conditions 
that could give rise to oil and gas source beds. In Alberta the close asso
ciation of the older beds of Colorado age with numerous gas fields sug
gests that these Colorado beds are probably the source of the gas. These 
strata continue across Saskatchewan into Manitoba and although over 
such a vast area the conditions governing the entombment of organic life 
in the sediments may have been quite divergent, yet there is nothing to 
suggest that the strata of Colorado age might not also be source rocks for 
gas in the eastern as well as the western prairies. They are overlain in Sas
katchewan and Manitoba by marine shales of Montana age in which at a 
few places small flows of gas have been encountered. Slrnles of Upper 
Cretaceous age in Pasquia Hills, Manitoba, have been shown by Ells 
(1923, page 40) to be capable of yielding 3 to 10 gallons of oil a ton on 
distillation. It is probable that shales of this character, if subjected to 
the proper dynamic conditions under adequate cover, would afford both 
oil and gas. It would appear, therefore, that source rocks for oil and 
gas are probably present in many parts of Saskatchewan and Manitoba 
and drilling is warranted at any place where the reservoir rocks are under 
an impervious. cover and are folded sufficiently to cause an accumulation. 

Drilling has been done in a number of places in Saskatchewan (Figure 
22) and Manitoba (Figure 23.) and in other places certain structures that 
may have prospective values are thought to exist. These areas are 
described in the following pages. 

BOUNDARY AREA 

The Boundary or Woodpile Coulee area in southwestern Saskatchewan 
was tested by a well drilled on L.S. 4, Sec. 9, Tp. 1, Range 27, W. 3rd 
Mer. The beds (Williams and Dyer, 1930, page 85) in Woodpile Coulee 
north of Sec. 3, Tp. 1, Range 24, are tilted to the south at an average angle 
of 45 degrees and are a series of sandstones, shales, and lignite bads of the 
non-marine Pale and Foremost beds. North of them are flat-lying Bear--
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paw strata apparently in faulted contact with the non-marine beds to the 
south. The well was commenced on the tilt~d strata, but apparently the 

Figure 22. Index map of portion of Saskatchewan showing areas of drilling. 
1, Boundary ; 2, Moose J aw; 3, Pilot Butte ; 4, Rush Lake; 5, Riverhurst ; 
6, Simpson; 7, Hanley; 8, Outlook (Eden Valley); 9, Pike Lake; 10, H erschel; 
11, Fusilier; 12, :Muddy Lake; 13, Unity Valley ; 14, Ribstone (Alberta); 
15, Misty Hills (.Alberta). 

tilting was only superficial and fl at-lying beds were encountered at no 
great depth. The drilling yielded neither oil nor gas. The log of the 
Boundary well as given by Wickenden (1932, page 179) follows: 

68386-18~ 
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Log of Boundary Well 

(L.S. 4, Sec. 9, Tp. 1, Range 27, W. 3rd Mer.; Elevation, 
approximately 2,800 feet) 

Thickness Depth 

Pale and Foremost beds 
Missing . ......................................... . ....... . . ....... . 
Shale, medium grey, coal fragments, and sand ..... . ..... . ......•... 
Coal and a little grey shale . .... . .......... . ....................•.. . 
Shale, brown and grey; a little coal and shell fragments ........... . 
Sand, fine, brown, and shale ........ . ................ ..... . ....... . 
Sand, fine, and buff sh ale .. .................. . . ..... .... . .... ... .. . 
Sand, fine, and buff shale; coal. ............. . ... .. ..... . . . .. . .... . 
Shale, grey . . ..... . ..... . ....... . .. . ........ .. .. . . . ....... . ....... . 
Shale, grey, and coal.. . ..... . .. ... ....... . ... ... ...... . .... . ...... . 
Shale, grey ........ .... ........................................... . 
Shale, brown ...................... ......... . . . ..... . ... . . .. ...... . 
Shale, light grey, occasional coal fragments ........... . ...... . .. . . . 
Shale, grey, slightly sandy .... . . . .......... . ... . . . . . . . . .... ..... . . . 
Shale, grey ................................................ ... .... . 
Shale, grey, with coal.. ......... . .... . . . • .. . ......... . ............. 
Shale, grey, sandy ........................... ... ..... •... ....•..•. . 
Shale, grey, with coal.. .. ....... . . . . . . .. ..... . ... . ..............•.. 
Shale, grey . .... ... ..... .. ...... .. . .... ... . ... .. ..... .. ..... .. .... . 
Shale, grey, with coal. . .......... . . . . . ......... . ......... . ... .. ... . 
Shale, grey, sandy .......... . . ........... . ...... . ................. . 
Shale and sand, grey ....... . ....... . .......... • ....•..•....•....... 
Shale and sandstone . .. .. . . ......... .. . . ....... ... ...... . .... . .. . . . 
Shale, grey, and some sandstone . . . .. .... . .. .... ...... ............ . 
Sandstone, v ery bentonitic .................... . . . .. .......... . .. .. . 

Pakowki and marine equivalents of Milk River 
Shale, grey to dark grey ......................•.. . ... . •.......... . . 
Shale, grey to dark grey, foraminifera . ................... . .... . ... . 
Shale, light grey ............ . ............................ . ........ . 
Shale, medium to dark grey ........ . ............................. . 
Shale, light grey .................................................. . 
Sli;alf!J , medium grey ; Epistornina caracolla at about 1,500 feet ..... .. . 
M1Ssmg ........ .. .. . .......... . ... . ........... ... ......... .... . . . . . 
Shale, medium grey .... ... ... ............. . .............. . ..... . •. 

Alberta shale 
Shale, grey, with calcareous specks ........ . . . .............. . ..... . 
Shale, dark grey, bentonite ..... . . . ..... . ......................... . 
Sha le, dark grey; Clavulina and B ullopora zone at 2,090 feet . . ..... . 
Bentonite .. . .... . ....... . .......... .... ... . .... . . .. .... . .......... . 
Shale, dark grey . . ............................................ . ... . 
Shale, dark grey; bentonite .. ....... . . . . ...... .................... . 
Shale, dark grey ...... ... ...... . . . .... . ... . ...... . . . ... . ........ . . . 
Shale, dark grey; bentonite . . . . ........... . . .. ..... . ... . ... . .. .... . 
Shale, dark grey .. . .... .. ...... . ........ . . . .. . . .. . . ..... . ..... .. .. . 
Shale, dark grey; bentonite .. . .. ... .. . .... . ... . ................... . 
Shale, dark grey ; fine grey sand and chert pebbles near base; show 

of gas at 2,700 feet, foraminifera a t 2,960 feet . .. .. .... .... . . . . .. . 
Sand, fine, grey ... .... . . . ..... .... . . . . ..................... . 

Lower Cretaceous (marine and non-marine) 
Shale, medium to light grey ...... . ............ • .. .. . . . . ........... 
Sand, fi ne, grey .... ......... . ................. . .............. . . .. . . 
Shale, dark grey ..................... . .................... . . . . . ... . 
Shale, medium to light grey . . ... . .. .......... . . . . ... . . . . .. . . . .... . 
Shale, dark grey; foraminifera (marine ) ........ . . . . . . . . . ....... . .. . 
Shale, dark grey, and bentonite ............... . . .. .... . . ... ...... . . 
Shale, d ark grey, foraminifera ..... .. ....... .. .. .. . .... . ... .. .. .. . . 
Bentonite . . . ................... ..... . .. .... .... .. . ... . .. .. ... ... . . . 
Shale, medium and dark grey ..... . . .... ...... . . ... ... . .. .... .. . .. . 
Shale, black, carbonaceous; last Lower Cretaceous foraminifera at 

3,470 feet ......... .......... ......... ..... ....... . ....... . . . .. . 

Feet Feet 

40 40 
60 100 
10 110 
30 140 
20 160 
20 180 
10 190 
10 200 

110 310 
30 340 
20 360 

180 540 
10 550 
20 570 
30 600 
10 610 
10 620 
60 680 
10 690 
10 700 
60 760 
20 780 

110 890 
40 930 

130 1,060 
14.0 1,200 
10 1,210 

240 1,450 
30 1,480 

130 1, 610 
140 1, 750 
50 1,800 

270 2,070 
10 2,080 

220 2,300 
10 2,310 
70 2,380 
10 2,390 

130 2,520 
20 2,540 

130 2,670 
30 2, 700 

390 3, 090 
20 3, 100 

70 3 ,170 
20 3, 190 
10 3,200 
10 3 ,210 
30 3,240 
10 3,250 
90 3,340 
10 3,350 
90 3,440 

80 3,520 
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Log of Boundary Well 

(L.S. 4, Sec. 9, Tp. 1, Range 27, W. 3rd Mer.; Elevation, 
approximately 2,800 feet.)-Concluded 

Lower Cretaceous (marine and non-marino)-Concludecl 
Shale, light grey ............... ..... .......... .... ..... . . .. . 
Shale, maroon and grey .... ..... . . .. ... . ......... . 
Shale, greenish grey and mauve .................. . 
Shale, grey ................................................ . 
Shale, grey and reddish purple ....... . ....... ... .. . ............... . 
Shale, dark red ................................................... . 
Shale, grey and brownish red ..................................... . 
Shale, brownish red .. ............................... . ... . ..... . .. . 
Shale, greenish grey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
Sand, grey . . .. ............ . ........ . ........... . . . ..... .. .. .. . 

Jurassic 
Shale, medium grey.. . . . . . . . . . . . . . . . . . . . . . . . ............... . 
Shale, dark grey; Jurassic foraminifera at 3,780 feet . ...... ..... . 
Shale, calcareous, medium grey, many Jurassic foraminifera ... . 
Shale, light to medium grey ...................................... . 
Shale, very calcareous, medium grey .............................. . 

Thickness 
Feet 

20 
20 
20 
30 
20 
10 
10 
10 
50 
20 

30 
30 
90 
30 
30 

Depth 
Feet 

3,540 
3,560 
3,580 
3, 610 
3,630 
a,640 
3,650 
3,660 
3, 710 
3, 730 

3, 760 
3, 790 
3,880 
3,910 
3,940 

Epistomina caracolla found at a depth of about 1 ,500 feet is, accord
ing to Wickenden, typical of the Milk River formation of Alberta. The 
Milk River sandstone thins eastward and is replaced by marine shale as 
m this well. 

DIRT HILLS AREA 

Dirt Hills area is south of Moose Jaw, .on the northeast edge of 
Missouri Coteau. The Geological Survey has little information regarding 
the structure. Geophysical methods have been used in this urea and it 
is claimed that by means of them there has been found a structure said 
to be favourable for oil and gas. The beds outcropping in Dirt Hills 
area are the Whitemud and other non-marine Cretaceous beds above the ' 
Bearpaw. The drilling depth to the Palreozoic cannot be precisely stated, 
but is not likely to be less than 3,000 feet and may be almost 4,000 feet. 

REGINA-MOOSE JAW AREA 

(Figure 22, Nos. 2 and 3·) 

It is believed that a ridge of Pa·lreozoic limestone developed :.is a result 
of folding in pre-Jurassic time in Regina area and extended northwest to 
Hanley. The outline of the ridge is very imperfectly known. Its existence 
is deduced from the fact that an oolite horizon at the top of the Palreozoic 
is 800 to 900 feet higher in the Pilot Butte well, drilled 9 miles east of 
Regina, than in a well drilled at Moose Jaw 49 miles to the west, 
whereas the difference in elevation of the top of the Lower Cretaceous 
in the two wells amounts to only 470 feet. Not only was the Palmozoic 
folded prior to the deposition of the Lower Cretaceous sediments but since 
the top of the Lower Cretaceous is inclined, post-Lower Cretaceous folding 
al o occurred. 
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The prc-Lo\YCl' Cretaceou folding cannot be preci,:;ely dated. Jurassic 
strata of unknown thickness occur in the Pilot Butte well (Wickenden, 
personal communication) and Jurassic strata at least 250 feet and perhaps 
440 feet thick (Wickenden, 193'2, page 192) occur in the Moose Jaw well. 
No Jurassic beds arc known to have been encountered in the Simpson well 
and none " ·ould be expected since the Jurassic is known to thin and dis
appear northward. In Alberta, although the evidence is not conclusive, 
there are some data that suggest that the thinning of the Jurassic strata 
northeast\rnrd is due to non-deposition and hence the .Jurassic shore-line is 
believed to have crossed southern Alberta, but at some distance north of 
the International Boundary. In Saskatchewan this shore-line must bC' 
south or soutlnvest of Simpson and north of Pilot Butte and Moose Jaw 
wells. Owing, also, to the presence of a pre-Cretaceous Palmozoic ridge 
extending northwest from Regina area, the Lower Cretaceous in the Moose 
Jaw well is 155 feet thicker than in the Simpson well and perhaps is also 
thicker than in the Pilot Butte well, although the thickness in the Pilot 
Butte well is uncertain due to the difficulty of interpreting the rotary 
amples from this well. In regard to the oil and gas prospects the south

west dip is important because if any oil or gas occurs in the area it is likely 
to be found in the sands of the shore-line of the former Jurassic sea or in 
the sands of the Lower Cretaceous where these end against the Jurassic or 
overlap onto the Pal::eozoic ridge. It is thought that in southern Alberta 
Jurassic shales are source beds of oil. If so they are possible source rocks 
in southwestern Saskatchewan. Also the Lower Cretaceous of western Sas
katchewan contains marine as well as non-marine beds, a condition quite 
favourable for the occurrence of source beds of oil and gas as well as for the 
probable presence of reservoir rocks. It is unfortunate that there is no 
method except drilling by which the shore-line of the former Jurassic sea 
can be located and tested. The Pilot Butte well is too far south and the 
Moose J aw well with its considerable thickness of Jurassic strata is too far 
southwest. The Simpson well is also on the Pal::eozoic ridge and an 
unknown distance north of the former Jurassic seashore. A well drilled at 
Estlin about 13 miles south of Regina did not reach the top of the Lower 
Cretaceous, according to an interpretation of the log by Dowling (1919, 
page 40), although it reached a depth of 2,425 feet or 500 feet below sea
level. As the top of the Lower Cretaceous in the Pilot Butte well is at 
approximately 320 feet below sea-level it is apparent that in the 16 miles 
between the Pilot Butte an:d Estlin wells there is a dip of more than 11 feet 
to the mile. Another well drilled at Wilcox (Dowling, 1919, page 41) south
west of Estlin did not reach sufficient depth to give any information on the 
position of the shore-line of the former Jurassic sea, and hence was not 
a satisfactory test. The Moose Jaw well reached the top of the Jurassic 
at slightly less than 3,000 feet and hence in any attempt to find the 
position of the Jurassic shore-line it would be necessary to drill to about 
as great a depth. The stratigraphic succession encountered by the Moose 
J aw well as interpreted by Wickenden (1932, page 182) is as follows: 
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Log of Moose Jaw Well 

(Near power house in Moose .Jaw; Elevation, 1,778 feet) 

Missing ....................... ... .......... .... ...... ...... . ... ....... . 
Marine shale (Montana) 

Shale, medium grey; foraminifera . . ............................... . 
Shale, greenish grey; foraminifera .................. .. ............. . 
Missing ..... . .... . . . . . ..... . .. .... . ............. ... . .. ..... ... . .. ·· 
S~al~, medium grey; foraminifera .................. . . . ........... . 
Missmg ...... . ................................ · ····· · ···· · ··· · ·· ·· · 
S~al~, medium grey; foraminifera ....... . ........ .... ... . ... . .. ... . 
M1ssmg .. ... .... . . ......... . ..................... . . . ... . .......... . 
Sand, grey ........... . ................. . ... .. ....... . ............ . 

~~i~:~~~~ ·. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
~~~!ri;;a.~~~. ·. ·. ·. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Sand, grey . ....... . ....... ..... . . . .. .. . ......... .. .... . .......... . 

~:!Ii;g~.~~'.~'.1'. .~~e~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
11 lberta shale 

S~all!, dark grey, with white calcareous specks ..................... . 
Missing .............. .... . ........ ..... ...... ............... ..... . . 
S~all!, dark grey, with white calcareous specks . . ... .............. . . . 
Missing .................. .... ........................ . ... .......... . 
S~al~, dark grey, with white calcareous specks . ... .. ............... . 
Missmg .......................... .. . ..... ... .. . ................... . 
Shale, dark grey ................................................. . 
Missing ......................... .... ............................. . . 
S~al~, dark grey, calcareous .......... . .. .. ...... ... .. ... ........ . . 
M1ssmg ........ .. ..... . ........ .. . .... .. . . . .. ·. · ...... . . ······ · · ··· 

~~~!fi;:.~~~. ~~~~ .... : .. ::::::::::::::::::::::::::::::::::::::::::::: :: 
~~:!ri;:.~~~ g~e~·::::: : : : : : : : : : : : : : : : : : : :: : : : : : : : : : :: : : : : : : : : : : : : : : 

~~:!f~g~~~~. ~r~~."." ."::: ::: ::: :::::::::::::: ::: : : : : : : : : : : : : : : : ...... . 
Shale, dark grey ... ... ............. . ........ . ..................... . 
Missing ..... .. ................... . ................................ . 
Shale, dark grey ...... . ... . ... . ... . . . .... .. . . . . .. ....... ... ....... . 
Missing ................ . ............ .. . . .. ...... ...... .... .. . ... . 

~~:!1~:.~~~. ~~~~ ...... :::::::::::::::::::::::::::::::::::::::::::::::: 
~~:!i~g~~~~. grey."."."."::::::::::::::::::::::::::::::::::::::::::::::: 

~:!f ~gv~~:. ~·a·r·~ ~.e.~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
~~:!ii;g~e~:. d~·r·~ ·g·r·e·y .. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

~~:!r~:.ark. ~~~~:::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
~~:!i~~~~~~ ~~~~ ........ :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
~~:!r~:.~~~ ~r~~:::::: :: : :: : : : : : : : : : :: :: :: :: : : : : : : : : :: : : :: : : : : : : : : : 
if';!i~gd~rk. ~~~~."." ." .":::::::::::::::::::::::::::::: : :::::::::::::::: 

~:!i~gd~~~. ~~~~::::::::: :: : : : :: : : :: : : : : :: : : : : : : : :: ::: :: : : : : : : : : : : : 
~~:!r~:.~~~(. ~~~y .. ::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Shale, dark grey . . ................................................ . 
~fissing.... . .. . ............................................... . 

Thickness 
Feet 

400 

180 
20 
20 
30 
25 

215 
10 
10 
10 
20 
10 
30 
30 

150 
440 

10 
50 
10 

100 
10 
30 
10 
50 
10 
40 
10 
10 
10 
40 
10 
40 
20 
30 
10 
30 
20 
40 
10 
40 
10 
20 
10 
10 
10 
15 
10 
30 
10 
40 
10 
45 
10 
10 
10 
40 
10 
30 

Depth 
Feet 

400 

580 
600 
620 
650 
675 
890 
900 
910 
920 
!J40 
950 
!J80 

1, 010 
1, 160 
1,600 

1,610 
1,660 
1,670 
1, 770 
1, 780 
1,810 
1,820 
1,870 
1,880 
1, 920 
1,930 
1,940 
1,950 
1,990 
2,000 
2,040 
2,060 
2,090 
2, 100 
2, 130 
2, 150 
2,190 
2,200 
2,240 
2,250 
2,270 
2,280 
2,290 
2,300 
2,315 
2,325 
2,35.5 
2,365 
2,405 
2,415 
2,460 
2,470 
2,480 
2,490 
2,530 
2,540 
2,570 
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Log of Moose Jaw Well 
(Near power house in Moose Jaw; Elevation, 1,778 feet)-Concluded 

Thickness Depth 
Feet Feet 

10 2,580 
10 2,590 
10 2,600 
35 2,635 
45 2,680 
10 2,690 
40 2, 730 

Lower Cretaceous (marine and non-marine) 
S~al~, dark grey, and sand, light grey, trace of coal. .............. . 
M1ssmg .............. . ............................................ . 
Shale, dark grey .. .... ... ......................... . ....... . ....... . 
Shale, dark grey, and fine, light grey sand; foraminifera .......... . . 
Shale, dark grey; foraminifera .................... . ...... ... ...... . 
Shale, medium grey ...... .' ... . .. . ........... ... .. ... ... .... ... .. . . 
Shale, medium grey, and fine, light grey sand ............ . .. .... . . . 

10 2, 740 
30 2, 770 

Sand, fine, light grey ..................................... ... ..... . 
Shale, dark grey, and fine, light grey sand ............ .. ....... ... . 
Missing ... . .... . . ... ..... . ............... .. ........ . ......... . .... . 30 2,800 
Shale, sandy, dark grey ....................... . .. ....... . ... . .. .. . 5 2,805 

15 2,820 
30 2,850 

Sand, medium grained ............................... ... .......... . 
Shale, dark grey, and medium-grained sand .. . . ................... . 

10 2,860 
20 2,880 
15 2,895 
30 2,925 

~:!i~i~~~ ~~~~ ...... ::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : . 
Shale, light grey .................................. . .... ....... . ... . 
Shale, light grey and greenish grey .............. . ................. . 
Sand, fine grained ................................................ . 10 2,935 

Jurassic 
Shale, medium grey, calcareous; Jurassic foraminifera at 2,990-3,000 

feet ..................... .. ................ . ..... ..... ........ . 90 3, 125 
Missing ........... . ...................... · ···················· · ···· 35 3,160 
Shale, medium grey ................ . ... . ......................... . 25 3, 185 
Shale, red, with a little grey ................. . ... . ................ . 10 3, 195 
Shale, medium grey, calcareous . . ............... . .... . ... . ... . .. . . . 3 3,198 
Limestone, white, and shale, grey .................... . . . .......... . 10 3,208 

2 3,210 
45 3,255 ~~:!~g~.~~'.~~ .~rey:: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

Sand, medium grey ........................ . ...................... . 10 3,265 

The well was deepened in 1931, but the samples taken look as if much 
material has caved in from above. A series of cores, however, shows an 
oolitic limestone at 3,380 feet and underlying this, a fine-grained, grey 
limestone. The oolitic limestone at 3,380 feet is believed by Wickenden 
(1932, page 185) to mark the top of the Palreozoic. 

In the Rush Lake well, drilled 85 miles west and slightly north of 
Moose Jaw, the top of the Lower Cretaceous is 400 feet higher (1932, 
page 191) than in the Moose Jaw well. Since between the Moose Jaw well 
and the Pilot Butte well, 49 miles to the east, the same horizon rises 470 
feet, it is obvious the Moose Jaw well lies in a basin in which unless there 
is local anticlinal folding, such as is not known to exist, no concentration 
of oil and gas would be expected to exist except, as already stated, towards 
the eastern edge. 

SIMPSON AREA 
(Figure 22, No. 6) 

In the account of Regina-Moose J aw area, reference has already 
been made to a well drilled at Simpson, 72 miles north of Moose Jaw. The 
top of the Lower Cretaceous in this well is 400 feet higher than in the 
Moose J aw well and if the depth of 3,380 feet be considered to be at the 
top of the Palreozoic in the Moose Jaw well then this horizon is 1,026 feet 
higher at Simpson than at Moose J aw. As already pointed out, the 
Simpson well enters the top of the Palreozoic ridge. No evidence has been 
found to indicate that the Palreozoic limestone in this area is a source rock 
of oil or gas and since the basal part of the Lower Cretaceous is non-
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marine there are no strata in contact with the limestone that are possible 
source rocks, and, therefore, no grounds exist for expecting the limestone 
to be productive of -0il or gas. Higher horizons in the Cretaceous are 
possible source rocks, but there is n-0 reason to believe any local structure 
exists in this area that would cause oil and gas to accumulate even if a 
source for these materials existed. The log of the Simpson well as inter
preted by Wickenden (1932, page 186) is as follows: 

Log of Simpson Well 

(L.S. 2, Sec. 9, Tp. 29, Range 25, W. 2nd Mer.; Elevation, 1,768 feet) 

Drift ............ . . . . . ....... . .... . . . .. . . . . .. .. . .................. . 
Lea Park 

Shale, medium grey, somewhat sandy; foraminifera .... . ... . . . ... . . 
Shale, medium grey, darker than above; Epistomina caracolla . .... . 

Alberta shale 
Shale, dark grey with white, calcareous specks . ................... . 
Shale, very dark grey, almost black; show of oil at 1,612 feet ...... . 
Shale, dark grey; gas at 1,720 feet .. ..... ....... . .... ............ . . . 
Bentonite .. ................................ . ..... .. . . . .... .. .... . . . 
Shale, dark grey .. .. ...... . ................. ...... ................ . 
Sand, light grey, fine grained . ............ ... .. . . . .... .. .. . .. . . . .. . 
Shale, dark grey, some nearly black; show of oil about 2,116 feet .. . 

Lower Cretaceous 
Shale, medium to light grey, sandy . .. ......... ................ ... . 
Shale, dark grey ...... .. ................... ............... .. .. . . .. . 
Shale, mauve-grey ..................... . ...... . . . .. .. .... . ....... . . 
Shale, dark grey and salt water and gas at .... . ... . ...... . ........ . 
Shale, mauve-grey at .. ............ .... ........ . .. . . .. ............ . 
Shale, light grey at ......... .... . ....... . . . ........... ... ......... . 
Shale, medium grey, much pyrite . . ... ... . ..... .. ............ . .... . 
Shale, medium grey ................... ..... .. ............. . ... . .. . 
Sand, fine grained .. . . . .. . ..... . . ... . . ...... . ... . .. . . . ... . ........ . 
Shale, dark grey ...... .......... . .... .. .. ........... . . ...... ...... . 
Shale, medium grey . ........ . .. . ................... . .... . ...... . . . 
Shale, light grey, calcareous ....................... . .............. . 

Palreozoic 

Thickness 
Feet 

360 

644 
46 

120 
140 
155 
10 
60 
25 
60 

10 
10 
5 

20 
60 
5 

15 
30 
20 

Depth 
Feet 

360 

1,004 
1,450 

1,570 
1, 710 
1,865 
1,875 
2,035 
2,060 
2, 120 

2, 130 
2,140 
2, 145 
2, 161 
2,170 
2,180 
2,200 
2,260 
2,265 
2,280 
2,310 
2, 342 

A'!h:ydrite and grey shale................ . . . . . ........ . . . . . . . . .. ... 68 2,410 
M1ssmg... . ......................... . ... . ................. . . . . . . . . . 190 2, 600 

~:!r~:e.d:::: :: ::::::::::::::::::: : :::::::::::: : : ::::::::::::::::: ~g ~: m 
~1:!Ti;;e.~::::::: : :::::::::::::::::::::::::::: : ::::: ::: :::::::::::: ~g ~'. ~§~ 
~:!Ti;:~.~:::::::::::::::::::::::::::::::: : ::::::::::: : :::::::::::: i8 ~: ~~g 
Shale, grey .... . ............. . ........... .. .......... . .. ... ..... ... 11 2, 731 
Oolite, white, at.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 735 
Shale, red, at.. .. .................................................. 2, 743 
Limestone, cream coloured, at................. ..... .. .. .... ... . ... 2, 746 
Limestone, white and buff dolomite, at..... ..... .................. 2, 776 
Limestone, white; buff dolomite ... .. .. .. ......... . .... . .... .. .. . .. 4 2, 780 
Limestone, cream coloured..................................... .. .. 80 2,860 
Limestone, cream coloured ; grey shale . . ..... . . . ..... . ............. 50 2, 910 
Dolomite, buff and white limestone, at......................... .... 2, 938 
Limestone, grey-white ... . ........ .. .... . ...... . ............ . ..... . 22 2, 960 
Dolomite and limestone, buff coloured, at.................... . ... . . 2, 983 

~fs1s~~~~'. -~~i~." : ::::::::::::::::: :: :::::::::::::::::::::: :: ::::: U ~'. g~~ 
Limestone and dolomite, buff coloured............. . .. . . . . . . . . . . . . . 20 3, 035 
Limestone, white and light buff, some dolomite ....... .... ........ . 40 3,075 
Dolomite and limestone, light buff. . .. ... . . . ....................... 53 3, 128 
Dolomite, dark buff. ............... .. . . ......................... . . 22 3, 150 

The total depth of the well was 3,445 feet and a rock salt bed, said 
to be 12 feet thick, was encountered between 3,420 and 3,432 feet. 
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RUSH LAKE-RIVERI-IURST-OUTLOOK-HANLEY AREA 

(Figure 22, Nos. 4, 5, 7, and 8) 

In 1920 a well was drilled on the south side of South Saskatchewan 
River north of Rush Lake. The top of the Lower Cretaceous was encoun
tered at an elevation 400 feet higher than that of the same horizon in a 
well at Moose Jaw 85 miles to the east and slightly south. The dip in 
Moose J aw area is probably to the Southwest and if so the area between 
Rush Lake and Moose Jaw may be synclinal. East of South Saskatchewan 
River and 32 miles northeast of the Rush Lake well is Riverhurst, southeast 
of which an artesian water basin has been developed (Maddox, 1932, page 
75). The water-bearing horizon is a sandstone in the base of the Bearpaw 
or underlying Belly River beds. It rises to the south at a rate of 7 to 14 
feet a mile and to the west at 5 to 6 feet a mile. Evidently, therefore, the 
dip is to the north rather than to the east. A flow of gas of considerable 
but not commercial volume was struck at a depth of 518 feet in a well' 
drilled at Riverhurst (Warren, 1927, page 41). The gas occurs in a sand
stone that Warren considered to be Belly River, but data more recently 
secured suggest that it may be in the Bearpaw. Belly River sandstones 
and shales outcrop on South Saskatchewan River in Tp. 21 , Range 18, 
W. 3rd Mer., disappearing below the river-level about Range 13, and the 
Bearpaw-Belly River contact occurs near the top of the Rush Lake well 
in Range ll. From these outcrops Warren calculated the northeast dip 
to Riverhurst to be 6 · 5 feet a mile, assuming that the gas-producing 
sandstones in the Riverhurst well are Belly River. If they are Bearpaw 
the dip is somewhat steeper. It is not known how far t he northeast dip 
continues beyond Riverhurst, but there is a very pronounced rise before 
Simpson, Hanley, or Outlook are reached. The top of the Lower Cretaceous 
at Simpson is probably 250 to 300 feet higher than at Riverhurst, 75 miles 
southwest of Simpson, and the top of the same horizon is 145 feet highei• 
still at Hanley, 45 miles northwest of Simpson. At Outlook, 24 miles 
southwest of Hanley, in a well drilled by Eden Valley Oil and Gas Com
pany on L.S. 14, Sec. 35, Tp. 28, Range 8, W. 3rd Mer., the top of the 
Alberta sha:le occurs at a depth of 1,310 feet or about 120 feet higher than 
at Simpson. The above data indicate that Riverhurst area is in a 
pronounced basin on the west flank of which the Rush Lake well was 
drilled. The Outlook well is apparently only 25 feet lower structurally 
than the well at Hanley drilled on L.S. 9, Sec. 28, Tp. 30, Range 5, W. 3rd 
Mer., to a depth of 2,134 feet, and abandoned in Lower Cretaceous strata. 
The Hanley well is considerably higher than the Simpson well. The 
structurally high Hanley well did not obtain commercial supplies of oil 
and gas and, therefore, the prospects of this whole general area do not 
appear very promising unless there is a more pronounced local anticlinal 
area in the vicinity of Hanley than now appears probable. 

The log of the Rush Lake well as interpreted by Wickenden (1932, 
page 185) is as follows: 
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Log of Rush Lake Well 

(L.S. 2, Sec. 20, Tp. 19, Range 11, W. 3rd Mer.; Elevation, 
approximately 1,750 feet) 

Thickness Depth 

Drift . . ... . .. .. . . . .... ... ... ... . . .. . ... . ... .. . .. . ... .. . . .. . . 
Bearpaw, Birch Lake? or B elly River? 

S~al';'), medium grey ... . . 
Missmg. ... . . .. . .... . .... . . . .. . . . . . . . .. . . . ... . . .. . . 
Sand, grey, pepper and salt ..... ..... . ... . ...... . 

Grizzly Boar and Ribstone Creek 
Shale, medium grey; gas at 318 feet; Haplophraomoides rugosa 

(found in the Grizzly Bear formation). 
Sand, m edium grey; little shale .. .. 
Sandy shale, brownish grey ... .. 
Sand, fine grained ... . ... . 

L ea Park 
Shale, somewhat sandy, medium grey .. ..... . .. .... . . ..... . ...... . 
Shale, medium grey, darker than previous, somewhat sandy with 

buff shale and glauconitc; much gypsum at 1,450 feet; 
Epistomina caracolla, typical of the Milk River in eastern Al-
berta. .. ... . . . .. . .... . ....... . .... . . 

A /,berta shale 
Shale, dark grey with white, calcareous specks , foraminifera .. . . . 
Bentonite .. . . .... . ...... . ... .. ....................... . . 
Shale, dark grey; foraminifera . ... ...... . . . . . . .... . . . . . .... .. .. . . 

L ower Cretaceous 
Sandy shale, medium grey, chert pebbles and coal. .. . 
Shale, medium to dark grey (marine) .. .. ... . . . . . . 

Feet Feet 

20 20 

20 40 
10 50 
20 70 

230 340 
10 350 
50 400 
20 420 

490 910 

650 1, 560 

50 1, 610 
10 1,620 

520 2,140 

10 2, 150 
120 2,270 

This well is reported to have reached a depth of 2,325 feet, at which 
depth salt water was encountered. 

The Eden Valley Oil and Gas Company's well at Outlook did not 
reach the Lower Cretaceous. Wickenden has compiled the log, as follows, 
from samples submitted to the Geological Survey. 

Lag of Outlook Well 

(L.S. 14, Sec. 35, Tp. 28, Range 8, W. 3rd Mer.; Elevation, 1,750 feet) 

Thickness Depth 
Feet F eet 

Missing . . . . . . .. . . 390 390 
U pper Lea Park 

Shale, medium grey .. 50 440 
Missing . . . ............ . . 20 460 
Shale, sandy; some glauconite .. . 10 470 

20 490 
10 500 
40 540 

Missing .... .. ........ . ......... . ... . .. ... .. .. . . . . . . . . .. . . 
S~al!J , sandy; some glauconite. . . .. .... . . .. . . . . . .. . . 
Missmg ........ .. .... .. . .. ..... . .. . . ...... .. . .. . ... .. . . . 

10 550 
40 590 
10 600 
20 620 
10 630 

S~al!J, sandy; some glauconite . . 
Missmg ....... . ... . ......... . .... . ... . 
S~al!J, grey, sandy; some glauconite . . . 
Missmg .... . ....... .. ................. .. ... . .. .. . . . . . . . . ... . . . .. . . . 
Shale, grey, sandy; some glauconite . .. .. .. . . . . ... ... .. .. . . . . 
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Log of Outlook W eU 

(L.S. 14, Sec. 35, Tp. 28, Range 8, W. 3rd Mer.; Elevation, 1,750 feet) 
Concluded 

Uppe~ L~a Park-Concluded 
M1ssmg .. . . .. . . .. ..... .. . .. .. ..... . . ... . . ... .. . . . . . . . . ... .. . .. . ... . 

~~:!r~r.~~ .. :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
~~!!ii;f.~~ .. :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
~!!Z;;~~~ .. :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Shale, grey and greenish grey .. . . . . . .... .. .......... ....... .... .. .. 
Missing; show of gas reported at 780 feet ... . . ...... .. .... . .. . .... . . 
S~al~, medium grey . . . . .... . . . .. . ..... . ....... ... ... . .. . . . . . . .... . 
M~~- · · · ·· · ·· · · ·· · · · · · · · · · · · ·· · · · ····· · ·····. 

~!!ii;;.'.~~~ulil _grey : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

~i~:in~te.·::. : :: : :::::::: : : : ::::::::::: ... :::::::::::: .... :. 
Lower L ea Park 

Sl\al~, medium grey, darker than above .... . ............... . 
M1ssmg ... .. . ... . .............................. . ... ·. · · · · · · . · · · · · · · 

~~!!i~gm.~~iulil -~e~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
~~!!i~ 1'.1.~di~lil .~~~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Shale, medium grey ....................................... . 

Alberta shale 
Shale, dark grey with white calcareous specks . . . . .. . ... . .. . . 

Thickness 
Feet 

30 
10 
20 
10 
20 
10 
10 
10 
40 
10 
20 
10 
10 
10 
10 

10 
20 
30 
50 
10 
10 

320 

90 

Depth 
Feet 

660 
670 
690 
700 
720 
730 
740 
750 
790 
800 
820 
830 
840 
850 
860 

870 
890 
920 
970 
980 
990 

1,310 

1,400 

The well was not deep enough to test the possibly productive horizons. 

PIKE LAKE AREA 

(Figure 22, No. 9) 

The Pike Lake well was drilled on L.S. 8, Sec. 13, Tp. 34, R ange 7, 
W. 3rd Mer., west of Pike Lake and 16 miles southwest of Saskatoon. It 
is 33 miles north and slightly east of the Eden Valley Oil and Gas Com
pany's well at Outlook. It is thought that similar horizons are 170 feet 
higher at Pike Lake than at Outlook, indicating a rise of slightly more 
than 5 feet a mile. The Muddy Lake well drilled 100 miles northwest 
of Pike Lake entered the top of the Lower Cretaceous at an elevation only 
164 feet higher than the elevation of this horizon in the Pike Lake well. 
This southeast slope of 1·64 feet a mile seems to be somewhat low, as 
indicated by the following considerations. At Tramping Lake, 80 miles 
west of Pike Lake, coal from Belly River strata is frequently washed up 
on the shores of the lake and it is believed that shalesl outcropping along 
t he west shore of the lake in Township 35 belong to the basal part of the 
Bearpaw. The elevation of the base of the Bearpaw would, therefore, 
be about that of Tramping Lake or 2,01<8 feet. The Muddy Lake well , 

1 Formerly it was t hought th at these b eds might belong to th e Grizzly Bear formation ; See Hume : 
Geol. Sur v., Canada , Sum. R ept. 1925, pt. B , p. 6. 



279 

25 miles northwest of Tramping Lake, was commenced in the Pale and 
Variegated beds. These horizons as developed southwest of Muddy Lake 
are 700 to 800 feet ·thick, but it is known that they decrease in thickness 
from west to east. If it be assumed that their thickness is 500 feet in 
Muddy Lake area then, since the Muddy Lake well penetrated the base 
of this horizon at an elevation of 1,729 feet, the elevation of the top of 
t he Pale and Variegated beds, i.e., the base of the Bearpaw, would have 
been 1,729 plus 500 feet, that is 2,229 feet. The elevation of the base of 
t he Bearpaw at Tramping Lake 25 miles to the southeast being 2,018 feet, 
the dip in a southeast direction is at the rate of about 8 feet a mile, whereas, 
as already stated, the rate of dip as established by comparing the eleva
tions of the top of the Lower Cretaceous at Muddy Lake and Pike Lake, 
respectively, amounts to only 1·64 feet a mile. It may be, therefore, that 
the dip between Muddy Lake and Pike Lake is not uniformly southeast 
but changes to a westerly or possibly southwesterly dip at an unknown 
distance wes•t of Pike Lake. Otherwise the calculated dip of 1·64 feet a 
mile between Muddy Lake and Pike Lake cannot be explained by the 
present data. A southwest dip would be in harmony with the southwest 
dip between Hanley and Riverhurst to the southeast of Pike Lake and 
would suggest that the Riverhurst synclinal basin extends northwestward 
so as to lie between Muddy Lake and Pike Lake. 

Log of Pike Lake Well (By J. G. Spratt) 

(L.S. 8, Sec. 13, Tp. 34, Range 7, W. 3rd Mer.; Elevation, 1,715± feet) 

Dillt .... . ........ ... ... .. ... . . . ....... . .... . ... . ... . . . ..... . ... . . . 
Shnd, fine grained: . .... .. : .. . . . ... . . ... . ....... . ... . ... . .. . .... ... . 
S a le, grey, orgamc rem ains .... .... ..... .. . .. .... . . .. ... ... . 
Shale, grey ......................... . .. .. .. . .. . ...... . ... . 
Sand, grey ; water ................................. . ... . . . 
Shale, olive-grey, and fine-grained sand stone .. .. ... .. . 
Sandstone, very fine grained, and shale, grey ..... . ................ . 
Sand, mostly white, black, and green; water a t 315 feet . . ......... . 
Shale, grey or green ....... . ...... .. ........ . ...................... . 
Sandstone, fine grained, grey ... . . . . . ....... . . . ..... . . 
Sandstone, coarser, greenish .................. .. ... .. .. ... . .. .. .. .. . 
Sandstone with some shale and ironstone .. ... . . . .... .. ... . ..... . 
Sandstone and some shale . .. . ................ . ..... . 
Shale, grey, sandy ...... . . . . . .. . . . .. . . . . .. ....... . ....... . 
Shale, grey, with a little bentonite .. .. . . . ... . .. . .......... . 
Shale, dark grey .... ......... . ............. . ... . . . 
Shale, dark grey, with pyrite, at . . .. . .. . ... . .... . 
Shale, dark grey ....... . . . ....... . .... . 

Lower Cretaceous 

Thickness 
F eet 

90 
50 
60 
50 
5 

10 
35 
15 
25 
30 
10 
10 

110 
690 
35 

375 

140 

Depth 
Feet 

90 
140 
200 
250 
255 
265 
300 
315 
340 
370 
380 
390 
500 

1, 190 
1,225 
1,600 
1,635 
1, 775 

Shale with fine-grained sandstone .. . . . ......... . . . . . . . . . . . . . . . . . . . . 5 1, 780 
Sandstone, oil show and salt water , at . ... . . . . . . . . . . . . . . . . . . . . . . . . 1, 790 
Sandstone and shale, grey and dark grey, a t. . . ....... .. . ........ .. . . . . . . 1, 795 
Shale and little sandstone, a t ................................ . . . .... . . . . . . . . . 1,810 
Sandstone, fine grained, a little shale, at .. ... .................... ... . . . . . . . .. . 1,855 
Sandstone, light grey, with carbonaceous materials ... . ........... . . . ......... 1,870 to 1,925 
Sand, white, medium fine... ........ .. ..... .. .. ... ............. 1,940 to 1,950 
Sand, white, at.... .. .. .. .. .. .. .. .. .. .. . .. .. .. .. . .. . .. .. .. . . . . .. .. 1,960 
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Log of PiJGe Lake Well (By J. G. Spratt) 
L.S. 8, Sec. 13, Tp. 34, ·Range 7, W. 3rd Mer.; Elevation, 1,715± feet)

Concluded 

Thickness D epth 
Feet Feet 

Lower Cretaceous-Concluded 
Sandstone, medium grained, light grey, at... . . ... 1, 975 
Shale, dark, carbonaceous, at.. . ....... . .. .. . . . . 1, 990 
Shale, grey, at....... . .... . ....... .. . . . . . . ... .. . .... 2,010 
Shale, black, carbonaceous, with sandy streaks , a t . . . . . . . . . . . . . . . . . . 2,030 
Sand, fine grained, grey.... . . . . . . . . . . . . . . . . . . . . . . . . . ... __ 2, 090 to 2, 115-
Shale, dark and light grey......... ... ..... .. .. .. .. .. 2, 115 to 2, 125 
Pyrite, at .... . .. .. . .... .. ... . . . . . .. . ............... _ . . . . . . . . . . . 2, 130 
Shale, black, carbonaceous, and light grey, a t ....... _... .. . . 2, 165 

Palceozoic (top at) . .. . .... . . . . ... .. ... ...... .. . . .. .. .. . . . . . . . . . . 2, 165 
Limestone, sandy, and pale green shale . . ... ... . . ... ... . . . . . . . . . . . . . . ... 2, 190 to 2,22(} 
Limestone, grey; shale, calcareous, grey to green, at .. . 2,315 
Limestone, grey, and shale, at.... . .. . . . .. . ..... .. . . 2,390 
Limestone, buff-grey, at. ..... 2,425 
Limestone, buff-grey, at ...... . . . . . . . . . 2, 535 
Limestone, buff-grey, a t .... 2,550 
Limestone, buff-grey, a t.. .. 2,605 
Limestone, buff-grey, a t. ... 2,650 
Sa lt wa ter... .... .... 2,655 
Limestone, buff-grey . . ..... . . . . . . . . . . . . . . . . . . . . . . 2, 725 to 2, 745 
Limestone, light grey.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 2, 755 to 2, 770 
Limestone, light grey, at...... .... . .................... _ 2,860 
Limestone, light grey, a t . .. . . .. . . . . . . . . . . . . . 2,875 
Limestone, light grey... ......... . ............ 2, 950 to 2, 970 
Limestone, sha!y, grey, at . . . . . . .. . ..... . . . . . . . . . . . . . . .... ..... _ 2, 935 
Gypsum, white to brownish, translucent .......... . .. _ .... 3,020 to 3,060 
Limestone, buff...... ... . . . . . . . . . . . . . . . . . . . _ ........ _ 3, 105 
Limestone, buff to grey , at . 3, 170 

HERSCHEL AREA 

(Figure 22, o. 10) 

A well drilled at Herschel, by the Rosetown Lease Holding Company, 
on ec. 4, Tp. 31, Range 17, W. 3rd Mer., is 58 miles west and north of 
the well at Outlook and 66 miles west and south of the Pike Lake well. 
This well was drilled by rotary methods and the samples are difficult to 
interpret. According to Warren (1930, page 41) Belly River strata out
crop in the vicinity of Herschel and it is probable that the well com
menced in these beds. It appears also probable from a log of the well 
compiled by Spratt that the top of the Lower Cretaceous occurs at 2,028 
feet. The total depth represented by samples (the lowest being core 
samples) is 2,031 feet, and is assumed to be the depth of the well. The 
elevation of the top of the Lower Cretaceous (elevation of well 1,920 feet) 
is 48 feet lower than in the Pike Lake well, but if the synclinal basin of 
Riverhurst area extends northwest, as seems possible, it probably passe~ 
between Herschel and Pike Lake and a comparison of the elevations of 
the same horizon at the two places does not show the true dip. 

The Herschel well is almost on a straight line joining the Rush Lake 
and Muddy Lake wells. It lies 77 miles northwest of Rush Lake and 59 
miles southeast of Muddy Lake. The top of the Lower Cretaceous shows 
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a rise of 282 feet or 3 ·66 feet a mile between Rush Lake and Herschel 
and a rise of 212 feet or 3 · 59 feet a mile between Herschel and Muddy 
Lake. This suggests an extraordinarily uniform slope to the southeast. 

The Fusilier well (Sec. 23, Tp. 34, Range 28, W. 3rd Mer.) is about 
65 miles west and 22 miles north of the Herschel well and in it the top 
of the Lower Cretaceous is somewhat lower than in the Hers<ihel well. It 
is somewhat difficult to fit this data in with what is known of regional 
dips, but it can be explained by assuming a westerly or southwesterly dip 
west of Herschel. As has already been stated in the account of Pike Lake 
area, a syncline possibly occurs east of Herschel between it and Pike Lake 
and if such a structure is present there must be an anticlinal structure 
plunging to the southeast, somewhere in the general area around Herschel. 
With present information it is impossible to state whether this structure, 
if present, is sufficiently pronounced locally to cause any accumulation of 
oil or gas. 

FUSILIER AREA 

(Figure 22, No. 11) 

A well was drilled in 1916 about 7 miles northwest of Fusilier on Sec. 
23 , Tp. 34, Range 28, W. 3rd Mer. This well began in strata probably the 
equivalent of the Pale and Variegated beds and encountered the top of 
the Lea Park shale at 1,320 feet and the top of the Alberta shale at 2,135 
feet. The top of the Lower Cretaceous is not exactly known on account 
of the lack of samples, but Dowling (1919, page 48) placed it at 2,716 
feet. The well is 65 miles west and 22 miles north of the H erschel well 
and slightly lower structurally as should be if there is a southwest dip in 
this area. A southwest dip seems to be proved by the fact that the dip 
of the top of the Lea Park or Alberta shale horizons from the Muddy 
Lake well , 40 miles to the northeast of the Fusilier well, is at the rate of 
slightly more than 8-} feet a mile and this southwest dip apparently con
tinues t hrough Fusilier to the Misty Hills "·ell of Alberta, 25 miles away, 
on Sec. 29, Tp. 32, Range 4, W. 4th Mer., alt hough the slope seems to bB 
lower than farther to the north east. No available evidence indicates any 
local anticlinal conditions in Fusilier area and, therefore, no oil or gas 
production is to be expected, although the Fusilier well is reported to have 
encountered small flows of gas at 2,473 and 2,560 feet. 

The log of the Fusilier well, described in part by Dowling but inter
preted by the author 'as a result of the examination of the available samples, 
is as follows: 

Log of F1lsilier Well 

Thickness Depth 
Feet Feet 

Drift . . .. . .... .. . ... ........ . ....... . .... . .......... - - - · - · - - · · · - · · · 138 138 
Equivalents of the Pale?, l'aricgated, B irch Lake, Grizzly Jj ear, and R -ibsto11r 

Creek formations 
Sand, soft . .... ......... .. . .... . ... .. . 7 145 
Clay, blue, with some sand ....... . ... .. . 145 290 

J2G 416 
29 445 

C lay, soft, b lue .. . .. ... __ .... _ ..... _ .... . 
Shale, brown; some coal at 425 to 490 feet 
Clay, lig;ht blue . . .. . I~ 460 
Shale, brown . . .............................. _ 4 464 
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Log of Fusilier Well-Concluded 

Thickness Depth 
Feet Feet 

Equivalents of the Paler, etc.-Concluded 
Shale, sandy, brown. At 478 feet a thin sand gave water which rose 

100 feet ............................. ... . . ...... . .............. . 21 485 
30 515 
25 540 
48 588 
29 617 

Shale, sandy, brown ......................... . ... . ................ . 
Shale, sandy, brown\ with blue shale mixed with sand ........... . . . 
Shale, blue, and sana ...... . ......................... ... .......... . 
Shale, brown, with some sand ....... . .. ... . . . . .................... . 
Water sand, somewhat less than 1 foot thick ....................... . l 618 

99 717 
11 728 

Clay, blue, very hard ........................... .. . ..... ... . ...... . 
Sand ........................ ................. . .. .... .. . .. . .... .. .. 

22 750 
3 753 

10 763 
12 775 

Clay, blue, sticky ............ , ...... .... .... ........... ... . 
Shale, brown .. . ..................................... .. ... . ....... . 
Shale, blue, sticky ...... . ..... . ................. ... ....... . . ...... . 
Shale, sandy, blue ......... ...................... . 
Clay and sand ......................... .... . .......... .. ....... .. .. . 4 779 

15 794 
128 922 

Clay, blue, sticky ........... . ..... . ..... .. . . ....... . . .. .......... . 
Shale, blue ........ ....... ............ . .... ...... . 

1 923 
397 1,320 

Sand, possibly carrying water... .... . ............ .. ...... . . 
In part quite sanely and grey ....... . 

Lea Park 
Shale, grey to black ............. ....... . ...... . ..... . . . . 815 2, 135 

Alberta shale 
65 2,200 

425 2,625 
Shale, grey to black and speckled with white, calcareous spots ..... . 
Shale, dark grey .......... .. ...................................... . 

17 2,642 
74 2, 716 

Sand, streaks in shales . . . . . . . ....... . ........... . ................. . 
Sand, fine, brown and white with streaks of grey shale .... ......... . 

Alberta shale or Lower Cretaceous 
Sandstone, streak of grey in shales .. . .. . . . .................... . ... . 46 2, 762 

Lower Cretaceous 
Coal and ironstone ............................... . .... ... ...... ... . 4 2, 766 

48 2,814 
10 2,824 

Sandstone, very hard, and streaks of shale ....... .. . ......... . ..... . 
Sandstone, fine, and shales; some coal. ........ . . . ......... . ..... . . 

Dowling considered that the sand at a depth of 923 feet formed the 
base of the Ribstone Creek formation. The beds below are in part quite 
sandy and grey to 1,320 feet and the present writer believes the base of the 
Ribstone Creek should be placed at 1,320 feet. The elevation of the top of 
the Lower Cretaceous is not known, as no samples are available between 
2,545 and 2,762 feet; it may be 2,716 feet or may be at 2,762 feet. 

MUDDY LAKE AREA 
(Figure 22, No. 12) 

Extensive outcrops of Pale and Variegated beds occur in the vicinity of 
Muddy Lake and in the area to the south and east. About 25 miles south
east marine shales outcrop on the west side of Tramping Lake. They are 
probably Bearpaw shales close to the base of this formafon since coal 
washed ashore indicates Belly River beds at about lake-level. If the 
condition is as interpreted, then, as explained in the section dealing with 
Pike Lake mea, the regional dip is probably about 8 feet to the mile in a 
southeast direction. A well drilled at Muddy Lake on L.S. 11, Sec. 7, Tp. 39, 
Range 22, vV. 3rd Mer., reached the top of the Lower Cretaceous at an 
elevation of 104 feet above sea-level. In Unity Valley No.~ well 15 miles 
northwest of Muddy Lake well, the same horizon as determined by Spratt 
by the presence of chert pebbles occurs at an elevation of 180 feet, thus 
indicating a slope of 5 feet to the mile to the southeast between Unity Valley 
No. 3 and the Muddy Lake wells. Thus there appears to be a fairly 
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uniform dip southeast through Muddy Lake area and no local structure that 
would cause any accumulation of oil or gas is known to occur. The log of 
the Muddy Lake well, as given by Wickenden (1932, page 188), is as follows: 

Log of Muddy Lake Well 

(L.S. 11, Sec. 7, Tp. 39, Range 22, W. 3rd Mer. ; Elevation, 1,894 feet) 

Thickness Depth 
Feet Feet 

Missing ..................................... ... . . .. .... .... ....... . 40 40 
Pale and Variegated beds 

S~al~, sandy, light grey; coal fragments ...... ... ..... . . .. .. ... . . .. . 
M1ssrng .... . . . . . ...... ... ............... . . . ........... . . .. .. . . . . . . . 
Coal, little shale .................... . ..... . . . ......... . . . ......... . 

30 70 
10 80 
10 90 

S~al~, medium to light grey, some sand and coal. ...... . .......... . 
Missing .. ... .................... . .... . . . ........ · · · . . . · ······· ···· · 

<kizzly B ear 

60 150 
15 165 

Shale, medium grey, Haplophraomoides ruoosa ................ .. ... . 85 250 
Ribstone Creek 

S~al~, sandy, medium grey; glauconite ............ . .. ... ......... . . 
M1ssmg ............... ... .. .................... . ........... ....... . 

Upper Lea Park 

50 300 
40 340 

Shale, medium grey .. . . . ... . .... ... . ........................... . . . 210 550 
Shale, dark buff and grey; Verneuilina sp .... . .. . . .. . . ...... . ..... . 
Shale, medium grey .............................. . . . ..... ........ . 
Shale, dark buff and grey ................ ... . .. ........ .. .... . ... . . 
Shale, medium grey ....................... . ..... .. .. .. ........... . 

10 560 
10 570 
90 660 

190 850 
Lower Lea Park 

Shale, medium grey, but darker than above; Epistomina caracolla .. 
Alberta shale 

300 l, 150 

Shale, dark grey with white, calcareous specks; Upper Alberta for-
aminifera fauna at 1,280 feet .. ......... .. ... ............ ....... . 

Shale, dark grey; Lower Alberta foraminifera fauna . . . . ... ........ . 
Sa:nd_, fine, white quartz ............. .. ............. ..... ......... . 
M1ssmg ..... ..... ...... . ...... .. .. ........... · · · · · · · · · · · · · · · · · · · · · · 

Lower Cretaceous 

300 1,450 
320 1, 770 

10 1, 780 
10 1, 790 

Shale, dark grey . . ... .... . . ... . .. ... ..... ..... . . ..... ..... ........ . 
S~al~, medium to light grey ..... . . ......... ... .. .... . ... . . ... .... . 
M1ssmg ..... .. ................................. . . ..... .. .. ...... .. . 
Shale, medium to light grey ................................. . ... . . 
Shale, grey and reddish buff; coal at 1,910-1,920 feet ..... . ........ . 
Shale, sandy, medium grey .............................. . ........ . 
Shale, medium grey and black; Haplophraomoides oioas .. . ....•.. .. 
Shale, medium grey .............................................. . 
Shale, reddish buff . .. . ..... .... . ..... .. . ......................... . 
Shale, dark grey .............................. .. ...... ..... ....... . 
Shale, medium grey to reddish buff .. .. . . . ........... . . . ... . ...... . 
Shale, light grey ................. . ...... . . . . ..... ... ....... . . . .... . 
Shale, light and dark grey ............. . . .. .... .. .... . . ... ........ . 
Shale, red and dark grey . .. ... . . ... ... .... ... ..... ...... .. ... ..... . 

Devonian and other Palwozoic horizons 

10 1,800 
20 1,820 
30 1,850 
30 1,880 
40 1,920 
40 1,960 
10 1,970 
60 2,030 
20 2,050 
10 2,060 
30 2,090 
20 2,110 
10 2, 120 
10 2,130 

Shale, ~rey; limestone and dolomite .................. .. .... . ..... . 
Dolomite, white, some bituminous matter, at ..................... . 
Shale, grey, and dolomite ......................................... . 
Shale, grey, calcareous, and grey limestone; fossils ................ . 
Limestone, buff ............... .. ... .... .. ...... .... ... ...... . .... . 
Shale, ~rey, and limestone .. . .. .. ..................... .. .. . ....... . 
Dolomite, buff ..... .. .... ... .... ... . . ........... . .. ... ..... .. .... . 
Limestone, buff .................................... . ... ........ . . . 
Shale, grey, and limestone .. .. ................. .. .. . . . ............ . 
Dolomite and limestone, buff ... .. ... ..... .. ... .. .......... .. .. ... . 
Dolomite, buff ....... ... ...... . .. ... ........ . ....... .. .. ... .. .... . 
Limestone and dolomite, buff to grey ........................ . .... . 
Dolomite, buff; very little limestone ......................... ... .. . 
Limestone, white and grey; smooth ostracoda ........... . ........ . . 
Dolomite, buff .............. ····-· .................... ... ....... . 

20 2,150 
············ 2,152 

35 2,185 
25 2,210 
10 2,220 
50 2,270 
10 2,280 

140 2,420 
30 2,450 
90 2,540 
40 2,580 
60 2,640 

135 2, 775 
55 2,830 
70 2,900 

68386-19 
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UNITY VALLEY AREA 

(Figure 22, No. 13) 

Three wells have been drilled by the Unity Valley Oil Company in 
Tp. 41, Range 24, W. 3rd Mer. The samples are from rotary cuttings and 
except for cores the interpretation is somewhat difficult. Sand dunes cover 
the area in the vicinity of the wells and a large area covered by sand hills 
occurs to the west and south of Lake Manitou. Some of thii:: sand may be 
derived from the Birch Lake formation but undoubtedly a large part of it 
comes from the top of the Ribstone Creek formation. It was formerly 
assumed (Hume, 1926, page 7) that the Unity Valley wells began in the 
Birch Lake formation. This may not be correct because it is known that 
the Birch Lake formation thins eastward and may have disappeared west 
of this area. An examination of the samples from the wells seems to 
indicate that the wells commenced in the top of the Ribstone Creek forma
tion. The thickness of the marine shales that lie between the R1bstone 
Creek and Birch Lake formations is unknown, but presumably is less than 
100 feet. The shales are not known to outcrop in the immediate vicinity 
of the wells. The nature of the samples does not permit correlating the 
strata from well to well except in a very general way. A peculiar feature 
is that the top of the Pafaeozoic limestone was reported in No. 1 well at 
1,770 feet, but was not reached until a depth of 2,140 feet had been drilled 
in No. 2 well. The elevation of the two wells is only slightly different and 
the distance between them less than a mile. This would seerr to indicate a 
knob of Palreozoic limestone under the Mesozoic sediment:> of this area. 
No. 3 well, intermediate between No. 1 and No. 2 wells, did not reach the 
Palreozoic at a depth of 1,850 feet, where drilling was discontinued. In 
No. 2 well the top of the Alberta shale apparently occurs at 1,140 feet 
(elevation 810±feet), whereas the same horizon in the Muddy Lake well 
15 miles southeast is at an elevation of 744 feet and in Ribstone Oils No. 2 
well, 42 miles northwest, it has an elevation of 997 feet. This indicates a 
southeast slope from Ribstone to Muddy Lake of 4 to 5 feet a mile. 

LONE ROCK AREA 

(See Figure 18, page 208) 

The Lone Rock area lies north of Battle River in western Saskatchewan 
close to the Alberta boundary. It is believed to be a part of the Ribstone
Blackfoot fold of Alberta and has been described in Chapter VI of this 
report, in the section dealing with Battle River area. 

MANITOBA 

Gas in quantities sufficient to be used by farmers has been found in 
shallow wells in southwestern Manitoba (Wallace, 1927, page 71). In 
Treherne area a well on NE. t Sec. 28, Tp. 7, Range 10, W. lst Mer., 
supplied gas for a farm house for fifteen years. The depth to the gas
producing horizon is 150 feet. In a well near Rathwell, on SE. t Sec. 21, 
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Tp. 7, Range 8, W. lst Mer., gas was produced for several years from ~n 
horizon 170 feet deep. Farther west, on NW. t Sec. 14, Tp. 6, Range 22, 
W. lst Mer., a well 190 to 210 feet deep when capped built up a gas 
pressure of 48 pounds a square inch. At W askada four wells drilled many 
years ago produced gas from depths of 190 to 240 feet. South of Sourisford, 
on SE. 1- Sec. 10, Tp. 2, Range 27, W. lst Mer., a well 212 feet deep gave 
a gas pressure of 19 pounds a square inch. Many years ago gas from the 
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Figure 23. Index map of portion of Manitoba show
ing areas of drilling. 1, Dcloraine; 2, Common
wealth (Pembina River); 3, Morden: 4, Dominion 
City; 5, Treherne-Rathwell area; 6, Stony Moun
tain; 7, Neepawa; 8, Vermilion River-Dauphin 
area; 9, Winnipegosis; 10, Mafeking. 

same shallow horizon was used in Melita. This gas is produced from 
marine shales but in areas where there is no evidence of lor!:!l structures to 
cause any large accumulations. It is, therefore, improbable any extensive 
commercial yields could be obtained, although it is quite practicable to 
produce sufficient quantities for the lighting of farm houses. 

Several wells (Figure 23) have been drilled in southern Manitoba, but 
no commercial supplies of either oil or gas have been discovered. 
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Log of Commonwealth Manitou No. 2 Well1 

(L.S. 8, Sec. 26, Tp. 2, Range 9, W. lst Mer.; Elevation, approx
imately 1,260 feet) 

Drift ........................... . ........ ... ................. · · .. ·· 
Boyne .an~ Morden beds (Upper Cretaceous) 

M1ssmg ........ .. ........................... . ........... . .... . .... . 

~~!!h;g~~~~ ~~~~ ........ ::::::::::::::::::::::::::::::::::::::::::::::: 
~~!!h;g~~~~~~~~:::: :: :: : : : : : : : : : : : : : : :: : : : : : : : : : : : : : : :: : : : : : : ::: : : 
Shale, dark grey .. ... .. .. . ............. .. .. ... . .... . . . ... ... . ..... . 

Assiniboine and K eld beds (Upper Cretaceous) 
Shale, dark grey .. ... ...... . ... . . . ........... . ........ . .... . . . .... . 
Limestone, dark grey ..... . ..................... . .. . ......... . . . .. . 
Shale, dark grey .. .. ..... ........ . .. . ... . .............. . .. . .... .. . . 

Ashville (Upper Cretaceous) and basal Upper Cretaceous beds 

~~:!r~g~~~~ ~~~~ .... :::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Shale, medium grey .......... . ................ .. .... . .. .. .. . .. ... . 
Sand, light grey to white . . ....................................... . 

Lower Cretaceous (?) 
Shale, medium grey ................................. . . . . ... ... ... . 
Shale, light grey ................... .......... . . .. .. . . . . ... . .. ... . . . 
Shale, light grey and reddish brown ....... . ....................... . 
Shale, light grey . . ................................................ . 
Shale, medium grey .......... . ......... .. ... .. ... .... ............ . 
Shale, reddish brown and grey . . ...... ... ... . . .... . . ..... . .. .. .... . 
Shale, medium grey .. ........ .... . . . . .. ... ... .... . . . . . . . . ..... . .. . 
Shale, reddish brown .... ... . ............. . . .. ....... . . . . ... ... ... . 
Shale, medium grey ....... . .. . . .... .... . ...... . . . . ........... ... . . 
Shale, reddish brown and grey . ..... . . ... . ..... .. ..... .. ... ... . . .. . 
Sand, light grey to white . .... ... . .. ...... ...... .. ..... ... .. .... . . . 

Jurassic 
Shale, medium grey ....... . ....... . .... . ......................... . 
Shale, variegated, reddish brown, green, white, and yellow ........ . 
Shale, light grey and white, some gypsum ...... . ....... .. .... .. ... . 

D evonian 
Dolomite, light grey .................... ..... ........ .. . . .. . ...... . 

~~:!r~~~~~.~ ~~~:::::::::::::::::::::::::: :::: :::: :::: :::: :::: ::::: 
Shale, cream colour . ............................... . ... ....... .. .. . 
Shale, reddish brown and white with much gypsum .... .... . . ... . . . 
Shale, grey and reddish brown ............ . .................... ... . 
Shale, reddish brown . .. ............................... . ......... . . 
Sand, reddish stained quartz . . .. . ................ . ............. ... . 
Shale, reddish brown .. .. ....................... . . . ............ . .. . 

Silurian (?) 

Thickness 
Feet 

100 

40 
40 
20 

100 
20 
20 

10 
10 

140 

70 
30 
5 

30 

20 
9 

16 
40 
35 
5 

10 
10 
10 
5 
5 

70 
120 
30 

20 
60 
10 
10 
50 
10 

110 
10 
30 

Limestone, dirty cream. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Shale, reddish brown ........... . ................................. . 20 
Shale, brick-red..... ..... . .. .... . . ........ . ... . ............... .. . . 20 
Dolomite. ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Limestone, pinkish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Limestone, light grey.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Dolomite, pink.. . .. ...... . . . ... . .... . .... . .. . . .. . .. ...... .. . . .... . 10 
Dolomite, cream. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Dolomite, pink.... . .. .. ......... . .. . .... .... . . ........ ... ....... .. 20 
Limestone, cream . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Dolomite, pink, at .. .. .. . .... ... ..... .. ......................... . ............. . 
Limestone, pink, at .. ... ....... ........ . ... ..... . ............. . . .. ........... . . 
Dolomite, pink, at .... .. . ... ......... . . . ... . . ... . . . .. .. ........ ... .......... . . . 
Limestone, cream. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Limestone, pink, at ... . ..... ........ . . ............... ........ ............... .. . 

Depth 
Feet 

100 

140 
180 
200 
300 
320 
340 

450 
460 
600 

670 
700 
705 
735 

755 
764 
780 
820 
855 
860 
870 
880 
890 
895 
900 

970 
1,090 
1, 120 

1, 140 
1,200 
1,210 
1,220 
1,270 
1,280 
1,390 
1,400 
1,430 

1,450 
1,470 
1,490 
1,500 
1,510 
1,530 
1,540 
1,550 
1,570 
1,580 
1,590 
1,595 
1,600 
1,620 
1,630 

1 Log by R. T. D. Wiokenden and F. J. Fraser in Geol. Surv., Canada, Sum. Rept. 1932, pt. B, 
.PP· 91-93. 
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Log of Commonwealth Manitou No. ~ Well 

(L.S. 8, Sec. 26, Tp. 2, Range 9, W. lst Mer.; Elevation, appmx
imately 1,260 feet)-Concluded . 

S ilurian (r)-Concluded 
Dolomite, pink ... . ................ . ............ . . . ............... . 
Dolomite , cream .................... . ...... . ..................... . 
Shale, brick-red , and sand .. . ..................................... . 
Dolomite, pink .. . .. .. ... . ............... . ..... . .............. . ... . 
Dolomite , brown and grey ... . . . .............................. . ... . 

~a~d~~~e~.d~l~in~~i!.'.'.'.'.'::::: :: : : : :: : : : : : : :: : : : : : : :: : : : : : : : : : : :: : 
Stony Mountain (Ordovician) 

D?lc~mite , sandy , and calcareous shale . . .......................... . 
Missmg ......... . ....... . ... . ... . . . . . ... . . . ...... . ........ · ..... ·· · 
Limestone, medium grey, fossils . .................... . ...... . ..... . 

~~~i~~~.~~ .~~~~:: : :: :: : :: : : :: : : : : : : : : : : : : : : : : :: : : : : : : : : : : : : :: : : : : : 
Dolomite, light grey ... . ........... . ..... . .. . . . ......... . ......... . 
Dolomite , medium grey . . . ............. . ............... . ..... . ... . 
Dolomite, buff and grey ........ . ................................. . 

tJelkirk , Cat H ead , and Doo H ead formations (Ordovician) 

Thickness 
Feet 

75 
85 
10 
50 
20 
20 
10 

10 
15 
8 
2 
5 

-4,0 
20 
17 

Dolomite , cream at ............ .. ............. . . . ... .. . . .. . ....... . ...... .. ... . 
Dolomite , medium grey, a t . .. .. .................... . .. . ....... . .... . . .. . . .... . 
Dolomite, buff and grey, at . ... . . .... .. ...... . ......................... . ...... . 
Dolom ite, light buff, at .. ............................. .. .............. ... .. . .. . 
D olomite, cream . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Limestone, cream. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Limestone, cream...... . ... . .......... . ....... . ...... . ... . .. ... ... -4,5 
Dolomite, cream .......... . ...... . . . . . .......... . ... . ....... . ..... 50 
Calcareous mud, at .. . ...... . . . ..... . ... . .......... . .............. . .. . . . ..... . . 
Limestone, cream, at ...... . . .. ... . .. .. . . .... . .... . ......... . ......... . .... . .. . 
Calcareous mud , a t . ........ . .. .. . .. .. .... ..... . .. . .. . . . .. ... ............. . ... . 
D olomitic mud , at ......... . .. ... . . . . . . .... .. . , . . .. .. . . .... . . . ..... .. ..... . . . . 
Calcareous mud, at . . ............. . .................................. .. ... . ... . 
Limestone, cream, at .......... .. .................................. . ..... . .... . 
Dolom itic mud , light grey................................ ... . . . . . . 30 
Calcareous mud, at ... .......... .. ...... . ... .. .. . . . . .. . . ..... . ..... . ....... ... . 
D olomitic mud , at .. ................... . ... . .......... .. ...... . . . . .. .... . .. .. . 
Calcareous m ud. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Missing?..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Winnipeg sandstone 
Shale, dull green .... ... ....... . ....... . . . .. . . .. .... . .... . ......... . 

~i:;i~zgs~~.~ ::::: : ::: ::: :::::::::::::::::::::::::::: : ::::::::::: : :: 
~~~~d~·1·1 'fr~~';;~~~~::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Missing (?) ............ . ........................ . ......... . . . . ... . . 

Precambrian 
" Granite", brown stained .... . . . . . ... . .. .. . . ........... . . . . .. . . . . . . 

110 
2 
8 
2 
1 
2 

24 

D epth 
Feet 

1, 705 
1, 790 
1,800 
1,850 
1,870 
1,890 
1,900 

1,910 
1,925 
1,933 
1,935 
1,940 
1,980 
2,000 
2,017 

2, 030 
2,040 
2,045 
2, 055 
2,080 
2, 130 
2, 290 
2, 340 
2,350 
2,360 
2,370 
2,380 
2,390 
2,400 
2,430 
2,440 
2,450 
2,480 
2, 490 

2,600 
2,602 
2, 610 
2, 612 
2,613 
2, 615 

2,639 

Wells have been drilled at other places in southern Manitoba as 
follows: Rosenfeld, Deloraine (For log See Dowling, 1919, page 38), Domin
ion City, Morden (For log See Dowling, 1919, page 35), and in Winni
peg district at Stony Mountain (For log See Maddox, 1930, page 177), 
etc. None of these wells obtained commercial quant ities of either gas or oil 
and in no place is there known to be any local anticlinal structure sufficient 
to ·cause an accumulation. 
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North of the latitude of Winnipeg in the western part of Manitoba 
wells have been drilled at Winnipegosis (For log See Maddox, 1930, pages 
178-180), Dauphin, Mafeking, Neepawa (For log See Dowling, 1919, page 
37), Vermilion River (For log See Dowling, 1919, page 38), and Hudson 
Bay Junction. 

The following log has been prepared by R. T. D. Wickenden of the 
Geological Survey: 

Log of Dauphin Well 
(SE.! Sec. 14, Tp. 24, Range 20, W. lst Mer.) 

Drift .. . ..... ............... .. · ..... · · . .. · · ··· ··· .. · · ... · ··· · · · · ·· 
Keld and Ashmlle beds (Upper Cretaceous) 

Shale, dark grey ...... . ................ . ............. . ............ . 
Shale, medium grey . . . .................................. . ... . .... . 
Shale, dark grey ................ . ....... . ................ ...... ... . 
Shale, medium grey . ........... . .......... ... ... . ................ . 

Lowe:r Cretaceous (r) 
Shale, medium grey, with sand and pyrite ............. ..... .... . . . 
Shale, sandy, light grey ........................... . .............. . 

Jurassic 
Shale, mottled red .................................... . .......... . 
Shale, light grey ................ . ............................. . .. . 
Shale, red . ... .... .. ........... ... ...... . .... .. ..... .. ......... . .. . 
Shale, light grey ................. .. .... . . . . . ..... . ............ .... . 

D evonian 
D?lo_mite, grey to whit.e, cherty . ................................. . 
M1ssmg .. .. ............. . ... . ..... ..... .. ... .. .... . . ...... . ....... . 
Dolomite, brown, grey ... . .......... . .......... . .. ............... . 
Shale, red, with gypsum .............. . .... . . . . ..... .. .. ........... . 
Dolomite, cream, shaly ....... .. ... . ......... ..... ... .......... .. . . 

~~{~~:: -::::::::: :: : : : : : :: : ::: : : : : : : : : : : :: :: :: : : : : : : :: : : : : : : : :: 
Dolomite, brown, grey ..... .... .. . ...... ... . . ......... .. ......... . 
Dolomite, pink . .. .......... . . .. . . ................... . ..... . ...... . 
Dolomite, light grey ................ . ............ . ................ . 
Dolomite, grey .......... . ... ...... . ....... . ...... . ..... ... ..... .. . 

~?;~j:~: -~~~~~~~ :::::::::::::::::::::::::::: :: ::::::::::::::: 

~?l~i~J~:.~~~~:~~i~:-::::: :: : : : : : : : : :: : : : : : : :: : : : : : : : : :: : : : : : : : : : 
Dolomite, dirty white .... .. ....... . .... . .. . ........ .. .......... . . . 
Dolomite, brown-grey ............... . ...... . ......... . ... . . . . . . . . . 
Dolomite, pink .................... . . .. ..... . ... . ... . . ... . . ... . . .. . 

~?;~~~~: .~~~~~'.~~ -~~~::::::::: :: : : : : : :: : : : :: ::: : : : : : : : : : : : ::: : : 
Dolomite, brown ........... . ..................................... . 
Dolomite, medium grey, some limestone fossils ......... .. . . .. .... . 
Limestone, medium grey .............. ........ ...... . .... .... .... . 

~?;~i~~~:. ~~~'.~~ -~~:: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
~?;~:;~: -~~~'.~~ -~~~ ::::::::::::::::::::::::::::::::::::: : ::::: 
Dolomite, reddish brown ..... ... . ......... . ..... . ........ .. . . ... . . 

Silurian 

Thickness 
Feet 

10 

10 
70 
10 
30 

30 
40 

10 
20 
10 
90 

40 
10 
10 

100 
20 
10 
10 
20 
40 
20 
40 
20 
10 
10 
20 
10 
10 
10 
50 
10 
90 
30 
20 
50 
20 
20 
10 
10 
10 
10 

Missing........ .. .. ... . . ........... ....... ... ... . . . ........... ..... 30 
Dolomite, light grey .. . .. . .. . ................ . .......... .. ......... 30 
Dolomite, brown-grey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
Sb ale, brownish grey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Shale, red, at ........ . ........... .. ....... ... . ............... .. ............... . 

Depth 
Feet 

10 

20 
90 

100 
130 

160 
200 

210 
230 
240 
330 

370 
380 
390 
490 
510 
520 
530 
550 
590 
610 
650 
670 
680 
690 
710 
720 
730 
740 
790 
800 
890 
920 
940 
990 

1,010 
1,030 
1,040 
1,050 
1,060 
1,070 

1, 100 
1, 130 
1,230 
1,240 
1,256 

Besides wells that commenced in Cretaceous strata, there have been a 
number of wells drilled wholly within Palreozoic strata. No evidences of gas 
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or oil sufficient to justify drilling in the Palreozoic of Manitoba have been 
found at any place. Nothing yet known gives any grounds for supposing 
oil or gas would originate in the Palreozoic rocks and nowhere, so far as 
known, are there any folds of a magnitude sufficient to cause an accumula
tion of oil or gas, even assuming oil or gas could originate in these strata. As 
already described, the Devonian in certain places shows small local domes, 
but these are not of sufficient size to be of importance as oil or gas structures. 
Thunder Hill in Swan River Valley, as already pointed out, is a structure 
in which certain Cretaceous strata occur 300 to 400 feet (1930, pages 132-3) 
above similar horizons on the surrounding plains. The reason for this 
apparently isolated structure i1s not obvious, but it seems to offer the most 
favourable prospects for oil or gas of any known structure in Manitoba. 
Undoubtedly the structure exhibited at the surface in Cretaceous beds also 
affects the underlying Palreozoic strata, but the prospects of finding oil or 
gas would seem to be confined to the Cretaceous beds of which the basal 
Upper Cretaceous sandstone is the most likely reservoir rock. The beds 
exposed on the upper part of Thunder Hill belong to the Ashville and Keld, 
so that it is improbable that the depth to the basal Upper Cretaceous would 
be more than 200 feet. 
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Maps of Mackenzie River and Great Slave Lake are published by the Depart
ment of the Interior, Topographical Surveys, Ottawa. 

Within the Northwest Territories, a large lowland area in the vicinity 
of Great Slave Lake and Mackenzie River Valley is underlain by Palreozoic 
and younger strata. The lowland is sharply defined from the mountains 
to the west and from the Canadian Shield to the east. Its continuity is 
broken, however, by such mountains as the Franklin and Norman Ranges 
on the east side of Mackenzie River south and north of Great Bear River. 
Throughout this great area the predominant structural feature is fl at-lying 
or folded strata with a conspicuous absence of extensive faulting. In front 
of the Cordillera, which flanks the west side of the Mackenzie lowland from 
Simpson northward, there is no foothills belt as in southern Alberta 
and gently folded rocks of the lowland occur up to the base of the front 
range of the mountains from which they are separated by a fault scarp 
or steeply tilted strata of the mountain folds. Both the Franklin and 
Norman Ranges are broad, anticlinal folds and between them and the 
Cordillera on the west the Mackenzie flows through a basin or synclinal 
structure. South of Franklin Mountains and also north of the Norman 
Range the strata are much less folded than in the intervening area and 
gentle undulations without sharply tilted strata are the predominant struc-
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tural features. The lowland area, therefore, falls into three major divi
sions: (1) the west end of Great Slave Lake in which the strata are very 
gently folded; (2) the basin structure of the Mackenzie extending south 
and north of Norman and in which extensive folding occurs; (3) the Arctic 
Red River area north of the folded Norman Range in which, as in Great 
Slave Lake area, gentle folding predominates. 

GREAT SLAVE LAKE AREA 

Great Slave Lake is the fourth largest lake on the North American 
continent, being exceeded only by Superior, Huron, and Michigan Lakes. 
At no place, however, is it more than 70 miles wide and it is divided into 
three major divisions, a northern, eastern, and western. The longer axis 
of the lake passes through the eastern and western arms in a northeast
southwest direction. The main part of the lake is between latitudes 61 and 
62, but a large part of the north and east arms lies to the north. The lake 
reaches from longitude 117° 30' to 109°. 

The eastern part of the lake, the east arm, is within the area of Pre
cambrian rocks of the Canadian Shield; the rest of the lake lies within 
an area of Palreozoic sediments. The boundary between the Precambrian 
and Palreozoic follows the north arm in a northwesterly direction, with 
P alreozoic strata forming the west shore and patches of P almozoic lying 
on Precambrian along the east shore. 

The shore of the western arm of Great Slave Lake is for the most part 
low and is described by Cameron (1922, page 10) as follows: 

"The south shore from Stoney Island west to Little Buffalo River is formed of 
delta deposits from Slave River . . . . At Resolution a low range of hills rises above 
t1e sil~ and extends west into the lake, forming Mission and Moose Islands and, 
still farther west, Burnt Islands. 

From the mouth of Little Buffalo River, which marks the western limit of the 
delta deposits, the shoreline is characterized by wide, shallow bays separated by low, 
gravelly, or rocky points. Usually each bay has a gravelly or sandy beach behind 
which lies a narrow stretch of low, swampy muskeg or shallow, open lagoon. South 
of Pine Point the ground rises gently inland un til at a distance of some 10 miles it 
reaches an elevation of 300 feet above the present lake-level .. .. West of the mouth 
of Buffalo River the shoreline is generally !ow-lying and swampy with few pronounced 
points. 

West of a line drawn from Hay River to Slave Point on the north shore, the 
shores of the lake are formed presumably of soft shales, and the adjacent land is low
lying and swampy. Long stretches of spruce and tamarack muskegs reach inland from 
the lake. These are bounded on the south by Eagle Mountains ..... 

From Slave Point the [north] shore runs north for about 40 miles and then east 
for 25 miles and then swings in a wide circle to the north arm . . . . Many deep, 
narrow bays stretch inland approximately parallel to one another . . . . The heads 
of the bays are in most cases low and swampy, like those on the south shore .... 
Wide marshes, in many cases containing large, open sloughs, stretch inland from the 
bays. On the broader points low, wave-cut cliffs in the limestone occur, though 
frequently the cliffs are situated some distance inland from the present lake 
shore . . . . The inland country north of the lake is a low spruce and tamarack 
muskeg slightly higher than the lake, with numerous, long, narrow hills rising 100 to 
150 feet above lake-level . . . . One of the pronounced features in this region is the 
absence of drainage towards the lake. Throughout the entire 136 miles of shoreline 
between Mackenzie River and the North Arm only one small stream was found 
entering the lake." 
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South of Great Slave Lake lies the Alberta Plateau, marked by north
facing escarpments extending from near Fort Smith on Slave River north
westerly and giving rise to falls on Hay and Kakisa Rivers. The falls on 
Hay River are 40 miles south of the lake. On the north side of Great 
Slave Lake, as pointed out by Cameron, no large streams enter. To the 
northwest lies Horn Mountain rising, according to Whittaker (1922, page 
47), to a height of 2,000 feet above the monotonous plain of muskeg and 
lake to the southeast. On the North Arm, Ordovician and Silurian rocks 
form an eastward-facing cuesta rising in the north directly from the 
plateau surface of the Canadian Shield, whereas in the south the escarp
ment is close to or at the lake shore. 

The foHowing table of formations is taken from reports by Cameron 
(1922, page 13), and Whittaker (1922, page 51): 

Table of Formations 

Formation Description Thickness 
Feet 

Cretaceous . .... . . ......... ..... .. ... Sort, greenish shales with sand-
stone beds and concretions, on 
Hay River. Thin, fissile, brown-
black shales, which weather ye!-
low, on Horn Mountain 

Hay River limestones H ard, dolomitic limestones, shaly 300 
Upper Devonian limestones, limy shales 

Hay River shales Shaly limestones, soft clay shales 400 
with limestone, sandstone, and 
ironstone bands 

Simpson shales Greenish grey clay shales weather-
ing to fissile shale 

150 to 250 

Slave Point limestone Grey, shaly limestone 200 

Presqu'!le dolomites Hard, crystalline dolomites, dolo- 375 
Middle Devonian mi tic limestones, thin-bedded, 

grey, shaly limestone 

Pine Point limestone Sort, grey, shaly limestones, blue 100 to 595 
to black, thin-bedded, hard lime-
stones, grey to brown, shaly 
limestones 

Horn River shales Brown-black, fissile shales 100 

Silurian Fitzgerald dolomites Grey, dolomitic limestones with 275 
gypsum and anhydrite 

Ordovician Red, calcareous shale, red gypsum, 595 
(at least in part) salt, and red, arenaceous shale 

Precambrian Hard, red sandstones, granite 
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Over the whole of Great Slave Lake area the strata depart only 
slightly from the horizontal, though there is a regional southwesterly dip. 
The lower Palreozoic beds outcrop along the North Arm and in the vicinity 
of Resolution and southward on the south side of the lake. The higher 
Devonian strata lie to the west and Cretaceous beds occur in Horn Moun
tain at a considerable elevation above the lake-level. On the south shore, 
"at Pine Point and in Resolution Bay," according to Cameron (1922, page 
34) " the exposures indicate a gentle anticlinal tendency, the apex of the 
anticline being in the vicinity of the point itself." This anticline is shown 
by the presence of Pine Point limestones for some distance on both sides 
of Pine Point, but flanked both to west and east by the higher Presqu'ile 
dolomites. It is probable that the anticline trends in a northwest direc
tion to the north shore, where, in the vicinity of Sulphur Bay, the Presqu'ile 
formation is exposed with the higher Slave Point limestones to the east 
and west. This anticline is of the nature of a broad warp with gentle 
dips and is made apparent only by the distribution of the several forma
tions and not by observed dips. It seems probable that even this broad 
anticline has had an appreciable influence tending to cause the migration 
of oil toward the axis, for on Pine Point, which is presumably on the axis 
on the south shore, the Pine Point limestones have a high bituminous con
tent; and on the north shore, seepages of oil occur in the Presqu'i1e dolo
mites in the vicinity of Windy (Nintsi) Point, again presumably on the 
crest of the anticline. 

From geological work done by J. J. O'Neill, 1 geologist for the White 
Beaver Oil Company, it appears there is local folding in the vicinity of 
Hay River some distance south of Great Slave Lake. The fold on which 
the White Beaver Oil Company's well was located strikes, according to 
O'Neill, about northeast and southwest, or at about right angles to the 
large fold crossing Great Slave Lake from Pine to Windy Points. The 
closure from crest to trough on this fold is approximately 300 feet, but 
there may be a southwest plunge since the regional dip of the strata at 
this locality is in this direction. The position of the apex of the anticline 
is unknown and it is possible the well was at a considerable distance away 
from it, in which case the anticline has oil possibilities toward the apex if 
there is closure to the northeast. Cameron (1918, page 27) also reports 
gentle anticlinal folding in the Devonian above Alexandra Falls on Hay 
River, but the extent and magnitude of these folds are unknown. 

Seepages of oil are known in only two formations in Great Slave Lake 
area, namely the Pine Point and the Presqu'ile formations. The Fort 
Creek shales in Norman area have proved to be oil-bearing in the North
west Oil Company's Nos. 1 and 2 wells and are believed to be equi
valent in age to the Simpson shales of Great Slave Lake area. The Simp
son shales are not exposed, so far as known, anywhere on Great Slave 
Lake, but are presumed to underlie the country at the western end of the 
lake in the vicinity of the Mackenzie, and according to Whittaker (1922, 
page 52) are exposed on Mackenzie River 5 miles above Rabbitskin River 
and at intervals to Simpson. No seepages of oil are known from these 

1 Personal communication. 
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shales, but as they weather easily and rarely outcrop, knowledge regarding 
them is very limited. At Pine Point, on Great Slave Lake, the Pine Point 
formation is, in part, highly bituminous, but the sediments exposed there 
lack the appearance of being such as would act as reservoirs for large 
quantities of oil and they were barren in the Windy Point well. 

The seepages at Windy Point and on Sulphur Bay on the north shore 
of the lake are from the Presqu'ile formation. According to Cameron 
(1922, page 23) the rocks of this formation where expos·ed are "massive, 
bedded, generally coarsely crystalline, porous, and cavernous dolomites. 
Large caverns and pores are numerous and are frequently lined with dolo
mite crystals and filled with semi-liquid bituminous matter." This forma
tion, both on account of its oil content and its porosity, is considered to 
be the best prospective oil horizon in Great Slave Lake area. The Slave 
Point limestones are also slightly bituminous in certain areas, but lack the 
porosity that characterizes the Presqu'ile dolomite and no seepages of oil 
are known from them. 

The Northwest Oil Company (Imperial Oil, Limited) in 1921-22 
drilled a well at Windy (Nintsi) Point on the north shore of Great Slave 
Lake. The well began in the Presqu'ile dolomites and penetrated the total 
thickness of the Palreozoic below. No oil was found. The well is aban
doned. The White Beaver Oil Company in 1922 drilled a well 15 miles 
south of Great Slave Lake in the vicinity of Hay River. The depth of the 
well is 712 feet. A strong flow of salt water was struck in the Presqu'ile 
formation. The well is abandoned. 

The well of the Northwest Oil Company was drilled on the crest of 
the broad anticline in the vicinity of Windy Point and, as already stated, 
began in the Presqu'ile dolomite from which oil seeps at that place. 
Since at this locality the Presqu'ile formation has no cover there hardly 
could be sufficient pressure, within a formation of such high porosity, 
to cause oil to flow in commercial quantities into a well. No oil was 
found in the underlying Palreozoic formations. The broad, anticlinal struc
ture that occurs at this locality apparently has influenced the oil to flow 
toward the crest of the anticline, since that is where the seepages occur. 
Any oil that might otherwise have been concentrated at the crest of the 
anticline is escaping by seepage and no commercial production is to be 
expected at this locality. The conditions under which the oil occurs lead 
to the hope that if, at the western end of Great Slave Lake where the 
Presqu'ile formation is presumably overlain by the Simpson shales, other 
anticlines, preferably not so broad, exist, the prospects for oil wells on 
such anticlines would be very good. On such structures the Simpson 
shales would form an effective cover to retain the oil in the Presqu'ile 
formation which, as it is sufficiently porous over a wide area where exposed, 
would probably be porous in the west also. The only exploration so far 
attempted, on the north side of Mackenzie River at the western end of 
Great Slave Lake, was the survey of Horn River and Horn Mountain by 
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E. J. Whittaker. Mr. Whittaker found no exposed Devonian rocks younger 
than the Pine Point limestones and no evidence of structure suitable for 
oil accumulations. Cretaceous strata form Horn Mountain, but since the 
Devonian is separated from the Cretaceous by an erosional unconformity 
it is not known if the whole Devonian succession is present; however, as 
the Simpson shales outcrop on Mackenzie River it is inferred that they are 
present and hence there would be a suitable cover for an oil field. Since 
east of Horn River there are no large streams, the possibility of finding 
suitable outcrops by which to determine local structure is rather remote 
and search for structures within this promising area would have to be 
undertaken by shallow drillings. 

There appears to be little prospect of finding oil in the broad anticline 
at Pine Point. No great thickness of Pal::eozoic sediments is present and as 
the Pine Point formation outcrops it scarcely could act as a reservoir rock. 

At the location of the White Beaver Oil Company's well on Hay River, 
15 miles south of Great Slave Lake, there is some local folding. Drilling, 
however, as already stated, yielded a strong flow of salt water from the 
Presqu'lle formation. If there is any movement of underground water 
through the Presqu'lle formation, the presence of sulphur springs and oil 
seepages on the north shore of Great Slave Lake would point to a northward 
flow, but the regional dip of the rocks is apparently southwestward and there 
is no known place where the Presqu'ile outcrops at an elevation sufficient to 
give a hydrostatic head great enough to cause the strong flow of salt water 
at the White Beaver Oil Company's well. Thus, the only probable explana
tion for this strong flow is that the well was drilled on the flank of an 
anticline, or dome, in the central part of which gas exists under pressure 
sufficient to cause the water to flow when the proper horizon was reached by 
the drill. If such is the case some oil may be present below the gas and 
above the salt water, but the amount of gas and oil in this structure, if such 
are present, depends on the size of the structure, i.e. the closure above the 
salt water. If the well location is high up on the flank of the fold the amount 
of structure that can possibly be <lccupied by oil and gas will be relatively 
small, whereas if the well is at a considerable distance down the flank there 
is a possibility that commercial supplies of gas and oil may he found. Since 
the details of the structure and the relation of the well to it are not known 
no predictions can be made. 

The following log of the Windy Point well, as given by Cameron (1922, 
page 16), illustrates the thickness and character of the var\ous formations 
at this place. The top of the well is 15 feet above Great Slave Lake. 



296 

Log of Windy Point Well 

Age Formation Description Thickness Depth 
Feet Feet 

Sand and broken rock 6 0 to ~ 

Light grey dolomite 15 6 to 21 
Dark brown, dolomitic limestone 15 21 " 36 
Li!!ht brown, dolom itic limestone 50 36 " 86 
Soft, grey, shaly limestone 15 86 " 101 

Presqu'!le Mottled, partly recrystallized, dolo-
dolomites mi tic limestone 25 101 " 126 

Soft, grey, shaly limestone 5 126 " 131 
Mottled, partly recrystallized, dolo-

mitic limestone 25 131 " 156 
Sort, grey, shaly limestone 5 156 " 161 
Mottled, partly recrystallized, dolo-

mitic limestone 14 161 " 175 
Middle 

Devonian 
Grey, shaly limestone 165 175 " 340 
Hard, grey limestone 157 340 " 497 
Brown, shaly limestone 33 497 " 530 

Pine Point Hard, black limestone 20 530 " 550 
limestones Brown, shaly limestone 30 550 " 5~0 

Hard, grey limestone 20 580 " 600 
Dark grey limestone 30 600 " 630 
Grey, shaly lim estone 50 630 " 6~0 
Dark grey lim estone 50 680 " 730 
Light grey , shaly limestone 40 730 " 770 

Light brown, dolomitic limestone 20 770 " 790 
Grey, dolomitic limestone with gypsum 110 790 " 900 

Silurian Fitzgerald Gypsum 10 900 " 910 
dolomites Grey, dolomitic limestone with gyp-

sum 70 910 " 980 
Gypsum and anhydrite 65 980 " 1,045 

Red shale with gypsum and salt 25 1,0.45 " 1,070 
Reddish stained salt 20 l , 070 " 1,000 
Salt 30 1,090 " 1, 120 

10rdovician Red shale with salt and gypsum 20 l, 120 " 1, 140 
(at least in Red beds Gypsum 40 l , 140 " 1, 180 

part) Dark shale with gypsum and salt 20 1, 180 " 1,200 
Salt 20 1,200 " 1,220 
Red shale with gypsum 40 1,220 " 1,260 
Red shale with gypsum and salt 120 1,260 " 1, 380 
Reddish stained salt 10 1, 380 " 1, 390 
Gypsum and anhydrite 10 1, 390 " 1,400 
Red shale with gypsum and salt 240 1,400 " 1,640 

Red sandstone 20 1,640 " 1,660 
Precam brian Brownish red sandstone 90 l , 660 " 1, 750 

Granite 56 l, 750 " 1,806 

1 An Ordovician fauna was found in these red beds on the southern part of the North Arm. Su 
report "Ordovician and Silurian Fossils from Great Slave Lake"; Geol. Surv., Canada, Mus. Bull. No. '4, 
pp, 59-64. 

NORMAN AREA 

(See Figure 24) 

Norman area lies north of latitude 65 and in the vicinity of longitude 
127. Norman is at the junction of Great Bear and Mackenzie Rivers and 
the area tested by drilling lies approximately 50 miles northwest. 
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The Mackenzie lowland through which Mackenzie River flows has a 
general northward slope. In the vicinity of Norman oil area the lowland 
is a relatively narrow strip of country between the Norman Range on 
the east and Carcajou Mountains on the west. The Norman Range 
rises approximately 2,500 feet above Mackenzie River, whereas Carcajou 
Mountains are higher and much more rugged. The country between the 
mountains is heavily forested with spruce, poplar, and alder, and is covered 
by muskeg in which there are innumerable small lakes. Looking north
eastward from Carcaj ou Mountains the country appears to be rather flat 
and one-quarter to one-fifth of the whole area is occupied by lakes and 
sloughs from which in many cases there are but poorly developed drainage 
channels. At a few feet below the muskeg surface, even in summer, a layer 
of ice is encountered in many places and presumably the ground at a slight 
depth below the surface is permanently frozen. 

Rock exposures are almost entirely absent except along the larger 
streams and rivers and in the mountains. The following table of forma
tions indicates the stratigraphic succession so far as it is known. 

Age 

Eocene 

Cretaceous 

Upper Devonian 

Middle Devonian 

Silurian 

Ordovician (?) 

Cambrian 

Formation 

Bosworth 

Fort Creek 

Beavertail and 
Ramparts 

Description 

Imperfectly consolidated sands and clays 

Erosional unconformity 

Black, soft, fissile shales and greenish 
sandstones. Lower members with coal 
in some localities. Upper member 
marine, carrying ammonites 

Erosional unconformity 

Greenish sandstones and shales 

Mostly black shales 

Limestones 

H are Indian River Shales 

Bear Mountain Brecciated limestones 

Well-bedded limestone 

Red, gypsiferous shales 

Red .... ,,,,,, fo~il· I 
Red and greenish shales and sandstone. 

Bottom not seen 

Thickness 
Feet 

1,600+ 

1, OOO to 1, 500 

400 (?) I 

300+ 

400 to 450 

1,000 

770 

1 In Geol. Surv., Canada, Sum. Rept. 1922, pt. B, p. 55, it was shown that the Beavertail limestone 
was only 60 feet thick at the Wolverine anticline. It is probable that in the measurements by Kindle and 
Bosworth part of the Ramparts limestone (Strinqocephalus burtoni zone) was included in the Beavertail. 
The thickness of the Beavertail-Ramparts limestone is given by the log of Northwest Company's No. 2 
well, but it is not known to what formation the shailes under the limestones belong. 
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Norman Mountains are anticlinal in form. The mountains east of the 
Northwest Company's No. 1 well represent the western half of a great fold, 
the axis of which has been eroded, leaving a deep valley with abrupt, 
eastward-facing cliffs. The mountains are composed of westward-dipping 
Silurian rocks, on the flanks of which, toward the Mackenzie, lie Devonian 
formations in ascending order, with the Bosworth formation outcropping at 
the east side of Mackenzie River at the Northwest Company's No. 1 well. 
On the west side of the river these beds are overlain by Cretaceous, and it 
is presumed the westward dip continues for some distance west. On the 
west slopes of the valley, Devonian limestones again appear at the surface 
at the eastern edge of Carcajou Mountains, and westward in the mountains 
Silurian and Cambrian rocks occur, indicating an eastward dip. The 
structure between Norman and Carcajou Mountains in a section through the 
Northwest Company's No. 1 well is thus a large basin in the central part of 
which Cretaceous rocks occur with the lower formations on both flanks. To 
the northwest, a cross-fold trending almost east and west brings Middle 
Devonian rocks to the surface at Mackenzie River and forms a distinct ridge 
which crosses Carcajou River about 50 miles above its junction with the 
Mackenzie. The north slope of this ridge is very steep west of Carcaj ou 
River where the beds dip northward at 80 degrees and it is probable that 
to the west the fold passes into a fault. Farther down Mackenzie River, 
another cross-fold parallel to that just described forms Wolverine anticline 
or Carcajou Ridge on the northeast side of the Mackenzie and may continue 
as far west as West Mountain, although in the intervening area Cretaceous 
rocks showing only small dips are exposed near the mouth of Cnrcaj ou 
River. Eastward the Wolverine anticline abuts against a mountain of the 
Norman Range. Between this mountain and the Mackenzie, in a southwest 
direction, the country is fiat and dotted with small lakes and sloughs lying 
in a muskeg that conceals all underlying rock. Thus, in the northern part 
of the basin between Norman and Carcajou Mountains there are crm1s-folds 
that modify the basin structure, but since these croso-folds are such that 
they bring the Middle Devonian rocks to the surface they do not appear to 
offer favourable structures for oil. The details of the structure in the 
southern part of this basin are unknown, but it may be that other minor 
folds occur either parallel to the main mountain ranges or parallel to the 
cross-folds already described. Such minor folds, if present, would be the 
most favourable locations for test wells, but since the country is almost 
completely covered by a thick deposit of muskeg the location of such folds 
would be extremely difficult. 

Northwest Company (Imperial Oil Company) No. 1 Well was drilled in 
1920 on the east side of Mackenzie River at the mouth of Bosworth Creek. 
This is the "discovery" well in which oil estimated at 100 barrels a day 
was obtained at a depth of 783 feet. The oil came from the Fort Creek 
shales and cavings caused the cessation of the flow. In 1922 the well was 
deepened to 951 feet and a flow of 60 to 70 barrels of oil waE> secured. In 
1923 the well was further deepened to 1,025 feet and the flow of oil increased 
to about 100 barrels. It is understood the well has a potential capacity at 
the present time of about 100 barrels ·a day. The well is now capped. 

68386-20 
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Fort Norman Oil Company well was drilled in 1921 about 8 miles up 
Mackenzie River from the Northwest Company's No. 1 well, on the east 
bank of the river. The well was drilled to a depth of 1,512 feet. A flow 
of gas estimated at 300,000 cubic feet a day was obtained hetween depths 
of 385 and 500 feet. No commercial supply of oil was secured. 

Northwest Oil Company. Bluefish Well. This well is located on the 
east bank of Mackenzie River at the mouth of Bluefish Creek, a short 
distance down the Mackenzie from Bear rock at the mouth of Great Bear 
River. The well was abandoned because of drilling troubles. 

Northwest Oil Company" C" location well was drilled in 1921-1922. It 
is located on the west side of Mackenzie River south and slightly east of the 
Northwest Oil Company's No. 1 well. It was drilled to a depth of 3,057 
feet and finished in the Beavertail limestone. It is a dry hole. 

Northwest Oil Company "D" location well is on Bear Island, Mackenzie 
River, south and slightly west of ,the Northwest Oil Company's No. 1 well. 
The well was drilled in 1921 to a depth of 2,304 feet. A small show of oil 
was obtained at about 1,945 feet and a flow of salt water at 2,060 feet. The 
flow of oil occurred at the contact of the Fort Creek and Beavertail forma
tions. The salt water flow occurred in the Beavertail-Ramparts limestone. 

Northwest Oil Company No. 2 well was drilled in 1924-25, 150 feet 
from No. 1 well. A production of oil was obtained at 936 and 1,063 feet, 
amounting to about 110 barrels a day. Also "shows" of oil were found at 
other depths. The main flow is believed to be from the Fort Creek shales. 
The well was drilled to 1,602 feet, but without any further results. 

The Northwest Oil Company's No. 1 well was drilled on a seepage of 
oil issuing from the Bosworth formation. A number of other seepages from 
this formation are known east of the Mackenzie, but so far as the writer is 
aware no seepages have been reported in this area west of the Mackenzie. 
The Bosworth formation consists of alternating beds of shale and sandstone 
and is considered the most favourable for oil accumulations of any of the 
Devonian formations, since the proportion of sand in it is much higher than 
in any other Devonian horizon. 

As proved by the Northwest Company's Nos. 1 and 2 wells the Fort 
Creek formation contains oil. The shales of this formation in many 
exposures are highly bituminous. 

The brecciated limestones that are tentatively placed in the Silurian 
Bear Mountain formation are in places so highly bituminous that a strong 
odour is emitted on breaking the rock. These brecciated limestones are, in 
places, quite dolomitic and are sufficiently porous to act as an oil reservoir. 
At other places, however, they contain much gypsum and it is possible the 
brecciation has resulted from the change of anhydrite to gypsum. It is 
possible in certain localities these rocks might be found to be oil-bearing, 
but in the mountains where they are exposed no seepages of oil from them 
were seen. 

The basal Cretaceous beds are largely sandstones with some shale and 
as they lie in certain localities on the Bosworth formation, which is undoubt
edly oil-bearing, they might under favourable structural conditions act as 
oil reservoirs. The basal sandstones are overlain by fissile black shales, 
capable, on account of their fineness, of acting as a suitable cap rock to 
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retain the oil. In certain localities, however, the black, Cretaceous shales 
rest directly on the Devonian and as the Cretaceous is separated from the 
Devonian by an erosional unconformity the Cretaceous rests on the Bos
worth formation in some localities, whereas in other localities, as for 
example at the Ramparts of the Mackenzie, the Cretaceous shales rest on 
the Ramparts limestone. The most favourable localities, therefore, for 
oil in the Cretaceous, would be where the basal sandstones rest on the 
Bosworth formation under cover of the higher Cretaceous shales and 
where there is sufficient local structure to concentrate the oil. There are 
certain portions of country in the vicinity of Little Bear River where such 
conditions are fulfilled, but nothing is known regarding the details of local 
folding. 

Nos. 1 and 2, Bear Island and "C" wells of the Northwest Oil Com
pany, and the well of the Fort Norman Oil Company, were drilled on 
westward-dipping beds on the west flank of the anticlinal fold that forms 
the Norman Range. The Bear Island and "C" wells are down the dip from 
Nos. 1 and 2 wells and seem to indicate that no oil may be expected in 
that direction along the dip slope. It is very difficult to understand how 
the oil has been accumulated at Nos. 1 and 2 wells of the Northwest Oil 
Company in a shale formation (Fort Creek) which with the associated 
formations dips uniformly westward and comes to the surface only a few 
miles east of the wells. In the Fort Creek formation on Canyon and 
Vermilion Creeks, a sandstone horizon 50 to 70 feet thick was found about 
800 feet above the base of the formation. In a former report it was sug
gested that the accumulation of oil in the vicinity of the wells might be 
due to the presence of the sandstone horizon that occurs on Canyon Creek, 
but this sandstone is not present in No. 2 well. No local folding with 
which the concentration of oil might be associated has been detected in 
the vicinity of the oil wells. 

As already stated two large cross-folds are known at the north end of 
the basin structure, but since in each erosion has revealed the core of 
Middle Devonian rocks, their value as oil structures is very doubtful and 
depends only on the possibility that oil might be present in the brecciated 
limestones underlying the Devonian rocks. As already stated, these in 
places are sufficiently porous to act as oil reservoirs and are known to be 
somewhat bituminous. 

It has been stated that some seepages on the east side of Mackenzie 
River come from the Bosworth formation which outcrops over large areas. 
As there is no cover to prevent the free escape of the oil at the outcrop 
no production could be hoped for from this formation over the area where 
it is exposed at the surface. If, however, local structures could be located 
in the areas to the west where the Bosworth is overlain by Cretaceous 
shales, the prosrpects for oil accumulations in the Bosworth would seem to 
be good. Since the Bosworth formation is thinner at " C " well than on 
Carcajou River to the west, the strata of the uppermost part of " C" well 
were at first considered to belong to the Bosworth formation, but are now 
confidently believed to be Cretaceous shales. Thus at " C " well there is 
a cover of Cretaceous shales which would prevent the escape of the oil 
upwards, but since "C" well is down the dip from Nos. 1 and 2 wells of 
the Northwest Oil Company and no local structure is known, there is no 

68386-20~ 
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apparent reason why any oil originally present in the Bosworth formation 
should not have migrated up the dip and escaped at the outcrops on the 
eastern side of Mackenzie River. That such a process is taking place 
seems to be indicated by seepages at the outcrop. The structural con
ditions at Bear Island well are similar to those at " C " well and the con
clusion to be drawn from these two wells seems to be that no accumula
tion of oil is likely oo occur on the west side of Mackenzie River except 
where there is a local structure superimposed on the basin structure such 
as would prevent the migration of the oil to the outcrop. 

The migration of the oil up the dip in an eastward direction assumes, 
on the basis of the hydraulic theory of oil migration, an underground 
flow of water in the basin structure from west to east, and this seems to 
be borne out by the springs and seepages on the east side of Mackenzie 
River. The relative elevations of the outcrops of the Devonian on the east 
and west sides of this basin are imperfectly known, but the country in the 
vicinity of Carcajou Mountains where the Bosworth beds outcrop is some
what higher than the territory occupied by the Bosworth formation on 
the east side of Mackenzie River. This difference in elevation may provide 
the hydrostatic head necessary to cause the eastward migration of the 
underground waters, as a result of which the oil would be flushed toward 
the eastern side of the basin and would appear at the outcrop in seepages 
such as do occur. By such a theory the most favourable prospects for oil 
would lie toward the eastern outcrop, where local folds on the main fold 
are of such a nature that the eastward flow is prevented and the oil caused 
to accumulate. If such local folds are not present the oil would be flushed 
to the outcrop, would be lost, and no commercial production could be 
expected. It is unfortunate that the conditions causing the accumulation 
of oil at Nos. 1 and 2 wells of the Northwest Oil Company are not under
stood, but since in those wells the oil occurs in shales that on account of 
their texture offer very little opportunity for the migration of liquids, the 
conditions are not comparable with those involving movement through 
sandstones, such as are present in the Bosworth formation. It seems 
almost necessary to assume a certain amount of fracturing of the shales 
to allow an accumulation of oil in them at any point on a scale sufficient 
to give an oil well, and, if such is the case, the wells when freely drawn 
upon would not be expected to yield oil for any great length of time. · 

From what is known of Norman oil field, the prospects for a large 
production of oil do not seem very favourable, unless local structures 
superimposed on the basin structure can be located. If the hydraulic 
theory of accumulation of oil be accepted the best prospects should occur 
toward the eastern s·ide of the basin in such local anticlines as exist. It 
would seem unreasonable to assume in the downwarping of a basin such 
as that between Norman and Carcajou Mountains, that the movement was 
so regular as to cause only one, large, regular downfold without a certain 
amount of local crumplings. That such was not the case is shown at the 
northern end of the basin where cross-folds have been developed. Other 
small folds, either parallel oo the mountains or to the cross-folds, should 
occur elsewhere. The writer is of the opinion that the value of the Norman 
oil field as a large producer of oil depends on the extent to which minor 
folds have been developed and can be located in areas favourably situated. 
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It is well established that oil-bearing beds are present and that there are 
a number of horizons which, given proper conditions, are of sufficient poros
ity to act as oil reservoirs. 

An analysis of the oil from the Northwest Oil Company's No. 1 well, 
made by J. A. Kelso, University of Alberta, and published in Geological 
Survey, Summary Report 1920, Part B, page 58, is as follows: 

Specific gravity .. .. ....... . ............ . 0·845 (36° Baume) 
Distillation-

70 to 150 deg;,ees C .......... .......... 22·5 per cent 
150 " 300 . . . . . . . . . . . . . . . . . . . . 38·5 " 
300 " 350 . . . . . . . . . . . . . . . . . . . . 33·9 
350 " 375 . . . . .. . . .. . . .. .. . . . . 4 · 1 
Loss . . . .. . .. .. . .. .. .. . . . . . . . .. .. .. .. . .. l · O 

(Gasoline) 
(Illuminants) 
(Light lubricants) 
(Medium lubricants) 

The following log, supplied and published with the permission of the 
Imperial Oil Company, illustrates the character of the sediments in Nor-
man area. 

Log of Northwest Oil Company's No. 2 Well, Norman 
Depth 
Feet 

Surface materials .................... ... . . ...... ........... . . 
Light grey, slightly calcareous, clay shale with a little fine sand 
Light grey, non-calcareous, clay shale. Showing of oil at 122 feet 
Light grey, non-calcareous, clay shale with a little fine sand .. ... . 
Light grey, calcareous, clay shale with a little fine sand ..... .. . 
Light grey, non-calcar eous, clay shale with a little fine sand . .. . 
Bluish grey shale with grey sandstone ....................... . 
Harder, bluish grey shale, sandy ........................... . 
Bluish grey shale, sandy. Gas at 272 feet .. . .. ................ . 
Bluish grey shale .... ....... . .......... .. .... ......... . ..... . 
Bluish grey shale, sandy .. ............. ... .. .. .. . .. ..... ... . 
Bluish grey shale, calcareous ............................... . 
Bluish grey shale, sandy .............. . .................... .. . 
Bluish grey shale, soft . .... ........ ... ......... . ... .. .. ... .. . 
Bluish grey shale .. ..... ............... .. ........ ...... .... . . 
Blui sh grey shale, sandy and hard .. . ...... .. . . ...... . ....... . 
Bluish grey shale, sandy ................................. . .. . 
Bluish grey shale, very little sa.nd ... ..... . .................. . 
Bluish grey shale ...... ....... ....... ..... . .. . . ..... .. .. .... . 
Bluish grey shale, fairly hard ............................... . 
Bluish grey shale ..... ........ . .. . .. . ....... . ............... . 
Dark grey, soft, calcareous shale with some bluish grey shale .. . 
Blui sh grey shale, calcar eous and harder than above ......... . 
Bluish grey shale, fairly hard, non-cal car eous ... ... ........... . 
Blui sh grey shale, fairly hard, calcareous .................... . 
Bluish grey shale, non-calcar eous. Showing of oil at 792 feet ... . 
Bluish gr ey shale . . . . .. .... . ............................... . 
Bluish grey shale, fairly hard, calcareous . ........ . . .... . .. . . 
Bluish grey shale, slightly calcareous ................. .. ..... . 
Bluish grey shale, fairly hard, calcareous. At 895 feet 25 bbls. 

of oil, which decreased to 2 bbls. a day ........ .... .... . . 
Bluish grey shale, fairly hard, slightly calcareous ............. . 
Bluish grey shale, fairly hard, non-calcareous . . . . . . . . ........ . 
Blue-black shale, hard, non-calcareous, some pyrite ........... . 
Blue-black shale, with some pyrite itnd calcite in veins .... ..... . 
Blue-black shale ............. .. ............................. . 
Dark, greyish black shale, soft ................ . ............ . 
Dark, gr eyish black shale with brownish tinge ...... . ........ . 
Dark, greyish black shale, harder .. ..... ... ....... ....... .. . 
Dark, greyish black shale, very hard, with much pyrite ..... .. . 
Dark, greyish bl ack shale ... ...... . .... ... .... . .... ... .. . ... . 
Dark, brownish black shale, hard, with pyrite. This is evidently 

the base of the Fort Creek shales ...... ...... .... .... .. . . 

0 to 
30 " 

120 " 
130 " 
200 " 
220 " 
230 " 
240 " 
270 " 
280 " 
290 " 
310 " 
320 " 
390 " 
400 " 
430 " 
440 " 
450 " 
460 " 
490 " 
500 " 
700 " 
710 " 
720 " 
770 " 
790 " 
810 " 
850 " 
860 " 
880 " 
900 " 
920 " 
950 " 
960 " 
970 " 
980 " 

1,030 " 
1,040 " 
1,050 " 
1,060 " 

1,070 " 

30 
120 
130 
200 
220 
230 
240 
270 
280 
290 
310 
320 
390 
400 
430 
440 
450 
460 
490 
500 
700 
710 
720 
770 
790 
810 
850 
860 
880 

900 
920 
950 
960 
970 
980 

1,030 
1,040 
1,050 
1,060 
1,070 

1,086 



304 

Log of Northwest Oil Company's No . f2 Well, Narman-Continued 
Depth 
Feet 

Hard, brown limestone with petroleum odour . ................ . 
Hard, brown limestone . ....... ... .......... .. .... .... ...... . 
Hard, brown limestone, petroleum odour ..................... . 
Hard, brown limestone ......... . ................. . .......... . 
Hard, brown limestone, becoming darker with depth ....... . ... . 
Hard, brown limestone . ............. .. ...... . .............. . 

1,086 " 1,095 
1,095 " 1,130 
l,130 " 1,140 
1,140 " 1,190 
1,190 " 1,200 
1,200 " 1,240 

H ar.cl, .dark brown limestone .... . ............................ . 
Hard limestone, lighter colour than above . ........... .. ..... . 
Hard, brown limestone ..... ... . . . . .............. . ........... . 

1,24{) " 1,25{) 
1,250 " 1,260 
1,260 " 1,290 

Hard, light brown limestone ...... .. ... ...... .. ............ .. . 
Hard, light brown limestone, becoming more shaly ........ . .. . 
Hard, light brown limestone ..................... . ........ ... . 
Hard, light brown limestone with some dark shale ........... . 

1,290 " 1,450 
1,450 " 1,460 
1,460 " 1,470 
1,470 " 1,480 

Dark grey, calcareous shale ...... .. . .. .... ... ... .. .... .. .... . 1,480 " 1,600 

It is not definitely known what horizon is represented by the shales 
in the bottom of this well. The Beavertail and Ramparts limestone from 
sections measured in other parts of Norman area are c.onsidered to have 
a thickness exceeding that of the limestones in this well, but it is possible 
that the thickness in outcrops was over-estimated. Outside Norman area 
the Ramparts limestone overlies the Hare Indian River shales, and, pos
sibly, these may be partly represented by the shales in the bottom of the 
well. Kindle and Bosworth (1921, page 44) state that the thickness of the 
Hare Indian River shales exceeds 300 feet, so that it is possible the well 
stopped in these shales. The objection to this interpretation of the lower 
shales of the well is that the Hare Indian River shales are not known to be 
present elsewhere in Norman area and since in the mountains both to the 
east and the west the Ramparts limestone rests directly on brecciated lime
stones and dolomites of the top of the Bear Mountain formation, the Hare 
Indian River shales have been presumed absent. It is possible, therefore, 
that the calcareous shales reported in the well, from 1,480 to 1,600 feet, are 
a shaly phase of the Ramparts limestone, or possibly are a phase of the 
Bear Mountain brecciated limestones. However, in view of what is knGwn 
of the stratigraphy of N omnan area, neither of these possibilities seems 
logical and it is much more reasonaible to assume the shales belong to the 
Hare Indian River formation. This would mean a considerable eros,ional 
interval between the Silurian and the Devonian in order to account for 
the absence of these ::hales in Carcajou Mountains where in the cliffs along 
the gorge of Carcajou River the contact between the Devonian and Silurian 
can be observed for long distances. 

ARCTIC RED RIVER AREA 

The Geological 'Survey has no detailed information about the Arctic 
Red River area, but it is known from reconnaissance studies that there 
is a large area in the vicinity .of Arctic Red and Peel Rivers where Cre
taceous overlies Upper Devonian strata. The character of the Devonian 
is not well known but is assumed to be somewhat like that oif the Devonian 
of Norman area, 250 to 300 miles to the south. The rocks where exposed 
along Mackenzie River have gentle dips quite in contrast with the sharp 
folds along the Mackenzie at the Sans Sault rapids south of the Ramparts. 
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The country back from the river is a broad plateau. The prospects for 
oil and gas depend on the presence of petroliferous strata which may be 
assumed to be present, and the presence of local folds. It is believed the 
Cretaceous would form an adequate cover for the retention of any oil that 
may have accumulated in local structures. No information is available 
regarding the presence of reservoir rocks, but regional studies from 
Norman south to Great Slave Lake seem to point to a northward increase 
of sandstones in Upper Devonian strata, and hence reservoir rocks might 
reasonably be expected. It should be remembered, however, that the 
Devonian is unconformably overlain by the Cretaceous and there may be 
areas, as at the Ramparts of the Mackenzie, where the Upper Devonian 
has been wholly eroded prior to Cretaceous deposition. 
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CHAPTER X 

BRITISH COLUMBIA 

FLATHEAD AREA 

Flathead area is in southern British Columbia a few miles west of 
the Alberta boundary. From Waterton Lake in Alberta to the east side 
of Flathead River Valley is a belt of Precambrian strata the structure of 
which is broadly synclinal (See Chapter IV, Waterton Lake and Cameron 
Brook Area). The central part of this syncline is occupied by Cambrian 
and later Palreozoic rocks, part of which from included fossils are assigned 
to the Silurian. The west limb consists of Precambrian argillites, quartz
ites, and limestones with lava flows and sills dipping in a northeasterly 
direction and consisting of successively lower beds to the west. Along the 
east side of Flathead Valley, however, at the western margin of the area 
of Precambrian rocks, there is a reversal of dip, but east and west cross
folds so modify the structure that instead of a continuous anticline there 
is a series of domes. Three domes were seen by the writer during a 
reconnaissance trip in 1932 and others are said to occur. Only one of the 
three seen was studied in detail. This dome (See Figure 25) is in the 
valley of Sage Creek, a tributary of Flathead Valley. To the south of it 
lies a somewhat smaller dome at the head of Fisher Creek. This dome 
is at a much higher elevation than the Sage Creek dome and is less deeply 
eroded. South of it in the valley of Kishinena Creek is another dome of 
apparently the same type as that at Sage Creek. Another dome is said 
to occur on Starvation Creek south of the Kishinena dome and only a short 
distance north of the International Boundary. Other domes have also 
been reported from the area north of Sage Creek. 

Seepages of oil were seen by the writer on the Sage Creek and the 
Kishinena domes. On the Kishinena dome the oil issues from joints and 
bedding planes in dense and hard argillites of the Appekunny formation. 
The beds do not appear to be fractured at the point of seepage and the 
oil slowly accumulates in small pockets in the gently dipping strata on 
the edge of a beaver dam lake. In Sage Creek area there are a number 
of seepages of both oil and gas. All issue from gravel overlying bedrock 
and the flow is said to be partly dependent on the amount of water flowing 
through the gravel and thus carrying the oil to the outlets. In August 
1932, during a period of occasional rains, one seepage in which a steei 
barrel had been sunk with both ends open produced steadily over a period 
of days, by bailing twice a day, It to H gallons of light yellowish oil a day. 
Several other seepages in the immediate vicinity were not tested, but an 
astonishing amount of oil was in evidence and although the oil seepages 
were not actually seen issuing from the rock at any place owing to the 
gravel cover, yet it seemed reasonable to attribute the seepages to known 
fracture zones that could be seen and outlined on the mountain at the 
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valley edge. The dense, hard rocks of the Precambrian are totally unsuited 
to act as a source for oil or gas and hence it is a logical conclusion that 
the oil and gas issuing from them comes up through cracks and fissures 

Oeologioal Buruey, Canada. 
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Figure 25. Sage Creek dome-wells: 1, Crowsnest Glacier No. 1; 2, Crowsnest 
Glacier No. 2; 3, Crowsnest Glacier No. 3; 4, Crowsnest Glacier No. 4; 5, Fla.t
head No. l; 6, Flathead No. 2; 7 and 8, British Columbia Oil and Coal Develop
ment Company. 

from underlying Mes-0zoic or Palreozoic rocks separated by a fault from 
the Precambrian above. Such an origin is quite in harmony with the 
known occurrences of oil and gas elsewhere in Mesozoic and Palreozoic 
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beds. Thus it would seem that the prospects for production of oil and 
gas by drilling on these domes would be dependent on two factors: (1) 
the presence of suitably porous horizons in the Mesozoic or Palreozoic 
strata und·erlying the Precambrian; (2) a favourable structure to cause 
an accumulation of oil and gas in the Mesozoic or Palreozoic strata under 
the fault plane. 

As already mentioned in Chapter IV in discussing the Waterton Lake
Cameron Brook area, the Lewis fault has been studied in a number of 
places along the eastern margin of the Precambrian area in Alberta. The 
amount of disturbance exhibited by the beds immediately underlying the 
fault plane is very great. Large masses of Palreozoic rocks have been 
torn from their roots and carried along the fault plane (or zone) under 
the Precambrian strata and thrust into soft, ·coal-bearing Kootenay strata 
that lie below the fault, are overturned, and lie on Blairmore rocks. Under 
such conditions any brittle rncks in and close to the fault zone must neces
sarily have been highly fractured, and it is thought that such a fracture 
zone :might possess the degree of porosity requisite for large oil and gas 
reservoirs. It is believed, as already stated, that the Precambrian strata 
of Flathead area lie on younger strata from which they are separated 
by a fault, perhaps a continuation of the Lewis thrust, and it may be 
that this fault zone is the reservoir fr.am which arise the seepages on Sage 
Creek and elsewhere. Possibly porous horizons in either the Mesozoic 
or the Palreozoic beneath the fault are the sources of the seepages, but 
what horizons these might be and how far below the fault they may lie 
are unknown. 

There is no apparent reason why oil and gas seepages should be con
nected with a dome in Precambrian rocks unless the concentration of oil 
and gas is also due to the dome structure. The Precambrian rocks are 
too dense to act as reservoir rocks except where greatly fractured so that 
any large accumulation, if present, must be in the underlying fractured fault 
zone or in the younger strata underlying it. Neither the fault zone nor the 
underlying Palreozoic or Mesozoic strata would be expected to contain 
commercial supplies of oil unless they also have a domed structure favour
able for its concentration. This implies that the domed structure exhibited 
in the Precambrian rocks at the surface persists downwards across the 
fault plane into the younger, underlying beds and that warping or folding 
took place subsequent to faulting. It is peculiar that isolated domes occur 
along the western edge of the Precambrian area. This edge is a pronounced 
fault and, therefore, anticlinal folds continuous over considerable distances 
might more logically be expected, especially if the fault is an underthrust 
as it has been thought to be by Link (1932, page 786). The breaking up 
of the anticlinal condition into domes could result, however, from east
west folds subsequent to faulting. To the east, in Waterton Lake-Cameron 
Brook area, a major fault occurring on Mount Crandell is distinctly folded 
(See account in Chapter IV) and there are reasons for believing that the 
Lewis fault is· also folded. Such conditions support the probability that 
the dome structure of the Precambrian of Sage Creek area persists down
wards across the fault into the Mesozoic or Palreozoic strata and on this 
being actually the case the oil and gas prospects to a large extent depend. 
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The depth to the fault in Sage Creek and Kishinena areas is unknown. 
In each area the 1owest srtrata exposed belong to the base of the Appe
kunny formation below which in W aterton Lake an~a there is thought to 
be 4,000 to 4,500 feet of strata above the Lewis thrust. The dome at the 
head1waters of Fisher Creek is less deeply eroded and the lowest beds 
there exposed are a series .of quartzites that are estimated to be at least 
2 OOO feet above the base of the Appekunny formation. It is unknown 
~hether there are more or less beds above the fault in Sage Creek-Kish
ineina Creek area than in W aterton Lake-Cameron Brook area, but if it 
be assumed that the thickness is about the same then a well on the Sage 
Creek dome, .such as is now being drilled by the Crows Nest Glacier Oil 
Company, Limited, could hardly reach the fault plane at a depth of less 
than 4,000 to 4,500 feet or even deeper if the dip of the beds is considerable 
in .any part of the section. Evidences of oil and gas have not been lack
ing in a number of wells drilled in Sage Creek area and numerous oil and 
gas seepages occur. It 1seems, therefore, that the area is worthy of being 
tested by drilling a deep well, but that the test may be conclusive the 
well must be drilled through the overthrust Preca.mbrian mass into the 
younger strata below the fault plane. 

A certain amount of drilling has been done in Akamina Valley 17 
miles west of W aterton Lake and 6! miles west of the boundary between 
A1'berta and British Columbia. This area is almost in the centre of the 
great synclinal area between Waterton Lake and Flathead Valley. In 
this area there are probably not less than 11,000 feet of Precambrian sedi
ments, lava flows, and sills, and as these are too thick to be drilled and 
the .structure is wholly unfavourable for accumulations of oil and gas in 
quantity the prospects are negative. It is said that seepages occur in this 
area at certain times when water conditions are favourable. If this is so, 
it would seem that the seepages must consist of oil carried by surface 
water.& to the ·central part of the basin structur.e and 'hence are not an 
indication of a large supply at depth in this particular area. 

A limited amount of drilling has also been done within Flathead 
Valley west of the Precambrian area. The southern part of Flathead 
Valley is underlain by freshwater Tertiary strata res.ting on the bevelled 
edges of Mesozoic and Palreozoic sediments and overlapping onto the Pre
cambrian. North of Sage Cr€ek, and on Commerce Creek close to the 
edge of the Precambrian, ·Occurs a ridge of Mis.sissippian strata extend~ 
ing northward for several miles. 

West of Flathead River the edges of Mesozoic formations are exposed 
and Mississippian strata are overthrust onto them from the west. Since 
the horizons within these formations that elsewhere are productive of oil 
and gas are thus exposed at the surface there are no prospects o.f them 
affording oil and gas . The Tertiary, where seen on the W€st side of Flat
head Valley, has in general an eastward dip of 15 to 25 degrees. It is 
certain that the lowest horizons oocur under the gravel on the west side 
of Flathead Valley. Massive .conglomerates that occur on the .east side 
of the valley are highly suggestive o.f basal beds. A1though there is some 
do'Ulbt about the structure across the whole valley, due to the lack of out
crops, it is possible that the Tertiary strata lie in a syncline and with the 
edges of all lbeds exposed on the west ·Side and perhaps on the east side 
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as well. If this is the situation then there is n-0 reason why any oil or 
gas accumulations should occur in the syncline. There is, however, a pos
sibility that small folds may occur within the syncline, but the freshwater 
character of the Tertiary beds would not be favourable for the genera
tion of large amounts of either oil or gas, although small amounts derived 
from carbonaceous and lignitic materials are undoubtedly present and will 
give shows of gas in wells drilled into them but without any prospect of 
sustained or commercial production. 

FRASER RIVER AREA 1 

By W. A. Johnston 

Drilling Operations and Their Results 

The first deep drilling in Fraser River Delta area was done about 1875 in search of 
workable seams of coal. The first bore-hole was located on the south shore of Burrard 
Inlet. About 1887 the Canadian Pacific R aiilway Company drilled a number of holes at 
Kitsilano and Port Haney in searah of coal, but no logs of these holes are available. A 
great number of shallow borings in the drift depooits, especially in the Nicomekl
Serpentine Valley, and one deep boring by the P. Burns Company, have been made 
in search of Artesian water. The first well drilled for oil and gas was located at 
Steveston and was put down about 1906. The recent drilling operations begau in 1913 
and have continued to the present. 

The Steveston well was drilled by Mr. H . C. Fritts, to whom the writer is mdebted 
for the following information regarding the well . A rotary drilling rig was used and a 
13-inch hole was carried through sand to a depth of 700 feet, at. whiah point a large 
boulder was encountered. The boulder was drilled for 6 feet and the 10-inch casing 
set. A 10-inch hole was carried to a depth of 860 feet, where the first shale bed was 
encountered and a flow of gas obtained. A gas pressure of 88 pounds to che square 
inch was obtained by bushing the 10-inch pipe to ;l:-inah and using a steam gauge. 
From 800 feet to 1,000 feet, where the first hard shale was encountered, the formation 
varied from fine sand to shale. T·he 8-inch casing was set at a depth of 1,000 feet. 
Drilling was continued with a 6-inch stem to a depth of 1,200 feet, when operations 
ceased because of lack of capital. A part of the casing still remains in the hole. 

The Pitt Meadows well, the location of which is shown on Map 1965, was begun by 
the Pitt Meadows Oil Wells, Limi ted, in December, 1913. The well is located on the 
tidal floats about one mile northeast of Sheridan Hill. The first well was put down 
at this point by the Cosset Development Company, of which Mr. W . T . Patterson was 
manager, and reached a depth of aibout 1,200 feet, but owing to difficulties it was then 
abandoned. The drilling was done with a standard drilling rig. A second hole reached 
a depth of 1,990 feet on January 1, 1919, only about 100 feet in depth having been made 
in three years owing to the loss of tools in the hole . A depth of 2,026 feet was reached 
in 1921, when it was decided to put down a dia,mond-drill hole in the bottom of the 
hole already drilled. The diamond-drill hole was carried to a depth of 2,724! feet, the 
first 100 feet being two and th ree-ei~hths core and the remainder two and a quarter core. 

The unconsolidated surface deposits in the Pitt Meadows well apparently extended 
to at least 1,047 feet. The upper part consisted of recent alluvium and the lower p11rt 
of glacial d~posits. Glaciated pebbles are stated to have been brought up from a depth 
of over 1,000 feet. The aharacter of the upper part of the bedrock is not defini tely 
known as the plant was burnt in J anuary, 1914, and the samples were lost. . . . . . 
It is stated by Mr. C. A. McRae, manager for the company, that salt water containing 
oil with a paraffin base was struck at 1,148 feet and that a small quantity of oily 
material was obtained from between 1,855 and 1,875 feet. 8ome gas was also struck. 
Salt water (density 1 ·016 and temperature 59° F.) was flowing from the top of the 
casing in September, 1921, and bubbles of gas were rising througih the w>\ter . The 

~racted from "Geoloiry of Fraser R iver D elta Map-area," by W. A. Johnston; Geel . Surv., 
Canada, Mero. 135, pp. 6-0-72 (1923). 



311 

temperature of the water indjcates that it comes from a depth of several hundred feet, 
for it is 10 degrees warmer than the spring waters in the area, wihiah are very nearly 
the same as the mean annual air temperature. 

The Port Haney Oilfields Company drilled a well in the bed of Kanaka Creek about 
3 miles east of Port Haney and 1 mile east of the eastern boundary of Map 1965. 
The hope of finding natural gas or oil at this locality was based on a reported occur
rence of gas in a diaJIDond-drill hole put down about 1890 by the Canadian Pacific 
Railway. The present drill hole is located near the southeast corner of Sec. 15, Tp. 12, 
W. 7th Mer., and is about 10 feet from where the old thole is supposed to have been. 
The well was drilled 1,254 feet with a small keystone drilling rig. Small flows of gas 
are said to have been struck at 193 feet and at 262 feet. No oil was found. Fresh 
water issues in a small stream from the top of the casing, a part of which remains in 
the hole, and bubbles of gas rise through the water. 

The Spartan Oil Company, of which Mr. S. W. Miller is manager, was organized 
in 1918 with a capitalization of $500,000 and took up oil riig>hts over 260 acres comprised 
in lots 120 and 131 in bhe municipality of Vancouver, 3 mHes east of the boundary of 
the city. Hopes of obtaining oil were based largely on a supposed oil spring or seepage 
near the company's holdings. The occurrence is described elsewhere. On the advice 
of Mr. Wm. Jewell, a geologist who examined the area in 1918, a test hole was put 
down 2,000 feet. It is stated that oil and gas were encountered at different levels and 
at 1,669 feet a sand was encountered that the company's geologist believed would prove 
commercially productive. He recommended that a well be drilled to 3,000 feet, or 
lesser depth if oil were met in satisfactory quantity. Well No. 2 was pu~ down and 
reached a deptJh of 2,875 feet early in 1922. Drilling operations were then discontinued. 
The caving of soft clay shales, especially in the lower part of the well, raused con
siderable difficulty. The elevation of well N.o. 1 is 131 feet and of well No. 2, 216 
feet above sea-level. . . . . . 

The Boundary Bay Oil Company, Limited, of which Mr. S. A. Thompson is 
managing director, was organized in 1918 with a capitalization of $500,000, increased 
to $1,000,000 •in 1920. The company tholds leases on the tidal flats at Boundary Bay, 
16 miles south by east of Vancouver. Drilling began in 1919, four test holes bemg put 
down to about 350 feet. A new drilling plant was purchased and well No. 2 was drilled 
to 2,473 feet when the tools were lost and all efforts to recover them failed. No. 3 well 
(See Ma;p 1965) was started on April 6, 1921, and on June 3 was dawn 2,300 feet. 
. . . . . Below 2,300 feet considerable difficulty was caused by sand partly filling 
the casing. The sand apparently came foom some point above the end of the 10-inch 
casing, but may have come, in part, from beds lower down. . . . . . The boring 
reached a depth of 4,112 feet in March, 1922 . . . . . the bottom 350 feet of which 
contains perforated button screen casing set opposite six sand horizons. An attempt to 
test the well by bailing was then made. Considerable difficulty was experienced in 
lowering the water in the well, but it was finally bailed to a depth of 3,600 feet when 
the casing collapsed. The casing was reinforced with cement, the bridged-over part was 
drilled through, and bailing resumed. The test showed no commercial quantities of gas 
or oil. It is proposed by bhe company to put down a diamond-drill hole in the bottom 
of the boring to determine definitely the character of bhe lower strata. The well was 
drilled by Mr. C. E. Milburn. It is stated that during the drilling thousands of barrels 
of water were absorbed by the sands, some of which were dry and contained gas, 
whereas others were water saturated. It was impossible to tell because of the effect of 
the heavy mud fluid used in drilling, just what sands were dry and what were water 
bearing. Water which was somewhat saline was struck at about 2,200 feet and possibly 
again at a lower level, but most of bhe water was fresh or nearly so. Small ilows of gas 
were also struck at several horizons. Colours of oil are said to have been observed in 
the bailings and in the waste water from various depths, and samples of sandstone and 
shale from near the bottom of the well showed, when treated with chloroform, some 
light-coloured, oily material. 'Dhis may be petroleum or an oil derived from fossil 
resin, the quantity obtained being not sufficient for determination. Samples of material 
from the well cuttings, which were reported to be gilsonite or solidified petroleum, were 
found on examination to be lignite. 

The Empire Oil and Natural Gas Company, of which Mr. R.H. Wright is manager 
and Mr. Roy Widney, <:killer, has been engaged since 1918 in sinking a. well in Sec. 27, 
Tp. 10, Range 4, W. 7ih Mer. The well is about one-quarter mile ~outh of the Yale 
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road and about one mile east of the eastern border of Map 1965. The elevation is 
about 326 feet albove the sea. A st,andard drilling rig is used. The first hole was put 
down 350 feet without reaching bedrock, and was then abandoned owing to boulders 
in the drift. A second hole reached 140 feet and was also abandoned. A third hole 
was begun November 27, 1918, and in December, 11922, had reached a depth of 3,980 
feet. . . . A test of the hole by bailing, at about 3,600 feet, showed small quantities 
of highly saline water, lbut no commercial quantities of oil or gas. The bailings from 
the well in many cases showed a brownish scum of froth, apparently an emulsion 
formed by the water, and finely divided carbonaceous and resinous mateTial derived 
from the cuttings. Several small seams or lenses of lignite were passed through, and 
some of the lignite contains considerable quantities of fossil resin. The resinous 
material when treated with chloroform gives a colour somewhat resembling that of 
petroleum. A sample of material brought up 'by the bailer from rubout 3,600 feet was 
obtained by skimming the surface of the sludge. The sample was examined by R. T. 
Elworthy, chemist of the Mines Branch, Department of Mines, who reports that: 

"The material was treated with the following solvents, with the results noted: 
(1) Chloroform. The substance was thoroughly shaken with chloroform in a separatory 
funnel. After standing, the chloroform was run off and carefully evaporated on the 
water bath. A dark brown, sticky residue remained, which had the dist inctive smell of 
a bitumen. It was readily soluble in ether and carbon bisulphide. P etroleum would be 
\"ery different from the sticky residue obtained. (2) Ether. Ether had little solvent 
action on the material. (31) Ca11bon bisulphide, shaken with the material, extracted a 
dark brown substance similar to that obtained with chloroform. ThP material when 
heated at first darkened and fumed slightly, but with no noticeable smell of mineral oil. 
On further '.heating to dull redness it became greyish. Chloroform extracted nothing 
from the heated material. Under the microscope the clay suspension was seen to be 
impregnated with small, yellow particles which closely resemble ground-up fossil resin. 
The clay residue, after extraction with chloroform, still contained similar yellowish 
material, but to a smaller degree. These experiments confirm Mr. Johnston's belief 
that the solulble material is most probably derived from bituminous shale. The sample 
was too small for many observations to be made." 

A depth of 4,200 feet was reached in June, 1.923. . . . Colours of oil showed in the 
bailings from 4,2-00 feet and are said to have been obtained at several horioons in the 
marine series of l'ocks below 3,540 feet, lbut no commercial quantities of oil have been 
obtained. Drilling is being continued in an attempt to thoroughly tPst the rocks at a 
greater depth. 

Oil and Gas Possibilities 

Gas springs occur in the Recent delta of the Fraser at Steveston, ait Boundary 
Bay, on tJhe north arm of the Fraser near the entrance, and at other places. They also 
occur along Still Creek near the head of Burnaby Lake, at Pitt Meadows near Pitt 
Lake, and Bit various places in the low swamp ground along the Fraser and tributary 
streams. They are probably all or nearly all springs of swamp gas. The abundance 
and volume of the springs ·at Steveston-on account of which the first boring in search 
of oil or gas was made at this locality-may possiibly indicate that the gas comes in 
part from the bedrock, but the great thickness of the Recent deposits . . . . . 
. . . seems to show that this is not the case. A sample of the gas from Steveston 
was analysed by Mr. F. C. Phillips (1004, page 406) in 1894, who found it consisted of: 
nitrogen, 6·30 per cent; carbon dioxide, 0·14 per cent; and paraffins (chiefly methane, 
with traces of the !higher hydrocarbons of the series), 93 · 56 per cent. The gas, what
ever its source, is a dry gas and, therefore, is probalbly not a petroleum gas. A gas 
spring in Still Creek near the Douglas Road 1bridge is sa.id to !bring up, at times, small 
globules of oil along with the gas bubbles. It is doubtful, however, whether the oil 
comes from the bedrock, as there is probably a consideralble thi~kness of surface 
deposits at this point. It is possible, also, that the oil may have been lost during 
lumbering, or other operations, and become included in the mud in the bottom of the 
creek. Wet mud or clay has a remarkable affinity for oil and will retain oil for long 
periods unless it is distu11bed, or water is made to circulate through it freely. No gas 
springs coming from the solid rock are known to occur in the area, though such spr.i.ngs 
would lbe difficult to detect and may occur. 
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Gas flows have been struck in several of !Jhe wells drilled in the mea. The gas is 
derived pa.rtly from the unconsolidated sUTface deposits and partly from the bedrock. 
PrOlbaibly all or nean:ly all from the surface deposits is swamp gas. A sample from a 
considerable depth in the Boundary Bay well was analysed by G. S. Eldridge and 
Company of Vancouver and was found to consist mainly of methane with only a trace 
of ethane. The gas, therefore, is probably not associated with petroleum. Gas that is 
high in nitrogen was struck in the Pitt Meadows well and in the Port Haney well. The 
gM from the fitt Meadows well yielded albout 99 per cent of nitrogen with 0·5 per 
cent of oxygen and 0·5 per cent of carbon dioxide. The helium content was found to 
be 0·0(}3 per cent (McLennan, 1920, page 15). An analysis of the gas from the Port 
Haney well, by G. S. Eldridge and Company, showed: o;.-ygen, 7 ·5 per cent; carbon 
dioxide, 1 ·2 per cent; olefines, 0· 15 per cent; paraffins, 22· 5 per cent; nitrogen, 68· 3 
per cent. The helium content was only 0·013 per cent. Water flows from both wells 
and the gas bubbles up through llhe water. The samples of gas \\'ere obtained by 
immeTsing a funnel in the water and filling a !bottle by displacement of the water from 
it. The gas from the Pitt Meadows well-which is almost entirely nitrogen-is prob
ably derived from the dissolved air of the rain and snow water that supplies the flow 
of water from t he well. "The oxygen of this dissolved air, during the undergrnund 
passage of the water, is used up in chemical processes such as the oxidation of iron 
pyrites and of organic matter with which it comes in contact. Nitrogen !being 
chemically inact ive passes on unaffected, and thus becomes relatively more concentrated 
in the gases which finally emerge." This Vheory of the somce of the nitrogen springs in 
Banff a.rea, British Columbia, has been put forward by R. T. Elworthy (19118, page 143) , 
and is applicalble in the present case. The head which causes the flow water from the 
wells is evidently derived from the high mountainous area in the wells, and the rocks 
are well jointed, so that the surface waters containing dissolved air are probably 
carried down to considerable depths. The gas from the Port Haney well is apparently 
a mixtUTe of dry natural gas and nitrogen. The natural gas is probably der;ved from 
thin coal seams in the rock, and the nitrogen in the manner already described . The 
gas does not indicate the presence of oil in the rocks, for i·t is dry gas. The nitrogen 
is of no value for Vhe manufacture of nitrates, for the flows Me small, and it is improb
able that reservoirs could be formed in the rocks. At depth the gas is dissolvE:d in the 
water and it appears at the surface as gas bubbles when the pressure is removed. 
Nitrogen is detrimental to natural gas as an illuminant or as fuel, for it dilutes the 
hydrocarbon content and lowers the calorific value. The general question of the occur
rence in commercial quantities of natural gas-which depends on th~ structure of Vhe 
rocks of the area-is descr1bed under "structure." 

Oil seepages are reported to occur at several points in the area. The first definitely 
reported and the only one said to come frnm !bedrock is that already referred to , in the 
woods of north Vancouver. The correct location is probably in the bed of a small creek 
on district lot 815, in west Vancouver. A search for the seepage, in 1920, however, 
failed. There are several places in this general neighbourhood where oil occurs on the 
surface W!liters, tbut it evidently comes from the greasing of skids in lum1bering opera
tions. The baisal sandstone and conglomerate of the Tertiary series outcr·op in places 
near the supposed location of the seepage and if a seepage occurs it probalbly comes 
from these rocks. In 1914 the west Vancouver Hollyburn Oil Company was organized 
to drill at this locality, but no drilling was done. 

The best known and most important of the supposed seepages is known as the 
Burnaby, and is located in a peat bog just south of the Great Northern Railway aJbout 
2,000 feet west of Sperling avenue (Pole-line road), near the west end of Burnaby 
Lake . It is said to have been discovered in 1191'7 lby Thomas Hanna.h who fell through 
a hole in the peat and found that his legs were covered with crude oil. It is also 
stated that the occmrence was known for several years previous to 1917, but this seems 
to tbe in doubt. Large quantities of oil have been obtained from the locality and oil 
could still be seen on the surfrace of the water in 1'92tl. A small stre~m of water flows 
into the tbog near where the oil occurs, but the water in the bog i~ nearly stagnant 
except after heavy rain. Several square yards of the surface peat is saturated with the 
oil, which oozes from the peat in periods of high water and appears on the surface of 
the water in pools !beneath and between Vhe stumps of large trees th:i.t have been killed 
by fires or removed in lumbering operations. It is again absorbed by the peat when the 
water falls. The peat has a maximum depth of 27 feet and is underlain by silty clay 
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interbedded with thin, peaty layers. The depth of the peat decreasP.s rapidly towards 
the north, the bog extending only about 100 feet in this direction. The peat--which is 
in reality only slightly altered vegetable material--<5howed no signs of oil except in the 
upper part, nor did the underlying silty beds. No appreciable quantitie>l' of gas occur. 
In the spring of 1'922 borings were made, pits were sunk, and a pump was installed, 
under the direction of Mr. C. Estlin, to obtain the oil and determine whether a true 
seepage existed. Mr. Estlin states that 10 barrels of oil were recovered. The oil came 
with the water and ceased when the water was pumped out. Channels in the peat, one 
foot or even more in diameter, were found. The oil occurred chief!~· in the ehannels 
and on the under side of logs in the peat. No oil was found in the clav under t.he peat. 

A sample of the oil from the Burnaby peat bog, collected by the writer in 1920, was 
analysed by Mr. P. V. Rosewarne, chemist of the Mines Branch, Department of Mines, 
who reports on it as follows: 

Specific gravity at 15·6° C. (60° F.) =0·974 
Distillation test-

Water distillate, 6 ·per cent at 10-0° C. 
Oil distillate (straight run) 

lst drop at 275° C. 
5 per cent at 305° C. 

40 per cent at 370° C. 
50 " " 380° c. 

10 " " 322° c. 60 " 386° c. 
20 341° C. 62 " 388° c. 
30 355° c. 

Cracking began at 388° C. 

Water distillate obtained ......................... . 
Oil, straight run distillate ......... ..... ...... . ..... . 
Oil, after cracking had begun ....................... . 
Residue ............................................ . 
Loss ............................................... . 

Total bitumen in residue, soluble in cavbon bisulphide .. 
Paraffin base in residue ............................. . 
Asphalt base in residue ............................ . 

Unsaturated hydrocarbons 

6·0 per cent 
62·0 " 
19·0 
10·5 
2·5 

100.0 
11·9 
4·5 
7·4 

16 cc. sample of crude oil was shaken up with sulphuric acid (sp. gr. 1·84) and 
repeatedly cooled in ice water. 

The whole mass became thick, black, and viscid. No line of separation could be 
detected, even after the sample had stood for several days. 

Saponification of crude oil 
Duplicate tests showed no saponifiable matter present. 

Summary 
(a) Results which suggest that oil is a crude oil 

(1) Comparatively wide distillation range 
(2) Ease of cracking 
(3) Relatively large residue on distillation 
( 4) Both paraffin and asphalt bases present 
(5) No saponifiable matter 
(6) A similar oil to above was sent to this laboratory for analysis from the same 

locality in 1917 
(b) Results which suggest that oil has been previously refined 

(1) No low boiling fraction 
(2) High specific gravity 

Conclusion 
(a) If sample is an oil not native to the locality it seems likely that it is either 

crude oil from some other oil field or an unfiltered stock oil from a refinery. 
(b) The weight of evidence seems in favour of d·eclaring sample to be a crude oil, 

since it must be remembered that crude oils have been obtained which contain no frac
tion boiliniz at a low temperature and which have a high specific gravity, but whether 
the sample is native or not to the locality in whioh it was collected, it is impossible to 
state from results of laboratory tests. 

The source of the oil is not definitely known. Granting that it is a crude oil, as 
seems probable, it is difficult to understand how it can be derived from the bedrock. 
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At the diamond-drill hole of the .Spartan Oil Company, about 1,000 feet north of the 
occurrence and about 75 feet higher, the surface deposits are 110 feet thick and they 
are probably as thick or t hicker beneath the bog. The surface deposits consist in 
part of silt and clay and if the oil has passed through this material, as it must have 
done if it comes from the bedrock, it would probably be filtered and appear at the 
surface as a light-coloured oil, or would form an emulsion with the water and clay 
tmd appear at the surface as impure asphalt, and not as a heavy, dark oil. It has 
been suggested that a fault occurs along Bumaby Valley and that the oil comes 
from it, but there is no direct evidence of a fault. Even if a fault does occur it 
would not affect the surface deposits. It has been suggested that a tank car of oil 
was at one time lost in a sink-hole in the bog along the Great Korthern Railway a 
short distance west of this locality, but this has been denied by railway officials. It 
is at least not e\·ident that the oil comes from the bedrock and, therefore, the occw·
rence cannot be considered as proof that the rocks are oil bearing. 

An oil seepage was reported to occur on the property of Mr. P. IV. Thomas, on 
Imperial Street. in Point Grey municipality. A strong odour of gasol ine, and some 
oil, were noted by Mr. Thomas in digging a drain there. A small, undrained depres
sion occurs in the surface deposits and the oil may at one t ime ha\•e been lost and 
remained on the surface of the groundwater until brought to the surface by the rise 
of the groundwater during an exceptionally wet season. Oil, if spilled, will sink into 
the ground and remain on the surface of the groundwater for long periods unless the 
ground has sufficient slope to cause the groundwater to flow. The surface deposits 
are of considerable thickness at the locality, so that it is not evident that the oil 
comes from the bedrock . The reported occurrences of oil in water wells in the sur
face deposits at se \•eral places in the area are probably due to oil that has been lost 
and is slowly mo,·iug down slopes on the surface of the groundwater. 

Sand or sandstone impregnated with ,fir pitch has been noted at several places in 
the region. but is not an indication of the presence of petroleum. The material is 
partly soluble in chloroform, to which it gives a colour somewhat resembling that of 
petroleum, and, therefore, may readily be mistaken for it . It, however, has not the 
odour or general appearance of petroleum. 

alt water is generally met with in oil wells, but its occurrence in the .rocks does 
not necessarily indicate the .presence of petroleum. Fresh water is in many cases 
encountered at shallow depths in oil wells and deep-seated salt water below the oil, 
but in some cases the waters met with above the oil horizons are even more salty 
than the under waters (Neal, 1920, page 565). The under water is usually a brine and 
may be considered a.s the sea water that remained in the sediments after they were 
formed (Rogers, 1919, page 66). In many places, however, salt water unaccompanied 
by oil has been struck in deep wells. Salt or brackish water occurs in many of the 
wells in Fraser D elta area. The water met with in many of the wells in the surface 
deposits, particularly in the Nicomekl-Serpentine Valley, is brackish. The salt is 
evidently derived from the surface deposits, which are in part marine. The salt water 
that flows from the Pitt Meadows well may be derived from these deposits at a con
siderable depth. A qualitatiYe analysis of a sample of water from the Empire well 
at a depth of about 3,600 feet was made by Mr. R. T. Elworthy of the Mines Branch, 
who states: 

"The water had a strong saline, bitter taste. It was faintly alkaline in its 
reaction with methyl orange. The specific gravity at 70 degrees F. was 1 ·032. The 
total dissolved saline matter, dried at 110 degrees C., amounted to 43,590 parts in 
1,000,000 parts by weight of water, which is equivalent to 3,148·94 grains per imperial 
gallon. This mineral matter consisted, principally, of sodium chloride, together with 
smaller quantities of chlorides and traces of sulphates of calcium and magnesium." 

The density of the water is greater than that of normal sea water, which at 60 
degrees F. is l ·027. It is apparently a brine. Its chief significance is that it indicates 
that strata of marine origin occur at about this depth, most of the strata passed 
through above 3,540 feet being freshwater in origin. It does not indicate the 1presence 
of petroleum, but on the other hand does not preclude the possibility of petroleum at 
greater depths. ~o salt water was struck in drilling the Spartan wells, the strata 
passed through being all freshwater in origin. The water flowing from the diamond
drill hole was analysed by G. S . Eldridge and Company and found to contain only 
132 parts a million of total solids, which consist mainly of calcium carbonate, with 
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small amounts of silica, alumina, chlorine, sulphates, and alkalis. Water that was 
brackish, if not salty, was obtained in the Boundary Bay well at a depth of about 
2,200 feet and possibly again near the bottom of the well. A Sllllllple of water from 
about 3,600 feet contained only 226 parts per million of solids, consisting mainly of 
sodium chloride. The sa!IlJj)le, however, may have been diluted with fresh water 
coming in from a higher level. The salt or brackish water indicates the presence of 
marine horizons, but signifies little regarding the presence of petroleum. 

The temperature gradient, which is believed by some investigators to be abnor
mally high in oil fields, and, therefore, to be of some significance, is not definitely 
known. The water bailed from the Empire well at a depth of 2,670 feet had a tem
oerature of 81 degrees F. Taking the ground temperature at the surface as 49 degrees 
(the mean annual temperature), the temperature gradient to a depth of 2,670 feet is 
one degree increase for each 84 feet in depth. A Negretti and Zambra thermometer 
was let down in the bailer to a depth of 4,200 feet and showed a maximum tempera
ture of only 88 degrees F. The temperature gradient is not abnormally high and is 
rup,parently less in the lower part of the well than in the upper, but sufficient data 
are not available accurately to determine the gradient. 

The rock outcrops, the cores of the Spartan diamond-drill hole, and rock samples 
from other wells, indicate that the T ertiary sedimentary rocks of the map-area are 
mostly of freshwater origin. They contain in places thin seams and lenses of lignite. 
Geologists are generally agreed that petroleum and natural gas must originate from 
organic life, either directly or indirectly. As stated by White (1921, page 183) "The 
fact that no commercial accumulations of either are found outside of marine beds, 
except where these accumulations have clearly come up from marine beds below, 
would point to the sea as the ultimate source. of the organisms or raw material from 
which these hydrocarbons were derived." The fact that the strata underlying Fraser 
Delta map-area are mostly freshwater in origin, therefore, indicates that they are not 
likely to be oil or gas-bearing unless they are underlain by marine beds from which 
the oil or gas may have migrated. The numerous thin lenses and seams of coal also 
show that the vegetable material which the beds originally contained was altered to 
form coal and not petroleum. Petroleum as a rule does not occur in coal-bearing 
i.ieds, but in many cases occurs in marine strata beneath the coal-bearing beds and 
occasionally in lignite-bearing beds; probably in such latter cases because of migra
tion of the oil CE=ons, 1921, page 88). Because of lateral variation, also, such as 
might be e:x;pected in alluvial and deltaic beds like those of Fraser D elta region, the 
same geological horizons may be coal-bearing in the landward part and petroleum
bearing in the seaward part. There is little definite evidence, however, regarding the 
character of the marine phase of the Tertiary deposits in Fraser Delta region. The 
salt water struck in the Empire well at a depth of about 3,600 feet indicates that 
the beds penetrated below that depth are probably marine. The beds are mostly 
shale, which are probably Tertiary in age. Cretaceous beds may occur in places 
beneath the Tertiary beds, but there is no evidence that they do. The Tertiary rocks 
are seen in places to rest on the granitic rocks of the Coast Range batholith. They 
probably have a maximum thickness of at least 5,000 feet, so that even if Cretaceous 
rocks do occur they can hardly be regarded as an available source of oil. Moreover, 
the Cretaceous rocks as exposed on the east side of Vancouver Island are in part 
coal-bearing and are not known to be oil-bearing (Clapp, 1914, page 51). 

Oil-shales or rocks of somewhat similar character, from which material resembling 
petroleum can be obtained by distillation or by the use of solvents such as chloroform 
or ether, have been obtained in small quantities from two of the wells. But oil
shalea do not indicate the presence of petroleum. They contain a series of substances, 
generally classified as "kerogen," from which oil can be distilled. Occasionally they 
contain some free oil or material resembling petroleum which is soluble in chloroform, 
but the soluble material is usually small. Ziegler (1920, pages 114-115) states that 
" Oil and gas in small quantities may be disseminated through all marine shales 
and may be localized occasionally in small, porous streaks under conditions wher~ 
n? commer?ial quanti~ies could be expected. A showing of small quantities of either 
011 or gas m a well is, therefore, not a necessary proof of the existence of or of 
approach to, an oil pool." The small showings of oil found in marine shales' in the 
lower part of the Empire well, for example, are, therefore, only what might be expected. 
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The answer to the first question, whether or not the rocks of the area are gas- or 
oil-bearing, is that they are gas-bearing to some extent, but there is little or no definite 
evidence that they are oil-bearing, except possibly to some slight extent in the lower 
marine parts of the rock se1,ies. The freshwater origin of most of the sediments shows 
that oil is not likely to have fol'med in the rocks. The reasons wihy oil had not been 
formed in the freshwater deposits may be, as suggested by Johnson and Huntley (1916, 
page 21) that bacterial decay of organic material in fresh water differs from that which 
takes place in salt water. A considerable part of the Tertiary deposits also consists of 
continental, subaerial deposits, and Schuohert (1919) has pointed out tJhat during the 
formation of such deposits oxidation is so active that co=ercial supplies of petroleum 
cannot be formed. The marine iphases of the rock series are deeply buried and it is 
not clear from the results of drilling that they are oil-bearing, at least to any great 
extent. 

The structure of the Tertiary rocks of the northern part of the area-the only part 
in which bedrock outcrops-is a gentle monocline. The strata have a fairly uniform 
dip of 10 to 15 degrees towards the south, with only slight varia1Jions from this general 
direction. The dip becomes less towards the south and in the most southerly outcrop 
at South Westminster is only 4 or 5 degrees. The structure of the rocks in the central 
and southern parts of the area is not known, but it is unlikely that the southward dip 
conbinues as far as the International Boundary, and rocks of similar age are known to 
be folded in the adjacent state of Washington. The strata penetrated in the Boundary 
Bay well are, for the most part, younger than the Tertiary beds exposed in the northern 
part of the area. It is probable, therefore, that a deep downwarping of the basin has 
taken plll!ce and that a great thickness of Tertiary rocks exists in the central and 
southern parts of the area. 'Dhe existence of folds that might bring the lower Tertiary 
beds or older formabions within reach of the drill is problematical. The Tertia1y rocks 
are probably down-faulted against the Coast Range batholithic rocks in the eastern part 
of Burrard Inlet and small faults occur at other places. They may be extensively 
faulted in the central part of the area. Dykes of igneous rocks .cut the Tertiary sedi
ments in the vicinity of Vancouver, but are not known to occur in other parts of 
the area. 

The monoclinal structure of the rocks is not necessal'ily unfavourable, for in such 
a structure terraces (places where the general dip is flattened or reversed) may occur, 
and lensing of the strata or sealing of the outcrops by faulting or cementation may 
produce reservoirs for accumulation of oil or gas. But such structures are usually 
considered as less favourable than dome or anticlinal structures. There is no evidence 
of dome or anbiclinal structure in the map-area, but such structures may be concealed 
beneatJh the drift and alluvial deposits . The dykes of igneous rocks in part of the area 
are not necessarily an unfavourable feature, for oil fields are known in which dykes of 
igneous rock occur. The rocks contain many porous sandstone and sand lenses which 
would form good reservoir rocks and many shale beds which might form impervious. 
covers to prevent the escape of the oil or gas. But the rock exposures and the weJl logs. 
show clearly that both the sandstone and the shale occur in lenses. This is exactly· 
what is to be expected from tJhe fact that they are mostly freshwater in origin and are 
mainly alluvial plain deposits. A part ~s apparently marine and there the individual' 
beds should be thicker and of greater lateral extent. But the marine beds are mostly 
shale which do not form good reservoir rocks, that is rocks suitable for containing oil
pools. The lens-like charaicter of the freshwater strata and the small extent of the 
lenses are unfavouraible features; for the size of the possrble reservoirs is thus restricted' 
and because of the disconnected character of tJhe sand lenses and the presence of 
numerous shale lenses, opportunity for migration of the oil or accumulation of gas in: 
reservoirs would not be possible to any great extent, even if considera!ble quantities 
of oil or gas were present 4n tJhe rocks. The presen·ce of natural gas in th= rocks at 
considerable depths, and under considera:ble pressure, as was found in the Boundary 
Bay well, might be taken as evidence that a favourable stmct.ure for gas accumulation 
exists. But the gas pressure that caused blow-outs at the well was probably due to 
the fact that t he .gas was under the pressure of the column of water and mud in the 
hole, and tJhat the blow-out was caused by the sudden relief of pressure on removal of 
the tools or tby the action of the bailer. Flows of gas that continued violently for 
short periods have been struck in several of the wells. But the Jens-like character of 
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the freshwa ter strata and the fine-grained character of the marine strata seem to show 
that there is Ii ttle -chance of accillllula tions of natural gas in reservoirs of sufficient size 
to be of commercial importance. 

The answer to the second question, therefore, whether or no t the structure of the 
rocks is fa \·otmvble for the accumulation of oil or gas into pools of sufficient size to be of 
commevcial importance, is that the general structure of the T ertiary rocks may not be 
unfavourable, but their internal structure is such that important reservoirs of oil or gas 
are not likely to occur. It is hopeless to drill for oi'1 in the igneous rocks of the Coast 
Range batholi th ; they are not a possible source .of oil and are not sufficiently porous to 
act as reseffoir rocks. It is not defini tely known whether older sedimentary rocks 
underlie the Tertiary rocks in places in the area, but even if they do they are probably 
beyond the reach of the drill. It must be concluded, therefore, tihat the prospects of 
obtaining commercial supplies of oil or gas in Fraser Delta area are not very bright. 
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APPENDIX 

LISTS OF WELLS DRILLED 

Information for these lists, except that of wells in British Columbia, 
has been supplied through the courtesy of the Dominion Lands Branch, 
Department of the Interior, fr-O'Jll records collected in part by the Super
visory Engineer prior to the return of the natural resources to the Prairie 
Provinces. The wells are listed in alphabetical order except those of 
Alberta. These are presented in groups corresponding to the 3 miles to 1 
inch sheets of the Topographical Survey, Department of the Interior 
(Figure 26). The information in regard to the wells is complete to the 
end of the year 1931 unless otherwise stated. 
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