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0il and Gas in Western Canada

CHAPTER 1
ORIGIN AND ACCUMULATION OF OIL AND GAS!
ORIGIN OF PETROLEUM

The origin 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) organie.

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 eircum-
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
subjacent 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 convineing 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 estuaries
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 Batabano 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

1Text books on petroleum geology: “ Geology of Petroleum ”, W. H. Emmons, 2nd Edition, 1931,
MeceGraw-Hill Book Co. Inc.; *° Geology of Petroleum and Natural Gas”’, E. R. Lilley, 1928, D. Van
Nostrand Co. Inc.; * Qutlines of the Occurrence and Geology of Petroleum,” I, A. Stigand, 1925, Charles
Griffin and Co., Ltd.; * Prospecting for Qil and Gas,” L. 8. Panyity, 1020, John Wiley and Sons Ine.;
“ Practical Qil Geology ", D. Hager, 1919, McGraw-Hill Book Co. Inec.

2The date and, in some cases, page numbers following the author’s name will enable the reader
to find the complete bibliographic reference 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 ses it follows that sediments deposited relatively near
shore or in shallow, epicontinental seas are likely to be richer in organiec
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 basing. 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 was 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 geologic
sediments, it is unknown how much 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, supports the view that the better grades
of sediments forming today are to be considered as future potential source beds
although 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 streams
in the form of humic acids that are preeipitated 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, organic, ulmohumic groundmass . . . . . Rivers and streams
act as the concentrating agents for millions of tons of organic material, which are
later incorporated into marine or inland lake deposits. By subsequent pressure, heat,
and catalytic agents, the organic 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 foraminifers 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 such 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 followed by extensive shallow water
conditions and shifting tidal regioms; 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 salt-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-fields 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 very rich in wood oil
and from which natives obtain as much as 40 gallons of o0il 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 of 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 has 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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ACCUMULATION 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 (1926)
and other geologists, is to the effect that the organic material was con-
verted into 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 containing sediments, the oil when first
formed must also be widely disseminated. In order that oil fields 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 recognized 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 from 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,

“gince 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 the constant 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 coarser 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 Washburne
is more uncertain, but is usually placed at 0-0002 mms. In such small
openings it has been shown (Johnson and Adams, 1914) 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,
therefore, where water is moving into & finely porous bed and displacing
oil originally in that bed, the capillary force 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 (1809) 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 carries with it minute globules of oil and bubbles of gas, possibly 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 their 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 mediums
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 (8) 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 i 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 (1921, 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

Ag 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 (shown in solid black) reached by three wells
(Nos. 1, 8, and 4). The strata on the left dip more steeply than
the strata on the right and the dip of the axial plane changes
with depth as shown by the curving line G-H.

Figure 2. (After L. C. Uren). Dome structure illustrated in plan
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 porous 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 gavitational 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 other 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 farther 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, ag, for example, that metamorphism has
proceeded 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 capillarity
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 large pores where the force of capillarity would be
small. It is probable, however, that irregularities in the character of the
p{);‘te 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 oil 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 stratum 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 8. (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 oceur 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 that, 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 $ime 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 slight obstacles suffice to arrest the
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 will 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

68386—2
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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, such as fault fissures, has induced wide-
spread hydraulic currents through 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 vicinity of the faults. The propulsive force
of expanding gas has been one of the contributing causes for the -hydraulic currents.

Paradoxical as it may seem, the escape of gas with entrained oil through fissures has
been an important factor in the migration and accumulation of oil in many faulted areas.
Compressed gas is the propulsive force by which oil generally moves to producing wells.
It is also one of the propulsive forces by 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, together 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.
Absorbed gas tends to lower the viscosity as well as the specific gravity of the oil,
especially where the absorbed gas expands sufficiently to form minute bubbles within the
oil. Again under the propulsive force of water currents alone, the oil tends to move
less readily than the water, as exemplified by the formation of water cones around pro-
ducing wells, but where there are considerable proportions of rapidly expanding gas, the
oil is propelled ahead of the water. There are, of course, limiting conditions beyond
which the folding and fracturing, or even the erosion of petroliferous strata, have
permitted the excessive loss 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 become 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 less extensive movements of oil, gas, and water toward producing wells, the
gas and oil tend to segregate above the water into favourably situated parts of the
sands. This has been termed induced segregation. It is mildly analogous to what
happens when hard or hithified strata containing unsegregated gas, oil, and water under
pressure are fractured by faulting or fissuring.

Another important analogy between the 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 the Appalachian and
Mid-continent fields as to cause serious production troubles. Calcite, gypsum, and waxy
hydrocarbons occur in the natural fissures cutting petroliferous strata in many fields.
The origin of both types of deposits, those in the wells and those in the rock fissures,
can be traced to the escape of water, gas, and oil from petroliferous strata.

Where the gas originally accompanying the oil and water (primary gas) has
escaped through the fissures, the accumulated oil may be practically devoid of gas.

. . . . But where considerable gas under high pressure accompanies oil in faulted
and fissured structures it seems probable that this gas is either primary gas retained by
the early sealing of the fissures, or that it is secondary gas which formed in, or migrated
to, the entrapment after the fissures were sealed. It is possible that both phases of gas
accumulation are represented in many structures. That there has been an enormous
escape of gas incident to the migration and accumulation of oil in most fields is indi-
cated by the high concentration of salts in the waters associated with the oil. This
concentration 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 question might just as well be asked: Why does all the oil not flow from a
productive sand through the wells that tap that sand? In both cases, the flow ceases
when the 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 oil
originally contained in a productive sand may, and probably does, remain underground
when an oil field is abandoned. As in the case with wells, the complete escape of oil
through open fissures has probably failed largely because of dissipated gas pressures,
whereas the final retention of the oil is due to the sealing of the fissures before the gas
pressures in the vieinity of the faults have again built up through 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
sulphur 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 the avenue of escape. According to Pack
“the effect of the deeper waters on the oil is not so extensive as that of surface waters,
but it is evident none the less, for in place after place (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 occupied 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
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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 the theoretical porosity of a rock and its
effective porosity. Owing to the fact that in many rocks a considerable proportion of
the pores do not communicate even though the theoretical porosity may be high, the
yield (of oil) is necessarily very low. A rock with very small pores cannot be drained
of its oil content even though such pores communicate, because of friction and where
gas or water is also present because of capillarity.”
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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. H: rock rendered porous by presence of fissures
produced by solutions. F: rock rendered porous by presence of fractures.

a.s.C.

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 ficlds of Ohio the oil is associated with dolomite.
Pieces of reservoir 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 several ways, as for example by (1) deposition,
(2) replacement, (3) leaching. Twenhofel (1926, page 257) concludes
that:

“Unless the environmental conditions in the seas of the geologic past were greatly
different from what they are at present, there is little possibility 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 has been commonly assumed that in the 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 been 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 which are determinants of the pore space, among
which are the physical characters of the particles composing the original calcite sedi-
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
(¢) 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
(¢) 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):

“ Many geologists and engineers engaged in estimating, by the use of porosity, the

oil content of sands in the Mid-continent field ordinarily use a factor of 174 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. Porosxty in the Appalachian field is estimated at

10 to 124 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 dissolved 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 following 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 explained (Washburne, 1914, page 857)
by the “fact that the weight of water in the rock pores resists the slow
outward movement, and that equilibrium is established when the outward
pressure is equal . . . . to the hydrostatic head.” There are many
instances, however, where the gas pressure is much in excess of the theoretical
hydrostatic pressure and Washburne 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 Washburne 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 abundance of helium in some deep wells, point
to the same conclusion. It has been shown that capillary pressure under
sertain conditions is quite large, but Washburne 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 cil is heavy
than if it were light. The general tendenecy, 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 available. 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 close. There are, naturally, limits to the close spacing of

Weills 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

INTRODUCTION

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
Eobtvos, 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 fixed 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 deseribed above, it is possible to measure values of the order
of one-billionth part of the total gravity, but in order to obtain such accurscy 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.
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The mirror mounted on the middle of the beam enables its deflection to be observed
and thie 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 that it may be transported from place to place without fear of damage.”

The theory of the balance and its operation
A 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

B to the truth, for in reality the forces of the earth’s
gravitational attraction at points only a small dis-

C O tance apart are not absolutely parallel. If, for con-
W venience, we consider the earth’s gravitational force
on B to be represented by a vertical line BF the cor-

F responding force of the weight D will not be parallel

to BF but will be inclined very slightly to that diree-
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 other two
components P iz 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
gystem about the suspension wire AQ. 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 AQ. The beam thus comes to rest in a
definite position which can be ascertained by the
freflection 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
F‘é‘]‘l‘re 6. $klet°h toh111us§m_t_e repeated. From observations of the equilibrium
mfsi(f';l%gfa;ce‘.’f fFioz]Eo"ﬂ): position of the beam in five different azimuths the
Mining Magazine, vol, 32, No, variation of the gravity at that station can be cal-
1, page 19.) culated.”

To overcome the difficulty of taking readings in five different positions,
Eo6tvos 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 attraction of
gravity and to interpret these changes into terms of geology. Its theory is developed
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from Newton’s law that every body attracts every other body with a force that is
directly proportional to the mass of the body, and that the attraction becomes less as
the bodies are moved farther apart. This law 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 will for the identical article when weighed in high country
some thousands of feet above 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 change in mass
occurs. Since the pull of gravity is inversely proportionsl 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 folding or faulting, that
heavy formation is nearer the 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, the torsion balance will
reflect changes in structure of the rocks and will accurately reflect such phenomena as
anticlines, syneclines, 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 influence of a large mass
miles away may be appreciable. The work that has been done has demonstrated the
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 within drilling 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 dnfluence of gravity, it follows that 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 existence of beds strongly contrasting in mass, the instrument is affected 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 reasonable
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 are certain units among the formations within drilling depth
that are appreciably heavier than those overlying them, and where structural conditions
are comparatively simple. A change in any of these factors detracts 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 unsuitable for work in areas where the
gurface is cut into high ridges and deep valleys, where the 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 depth furnish no appreciable 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 the elasticity of the substance and the denser the body the less will
be the speed. In seismic surveying such waves are produced by firing a charee 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 significance 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,

Refraction Methods

“Refraction as the term is used in physics, means the departure from a straight
Line or path which 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 this refraction
principle and to determine from the distance between the shot point and the seismo-
graph, and the time that it takes the wave to travel from the point of explosion to
the seismograph, approzimately 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 the vibration to travel from the shot-point to any single seismograph
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 refraction method of seismograph 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 certain formations whose presence
could be ascertained by this method were within drilling depth. It has been particularly
effective in discovering salt domes which lie less than 5,000 feet below the surface,
although attempts to secure information from greater depths have not been so uni-
formly successful, 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 where the topography
is rough, provided certain necessary factors are recognized and included in the com-
putstions. 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 through such a bed in order
to explore the underlying conditions. Equally effective in defeating seismograph work
is a thick bed of unconsolidated material 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. Water, 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 individua! 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., In 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
precigion 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 given 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 ecall 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.

Unfavourable factors include too many reflecting horizons. In some areas as many
a8 fifteen or more individual horizons give reflections that are recorded by 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........ Ceereseirersaneaes
An unfavourable condition that is less common is the lack of traceable refleciing
horizons. The reflection seismograph will detect significant features in some areas
where the formations are such as to completely frustrate 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
?eelntegevxseq,whxch can successfully read the story of a closely folded or complexly
au 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 Palmozoic
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 areas 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 i3 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 conditions 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 methods have
been used in the search for gas fields in Alberta with a certain amount of
success.

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 surface
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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 Heiland (1932, page 1279)

“there are two distinct applications of the resistivity method. First is the method of
registivity mapping. The object of this method is to obtain a contour map of the
area, showing lines of equal resistivity. These lines repregent the ground resistivity
only to a definite depth, and, to facilitate the interpretation of the results, two or
more contour maps may be made of the same area, representing the remsthty down
to two depths of investigation. The second method ig the so-called method of elec-

trical drilling. The results are to give the vertical variation of the resistivity at one
point only and the depth at which 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 Coulée, 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 McConnell (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 (1918), through
Blackfeet Indian Reserve and disappearing in Sun River area to the south.

The plains of Canada are a part of the Great Interior Plaing of United
States which extend southwards to the Gulf of Mexico. According to
Young (1926, page 128) the Great Plains,

“ except for a narrow strip 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 a/long the eastern border. But, though the region

65386—3
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as & whole slopes eastward at a rate of only a few feet per mile, the 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 beyond this the country, except locally, is wooded.

In the southeast, the Manitoba lowland 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 Winnipeg, 250 miles long, is the largest. The lowland surface is a slightly
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 marked by & prominent escarp-
ment forming the edge of the Alberta upland which extends west to the (foothills of)
Rocky Mountains and northwest to the latitude of Great Slave Lake where it forms
the Mackenzie Jowland stretching northward to the Arctic Ocean. In the southeasi
the boundary of the Alberta upland is sharply defined by the edge of the abrupt drop
down the Manitoba escarpment to the lowland to the east. This escarpment, though
broken by wide valleys opening eastward into the lowland, is a marked feature which
in a breadth of several miles or less rises to heights of 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, beyond which it
declines to the general level of the surface of the upland. West of the north end of
Lake Winnipeg, beyond the valley of Saskatchewan River, the front of the Alberta
upland is marked by at least one group of hills facing northward over a lowland
in some respects a counterpart of the Manitoba lowland. The limits of the upland
farther northwestward are imperfectly known, but in the extreme north the edge is a
series of northward-facing escarpments rising about 400 feet above the Mackenzie low-
land and extending from Slave River northwestward to Liard River and possibly west-
ward up the valley of that river.

The surface of the Alberta upland on the whole rises gradually from its eastern
and northern limits to the western boundary (on the eastern edge of the foothills).
Along its outer, eastern edge, the upland varies in 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 above the surrounding level country. The
nearly flat or rolling upland is further diversified by the sharply incised valleys 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 some 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 south, the even sur-
faces of the general upland and of the plateaux rising above it are further marked by
sharply cut valleys and trenches which are remnants of an older drainage system and
now hold feeble streams or none at all.

The Mackenzie lowland borders the Alberta upland on the north. It commences
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 it 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 Mountains, between which and Mackenzie Mountains on
the west lies Mackenzie Valley, in places only 20 miles broad. The general elevation
of ‘the lowland decreases from 700 fleet 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, probably should be regarded as
part of the Interior Plains region.”
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The foothills, as already indicated, form a belt a few miles wide
extending from the International Boundary 800 miles northwest to Liard
River. They are a series of almost parallel hills and ridges with eleva-
tions of 3,500 to 4,000 feet along the eastern or plains edge and rising to
as much as 6,000 feet on the western or mountain side. Topographically
the foothills merge 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 mountains 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 sandstones 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 hills
of Mesozoic rocks that topographically and structurally belong to the foot~
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 ocecur. 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 streams 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.

£3386—33
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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 Wildeat 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 areas 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
seems 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 natural 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 Alberta (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 Leach, 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 observed 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 the 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 fault 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 change 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 lewer, 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 & 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 curvature 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 above 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 outerop, 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 the 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
outerop 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 outerop
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 outerop is 45 degrees westward. 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 Pal®ozoic 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,
as well as above, the low-angle fault. Nowhere 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 way
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 antielinal 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
steepen to high-angle faults, as they appear to do in all foothills strue-
tures, Although several suggestions 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
thig fracture would tend to lift the strata above it as well as push the
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 displacement
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
Pal®ozoic 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 foothills 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
have been diverted by glacial debris and in many such instances the old
channels striking at right angles to the general structure can be fraced.
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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4 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 Waterton 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 probability 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
oceur. .

The plains, as already stated, are characterized 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 & maximum width of about 150 miles but narrowing both to the north
and the south. East of 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 Dest
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 is 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



38

possible explanation is the settling of sediments around a core of Pre-
cambrian rocks or of Paleozoic limestones, but the dip on the flanks is too
steep. In Lake St. Martin region, Manitoba, a knob of Precambrian rocks
projects through Pal®ozoic strata. Since the knob was an eminence on the
floor of the Pal®ozoic sea the strata that accumulated on it would have
a depositional dip. The angle of dip of the strata laid down on the flanks
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
distinet 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 Pal®ozoic between these two
wellg is nearly twice this, amounting to 800 to 1,000 feet. In the Simpson
well drilled in Tp. 29, Range 25, W. 2nd Mer., about 75 miles north of
Moose Jaw, the top of the Lower Cretaceous is about 70 feet lower than in
the Pilot 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 Tp. 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 Palxozoic 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 Pal®ozoic 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 Palxozoic surface remained above Jurassic
sea-level. On account of the steepness of the dip of the Paleozoic 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 Pal®ozoic 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 Pal®ozoic 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 central 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.8.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, Saskatchewan, 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
outerop 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. Jurassic marine strata underlie the younger rocks of the
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southern plains and probably extend some distance east into southerm
Saskatchewan. They have not been recognized in well records in northern
and central Alberta.

Rocks of this age outerop 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 Paleozoic 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 large 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 Pal®ozoic 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 foothills and plains. They do not occur on the Manitoba
lowland. '

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

PALEOZOIC

The Palxozoic formations overlap the Precambrian of the Canadian
Shield, occupy the whole of the Manitoba lowland and large areas within
the Mackenzie lowland, and outcrop extensively among the folded and
faulted strata of the eastern ranges of the Cordillera. Paleozoic 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 Pal®ozoic 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 Paleozoic 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 beds. In later times the greater part of the region was
mantled by Mesozoic sediments and now the Paleozoic strata outerop
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 Mackenzie
Mountains. ‘Cambrian sediments now exposed in the vicinity of Bow
River in the eastern Rocky Mountains comprise, according to Walcott
(1927, page 156), 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 present 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 oceur 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 probably did not extend far east of the
present mountains. They are succeeded by the Sarbach 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 Pal®ozoic 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 (MecLearn, 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 (McInnes, 1913, page 59).
About 130 miles northwest of Cormorant Lake the Cretaceous overlaps the
Precambrian and covers the Paleozoic formations, but farther northwest
the Palzozoic again appears as a fringe along the edge of the Canadian
Shield and is best known from exposures along Athabaska River north of
MecMurray. This Pal®ozoic area apparently contains no Ordovician strata
and wells at McMurray drilled through the Pal®ozoic 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 Dakota, 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 thins
southward and disappears. It carries a fauna similar to that of the so-
called Galena-Trenton of Manitoba. In the Little Rocky Mountains of
Montana, the Bighorn limestone, with a thickness of 350 feet, occurs
(Collier 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 northwest
since they are not present in the bore-holes at McMurray on Athabasks
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 Commonwealth 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
oceur 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 &
belt paralleling the Ordovician on the east and extend from southern
Manitoba to Saskatchewan River (MecInnes, 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-
satum zone)l. 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 histngeri 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. 1st 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 Wallace

1Formerly called Conchidium decussatum, See Kindle, 1915, p. 7.
68386—4



44

(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 8. R. Kirk! 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 strats 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 outerop 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 Island 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
Frapklin 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 Bear Mountain 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 oceur 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.8.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). Tt consists of at least 25 feet of light buff or cream-coloured lime-
stone and has a fauna characterized by a variety of Atrypa reticularis 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 See. 2, Tp. 43, Range 26, W. 1st 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 Basin. On Great Slave Lake
there is no Lower Devonian and the lowest Middle Devonian in the vicinity

6838643
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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 limestones 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 5§95 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 correlates 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 outerop 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 Beavertaill 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’ile 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 shales
(Hume, 1923, page 58). This formation consists of alternating shales and
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sandstones which carry a Spirifer 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 Devonian 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 (See GS.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 oceur east of Mackenzie Delta (See G.8.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 Devonian outcrops in the east and the
Rocky Mountains in the west, the Pal®zozoic strata are concealed by a
thick cover of younger sediments and are known only from drilling (Moore,
1931). It is very diffieult 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 See. 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 Palmozoic 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 the Potlatch-~
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Adams well of Montana. In Ribstone area, in Ribstone No. 1 well, the
top of the Palxozoic 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 Pal®eozoic. 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-~Athabasksa region galt 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-bearing 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 Pal®ozoic 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 Palmozoic 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 Pal®ozoic 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 warranted in view of the widespread occurrence of
anhydrite beds in Alberta, and also in Manitoba where according to
MecLean and Wallace (1914, page 168)
“ occurs in an Upper Devonian horizon on the west side of Lake Manitoba.
In Leifur district, and in a northwesterly direction from that district, thin beds are
found near the surface. The gypsum found in the bore at Vermilion River was con-
sidered by Tyrrell to be of Devonian age . . . . . There are no indications of
it in a fairly complete exposure of the Upper Devonian at Dawson Bay, but the
gypsum obtained in the bores of Neepawa 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). Carboni-
ferous limestones are known from outliers of the mountains within the
foothills, such as Moose Mountain, south of Bow River, and Brazeau Range
to the north, 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 & 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 1145) 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 Palxozoic limestone is
known to be an erosional unconformity. There is also, according to Moore,
8 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 Pal®ozoic 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 MeMurray 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 Pal®ozoic 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 Palzozoic was encountered at a depth
of 3,110 feet and yielded Carboniferous fossils.

The age of the top part of the Palmozoic, 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 Pal®ozoic time when the strata that formed are mainly
marine limestones and shales. Evidently at the end of the Palzozoic 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 Pal®ozoic 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
1s thought, however, that in Triasgic 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 (Me-
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 foothilly of Peace River
district and it is thought they are entirely absent from Mackenzie Basin.
They occur in the foothills in Cadomin and Mountain Park areas (See
G.8.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 mountaing 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 southérn 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. 1st Mer., and the
Dauphin No. 1 well in Tp. 24, Range 20, W. 1st 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. MecLearn (1927, pages 67-70) has pointed out that
different faunas oceur 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 Jurassie, 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
Minnewanka (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 ares there are 900 to 1,000 feet of thin-hedded,
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
Palzozoic 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 Pal®zozoic and the Jurassic. To the east of the foothillg, under
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the plains, the Jurassic thins and different horizons of the Palzozoic oceur
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 places
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 extensive coal
seams were deposited. These beds constitute the Kootenay formation. It
consists of coarser materials 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 & 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 division 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 the 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 interpretation. 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 ” is 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 Pal®ozoic
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, iz 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 80) 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. Loecally 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 volcanies, 1,150 feet thick (Leach,
1913, page 23), overlie Blairmore 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 ” hag 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 abrupt
descent to the Manitoba lowland of Pal®ozoic rocks. They are also known
(McInnes, 1913, page 65) from Lake Wapawekka region, Saskatchewan.
The basal sandstones in Manitoba and Saskatchewan are, according to
Kirk (1930, page 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 Ribstone 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-bearing beds considered
to be Lower Cretaceous. Shales intersiratified with the coal-bearing beds
may be marine as in MeMurray 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 Pal®ozoic 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 MecMurray 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



55

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, & middle shale with a thickness of 30 feet, and an upper sandstone
‘with & maximum thickness of 130 feet. The upper sandstone in the south-
<rly 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
feet 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.Johnshale,|Fort St.Johnshale,
marine 1,100 feet, 1,400 to 2,200
marine feet, marine Mountain Park
sandstone,
..|Opper sand- Gates sandstone, | 400 feet,
d| stone, 130 feet] 50-80 feet non-marine
Grand Rapids sand- {2
sf.onel. 280 feet, ~ Sh%li member,
mostly 2| 30 feet :
% non-marine § Moosebar shale, Blsabléxrlx;ore dsand-
8 Ay|Lower sand- 800 feet, shale an
a stone, 160 feet| partly marine |Luscar sand- 1.850 Teet
& stone and non-marine
(&) shale,
& L tor shal e 1,700 feet,
g |Clearwater shale, : ething mem- | non-marine
S| 275 feet, Loon River shale.| | "per, 1,400 feet,
marine marine g non-marine
- ;o’ Cadon'lxin
cMurray, conglomerate,
110-180 feet, < |Lower 35 feet
non-marine §| Imemper,
Sl 8,000 feet - :
= non-marine Nikanassin, Kootenay,
=l 1,900 feet, 700 feet,
< non-marine non-marine
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UPPER CRETACEOUS

The Upper Cretaceous in the foathills and plains consists of wide-
spread marine and non-marine beds. In the southern foothills marine
shales of Colorado age overlie the Crowsnest volcanics, or, 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 voleanics, 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 to
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 outerop 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
about 850 feet thick and the Upper Alberta, including 350 feet of the
Cardium zone at the base, about 1,950 feet. In southern Alberta, in Red
Coulée 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 are
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 Wapiabi 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 ares
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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 probably 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 probably represent not only the Pakowki
but the underlying Milk River and also horizons above the Pakowki.
North and east of southern Alberta 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
gouthern Alberta. Apparently the same speckled shale occurs to the north
and east where the Milk River is absent, 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 Alberta shales,

The Alberta shales are probably the approximate equivalent of the
LaBiche shale of MeMurray 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 least 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 above. 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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geems 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 westward 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, ete. The Dunvegan
sandstone, according to McLearn (McLearn and Hume, 1927, page 245)
“1s 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 Cre~
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-
4ropis or Carlisle fauna and in the upper part the Scaphites ventricosus or
Niobrara fauna with which occurs Baculites ¢f. ovatus of Montana age,
indicating that the stratigraphic range is about the same as that of the
Alberta shale of the southern 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 is
equivalent to the Judith River of Montana. In eastern cenfral 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 at 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 the 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 by,
Allan and Rutherford (1923, page 51) under the name Saunders formation
with & 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. MecLearn
(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
Ravenscerag 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 Bearpaw,
Eastend, and Whitemud formations. The upper part of the Bearpaw of
this section, however, is younger than the youngest Bearpaw 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 Coulée west of Drumbheller 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 Ravenserag 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 Ravenserag 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 Ravenserag 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 sandstone 19 to 90 feet
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 outerops 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 MeMurray
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 marine 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
1t 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
Upper Cretaceous. About 120 miles below the Ramparts of the Mackenszie
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 Liard 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.

TERTIABRY

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 Cretaceous 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 indicators
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 formation. From
Oldman River southward the Willow Creek formation according to Russell
(1932, page 138) “. . . contains brilliant colour bands; brick red, orange, buff,
maroon, and slate blue are common tints.” These 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 iz 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 that 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 Ravenserag 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 of 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 Ravenserag 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 Focene 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 1V

OIL AND GAS PROSPECTS IN THE FOOTHILLS 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) Highwood
anticline, (b) Waite Valley, (¢) Fisher Creek, (d) Birch Ridge, (¢) Two
Pine anticline.

Jumpingpound anticline.

Morley area.

Moose Mountain area.

Wildecat Hills anticline.

Ghost River area.

Red Deer Foothills area.

Coalspur-Lovett anticline.

All these areas lie within the foothills belt, which is 12 to 25 miles
wide and 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 Paleozoic 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
Wildeat Hills areas and its occeurrence 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,



67

o

5T MERY 114

LEGEND

SCALE OF MILES
e, o W =

L i

QGeological Survey, Canada.

Figure 8. Foothills areas in southwestern Alberta explored by drilling. 1,
Pincher Creek area; 2, Waterton Lake and Cameron Brook; 8, Rice
Creek and Willow Creek area; 4, Turner Valley; 5, New Black 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 River; 15, Wildcat Hills.
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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 2,500 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 Highwood
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
g shales. Marine to the north known in the
g foothills north
b of Highwood
g E° River
§ Belly River Light grey sandstones with 2,500 to
® interbedded dark and 3,000
S greenish grey shales. Coal
- oceurg particularly near!
2 the top. Small conglomer-
& ate lenses. Sandstones|
=) 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-
[} vided into an upper and a|
3 lower member, separated
g by conglomerates, sand-
> stones, and shales com-|
6] posing the Cardium of the
area north of Highwood
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)
n
- Blairmore Greenish and grey sand-{Thickness to the{Contains a dicoty-
§ stones and shales. Maroon| west 1,800 to| ledon flora inup-
8 shales may be present inj 2,865 (Leach,| per part and a
3 certain localities. A thick,| 1912, p. 196) monocotyledon
&) cherty conglomerate at| flora in lower
& base and lenses of con-| part
& glomerate within the for-
._01 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)
Palzozoic Limestones

Stratigraphy of the Foothills North of Highwood River to Red Deer River
(GS.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 conglomeratic 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.8.C., Maps 257 A, 258 A, 277 A)—Continued

Age Formation Desoription Thickneas Notes
Feet
Edmonton Grey and light-coloured, soft, 1,000 to Thicknessnotdefi-
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! 0-100 Not known north
a sandstones on Highwood of Highwood
§ River River
8 Belly River Light grey, crossbedded|2,000 in Turner|
= 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
2 conglomerate. Non-marine
§ Upper Alberta Dark grey shales and thin 1,600 to Montana fossils in
8 shale (Upper sandstone beds. Glaucon- 1,850 top few hundred
® “Benton') ite very abundant in sandy| (Footnote 2) feet of beds. Col-
6] beds at top of the form- orado fossils
N ation on Ghost River. (Scaphites ventri-
2 Many iromstone nodular cosug fauna) be-
5 bands. Marine ow
Cardium Sandstone bands in many 350 Containg Cardium
cases capped by fine con-| pauperculum and
o glomerate from a few, Scaphites ventri-
'E inches to 14 feet thick. cosus faunas and
] Only one prominent sand- hence belongs
i) stone band in eastern foot- with the Upper
6] hills, but three in the west Alberta shale
and separated by shales
carrying upper Colorado
fauna. Marine
Lower Alberta Fine-grained, dark shales.|850in Highwood|Contains Inacera-
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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Stratigraphy of the Foothills North of Highwood River to Red Deer River
(G.S.C., Maps 257 A, 258 A, 277 A)—Concluded

Age Formation Deseription 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 thinf bow River| seam approxi-
limestone bands. Lenses| eastof 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-
2 of conglomerate lies at the] River approxi-{ eur in the Blair-
§ base. The conglomeratic] mately 1,900{ more north of
2 sandstone of the Dal-| to 2,000 Bow River
2 housie sand is believed to
[} represent this horizon in
I Turner Valley and hence
g is the base of the Blair-
3 more there
Kootenay Dark-coloured sandstones{375 on Canyon{Coal in the Koot~
and shales. Coal near top] Creek, Moose| enay not com-
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-
alley itional with
overlying
Kootenay
Pennsylvan- |Rundle Limestone with much chert| 1,400 in Moose|Contains porous
ian? and in upper and lower bedsi Mountain area| horizons particu-
Mississip~ and crystalline in central larly 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 Ranchmen’s well on L.S. 168, 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 thick was encountered. At 1,980 to 2,000 feet (particularly at 1,990) coal occurs and this is
believed to be the top of the Belly River. The thickness of the Edmonton is thus only 990 to 1,000 feet.
The Belly River containg 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 horizon, giving a thickness for the Belly River of 2,200 feet. A section measured on Highwood
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, 1980, p. 10). This thickness
of 3,000 to 3,200 feet of Belly River and Edmonton in Highwood River area is strikingly in contrast
with a thickness of 8,000 feet on Red Deer River (8¢e Evans, 1930, p. 31),

2 North of Bow River the thickness of the Upper Alberta 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.8.C., Maps Nos, 208 A and 209 A)

Age Formation Description Thickness Notes
Feet,

Brazeau Soft, grey, crossbedded 11,000 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

z concretions. Marine the Upper Al-
8 berta shale of
§ southern foot-
% hills areas
2 Bighorn Grey sandstones and dark 350 B uwalent to the
g shales with thin conglom- ardium mem-
a erate lenses. Thin coal ber of the Upper
= 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.

Luscar Grey, soft sandstones inter- 1,700

© bedded with dark grey

8 shales and several lenses

S of conglomerate. Contains

3 all the Lower Cretaceous

=4 commercial coal seams.

?. Non-marine

[

g Cadomin Magsive, light-coloured con- 35 Equivalent to the

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

Nikanassin Dark grey shales 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
2 of fine-grained, quartzitic 1,300
@ sandstone. A black chert
g bed, and quartzitic con-
= glomerate are locally pres-

ent at the base. Marine

o Thin-bedded, fine-grained, 536 Probably thickens
] arenaceous shale overlain| at Mountain to the west and
& by soft, alternating, buff Park thins to the east
g and red limestone and grey,

fissile shales. Marine
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Stratigraphy of the Mountain Park-Cadomin Area (MacKay, 1930, and
8.C., Maps Nos. 208 A and 209 A)—Concluded

Age Formation Description Thickness Notes
Feet
Pennsylvanian Hard, black quartzites 0-90
Mississippian Massive, and thm—bedded 1,500

limestone underlain
grey shale with ca.lcareous
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 crystalsun-|
derlain by heavy and thin-
bedded, soft, green shales

PINCHER CREEK AREA

Reference: Stewart, J.S.: Geol. Surv., Canada, Mem. 112 with Map No. 1712.

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.

The following logs illustrate the stratigraphy of the area.

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

Thickness Depth
Feet Feet
Alberta shale (‘‘Benton’’), possibly including some Crowsnest Volcanics.
Blue-grey shale. ... ..cot ittt 170 170
Grey sandstone......... . 60 230
Arenacecus shale.................. .. 20 250
Blue-grey shale, inpart sandy.........ooviiiiiiiiiii i enaee 1,270 1,520
Blairmore
Light grey and greenish sandstone alternating with dark grey and
greenish shale with carbonaceous materials........................ 1,020 2,540
Kootenay
Sandstone with coal 2 2,542
.................................. 9 2,551
Dark shale, sandstone, and coal 6; g,g%g
D?rk grey sand with coal 62 2,680
ge
Dark grey shale, siliceous..........cooiiiiiiiiiiiii i iiiiicnaaenn. 60 2,740
Dark grey shale, calcareous............ovitiiiiiiiiiiinineinnenns 30 2,770

1 Published by permission of Imperial Oil Co., Ltd.
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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. 16, Sec. 14, Tp. 4, Range 30, W. 4th Mer.)

Thickness Depth
Feet Feet

Upper Alberta (*‘Benton’ ) shale

[ -1+ V- Y L 190 190
Cardium

Sandstone with small pebbles at 190 feet...........ccvvvevreennnnn.. 40 230
Lower Alberta (*‘Benton’ ) shale

Dark 8hale. .. ..cvuiiuniiniiiiiiieieeiainisiiinitaiieeeiaanaas 465 695
Crowsnest Volcanics

Voleanic rock interbedded with shale.........ovvvvenieinenonunnn. 205 900
Blairmore (Top not well defined)

Greenish grey sandstone alternating with green and dark gre; y
# shales; coarse sandstone beds 80 feet thick (2,260-2, 340 feet). . 1,440 2,340

ootenay

Dark grey, sandy 8hale.......c.ovieeevireeeenrrnrneresnroronnneenes 240 2,580

Coal 8 to 10feet thick.....ooeevunineirierieeriiereareivrosoennecnas 10 2,590

Sandstone and dark shale with coal at 2, 670-2, 680 feet.............. 90 2,680
Alberta shale ("' Benton’) repeated by a tault’
Cardium?

Shale with pebbles (Cardium?) 2,680-2,710feet.o....covvvnunnvnens. 120 2,800

SANABLONE . vt vt tieeeecanenereanerionensneneosensasonoasencnsnsens 20 2,820

Sandy Bhale. .. .eieeiiiit i it it i e be e eeseanans 10 2,830
Lower Alberta shales and Crowsnest Volcanics

Dark grey shale with some volcanic material near base............ 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 W1th1n 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 LS. 3, Sec. 34, Tp. 2, Range 29, W. 4th Mer,, like the Imperial Oil
Company’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
(LS. 2, Sec. 11, Tp. 6, Range 1, W. 5th Mer.)

—_— Thickness Depth
Feet Feet

0 1 75 75
Belly River

Grey sandstone alternating with greenish and grey shale. Ironstone

and carbonaceous Materials. . ...o..civiiirii it i e 1,975 2,050
Alberta (“‘Benton’’ shale)

Sandy, grey shale......... s e e a sttt e e e e, 1,260 3,310

1 Log compiled from examination 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, Ann. Rept., vol. I, 1885, pt. B, pp. 3841 (1886);
vol. V, pt. 88, 1890-91, pt. 2, pt. SS, p. 124 (1893).
Daly, R. A.: Geol. Surv., Canada, Mem. 38, pp. 50, 90 (1912).
Dowling, D. B.: Geol. Surv., Canada, Sum. Rept. 1920, pt. B, pp. 16-22.

Waterton 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 & rocky spur of Sheep Mountain into two parts of 7 and 2¢ miles
respectively in length. 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 about 2 miles in length which is surrounded by low hilis only.”

Waterton Lake is drained by Waterton River which flows northward to
Belly River. Cameron (Oil) Creek flows from Cameron (Summit) Lake
on 1the international border and enters upper Waterton Lake at Cameron
Falls.

The mountain front is a great overthrust known as the Lewis thrust,
by which the Precambrian Lewis series are overthrust onto the Cretaceous
roeks 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 ridges 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 rocks
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

683866
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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 recognizable formations showing a remarkable colour
contrast.

Waterton Lake-Cameron Brook area is part of a larger area of Pre-
cambrian rocks that comprises Clarke Range and extends from Waterton
Lake to the east side of Flathead Valley. The Precambrian beds of this
area extend along the International Boundary for 6 miles east of Waterton
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 Palxozoic
sediments but which do not extend as far south as the International
Boundary. Except along the mountain front at Waterton and for a few
miles west of it, there is very little faulting in the Lewis series, the strata
of the east side of 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 Waterton 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 Waterton on the east side of
Waterton 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 Waterton
Lake, seepages of oil issue through the drift in the bottom of Cameron
Brook Valley. It is probable that in this area of disturbed rocks there are
minor faults or that the rocks are highly fractured, and there seems little
doubt but that the seepages of oil are directly related to this fractured zone.

The seepages of o0il 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 oil 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 vieinity 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 was 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 Falls where, according to Daly,

200 feet of strata belonging to the lowest visible member of the Lewis series,
68386—63



78

the Waterton dolomite, outerop. Above the Waterton dolomite and forming
the core of the antlchne are white and grey limestones and quartzites of
the 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 & 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 (Qil City), on Lineham Brook close to
the seepages that there occur, and on the flat at the town of Waterton. An
incomplete list of these wellg, the only Government records obtainable, is
given below.

Wells Drilled in Cameron Brook-Waterton Lake Area

Well L.8. | Sec. | Tp. | Range | Mer. | Depth Remarks
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|
(131115.1 Ltd.; Lineham

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 1918-
20. Oil shows, but as no
commercial flows were
obtained the well was

abandoned.

Western Oil and Fuel] W.3 23 1 30 41 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
Wesatern 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, reached
a depth of 286 feet; and
No. 4 location unknown,
reached a depth of 124

fee
Pincher Creek Oil and Re- 9 25 1 1 5 Dnlled 1906-10. A listle
fining Co.; Pincher oil at 90 feet. Three
Creek Qil 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 Depth
Feet Feet
Grey shale............. T T P ' 86
Grey and purple dolomite. .. .ocvuveenenrenenrnraeeeereiereeneroenenens 553 639
Very siliceous, dark grey dolomite.. ...l 7 646
Very giliceous, medium grey dolomite...............coovviviiiiininns. 31 677
Very siliceous, greenish grey shale..................cocviiiiiaii 44 721
Purpleshale............... e e 9 730
Light and dark grey dolomite........ e seeseeaearet et esiatiaieaierenes 475 1,205
Medium grey shale, yielding oil on distillation.......................... 3 1,208
Medium grey dolomite. . .....cuiiiinniornienrerierirneiienessscraeanas 25 1,233
Medium grey shale........oveieiieiieiininiieneriiiiienioiieraseanenns 11 1,244
Light grey shale. .. ..o iiiiiiiiiiiniiiii it iiianens 4 1,248
Medium grey shale. .....vueieieieeriniinneareiicnioseiernieronensn 2 1,250
Light grey shale, slickengided.........cvoviiiiiiiiriiiniiiiennerennn.s 6 1,256
Medium grey shale. ..o iveiieeneiiiineinreeniiereeretosiroeeannenes 58 1,314
Greenish grey shale.....o.couieiie i i iiieii it cn e iirieinenrenens 11 1,325
Green Shale. ... .oe ettt it e e e e 31 1,356
Green-grey Shale. . oovu et i enoreeerenoneieanraanraioneoeratesioinens 9 1,365
Light grey shale.......iiiitieiieiiiiiiiinaretatitseeaeneianncns 156 1,380
Light grey sandstone.....vcueerierennirerieeeersereeitaeronseensncns 6 1,386
Green-grey shale.. ...ttt iiniinii ittt areiii e 8 1,304
Light grey sandstone.......oe.eeeeeneienirnernearerenearsnrnesroraens 37 1,431
Green-grey 8hale. . ..ueii it iiin ettt 82 1,513
Light grey sandstone.......c..oovvueivevnenannnnnn ven 23 1,536
Medium grey sandstone..........oeeveveninnn.. . 41 1,577
Dark grey sandstone.... . 5 1,582
Medium grey sandstone. 15 1,597
Brownish grey sandstone......... ven 17 1,614
Greenish grey shale, slickensided................ . venen ves 39 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-ghale 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
voleanics . . . . 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 constructéd 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 oil is supposed to have originated. The
depth to the Lewis thrust at the well location is somewhat problematical.
Ag 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,! 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 72 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 Palxozoic 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 Waterton 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
thick. 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 Palxozoic limestone
embedded in the Kootenay coal series. It is obvious, therefore, that in
certain places the Lewis rocks must overlie Palxozoic 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 seepages 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 Willis (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 Pal®ozoic 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, Mem. 112 (1919), Map., Pub. No. 1712.

Log of Imperial Rice Creek Welll
(L. 8. 12, Sec. 4, Tp. 14, Range 2, W. 5th Mer.)

—_— Thickness Depth
Feet Feot
Alberta (**Benton’’ ) shale
Dark grey shale......o..ovveuiieineriineenaneitnnraneeronearncens 440 440
Dark grey shale, green chert pebbles...........c..ocoveiiiiiiin.n, 20 460
Dark grey shale. ... .o.i.ieerieeiii it 250 710
Much slickensiding from 660 to 700 feet, indicating fault.
Belly River
Dark grey shale and lighter grey to greenish grey sandstone........ 580 1,290
Dark shale and sandstone...........veeeveinieeenreranarreneeananns 290 1,580
Greenish and light grey sandstone and shale............c.vovvveennn. 90 1,670
Light grey to white sandstone, some shale.......................... 190 1,860
Dark brown and grey sandstone, and dark shale. Coal at 2,010 feet. 160 2,020
Upper Alberta (‘‘Benton' ) shale
Dark grey 8hale. ......vuvieeiieeerneneinrarieerroscsneensonens Cees 30 2,050
Coarse, grey sandstone.........oceverreeeeinivisiereeesronnnss veen 10 2,060

his sandstone member often occurs in the top of the Alberta
shale and represents the transition to the Belly River for-

mation.
Dark grey 8hale....couviereerieenerreiraeeiernnerneentnineesenans 1,050 3,110
Cardium
Dark grey shale, green and grey chert pebbles...................... 10 3,120
Dark grey Bhale. . ... .vvnireeriniirnttenreeerenresencnceseienrvans 230 3,350
Dark grey shale, green and grey chert pebbles...........c..ceeeenn. 10 3,360
Lower Alberta (*‘Benton’ ) shale
Dark grey shale, bentonite at 4,010-4,020 feet................ccn... 660 4,020
NO BAIIDIES. . v vttt it eeeeannenarentoneeanriasenasaasesssnnes 100 4,120
Blairmore
Dark grey to greenish sandstones and shales............c.ooveeevnn. 20 4,140
Greenish grey sandstone. ......ccouvueuiierniaseroenereraeneasnenes 450 4,590
Dark grey sandstoneand shale...........c..oeiiiiieieeiiiienena., 80 4,670
GTey BandStONe. .ovvvevre e e eearesrrareeessananssensrssnsonnssssanan 20 4,690
Mostly sandstone, some shale,..........coiiiiiiiierieiieneana.. 60 4,750
Grey 8andstone. ... v e ees s eeeenernesreaneteronacacioneaeraenn 240 4,990
Dark grey sandstone and shale..... TSN 90 5,080
%iglllt grey to greenish sandstone........couvviviiiiieiiniiiienanns 150 5,230
ault
Alberta (*‘Benton' ) shale
Darkgrey shale..........ccoiuriiiiiiiiiiioienisnieneronrsecsioaes 90 5,320
Dark grey shale, green chert pebbles...........covveiiiiviiinnnn.. 10 5,330
Darkgreyshale.......ocooiviirieiiiiiiiiiieianeaanaaneaas eeeean 340 5,670
Dark grey shale, green chert pebbles...........covvvieiviiinininnn. 10 5,680
Dark grey sbale........ooviiiiiiiiiiieeaiiaeansreiesiecinraneenns 60 5,740

1 Published by permission of Imperial Qil Co., Ltd.
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The well commenced in Alberta shale, passed through a thrust fault
at 710 feet into Belly River, through a normal suecession to 5,230 feet,
through a second 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.

Turner Valley Rice Creek
—_ Stratigraphical Drilling

thickness thickness

Feet Feet,
Upper Alberta shale including Cardium..............co0vnvenn. 1,900 to 1,950 1,340
Lower Albertashale........ccoveiviiiiiireniiniiniiiiinnannn, 800 to 850 760

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

—_— Thickness Depth
Feet Feet
Lower Alberta “*Benton” shale
L 11V} T 280 280
MESSINEZ . v e enseuernoonnoneseonenssanenesesneansonaonoosseasassoensos 290 570
Blairmore .
Grey and greenish shale and sandstone............cvvvveeenrenninn, 730 1,300
Coal—greenish Bhale.......ovveieieeieirenrnrenenrniiererneenenensn 10 1,310
Greenish shale and 8andstong.....ooooivieveiniiveneinvneneneeneenns 220 1,540
Grey 8andStONe. cvueeeeeveceeerenrororencncassocoseasnsnosseerannns 40 1,580
Dark groy shale.. oo eiu i eiiiiiiieneeteiereittsncneennsoanconcns 160 1,740
Light grey, calcareous shale, etc., with a few darker bands.......... 180 1,920
Light grey to white sandstone—~coarse.....c........ocvvuiieeninn. 10 1,930
K Zt[ron-stained sandstone and shale with amall nodules or concretions. . . 20 1,950
ootenay
Dark to black, sandy shale...... 60 2,010
Coaland shale.......ccovevenen.. 10 2,020
Mostly dark to black, sandy shal 110 2,130
IBBINEZ. e vevnarnrennsnecnnanns 30 2,160
Mostly dark to black, sandy shale. wen 70 2,230
Coaland shale......ooviiiiiiiiiiinineeieiniarariienroreenasisnens 10 2,240
Brownish 8and.....co.vuvniiierieieeiineirniiereniiioneniacenianns 30 2,270
Coaland 8hale.......oviviririiennrneiianiirierarsereearserrannaen 10 2,280
Black todark ghale.......ooiiieieeneereiienrerereneneeeenencnnns 40 2,320
Light grey sandstone. .. ....cvuuieerierentvonrerentennesreenessanss 40 2,360
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Log of Imperial Willow Creek Welll
(Sec. 29, Tp. 14, Range 2, W. 5th Mer.)-—Concluded

s Thickness Depth
Feet Feet
Fernie
Dark grey to black shale.........oiviiuiiiiienriarieienennnneninss 30 2,390
Dark grey shale with ostracods............coiviiviiiiiienenia.., 10 2,400
Some ostracods have a reticulated surface; others show striations
also.
Light grey sandstone and shale... i 50 2,450
Sandy, grey shale................ 40 2,490
Light grey sandstone, calcareous. 40 2,530
Dark grey to greenish shales......... .. 110 2,640
Brown sandstone and shale, caleareous............cooviiiiiniiinnnn. 130 2,770
Dark grey shale and sandstone............oovvviveiinreenenirennnn, 50 2,820
Fine-grained calcareous sandstone. ..........cevvvieinineeervnnnenns 10 2,830
Brown sandstoneand shale..............c.ciiiiriiiiiiiinneninnes 80 2,910
Light-coloured sandstone...........c.eeviierennrenneersnreneans. 20 2,930
Mostly brown sand, some dark shale...........cccvovivivervnnnins. 90 3,020
Sandy HDestone. ... .. uueeriteerneereeruaneiraneneernsenreeneenrnss 30 3,050
Brown sand with black shale. .. .............c..ciiiiiiiiiiiianen, 60 3,110
Sandy ImMeStone. ...t iueeeeeitierenreetrserneeasenuennseneonsones 10 3,120
Brown sand with black shale.................ccoieiiiiiiiiieniian, 80 3,200
Very black shale, slickensided...............ccoiiiiiiiiiennannn. 80 3,980
Very black shale, glauconite. .........c.oiiiiiereiiiiiieneennnan,s 10 3,290
Very black 8hale. .. ..o.uitiiiriniiiiiiiiiiiareaeinereeenneenones 150 3,
Kootenay ? (Repeated by a fault)

Brown sandstone with black shale. . ... 40 3,480
Black shale with grey sandstone, coal.. 60 3,540
Fine, grey sandstone. ..........cocoeuss e 10 3,550
Dark shales with grey sandstones........ 40 3,590
Fine, grey sandstone. . ... c.ueveeeruescroeeenearssasenenaonansaeens 10 3,600

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

TURNER VALLEY AREA
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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 of which gave small flows of gas and oil, were
completed. None of these early wells, however, reached the Pal®ozoic
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 Pal®ozoic limestone a flow of gas of about 20,000,000
cubic feet a day, with a high naphtha 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 apparent 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 faulted along the strike and
other faults can be seen in a few places or are indicated by repetitions
of strata in wells. Belly River rocks outerop along the east and west sides
of the valley and superficially the structure suggests 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 have
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 XKootenay 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 Pal®ozoic 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 of 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 & 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 example 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 Mcl.earn) 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
Pal®ozoic 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 Pal®ozoic 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 producing from the Palmozoic
limestone and Sterling Pacific No. 1 well is interesting because after drilling
a considerable thickness of Pal®ozoic limestones it passed through the low-
angle fault under Turner Valley into Cretaceous strata.
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Log of Royalite No. 14 Welll
(LS. 4, Sec. 7, Tp. 20, Range 3, W. 4th Mer.)

e Thickness Depth
Feet Feet
Upper Alberta (*‘Benton’ ) shale
Dark grey shales........oviviiiiiiiiiiii ittt iacnans 410 410
Cardium (Middle member)
Dark grey shale, chert pebbles. . ............ oottt 10 420
Dark grey shale with some sandstone. ... .. 40 460
Dark grey shale, chertpebbles..............cociiiiiiiiiiiiiiiinn. 10 470
Lower Alberta (‘‘Benton’ ) shale
Dark grey shale......ouviiierneiiiriiiieiiiiieeaiinetsneenennnnn 220 690
Dark grey shale... .. 10 700
Dark grey shale................... .. 710 1,410
Dark grey shale with sandstone... .. 10 1,420
Dark grey shale....... e e e e e et e e e, 40 1,460
Blairmore
Dark grey and green sandstone with grey shales................... 220 - 1,680
Sandstone (Stockmens sandstone).................. .. 10 1,690
Dark grey shale with sandstone.............. .. 170 1,860
Sandstone (McDougall-Segur sandstone). ............ccveeevuvneen. 40 1,900
Dark grey and greenish shales and sandstone with carbonaceous
BT S o T £ TS AP 500 2,400
Dark grey and green shale withcoal..................ccvienie... 10 2,410
Dark grey and green shale and sandstone with carbonaceous materials
candeoal.. e 290 2,700
Fine-grained grey to white sandstone (Home sand)................. 20 2,720
Dark grey shale and sandstone.........coviviivirvnivnnrnnenirenses 10 2,730
Lime bands with ghale.........coooiieiiiiiiiiiiiiearannenenns 160 2,890
Light grey sandstone (Dalhousie sandstone).............coovvvneen. 60 2,950
Kootenay? and Fernie
Brown 8andstone. . . .oviieut ottt a e e 100 3,050
Dark grey to black shale with belemnites at 3,170-3,180 feet . ...... 170 3,220
Top of Paleeozoic limestone. ......evnenvnvrerieneiriorseneneiesennenens 3,220

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

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 Pactfic Otl Company Well No. 11
(L.S. 15, Sec. 33, Tp. 18, Range 2, W. 5th Mer.)

——— Thickness Depth
Feet Feet

Upper Alberta (*‘Benton' ) shale

Grey 8hale. oottt i i i e ety 900 900
Cardium?

Grey shale with considerable brown sandstone..................... 30 930
3Lower Alberta (“*Benton'’ ) shale

L8 o1+ T L 2,220 3,150

Grey shale with glauconite 90 3,240

Grey 8hale. «. vt iit it i in i i e 30 3,270

1 Compilation from log by J. G. Spratt.
2 This is an unusually thick section of Lower Alberta shale and it may be repeated by faulting. The
stratigraphic thickness is considered to be about 850 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......................cooaee. 520 3,790
Grey shale with traceof redshale..................ccoiviinnnnnn. 100 3,890
Grey and n shale and sandstone..................cccvviiinnnnn 550 4,460
White sandstone and shale (Homesand)...............coovvevvnn.n 50 4,510
Grey shale and brown limestone.............c.coveeiivinenrinnann. 150 4,660
Grey sandstone, imy matriX.....ocoeenniiriiiiiirieierierenannns 60 4,720
MBI« v et e teeeteaentsaneareene e arasanaeeneessoeeeeononnsenens 20 4,740
White sandstone (Dalhousie sandstone).............coovvvivevnennn. 10 4,750
Koolenay
Black, coaly, and sandy shales....... S 30 4,780
Fernie
Brown sandstone (brown sand)..........couiiiiiiiiiiieiiiniaeaaaas 70 4,850
Grey-black shale. ......o.ovintiniiiriiiiiiiietinresrenerrneinnenes 240 5,090
Grey-black shale and sandstone with black, cherty grains.......... 60 5,150
Palozoic @b, .vvereeeniriieiiiiiiaeieiaan 5,160
Light and buff-grey limestone..... .. 5,240
T Y- S 5,270
Light buff-grey limestone................... 5,400
Light buff-grey limestone, slightly porous. .. 5,410
Light buff-grey limestone................... 5,720
Dark grey limestone........ 6,340
Light grey Hmestone. . ... .....ouveueitieieiiiieriarnerianarnns 6,430
Fault (Low-angle fault under Turner Valley) at....... S DN 6,436
Blairmore
Grey and green shales and sandstone...............c.oooevvninnn, 70 6,500
Grey and green shales, trace of maroonshale....................... 10 6,510

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

Geological Survey, Canada.

Figure 11. Generalized structure section across Turner Valley from Sec. 34, Tp. 19,
Range 3, W. 5th Mer,, to east side of Sec. 16, Tp. 20, Range 2, W, 5th Mer. 1,
Palwozoic limestone; 2, Fernie and Kootenay; 3, Blairmore; 4, Lower Alberta
%allﬁ{a; 5, Cardium; 6, Upper Alberta shale; 7, Belly River; 8, Edmonton; 9,

askapoo.

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 considerable magnitude along which Paleozoic 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
Secs. 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 vieinity 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 outerop crosses Turner Valley in the general vicinity of the at one
time postulated eross fault. This thrust may be a continuation of the low-
angle fault that outerops 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 as suggested above. No well in the extreme
north end of Turner Valley has been able to reach the Pal®ozoic 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-
more formation, namely the Stockmens, McDougall-Segur, Home, and
Dalhousie sands. The Stockmens 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 extensively.
The McDougall-Segur sand, about 200 feet below the top of the Blairmore,
has yielded oil in a number of wells, the oil having a gravity of about 54
to 55 degrees Baumé. The Home sand, which is about 875 feet strati-
graphically below the top of the Blairmore, was found to be productive in
Home No. 1 well at a depth of 4,560 feet and yielded oil of 44 to 45 degrees
Baumé. Since this discovery 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
yielded oil of about 52 degrees Baumé. The main productive zone of
Turner Valley, however, is in the upper part of the Pal®ozoic 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 Pal®ozoic limestone at a less
depth than Royalite No. 4 and in several productive wells the depth is in
excess of 5,000 feet. This horizon produces gas with naphtha having a
gravity as high as 73 degrees Baumé. This productive zone occurs at quite
widely varying depths below the top of the Pal®ozoic limestone. This may
be explained by any one or a combination of several conditions, namely:
(1) the top of the limestone is an erosion 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 Paleozoic 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 Light crude

in barrels in barrels
B R 56,599
K. R 9,204 6,559
7 8,060 1,943
P 13,205 844
P 165,717 2,926
d020. iiiieiieeeeaeeet it e e e e aaen 211,008 2,609
D 290,270 38,808
R 2 O 410,623 70,734
B2 P 008,741 73,369
2030, it i it et erea e aaran 1,314,039 53,917
8 N 1,345,689 26,936
JO . i e e r et re e reanaans 854,116 21,694

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

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

1Amountof gas
in thousands

tAmountof gas|
in thousands

8Total amount
in thousands

Year of cubic feet | of cubic feet | of cubic feet

sold, other destroyed | produced for

than for by all uses and

field use burning wasted

02 e i et a e 998,987 [ oviveiiiiiie]iniiiniiiiins
. L371,181 Jooiiiiiiii e iiiiiannns
P 1,681,337 fooviennniiforeenanannen..
B 1,215,149 5,260,000 8,760,000
1926, .. it e i 4,250,512 4,300,000 8,800, 000
R 5,325,207 6,520,000 13,870,000
1028, i i et i e 7,359,567 13,930, 000 21,320,000
2 T 12,183,853 45,180, 000 61,450, 000
8 14,147,224 97,310,000 114, 080, 000
2 12,242,037 156, 800, 000 169, 280, 000
. PP 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.

? Can. Inst. of Min. and Met., April 1933, p. 258.
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NEW BLACK DIAMOND AREA

References: Slipper, 8. E.: Geol, Surv., Canada, Mem, 122, 1921, with map.
Hume, G. 8.: 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.8.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 strata beneath the fault plane. The log of this well shows the
following stratigraphic succession.

68386—7
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Log of United Oils of Alberta, Limited, No. 1 Wellt
(Sec. 3, Tp. 20, Range 3, W. 5th Mer.; Elevation, 4,175 feet)

o Thickness Depth
Feet Feet
Upper Alberta (' Benton' ) shale
Blue-grey shale.....ocveiieeneniioriearnireiorsscarsrorsocsioscnns 530 530
Cardium
Blue-grey shale with conglomerate pebbles............oovivnenias.. 10 540
Blue-grey s8hale......ccoveieierrieieroneeareieniosnssnrssncnescssss 160 700
Sandy shale and sandstone. . ..........ccvveeevioererernrercacriorons 50 750
Sandy shale with conglomerate pebbles. .......covvviiiiiiiiiiinen, 30 780
Blue-grey shale, partly sandy.....ocveceiiiiiiiiniaiiiiiiienninees 140 920
Blue-grey shale, quartz pebbles........cooviieiiiiiiiiniiiiionnines 20 940
Lower Alberia (*‘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
OCCUTS. « v e oasaaasesoaseassosossssnsentansanssessoncsnssnscnsss 500 1,440
Top of Blawrmore 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 Ab. ..o ovverernereererereennuroncootsereencanssossasfonsosconnans 2,970
B L 2,970
Belly River
Sandstone with coal at 2,995, 3,005, 3,060, 3,065 (2 feet), 3,085-3,090
(dfeet), and dark shale......cocvvniriareneerneciinenenisasienc]iisnnseennns 3,000

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 LS. 1,
Sec. 2, Tp. 20, Range 3, and Outwest Petroleums No. 1 on L.8. 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 QOils New Black Diamond No. 1 Well
(Elevation, 4,054 feet)

e Feet
Grey shale, Alberta shale (“Benton’). Surface t0........ccovviieiviinrirennnenenen 2,130
R 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 outerops shows green shales and sandstones in the
central part of the formation.
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Log of Outwest Petroleums, Limited, No. 1 Wellt
(Elevation, 4,150 feet)

— Thickness Depth
Feet Feet

Upper Alberia (‘‘Benton’’ ) shale

Greytoblack shale.........cccoiiiitiiiiriiniinriraiaronsaesnss 290 290
Cardium

Grey to black shale, chert pebbles 20 310

Grey to black shale.........co.ooiiiiiiiinieeine. ces 170 480

Sandstone and black shale...........cociviiiiiieiiiiineiinnienanaan 30 510

Grey toblack shale.....c.oo. .t iiiiiiiiiiieeieienernrcorannroncnass 20 530

Grey shale, conglomerate pebbles...........coiviiiviiinieniarniinan 10 540
Lower Alberta (‘‘Benton’’) shale
Gre¥ shale with some sandstone and a bentonite layer at 1,640-1,660

L S 1,380 1,920
LTt et v et ieeteeneeneaeeseneeneenranesossansonsonsssasassnncs 40 1,960
Blairmore
Green and grey shale and sandstone...........coovvvvvecenvnenennss 120 2,080
Stockmens S8R ..ocuent it eei et saaes 20 2,100
Green and grey shale and sandstone. .. 160 2,260
McDougall-Segursand................ 20 2,280
Greenand maroonshale.............ccoviiiiiiieiiiiiniiiiiennene. 60 2,340
Greenish and grey sandstone and shale.............cococviuiienen. 180 2,520
BT L P 2,520
Belly River
Shale and brown, carbonaceous sandstone . ..........c.covveeiiien.n 100 2,620
Shaleand alittle coal........cvveiniiiiiniiieiiiiniininenniennens 10 2,630
Shale and Coal.......vuiinrieene et rariasrearererareaecssasasanass 20 2,650
Shale and sandstone with ironstone. Coal at 2,790 feet............. 1,080 3,730

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

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 west or 310 to 325 degrees magnetic.

The fact that all three wells passed through 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 Palseozoic 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 Paleozoic 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

6838673
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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 outerops
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 offsetting 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 continue thence along the west flank of the eastern Belly River
Ridge in the north end of Turner Valley, and if so this fault may continue
for a long distance northwestward. Although this fault has not definitely
been traced northwestward it is interesting to 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. 8.: Geol. Surv,, Canada, Sum. Rept. 1927, pt. B, pp. 1-20;
1929, pt. B, pp. 1-20. Geol. Surv.,, Canada, Maps 257 A, 258 A, and 261 A to
265 A inclusive.

The Highwood-Jumpingpound anticline is the major anticlinal feature
of the eastern foothills between Highwood River and Jumpingpound Creek.
On Highwood River, on Secs. 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 varies. 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 northeast 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
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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 that 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: 1, Turner Valley area; 2, Highwood area; 3, Waite 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 oceur 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. 8.: 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. Kast 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
outerop 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 outerop 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.S. | Sec. | Tp. | Range | Mer. | Depth Horizon reached
Feet
Alberta Associated....... 5 7 16 2 5| 2,860 |Blairmore
Western Alberta No. 1.... 11 7 17 2 5| 3,878 |Palmozoic limestone
Banner Oils No. 1......... 6 34 17 2 5 630 |Alberta shale
H.B. Oil and Gas Co.

CNo.l.......o......... 8 1 18 3 5| 4,087 |Pal®ozoic limestone
Highwood Imperial No. 1? 3 36 18 3 5| 4,525 |Palmozoic limestone
Northwest C and E....... 8 35 18 3 51 8,315 [Palmogoic limestone
Warner No.3%............ 3 28 18 3 5| 2,800 |Blairmore
Cal. Dev. and Prod. No. 1j...... 21 19 3 5[ 5,010 |Palmozoic limestone

1Highwood Imperial No. 1 well after penetrating a relatively small amount of limestone passed
through a fault into higher stratigraphic beds and was abandoned at a depth of 4,625 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® on LS. 8, Sec. 35, Tp. 18, Range 3.

Thickness Depth
—_— Feet Feet
0 o 1 30 30
BT 10 40
Blairmore
Greenish grey shale and sandstone......... S 50 90
Maroon and green shale..........cocoevuen.n. ces 20 © 110
Greenish grey shale with some sandstone...... s 90 200
Grey sandstone......o...coovveveeiienennnens e 60 260
Greenish grey shale...... ceen 150 410
Grey sandstone.......... 10 420
Greenish grey shale...... 30 450
Coarse sandstone. ....... 20 470
Greyshale.......covveuiiiininnennnns 50 520
Greenish grey shale with coal 610-620 Teet 260 780
Dark grey and greenish shale............. 170 950
Fine-grained, greenish sandstone and shale 20 970
Sandy shale.......ooviviniiniinrrnennsnnenns 20 990
Grey, calcareous sa.ndstone 50 1,040
issing............. 40 1,080
Grey sandstone 30 1,110
10 1,120
60 1,180
30 1,210
10 1,220
Dark grey shale and ironstone..........eveeveeenrnreieereesnenennns 110 1,330
White, siliceous sandstone and calcareous sandstone “‘Crooked hole
sandstone’?. ........... . 50 1,380
Grey, calcareous shale 70 1,450
Light grey sandstone.. 60 1,510
Sandy, light grey shale 95 1,605
Calcareous, light grey sandstone 25 1,630
Calcareous, sandy shale..... 35 1,665
Black shale with lime band: 30 1,695
Fme—gramed caleareous sandstone 35 1,730
Dark grey shale.........vrn.nn. 20 1,750
Light grey, calcareous sandstone 10 1,760
Blackshale......covvieiiiiiiiininenenennns 20 1,780
Shales with brown, calcareous fragments (fo 5 1,785
Black and grey shale with sandsto: 30 1,815
Calcareous, black shale with pyntes 20 1.835
Dark grey to black shale............. 45 1,880
Coarse, dark sandstone with dark sha 25 1,905
Dark grey, calcareous shale and sandstone 25 1,930
White, quartzitic sandstone and dark shal 10 1,940
Dark grey sandstone with dark shale. 20 1,960
Conglomeratic, coarse grey sandstone 5 1,965
Dark grey, sandy shale............. 5 1,970
Coarse and conglomeratic sandstone. . 10 1,980
Kootenay
Sandstone and dark, carbonaceous shale 5 1,985
Black and brownish shale. Cebebeeneesaeresaes 10 1,995
Black and grey shale and fine-grained sandsto 15 2,010
Black shale, micaceous and carbonaceous. . 35 2,045
Brown sandstone with shale....................... vee 10 2,055
" This is the approximate base of the Kootenay
ernie
Brown, granular sandstone with some glauconite. . . 55 2,110
This is the “brown sand’
Very coarse, conglomeratic, grey sandstone 10 2,120
Granular, brown sandstone, glauconite....... 35 2,165
Shaly sandstone and brownish to black shale. . . 5 2,160
Grey to black shale with pyrites and glaucomtes .................. 60 2,220
Grey and black shale, pyrites, and gla.ueomte abundant from
2,235-2,250 feet.....0rireniiiereiiaeiaceeatinertneneeanananns 55 2,275

1 Summary of log compiled by J. G. Spratt. Published by permission of Imperial Oil Co.. Xitd.



Thickness Depth
Feet

— Feet
Fernie—Conc.
Dark shale with glauconite 2,285-2,295feet.................c....... 35 2,310
Brown limestone band and dark shale......................c.ooo 0 10 2,320
Dark shale—belemnites at 2,360 feet...........c.oovvviiniiinan.. 130 2,450
Buff limestone and sandy shale..........cveneneiiiiieeiiiiniennans 20 2,470
Black shale with shaly limestone fragments........................ 24 2,494

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

Palwfiﬁ:ct b: to limesto 26 2,520
rown t0 grey Hmestone......covvvveniiniiiiinieieneninen.. ,
Dark %reg limestone.........ccoiviiinriiiie it i 10 2,530
Light buff limestone with chert..............c.iiiiiiininiin, 15 2,545
Light grey mestone. ......ccovvereiiiiiiriirincsincnerieneneiocnss 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. 8.: 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 strue-
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 1s, 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. .. ...vveeiiiiiiiiiiiiii it iieri e 80 80
Blairmore
Greenish grey sandstone. .......coovieeeruereenrenriareniosossnenes 60 140
Green and dark grey shale with traces of maroon shale. .. cees 10 150
Sandstone and greenish shale.................................. e 10 160
Greenish shale with sandstone. Water reported at 201 feet. Drilling
difficulties resulted in this well and the derrick was skidded 10
feet and amew hole started........cccovvieiiinnenineniienninens 80 240
Greenish grey shale and shaly sandstone..... N 100 340
Sandstone carrying water at 345 feet.......... 20 360
Greenish grey shale...........cocovvivnenn.. 80
Light green-grey shale............c..o.coi ool 50 490
Light grey sandstone with artesian water at 485 feet.. e 50 540
Green-grey ghale.....c.o.coveiciriiiniinienennenn.. cenn 60 600
Light grey sandstone and sandy shale...... ceen 70 670
Light grey sandstone with some shale...... vees 80 750
Greenish grey, sandy shale................. e 290 1,040
Grey sandstone with some shale. .. e 20 1,060
Greenish grey shale................ 100 1,160
Grey sandstone and shale................ e 20 1,180
Greenish grey shale...................... vees 160 1,340
Green sandstone and shale............... cees 80 1,390
Greenish grey shale............ 10 . 1,400
Dark brownish shale. ......... 10 1,410
Dark grey shale.......... 50 1,460
Yellow, siliceous sandstone. .. e 10 1,470
Dark grey shale..........cccveveeinnvnrnenn.. cees 20 1,490
Siliceous, white and yellowish sandstone...... e 2 1,492
Dark grey shale and sandstone............cooivriiiiiineneins 5 1,497
White, siliceous sandstone underlain by coal. This is the *‘Crooked
hole sandstone.” It probably begins at 1,493 feet.............. 5 1,502
Dark, sandy shale, partly caleareous..................... e 50 1,552
Grey sandstone, caleareous......ooe.vveeniniiieneaens oo cees 25 1,577
Dark, sandy shale becoming brownish................... cene 40 1,617
Brownish, limy bands and shales......... e 25 1,642
Dark to brownish shales, calcareous.......... e 105 1,747
Grey sandstone with brownish shales, limy............ e 60 1,807
Black shales, Caleareous. .....o.vuueneernaenraneaneanionncoasonanes 10 1,817
Dark grey to brownish, siliceous and caleareous shales............. 350 2,167
Brown, siliceous limestone and calcareous sandstone................. 70 2,237
White, siliceous sandstone.........covivuieirieriiinensninareensaees 28 2,265
Kootenay
Coal and coaly 8hales.......ovveiveeneieienenararnsssrneeasesonans 22 2,287
Brownish black shales.........coovviiiiiiinieiannieeanns 40 2,327
Coal, and coaly shales. ......oovuieieriiiieieineirenrieneninannns 20 2,847
Brown shales. . .......vieiienenier i eiieineiieeratateneecneanins 20 2,367
Coal,and coaly shale.........cocvtiiiiiiieiiiiiiiniiiieneninenanes 10 2,377
Brown shales. . ... uiier ittt aans 20 2,397
Grey sandstone and brown shales..........coiveeeiennriieneeneainses 20 2,417
Brownish, sandy shales........coveiiiiiineniniiareiirenisecninnans 143 2,560
Brown and black shale and coal................ e eeaaaas 10 2,570
Coal, and black, carbonaceous shale.........covvveeverninenneennnns 70 2,640
- 1Black shaleand coal..........cooviiiiiiiiineiiniiiennnonnss Ceeenn 40 2,680
ault
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_ Thickness Depth
Feet Feet
Belly River

Grey sandstone and dark shale..........coovieeiiiiniiiiiiinnnn.s 10 2,690
Dark greenish shale and sandstone................... 40 2,730
Light grey sandstone and dark greenish shale 20 2,750
Dark greenish shale and sandstone.........c.ooveiinineniernennenens 50 2,800
Light grey sandstone and greenish shale........ovovveviiieninnnnn.. 30 2,830
Dark greenish shale.........ooooovuuvnins 50 2,

Light grey sandstone and greenish shale.,. 10 2,800
Dark green, sandy shale and sandstone.... cene 50 2,940
Dark greenish shale. ....iveeerrrerreriiieriireiienrerenaernneennss 60 3,000
Light grey sandstone and greenish shale..........cociviviiiiaenen. 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
gtructure 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 Paleozoic 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.: Geol. Surv., Capada, Sum. Repts. 1931 and 1932, 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 traced 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 of 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 Eibow
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 Pal®ozoic
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 structure
there is one gas seepage issuing from a spring in the Lower Alberta shales.

TWO PINE ANTICLINE

References: Hume, G. 8.: Geol. Surv,, Canada, Sum. Rept. 1927, pt. B.; 1931, pt. B.
QGeol. Surv., Canada, Maps 258 A, 265 A.

The Two Pine anticline lies between Elbow River at Bragg Creek
post office and Jumpingpound Creek. It is 43 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 Alberta (“ 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, is apparently steeply dipping at the surface, since its outerop
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 outerop,
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
Feeot
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. 1................. 34 23 5 Drilling |Blairmore

According to 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 Baumé.
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.

— Thickness Depth
Feet Feet

Alberta shale
Dark grey, sandy shale t0.......oovviiiiiiiiiiiriiiiiiiineneninens 6385
Dark grey shale, sandstone, and sandy shale with gas reported at

290 to 295, 360 to 370, 530 to 540, 590 to 675, and slight amount of|

water 8t 776-800feet. . .ouvurner it 405 1,080
Dark grey shale with few quarts pebbles...............c.covven.e.. 10 1,100
Dark shn{e with some sandy beds with a little water at 1,235 and an

oil showat 1,850 feet........ccovvveiuniiiiiniiiineneirneneccens 650 1,750
L 4 4 S 10 1,760

Blairmore
[ TG e T 10 1,770
Mostly grey shale with some sandstone............cooeviivenecn.en, 75 1,845
Greenish and purplish shale and some sandstone.................... 15 1,860
Greenish shale with some sandstone.................coiiiiiiint, 20 1,880
Light grey sandstone with pyTites...........voveviererineeneeennne. 70 1,950
Greenish grey shale.............o..ooouen. 20 1,970
Green and maroon shale. 30 2,000
Grey shale......ccovunsn... 80 2,080
Fine-grained, grey sandston 10 2,090
Dark grey shale.......coveeeviann.... 70 2,160
Fine-grained sandstone and grey shale 20 2,180
Dark green, sandy shale............. 30 2,210
Greenish grey sandstone and shale 20 2,230
Greenish grey shale with some sandstone 50 2,280
Dark grey sandstone with interbedded shale 50 2,330
Sandy, greenish grey shale 30 2,360
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—_— Thickness Depth
Feet Feet
Blairmore (Cone.)
Sandy, greenish grey shale..........covevvvininl ciiiiiniiinannines 20 2,390
Greenish grey, shaly sandstone.............coooiiiiiiiiniinen... 30 2,420
Fine-grained, grey sandstone. . ..........ceveivniereneneaneneneanenss 10 2,430
Dark grey, sandy shale, tracesof plants...................c.cvuvun. 70 2,500
Fine-grained, grey sandstone. Oil reported at 2,520 feet............. 20 2,520
Dark, carbonaceous shale, badly sheared..............ccovvinennenn. 20 2,540
Greenish grey shale......coouiiiiiiiiivinneeinreeeineninranss 30 2,570
Greenish grey sandstone and shales....................ccoiiniann. 100 2,670
Dark grey shale with coal.......ovviiiiiniiiiiiiniiaiainenenenns 30 2,700
Dark grey shale with some sandstone..............ccovvenvnenn.n. 100 2,800
Dark, carbonaceous shale.........c.ooiiiiiiiiininineineeennennnns 10 2,810
Grey, fine-grained sandstone. . ..........coovuveiviieinerneenannninns 30 2,840
Black, carbonaceous shale withcoal...................ccoiiinins. 40 2,880
Fine-grained sandstone...........oueiiienrnverraenrarnanrannnenens 60 2,940
Dark shale with a little coal................cociiiiiiiiiiiiiiaan, 20 2,960
Mo ettt ettt e e e et ie e e et eiaaens 70 3,030
Dark grey shale with some sandstone...............coovvvevenennn. 100 3,130
Grey, fine-grained sandstone.........covovnviveiinenenenionennnnenens 30 3,160
Dark grey shale with sandstone...........cvvviviriirnniivnrenenen. 20 3,180
Grey sandstone with shale.........oooiiiiiiiviiiiieiiiniiieinennns 30 3,210
Grey to greenish shale and sandstone.............coovivireeenrnrnnn. 110 3,320
Grey, fine-grained sandstone...........c.oveveriernrriinrasenennonns 80 3,400
Grey sandstone and shale.............c.ooiviiiiiiiiiniiiainennnnnn. 90 3,490
Dark grey, sandy shale.........ovvririiiiiiriiiniiireninennns 60 3,550
Dary grey, shaly sandstone...........covvvinrrnrenirenenenenenns 40 3,590
Dark grey shale with some sandstone................ccoevenenna.. 130 3,720
Grey, calcareous 8andstone. ............cvvvereeveiennvearnnanannns 40 3,760
Grey to black shale........uveiunerenneinneiieeriereiaeeninainnnns 135 3,895
Bandy, brown Hmestone. ......oeevreunereneeireneienirrnnieennns 10 3,905
Grey, sandy shale and limy sandstone..................cocvvviunenn. 5 3,910
Dark shale, partly caleareous. ........ovvuiieinivirnenenevninnns 70 3,980
Brownish, limy sandstone and sandy limestone..................... 30 4,010
Dark shale, sandy and calcareous. .........covveivevinerieinenenens 60 4,070

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, Maps 257 A and 262 A.

Waite Valley lies north of Sheep River and south of Fisher Creek
ares 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 outerop 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.8. | Sec. | Tp. | Range | Mer. | Depth Horizon reached
Feet

Brock No.1....c.ocvvuuen 2 35 20 3 5| 8,712 |Alberta shale
Richfield No. 1......... .. 4 25 20 3 5| 4,765 {Blairmore
Gibraltar No. 1........... 4 18 20 3 5| 1,400 |Alberta shale
Innerfold No. 1........... 2 6 20 3 5| 4,295 |Blairmore

sNo.l.............. 5 33 19 3 5] 3,100 (Blairmore
Anglo-Pacific............. 4 27 19 3 5 495 [Alberta shale

The log! of the Richfield well is as follows:

J— Thickness Depth
Feet Feot
B T L T Y P 40
Cardium
Grey, fine-grained sandstone and chert pebbles. . 40 80
Sandy shale...........covvueen. . 70 150
Grey sandstone—chert pebbles... 70 220
Lower Alberta (*‘Benton’ ) shale .
Grey to black shale, in part sandy, with glauconite at 3,190 feet..... 3,250 3,470
Gritbedat............ e eiereneene e, T 3,470
Blairmore
Grey, sandy shale and sandstone............cceeuurn.. ... 70 3,540
Medium-grained, grey sandstone.. . 10 3,550
Grey to green shale, in part sandy 80 3,630
Green and maroon shale .......... 50 3,680
Light grey sandstone with some shale 70 3,750
Dark greenish grey shale.............. 80 3,830
Medium-grained, grey sandstone . 60 3,890
Green and maroon shale......... . 50 3,960
Light green shale....... 40 4,000
Greenish grey sandstone...... ves 100 4,100
Dark grey, sandy shale, trace of maroon shale . 120 4,220
Medium-grained, grey sandstone............... . 20 4,240
Greenish gr? shale............. . . 40 4,280
Greenish and maroon shale. . 160 4,440
Dark greenish grey shale..................cove.... 95 4,535
Light grey sandstone with maroon and green shale 5 4,540
Light grey sandstone.........ocvvuvvacececacanes cee 20 4,560
Light greenish and maroon shale........cc.cvviveviieinnrnrnennn.. 120 4,680

1 Pyblished by permission of Richfield 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 Pal®ozoic 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 Pal®ozoic, 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 Palzozoic 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 in
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 ares,
where the original anticlinal structure was fairly broad, no fault block so
. far drilled 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 Pal®ozoic 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 commereial quantities because
the shows of oil were of a very encouraging 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 nortbwestward 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 Palxozoic 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 Palmozoic 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
Blairmore 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 Paleozoic beds. The seepages are regarded, there-
fore, as indicating that large concentrations of oil and gas may be present
in Jurassic or Paleozoic 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 anticlinal 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 flat 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 faults
and ig 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 fault that underlies Turner Valley 30 miles to the
southeast. The fault continues 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 foothills. 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?! of the wells are as follows:

Log of Imperial Jumpingpound Bow River No. 1 Well

C— Thickness Depth
Feet Feet

02 70 70
Upper Alberia shale

Greyanddarkshale.........c.cooiviiiiiiiiriiiiiiiiiiiiiiiiieaan.s 170 240
Cardium

L€ 5 T B Y 70 310
Lower Alberta shale

Greyanddarkshale...........coviiiniiinvnenuenrienneieerarannns 1,370 1,680

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................. 1,790 3,470
Upper Alberla shales

Grey and dark 8hales........vuvviiiiiiienieriieenenetrnrrenennes 110 3,580

Groy BaNABEONE. ... .t seveveereentneraeenetasnreceaesenenencnoanss 50 3,630

Dark and grey shales with glauconite zone 3,700-3,710 feet.. ........ 1,620 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
(LS. 11, Sec. 31, Tp. 24, Range 4, W. 5th Mer.)

— Thickness Depth
Feet Feet
Lower Alberta shales
Grey to dark shales with some sandstones............covvvevvveninns 420 420
Grit mized with dark shale........c.coieiiiiiiiiiiiiiiireennns 10 430
Blairmore
Bandy Bhale. ...ttt e e i et ie e 20 450
Coarse, grey, and fine sandstone..........cc.vvvivirniirenensenenens 30 480
Dark grey togreen shale........oovuieiviiiiiiiiiiiiiiiinnenees 10 490
Maroon and greenish shales.......oovvruvririieviereiiereneenvueenas 10 500
Greenish grey shales. . ..o.vuvuverieriiraenrarireererernencnennes 20 520
Grey SandBtOme. u. ettt e it eeres et iesenrneenrseenrnsanennns 30 550
Light greenand grey shale..........ovoiriiieiiriierenarirannennnns 50 600
Greenish grey 8andStone. . ......ueuveenirernsneeeesseronenenensans 20 620
Greenish grey shale..........viiiiiiiriiiinirrrneneienrnnanenens 20 640
Dark grey shale......c..oiiiiiiieiiiiiiiiiieieiiiearienianeaens 10 650
Grey sandstone. ..uovuueee e e erer e rteeteraerneeiaaiaenannes 60 710
Missing—(FaUlE) . oo ve ittt e e e e 10 720

1 Published by permission of Imperial Oil Co., Ltd.
68386—8



108

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

_— Thickness Depth
Feet Feet,

Lower Alberta shales
Grey ShAlos. .. vvvun s tereren e enirneneaensonsnsencnsassssnsennsenns 50 770
L 5 - 10 780

Blairmore
Dark grey to green shale, sandy. .. .. 30 810
Maroon and greenish shales...... 10 820
Dark grey and green shale 10 830
Grey sandstone............... 30 860
Dark green, pasty, sandy shale 920 950
Grey sandstone............ 50 1,000
Sandy shale and sandstone 10 1,010
Missing. . 10 1,020
Grey sandstone. 50 1,070
Dark grey shale 20 1,090
Grey sandstone................. 20 1,110
Grey and green sha.le, tly sandy............ 90 1,200
Dark green, sandy shale, trace of maroon shale . 40 1,240
Green 8hale. . .ccouveiveveniiiiieneerionneeens . 50 1,290
Green and purple shale 20 1,310
Green and grey shale............ 250 1,560
Greenish grey shale and shaly sa.ndston 100 1,660
Greenish grey sandstone.............. 120 1,780
Greenish grey sandstone with ‘coal 10 1,790
Black, carbonaceous shale and coal . 30 1,820
Greenish grey sandstone.......... . 60 1,880
Sandy, grey shale....... . 10 1,890
Grey sandstone. . . 20 1,910
Dark greenish shale. 10 1,920
Sandy, green shale with trace of coal . 30 1,950
Greemsh grey sandstone............ . 20 2,010
Dark grey to green, sandy shale. . 140 2,150
Grey sandston®................. . 10 2,160
Dark greenish grey shale 10 2,170
Grey sandstone......... 20 2,190
Dark greenish grey shale 130 2,320
Dark greenish grey shale 20 2,840
Dark greenish grey shale 210 2,550
Greenish grey sandstone 20 2,570
Greenish grey shale...............c..ccoeenuen. 80 2,650
Dark grey shale and brownish lime fragments. 3 2,653
Sandy, dark grey shale.. 83 2,736
Limy, grey sandstone............... 4 2,740
Light grey, limy sandstone and shale 22 2,762
Grey sandstone.........ocovivunre.n 4 2,768
Dark grey, calcareous shale, sandy .. 48 2,814
Dark grey, calcareous shale and sandstone. . 71 2,885
Light grey to dark grey sandstone......... . 70 2,955
Dark grey, sandy shale........... . 30 2,985
Dark grey sandstone...... 15 3,000
Sandy shale and sandstone. . . 74 3,174
Grey sandstone—* ‘Dalhousie sand?”.. . 22 3,196

It is not certain that this is the Dalhousie sand. If so the Koo-
tenay is very thin.
Kootenay (?)
F Sandy, dark grey shale and sandstone..............cccoiiiiiiian. . 14 3,210
ernie

Brown and dark grey sandstone............. et eeacaeeraiana, 42 3,252
Grey sandstone and dark shales 29 3,281
Fault at. ..o e it e 5,281

Belly River
MBI e o e ets e e teeeeee e e tereenneeuananaantnrecasensanonsosnan 22 3,303
Light grey sandstones, dark shales with carbonaceous materials. ... 221 3,524
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Apparently only the west side of the Jumpingpound anticline has any
prospective value and this is conditional on the presence of Pal®ozoic
limestone within the anticline. There is still some doubt as to whether
in structures of this type any considerable body of Pal®ozoic 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 Pal®ozoic limestone could be present except
possibly in the form of an isolated masgs 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 Pal®ozoic 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 Pal®ozoic
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 reasonable doubt as to whether
Pal®ozoic 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 Pal®ozoic 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 Chiniki Lake

Gold Coin No. 1, 2 mdles east of Ozada Siding

Gold Coin No. 2, about 1 mile west of Gold Coin No. 1

Norcon No. 1, about 1 mile east of Ozada Siding

Melbourne Qils (Reserve Oils) No. 1, close to Bow River about one-half mile

east of Morley
Kamorley, 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 Pal®ozoic limestones are exposed. Certain faults are believed to oceur
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 the dip to the outecrop 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.

6338683
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The log (Evans, 1930, page 29 B) of the Wabash is as follows.

—_— Thickness Depth
Feet Feet,

AdUVIU . oLttty e i ie et eea e e stieeetaetsasenoreonssnsononarsnns 106 106
Blairmore

Alternating sandstone and siliceous shale; 6-inch coal seam reported

L 5 Y- 69 175

Coal seam 1 inch thick inshale. ..........coveeiiiiiiiiiiennarenas 1 176

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 slickensiding.............c.cc0u... 397 573

Mostly sandstone, some shale, and many bands of black, chert pebble

X conglomerate. Average diameter of pebbles § to % inch........ 88 661

Y
Alternating sandstone and shale. Many veinlets of calcite. Shales
commonly slickensided. Drag-foldsindicated 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
P : determined as “‘probably Kootenay’’ by W.A.Bell........... 599 1,260

ern

ie
Black shale with calcareous bands. Hard, limy shale, some pyrite.
Belemnite guards at 1,400 feet.......covveeneeenerinenecenreanan 150 1,410
Core samples 1aCKing. .. ...uuvueiiinenireraeneienesnrorocecneencnns 40 1,450
Black shale, partly calcareous.......ovvvveerrereneneeeenencacancens 30 1,480
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.....vvrerreeierreraereranenncan 561 2,041

Norcon 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 Qils) 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 easterly 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 outerop. 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 Pal®ozoic limestone. Two wells have been drilled in this
area as follows:

Moose Dome Oils No. 1, on Canyon Creek in the centre of Moose Mountain

Herron Petroleums No. 1, on the east flank of Moose Mountain on Elbow River
about 2 miles east of Canyon Creek.

Moose Dome Oils commenced drilling within the Pal®ozoic limestone
below the zone productive of oil and gas in Turner Valley. The well was
entirely within Pal®ozoic 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 Pal®ozoic lime-
stone was encountered at a depth of 2,700 feet.

From Moose Mountain where the Pal®ozoic limestone is exposed there
is an eastward dipping succession of strata including Fernie, Kootenay,
Blairmore, 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 amount of closure in small folds east of the outerop of the Palzo-
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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 log! of Herron Petroleums, Limited, No. 1 well is as follows.

o Thickness Depth
Foot Feet
Blairmore

Alternating shales and sandstones. ..............cooiiiviiiiinvennn 90 90
Sandstone With Water........oo.viiiiiiiiiiniiierneniienearnraeaes 10 100
Grey togreen-grey shale....... ... .o iiiiiiiiiiiiiiiiianeeranns 10 110
Green and maroonshale. ..ottt 10 120
Dark grey and greenshale.............oooiiiiiiiiiiiiiiiniiniaenes 140 260
Dark grey, medium-grained sandstone................... Cereeaeans 10 270
Greenish grey shale......o.veiiiiiii i i iiiinananeeaans 20 290
Greenish, fine-grained sandstone. ............covieiiiiirieneeneenes 30 320
Grey and greenshale........ooveiiiiiiivinnnenen.o. [P 20 340
Green and maroonshale............coviiiiiiiiiiiiiiiiiiiniiiiines 20 360
Greenand grey shale. ..... oot iiii ittt eianeaeaeann 50 410
Greenish grey, fine-grained sandstone..............c.oivnennennen 10 420
Greenish grey shale. .. ..ooiviiiiiiiiieiiiiiiiiiinie e eneaansnes 20 440
Greenish grey shale with some sandstone........................... 40 480
Greenish and dark grey, fine-grained sandstone..................... 70 550
Greenish and dark grey, medium-grained sandstone................ 60 610
Dark grey, carbonaceous shale with tracesof coal..,............... 40 650
Dark grey shale and medium-grained sandstone.................... 10 660
MESSIIZ . ¢t v e ersaenneneannsseesanasonesnonenenecnannnarsonsnsnss 30 690
Greenish grey shale, 88ndy . .. ...c.oiiiiiiiiiiiienneinneneeenenns 30 720
Greenish grey, shaly sandstone. ..............c.ooiiiiiiiiiiaiinnn. 20 740
Dark grey shale. .. ....iiiiiieiniininiiiniiiiieerininrarerenoons 20 760
Coarse, light grey sandstone—calcareous ..............covuevneneens 20 780
Dark grey 8hale. . . ..oeeieinie it iniinieireiiiieanenireneonnenns 20 800
Dark grey shale with coal 810-820 000 oo 90 890
Greenish grey sandstone.........cooiiiiiiiiiiieienieanaceranens 30 920
MiSSINZ.cvvvseeneneanancnnnn 70 990
Greemsh grey shale..... 40 1,030
Green-grey sandstone 10 1,040
Dark grey shale with a little caloareous sandstone.................. 20 1,060
Dark grey, slightly calcareousshale..........ccooviviiiienenenens. 80 1,140
Light grey, coarse sandstone with some shale 10 1,150
MSBIDE . cere s eesessserosanescssnansaasronasaneseenssomnenenssnns 10 1,160
Medium-grained gandstone with some shale........................ 10 1,170
Dark grey shale and some sandstone %g %.;gg
Da.rk grey shale and some sandstone 10 1,210

............................................................ 10 1,220
Dark grey shale with slight brown tinge. . 20 1,240
MiSBIng. oo e ieiieierecnnrcrerieaaneaas vl 20 1,260
Grey, sandy, calcareous shale....... o 10 1,270
MBI . v e vsseneenaneesansionesseenunersssssonaotraonssnsssesanes 10 1,280
Grey, sandy, caleareous shale.........c.ooveiviiiiriniinirinenenanns 30 1,310
Dark, shaly, calcareous sandstone............c.coveviiiineiireannans 70 1,380
Dark grey, slightly sandy shale....... ce. 20 1,400
Dark, fine-grained, calcareous shale. .. Ll 10 1,410
Dark grey, calcareous sandstone.............. e 25 1,435
Dark grey, sandy, and carbonaceous shale..... cen 10 1,445
Dark grey, calcareous sandstone.............. e 20 1,465
Dark grey, carbonaceous shale.........ccocvviriieeiiineiaiiianans 15 1,480

1Log compiled from log by J. G. Spratt. Published by permission of Herron Petroleums, Ltd.
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—_— Thickness Depth
Feet Feot
Blairmore—Conc.
Dark grey, calcareous sandstone and carbonaceous shale............ 70 1,550
Dark, 8andy 8hale......cvvuverriiiiinirinreneiieeiocereenrennanns 45 1,595
Grey, fine-grained sandstone.................. ettt 10 1,605
Dark, shaly, limy sandstone..........cccovviiiiiiririnnrinnnnennnn,s 40 1,845
Fine to medium-grained, limy sandstone...............ccoovvnvnn.. 50 1,695
Dark shale. ..ottt i it ittt 10 1,705
Dark, carbonaceous 8hale.........cvuviiiiiiieiiiarareeeaenenes vee 10 1,715
Dark, sandy shale........cvviiiiiiiiiiiriiieiiieeieaeneineaennnnen 70 1,785
Medium to coarse-grained sandstone........c.covevieeieieneannnnenns 40 1,825
Fine-grained sandstone. .........ooeevrvenreneareeresnsrenennroneens 40 1,885
Dark, carbonaceous shale with a littlecoal......................... 40 1,905
Dark, shaly sandstone............ccoveviinnnas e ieeeiaeeereaas 25 1,930
Conglomerate and sandstone..........covevvcieeaneennnenenenaranns 100 2,030
Kootemzy
.......................................................................... 2,030
Dark shale, shaly sandstone, partly carbonaceous.................. 70 g, i(;g
Dark sandy shale.. ... .oiiiiiiiii i i e i 50 2,150
Dark 8ANASION. ... ... v arssnoe oo 30 2,180
Carbonaceous shaleand coal...........cooivivniiiiiniaiiniaan, 40 2,220
T 1T 20 2,240
Dark grey, sandy 8hale......cooiveiiiiiiiiiiniiiiiiaierinrnnannen 50 2,290
Dark, shaly sandstone with coal......................coiiiiiiiin.. 20 2,310
Dark to brown, fine-grained sandstone.............ccoeeiieneninnn.. 20 2,330
Brownish grey, shaly sandstone........c.oeeeerieenneeerenirenrennns 10 2,340
Fine-grained sandstone and dark shale, alittlecoal................. 10 2,350
Dark, sandy shale......veeeieueneienreseneareneeneneenraneeenenns 15 2,365
Carbonaceous shale, coal, and dark sandstone...................... 30 2,395
Dark, sandy shale.......cveiieiiiiniierneniieirneneeeearanans 5 2,400
Dark, fine-grained sandstone........coveeeveeeneirnneeiaeneneniennns 10 2,410
Brownish grey sandstone and black, coaly shale.................... 30 2,440
N Medium-grained, granular, brown BAABEONe. ... .. oenes s 70 2,510
ernie
Grey to black, micaceous sandstone with pyrites................... 80 2,590
Grey to black shale with glauconite.............oooiiiiii 10 2,600
Grey to black shale with pyTites.........ooveieinieniererrerennenns 30 2,630
Grey to black shale; belemnites, glauconite, and phosphate nodules. 30 2,660
Grey to black shale, partly limy........ccoviiriiiiiiirinninnnnn 20 2,680
............................................................ 10 2,690
Grey to blackghale. ......coviiiiiniiiniiiiii i e eanans 10 2,700
Paleozoic
Shaly limestone, brownish grey, erystalline. ..............covue.n. 10 2,710
Shaly HImestone. ... .. vuveueneeeneeneoeearereeenenseresrnsarerenens 10 2,720
Impure limestone with tracesof chert......................oonueL. 10 2,730
Finely crystalline limestone.............ccoiviviriinreieninennennnn 65 2,795
Buff, dense Iimestone. .. ..vuvn it iietirneeeineeiieeneneareneananss 15 2,810
Grey, calcareous sandstone.........ovuvveiiriiuiinennernrenninacnns 10 2,820
Buff, dense limestone. ..........cvviririiiininiaririineneninenans 70 2,890
White anhydrite. ..ooueeeerenei i iiieerernaneenenaanenns 20 2,910
Dark, dense limestone. .. .......ooveieiiiniienrneenereeneeannens 35 2,945
White anhydrite. ... iaint ittt iee i eeieeieenaenaen 20 2,965
Dark, dense HMestone. . . ..vuvrcueervnriereneneereneneneeernennens 10 2,975
Dark buff limestone with much anhydrite...............coovuven.. 10 2,985
Dark grey to buff 1imestone. .. ....cvververeverencvnranioaerncanns 100 3,085
Dark grey limestone with anhydrite and pyrite..ee..c.vovvvieinn... 10 3,005
Dark grey, crystalline limestone. . ........c.coveennennrenrrnrennenns 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 ,200
Crystalline limestone, porous at 3,200-3,220 feet and with sulphur|
IMPregnation. ... c.ivit ittt e eaae s 20 3,220
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WILDCAT HILLS ANTICLINE

The Wildeat 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
1 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 outerop 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 east 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 oil and gas prospect on account of the very
deep drilling that would be necessary to reach the Paleozoic 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 LS. 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 Paleozoic 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 difficult 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 faulting 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 outerops 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 Creek 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 gyncline opens southward due to the plunge and on
Fallen Timber Creek Belly River strata in it occupy & width of 24 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 See-
tion 20 the syncline is plunging northward and disappears. East of the
syncline westerly dipping strata occur in the normal sequence, namely,
Upper Alberts 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 oceurring 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 Pal®ozoic 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 probably 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 niot 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 Palmozoic. It seems, therefore, improbable
that the Pal®ozoic 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 Palmozoic 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 outerop 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 of this age to the bottom of the hole.
Since 1931 the well has been deepened somewhat, but the stratigraphic
horizon reached is unknown. It seems probable that before any considerable
further depth i1s made the low-angled fault underlying the eastern foothills
will be encountered below which Edmonton beds are likely to occur.

COALSPUR-LOVETT 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 14 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 voleanic ash bed in
the Brazeau formation occurs about 6,000 feet above the base of the forma-
tion and with the commerecial 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 LS. 3, Seec. 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 Wapiabi 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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CHAPTER V
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STRATIGRAPHY

The stratigraphy of the plains and foothills has already been out-
lined in Chapter ITI. 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).

Pgleozoic. The Palmozoic 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 ig 10 to 30 feet thick and contains (Moore, 1931, page
1149) Lingulo 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

1Mr. C. 8. Evans has co-operated with the writer in the preparation of the data concerning
gsouthern Alberta.
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this is divided into the Three Forks and Jefferson formations 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 & basal
anhydrite zone. Moore assigns these strata to the Jefferson formation,
also of Devonian age.

e AMIEATY.
NVAMIHOIVHEYS

SCALE OF MILES
o 25

Figure 13. Alberta south of Red Deer River showing locations of areas in southern
plaing explored by drilling. 1, Red Coulée area; 2, Skiff (Devenish) area; 3,
Foremost gas field; 4, Bow Island gas field; 5, Medicine Hat gas field; 8, Milk
River area; 7, Many Island Lake area; 8, Cypress Hills area; 9, Suffield area;
10, Brooks area; 11, Blood Indian Reserve-Lethbridge-Spring Coulée area;
12, Taber-Barnwell-Chin Coulée area; 13, Twin River area; 14, Keho Lake area;
15, Eyremore area.

According to Perry the beds immediately overlying the Devonian oil-
shale zone consist of shaly and sandy, thin-bedded limestones of Missis-
sippian age. This zone in the Commonwealth Milk River and Erickson
Coulée 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



121

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 white crystalline character of the upper part is
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 city of Medicine Hat. This zone
bas sharp upper and 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 Mississippian 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 of southern
Alberta. The following section from Sweet Grass Hills, Montana, has been
described by Sanderson (1931, page 1158)

Thickness
Top of Jurassic Feet
Black, brown weathering shale .........ciiviiiiiiinneicnnennnans 19
Dense, massive, limy, pyritic, black shale with conchoidal fracture
and containing Gryphaea and Ammonites......covveevennneenn. 33-5
Fissile, calcareous, light grey shale with a few Gryphaea.......... 24
Black shale with a few thin beds of grey limestone.............. 38-5

Black, fissile shale with beds of grey limestone 4 inches to 1 foot thick 26-5
Dark grey, calcareous shale interbedded with compact, grey, rubbly-

weathering limestone at 2 to 4-foot intervals........cevnvununs 26-5
Sandy limestone and fissile, grey shale .......coviviiiininnnnnnneans 30-5
Conglomerate with polished, black chert pebbles; coarse sandstone

and mud galls .....oiiieiiiiiiiiiiiiiiiiiiiiei i isieeaaa 0-5
Fine-grained, thin-bedded, slaby sandstones, lamine marked by

limonitic streaks grey in colour with pinkish tones........... 42
Siliceous and caleareous sandstone partly oil stained............... 7-5
Thin-llfeldded, giliceous limestone alternating with grey and dark grey 8.5

1T - e .
Black, massive limestone with corals, bryozoa and ostrea, and other

PEleCYPOdS v vueuiireraitiriconconasonerasrtactsttaroncocsssne 4
Light grey, calcareous shales alternating with dark limestone........ 12:5
Soft, buff-coloured limestone .....oooveeevicenncseesaraasssoecnnan 2
Fine-grained, siliceous sandstone, grey with pinkish tones. This

sandstone is variable in thickness and locally may be absent.. 30

Total thickness .....cvveievenses covnennannncnonnenenonns 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 Pal®ozoic occurs, because of the oceur-
rence of limestones in both the lower Ellis and the Pal®ozoic beds.

In certain wells in Red Coulée 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



122

sandstones with red, green, and grey shales and chert. In certain Red
Coulée 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 Coulée and elsewhere, as for example
Commonwealth-Milk River and Erickson Coulée wells. In certain areas
outside of Red Coulée the strata below the well-marked sandstone beds
appear to be Lower Cretaceous and the 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 the fact that the Ellis was deposited on an irregular erosion
surface formed of the Pal®ozoic 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 Pal®ozoic rises northwards and in that direction
successively truncates lower and lower Paleozoic horizons. That is, the
pre-Jurassic arch appears to have plunged southward. The continued
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 Coulée field (area 1, Figure 13) has
a thickness of about 60 to 80 feet. To the west, at the Parco-Nordon
well (ares 13, Figure 13) it is about 190 feet. Still farther to the west
and slightly north at the Spring Coulée well (area 11, Figure 13) the
thickness is 323 feet. To the east of Red Coulée, the Ellis has a thickness
of 140 feet in the Erickson Coulée 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 Coulée 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 Coulée, 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 Ellis is 260 feet and mnorth 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 Alberta.

Lower Cretaceous. The Lower Cretaceous in the southern foothills of
Alberta consists of the Kootenay and Blairmore formations, the latter
with local developments of volecanics. 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 Blairmore 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 Coulée (area 1, Figure 13) and Milk
River (area 6, Figure 13) areas the Lower Cretaceous strata according
to Evans (1931, page 12)

“ congist 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 1s 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 Coulée 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 Coulée 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
?nﬁl continuous with the Red Coulée field of Alberta, is thought to be as
ollows:

Feet
Gas 8and ... et e i e 10 to 45
Variegated shale .....ccoiiiiiiiiiiriiiiiinireiniocannens 40 80
Vanalta 8and ...covvntierennerinneroeartoencerenenennnns 5 15
Grey, green, pyritic shale ........cciiiiiiiiiniiiiiiieennnn 10 15
Cosmos Bandstone ....cccvvieernenrecnnsnrocsosunnnrnnans 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
shale’ horizon of the Kevin-Sunburst field. The Vanalta and Cosmos sandstones
occupy the horizon of the ¢ laminated sandstones’ of the Kevin-Sunburst field.”

88386—9
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The thickness, as penetrated by various wells, of strata believed to be
Lower Cretaceous, is given in the following table.

Thiek-
No. Well L.S. | Sec. | Tp. |Range| Mer.| ness Remarks
(Figure Fect
13)
15 Eyremore............ 1 26 17 18 4 410
14 Keho Lake.. e 2 17 11 22 4 550
12 Cole-Hunter, Taber. . 3 11 10 17 4 400
] Commonwealth
“Milk River”...... 3 9 3 15 4 430
11 Spring Coulée........ 1 15 4 23 4 675
13 Parco-Nordon........ 16 34 i 20 4 610
1 Vanalta No. 1.,....... 3 4 1 16 4 537 {Not drilled through
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
Coulée”............ 2 4 1 16 4 540 “ “
1 Southern Alta. Exp.. 8 3 1 16 4 519 “ “«
1 Commonwealth
‘“Red Coulée’..... 10 3 1 16 4 573
1 Celtic. coovnvvunannnn 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 Coulée...... 13 8 1 12 4 490
(] Range No. 2......... [ 21 1 11 4 380
2 Devenish No. 1...... 5 27 5 14 4 410
2 Dauntless............ g 36 6 15 4 420 “ “
4 Imperial Burdett.....|...... 8 1 1 4 330
5 Roth and Faurot No.
) . SwW. [ 13 5 4 250
8 Eagle Butte No. 2.... 4 30 7 3 4 | 2104 [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 wellg 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 (Inoceramus 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 Coulée, 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 district, 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 Pakowki, which overlie
the Milk River sandstone where it is present. The Alberta shale does not
include the strata of Pakowki age and where, ag in central Alberta, well
samples show a continuous shale series from the top of the Pakowki 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 leawns, occur
in an horizon about 420 feet below the top of the Alberta shale 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 Coulée field (Evans, 1931, page 22) as follows.

Depth in
Well L.8. Sec. Tp. | Range | Mer. vsell
Feet

Top of Bullopora zone

Alta. Pac. Cons. No. 1................. 2 4 1 16 4 610

Dalco NO. 2.0 vviiinennrinniininnnnns 7 19 2 17 4 1,040
Top of Clavulina zone

Alta, Pac. Cons. No. 1................. 2 4 1 16 4 640

Southern Alberta Exp. No.1........... 8 3 1 16 4 580

Commonwealth ‘“Red Coulée’ No. 1.. 10 3 1 18 4 630

Devonshire No. L..coevuninvnieninnn. 4 10 1 16 4 580

Daleo No. 2.0 iiiiiiiiiiiiiiiniaaens 7 19 2 17 4 1,070

68386—93
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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 Depthto| chert
to chert top pebbles
Well L.S. | Sec. | Tp. |Range; Mer. bbles Lower above
pe Cretace- | Lower
ous Cretace-
ous
Feet Feet Feet
Roth No.2....ciivivnannnnnn 9 17 13 6 41 2,330 2,705 375
Commonwealth Milk River
0. i 8 9 3 15 41 1,650-80| 2,160 510
Erickson Coulée No. 1.......... 13 8 1 12 41 1,350 1,870 520
Parco-Nordon Twin River. . ... 16 34 1 20 4| 2,560 3,060 500
Keho Lake........ovveevnnnnn, 2 17 11 22 41 38,770 4,190 420
Eyremore.......c.covvveeenenen. 1 26 17 18 4 3,190 3,540 350
2,010-30
Burdetb..ooooooeiiiiiinieiiniaiann-. 8 11 11 41 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 Coulée’ Vanalta
No. 3t iieiiiiieannaes 3 4 1 16 4 1,470 1,960 490
Commonwealth Red Coulée.... 10 3 1 16 41 1,460 1,980 520
Capitol Red Coulée............ 3 21 1 16 4 1('8520;70 2,030 480
Vanalta No. 2.................. 3 4 1 16 41 1,380 1,950 570
Scottish United................ 1 3 1 16 4| 1,370 1,880 510
Daleo No. 2.cvvneivnineennnnnen 7 19 2 17 41 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 Coulée 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 of 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 morth, 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 Coulée wells, ete.). According to Evans (1931, page 13) in southern
Alberta the upper 200 feet and the lower 600 feet of the Alberta shales are
more 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
Coulée field, oceur 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! 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 Formation. In southern Alberta the Milk River formation
ig 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

BElEDIEE v v v uerrunneecanrsasonseatansnssasscnsoascaansnans 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 bBrown .......cocevvvniveiiecercnnans
Medium and coarse-grained, yellowish sandstone .............. 8 “ 22
Grey, greenish grey, and dark grey, sandy shales with two to

four, thin, lignitic bands ....c.vovveiririeninenrroaensenns 45 “ 50

Top of Lower Milk River.”

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 Island.

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 logs the base is usually placed where sand first
becomes subordinate to dark shale. . . Towards 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 carbonate, which

n

characteristically form the cappings of ledges and pillars or ‘hoodoos’.

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

Well L.S. Sec. Tp. | Range | Mer. |Thickness
Feet
Spring Coulée........ooveviienenniiannnnns 11 15 4 23 4 530
arco-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.....ccovvvniiieninnininenn 5 27 5 14 4 95
28 NO. 2. iiiviiiiieiniiiiiiinnaeas [} 21 1 11 4 420(?)

The sandstones at the top of the Lower Milk River outerop 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 no
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).

Thickness
Feet
Interbedded, dark, blue-grey shales with fine-grained sandstones. . 23
Dark, blue-grey shale (some cone in cone calcite near the top) .. 25
Greenish to grey, fine-grained sandstone.........vceeeecenceeans 25

Dark, blue-grey shales, sandy shale, and fine-grained sandstone.
This horizon varies laterally, the shales and sandstones

replacing one another .......c.ceveiiiiiiiiiiiieiiiiiiiina.. 25
Greenish to grey, fine-grained sandstone P 25
Dark, blue-grey, sandy shale ........cc.c0vuunas .. 10
Dark, bluegrey shale ........ccvveennnennanns . 40
Dark, blue-grey shale and sandy shale ......... 10

Total thickmess ......oevvivnvivennssnneronnneeannoeans 183

«.. “In the eastern part of the plains area 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 consista 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).

Thickness

Locality Feet
Milk River ridge ....cvoevvnireruerenesncnnnscarecosccacesnns 183
Monarch ..... . . Cereecerbseteieann . 100
Lethbridge . 130
Barnwell ... 110
Grassy Lake .. 190
Burdett ...... .. 1951
Foremost ........... . . .. 220
Medicine Hat .............c.c0venveen. Ceeeeeneean, vee 290

1 Approximate.
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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 Coulée
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 Alberts 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 Coulée 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 n 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 ROTIZOM) . .uveveeennrnnnceeenasacsoroosssascsscannana 100
Sandstones and shales in thicker units than below .............. 120

Thinly bedded, carbonaceous shales, sandstones, sandy shales, fer-
ruginous limestones, and ostrea beds ........covevreeannnns 100

Colloidal clays and coal seams (McKay coal horizon) and sand-
BEONES 4 vvvrnuvenuoncosnssssseansscsssssssancossrsasasvsss 60
Basal sandstone (Verdigris sandstone) ...........covvvveniennss 60
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The thickness of the Foremost formation at various localities is given
1n the following table.

Thickness

Feet
Milk River Ridge (Hake and Addison, 1931, page 1219) ........ 350
Lethbridge (Imperial-Texas well) (Powers, 1931, pages 1204-6) .. 410
Monarch  (Powers, 1931, pages 1204-6) ....... cvvveevnenncenn 395
Keho Lake ( “ “ ) S 390
Champion ( “ « « ) 400
Eyremore ( “ “ “ ) 2 420
Taber (Hake and Addison, 1931, page 1219) ........ccvvunnnnn 326
Brooks (Powers, 1931, pages 1204-6) .....evvvirrrrrvnnncannnnn 375
Medicine Hat (Williams and Dyer, 1930, page 29) ............ 350

Pale Beds. The Pale Beds overlie the Foremost. The base, particu-
larly 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 shales; a second zone,
175 feet thick, predominantly of shales but containing numerous thin lime-
stones; a third zone, 220 feet thick, consisting of alternating sandstones,
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 content from top to bottom. The total thickness varies markedly
from place to place as is shown by the following table,

Thickness

feet
Milk River Ridge (Hake and Addison, 1931, page 1220)........ 875
Lethbridge (Powers, 1931, pages 1204-6) ....................... 740
Monarch ( “ “ ) S 760
Keho Lake ( “ “ ; ................ PR 680
Champion ( ¢ “ L TP 600
Eyremore ( “ “ “ g ....................... 550
Brooks ( « “ D T e 605
East of Medicine Hat at Rapid Narrows, South Saskatchewan

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

Remarks Material Thickness
Feet

Base of Blood Reserve

sandstone.............. Interbedded sandstone end shale.............cooeeviieen..
Top of Bearpaw.......... Shale, somewhat sandy, grey and grey-brown..............
Shale, fissile or friable, ETey.....vovverviiiininrirenennns
Shale, bentonitic, light greenish grey......................
Shale, friable, Brey . cuvvrrueirveerenerinrereneeerseacnnes
Shale, sandy, soft, grey-brown...............cccovveinienn..
Shale, friable, grey, with concretions......................
Concealed. ... .ovureniiineioionreenenrineaciinineniionaes
Shale, somewhat carbonaceous, fissile, grey brown.........
Shale, somewhat sandy, friable, grey-brown and grey, with

caleite Velns. ...iuve et iit it
Shale, concretionary, grey-brown...............ccovuenennn.
Ryegrass member...... Shale, grey and brown, somewhat sandy, friable...........
Shale, concretionary, grey-brown..........cveevivvrerannn.
X Shale, sandy, friable, grey-brown, with concretions........
Bentonite No. 14......... Shale, bentonitie, friable, grey-green...............c......
. Shale, friable, Zrey....ccoureeeirrernrenenenrereieaneneenas
Bentonite No. 13......... Shale, bentonitic, friable, grey-green............cooovvvnu...
Shale, rather compact, dark grey.....ccovvvienveianerannn.
Shale, yellow-streaked............cooiviiiiieiirennennanas
Shale, friable, grey, with thin concretionary bands.........
Concretions, hard, crossbedded, grey-brown...............
Shale, friable, Erey. ...oovvverreierreieeneneneieeeranncnns
Concretions, Tusty PrOWI...uvv et enrnienrireneneneen.s
Shale, grey, with concretions...............covvveeievnnn..
Bentonite No. 12......... Shale, bentonitic, friable, greenish grey....................
Shale, fissile, Zrey. .....cuviviiieinin it iiiiiieiaaanens
Shale, bentonitic, greenish grey.......oovviiviiineinne.
Shale, friable, Brey....cvevrervirneerirereneneierienanenns
Shale, somewhat sandy, friable, grey-brown, with concre-

53 T
Shale, bentonitic, friable, pale yellow......................
Shale, friable, grey-brown, somewhat sandy in places......
Concretions, grey=-browWn. ..ooovvve i verierenriennenennns
Shale, friable, grey and grey-brown................. e
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Remarks Material Thickness
Feet
Bentonite No. 11....... ..IShale, very bentonitic, palebuff...................cc0vu.e.. 02
Shale, friable, grey and Brey-brown.......covuveiviinniaas 5
Concretions, grey-broWn. . ..eeevviiersiiriercennsrencnenn 0-2
Shale, frmble, grey and grey-brown ........................ 21
Shale, bentonitic, light grey......v.voiviirvereennennnnns 0-0-05
Shale, sandy, soft, friable, grey-brown............ccec.ve.. 34
Shale, friable, grey and grey-brown, somewhat sandy at 5
Shale, bentonitic, pale buff..........cooiiiirieniinininenn 0-0-1
Shale, friable, grey, somewhat sandy and brown in places. . 14
Bentonite No. 10....... Shale, bentomtlc, llght greenish grey........covevvniiencnn. 0-2
Shale, grey, friable. ... iviiiviiiierennennraninanenens 1-5
Shale, somewhat bentonltlc, grey-green .................... 0-0-2
Shale friable, Zrey. . covvreretiin i riiisienneaennnnnanns 4
Bentonite No. 9.......... Shale, bentomtlc, friable, light greenish grey............... 0-5
Shale, rather sandy, grey and brownish grey, with fossili-
ferous coneretions. . .....ucvineriveurenrernrenencenncaens 12
Bentonite No. 8..........|Bentonite, friable, light greenish grey...................... 0-7
Shale, friable or fissﬂe fossiliferous, grey..........covuees. 15
Bentonite No. 7..........|Bentonite, pale greemsh BTOY e e veereernnasaenansnaonasanan 0-5
Shale, fissile, grey, with fossils and coneretions............ 5
Shale, sandy, friable, grey-brown...............coiiiiiatn 25
Concretions, rusty brown .................................. Q-5
Shale, sandy, friable, grey-brown....... e eareiereaeaanes 5
Kipp member...........{|Concretions, rusty brown..........ooovevereeineaenesreneas 1-2
Shale, sandy, rather soft, friable, brownish grey, with fos-
sﬂllferous concretions and scattered nodules; transitional 20
Shale, friable, brownish grey to grey, somewhat sandy in
places; fossiliferous concretlons ..................... . 62
Bentonite No. 6; *“D" of
Link and Childerhose.|Bentonite, light greenish grey.......ccvvvivenuernrnenenen. 0.3
Shale, friable, grey...oc.oviiveiiiirniviniranenerensenaeons 1
Bentomte light greenish greyv........coivievrvienneennnes 0-2
Shale, fissile or friable, grey, with concretions............. 22
Shale, bentonitic, light grey........cevevvrrreneeerrencens 0-0-2
Sha.]e, fissile, grey, with concretions............c....cocvu... 13
Fossil bed, Arctica 0vaf@.......vvveviiiarniiiieraranns 0-1
Shale, ﬁssxle, grey, fossiliferous.......oveviieneenrennenann 15
Shale, sandy, soft, grey-brown. ........... 3.5
Magrath member.......{|{Concretions, rusty brown, fossiliferous.. 0-0-5
) , Shale, sandy, soft, Zrey-brown......cooeeeeneneeerenennncns 3
Bentonite No. §.......... Shale. bentonitic, eapecially in lower portion, light greenish 5
Shale, fissile or friable, grey, fossiliferous, with concretions 55
Concretions, TUStY BrOWD....ov v.vessrneeeennses 0-2
Shale, fissile or friable, grey, ‘with concretions. . 18
Concretlons, TuBty Brown....covvvviirennninnnnnn e 0-1
. Shale, sandy, grey, friable......cocviiiiniirirnrieneenen. 2
Bentonite No. 4; “B'" of]
Link and Childerhose.|Shale, bentonitic, pale greenish grey..........ooevvevnnnnn. 056
Shale, fissile or friable, grey........... 12
Concretions........o.cvvvvennen.s 0-1
Shale, bentonitic, pale grey-buff... 0-1
hale, grey..................... . 7
Concretions.......... 0-1
. Shale, fissile, BTy ... ..oveiriirereererinarrcereenannnes 5
Bentonite No. 3..........|Bentonite, pale greenish grey, usua.lly with shale parting in
lower portion......co.oveuunnn. Cereesesesasanenes 0-2
Shale, friable, Zrey.....evevuee.ernnn.. 3
Shale, bentonitic, grey and yelow. ... ........ 0-05
Shale, fissile or friable, grey, with concretions..... 7
Shale, bentonitic, light greenish groy.........covvieennen. 0-1
Shale, fissile or friable, grey, with coneretions and fossils. . 38
Concretions, rusty yellow....... i ereeseeteieesannras vevne 02
Shale, grey.....coveuvenennnnnn. e rete e ceeean 1



Remarks Material Thickness
Feet
Bentonite No. 2.......... Bentonite, IZht grey...coovvrireeeiiinrneinernneenrenas 0-1
Shale, fissile or friable, grey.........coiiiiviiiiiiinnnnnn. 19
Concretxons, dark reddlsh brown .......................... 0-1
Shale, fissile, Zrey....oeviveerieiienenrienrnenrenenennas 7
Shale, bentonitic, yellowish.........ccvviieiriiiieiinnenes 0-05
Shale, DT T ) 3
Bentonite No. 1; “A” of
Link and Childerhose. .|Bentonite, pale greenish grey..........coiieniireneannenn., 07
Shale, fissile, Erey....ocvviriiiiiiii i i 10
Concretions, rusty brown.........ccovviviniiieineeenrannn 0-1
Shale, fissile, ZIey..c.cvevriiieiirinrri i iieenenaan.s 11
(0703 1703 =3 15 103 T A Y 0-1
Shale, fissile, grey, with concretions....................... 10
Concretlons, dark reddishbrown.............ccovvevnennn. 0-1
BhAlE, ZIOY . v o vt eneeereneensanssoreenconsanroansonennnenn 6-5
Shale, fnable, brownish grey, with thin, rusty, concretion-
F:% o0 o7 1T - A 5
Shale, friable, STy ... ccvur i iiriieeanriaanas 1-5
Shale, sandy, friable, brownish grey....................... 15
Base of Bearpaw......... Shale, fissile, Grey. ..ouenrveirereien e 4-5
Top of Belly River.......JC08L ......ou.iuiiiiiiii i ien i iaviacanaaaaas 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 Xeho 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
Lethbrld)ge (Tp. 8, Range 22) (Link and Childerhose, 1931, page "
................................................... i}
Keho Lake (Tp. 11, Range 22) (Clarke, 1931, page 1246) ...... 40

7
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 Bearpaw 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
recognizable 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 aﬂosent 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 formerly 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 Geologlcal 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 formation
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 Waterton 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 synelinal 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 Arch has mo 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 Coulée and Skiff, and developments of a promising nature are
carried on at Twin River and Keho 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 in southern Alberta.
These are as follows. (1) Medicine Hat gas sands which occur about 100
feet (Wickenden, personal 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 Coulée 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-Paleozoic
contact and in the top of the Pal®ozoic 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 Jurassic-Paleozoic contact.

0il and Gas Fields and Prospected Areas

RED COULEE FIELD

Red Coulée 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
oceurs 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 Coulée 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 Coulée ”
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
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Figure 14. Structural contour map of Red Coulée field, west of 4th Meridian, Alberta,
contours represent 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 Coulée 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 Coulée area is shown by the logs of Common-
wealth “ Red Coulée ” No. 1, and Dalco No. 2, wells.

Log of Commonwealth “ Red Coulée” Well (Evans, 1931, page 28)
(LS. 10, Tp. 1, Range 16, W. 4th Mer.; Elevation, 3,527 feet)

JE— Thickness Depth
Feet Feet
DT v v v v vee e e e e ee e eeeeneariraaasetenenansoeeaserasasasnaesnsees 20 20
Lower Milk River
Yellowish, medium-grained sandstone............coeveeevennennnnns 70 90
Fine to medium, light grey sandstone. ...........ccocvviriiiennenn, 70 160
Fine, light grey, shaly sandstone..........c.cooiiiiiiieiiianennnnn, 40 200
Alberta (*‘Benton’’ ) shale
Dark shale and sandy shale, little grey sandstone, some beds limy. 470 670
Dark shale. ..o ieiiiiiiiiniiearsieneneasserescsnsannconcoans 510 1,180
Dark, sandy shale and fine, grey sandstone................ . 40 1,220
Dark shale, bentonitic.......cooovvieriieieenriercrnnnaes . 60 1,280
Dark shale...oovvieiiiiieiioniieiereneretenerororerennaes . 30 1,310
Dark shale and sandy shale, some fine, grey sandstone 60 1,370
Dark shale, some bentonite.........cooveieiinreecrarrencerernen. 80 1,450
Sandy sha.le and 40 per cent medium quartz, and black chert sand- 20 a7
70 1= ,470
Dark shale, a little sandstone................. 50 1,520
Dark shale and bentonitie, medium sandstone... 10 1,530
Dark shale, some bentonite............. 150 1,680
Dark shale and bentonitic, fine to medium sandstone. .. ............ 20 1,700
Dark ghale. .. ..ciuiiiiieiiiianiiasiiienoserserasionseeesnsceanns 40 1,740
Dark shale and fine to medium sandstone with some glauconite..... 80 1,820
Grey shale, some bentonite. ... .......ccvreiiiinorainiinnianeaans 30 1,850
Grey shale and bentonitic, sandy shale...............cccvevivnnnnn, 40 1,890
Dark shale and fine, grey sandstone.......covevereerrennrnnrincanas 20 1,910
Medium-grained sandstone and dark shale; a little glauconite; water, 10 1,920
Dark grey shale, some sandy and some bentonitic beds............. 60 1,980
Lower Cretaceous
Grey and greenish grey shale, some greenish, bentonitic sandstone. 40 2,020
Dark grey, light grey, green, and red shale......................... 80 2,100
Grey and greenish grey sandstone............. 50 2,150
Grey, green, and red shale.............c...o0vnun 10 2,160
Grey, green, and red shale, minor grey and greenish sandstone, little
coal...........cviues 110 2,270
MisSIng.oeeeeeneersennen 10 2,280
Grey, green,andred shale............ocovvvneann.n, 10 2,290
Grey, green, and red shale, 20 per cent whitoe sandstone 20 2, 310
Grey and green shale. 60 2,370
Red shale............ 20 2,390
Light grey sandstone 10 2,400
Grey, greenish, and red shale, some sandstone - 30 2,430
Medium, light grey sandstone......... PN 20 2,450
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Log of Commonwealth “ Red Coulée ” Well (Evans, 1931, page 28)
(L.S. 10, Tp. 1, Range 16, W. 4th Mer.; Elevation, 3,527 feet)—Concluded

L Thickness Depth
Peet Feet
Lower Cretaceous—Cone.
Brownish 8hale.....ocvuiiiieiiiiiiiiiiiiiiiineniiiiiieieriininnss 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
Eitis fragments; Vanalta sand; water at 2,585 feet........cvvnvuvenn. 48 2,553
Light greenish grey shale and shaly limestone; pyrite, some cal-
careous and glauconite beds at base. ....cvveeiieiiinnnnnerennn 57 2,610
White, sandy dolomite, 30 per cent sand; water at 2,614 feet........ 4 2,614
Sandy dolomite and grey shale. ........cccvvvievirnnenneennennenns 11 2,625
Pale@ozoic limestone
White limestone, some grey shale 2,689-2,695feet................... 107 2,732

Log of Dalco No. 2 Well (Evans, 1931, page 30)
(L.S. 7, Sec. 19, Tp. 2, Range 17, W. 4th Mer.; Elevation, 3,630 feet)

—_ Thickness Depth
Feet Feet
M SEITE e e eee e eeneentataearenanastesensenanranananeeesnansosencnaaaenons]|oeaes feaeaes 50
Foremost
Pakoant, groy sandstone, dark carbonaceous shale, a few coal fragments| 70 120
ki
Grey and slightly greenish grey, fine sandstone, shaly sandstone,
and sandy, grey shale. Foraminifera present at 130-150 and
280290 80 . eeeraiianin ettt et i eieanaens 170 290
Milk River
Grey shaleand grey sandstone.........coveiirviniereennennnennenens 20 310
nght grgy, shaly sandstone, a little greenish sandstone and white %0 240
B Y G L
Mostly whlte, sandy ‘‘mud’’, some greenish and brown shale. ...... 40 380
Light grey and greenish grey shale, some brown shale.............. 20 400
Fine, light grey, shaly sandstone........oocociivneieeneneneninenn, 20 420
Fine, light grey sandstone, brown shale, and coal fragments......... 10 430
Grey. sandy shale and shaly, medium-grained sandstone........... 10 440
nght grey, medium-grained sandstone..........coeieeiriiiianiiann. 20 460
Light grey, medium-grained sandstone, some brown shale.......... 10 470
Light grey, sandy shale and brown shale.............ocovveniion.. 10 480
Light grey, fine and medium sandstone and shaly sandstone........ 60 540
Light grey, medium-grained sandstone and shaly sandstore......... 110 650
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 1,890
Dark shale and some light grey, medxum-gramed sandstone, a little
DEnEONIEE. ..o et ettt ettt e et 30 1,920
Dark shale, a little bentonite.................. et 50 1,970
Grey sha.le, and shaly 8andstone. .......coviieviueiereneniranneness 130 2,100
Grey, shaly sandstone, and quartz and chert sandstone............. 10 2,110
Grey shale and shaly sandstone............oovieiiieiiinaneaiainns 130 2,240
Grey, sandy shale and grey sandstone.............ccovivevnineenn. 20 2,260
Grey shale and fine, shaly sandstone..............cocvveieninenrenns 30 2,290
B 5T 3V- 270 2,560
Lower Cretaceous
Greyandgreenghale. ... .oiiieiniiiiiiiiiiiiiiiiiii e 10 2,570
Grey and green shale, someredshale...............coviviieiinnn. 40 2,610

68386—10
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Log of Dalco No. 2 Well (Evans, 1931, page 30)
(LS. 7, Sec. 19, Tp. 2, Range 17, W, 4th Mer.; Elevation, 3,630 feet)—

Concluded
— Thickness Depth
Feet Feet
Lower Cretaceous—Cone.
Grey and greenish shale. . .....ooiviiiiiiieieienenieneennneaenn 60 2,670
Grey, greenish, and red shale............coceiiiiiiiiiieinn, 30 2,700
Grey, greenish, and red shale, minor grey sandstone................ 40 2,740
Mostly white sandstone, some red and greenshale.................. 20 2,760
Grey, green, and red shales, a little white sandstone. 70 2,830
Grey and greenish shale.........ccoeveeneenenn. 60 2,890
Grey, green, and red shales with grey sandstone. 50 2,940
Grey and greenshale...........coveieiiiennnnnen . 10 2,950
Light grey sandstone. ... .ccuueeererneernocursetssssrorcncreascnss 10 2,960
Grey, green, and red shale and sandstone........................... 30 2,990
EllisCherty sandstone and chert......veeeiin i iiiiniiiiiiaanans 20 3,010
Light grey, dense, calcareousshale..............coviiivieneniennns 70 3,080
Lime and chert with shale and sandstone................c..ocou.nt. 40 3,120
Mississippian limestone
Mostly Hmestone. .......ccviiieiiinnerrnrieccrsanssncnssnscnesons 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 Coulée. 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
Coulée. The details of the structure are unknown, but a northwesterly
dip is indicated by the elevation of the top of the Lower Cretaceous in
the wells drilled (See Figure 15).

Feet
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.1 well: Elevation of top of Lower Cretaceous.... 369

The top of the Pal®ozoic 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 Paleozoic is an erosion surface.

Feet
Devenish No. 2 well: elevation of top of Paleozoic............ 6
Devenish No. 1 well: elevation of top of Paleozoic............ — 90
Dauntless No. 1 well: elevation of top of Pal®ozoic.......... —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 Baumé, 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 2 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
arrangements were made between the Devenish Oil Company and Imperial
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Oil Company, Limited, to have the latter drill several wells. No oil 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 3,064 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 Baumé 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.
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Figure 15. Skiff field wells. 1, Devenish No. 1; 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
Nos. 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

08386—103
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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 ﬂattenmg of dip might prov1de 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

(LS. 5, Sec. 27, Tp. 5, Range 14, W. 4th Mer.; Elevation, 3,050 feet)

S Thickness Depth
Feet Feet
[ Samples to a depth of 345 feet contain much intermixed surface
materials
Foremost
P 7 AR PR 35
Buff, sandy shale with coaly materials... .. 60 95
MiSSINg. e e ieereaeenennneraneneenonoannn 10 105
Grey, sandy shale, some coal. . 30 135
Grey, sandy shale............... .. 40 175
Grey, sandy shale. .. ...t i e 165 335
Pakowki?
Grey shal 140 475
Grey shale with s little sandstone. 10 485
Grey shale. . 30 515
I SSIIE . v v ae s v et eeeeeneeeseeneeneaessensensonesnnoanesosansannen Ve 10 525
Milk River
Dark grey and light grey shale. .. .....ocoviiiiieiiineiiiiennns 20 545
Dark grey and light grey shale with lignite...... 30 575
Dark greyshale........covviinininneneneininens 20 595
Light grey, sandy shale..........cooovevenrennrnn... 70 665
Grey, sandy shale with carbonaceous materials..... 20 685
Grey sandstone with carbonaceous materials......... .. 30 715
Grey, sandy shale with carbonaceous materials.................... 55 770
Alberta shale
Dark grey shale. . ...ovv ittt i it e 10 780
MiSSINg. . corvereareeraoanenenns .. 10 790
Grey shale, somewhat sandy . . .. 20 810
MiSSINg.coverenrvnnnearnanenennen 50 860
Dark grey shale................... 220 1,080
Dark grey shale with sandstone. 20 1,100
Dark grey shale........ccoovevinnnanon.n 110 1,210
Dark grey shale with some bentonite. . .. 240 1,450
Dark grey shale............co.oooueutn 50 1,500
Dark grey shale with bentonite.... 10 1,510
Dark grey shale................... 30 1,540
Dark grey shale with bentonite........ 10 1,550
Dark grey shale, traces of bentonite. .. 130 1,680
Dark grey shale....................... 60 1,740
Missing............ 10 1,750
Dark grey shale................... 70 1,820
Dark grey shale with sandstone.. 10 1,830
B 1 PP 10 1,840
Dark grey shale with some sa.ndstone and bentonite.. .. 50 1,890
SN, v vsiveeienanneenenrenvnsnnenensosassneanas 10 1,900
Dark grey shale, sandstone, and bentonite. .. .. 90 1,990
Dark grey shale, a little sandstone.................c.oooiiiiiiia., 70 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—Conc.
Grey, sandy shale and sandstone.............ccoeiieviiiiinenninn, 10 2,000
Grey sandstone (Wabter).......coveneiiiinieienneienanens 10 2,100
Grey sandstone and shale........ s 20 2,120
Grey sandstone........cooveueerineneenn s - 13 2, 133
Grey shale and sandstone, ‘carbonaceous. . e 12 2,145
Grey shale and sandstone.................. ... © 15 2,160
Grey shale and sandstone, carbonaceous... . ceen 10 2,170
Bentomte .................................. . 10 2,180
............................................................ 20 2,200
Grey shale, sandy shale, and sandstone with a little bentonite..... 110 2,310
51T V- P 30 2,340
Grey, shale and sandstone...................... . 40 2,380
BT 1 PP e 10 2,390
Grey shale and sandy shale......................u e 60 2,450
Dark grey sandstone (oil and gas show 2,458 feet). . . 25 2,475
Dark grey shale and greenish sandstone............ ceen 10 2,485
Dark grey, sandy shale.................. e 20 2,505
Dark grey shale with some bentonite...........c.c.ccoiiiiininnt, 35 2,540
Lower Cretaceous
Grey and greenish shale, 8andy . ........ccoivviiiiiiiiiienennnnnn.. 30 2,570
Grey and greenish shale and grey sandstone. . e 40 2,610
Fine, light grey, shaly sandstone............. cees 10 2,620
Green and grey shale..........coovvievininnn. R 40 2,660
Green shale and sandstone.,............... e 60 2,720
Green shale with carbonaceous materials. .. 10 2,740
Grey and green shale with sandstone....................... 30 2,770
Grey and green shale with sandstone and little red shale.. e 150 2,920
Grey sandstones.......covueiinieiriiiiiiraianiennen, e 40 2,960
Ellis
Dark grey Shale. . .ooinriiiiiiiiiiiiiiniiisnetiiineiennsnieaneaes 30 2,990
Dark grey, calcareous shale.................... e 10 3,000
Dark grey shale with light grey sandstone e 10 3,010
Dark grey shale slightly greenish. ..., 60 3,070
Dark grey and greenish shale with limestone and sandstone contain- 1 087
......................................................... 3,
Da.rk grey and greenish shale and limestone.. et 9 3,096
White sandstone..........oceveeviinne, e e 24 3,140
Mississippian
Groy mestone. .. .oui ettt c i iii it i 42 3,182

FOREMOST FIELD

In 1916 United Qils of Alberta, Limited, drilled a well to the depth
of 3,716 feet in Etzikom Coulée 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.



144

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.
Accarding to Williams and Dyer (1903, page 121) the structure is a north-
ward plunging anticline that flattens southward without providing actual
cloisure. The dip on the east and west flanks is said to be 30 to 50 feet a
mile,

Log of Foremost No. 7 Well
(LS. 4, Sec. 24, Tp. 5, Range 11, W. 4th Mer.; Elevation, 2,968 feet)

— Thickness Depth
Feet Feet

7731 20
Foremost

Grey shale, fragmentsofcoal............coooiiiiiiiiiiiiiiiia, 70 90

Light greenish shale......................... e, 40 130

Lignitic shale and grey sandstone..............ccveierinenneiinnn.. 80 210

Light grey sandetone. .. ...oc.euun et eereieee e aneananinaananenns 20 230

Light greenish and dark lignitic shale and sandstone................ 110 340

Light grey sandstone. ... . viuvunn e ieeeeeneneeeoriennanienens 40 380
Pakowki

Grey shale with small amount fine sandstone....................... 190 670
Milk River

Grey and lignitic shale with coal fra%ments; pebbles at 680-700 feet. 30 700

Light grey sandstone with somecoal.............cooiiiiiiiniinnn, 30 730

Grey and carbonaceous shales and grey sandstones.................. 50 780

Fine, light grey, shaly sandstone..........cocooeiiiviiiiiananann, 40 820

Grey shaleswithsand............cooiiiiiiiiiiii i, 40 860
Alberta shales

Grey shales, inpart sandy . .....oooiiiiiiiiiiiininiieiieiiennnna. 1,202 2,152

Grey sandBtone. ..o vt ir it et e 5 2,157

Although the base of the Pakowki is coramonly 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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gince 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, ete., follows.

Gas Wells in Bow Island Gas Field

Elevation] Depth |Elevation]| Initial open
No. L.S. Sec. Tp. | Range | above | to topof | of top of | flow, cubic
sea-level | gas sand | gassand | feet a day
Feet Feet Feet
6 15 11 11 2,300 1,866 434 8,500,000
15 15 11 11 2,273 1,849 424 Abandoned
14 9 11 11 2,273 1,849 434 13,000 000
3 17 11 11 2,273 1,843 430 29, 000, 000
9 22 11 11 2,270 1,867 403 Abandoned
1 16 11 11 2,286 1,881 405 4,200, 000
8 18 1 11 2,283 1,856 427 7,000,000
13 18 11 11 2,314 1,801 423 12,000,000
2 24 11 12 1. .. Abandoned
8 23 11 12 Abandoned
1 7 11 11 7,300,000
13 7 11 11 16,000, 000
3 9 11 11 18,000, 000
1 1 11 12 7,000, 000
13 12 11 12 4,000, 000
4 11 11 Abandoned
1 25 11 12 Abandoned
4 1 11 12 Abandoned
16 25 10 12 3,000,000
16 30 10 11 Abandoned
30 10 11 Abandoned
14 31 10 11 1,300,000
16 17 11 11 2,300,000
15 33 10 11 Abandoned
4 20 11 11 1,300,000
12 4 11 11 7,000,000
9 24 11 12 12,000, 000

28=—Village of Bow Island well: 29—==8Southern Alberta Land Company well.

No outerops of rock occur in the immediate vicinity of the field. The
gas occurs in a porous sandstone band 35 feet thick, in the Alberta shales
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! 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

TP. 1

L]
9
o
=
R.12 R. I
Geological Survey, Canads.

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 pressure?! 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 Welll
(Sec. 8, Tp. 11, Range 11, W. 4th Mer.; Elevation, 2,580+ feet)

B Thickness Depth
Feet Feet
5 ) (S 140
Foremost
Light grey, sandy shale with tracesofeoal......................... 40 180
Grey,sandy shale.............cocveiiinnn 70 250
Grey, sandy shale, a little coal 20 270
Grey, sandy shale.................. et e 130 400
Pakowki? .
Grey 8hale. . .ovuir ot i e e e e 420
Grey shale, traces of coal 550
Grey Bhale. . ou e ettt it e e it 590
Milk River
Grey shale, 8and Y. .....cotir it ciiiierera e cieiviaanaeenas 790
Alberta shale
Dark grey shale,.......cooniiiiiiiiiiiii it eiea s 50 840
Dark grey, sandy shale.........cooiein et i iiiii i 70 910
Dark grey 8hale...ovviiiie ettt ittt ettt 140 1,050
Dark grey shale, inpart 880dy ...... oo oiivirniiieirieeinienneanns 140 1,190
Dark grey shale, chert pebbles cees . 10 1,200
Dark grey shale............... 170 1,470
Dark grey shale, chert pebbles.. . 10 1,480
Dark grey shale, somewhat 820d¥...coooveiiervieniienenenrnannns 70 1,650
Dark grey shale, bentonite...........oviiiiiiiiniiiiiiiinnnnenans 20 1,670
Dark grey 8hale.  o. . ecee it iiiiia et it aaa 100 1,770
Dark grey, sandy shales.. ..o iiiiieiiinniniieiieneeienrneeranens 40 1,810
Darkgreyshale.........oooe.iiiiiiiiiiiiiiiiii i 30 1,840
Dark grey shale, with bentonite............oveiiiiiinenniiiniin.. 20 1,860
Dark grey shale, somewhat sandy and with a little bentonite....... 270 2,130
Dark grey shale, with chert pebbles...o.veenvvieeeieiiiinn e, 10 2,140
Grey sandstone, somewhat shaly................c.coociiiiiiiiiine.. 40 2,180
Grey, sandy shale, some bentonite and sandstone................... 130 2,310
Grey shale, a littlesand . .....ooviviiiieieiiinneniiniieeneeaens 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
Greyshale............ooviiiieniennes 10 2,550
Light green and reddish shale........ 20 2,870
GIey ShAle. . oeuun ittt e iaen it it e estseteatenaaaaaans 20 2,590
Greenish and reddish shale with bentonite.......................... 10 2,600
Grey and greenish shale with tracesof coal...................o.... 10 2,610
Light grey sandstone, some coaly shale............................. 20 2,630
Dark shale and sandBtone. ......c.o.vvieenteirerieiereneranaenneanen 20 2,650
Grey, green, and reddish shale with sandstone...................... 40 2,690
Black, carbonaceous shale.....ooovveeviiiiiiiiiiiiierinennnnn,s 10 2,700
DAark Shale. . .. uoetitieene ittt et 10 2,710
Dark and greenish shale............ccoiiiiiiiiiiiiii i 20 2,730
MESSIDE . v evrvnenrciirnrenencneraas FS P 10 2,740
Variegated shale with grey sandstone......................... . 30 2,770
Dark grey and greenish shale ceen 30 2,800
Dark grey shale, trace of maroon shale 10 2,810
Dark grey shale with sand. 10 2,820
Dark grey to blackshale................ ...l . 30 2,850
il I?)ark grey, green, and maroonshale................................ 10 2,860
18
Blue-grey shale and sandstone................cocoiiiiiiiiiiien... 40 2,900
White, sandy lime and dark grey shale............................. 70 2,970
Mississippian
White imestone. ... ..ovuuinn ittt ireiiiiaaans 90 3,060
PInK LIeStOne. «oveers st et tenveeen e aetenrerenieraaetnanneanes . 50 3,110
Brown limestone.......... e 120 3,220
Pink and brown limestone. ......coovvviitriiiervnrerrnaenninss 10 3,230
Grey t0 brown limestone. ......cooveritiniereeeneneananinenenanens 160 3,390
Dark grey Hmestone. ....vvee e reeiieietaaieneieerarnneeennes 190 3,580

1 Published by permission of Imperial Qil 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

Devonian?
Black shale. ... ... e e iiraesarattiaaareiannnaas 10 3,590
Grey, sandy limestone. 20 3,610
Black shale...ccoerevuiiiirnneiiiiiiianaaan, 10 3,620
Grey limestone.....c.cvevveiiiiieiveiiinneannens 10 3,630
Grey and dark grey shale.......................... 10 3,640
Grey, sandy limestone...........coeevverernennnn. 100 3,740
Greenish, calcareousshale....................... 60 3,800
Greenish, calcareous shale with anhydrite 20 3,820
Greenish grey shale and limestone.............. 120 3,940
Grey, calecareous sandstone with shale.......... 50 3,930
Grey shale, little limestone..................... 50 4,040
IBBIDE . e e aaeeneiaancsrarnrnanerecnsnsasesas 10 4,050
Grey shale and Limestone. ... .....vvevieriiririsrareneranaranes 10 4,060

stream of bubbles rising to the surface of the water.

MEDICINE HAT FIELD

Aceording 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

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, ete.

Gas Wells in Medicine Hat Field

Eleva-
Depth tion Open
Eleva-~ to Medicine ow
Name of well Sec. Tp. | Range | tionof |Medicine | Hatsand{ cub. fs.
well Hat above aday
gas sand | sea-level
Feet Feet Foet
above
sea-level
1 12 5 2,202-95 2,225,000
9 12 5 2,145-05 .| 3,000,000
3 12 5 2,132-65 2,000,000
4 12 5 2,128-95 2,500,000
I3 12 [] 2,167-75 ,000,000
6 12 6 2,148-15 3,264,000
7 12 85 2,346-95 2,300,000
8 12 6 2,312-82 2,100,000
9 12 5 2,147-65 2,500,000
10 12 5 | 21165-65 15001000
1 12 6 | 226044 2,800,000
12 12 5 | 226287 3,000,000
}i ig g g, %g;gg . .1 2,500,000
.. ,139-65]. .. ..} 2,900,00

15 |Huckvale. °
13 5 2,336-53 1,256-53/ 3,625,000
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Gas Wells in Medicine Hat Field—Concluded

Depth Egiev&- Ope
epf on n
Eleva. to | Medicine| flow
Name of well Sec. Tp. | Range | tionof | Medicine | Hatsand | cub. ft.
well Hat above 8
gas sand | sea-lovel
Feet Feet Feoet
16 |Big Chief... 2,800,000
17 |Ogilvie...... 3.000,000
18 |Marlborough 1,850,000
19 [Wellington..... . 2,225,000
20 |ICP.R. No.L.eovvovnvvarnnenvnn o f 8B, 231 32 | 5 | 2,17865).00nvenc|eneneen]enennnnnne
H . 2,800,000
2,995,000
2,000,000
. 2,338,000
. 22 2,117,000
27 |No. 4 “ «“ 14 1,500,000
28 {No. § “ “ 28 2,600,000
29 |Golden Valley Irrig. 3834t 12 | 5 | 2,171.22] 940 1,231-22)..........
30 jRoth and Faurot No. Lt . [ 2,600,000
31 |Redcliff, South..........ovcvveen .+ 6 13| 6 | 2,450.88 1,187 1,263-88(..........
32 |Redcliff, East............. ces . 9 4,000,000
33 {Redcliff, West............. . 2 7 4,000,000
34 |Redcliff Pressed Brick Co.. .| sw. 9 1,800,000
35 |Redcliff Brick and Coal No. .| NW. 5 4,000,000
36 |Redeliff Brick and Coal No.3..... NwW. 3 5 2,000,000
37 |Dom, Glass Co..evvnvernnnnnnnn. SW. 17 3,147,000
38 |Redcliff Broadway SwW. 17 5,000,000
39 (Dunmore Junc... {NE. 1 9 [ .
40 |Dunmore............. ...|Townsite.. .
41 |Roth and Faurot No. vee 8 1,252

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

ressure. The rock pressure in Redecliff has always been higher than in Medicine

at; in 1925 it was about 475 pounds. Abount one-half the welle 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 Redecliff.

How far the gasfield extends beyond the present proved area has not been
determined. The Canada Cement Company’s well at Dauntless is a very poor one,
and the field probably does not extend south at this point. 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 field, 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—LS. 4, Sec. 6,
Tp. 13, Range 5, W. 4th Mer.”

I'd -
”

s e 1290

rd
S / Daunt/ess

4 - 1300
Geologrcal Surve 2y, Conada. ¢

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 commerecial 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 Pal®ozoic, 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 Well No. 2
(Sec. 8, Tp. 13, Range 6, W. 4th Mer.; Elevation, 2,490 feet)

Thickness Depth
—_ Feet Feet
Foremost beds
Buff-coloured and grey shale..............coiiiiiiiiiririnraneneene]ireneenennen 100
Grey, sandy shale and sandstone................cocvvnvuun.. 25 125
Grey 8andstone. .. e. v eeeeteeere i i aeann . 15 140
Light grey shale with sandstone..................cocvveneunn. . 20 160
Sandy, grey shale, CarbonaCeOUS. ... .o vvieieiinininnrinanne . 40 200
traceof coal..............ooiiiiiill . 10 210
Coal bed. .. .cviier ittt et i it e . 10 220
Grey to brown, coaly shale............cooiiiiiieiiiininenan.. . 10 230
Grey shale with tracesof coal........................ooee . 10 240
“ CAThONACEOUS TABLETIALE. o v v v v s vsvs e e e rnrnrons 20 260
“ “ It o v es et ee et e et e e 70 330
Pakowki formation
Light grey, sandy shale........ccooviiiniiiii it iiiiiieneninnns 10 340
Grey shale, darker...........oooiiiiiiiiiiiii e, . 120 460
Very fine, llght greyshale......cooooniiiiiei it . 30 490
Fine, grey shale. . ..o viouviniieeiii it es it . 20 510
Grey shale, slightly darker. . 10 520
Grey s .......... 50 570
, darker. 20 590
Brownish grey shale..............ooevenn. 70 660
Grey, sandy shale and calcareous sandston 30 690
Dark grey shale.... 100 790
Grey shale, darker.............. 10 800
Grey shale with a little bentonite. 30 830
Grey shale...........cvvvvieunnn.. 40 870
Samples MIBSINE. ... uit ittt et ie ittt 400 1,270
Alberta shales
L) 1Y L ORI 400 1,670
“ ¢ with sandy shale and sandstone.. s 20 1,690
AR 1 + i - IO 20 1,710
. 50 1,760
10 1,770
10 1,780
10 1,790
200 1,990
............ 210 2,200
brown to grey shale with sandy partings and sandstone 120 2,320
Dark grey shale with tiny, black chert pebbles..... 10 2,330
Sandy, grey sha.le with chert pebbles.............. 130 2,460
with some pyrite and bentonite. 245 2,705
Lower Cretaceous
Fine-grained sandstone with quartz grains and black, grey, and
green chert pebbles. .. .. ... coviiiiieieeiiireneiierninanaenen 35 2,740
Red shale with a little green shale... 20 2,760
Lighterred shale................... 30 2,790
Light green to bluish shale with some maroon to reddish shale.... 40 2,830
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Log of Roth and Faurot Well No. 2
(Sec. 8, Tp. 13, Range 6, W. 4th Mer.; Elevation, 2,490 feet)—Concluded

Thickness Depth
_— Feet Feet

Lower Cretaceous—Cone.

Light green to bluish shale; a littlecoal......................coint. 10 2,840

Light green to purplish red shale; a little coal e 20 2,860

Grey, green, and reddish shale................ eeeeaes 55 2,915

[ TS e B e Y- S 20 2,935
Ellis formation

Sandstone with some shale and dolomite.......c..cvveeveninnnnen. 5 2,940

Reddish brown and light greenish shale with some sandstone and

[0 00 1e) 4 10 2,950

Very fine sand . ... ... iinii ittt i it eaasn 20 2,970

Buff and brown, clay shale, calcareous and in part limy............. 60 3,030

Grey sandstone with dark grey shale (oil show).......cvovvvvnnnnn. 10 3,040

Grey, calcareous shale with pyrites............... 20 3,060

Fine, white quartz sand; water at 3,065 feet, 10 3,070

Grey and reddish 52000 BANASLONOS. <. - .« s onssoeos oo 80 3, 150

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 Palsozoic limestone, although it must have been very
close to it at 3,150 feet. The top of "the Pal®ozoic was encountered at
Roth No. 1 well at approximately 2,980 feet. A log of the Pal®ozoic sec-
tion in No. 1 well is as follows:

Thickness Depth

_ Feet Feet
White and pinkish, cherty limestone.............cccvvieviviiininininnns. 630 3,610
Dark SRale. .. ueiert it e e e 80 3,690
Greenish Bhale.....u. e ittt it et i e it 60 3,750
Samples very poor and indetermingate...............ovviiriiiiniriiaan.n 110 3,860
White and pinkish anhydrite and limestone...............ccccvevnnvva... 60 3,920
Grey limestone and black shale...............ciiiiiiiviiiiriviennnnen. 140 4,060

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 Coulée 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 coulées 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 Coulée 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
(LS. 8, Sec. 9, Tp. 3, Range 15, W. 4th Mer.; Elevation, 3,157 feet)

—_— Thickness Depth
Feet Inches | Feet Inches
BT O 20 0
Milk River
Brown weathering shale.............cooiviiiiiiiniieiiinnnes 20 0 40 0
Grey shaleand sandy shale.............cooiiiiiinninnenan... 0 0 80 0
VI8N e aase e eeeetensenesnneeneesosasesesanenusnneanaonnen 10 0 90 0
Dark gre?', carbonaceous, and lignitic shale..................... 10 0 100 0
Grey shale with a little sandstone.......o.covvveiiiaenennnna. 10 0 110 0
Light grey sandstone.............. e 30 0 140 0
Dark grey shale with plant remains e . 60 0 200 0
Light grey sandstone. ...oeveeeriiienrvnenrneensneens e 0 0 200 0
Light grey, sandy shale, sandstone, traces of lignite 170 0 460 0
Alberta shale
Dark grey shale with occasional sandstones. Traces of bentonite
Bt 830-840 foot. ... .vririiiiiii e 540 0 1,000 ©
Dark gfey shale, partly sandy...........cocoiiivviiivrnenanenn. 570 0 1,670 0
Dark grey shale with some bentonite.......................... 60 O 1,630 0
Dark groy shale.. . v, v reeerrersrnenroenrnrarerrarernecesocens 40 0 1,670 0
Grey sandstone and shale (water)...................ccooviennat 10 0 1,680 0
Grey shale and 8andstone.......c..o.ovueniriinineniirareenenns 50 0 1,730 0
Light grey sandstone (Water).........veiveeernereeraraearaees 10 0 1,740 0
Dark grey shale and sandstone.,...........cc.cveeeeieeenennnn.. 40 0 1,780 0
Grey, fine-grained sandstone.............ocvvrervrrreenrncnrens 10 0 1,70 ©
Dark grey, sandy shale and sandstone................ccoevuenn. 40 0 1,830 0
Grey sandstone (WALET)..ve ... ueeeeereerreeneereneenssoneesonns 10 0 1,840 0
Grey shale and sandstone with bentonite....................... 10 0 1,850 0
MIESSINE. .\ e s eeeeeeaenereeanerasanesensunenaenssnneneaneenenns 10 0 1,860 0
Grey sandstone, some shale and bentonite...................... 20 0 1,80 ¢
Grey shale and sandstone with bentonite,...................... 80 0 1,960 ©
Grey sandstone (water at 1,974-1,980feet)...............cocuenn 40 0 ,000 0
Grey shale and 8andstone. .......vovveenrnnnrerenerernraneneann 20 0 2,020 0
Grey sandstone. ... vuue e titnineiaaeieiaaiaeieniiaeaiaaas 0 0 2,030 O
Grey shale alternating with grey sandstone.............c.cccn.. 130 0 2,160 0
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Log of Commonwealth Milk River Wells
(LS. 8, Sec. 9, Tp. 3, Range 15, W. 4th Mer.; Elevation, 3,157 feet)—

Continued
f— Thickness Depth
Feet Inches| Feet Inches
Lower Cretaceous
Grey and greenish shale and sandstone.. . e 10 0 2,170 0
Grey 5andstone........cveeeeeneranaenn. .. 10 0 2,180 0
Green and maroon shale, some sandstone..........ccovvveuenen. 10 0 2,190 0
Grey SaNAStONe. .vu. et vnteneenenererereneeneeenrenesnassnncnns 10 0 2,200 0
Grey, green, and red shale and sandstone....................... 20 0 2,220 0
Red ghale.......ciiiiiiiiiniiiiii ittt iiieneeiannenanas 10 0 2,230 0
Red and green ghale. ...ooeeieiiriiniieniiieinerinenneaneens 10 0 2,240 0
Grey sandstone with someshale............cocovierienennneennn 40 0 2,280 0
Grey, green, and maroon shale..............cooiivviiiinnnen... 30 0 2,310 O
Grey 88ndBtONe. ..ov.seeeteenerenrtererarenenrnerennnaenreens 20 0 2,330 0
Grey, green, and maroon, sandy shale. .............cocvvenennns 90 0 2,420 0
Grey and green shale; ironstone at 2,500 feet.................... 80 0 2,500 0O
Grey and green shale, trace of marobn shale.................... 0 0 2,610 0
Light grey, shaly sandstone.......coevevniieniniiiineinnnenns 40 0 2,850 0
Grey, green, and maroonshale............coovviiviniiiinennn, 10 0 2,560 0
Light grey, shaly sandstoneand shale.......................... 10 0 2,570 0
EZZ'Light grey sandstone “‘Sunburst”’ sand.........c0iiiiiiiiann. 30 O 2,600 0
is
Grey and brown shales with glauconite..................cvunen 50 0 2,650 0
Light grey, calcareousshale...........ccovvvuiiiiriniiennnnennsn 60 0 2,710 0
Light greenish grey, calcareous, and sandy shale, pyritic........ 20 0 2,730 0
Light greenish shale, some white limestone and chert........... 10 0 2,740 0
Mississippian
Granular, white limestone, oil stained.......................... 40 0 2,780 0
Light-coloured limestone. .......o.vuviiiriiriirnreneneaenneas 160 0 3,640 0
Cherty limestone. .. .vueerereneteieeatinrnnereseenenissnsennes 110 0 3,650 0
Dark grey, calcareousshale...............cooiiiiiiniiiiienennnn 10 0 3,660 O
Dark grey, shaly limestone......... e 90 0 3,750 0
Light grey limestone..veeee.veneeieeeeiieiiieninevnnnrarenes 90 0 3,840 O
Devonian
Black, bituminous shale. ..... 30 0 3,870 0
Dark grey limestone and shale .. 30 0 3,900 0
MiSSIng.oveienerinenunansrennenns 70 0 3,970 0
Light grey limestone........cc.cveeunn.. 5 0 4,020 0
Grey to brown limestone and anhydrite..............ccovvvvnnen 20 0 4,040 O
Grey imestone. ..uuu e e enereinereneenecnaseneaneencennens 30 0 4,070 0
Light buff limestone, a little anhydrite......................... 50 0 4,120 0
Grey to brownish limestone with anhydrite at 4,170-4,180 and
at 4,220-4,230 f@et. e v vvrent ittt e i 110 0 4,230 0
Dark buff and grey limestone..........oouuveeiinienneininannns 440 O 4,670 0
Missing (may be the lower anhydrite zone of the Devonian). ... 65 0 4,735 0
Pre-Devonian, probably all Cambrian
Grey to light brownish limestone. .............ccoovuiiieenen, 91 0O 4,826 0
TV 46 0 4,872 0
Light brownish limestone.....................oooiiiia, 78 0 4,850 0
Very dark brown limesgtone, silty.................ccoiviienan. 145 0 5,075 0
I8N v ee et ieteeean e et e eat s e toan e e et 66 0 5,140 0
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-

153 & o+ S 9 5 5,149 5
Fine-grained, hard, black, caleareous shale..................... 1 0 5,149 6
Core lost, probably all shale........c.covveveveninrnne.n. s 2 0 5,151 6
Dark brownish grey, medium to coarse, crystalline dolomitic

limestone with partings of black, bituminous shale.......... 2 8 5,153 8
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Log of Commonwealth Milk River Wells
(L8. 8, Sec. 9, Tp. 3, Range 15, W. 4th Mer.; Elevation, 3,157 feet)—

Concluded
_— Thickness Depth
Feet Inches | Feet Inches
Pre-Devonian, probably all Cambrian—Concluded

Dense, medium grey, dolomitic limestone with thin, dark and

White Dands..coeuireneiirinteianiiiiieeitaaasiiseraranaen 3 6 5,157 2
Grey, subtranslucent anhydrite banded with dark, calcareous

shale in thin StrINgers. . .vvvveer et iiriiianeaeeranaas 0 10 5,158 0
Hard, dense, dolomitic limestone with mclusmns of anhydrite. . 1 3 5,150 3
Dark grey, thin-bedded, platy, fine-textured anhydrite......... 0 9 5,160 0
Brownish grey, coarse-gramed dolomitic limestone with some

inclusions of anhydrite.....ocvveeniniieeieniniiiieeaennnns 2 3 5,162 3
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, bituminousshale........................ 2 3 5,164 6
Brownish grey, sugary-textured, crystalline, dolomitic lime-

gtone with thin films of dark, bituminous matter........... 1 7 5,166 1
Core lost, probably coa.rse—gramed dolomite.....covernvnnienann 1 11 5,168 0
Brownish grey, medium-textured, crystalline, dolomitic lime-

stone. Gave a small oil show with chloroform............. 1 8 5,169 8
Light grey, fine-grained, crystalline, dolomitic limestone. . ..... 0 10 5,170 6
Brownish grey, medium-textured, crystalline, dolomitic lime-

stone with partings of black, bituminous shale. .. ........... 1 4 5,171 10
Light grey, dense, ﬁne—gramed anhydrite with thin films of

black shale and some grey, dolomitic limestone............ 2 1 5,173 11
[ 0 Lo T 5 1 5179 O
Dark brown, coarse-textured, crystalline, dolomitic limestone,

some brownish oil. Rock is of low porosity................ 2 0 5,181 0
Dark grey, dense to coarse-grained anhydrite containing small

percentage of lime. . ....... ..o v iniiiinenennnan beseiseneas 6 0 5,187 0
Coarse-f%ramed crystalline, pearly anhydrite,.................. 2 0 5,189 0
Hard, fine-grained dolomite interbedded with coarse, crystal-

Ime AN YATIte. .ttt tiiiiiiieiirnnnarereatrerareaaaaian 1 6 5,190 6
Dark grey, limy dolomite and anhydrite with a few partings of

dark, fine shale............. Cearerseeneresaraeas P 2 0 5,192 6
(8705 -3 Lo T 2 6 5,195 0
Light brown, soft, crystalline, medium-grained, dolomitic lime-

stone. Probably water-bearing..........vvvviiiienennnnnn. 1 6 5,196 6
Dark ireg toblackchert. ...coovvevr i nniniarinnnnns 0 2 5,196 8
Light sugary-textured, crystalline, limy dolomite......... 0 10 5,197 6
Dark grey, fine-grained, dense, limy, hard dolomite at top

grading to dense, blue, siliceous, limy dolomite......... . 2 8 5,200 2
Dark steel-grey, limy serxclte, coarse-grained, siliceous shale.... 0 2 5,200 4
Corelost,all shale........ooiviiiiiii ity 5 8 5,206 0
Dark steel-grey, sericitic shale with Lingula 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...........ooevune. 36 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. O. 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 Coulée Well
(LS. 13, Sec. 8, Tp. 1, Range 12, W. 4th Mer.; Elevation, 3,216 feet)

Thickness Depth
—_ Feet Feet
MBI ot ve e e veeeeennnnenrnaeerenesencasonenssnaasncssrasnnensessscnslocacarancnes 760
Alberta shale
Grey 8hale. .. ooooeeticiiiriieiiierereearaenarnratonannans Ceeneees 120 880
Grey shale with bentonite......ccoovvriiniiiiroriiiiiiieiinninns . 110 990
L6 12 7: - Y 210 1,200
Grey shale, very bentonitic.............. . 20 1,220
Grey shale, with grey, calcareous sandstone.............ccovivu. ot 40 1,260
Grey shale, with sandstone with bentonite, chert pebbles, 1,260
1,270, 1,340-1, 350 feet. . 170 1,420
White benf;omte .................................................... 20 1,440
Dark grey shale and grey sandstone, some chert pebbles and benton-
7T 120 1,560
Dark grey shale and sandstone with bentonite...................... 90 1,650
Dark grey shale and sandstone, chert pebbles at 1,670-1,680 feet.... 60 1,710
Dark grey shale and bentonite..........cooiinviineeneeieienennnnns 10 1,720
Dark grey shale and shaly sandstone 60 1,780
Darkgreyshale.............ccoviiiienenenenn. 10 1,790
Dark grey shale and bentonite................. 30 1,820
Dark grey Shale.....cuieeriiinriiinireraestenstoseraesisacaonesonn 40 1,860
Lower Crelaceous
Dark grey and green shale, and sandstone.................. v 20 1,880
Light grey and greenish sandstone, grey, green, and red shale. .. .. 60 1,940
Light grey and greemsh sandstone, and grey shale.................. 60 2,000
Grey, green, and red shale, and greenish sandstone.................. 90 2,090
Green shale, and grey and greenish sandstone, some red shale and
Dentonite. .. .ovvvererneenroserintancansons e it 150 2,240
Light green shale, some red shale.............. 10 2,250
Grey and greemsh sandstone, some red shale.. Gg g.g}g
nght grey FET:0 s s o5 - Y 2 2,320
B YN 50 2,370
Ellis, top of probably at about 2,360 feet
Grey, sandy, slightly caleareous shale with glauconite........covenn 10 2,380
Calcareous shale, much glauconite..........c.c.ouuu.. ces 20 2,400
Calcareous shale, less glauconite. . . 40 2,440
MUSSINE . v e eeererenrereraeneeaearasnarnnsnas ves 10 2,450
Light grey, caleareous shale, a little red shale.......... ces 20 2,470
Greenish grey, shaly limestone with some glauconite...... Ceeeeens 20 2,490
Greenish grey, shaly limestone with calcareous sandstone.......... 20 2,510
Mississippian
Grey limestone with chert and sandstone.......c.oveeeviivneiennnn. 10 2,520
Grey limestone with chert..........covevievennenns 10 2,530
Grey limestone, cherty, 3,330-3,360 feet, 830 3,360
Grey limestone......oveeevevineeensasnnsersonanons 90 3,450
Grey limestone and quartz sand............ o ederereesiiasaaaaaneen 80 3,530
Devonian
Black, bituminous shale................ P Ceesiaeaeaes [N 10 3,540
Grey hmestone ...................................... 10 3,560
Greenish, calcareous shale with anhydrite 40 3,590
Mostly anhydrite ANA ZYPSUIN . . euiieenrrveenerensoncaeracnssancnns 60 3,650
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Log of Range Oil and Gas Company Well No. 2
(LS. 6, Sec. 21, Tp. 1, Range 11, W. 4th Mer.; Elevation, 3,361 feet)

J—— Thickness Depth
Feet Feet

Missing.....oconvneeaannns N 110

Pakowki
Shale with sand, chert pebbles 120-130 feet.......cevvvvnveienennnn.. 20 130

Upper Milk River
Shale and grey sand, carbonaceous........ovveverereenirnaeneneana. 20 150
Light grey SARASTONG. » v ve e men oo oo 10 160
Light grey sandstone with a little grey shale........................ 40 200
Grey Shale. .. ciiiiiiieiiiniiiiietraaarerena ettty 10 210
Sandand shale.......ooviniiiiiiiiiiiiiiiiiieniireineraiosiesnaies 20 230
Grey shale, traces of hgmtlc materials.......ooiiieiiiiiiiieiena.. 20 250

Lower Milk River
Light grey sandstone........v.escveeieneeerernenneneneenrnceneneens 120 370
Light grey sandstone with shale...........ccovviiiiiiiiieieaennen. 10 380
Grey, clayey sand.......... e 30 410
Greenish grey, sandy shale......... ..o, 140 550
Some of the sandy shale may belong to the Alberta shale, L
There is, however, a very distinct colour change at 550 feet.

Alberta shale 1
Greytodark grey ghale......cooveieiiiiinenneenrsneesionnesenennns 510 1,060
Grey to dark grey shale with bentonite.............cocvvveveennan.. 10 1,070
Grey to dark grey shal ............................................ 650 1,720
Grey SADAStONe. ..\ uivinteneenerearenneencsoseneoasoaneanssnssonss 20 1,740
SAnAStOne WIth SBAI. . .v.nrvrsmensers oo, 100 1,840
SaAnAStOne. ...\ e vttt it e et it et et iaranan 40 1,880
Dark grey shale.. .. ......cvviiiiiiieeiiieiinneneesnseaasaenenenes 30 1,910
Grey sandstone with shale and bentonite...............c.ocvvnvenn. 40 1,950
Dark grey shale with bentonite.........cccvvvivierirnennenenenenns 40 1,990
Sandstone and 8hale.....coeivveiiinriiiiriiiriiiiieieiiieiiieians. 20 2,010
Grey 8anASbONe. .. uure it e e eseeeeneneeecarsnesenrasonenanaseennn 50 2,060
Grey to black shale, shaly sandstone, and bentonite................ 170 2,230
Grey to black shale..... A 60 2,270
Coarse grey sandstone. ........cveeieneeeses ettt i, 50 2,320

Lower Cretaceous
Greenand grey shale..........ocvvviiiiieneneniierrenenenanonnnns 120 2,440
Green shale, trace of coal 2,520feet........ccvvviiiviiiiiinirenns 100 2,540
Green and maroon shale..........c.ooiiiiiiiiiiiiieniiianien, ... 45 2,585
Sandstone and vari-coloured shale...............occeveiinnnn.. .. 25 2,610
Limestoneand grey shale........coccviiiiereiniieennenenences s 10 2,620
Grey shale. et ee e e 20 2,640
Grey shale and light buff limestone.................. vt 10 2,650
Coarse sandstone....... et iiaeeaeaas eee 10 2,660
Vari-coloured shale........... el 20 2,680
Light grey sandstone.......... vee 30 2,710

. Green and reddish shale 30 2,740

is
Grey, limy shale, slightly greenish.. e eee e, 70 2,810
Brownish grey, limy shale.............. s 20 2,830
Light bufi, grey, limy sandstone 10 2,840
Limy sandstone and light and dark shale.. s 30 2,870
White sandstone.........oceeieeeinnennnoanranes . 10 2,880
Green-grey, calcareous sha.le fossil fragment..... e 20 2,900
Buff limestone and green, calcareous shale. ... ... - 12 2,912
Green, caleareous shale............ooiiiiiiiiiii it ienn.., 3 2,915

Palzozoic (Mississippian) limestone

Cherty limestone, bluish grey........ccoveviiiiiiiiiniiiiieennenns 3 2,018

In the above log the descriptions are by J. G. Spratt, the divisions into
formations by the writer.
68386—113%
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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, lelted which attained a depth of

3,540 feet and penetrated 350 feet of Paleozoic Jimestone. The upper 1,870
feet of this well was drilled by jetting machine and consequently 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 Islands Oil and Gas Company, Limited, Drazan No. 11 Well
(LS. 13, Sec. 34, Tp. 13, Range 2, W. 4th Mer.; Elevation, 2,368 feet)

_ Thickness Depth
Feet Feet
RCEnt. .. ... vuerereaeaniiiisssensssesaossoseasssesonsosacnnssnscassaes 0 85
Foremost
Light-coloured clay and sandy clay..... e i, Ceveen 68 123
Grey sand, clay bands. .........vviiiieicieniererieronnsoccoanianan 36 159
Light grey and greenish clay, thin beds of sand............... Cerene 35 194
Brown, carbonaceous shale and coal...... Cererenenas e reereneaeanan 11 205
U A I s e v e e ee e ieetnseneneeeanasecenuasiosoanssssnssnsnaranans 14 219
Shale and clay, light grey, slightly sandy at intervals............... 70 289
Shale, grey, darker......o..utierrtrerrtrerrastoerseerancserioases 46 335
Shale, grey a.nd brown, coal seams and oyster beds........... PP 22 357
Shale, blue-grey . ... cvieeiriiiiiinieererearsorarecacattrancannsosns 18 375
Sandstone, greenish grey.....ociviiiiiiiiiiirieneiririnetiiiiaaan 15 390
Pakowki and Milk River equivalents
Shale, bluegrey.....oovivrvneneeerionnsnenns PR N 50 460
Sandstone, hard......ooovirieiiiiiiiiiiiii i . 2 462
Shale, BIUE-Zrey .. vvviernenreieriiereioernsasaranreteresesonnenns 368 830
Shale, PrOWI. . oiiitiiieneaiietereiiesitrenteessseresesansvesoanes 12 842
Sandy shale, black.......... Y 9 851
Shale, grey, dark, fissile........ccooiiiiiiiiiiiiiiiiiiiiiiiieiana, 14 865
Shale, grey, dark slightly sandy....c.oveviiiiiiniiinereriniennnns 20 885
Shale, blue-black compact, and fairly hard containing some fine
sand, thin bunch of bentonite.....covveiriiinriiiiiiiienns Ceaees 100 985
Shale, blue—black, and fine sand, steel grey.......cocvvvvieeieninn.. 130 1,115
Shale, blue-grey, fissile, laden with iron pyrites...e..ecccvvevvnn... 57 1,172
Shale, dark, compact..... PR 23 1,195
Shale, blue-grey, iron-stained from pyrites.................... Cevees 25 1,220
Shale, dark, compact, with fine sand partings yleldmg gas veeeaneaas 55 1,275
Shale And fine SANA. .- evenrrsenee e eerasnsnsnenenssenrnenens ves 45 1,320
Alberta shale
Shale and sandy shale. A speckled shale zone occurs at this horizon
with fossil shells and columnar caleite....covvvnieicvenrinnan.. 20 1,840
Sandy shale.......o.oviiiiniiieneearanstseiiosioraanen ereienanens 35 1,375
Shale, dark; bands of bentonite.......ccovvvereeeeienrreesarirneenns 48 1,427
Shale and fine sand, gas? Thls is proba.bly the equivalent of the
Medicine Hat gassand.........covveevenerncriecansranss P 13 1,440
Shale, dark bands of bentonite........covevieveeiiiiiiiinininenan.. 36 1,476
Dark, hard shale...... e eeiesisseneaisesateatintenrienannns 54 1,530
Soft, AATI SRALE. o vveeer s oo 20 1,550

1 This log is slightly modified from a log prepared by W. 8. Dyer and published in Geol. Burv.,
Canada, Ec. Geol, Ser. No. 5, pp. 5§4-55. 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
(LS. 13, See. 34, Tp. 13, Range 2, W. 4th Mer.; Elevation, 2,368 feet)—

Continued
_—— Thickness Depth
Feet Feet
Alberta shale—Conc.

Soft, dark shale............ ettt eeeneaaeaie et e atsesa e 20 1,570
Hard, dark brown shale..... 5 1,576
Soft, and dark brown shale 16 1,691
Hard, dark brown shale with fossils..............ccooveviiiniiiiinn 1 1,592
Hard, dark, sandy shale.......ovoivieenninriieneineneneneenannons 38 1,630
Grey, soft shale. ... ... oeeiii ittt i it e 30 1,660
Hard ironstone nodule?........vvveeneeerereienenioentoraniseaennss 2 1,662
Dark brown shale.....ovvvvetviivieenieenreerrassacsuenseneaanenanss 8 1,870
Hard ironstone nodule........covevvrireeiiirerraneneeenreneennones 1 1,671
Soft, dark brown, sandy shale.........cc.ooviiiiinnniinininein 9 1,680
Hard ironstone nodule...... b et et aaan 0-5 1,680:5
Dark brown, coarse, sandy shale........c.coiieririieenrnnivanienns 395 1,720
Dark brown, hard and tough shale, and finesand................... 86 1,806
Hard, dark brown shaleand sand..........oooiiiiiiinininanannn. 4 1,810
Light brown sand and shale..........ocoiviiiiiierenniinareenann. 50 1,860
Hard, brown sand and ironstone.......coevevreeieirieneenrneiaenenns 10 1,870
Hard, grey sandstOne. .. ...oeeuenereereneneeneneorenrnrenaneaenonns 12 1,882
Shale and sandy shale 43 1,925
1T ) N 37 1,962
Shale, part of core only 48 2,010
Sand and shaly sand, part of core only 23 2,033
MiSSING. c0vrveeeniecneranenieiacnannannns 7 2,040
Shale...oo.viiiivieinnnnninens 43 2,083
Shale grading to sandy shale...........ccoeieirireiiniinireenens 20 2,103
Shale, only a few inchesrecovered..............ovviiiviiiiiiinnean. 18 2,121
Shale, a few inches of sandstone at 2,160 feet........................ 39 2,160
S ] 01 1 PR 24 2,184
Core lost except a few inches of shale.. 24 2,208

P 86 2,204
Sandy shale to sandstone.. 4 2,208
Sandstone and sandy shale 37 2,335
[0 1T 1 7o) 1T 25 2,360
Sandstone and sandy shale 65 2,425
1 T U 5 2,430
Missing except a little shale and bentonite?......................... 11 2,441
Sandstone and shaly sandstone. Bentonite reported at 2,456 feet.... 47 2,488
Sandy ghale. . ..ot i et cire e 32 2,620
Only one foot of shale recovered. Some bentonite? at 2,530 feet. . .. 12 2,532
Shale, DIt XECOVETY .. uveeereieetraearenensneensoneetscersseneross 50 2,582
Shale, dark.....ccuvneriiireii ittt 85 2,667

Lower Cretaceous

Yellowish grey, crossbedded sandstone.............c.oovvevieninnn. 87 2,754
Shale, green......c.coviiiiiiiienaanianns .. 7 2,761
Shale, grey, green, and reddish.. .. 32 2,793
Sandstone, grev.....o..veennn [N .. 15 2,808
Shale, bl K. oo s oo 8 2,816
%,ndsbone, DY v e v tneees caoaaneeareerernconnsanssnnnn P 2 2,818
Shale, red, oil show 2, 808 to 2,822feet...cuiiiiiiiiiiiiiiiineiien, 4 2,822
Shale, grey, sandy.......cooveeevirennnnenn. .. 13 2,835
Shale, chocolate-red... .. 5 2,840
Shale, grey............ .. 9 2,849
Shale, black.. .. 1 2,850
Shale, red..... .. 8 2,858
Shale, gT6Y.....ovvviiinniirnennsnens .. 12 2,870
Shale, black, carbonaceous in places.... .. 3 2,873
Shale, grey, 8andy.....ccovverereeannns . © 16 2,889
Sandstone, grey............ .. 15 2,904
Coarse, grey sandstone............... ettt 33 2,937
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Log of Many Islands Oil and Gas Company, Limited, Drazan No. 1 Well
(LS. 13, Sec. 34, Tp. 13, Range 2, W, 4th Mer.; Elevation, 2,368 feet)—

Concluded
—_— Thickness Depth
Feet Feet
Ellis

Light-coloured, hard, sandy limestone.............ocvveiiecnvunnns. 5 2,942
Groy shale. ..ottt e it e it ae e raaanans . 21 2,983
Grey, arenaceous limestone and some shale. 8 2,971
Hard, grey shale.. .......covviiiininenninnnna. 5 2,976
Grey ‘shale with streaks of limestone and sandstone 10 2,986
White or light grey, argillaceous limestone very like Jurassic of Sweet|

Grass Hills but somewhat lighter colour. Show of oil between

3,005 and 3,018 feet. .. cvvuerreriiiaiite i, 50 3,036
Grey, ﬁne—gmmed argillaceous limestone. .. 9 3,045
Grey, fine-grained sandstone...........cooveenveiniineninennnn. .. 13 3,058
Light grey, hard, argillaceous limestone...........ccoeeveeiennnns NS 7 3,065
Very hard, grey, sandy shale...oovviiii i e 2 3,067
Pale grey, argillaceous limestone.........oovviiiviiiinniniinnann, 2 3,069
Black 8Rale. .ovie it e i i e e e i 2 3,071
Grey, arzillaceous limestone. . .........vviiiirinnrrrenennnennn. 5 3,076
Shale and limestone, grey, hard..........coiiiiieiiiiiniennnnnees 4 3,080
Dark grey, soft shale. .......oiuiiiiiiiiiiiiii i iiieniiiarianeans 3 3,083
Grey limestone, hard...............ooiiiiiiin., e 3 3,086
Grey,and dark shale..........cviiiiiiiiiiiieiiniinrenanennas 5 3,091
Grey, sandy s8hale.....c.ocviriiniiiine ittt 8 8,099
Black 8hale. ... v. ettt e e e 4 3,103
Green, sandy shaleand pyrite...... .......covevriiivnnrnnnn. 7 3,110
Light grey, argillaceous limestone with erystalline quartz 3 3,113
White, rather hard limestone, very porous with show of heavy

black oil between 3,113 and 3,123 feet........ccccvveviniennnnnns 27 3,140
White, chalky limestone, porous toward top.................... 15 3, 155
Green, 80apy Bhale. ... .. e i, 8 3,163
Hard, white limestone...........coviiiiiiiiiiiiiniieennane.. 2 3,165
Green shale.......ooiiiiiii ittt cii ettt 1 3,166
Hard 1Hmestone. ..o uueeureeerneeerunrererniierernserreanans 8 3,174
Softer Imestone. v v ie e i eeriteneiraaneeeraenennannnen 2 3,176
Hard, white lImestone........couvirrveeneeierenenereeanenanans 2 3,178
Soapy, green shale...... 5 3,183
Grey limestone......... 1 3,184
Greenish grey, soft shale..... ..., 6 3,190

Pal@ozoic (Mississippian)

Light grey limestone, erystalline.......c.coiriinininireenrncnenen. 3 3,193
Somewhat mottled, brown and grey, very hard limestone.... 2 3,195
Grey and white, crystalline limestone.............c.ccvvinn.e. 26 3,221
Cherty limestone, not crystalline, grey and brown mottled.. 2 3,233
Grey, sandy 8hale. ....o.iiiiiirnreeriieneneanearenanranans i 3,234
Cherty, mottled limestone, grey and DIOWI. «onvv e 6 3,240
Grey limestone, crystalline inplaces...........cooevvvvenn... 18 3,258
Grey, non-crystalline limestone, with crinoid stems........... 11 3,269
Grey limestone, more crystalline..........covvvervnnenennn 3,272
Grey limestone with. crinoid Btems..........oeveeviveenannn ces 18 3,290
Hard, grey limestone. Spirifer at 3,202feet.................co..v.. 34 3,324
Hard, grey limestone, more crystalline. Large, brachiopod-like

Productus at 3,325 feet....ooovuene i ieiiiiiiiiiiiaiiennn 4 3,328
Grey limestone with very numerous crinoid stems and sections of

brachiopods. .. ..veviiieiirerineiiiiieicnirernaniatnens Ceeinas 13 3,341
Grey, sandy lImestone. .......corevveeeiransnranierenneeaanneeanns 4 3,345
Grey limestone full of crinoid stems and with some brachiopods;

black chert from 3,353 t0 3,354feet.........ooovvevivninnnn. . 29 3,374
Dark, hard limestone with fossils..........c.c.coovvieunenn.. . 9 3,383
Dark grey shale, hard....... et e e, ... 7 3,390
Calcareous shale, hard...... ..ottt iiiiiiiiiiienriaeanes 11 3,401
Calcareous shale, streaked with sandstone layers................... 34 3,435
Dark brown limestone. . .. ..ocvviniineeiiiiniiiirierioienereeionss 10 3,445
Grey, fine-grained, sandy limestone with black chert............... 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 Laeke 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 See. 18, Tp. 11, Range 3 (4 miles south of
Irvine), it is 2,631 feet; in Sec. 18, Tp. 11, Range 29, W. 3rd Mer. (5 miles southeast
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 8. 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 outliers, such as Eagle Butte, are
cut off from the main upland by a large valley known as Medicine Lodge
Coulée. 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
Tertiary
Upper? Paleocene Ravenscrag
Whitemud
Mesozoie 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.

Feet
Uppermost member: silt and fine sand, pale buff, transitional
above to the Whitemud formation.......ccevevevnuvennns + 30
Carbonaceous member: alternating sand and eclay, with carbon-
aceous beds and at least one lignite Beam .......000nveennn. 49
Upper sandstone member: sandstone, soft, massive, crossbedded,
grey, buff, of Brown ....ccevevieiiineeiineoineeconaaezons 37
Shale member: ghale, friable or fissile, grey-brown, sandy or ben-
tonitic in places; some clayey sandstone; marine fossils.... 95
Lower sandstone member: sandstone, soft, massive, crossbedded,
grey and grey-buff, finely banded with brown......cvoveennn +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 sandstone and the
carbonaceous member apparently disappear to the east.

A somewhat  thicker section of the Eastend formation was measured
in Medicine Lodge coulée, 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 Whitemud formation is the most conspicuous geological horizon in the
area, a detailed section is given below. This was measured in Medicine
Lodge coulée, Sec. 31, Tp. 7, Range 3, W. 4th-Mer.

Feet
Argillite or tuff, siliceous, hard, compaet, light grey.............. 0-5
Clay, friable, plastic, dark grey-brown.......ccoeueeeveeenaeennns 27
Clay, somewhat kaolinized, friable, white to light grey .......... 4
Clay, friable, plastic, dark grey-brown ........ececivievceannanes 55
Clay, light grey, white-weathering...... ....vovieiinenannneaaes 1
Clay, friable, black, refractory .......ccvveviviiiieerinnnennnns 1
Clay, friable, light greenish grey ......conveiveinienceonsarenes 1-5
8ilt, kaolinized, white .....ccveiiiineerenininnnnnecerrnarnnns 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 Coulée, 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 cbservations 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 destruction of
the bedding is well shown in Frenchman River Valley, between Eastend
and Ravenscrag, Saskatchewan. In FEagle 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 structural
features unless corroborated by other evidence. As a check on the 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 are de-
seribed from south to north, so that the more regular conditions may be
examined first.

One section lies in a morth-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. Williams (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 eastward dip appears, as
determined from both the Whitemud beds and the carbonaceous member
of the Eastend. This inclination is slight on the east side of Medicine
Lodge Coulée, 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 Coulée. At the latter place
Bearpaw beds outerop about 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 outerop 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 part to slumping. The presence, also, of a true
northerly dip in this vicinity is shown by the occurrence of the Eastend
coal in Sec. 28, Tp. 8, Range 4, W. 4th Mer., 50 to 75 feet above 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( Sec. 2, Tp. 9, Range 5, W. 4th Mer.). The conditions here
have been well described by Dyer. 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 & 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 that 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. Structural 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 Welll
(L.S. 4, Sec. 30, Tp. 7, Range 3, W. 4th Mer.; Elevation, 3,854 feet)

— Thickness Depth
Feet Feet
Sand, gravel, etC....uvuvriieit it e, Ceeevaes 50 50
Bearpaw
Grey shale with sandy streaks.......... e Cercnernaa. 800 850
Grey shale, a little sandstone.........coeeuvennnan.. e 30 880
Pale beds?
Grey shale, carbonaceous streaks..........covviiriiniiinrnnvinennss 170 1,050
Grey shale, coal fragments........... .. 50 1,100
Yellowish grey, sandy shale.......ccooevvnnnn.. et 110 1,210
Yellowish grey sand.........cccovieiiiiviinierannannnns e, 10 1,220
Yellowish grey, shaly sandstone.......cocooviieiiiiinininninrnnnnnss 10 1,230
Yellowish grey, calcareous sandstone... AP .. 20 1,250
Yellowish grey sandstone...........ovvveveene.n e .. 30 1,280
LG5 -5 Lo P .. 10 1,290
Dark grey sandstone and carbonacecus shale............... .. 10 1,300
Grey 8and.....ooiveiienie it eiaeaas .. 10 1,310
Grey, shaly sand. . .......oviiriin it riieeteeeiaareneanas 50 1,360
Foremost
Dark grey 8hale. . ... .ovi vt i et 70 1,430
Dark grey shale, with coal.. .. 10 1,440
Dark grey shale............. 50 1,490
Dark grey shale with coal 10 1,500
Dark grey shale with coal and fo: 10 1,510
Dark grey shale with coal........... 10 1,520
Dark grey shale in part carbonaceous 40 1,560
Dark grey shale with coal............. 10 1,570
Pakowki
Yellowish grey shale, slightly bentonitic................. .. 540 2,110
Milk River
Grey, sandy shale, black and yellowish, chert pebbles 30 2,140
Sandy shale............ovevvunn. 45 2,185
Light grey, calcareous sandstone............. [} 2,190
Grey shale and sandstone, water at 2, 200 feet 10 2,200
Grey shale in part sandy 220 2,420
Alberta shale
Grey shale (speckled shale zone) 20 2,440
Grey shale 220 2,660
Grey, bentonitic ghal 30 2,690
Grey shale 430 3,120
Grey, bentonitic shale.. 10 3,130
Grey shale, some bento! 180 3,310
Grey shale, very bentonitic............... 10 3,320
Grey shale, bentonitic (much at 100 3,420
Greyshale...................... 150 3,570
Grey shale and sandstone, benton 10 3,580
Grey shale, a little sandstone........ 50 3,630
Lower Cretaceous (marine)?
Grey sandstone, a little shale. . 10 3,640
Greysand........ccooevnnnn. 40 3,680

1 Log of well and conclusions based on comparison of the two wells by G. 8. Hume,
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Log of Eagle Butte No. 2 Well
(L.S. 4, Sec. 30, Tp. 7, Range 3, W. 4th Mer.; Elevation, 3,854 feet)—

Concluded
Thickness Depth
e Feet Feet
Grey sandstone, inpart shaly.........covvrvriiieniiiiiieeniiannns 60 3,740
Dark grey shale................ e 60 3,800
Dark grey shale, bentonitic.... .. 20 3,820
Dark grey shale............... .. 250 4,070
BT 1Y 40 4,110
Lower Cretaceous {non~marine)
Brown and greenish shale...............cciciiiiiiiiiiiiiiiiaannnn, 60 4,170
Grey and greenish shale and sandstone., . e 30 4,200
MASSINE. oottt eenr e ieneraenansaantanasnnnnns cae 20 4,220
Grey sandstone with maroon and green shale. .. e 10 4,230
Greenish shale, some sandstone....... Cereeaes 10 4,240
Greenish and maroon shale....... ceen 10 4,250
Grey sand........iveevieannnenas e 20 4,270
Grey dolomite and gand. ... .....covieiniierianinrenenenennaeraaonsn 20 4,290
[ % Vs O AR 30 4,320
Grey SandStONe. .ouve vt tenrreree e enreeneeaenenriasaeeraaonneeies 10 4,330
[0 = T R P 10 4,340
Brownish, sandy shale.........cooiviiiiniiiiiniiieiiiiieiaeeaaen, 20 4,360
Ellis

Greenish grey shale, ealcareous. ........covviverennreenereenroneans . 170 4,530
Greenish grey shale, and sandstone...........coevveverenenenaes P 10 4,540
Greenish grey shale, with limestone...............c..covviinienees, 30 4,570

reenish grey shale, a little limestone............... e, 30 4,600
Light buff limestone and grey shale.............cocieveieniainn.n. 40 4,640
Greenish grey Shale..ivv.veueenrienesierraensornceessoncrcocnsuones 20 4,660
Limestone.......... e et ae et 10 4,670
Greenish grey shale.......o.oovoiviriineiiniiiiiiiiiieiiiiiinnaen, 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 distinet 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
Palxozoic limestone, but finished in the Jurassic (Ellig).

A comparison of the log of No. 1 well on L.S. 9, Sec. 31, Tp. 7, Range
4, with No. 2 well on LS. 4, Sec. 30, Tp. 7, Range 3, is as follows:

— Well | Depth | Elev. of :
No. Feet horizon Difference

Coal at top of Foremost. .......coovviveiineiinnrnnans 1 1,210 2413 -1
2 1,440 2414

Top of Milk River.......coiveiiiiiierenninrreninnnss 1 1,880 1743 -1
2 2,110 1744

Top of Albertashale.................coovven. P 1 2,130 1493 +50
2 2,420 1434

Top of marine Lower Cretaceous........ [P PP 1 3,330 293 +69
2 3,630 224

Top of non-marine Lower Cretaceous........coouveen.. 1 3,805 —182 474
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 suggests 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, Well No. 1
(L.S. 15, Sec. 34, Tp. 17, Range 8, W. 4th Mer.; Elevation, 2475+ feet)

—_— Thickness Depth
Feet Feet
0 P PO 80
Pale beds
Light grey, argillaceous sandstone............coovuiiieeeneneieancnns 50 130
Light grey sand with water at 141feet..........coovveerininennn.. 30 160
Tronstone band.......ue.vueniiiierereiienrierarieiniacnienaieians 2 162
Pale grey sandstone and shale............. e 18 180
Light grey shale...........coevviiieennnen 10 190
Grey shale with carbonaceous partings. ... e 20 210
Pale, yellowish grey shale............ccoiiiiiiiiniiiiiiieniarnans 10 220
Soft, light grey sandstone with shale...........c.ocvvivivinnnnn, 20 240
Light grey shale with plant remaing........c.ovviiivninienenenenan. 10 250
Foremost beds
Grey to dark brown shale with coal fragments. .................... 10 260
Fine-grained, light grey sandstone..........oovoviiviinnininenennnns 10 270
Grey to dark brown shale with coal fragments..................... 20 290
Coal and dark brown, carbonaceous shale ves 10 300
Grey shale and coal fragments................ et 90 390
Grey,sandy shale........c.....ooveiuann, [ 30 420
Grey, sandy shale with coal fragments... ...........covvvienenenn.. 70 490
Grey, sandy shale with sandstone............ooveeineneeninennn.. 10 500
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Log of Onterio-Alberta Oil Development Company, Limited, Well No. 1
(L.S. 15, Sec. 34, Tp. 17, Range 8, W. 4th Mer.; Elevation, 2,475+ feet)—

Concluded
Thickness Depth
—_ Feet Feet,
Fine-grained, light grey sandstone, some shale and coal............. 10 510
Light grey, argillaceous sandstone............covevinennn. 10 520
Fine-grained sand with traces of coal.................. 10 530
Fine-grained sand . .....ccoiiveriniienriirines cunnnns 10 540
Fine, sandy shale..........c.ooiviieiaiiiiiinininnnn,s 10 550
Fine-grained, grey 8and.........cocvevirnennrnennnnn 10 560
Sandy shale with plant remaing. . ........ccoioeinann. 10 570
Fine-grained grey sand with sandstone.............. 20 590
ME SN . ottt e ittt e e eaa s e senaeansaneraseaneanaranssennenns 70 660
Pakowkz and Milk River equivalents?
Dark grey shale, in part sandy (Foraminifera).........voveveienen. 80 740
Dark grey shale, with sandstone.............. .. 20 760
Fine-grained, grey sandstone (water)........................... .. 10 770
Fine-grained, grey sandstone with ironstone and coal fragments .. 10 780
Fine-grained sandstone with shale. 10 790
Grey shale with some sand........ 130 920
Grey shale with bentonite...........coevvenenin.. 50 970
Grey 8hale. .. .vviee ittt et 40 1,010
Grey shale with sandy partings (gas show reported at 1,108 feet)... 190 1,200
Grey shale, partly sandy. Gas show reported at 1,210-1,215 feet. . 20 1,220
Grey shale containing traces of pearly shell fragments and sandy
layers. Gasshow at 1,300-1,316feet..............covuenan... 90 1,310
Grey shale.....iieeriienieneereroreneeneroreneraeeecneenasnenaees L. 60 1,370
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............. 110 1,480
[ =) Y2 - TSI 70 1,550
Grey shale with bentonite and sandstone..........evevierenrennenns 160 1,710
Grey shale, darker, trace coal at 1,770 feet..............ooenvennse. 250 1,960
Grey shale, darker and more fissile below 1,980 feet................ 150 2,100
Dark grey shale with sandstone and glauconite........coiveevnnn.n. 20 2,120
Sandy shale with traces of shells of columnar calcite................ 30 2,150
Grey to black shale with traces of bentonite 60 2,210
MiSSINg . . eee et ieeeriecsrneriisstencnenancenns 60 2,270
Dark grey shale. . ...o.ovoiiiiiiin ittt i enaeeneeeneeans 160 2,430
Sandstone with glauconite and chert pebbles (water)................ 10 2,440
Lower Cretaceous? und Ellis?
L 1T 3703 1T N 50 2,490
Dark grey shale with 8andstone.........ccvviiiienerirriniennnennns 40 2,530
Grey, fine-grained sandstone, some shale...........c..cocvvvvvnrenn.. 110 2,640
Dark grey shale......ooovvveierirenennenens .. 40 2,680
Sandstone with chert pebbles..... .. 20 2,700
Dark grey shale with some sandstone.............ccovveenunnn. .. 60 2,760
Sandstone with chert pebbles at 2,780 feet. Water at 2,797 feet...... 40 2,800
Shale and sandstone, traces of P P R 40 2,840
Grey shale with brown and reddish ghale. . .....o.vommeoerrrirnrins 50 2,890
Grey SandStOne. . vuvrve et irereenrnsnseeraenasnsoneeceessvnensne 20 2,910
[ -1 V-1 2= S 150 3,060
Grey shale with dark brown oil sand...........cccoevvvviennennnnn.. 20 3,080
Grey Bhale. .. ivieien it iiee s et it eaereearanenaerentaneans 10 3,080
Grey shale, little pyrites and sandstone. Water at 3,097 and 3,105
feet 10 3,100
Grey shale 20 3,120
Missing 50 3,170
Pele@ozoic
Limestone with chert 40 3,210
Limestone with shaly fragments 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 73 feet a mile. This
is probably not the true dip since the regional dip is supposed to be
northeasterly. .

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. |Range| Mer. | Elev. | Depth | Year Results

Feet | Feet |drilled

Prior to
No. 1...| SE. 32 18 14 41 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. {t. a day
No. 4... 12 33 18 14 41........ 1,370 1931 [Gas at 1,198, 1,329-1,332
feet. 200,000 cub. ft. a day
No. 5... 4 33 18 4 41........ 1,297 | 1932 |Gasat 1,191 feet and at lower
gepths. 160,000 cub. ft. a
ay

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 Alberts,
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.)

J— Depth Thickness
Feet Feet
Glacial material. . 35
BT T 55
Pale beds
TLight grey Sand...cccvirvnn ittt ereirsrsnenerennnesnannninn 10 65
Light grey, argillaceous sand and shale.................c..oiventn. 9 78
MBI ¢ et i te et ttaeeieeesaenssosenasenaesnosssanssaneenasnones 10 86
Grey shale, coal fragments..........coviitviiiiiierareneennennss 10 96
Dark grey shale, bentonite and coal ........................ 10 106
Ma8SIME . o vt vt ettt te e eneannrsnrennaaseonsenssansanneensanesen 10 116
Greenish grey shale...... ... . iiiiviriieniiiiriininenrrereeennnss 10 126
Light grey, sandy shale with ironstone..........cc.ovvvvivniinenenns 10 136
Light grey sandstone......uueeirrinintvrnentreiseeaveseerananenons 20 156
Light grey, argillaceous sandstone........vvevevrirenrenrneenanenns 10 166
Greenish grey shale.........oiiiiiiiiiiiiiiiiieiiiieneinnnnanes 10 176
Light grey, argillaceous sandstone. e ie e iaetaiaiesaneeeraaaaaaan 10 186
Grey sand and argillaceous 8and.....eueveeiiieniiinnenencninenenens 10 196
M ISBIIE . o v ea sttt e ee e eneeunaeasenansnnsasasesenrasonatanensnnas 29 225
Light grey, argillaceous sand.........oovviiiieiiiiinreerrnnrennenns 5 230
SSIM . ettt e e ve e e ne e e et e oot eneuebenaa e neaaens 10 240
Dark groy shale. . coovuiiiiie i eirreienerrnrrrenrisrorneananenns 7 247
Light grey 8and....covviievnnniinrerereurnenenurirerensenenevecncns 4 251
T 1P 49 300
Light grey (salt and pepper) 8a0d. ......vovrenrenernrrensonneens eee 25 325
Greenish grey, sandy shale w1th IronStone. . .vvvvviiii it 25 350
Fine, grey Bana. ... ccuuiretionnrrrveeieeranesensnesnrosesonennenens 30 380
Grey (salt and pepper) gand...... e te et e aeaaaas 33 413
Foremost beds
Dark grey shale, sand and coal.......... 15 428
Dark grey shale, sand and much coal. 111 439
Dark grey shale, sand and coal...... 10 449
Dark grey shale and sand... .. 11 460
Grey sand and coal......... e et e ety 11 471
Grey shale, sand,and coal........ooiiiiiiiiiiinii i 20 491
Grey shale, and much coal............ et aa e, 10 501
Mostly coal, alittlegrey shale.........oouvuiiiniieiereninnennss 10 511
Grey shale......coocovvennnnn, et et re e ettt 10 521
Grey shaleand €oal........iviiiiineiininineinnueroraaneneanenns 10 531
[ ) T 9 540
Grey sand.......covivreierernracrenenccnonenes et 10 550
Greysand and shale..........cvuiviiieiaininrirareecnenenenenennnn 10 560
Grey 8hale. . uiiie it i it e e it re it ereas 40 600
Dark grey shale and sandy shale...............ccoiiiiiiiaaine, 20 620
Greenish grey shale, ironstone and fossil shells...................... 20 640
(€ A 1T S D 50 690
Greysand.............. et et e et e e, 15 705
Greenish grey shale.............. N 15 720
Dark grey 8hale. ... ouueeiiereineuereernaeearneenstaeserioseennens 50 770
Dark grey shale with coal..........ccoviiiiiiiniiiiiiiiiiiiiinnen, 10 780
Dark grey 8hale. ... ovvuiieni et i iaareaena 20 800
Dark grey shale with coal and fossil shells...................oovutn. 46 846
Mostly coal, 20,000 cubic feet of 88 .cvvrrvineriienrnnennnenns. . 4 850
Dark grey shale, sand, and €oal......vu. i iiiiiiiiiie i .. 15 865
Dark grey shale, sand coal and fossil shells .. 15 880
Light grey, fine sand.,........... et e it 15 895
Light grey, fine sand and shale...... 5 900
Lightgreysand.....o.o.oviiiiiunnnns 10 910
Equivalent of Pakowki and Milk River
Greenish grey shale (a few coal fragments at 930—935 ieet) 145 1,055
Dark grey shale 25 1,080
Grey shale with fine sand . 5 1,085
Grey shale with a few coal fragment; . 5 1,090
(€ 1+ V- T U AR 30 1,120
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Log of Brooks No. 1 Well

(S.E. Sec. 32, Tp. 18, Range 14, W. 4th Mer.)—Continued

68386—12

— Depth Thickness
Feet Feet
Equivalent of Pakowki and Milk River—Concluded
Fine, grey 8and. ... ...vuiiniinneenirraniaeecanaeeinans P 15 1,135
Fine, grey sand and shale 20 1,155
Greyshale.................. 10 1,165
Fine, grey sand............. 5 1,170
Grey shale and fine sand.... 5 1,175
Grey shale........c.counuunn 20 1,195
Grey shale and fine sand.... 25 1,220
Fine, grey sand............. 40 1,260
Fine, grey sand and shale. .. 15 1,275
Fine, grey sand............. 10 1,285
Fine, grey sand and ghale 25 1,310
Fine, grey sand, shale, and coal fragments................ 5 1,315
Fine, grey sand and shale............cccviveiiiiiiiinans. 10 1,325
Fme, ErOY BANA. ... .\ evtareritranerneenaraaeianereraes 10 1,335
Fine, grey sand and shale................cooveiineene, 5 1,340
Grey shale and fine, grey sand......................... 5 1,345
Fine, grey sand and grey shale..................cvevuennn 15 1,360
Grey shale.....verii ittt 10 1,370
Fine, grey sand............. 5 1,375
Fine, grey sand and shale. 15 1,390
Grey shale................ 5 1,395
Alberta shale
Grey and fine sand; speckled shale with columnar calcite and
shell fragments..e....cveiiiniiiniiniiieninns . 5 1,400
Grey, sandy shale, fossils, etc...................... S 70 1,470
Grey shale and sandy shale......cooiiiriiiiii it 10 1,480
GTeY SANA ..ttt i et ettt et e ettt et eene et aan e araeaanenn 10 1,490
Grey sand and shale with brown, chitinous fish remains............ 5 1,495
Groy, sandy 8hale........viviireeii ittt 10 1,505
Grey shale and sandy shale..............coociviiii e 30 1,535
Grey sand, fossil shells........cviiii i iiieeenane 5 1,540
Grey SBANA . ... veenerererantennsineeneennsenneennmaneeneeneannses 15 1,555
Grey shaleand sandy shale...............coiiiiiiiiiiiiiiiiin., 20 1,575
Grey shale and sandy shale, a few small coal fragments............. 5 1,580
Grey shale and sandy shale with fossil fragments................... 10 1,590
Grey sand and 8hale........oivverniinin it ciiini e 10 1,600
Very fine, gZrey 8and ......ocvvuveitiinen it iiaiieineieaeeanan 15 1,615
Greysand and shale.............oiiiiiiiiiiiiiiiiiniiininiaanas 5 1,620
[ Y T 30 1,650
Greysand and shale....... ..ottt 20 1,670
Grey shaleand sand...........ccouieiviinerernninrinnneneninenennns .25 1,695
Grey, sandy 8hale. . ....uveevirierene et 10 1,705
Grey Shale. .ot e i e 710 2,415
Grey shale with quartz sandstone........ovovviiiiiiiiiierinenenens 10 2,425
Grey sandstone and sandy shale...........covoviin i iinnennn. 20 2,445
Grey sandstone with carbonaceous streaks and sandy shale......... 5 2,450
Grey sandstone and sandy shale...............ooo i, 15 2,465
Dark shale, partly 8anAY...cocueereenieeeieenererernernerenennnn. 5 2,470
Lower Cretaceous?
Dark shale, quartz sandstone, and bentonite........................ 5 2,475
DAark 8hale. ... ouee i iiai i e e i 10 2,485
Dark shale and quartz sandstone................ et 5 2,490
Grey sandstone and sandy shale............. ..o oot iiiiiian, 25 2,515
Grey sandstone and sandy shale (columnar calcite of fossil shell
attached to sandy, shale fragment) 5 2,520
Grey sandstone and sandy shale.... 10 2,530
Mostly dark grey shale. ................... 15 2,545
Dark, sandy shale and light grey sandstone 40 2,585
Dark, sandy shale and light grey sandstone with bentonite 5 2,590
Light grey sandstone with a little dark grey shale and bentonite..., 25 2,615
Light grey sandstone and dark grey shale.......................... 5 2.620
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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 Cretaceous?—Concluded
Light grey, quartz sand.........covieieneninreeeaearoncaranraneess 8
Mostly dark grey, sandy shale...........coooiiiniiiiiiiininianennns 7
Light grey, quartzsand.............coiiiiiiiiiennnnenrann, feeanees 5
Light grey, quartz sand and dark shale...................c.co0vuts 10
Light grey, quartz sand, dark grey shale, and bentonite............. 10
Dark grey shale and light grey sandstone...........ocovirinnnnnnnn. 10 2,670
Dark grey shale, light grey sandstone, and bentonite............... 5
Light grey sandstone, dark shale, and bentonite.................... 5
Light grey sandstone........ e eeenoureneneneeecnesasoserasacnones 5
Light grey sandstone, dark shale, and bentonite.................... 20
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
Dark shale, light grey sandstone, and bentonite........ 10 2,755
Dark, sandy shale..........coiviiiiiininnneinnneann 5 2,760
Dark, sandy shale, light grey sandstone, and bentonite. . cens 15 2,775
Light grey sandstone. ...oo.u.evtenenenrrirnreeeueneenanseeonensanns 10 2,785
Dark shale, light grey sandstone, and bentonite................ s 5 2,790
Light grey sandstone and bentonite......c.c.c.ceuvivnrvuenenrencnrenns 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 Palzozoic 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 outeropping along these river valleys
belong to the following succession, listed in descending order from west to
east: Willow Creek, 8t. 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 Secs. 7 and 10,
Tp. 5, Range 23, W. 4th Mer. Qutcrops 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
203011‘1543 Z;iu ﬁf the Alberta Pacific Consolidated Qils, Limited, in Sec. 15, Tp. 4, Range

, W. er.
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Eastward-dipping St. Mary River beds may be observed in Secs. 10, 15, and 27,
Tp. 5, Range 23, W. 4th Mer., forming the west limb of a low syncline, which is seen
to cross St. Mary River near the quarter corner north of Section 22. The east limb
of this structure outcrops in Secs. 22 and 34, Tp. 5, Range 23, W. 4th Mer., and the
u;lesterly dip apparently persists in the remaining St. Mary River strata traversed by
the river.

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 exposure 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 Secs. 19 and 30, Tp. 6, Range 22, W. 4th Mer. There is evidence of
g 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. 4th 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
outerops 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 Secs. 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,
(li)u'il;l if so, they must be of rather limited extent. This will be determined by further

rilling.

The most striking structural 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 Secs. 31 and 32, Tp. 9, Range 23, and Sec. 6, Tp. 10, Range
23, W. 4th Mer. Essentially, the Monarch fault 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 zome, it does not seem to be
a major structural feature. This is suggested by the apparent lack of continuity
along the strike. No fault zone is visible in Sec. 26, Tp. 8, Range 23, W. 4th Mer,,
where the same horizons outerop. 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, their place must be 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 bhard, sand beds (St. Mary River, Blood Reserve), overlying softer, more

68386—12%
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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 formation, 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 would 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. As a
corollary of this interpretation, we may 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 8t. Mary River formation.”

Two wells, namely Monarch Nos. 1 and 2, have been drilled near
Monarch by the Canadian 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 Coulée” No. 1 Well1
(LS. 11, Sec. 15, Tp. 4, Range 23, W. 4th Mer.; Elevation, 3,702 feet)

—— Thickness Depth

Foot Feet

Surface Materials......o.oveniiieiiieieieieiieiiieieraroceeareaeareanclinernieeanas 60
St. Mary River

Green shale with trace of gypsum......c.oveveviviniiieiiienennn. 20 80

Dark grey shale with less green shale and grey sandstone........... 110 190

Green shale with less dark brown to grey and a few sandstone beds. 110 300

Grey sandstone with a little coal.........oeviiiivuiiirineinenannnn. 20 320

Carbonaceous shale containing coal................... o 20 340

Grey-black shale with fragments of grey sandstone 25 365
Blood Reserve sandstone

Grey, micaceous sandstone.........coovvvvereronan. 15 380

Grey sandstone with a few coal fragments 100 480

Grey sandstone containing water 20 500
Bearpaw

Lead-grey shale.......... 50 550

Shalecontainingbentomte......................::................: 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........coooiiivineeinneeennnn . 100 750
Lead-grey shale with shell fragments and coal.. . 10 760
Lead-grey =1 T - 30 790
“Kipp’’ sandy member, 50 per cent dark grey sandstone and 50 per

Cont 1ead Zroy . . .cvurrvireinrererireaneaarersrantanraenrennaons 60 850
Lead-grey shale with sandstone fragmentsa..... el 50 900
Lead-grey shale with ironstone.................. ver 10 910
Lead-grey shale containing Nucula (probably). 26 936
Lead-grey shale containing bentonite 24 960
““Magrath’’ sandy member containing bentonite 50 1,010
Lead-grey shale.........cooviiiiiieviineeannnns 20 1,030
Lead-grey shale containing bentonite and ironstone 40 1,070

Lead-grey shale containing Dentalium gracile...........c.ccvouvvnn. 20 1,090
1 Yarwood, 1931, pp. 1267-77.
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Log of Alberta Pacific Consolidated “ Spring Coulée” No. 1 Well
(L.S. 11, Sec. 15, Tp. 4, Range 23, W. 4th Mer.; Elevation, 3,702 feet)—

Continued
_ Thickness Depth
Feet Feet

Bearpow—Cone.

Lead-grey shale containing ironstone and bentonite................. 10 1,100

Lead-grey shale. .........coiiiniiiiiiiniiienrireniienanaenanens. 50 1,150

Lead-grey shale with Placenticeras meeki, Inoceramus, Ostracoda, and

Corbula perangulala. . ......oooir i ieeiineireeanrnnanenrens 40 1,190

Pale beds

Grey sandstone with coal and brown, ecarbonaceous coal, Vmparus

conradi?, Unio danae, and Anodonta? 8D 10 1,200
Lead-grey and grey-green shale containing coal in upper part 65 1,265
Grey-green shale with beds of grey sandstone Viviparus? sp.,

Sphaerium sp. (1,337 feet), fish scale (1,356 feet). ............... 117 1,382
Pellet conglomerate, Campeloma multilineata?, Velatella baptisia?. ... 1 1,383
Grey-green shale with thin sandstone beds containing plant remains.

Campeloma multilineata (1,400feet).........vovevivirvieennnnn. 58 1,441
Pellet conglomerate. ... ..ovevrveeneieirereiarneieaeenernenenens 1 1,442
Pale green shale with thin, grey, sandstone beds.................... 35 1,477
Pellet conglomerate......vuuiiuier i rnevennenenerneareareennenas 1 1,478
Pale green shale. .....oovriiiiiiirreienureranenraresneeenenaonas 7 1,485
Grey, micaceous sanABtONe. ..o.cv.vuvueteentenesenneiinnnrnanarans 7 1,492
Palegreen shale. ......ooviivieiiiiiiiiiiiiiiii it eiineniannn 3 1,495
Pellet conglomerate and grey sandstone........cooovvevvinennennn. 1 1,496
Pale green sandstone......cvvivereieeniiranereiriinnriennaen . 4 1,500
Olive-green shale; Goniodiscus? sp. (1,616feet)...................... 18 1,518
Grey SANASEOME. . v\ttt ettt e a e eene ettt iait et i rernaannas 20 1,538
Grey-green shale, Campeloma sp. (1,638 feet), Sphaerium cf.formosum,

Campeloma of. limnaeiformis, Campeloma ap. (1,678 feet)........ 172 1,710
Grey sandStOne. .. ...yt iie i iaiaaiiaentrneerataeraeaaraaaras 20 1,730
Grey-green Shale. ... eiue et iineinsteseenenseearrnnenneanasns 20 1,820
Grey sanAStoNe. .uuu e, e ettt tie et et ee e eaaaas 10 1,830
Grey-green shale containing Physa copei at 1,954 feet................ 130 1,960
Greenish brown shale...........cutiiiiiiiiirureeeierneenaannnns 20 1,980
Greenish brown shale containing pebbles. ........cccvveuniiecinnn. 1 1,081
Grey-green shale Sphaerium cf. formosum (1,938 feet). 153 2,134
Blue-grey, conglomeratic sandstone................ 11 2,145
Grey to green shale Viviparus reynoldsanus, Physa copei (2, 160 feet) 25 2,170

Foremost beds
Dark brown to grey-green shale containing beds of grey sandstone,

Sphaerium sp., CamPeloma 8P. ... ..vvereeeinneinrereieneeneenes 18 2,188
Unio bed contammg Unio danae and Unio melearni.................. 1 2,189
Dark grey to brown shale containing coal and a little amber, Martesia

8p.?, Sphaerium sp.?, and Viviparus of. conradi.................. 16 2,205
Dark brown to green shale, Campeloma sp., Physa? sp., and Sphaerium

JOrmosum. ..ot e e e 9 2,214
Grey, micaceous sandstone, .........v.vrernunruenranenrerninenoenns 5 2,219
Dark grey to0 green shale characterized by large specimens of Unio 2 5 931

=15 T S ,23
Dark grey togreenshale..........c.covvvvnvennnnn. 44 2,275
Grey 8andstone. . ..ou.eurvev.reeriienenenninennaes 5 2,280
Dark brown to grey-greenshale.................. 19 2,299
Grey sandstone, fine grained, hard............... 13 2,312
Grey-green, soft friableshsle.................... 9 2,321
Grey sandstone contammg petrified wood 9 2,330
Dark grey shale.. oo iyttt ii i iie it 22 2,852
Dark brown and grey- green shales with coal. Uniosp.? and Viviparus

TEYNOUdSANUS . o\ e vttt r e et e et ieeeneeeeesnenneresosasannens 21 2,373
Dark grey shales with thin beds of grey sandstone. 19 2,302
2T 703 7 P 2 2,394
McKay coal: dark brown, carbonaceous shales containing coal...... 20 2,414

[ Y N 1 2,415
Bentonite........ccineiennnnn SN 1 2,416
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Log of Alberta Pacific Consolidated “ Spring Coulée” No. 1 Well
(L.S. 11, Sec. 15, Tp. 4, Range 23, W. 4th Mer.; Elevation, 3,702 feet)—

Concluded
—_ Thickness Depth
Feet Feet,
Foremost beds—Conc.
Coal, bentonite, and lignitic shale.............cc.coiveiiininivnn, 2 2,418
Dark brown shale with 6-inch bentomte at 2,421 feet and grading to

sandstone in lower 2 feet............... 11 2,429

“Verdigris’’ sandstone................ . 101 2,530
Pakowki equivalent

Brown to grey, carbonaceous shale containing coal and Unio mclearni 40 2,570
Milk River

Light grey, limy sandstone with about 25 per cent dark grey shale

and 25 per cent grey-greenshale......................oll 300 2,870
Light grey sandstone with 25 per cent dark grey shale and minor

amounts of grey-green shale.......coevevrrrieriienenininrnnnens 230 3,100

Alberta shales
Transition zone; contains 60 per cent grey-black shale and 40 per cent|

grey SAnAdStONe. .. ooviuureneensreernuenenroreosneraranesonasonns 60 3,160
Grey-black shale with some sand, bentonite, and ironstone......... 140 3,300
Medicine Hat (?) gas sand: shaly sandstone containing oil trace..... 60 3,360
Grey-black shale with sandy lenses, traces of bentonite, pyrite,

aragonite, calcite, chert, and ironstone..............cocvveiennnns 840 4,200
Grey—black shale 75 per cent; dark grey sandstone 25 per cent....... 190 4,390
L5 o L o7 S o 20 4,410
Grey-black shale 70 per cent; dark grey to grey sandstone 30 per cent 70 4,480
Gas SANA. .t tee ittt et ettty 10 4,490
Grey-black shale thh green shale at 4,620 feet.............c.0uvnn. 165 4,655
Bow Island gas sand (7): grey, mdurated medium-grained sand- 5 4680
Grey-black shale with green shale at 4,706 feet and 4,711 foet. ... 35 4,715
Grey, coarse-grained sandstone .. 28 4,743
Grey-black shale................... .. 15 4,758
Grey Sandstone. .oe. e et enseitaenrineranotesessesanesaarans .. 38 4,796
Grey-black shale ‘with thin sand Tenses. .. ........ooonns eesees 54 4,850
Dark grey sandstone. ... .. .veeerereeeeereeeencrinseseriisosorenrans 11 4,861
Grey-black shale with thin sand lenses and a few fragments of green

)T Y 106 4,967

Lower Cretaceous
Green shale with grey sand lenses..........orvviieeeenennn. v 133 5,100
Medium grey sandstone 50 per cent; grey shale 25 per ce

shale 25 per cent........ 60 5,160
Green and dark grey shale.. . 52 5,212
Grey sandstone. .u.e .t ereneneeeraearaetncancsoannasssennnns . 28 5,240
Black, carbonaceous shale containing coal. ..............ove.a.ae 10 5,250
Green shale 60 per cent; dark grey shale 15 per cent; grey sandstone

20 per cent; red shale 5percent. ........oo.ovveveeinrerennnn., 305 5,555
Dark grey, sa.ndy shale containing fish scales (Cycloides) and light

grey limestone containing volcanio ash or sponge spicules (?)

probably Marine. ... c.veeriiiteiresnseiienerieiiniaaeianes 50 5,605
Variegated shale with Unio hamili and Corbula onestae? bed at 5,625

feet, fresh water...........ovueen Cereeen ereeenaenes i eaanes 35 5,640
Chert conglomerate......... ettt ie et aeaa e s et 2 5,642

Jurassic
“Brown ribbon’’ 8andstone.......cviieiiiiiiiiiiiiiiiiiiaiiieesaan 25 5,667
Dark grey shale, containing sporadic belemnites; thin, grey lime-

stone bands, total 8 per cent of section; glauconitic shale at 5,687

and 5,810-5,817 feet; coal and bentonite at 5,687 feet; traces of Ted

shale and pyrite; ﬁsh scale at 5,750 feet; Astarte? at 5,796 feet;

Pleuromya cf. oblusiporata at 5, BIB 10BE .. v ame e rmnsmrsraesnens 244 5,011
Grey-black shale containing belemmtes, pyrite, and glauconite...... 7 5,918
Grey, massive limestone containing belemnites, glauconite, and

FoTo) VEATUIE o3 ¢ L 7 JA 8 5,926
Grey-black shale containing pyrite.......ccoevveiierieninenncennes 2 5,928
White to brown, sandy, cherty, mottied timestone with rhynchonel-

1id brachiopods 8t 10D . cveerreriernrereaurneersaencenaanns venr 37 5,965
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The top of the Pal®ozoic is placed 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 Pal®ozoic section according to Mellen and Rohwer is as follows.

—_— Thickness Depth
Feet Feet
Light grey limestone, chert bands, secondary silica..................... 4 5,939
Brown, sandy limestone, cherty, heavy oil saturatio: 4 5,943
Nocorerecovered........ooovveinnirnrrnaevaeenennnes 3 5,947
Light grey, crystalline limestone with chert iron sulphxde, and pyro-

FoT T L 0TS 9 5,956
Sandy limestone s 1 5,957
Sandy limestone, only part of corerecovered.............c.ccvevierennn. 9 5,966
Grey limestone with 3 inches black, limy shale and 3 inches dark grey,

Shaly lIMestone. ... .o..vreiieterr ettt ca e eeeaaaenareaanas 4 5,970
Light grey, crystalline limestone, crinoid and Mississippian bryozoa. 2 5,972
INO COre TeCOVEIed. .« o i v ittt e eine i rarniesneeacrnaronennaans 4 5,976
Light grey, crystalline limestone, styolitic structure, pyrobitumen. . 8 5,984
INO COTe TECOVETRA ., o v e vttt et at e et et aueaeaareanrsoeonennoonnsans 16 6,000
Light grey limestone, cherty, styolitic, iron sulphide and trace of pyrite;

2 inches dark grey, limy shale and hard, dense limestone, cherty,

styolitic, Mississippian bryozoa.......... 12 6,012
Light grey, compact, crystalline limestone.... 4 6,016
Dark grey limestone, very porous, coral D hyphyllum. Good oil

saturation, dark colour due to pyrobitumen......................... 5 6,021
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 square inch. Harder beds at

6,033 to 6,038 feet. Dense limestone with chert 6,050-6,065 feet.

About 15 per cent of core recovered....o.uivetieriirneeeienerenaans 170 6,191

The best saturation of oil (31-2 degrees Baumé), according to Mellen
and Rohwer, was found between 5,946 and 5,955 feet with sulphur water

below 6,055 feet.

Yarwood 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
3T 20
Light grey, sandy Clay...ocoviiieieiiiiineieiiaierntorerenesencnes 30 50
Fragments of boulders... 5 55
Dark and lightgrey clay............couv...e 50 105
Light grey, fine-grained, argillaceous sandstone 10 115
Dark, brownish grey shale 10 125
Light grey shale............ PN 20 145
Light grey, fine-grained, argillaceous sandston 10 155
Light grey 8hale. ... ...vitiniiiinniiiieieterenerariorreneerseees 15 180
Light grey, sandy shale.......oeiiiiiiiiiisniiiiieiiriinreensenens 10 190
Light grey shale........cccvvvienn... 1S 25 215
Dark brown shale.......oooo ittt iiiiiiiiiiiieiieraneinnas 10 225
Brown togrey shale......covvieniniiiineiiiinenensinenenenenenenns 10 235
Light grey shale........coviiiiiiiiii ittt 15 250
Light grey, fine-grained, argillaceous, calcareous sandstone.......... 15 265
Grey shale.................. N 50 315
Brownshale.......cocoviieiieiiienian, e e teene et 5 320
Dark grey shale.......oeeiiiieniieiiiiiiiiitieieneereenneaeaseneas 10 330
Light grey shale.....oovneeiiiiiiiiniineeenneeatienrnennsoraen 10 340
Dark brown shale.........ooviiiiiiiiiiiiiiiiieiiiiiiieiennenans 10 350
Dark grey shale.........oooviiiiiiiniiniiiiiiiiienasrasennss 10 360
Dark grey, sandy 8hale........coviiiiiniiireieiiiiieerereonss 5 365
Dark grey shale............ e e bt ey 35 400
YIS I e e te et e eeete e eueeeeenevusecaanneneanennrneacarenanarasasnn 100 500
Dark grey Bhale. .. ..v.uiiiriiiiiiiiie ittt eanans 5 505
L N 10 515
Dark grey shale and sandy shale.......ooveeirviirvernirneeennenann 610 1,125
Pale and F oremost beds
Dark grey shale with coal..........ooiiiiiiiiiiiii it iiiieans 5 1,130
Dark grey shale......co.ooiiiiiiineeeeaaeeraaiertraissenanareas 65 1,195
Light grey sandstone and brown, carbonaceous shale................ 5 1,200
Shale.....oovvieieneiinna.. N 5 1,205
Light grey, argillaceous sandstone, slightly calcareous.............. 5 1,210
Grey, sandy 8hale. . ... ..o.iiiiiiiii i it i eaaes 30 1,240
Light grey, argillaceous sandston 15 1,255
Grey shale............... 20 1,275
Light grey, sandy shale.. 30 1,305
Grey, sandy shale........coiiiiiiiiiiiiineiiinaieniinnannen . 15 1,320
Light grey, sandy shale..........coouiriiiiirniiiiirnrnnnnenennnns 95 1,415
Light grey, argillaceous, calcareous sandstone................cveee.n. 50 1,465
Light grey, sandy shale.........oceveririiiiiiniiairirenaionres ceee 40 1,505
Light grey, argillaceous, calcareous sandstone....................... 15 1,520
Light grey, sandy shale.........oovieeieieneaneenarenraneensenses 5 1,525
Light grey, argillaceous, caleareous sandstone...................c... 5 1,530
Light grey, sandy shale........oviiiiiiiiiieiiineieinieesiiennen 10 1,540
Brownish grey, sandy shale veee 10 1,550
Lightgrey shale... ..ot i iiree i iinaeersanens 10 1,560
Light grey, argillaceous, calcareous sandstone.................c.. .. 10 1,570
Light grey, sandy 8hale.......c.vviiiiiiirreeerurereneeennnneernnnns 20 1,590
Light grey shale. ... .o.veeeiniirienieeeenronseieaneranrenrenenans 25 1,615
Light grey, argillaceous, calcareous sandstone..............coceveuvn. 10 1,625
Light grey shale........ooviiiiiiiiiiaierironaeeneeaetaneaenennann 35 1,660
Grey, fine-grained, argillaceous sandstone..............coovvueeenn..n 15 1,875
Light grey shale........oueitiieieriinirittreneerorosenneancaennn 15 1,690
Grey, argillaceous, calcareous sandstone.........c..covvvvieeinorens 25 1,715
L =33 T2 - YA A 25 1,740
Grey sandstone...........ccovevennn. 5 1,745
Dark grey to brown ghale............ 15 1,760
Grey, calcareous sandstone 40 1,800
Light grey shale................... s 120 1,920
Grey 8anAdBEONe. .. oottt e 35 1,955

1 Log supplied by 8. E. Slipper.
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Log of Monarch No. 2 Well
(Sec. 12, Tp. 10, Range 24, W. 4th Mer.; Elevation, 3,092-6 feet)—

Concluded
—_— Thickness Depth
Feet Feet
Pale and Foremost beds—Conc.
Dark grey Shale. . ..uu et ie ittt 45 2,000
Grey,sandy shale.......... ..o iiiiiiiiiiiinennes e 10 2,010
Light grey, very fine-grained, argillaceous sandstone... . 10 2,020
Dark grey shale. .. ..voiiiiiniiiiiiiiieiraieanannas Ve 25 2,045
[ o+ Y- ) T 15 2,060
Light grey, calcareous, argillaceous sandstone and grey shale........ 10 2,070
Grey, argillaceous Sandstone. . .....ovvenereerneeneeeneresenarananen 10 2,080
Grey sandstone. .......oevvreenrincennanns . 20 2,100
Grey, soft shale..............coviiveinnnn. e 45 2,145
Grey sandstone, a little coal............... v 5 2,150
Sandstone and coal...........cooiiiiiiiiiiiiieen, e 10 2,160
Coal, black, carbonaceous shale and sand s 5 2,165
Dark grey sandstone.........c.covvieinrinnnieannn, . 5 2,170
Dark grey shale and sandstone.............. . 10 2,180
Dark grey shale..........ccooiiiiiniannn, e 20 2,200
Grey sandstone with dark grey shale.................. s 5 2,205
Dark grey shale with a little sandstone............covvvieeeinnn.n. 5 2,210
Dark grey shale with carbonaceous shale................ccovviennn 15 2,225
Coal, black, carbonaceous shale, dark grey shale, and bentonite. ... 25 2,250
Black, carbonaceous shale, bentonite, and a littlesand.............. 20 2,270
Sandstone and black, carbonaceous shale...........cccovivievnrennnn 10 2,280
Pakowki shale
Dark grey shale......cooiuiiiiiiiiiiiii i iiiiiriitneeiaaeens 20 2,300
Dark grey shale with sand..........oviiiiiiiniiiniininnneeeacnanss 40 2,340
Dark grey 8hale. .. ....ooiitviiiiiier ittt iitiai e rrairaens 40 2,380
Upper Milk River
Grey 8andBtone. .o vu e tvr ettt e et it e et aaaaen 30 2,410
Light grey, argillaceous, calcareous sandstone.................cocuue. 5 2,415
Dark grey shale and sandstone..........c..ooviieiiieiienenrneenens 10 2,425
Sandstone with dark grey shale................coiiiiiiiieeininen. 45 2,470
Sandstone and shale....c.oooiiii it ii i 20 2,490
Light grey 8andstone......oooeiiiiieriinirennneeneineesneennanss 15 2,505
Sandstone and black, carbonaceousshale........................... 10 2,515
Light grey sandstone. .......veiir ettt inanenarraneanns 25 2,540
Light grey sandstone and black, carbonaceous shale................ 15 2,555
Dark grey shale, black, carbonaceous shale, and light grey sandstone 10 2,565
Lower Milk River
Light grey sandstone. .......outt ittt eeateesaernenenns 90 2,655
Light yellowish grey, argillaceous sandstone...............cevvuuen. 20 2,675
Alberta shale
Sandstone and dark grey shale.. 25 2,700
Sandstone and dark grey shale.. . 40 2,740
Darkgreyshale. ... ..ottt iiiii it iiieneenaan. 73 2,813

TABER-BARNWELL-CHIN COULKE AREA

Oldman River Valley from the 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 that the drainage has been influenced by
the local structure. A U-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 terrace rather than an anticline. The Taber
coal seam, which is considered to be the top of the Foremost beds in this
locality, is understood to have a west dip and this dip seems to be shown in
the Chin Coulée wells drilled by the Canadian Western Natural Gas, Heat,
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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 Grass Arch is in this direction and succes-
sively higher beds occur to the northwest of Taber.

Chin Coulée 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 immediate
vieinity yielded only small flows or shows. The Cole-Hunter “ Taber”
No. 1 well, drilled on LS. 3, Sec. 11, Tp, 10, Range 17, W. 4th Mer., was
drilled into the Paleozoic 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 Yistance 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. 177 Well
(LS. 8, Sec. 11, Tp. 10, Range 17, W. 4th Mer.; Elevation, 2,567 feet)

_— Thickness Depth
Feet Feet
0 ¢ (Rt 70
Foremost and Pakowki
Dark grey shales, sandstone, and coal............civeivieennieannn. 330 400
Grey and greenish ghales........oooiiiieiiiin it 180 580
Milk River
Grey, sandy, lignitic shales...........cooieiiiiieniiiviiienneienens 140 720
Grey sandstone, cArDONACEOUS. ..vv .t i ierernerrireetnenenresncnanas 80 800
Grey sandstone and carbonaceous shale.......o.vivivvnenrenenennnn, 70 870
Alberta shales
Groy, sandy shales. ... vuieiiiiieiiiiiiiiiirneenranenensinennes 240 1,110
Grey shales with few sandy layers.......cocovviir ceviiiiiiinnnns 1,140 2,250
Grey shales and grey sandstone..........covevieevnineineaennnnenens 450 2,700
Lower Cretaceous
Grey shales and sandstone, trace maroonshale............oveen... 70 2,770
Dark, carbonaceous shale, light grey sandstone with green and red
£ T P 210 2,980
Grey and greenish shale and sandstone............ccvvivveenenennns 60 3,040
rey and greenish shale, sandstone more prominent................. 80 3,120
. Dark grey, carbonaceous, light green and red shale................. 90 3,210
is
Pale green and brown shale. . .......ccvieeivenernrenrnrnncnanenenas 60 3,270
Fine-grained, calcareous sandstone.........covvveeneennneenrnnennns 20 3,290
Light greenish, calcareous shale with some sandstone; oil reported
F T I - O e 30 3,320
Dark grey and greenish, calcareous shale and coarse, chert sandstone 17 3,337
Mississippian .
White chert, few fragments of white lime,..............cvvenvnenn.. 23 3,360
Light groy limestone......o.vvuiieeeieiiiirriteesensanenensennen 190 3,550
Light grey, sandy mestone........cooiiiiiiieaiioiansreanecnses 52 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 distinetly 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 lvivith 5 rotary, the Pakowki can not be separated in the log of
this well.

Log of the Lethalta Oils, Limited, (Chinalta) Well 1
(LS. 5, Sec. 23, Tp. 8, Range 18, W. 4th Mer.)

—_ Thickness Depth
Feet Feet
£33 7 PR 50
Pale and Foremost R .
Grey shale and sandstone with lignitic fragments................... 440 490
Light grey sandstone........oevvieeiriiereninesreneressorsaeanranen 20 510
Grey shale and sandstone.........covveieriiriireiareasenersseennss 60 570
GTey BANASHORE. s oo vt vreeneereerateeenenarerasseanensensasancnansas 10 580
IS I . vt v ee et eeeenceaseanenneennuassssaneescncsssanssnasnnnenn 25 605
Pakowki?
Grey shale and sandstone..........ccooviiiiieiieiiieeninrercnaenses 155 760
Milk River?
Shaly sandstone and shale with carbonaceous materials,............ 100 860
Grey sandstone, alittleshale..........ooviiiiiieiiiiinrirnnennenns 165 1,025
Grey, fine-grained sandstone. ......ovuvvirneineennrresenerenseannn 70 1,095
Alberta shale
Grey shaleand sandy shale..........oooiiiiiiiiiiiiiiiiinienann, 1,155 2,245

1 Log compiled from log by J. G. Spratt and published by permission of Lethalta Oils, 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 Coulée 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
strueture.

Log of Parco-Nordon Companies Well No. 1
(LS. 16, Sec. 34, Tp. 1, Range 20, W. 4th Mer.; Elevation, 3,962 feet)

_— Thickness Depth
Feet Feet

BT [ 100
Mostly surface cavings or drift. .......oviivirniiirniiiiieriritnnenennn. 30 130
Pale Beds

Light grey to yellowish sandstone and shale.............ccc0veunnns. 310 440
Foremost

Dark grey and carbonaceous, sandy shale...........c.cc..u. .. 70 510

Grey SandStOne. ..o, cutieneniseeerasarrioreesstacnsnrsannones .. 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...............coc.0. 60 670

Grey shale and sandstone, coal fragments.... .......coeivieieinann.. 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
Pakowki?
Grey shale..... reaenea e eenreeees e [P PP 70 820
Milk River
Dark grey and greenish shale and sandstones with lignitic material 10 830
Medium-grained, grey sandstone........ccovvveeeeninenans feeeeieans 20 850
Grey sandstone and grey and greenish shale.................... . 20 870
Grey and greenshale.......ocoveiiiiiviininerieniennnnnan R 20 880
Grey and green shale and gandstone e eeeiaee ey .. 20 910
Grey and brownish sandstone.........covveiiiiiinrinnennneens .. 30 940
Grey and greenish shale and sandstone.............cocvnuvenen .. 30 970
Light grey sandstone. ..o u.eeeiiceeseeeacircaanecenenasarenans .. 50 1,020
Grey and black shale and some sandstone.............ccvveeens .. 20 1,040
Light grey sandstone, some grey shale......co.covvreiienenienennnnn, 150 1,190
Grey and greenish, sandy shale. ... ...vieiriniienreninineeasnns . 40 1,230
Grey and green shale with carbonaceous sandstone................. . 70 1,300
Alberta shale
Dark grey shale,sandy........co0vevaenenn. e reeriaen e 30 1,330
Dark grey shale.................. .. 790 2,120
Dark grey shale with bentonite... 10 2,130
Dark grey shale.........coovv.... 140 2,270
Dark grey sandstone with shale.. 80 2,350
Dark grey shale...........cc.ueue 10 2,360
Dark grey sandstone and shale.....,. 10 2,370
Dark grey shale and grey sandstone.......... Ceneeeerieeeneaas 70 2,440
Dark grey shale; grey, coarse sandstone.............ccvevnu. 60 2,500
Dark grey shale and sandstone, chert pebbles at 2,560 feet.......... 130 2,630
Dark grey shale and sandstone, a little bentonite............. vee 40 2,670
Dark grey shale and sandstone........o.coeviveuniiannnenannsn e 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. 30 2,830
Grey sandstone............. 30 2,860
Dark grey, shaly sandstone. [ . vee 20 2,880
Dark grey shale. .o uivteeeaenesorireeenreesenranerarseanseeasennns 30 2,910
Dark grey shale and grey sandstone with glauconite 2,950-2,960 and
3,040-3,050 feet....uuuuruiienneiierieneaniiiiiriiiininoianaens 150 3,060
Lower Cretaceous
Light greenish sandstone and grey, partly carbonaceous shale....... 40 3,100
Greenish sandstone and shale........cocoeeiiiiieinens e, 10 3,110
Grey, green, and red shale, greenish sandstone........ J . 40 3,150
Grey, brown, green shale and greenish sandstone.................... 30 3,180
MiSSINE. . eeeererernrnnnnenennnns e iereeteniieetaeeas e raieeenes 10 3,190
Grey and greenish sandstone..........cc.ceiviievenenennanns 30 3,220
Red and green shale and greenish sandstone s 20 3,240
Red 8hale. ..o iniet i iieeiieeeteetanenenenernecrenasransones 10 3,250
Grey, green, and red shale and’ greenish sandstone with prominent,
red shale at 3,440-3,450 feet.......ovviienenreirnenercnsacnsacns 230 3,480
Medium to coarse sa.ndstone a little variegated shale with promment
coal at 3,510- 3,520 feet 50 3,530
Coarse, grey sandstone ...... 80 3,610
Fine, shaly sandstone....... e 20 3,630
Red shale.................. 10 3,640
Variegated shale..............oocoviiiiiiaiin, o eheeieareeseenn 30 3,670
Eliis .
Grey shale with glauconite and white, cherty limestone............ 20 3,690
Grey, calcareous shales with glauconite and limestone.............. 70 3,760
Grey, caleareous shales and shaly limestone, some chert and belem-|
nite fragments..... . 100 3,860
Mississippian
White limestone....... Creeereisaas v rneaseeas Creeneenieens P 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! 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 structure.

Log of Hudson’s Bay Oil and Gas Company Well2
(LS. 2, Sec. 17, Tp. 11, Range 22, W. 4th Mer.; Elevation, 3,270 feet)

— Thickness Deoth
Feet Feet
Drift........... PN eeteeetrenreraeanaens e reretseenraaratatensiaieniananan 60
Edmonton
Sandy shale and grey sandstone with plant remaing................. 60 120
Bearpaw?
Dark grey shaleand sandy shale........coviveirievrnneniinrasnnnns 50 170
Dark grey shale. ... vvveereierrernrerireneerasrenanns ceee 60 230
Bentonite and bentonitic shale.............cccevceeeens e 20 250
Grey shale, sandstone, and bentonitic shale.............. 50 300
Dark grey shale.. ... .. cviiiieiieeriienenreannnenenes 30 330
Grey, limy sandstone........ 20 350
Dark grey shale............. 50 400
Dark shale and bentonite. . vees 20 420
Dark grey shale. ... ...oiviiiiiiiiiiiniiiiiiiiinenaneens ceen 50 470
Dark, shaly sandstone, traces of glauconite................ e 30 500
Dark grey shale..........civiiiiininiiiiiiiinrarennenn vees 140 640
Dark, glauconitic sandstone. ceen 20 660
Dark grey shale, sandy..........ccoovviiiiiiiinniinanan. 110 770
Dark shale with trace of Jronstone. ........ivveeeiieians 10 780
Dark grey shale, traces of bentonite..................... 10 790
Dark grey shale with ironstone.............covvieienrnen. 30 820
Dark grey shale........coooiiiiiiiiiiieininineninaneen, 60 880
Dark grey shale with tracesof coal.............cvvivreiviiniinnnnns 20 900
Pale Beds
CGrey, shaly sandstone with cogl.........ooviiiiiiiiviiiiininnnnn. 20 920
Grey, shaly sandstone with coal.............cccvvenviennnn. e 20 940
Grey shale and sandstone.........oveveeriniiieenrinneanes e 70 1,010
Light yellowish sandstone........coveeviiiriiiiniineennanes e 20 1,030
Light yellowish, sandy shale and sandstone.................. cee 70 1, 100
Light yellowish 8andstone.........ocoeiurevruenrirneennnnns e 20 1,120
Light yellowish, sandy shale and sandstone.................. . 130 1,250
Grey, carbonaceous sandstone and yellowish shale......... 30 1,280
Grey and yellowish, sandy shale and sandstone 130 1,410
Grey shale and sandstone with plant remains.........coovvvuvenvnn.. 60 1,470
Foremost
Grey, carbonaceous shale with coal fragments..........ccoovvun.n.. 40 1,510
ight grey sandstone with carbonaceous materials......... 40 1,550
Grey shale with plant remains and ironstone.............. . 30 1,580
Light grey, sandy shale, carbonaceous.............. PP 10 1,590
ight grey, cArbonAceoUs SANAStONe . .. . . ...verrvrnsrrronans 10 1,600
Light grey, carbonaceous sandstone with coal........... 10 1,610
Dark grey shale with iron carbonate.................. .. 50 1,660
Grey, carbonaceous shale with coal........ 10 1,670
Grey shale with carbonaceous materials and fronstone. .. 210 1,880
Grey shalewith coal.........ovienviiiiiiiiiiinnnennnnes 70 1,950

1 Ruseell, L. S.: Personal communication.
2 Log from 0 to 2,480 feet, by J. G. Spratt.
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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 glauconite. Traces of|
chert and light grey sandstone at 2,040-2, 050 feet........ e 100 2,050
Milk River
Grey sandStone. .....vuuererenreenensreiennraenaenns T 10 2,060
Shale and grey, sandy shale with sandstone. 80 2,140
Dark grey shale with coal .. 10 2,150
Light grey sandstone..........oco.vvveenn. .. 130 2,280
Light grey sandstone with someshale..............c...ccivine 60 2,340
Alberta shale
Dark grey shale, inpart sandy.......oovuviiiieinnniiiennennannas 70 2,410
Dark grey 8hale. .oooeiiriiiii ittt et 30 2,440
Dark grey, shaly sandstone........vvvieiiiieraninirerrnnnnnen 10 2,450
Dark grey 8hale. .. uveviee e et ittt i eaans 700 3,150
Dark grey, sandy shale........coiiviiiiiiiiiininiirararnnenens 30 3,180
Dark grey shale...uoveuvii it iiiiiniiiiiiiontanaanrernenanannens 50 3,230
Dark grey, shaly sandstone...........coviviiieiieneiiieneriananenns 10 3,240
Dark grey shale. .. o ceiruniiniiiiineeniiieeeianierieiianarnaanns 70 3,410
Dark grey, sandy Bhale. o ononn o 50 3,500
Dark grey, sandy shale, traces of bentonite........................ 20 3,520
Dark grey, sandy shale.........oiiiiiiniiinieieniieiereranianinss 150 3,670
Dark grey, sandy shale and sandstone..............cooievvinieniaans 160 3,830
Dark grey shale, greenish shale, and sandstone..................... 20 3,850
Greenish and brownish shale and sandstone............cc.cccovuuen.. 10 3,860
Grey sandstone, greenish and dark grey shale...................... 20 3,880
Gireenish and dark grey shale, and sandstone..........coevvivnvnnnn 40 3,920
Dark grey shale and sandstone 90 4,010
Grey sandstone and dark shale 20 4,030
Dark grey shale and sandstone, pyrite.........cocvvviiiiiiianenines 160 4,190
Lower Crelaceous
Grey and greenish Sandstone.........cvevvereneirnnrneeinrnenieens 20 4,210
Grey and greenish sandstone and dark, carbonaceous, sandy shale .. 10 4,220
Grey and greenish sandstone and grey, green, and red shale........ 70 4,290
Grey Sandstone, CORTEC. ..veurerreserrsereennensraseseenanns 30 4,320
Grey sa,ndsbone, N0t 80 COATSE. .. o.vevvennnsns 10 4,330
Grey, green, and red, sandy shale and sandstone 60 4,390
Green and grey shales and sandstone. . 100 4,490
Grey sandstone........c..coeevunne. 60 4,550
Dark grey shale and sandstone............veueiiernernenannaininnns 10 4,560
ark grey shale and sandstone with coal........................c00 20 4,580
Dark grey and green shale and sandstone........ e 40 4,620
Dark greyandred shale.........cocoeeiiiiiriiiiiirneernennnnnenns 10 4,630
Dark grey and green shale with coal fragments 10 4,640
BT P . 10 4,650
Dark grey and green shale and sandstone........................... 40 4,690
Dark grey and red, sandy shale...............cccviiiiieiaanan.. .. 10 4,700
Dark grey and red, sandy shale and sandstone.................. .. 20 4,720
MSBINE . o vt et et et reeeiseeeeeeenranencneesenrnsnsnnnans e 10 4,730
Jurassic (Ellis)?
Dark grey, small amount of red and green shale..................... 20 4,750
Dark grey and brown, limy shale............oovvveinen.. PP 10 4,760
Dark grey, limy shale.................covuen o eeeceeeaaans cee 100 4,860
Dark grey, limy, slightly bituminous shale................. ... 50 4,910
Dark grey, limy shale and cherty limestone. ..........ccocveaienn. 10 4,920
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EYREMORE AREA

As a result of geological mapping and structural test drilling, 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! Wells No. 1 and No. 1-S
(LS. 1, Sec. 26, Tp. 17, Range 18, W. 4th Mer.; Elevation, 2,700 feet)

—_— Thickness Depth
Feet Feet
Pale and Foremost beds
Dark grey shale..............cou.n 80
Pale grey, argillaceous sand......... .. Ceeeaes 90
Pale grey shale with coal fragments .. 140
Coal and carbonaceous shale...........c.cooviiiiiniiiinenenennnnnns 150
Pale grey shale, tracesofcoal...........cciiiiiiiiiiiiiiiiiiininnn. 240
L G S 250
Palegrey shale. . ....ccooiiiiiiiiirieriiiiiirerererrneneranrenans 280
Light grey, argillaceous SANASEONO . s e v s vsvrme e 290
Pale to dark grey shale, slightly sandy and carbonaceous in places,
fragments of coal becommg more abundant from 880 feet to base 290 920
Light grey, argillaceous sandstone, coal fragments................. 30 950
Coal and shaly sandstone. ........vivrevnenenrenenrenenennennneenns 10 960
Light grey, fine-grained sandstone.............cocvieeeiienneoneennnn 20 980
At this depth the rig was skidded 230 feet north and 30 feet
?ast and redrilled as No. 1-S, but no samples taken to 930
eet.
Log of Well No. 1-8 from 960 feet 1o bottom of hole
Coal, and brown to grey, ferruginousshale...................c.ovu.. 20 980
nght grey, fine-grained sandstone with coal and carbonaceous,
brown shale. .. ...ttt i 20 1,000
BTV 50 1,050
Grey to greenish, shaly sandstone with coaland carbonaceous shale 30 1,080
Grey shale with plant impressions and tracesof coal................ 20 1,100
Grey shaleand sandy shale........ovvriiiiiiiriinneienineenennns 200 1,300
Dark grey, carbonaceous shale and light grey sandstone. A little
Lo O 0 7 P 10 1,310
Medium-grained, light grey sandstone...........cvevveveeenrnnnens 10 1,320
Pakowk:
Dark grey shale, chert pebbles at 1,400 feet...........cvvvveevnnn... 80 1,400
Milk River
Fine-grained, grey sandstone and dark shale........................ 40 1,440
TFine-grained, grey sandstone and shale with ironstone and glauco- 0 1490
2 vees 5 ,
stsmg The top of the Alberta shale occurs in this interval........ 500 1,990
Alberta shcle
Grey to black shale with thin sandstones............covvvvvnnvnan.. 30 2,020
Grey toblack shale.........coovveiiiniieiineirinienseencenennnens 130 2,150
Grey to black shale with bentonite.............ccceviiniiiiiin.... 10 2,160
Grey toblack shale.......oviviiiieirninirenreiiiieiocennnnnnns 80 2,240

1 Published by permission of Hudson's Bay Oil and Gas Co., Ltd. Log compiled by R. M, 8. Owen.
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Hudson’s Bay Oil and Gas Company Wells No. 1 and No. 1-8
(LS. 1, Sec. 26, Tp. 17, Range 18, W. 4th Mer.; Elevation, 2,700 feet)—

Continued
Thickness Depth
— Feet Feet,
Alberta shale—Concluded
Grey to black shale with ironstone........c..oveveereeneieininnenens 10 2,250
Grey to black shale................. P 550 2,800
Grey to black shale with bentonite........cvvivviiiineernrearannn 20 2,820
Grey to black Shale. ... ..evvevrieereneneeneseeenosessonenerasanans 230 3,050
Grey to black shale with sandstones...... . 70 3,120
Grey to black shale with coarse sandston 60 3,180
Sandstone with black and brown, chert pebbles.. vee 10 3,190
Fine-grained, shaly sandstone.........ovveerenreneirnsroeeneneennns 20 3,220
Fine-grained sandstone with dark shale...........cvvvvvivenininenns 20 3,240
Dark to grey shale and sandy shale........c.ceveiiiiiirieennene. 10 3,250
Grey toblack shale. . ....oivieiiieneireiniiiiiienareninecneeanns 70 3,320
Coarse sandstone and shale; water at 3,340 feet... Cereeiaeneaenes 20 3,340
B 1 110 3,450
Grey-black shales, traces of fibrous calcite believed to be fossil
TNOCErami. .ovyueuueinesnseeenesereseaeasncaceesssssocacssssnans 90 3,540
Lower Crelaceous
Fine-grained, grey sandstone and shale, 5 feet missing............... 10 3,550
Maroon and dark green, sandy shale.......ooviviininiirinirnnenns 10 3,560
Maroon, grey, and green shale and grey sandstone.................. 10 3,570
Grey t0 green sandstone. .. .....vveeeruusuiiiieirieeeeinninniinanns 10 3,580
Sandstone and shale with ironstone..........coeeviverevernrecennn. 10 3,590
Green and grey shale with plant remains............covvvevennnnnnn 20 3,610
Grey to green shale and shaly sandstone with ironstone............. 10 3,620
Grey to green, sandy shale................. e eneeieane e eaen 20 3,640
Grey t0 Zreen Shale. ... .veeevs e reneeresreeescasneseensassasnanens 10 3,650
Fine-grained, grey sandstone and shale.........covvvevnereneeneenns 40 3,690
Grey to green and carbonaceous shale. .....ouveveeiirnenennenennnns 10 3,700
Grey to green sandstoneand shale.........coovviveniirinennnronenns 10 3,710
Grey to green and brown shale......vvueerierinreninrireneaeanenns 10 3,720
Shaly sandstone and shale........viviieieniireieneiienienensnnnans 30 3,750
Grey shale...... ereveeeiraan PP Ceeeeeeiiaaes 10 3,760
Coal and carbonaceous shale.......c.cvveeriueeveeeneeeneresansnens 10 3,770
Fine-grained sandstone........ . 40 3,810
Medium-grained sgndstone. 40 3,850
Brown and dark grey shale . 10 3,860
Shale and sandstone........ N 10 3,870
Vari-coloured shale. .......ouuiereisieisiiiiuoreenrnroraeaonneeraes 20 3,890
Dark shale..........o.ooo i 20 3,910
Fine-grained sandstone, a little ironstone, and grey shale.......... 20 3,930
Juragsic (Ellis)?
Dark to grey, sandy, and calcareous shale..............oenvevvnennn 10 3,040
Buff limestone and grey shale......ccvevreiiimeinrnrineneierneans 20 3,960
Sandstone with white and red chert matrix.. 30 3,990
White, siliceous 8andstone. ......oeeentiirenrrnrnrenenreenneaansons 10 4,000
Coarse sandstone with chert and siliceous sandstone................. 20 4,020
Paleozoic
Chert with white to grey and brown, porous limestone or dolomite
AN PYTIDO. cevveerrsiieneneeerresereasasrosssasisnanans Cervens 10 4,030
Chertand palegreenshale..........coviviiiniiriiiirennnansonnnsn 10 4,040
Limestone with pale green shale and shaly limestone................ 10 4,050
White to pale green, sandy limestone...........covvveuenenevnennrn.. 15 4,065
Nore. At this point hole was accurately measured and found to
be 4,037 feet deep.
Show of oil at 4,032 feet.
White to buff limestone............... 1S PR 4,041
MiSsing...vevvivinvnrennanas P 179 4,220
White to buff limestone.............. 110 4,430
Light buff chert................oc00t 20 4,450
Cherty limestone..............c..0ue. 20 4,470
Limestone and light buff chert... 70 4,540
Dark grey to light limestone, partly shal 10 4,550
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Hudson’s Bay Oil and Gas Company Wells No. 1 and No. 1-8
(LS. 1, Sec. 26, Tp. 17, Range 18, W. 4th Mer.; Elevation, 2,700 feet)—

Concluded
—— Thickness Depth
eet Feet
Pal@ozoic—Conc.
Dark limestone........cooovevieinnenaen 160 4,710
Dark grey, shaly limestone............ 40 4,750
Dark grey limestone with glauconite. . 10 4,760
Black ghale......oouiviiiiiiieriiiiieiaretreriereasanstonranenns 10 4,770
Shaly limestone and black shale.....c.ccoveieriineiereierenannnes 10 4,780
Black 8hale....o..cvuiiieiiiiinrieraieeeeisneenrsnesenconnanes 20 4,800
Light grey to buff imestone........ccooeveeiiiiiiiririnereaniinnsn 30 4,830
Brownish grey anhydrite.......... .. 50 4,880
Olive-green shale and anhydrite... 10 4,890
Brownish grey anhydrite or gypsum. .. 230 5,120
Buff, dolomitic Himestone..........ccvuiiiiinineiienreniissneceanns 20 5,140
Bqu dolomitic limestone with anhydrite............c.covieiiiinnn 20 5,160
Buff, dolomitic limestone......ooveeetereeteriinaroeererirnasesans 50 5,210
Mlssmg ............................................................ 10 5,220
Dark grey, dense limestone. . .. 260 5,480
Dark grey, shaly limestone. . 10 5,490
Dark grey, dense limestone 100 5,590

As shown by Moore (1931, page 1150) the Pal®ozoic 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 designates the area
between Red Deer and North Saskatchewan Rivers. The stratigraphy is
shown in the following table.

Table of Formations

Age

Formation

Thickness
Feet

Description

Montana

Cretaceous

BearpaW...ooooes.

600 to 700

Dark grey shale containing|
large quantities of selenite
ang ironstone nodules. With-
in these shales is the Bul-
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. Containg fresh-
water fossils

Variegated beds

Interlayered sands and shales
with thin coal seams

Birch Lake

60 to 100

Massive, crossbedded, buff
sandstone with some shales.
At Birch Lake a marine
member has been reported.
Mainly brackish water de-
posits

Grizzly Bear

100 to 40

Dark blue-grey shale contain-|
ing ironstone and sandstone
nodules; some sand beds|
present. Marine

Ribstone Creek

225

Greenish yellow, massive, soft
sands with some d sand-|
stone beds. Green and car-
bonaceous shale with coal.
To the east in Saskatchewan
it contains & marine horizon.
Mainly brackish water de-
posits

Unimportant
gas showings
have been
found in wells
in this forma-
tion -‘

b

Lea Park

Lea Park
and
Alberta shale

Colorado

Alberta shale

1,500-1,650

Blue-grey shale and sandy
shale with selenite and iron-|
stone nodules. Fossils.

Marine.

Gas showings

Grey shale with some sand-
stone s and nodules.
Marine

Oil and gas

Lower
Cretaceous

150

Mostly sands with some shale.
Continental deposit

Qil and gas

Palmozoic

Limestones, marine

Qil showings
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Paleozoic. The Paleozoic 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 Saskatchewan River, encountered
black, bituminous shales at some distance below the top of the Pal®ozoic.
These black shales are similar to those that in southern Alberta occur at
the top of the Devonian and, therefore, the Pal®ozoic strata above the
bituminous shales in the Duvernay well may be Mississippian. A small
thickness of bituminous shales was also found within the Paleozoic 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,
calcareous shales occur at the top of the Pal®ozoic 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. Coal 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,
posgibly, the Pelican sandstone. The upper part of the LaBiche shales

£8386—133
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contains the Inmoceramus 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 exact contact between the Lea Park and Alberta shale, although
Wickenden (personal communication) has noticed a change in the 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
Alberta 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 iz 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 (Me-
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 Park, 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, crosshedded 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 eagily distinguishable from the higher Grizzly
Bear 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 oceur
in the upper part of the formation. On the banks of Battle River near
the mouth of Buffalo Coulée 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.

G'rizzly 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 Grizaly
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 shales that were thought to belong to this formation, although
the formation is considered to be predominantly marine.

Birch Lake Formation. The Birch Lake formation, named from Birch
Lake, Alberta, consists mostly of massive, crossbedded, brownish, and grey
sandstones with some softer sand and shales. The contact with the under-
lying Grizzly Bear shale has not been observed by the writer, but at
what is considered to be approximately the base of the formation a bed of



195

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.

Variegated 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
the Pale beds is exposed, the thickness is believed to be somewhat greater.

Bearpaw 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

Eastward from the edge of the Alberta syncline west of Viking, the
strata dip southwesterly, but at angles decreasing in size eastward. In the
vieinity 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 msjor 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 GAS FIELD

References: Slipper, S. E.: Geol. Surv., Canada, Sum. Rept. 1917, pt. C, pp. 6-7.
Elworthy, R. T.: “Gas in Albertsa”; 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 Canadian
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 outerops are relatively scarce. Such
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 strue-
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 Secs. 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.

Elev, | Depth | Depth Tnitial

Well L.S. | Sec. | Tp. | Range { Mer. | of well | of well saxf;ss Iﬁ'ﬁo
Imi,

Feet | Feet | Yoot |oup’fs,

Hudson’s Bay Oil and
Gas Co., Ltd. (Hud-
son Bay Marland Oil

Co., Ltd.)
Viking No. 1....... 5 8 49 12 41 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] 2,208 2,150 2,140 7,680

Nore. In Viking No. 1 well there were oil shows (22+:2° B&.) at 2,622-2,524 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 low. Initial pressure 660 pounds.
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Elev. | Depth Depth ses :
Well g of well | of well | togas | Lnitialopen flow in
oilel sl Bs to gas 1,000 cub. t.
Hdld e @ | S| Feot | Feet Feet a day
Northf:gfem Utilities,
No. 1l...ooovnnnn.. 13241481131 4} 2,285} 2,430 | 2,180 9,000
2,340-45
No. 2.....c0evnee 5119148 |12| 4| 2,280 | 2,373 g, gég 1,750
No. 3.ceevvvnnnnn. 1025481 21 4 2,200 2,365 2,176-85 5,000
2,197-2,201
2,337-40
No. 4............. 3130148 121 4] 2,307 2,343 | 2,215-19 2,000 Plugged back
to 2,221 feet
No. 65..covvveevnns 836148 13| 4 2,200} 2,220 2,148-50 5,000
2,166-87
No. 6............. 51 6149 (12| 4] 2,283 | 2,203 | 2,154-76 8,190
No. 7.ccpvvvninn. 1 61491 12 4 2,300 2,215 | 2,180-95 6,269
No. 8.vevvvvnnnnn. 2118 (48 )12)] 4 2,270 2,430 | 2,209
2,215-21 2,000
No. 9..oevvvnnnnn. 8124149113 4 2,259 2,318 | 2,158-65 4,500 Salt water at
2,299 feet
No.10............. 16 1 29 | 48 | 12 4 2,316 | 2,245 | 2,200-06
2,211-13 5,000
No.11l............. 16| 648112 | 4| 2,279 2,152 | 2,12242 9,246
No.12............. 9112|4913 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............. 41 44912 4 2,310 2,198 | 2,180
2,192-5 5,217
No.15............. 16 2149113 | 4| 2,266 | 2,165 | 2,153-65 5,054
No.16............. (] 71491121 4 2,256 | 2,140 | 2,127-40 8,418
No.17............. 1131{481]12 4 2,299 2,215 | 2,203-11 4,930
No. 18...... PR 8| 1714912 4 2,263 2,118 | 2,107 3,251
No.19............. 1312149 |13 4 2,255 | 2,145 | 2,130-43 7,000
No.20............. 12118149 | 12 4 2,248 2,110 { 2,095-2,110{ 7,000
No.2l............. 13 4149112 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............. 1013114812 4| 2,307 2,215 2,200-03 3,200

Log of Hudsonw’s Bay Otl and Gas Company, Limited, Viking No. 1 Well 1
(LS. 5, Sec. 8, Tp. 49, Range 12, W. 4th Mer.; Elevation, 2,273 feet)

— Thickness Depth
Feet Feet
Pgle, Variegated, Birch Lake, and Grizzly Bear

B T3 1 VR DN 25
Light yellowish grey €lay.....cviiivvni it iiiiiirene ey 20 45
Sandy elay....cooiriiiii i e 45 90
[0 e 3 703 1T 35 125
Grey-brown, Bandy 8hale..........ovvriiiinniiiniri i, . 10 135
Light grey, sandy shale................. fe e e 65 200
Light grey, sandy shale and sandstone with traces of lignite at 205-

210feet............... e e e et atete e, 15 215
Light yellowish grey shale........c.coviiriiriiiinirieerennnennn,s 5 220
Grey-brown, sandy €lay....ccooevin i P 5 225
Grey sandstone and carbonaceousshale............................. 35 260
Grey clay shale with lignite traces.................ccoviiiiian..., 80 340
Grey clay shale with a little sandstone 385-390feet................. 125 465
Grey clay shale....ooviuiiiiniieeieeeeeiennirirerneenenianens 55 520

1 Log by J. G. Spratt; published by permission Hudson’s Bay OQil 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, 2273 feet)—

C oncluded
—_ Thickness Depth
Feet Feet .
Ribstone Creek
Grey shale and sandstone. ........c.oveevrervnrnerronencerenennannns 25 545
Light grey sandstone. .....c.yveeieeeereiennenenennoraneans e 5 550
Grey and grey-brown, sandy shale with lignite at 625 feet. . ce. 95 645
[ -7 T . 35 680
Grey shale with coal.. . 10 690
Grey sand and sandstone. .........ooviviverrnrencenenenenn . 85 775
Lea Park
Light grey shale..........ciiiiiieneniieinenenrneenenenns e 45 820
Darker grey shale....... . 35 850
Dark grey shale.......... . 1,000 1,850
Alberta shale
Dark grey 8hale. ... ....v.iv.erirerrraeerseerensrieerreceransrnnns 255 2,105
Grey sandstone with a few chert pebbles; gas sand.............. AN 25 2,130
Dark grey shale with fossil fragments.........covveeveeeacinenanns 125 2,255
Lower Cretaceous
Dark grey shale with coal fragments..........ooovvenvenennenninn.. 36 2,291
Grey SandStOne. ... v e eyttt eteeeenrererenrasananessseancnsnnnnas 1 2,292
Grey, sandy shale with coal..........oveiieiiiiiiininiiinaniennns 48 2,340
Coal, grey shale, and sandstone...........cooeveivenernirenenrenaess 5 2,345
Grey, sandy shale with coal...........cooiiiiiiiiiiiiiiaienian.as 20 2,365
Sandstone with coal fragments..........o.oviverviernnrenaneraranans 14 2,379
MSSIME . o vttt ettt e ittt e et ia et e e ate s 33 2,412
Grey SANABLOME. . . o\ et sereeensereeeenseneanernesnsennnossnsnaes 5 2,417
Grey, sandy shale and coal fragments............ccccvevvunnennnnns 8 2,425
Light grey, carbonaceous shale...............oiiiiiiiimeenneineases 84 2,509
MESBIIE . ¢ .ttt e te it et etete et eeeeeareeeieraan e araiataaaanaaes 13 2,522
Grey shale ......................................................... 13 2,535
Palwozoic
Buff limestone with a little white sandstone and pale green shale.... 9 2,544
White sand and 1imestone...........coeverrireeineneneraeeecenennnes 5 2,549
Buff limestone and pale greenshale...................ooviviinn... 26 2,575
Red and green, arenaceous shale..........ovvvrvrvinenriinennenenens 10 2,585
Buff limestone and pale green shale.............covovevniieeniinnnn. 25 2,610
Buff limestone and red, arenaceous shale....... e 10 2,620
Buff sand with a little green shale.................. [N 12 2,632
Pale green and red, arenaceous shale and limestone.................. 23 2,655
Reddish sandstone. .........vveeerennerrinirneenaeneseeaiunannns 5 2,660
Buff limestone with red and greenshale............................ 25 2,685
Brown Hmestone. . ....u.ivetoeiienietn e estie e e eieeieinanans 2 2,687
Buff HmeStone. o . ovve ettt ttietes e eaeanrnetnereriienarnenans 3 2,690
Buff sandstone and limestone. ............oveiviiiiiiriiiiiiniienans 1 2,691
Buff HmMestone. .o v etiitiei et ie ettt iiaia e eiaeiaiieanas 34 2,725
BUff BANASEONE. .o .vtv ettt titie ettt e iaaaaes 10 2,735
Light grey lmestone. ....o.uuuiunirternrieinineieenensenereeenes 5 2,740
i g T 3 2,743
Buff and grey limestone..........c.iviviiiieneieiinerarireinirnenes 63 2,806
Grey BBale. ....coeiiti it i i ittt ee 50 2,856
Brownshale....................... e, 11 2,867
Grey, caleareous 8hale. .. .....cvvuvririiiiieiiiieinenrarensnranies 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 Kmsella, came in at about 2080 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 are 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 developments are of great importance
as indicating that a large area is likely to be highly productive, thus
affording a reserve supply of gas for Edmonton distriet,

BATTLE RIVER AREA

References: Allan, J. A.: Geol. Surv., Canada, Sum. Rept. 1917, pt. C.

Dowling, D. B,, Slipper, S. E., and MeLearn, F. H.: “Investigations in the Gas
and Oil Fields of Alberta, Saskatchewan, 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. Rept. 1924, pt. B.

“Qil Prospects in the Vicinity of Battle 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 flat 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 Battle 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 nearer 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 roughly with a southward bend of the river
east of Fabyan No. 1 well. The Hawkins, Fabyan, and Battle River-
Wainwright folds all show structural control over the course of Battle
River and in each case the anticline is indicated by a2 southward bow in
the river valley. This is due to the fact that the river valley is pre-
Glacial and hence the structure in part determined the course of the river.
The axes of the Fabyan 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 Fabyan 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 Qil 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 Baumé 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
9 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. Wainwell No. 4, drilled west of No. 2 well, obtained oil
in the productive horizon, but later encountered water troubles, Admiral
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Oils drilling northeast of Wainwell 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 ﬁ;ly quantity, although small amounts were encountered in some other
we

Log of Imperial Fabyan No. 1 (now Fabyan Petroleums No. 2) Well
(LS. 186, Sec. 18, Tp. 45, Range 7, W. 4th Mer.; Elevation, 2,040 feet)

— Thickness Depth
Feet Feet,

Birch Lake

nght By - 1o S 40 40
@rizzly Bear

Grey shale with sandy streaks....ccovuvuvveriniiiiininreinnsinins, 100 140
Ribstone Creek

Sandstone and shale......coiviiiinriiiiinriereiirnennrernecernanas 30 170

Shale with a little sandstone and carbonaceous layers............... 20 : 190

Hard sandstone (5 feet) and shale............cccvviuvenvienerananns 10 200

Grey shale.......ooovvveviennnnnes ve- 20 220

Sand and shale...........cooiiunne, v 20 240

Grey shale and sandy shale ... 100 340

Grey shale with sandstone and coal............coovneneevrenecnennn 10 350
Lea Park and Alberta shales

Grey shale with sandy streaks. Dark, fissile shale 1,810-1,870 feet. 1,545 1,890
Lower Cretaceous

Sandstone with some 8hale........ovvevnviiieereevsrensserneneens 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 BATIABLONE. « e enevevrensenenennnnss 60 2,110

Dark, carbonaceous shaleand coal..............cooveviieienenan.. 20 2,130

Dark shale and Sa00. ... e .e.sesenersrnrsorrmrs i 10 2,140
Paleozoic

Green shale and limeStone. .. ..over e it rereneneeeroreeenensosnaans 50 2,190

Dark grey limestone with some shale.........ccoevienenereenannans 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 Palxozoic
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 well. 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 Wainwell 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 comes from sands close to the bottom of
the Upper Cretaceous. Wainwell Oils, Limited, has a small refinery at
Wainwright, but at present it is not operating.

So far as known the oil 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
Palxozoic limestone, but as yet no commercial production 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.8. | Sec. | Tp. | Range | Mer. FIE‘I:;’{ I%.eepéh Notes
Imperial Fabyan
[+ 28 P 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 41 1,938 1 1,775 |Producing gas
Fabyan Petroleums|
No.l...ooovennn. 8 24 45 8 41 1,927} 1,833 |Small shows of oil
Fabyan Petroleums . i
No.2.oovvnvnennn 16 18 45 7 [ 3 P, 2,730 |This is the Imperial
Fabyan No. 1 well
Admiral Oils No.1.| 16 36 44 7 4] 2,226 | 2,698 |Dry hole. Finished in
Palwozoic limestone
Beaumont Oils No.
1 10 45 7 41 2,193} 2,182 |Shut in
Beaumont Oils No.
2, 10 30 45 7 41 2,207 668 |Closed down
Bethwain Oils No.1} 13 6 45 7 4| 2,247 | 2,485 |Closed down. Finished

in Palmozoic limestone
Lloyd Petroleums

NO. 1. ..o iinias 12 6 45 7 41,0 323 {Closed down

Wainwell No. 1..... 9 36 44 7 41 2,219 | 2,225 [Oil and gas at 2,068
2,075 feet. Gasat
2,215 feet

Wainwell No. 2..... 15 36 44 7 4] 2,194 525 {Abandoned

Wainwell No. 2A...] 15 36 44 7 4| 2,194 { 2,033 |Initial flow of 33,000,000
cub. ft. of gas ;.

Wainwell No. 3...... 9| 36 7] 4| 2,216 | 2,072 [Nover productive Jo ™

Wainwell No. 4..... 15 36 7 41]........ 2,052 |Produced some [ oil,
water troubles

Wainwright Qil

Dev.Co., No.1.. 15 36 7 4| 2,211 218 |Abandoned

Montreal-Alberta
0il Co. No. 1..... 2 15 45 7 4........ 2,650 [Shut down. ! Finished in
Pal=ozoic limestone
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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 crest 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 Coulée 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 commence 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 occurs near
the base 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 initial gas flow of more than 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 Petroleums Nos. 2 and 4 wells, 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, Sasko-Wainwright No. 1, Edmonton-Wainwright No. 1, ete., but
if the chert zone represents the contact of the Upper and Lower Cretaceous
it is possible that the oil horizon of British Petroleums Nos. 2 and 4 is
in the top of the Lower 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

Speclﬁc grav1ty at 60°F = 0-973
=13-9° Bé.

Water.......... 7. 4 per cent (volume)
Sulphur ........ 1-98 per cent

Distillation range— Per cent
Up to 150° C. (Naphtha) ......c.ovviviiiiiienannn.
150° to 300° C. (Xlluminants) .........c.coiinnant, 12-9 (vol.)
300° C. and up (Lubricants) ...........c.ovcviiaine. 68-2 (vol.)
Coke and residue oil ..............cccviuiiinnnn. 14-1 (wt.)

6828614
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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° Bé,
Per cent

12,72 S O 0-7
FLEY 4 1 1-6
Distillation range—

Up to 150° C. (Naphtha) ..........ooiiieeiiiiinnns 2+1 (vol.)

150° to 300° C. (Illuminants) oo 21-3 (vol.)

300° C. and up (Lubricants) 9-0 (vol.)

Coke and residue oil .........ccovviiiiiiiiiiinnn. 0-9 (wt.)

Log! of British Petroleums No. 3 Well

(LS. 4, Sec. 29, Tp. 45, Range 6, W. 4th Mer.; Elevation, 2-304-3 feet:
Method of dnlhng Rotary rig 'with core barrel used for part of log)

Feet
Surface material ...... ...ttt i e it 0 to 130
Shale, dark grey ..c.viveeniinireiieveserersniiossenaeneees 130 to 210
Sandstone, with hard layer on top ......covviiiiiiveniiiienns 210 to 230
Shale, 50ft, Erey ..ouvieereirtereinienneeirineeaontoneennss 230 to 251
Sandstone, hard, grey .............oooiiiiiiiiiiiiiiil 251 to 285
Shale sand, grey .......vveieiieiiiiierriiiiiniiriinereinens 285 to 302
Shale, grey, sticky, sandy in part ...............c00iiiiaan, 302 to 343
Shale, grey ..veeverreneetioenrueiansssersereseeeensanansons 343 to 370
Shale, ) T 370 to 383
Sandstone, hard, grey ........coiiiiiiiiiiniiiiiiiiiiiieaans 383 to 386
Shale, coal fragments .........c.cciivieiiiirainiiiinarrenennns 386 to 412
Shale, grey, hard .....c.coiiiiiivierireiiororeraneannneanns 412 to 479
Sandstone, hard .........coiviivenereirecriesesinssoaeenninans 479 to 480
Shale, blue, 80ft. couvveieeierrirecniosarrrose anssosroronanss 480 to 501
Limestone, hard. (Probably ironstone bands or sandstone)... 501 to 504
Shale, grey voeeeeiaiieieeieenecananasoessssesanssnannnnscns 504 to 507
Limestone, hard. (Probably ironstone bands) ............... 507 to 509
Shale, sandy, dark grey ......coceceeniiiiirienenceiinnionas 509 to 580
Shale, grey, S0ft ...veueeiiiveiiiirircreiiininiiitiaiinnian 580 to 588
Limestone, blue, (Probably ironstone) ........... ... 588 to 589
Shale, bl#e ..c.vvcervennineineeenennsn . 580 to 624
Shale, blue, hard . . 624 to 784
Shale, grey, hard ... 00 I 784 to 897
Limestone, hard. (Probably ironstone band) ............... 897 to 898
Shale, grey, soft ... ..iieriiierereerennesttosectsannennnns 898 to 997
Shale, DlUE ..veierirrinineineernsoneeenaneeenonsonaeeronns 997 to 1,045
Shale, blue, hard ........ccciiiiiiiiiiiiiiiiiiietinnnnnan, 1,045 to 1,073
Limestone. (Probably ironstone band) ..................... 1,073  to 1,074
Shale, grey, hard ......ccvviiiiiiiniiriiniiiirininniescnranen 1,074 to 1,189
Shale, sandy, Erey ...veeriieeriveerereitotrsetiaetreanronss 1,189 to 1,239
Shale, black, pyrite .......ccetiivreinrerenerrriestonnacnnnnn 1,239  to 1,277
Shale, black, hard streaks .........cociveeriierieserennneanns 1,277 to 1,300
Shale, black, sandy. Gas ....ovvcueriioireercninrencrs conans 1,300 to 1,352
Shale, black, 80ft .ouovuveranrinnerereirireciriereesentennnas 1,352 to 1,427
Shale, sandy, dark grey. Gas .....oesnsruncncisrencanonians 1,427 to 1,481
Shale, black, hard and soft alternating ......ocoeoeeveuinne.. 1,481 to 1,657
Shale, dark grey. Glauconitic sand, 1,800 to 1,804 feet....... 1,657 to 1,804
Limestone. (Probably ironstone band) ...................... 1,804 o0 1,804-5
Shale, black, sandy .........ccviiiiiiiiiiiiiir ittt 1 804 5 to 1, 1820

1 Log supplied by British Petroleums, Ltd.
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Log of British Petroleums No. 8 Well—Continued

Shale, sandy, with pyrite ..c..ovvvreiirniniiiiiennneennnn. 1,820 to 1,836
Shale, black, hard . ......cvtiiiiiiiiiniieeeiiniiinreeeeenns 1,836 to 1 838
Limestone, hard. (Probably ironstone band).......... e 1,838 to 1838-5
Shale, grey, hard .......ccccviiiiiiiiiiiiiiiiiiiiiiiinnnees 1,838:5 to 1852
Lime, sandy, hard, grey .......ccvveevrerenrrnareinnnnnnnns 1,852 to 1,852:5
Shale, black ...ovoriiiiii it iiiieiiiiiiiie et 1,852-5 to 1,879
Lime, sandy, hard .....cceeerniiiniiinereiinnnerneeneennnns 1,879 to 1,879-5
Shale, black, 80ft ....ovvvvvieernneerrnnernnnnrennnssenneenn 1,879-5 to 1895
Sand, hard ... i it i i it e i e e 1,895 to 1896
Shale, black, hard .......cooiiiiiiiiiiiiiiiiiiriiiinnnes 1,896 to 1903
Shale, black, 8andy .....ccovviiiiteiireriiiiiitrareneananes 1,903 to 1,931
Sand, blue-grey, hard .......cociiiiiiiiiiirrrrriiinnnnaenss 1,931 to 1,931-5
Shale, sandy, black ......vviiieenniereecrneernensnnennnenes 1,931-5 to 1,939
Sand, brown, soft, with shale partings. All saturated with oil.

L P SR 939 to 1,042
Shale, sandy, soft, brown, containing oil and gas ............. 1,942 to 1,953
Sand, brown, soft saturated with oil and gas................. 1,953 to 1,956
Shale, black, sandy Jayers soeveneeiiiiiiiiiiiaiiiiiie i 1,956 to 2,008
Lime, grey, very hard, (Probably ironstone band)....... .. 2,008 to 2,009
Shale, hard, dark .......covevvvncenercercerensnns . 2,009 to 2,021
Lime, grey, very hard. (Probably ironstone band) . 2,021 to 2,022
Shale, black, hard .......cccvevennennvrenannn . 2,022 to 2,038-5
Lime, grey, hard (Probably ironstone band) . 2,038-5 to 2,089-5
Shale, black ....veveereeronessanrecacacoennsereneannnns .. 2,039-5 to 2,056
Sand, coarse, white, soft Bentonite band...........cvvhnnnnn 2,056 to 2,058
Shale, black ot i e e e 2,058 to 2,074
Sand, blue ...ttt itiiiieianrte it 2,074 to 2,075
Shale, black ....iiieeeiieineeirninncoerocosenssensnsenoanes 2,075 to 2,085
Shale, with streaks of soft, brown sand impregnated with oil. Gas 2,085 to 2,093
Shale, black, hard .....cccovereveteeeceessenasssosenccesanns 2,093 to 2,096
Lime, grey, hard with pynte (Probably ironstone bands).. 2,096 to 2,096-5
1] 1T 1 2,096-5 to 2,098
Sand, soft, brown, impregnated with oil. Gas ................ 2,098 to 2,106
Shale, sandy. Oil and gaB . ovvvvvrerviiieriniiiieeenrennnnne 2,106 to 2,109
Sand, brown, soft. Oil and ga8.....cvoviiriireiiiniinnnns 2,109 to 2,111
Shale, brown, 8andy .......ocivieiiiiieiierenerinnnecnnnees 2,111  to 2,113
Shale, brown, 8andy .......cvveverenerecriiernsosraonerosnns 2,113 to 2,118
Sand, showing 0il .......vrieiiviiiinniereiinnrnnnnencaenes . 2,118  to 2,120
Sand, hard, showing oil .........ciiiiiniiiiiiiirnnnnnnnnnes 2,120 to 2,151
Sand, hard, shale partings ........c.civiiiiiiiiiiiii i, 2,151 to 2,152
Bhale, grey «uucvieeieiesasscisrecacasasacecacansesanacannanen 2,152  to 2,155
Shale, grey, with some sandy streaks ...........covvverrennns 2,155 to 2,157
Sand, hard, COarse .......coiveeereerrnennnanarererrarananns 2,157 to 2,158
Shale, grey, sandy ........ciivivreiiiriiiiiiateniicenenioes 2,158 to 2,160
Shale, grey, sticky ........ciiiiiiiiiiieieterieneecnanaianns 2,160 to 2,161
Sand, hard and coarse, rey ....eeeveeeiieniiirnoneereioinans 2,161 to 2,165
Sand, grey, with streaks of asphaltic material ............... 2,165 to 2,166
Shale, brown, with streaks of asphaltic material ............. 2,166 to 2,171
Shale, grey, sandy .....vcvvireieriierccnerertnvecnernrenns 2,171  to 2,178
Asphaltic material .........ccciititiiiniianeriniireieaannns 2,178 to 2,183
Shale, grey, sandy, asphaltic material ....................... 2,183 to 2,188
Sand, hard, coarse .....ccveervseereeerronnensnnracessaacaans 2,188 to 2,190
Sand grey, with streaks of shale ............................ 2,190 to 2,200
Shale, grey .. ..cocvereeiiiiiiiriiiiretienensesancansacans 2,200 to 2,208
[0 S S 2,208 to 2,217
Shale, StICKY, Erey «viovereeesrrnnscssoataastsnrsscsssssssss 2,217 to 2,222
Shale, black, with sand partings. Qil and gas ....ocevvvnvens 2,222  to 2,223:8
Lime. (A part of this was tested by the Borings Division,

Geological Survey, showing it to be ironstone) .......... 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
?‘:nfz%xrx at 1, Gﬁ«i to 1,688 feet in No, 1 B.P. well and at about 1 ,705 feet in Maple
af No. 1 we!

68386143
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It is difficult to divide the logged strata into stratigraphic horizons,
but the following division is approximately correct for No. 3 well.

Feet
Glacial material .........coiiiiiiiiinraann 0 to 130
Variegated beds and Birch Lake formation 130 to 285
Grizzly Bear formation ....... eieaenaen . 285 to 383
Ribstone Creek formation 383 to 580

Lea Park and Alberta shale . .. .. 580 to 2,100 (?) (approximately)
Lower Cretaceous .......coceeeeinnonnrensn 2,100 to (bottom of well)

Wells Drilled on Battle River-Waitnwright Fold

Elev. | Depth
—_—— L.S. | 8ec. | Tp. | Range | Mer. Feet | Toet Notes
Bethwain No. 2.... 16 4 45 6 4| 2,347 | 2,286 |Some oil and gas
Bntlsh Wainwright
............ 13 20 45 6 41 2,296 | 2,238 |Closed down
Bntlsh Petroleums|
0.1, ... 1 36 45 7 41 2,187 | 2,017 jAbandoned
Bntxsh Petroleums
0.2, .00iiiiinn. 13 30 45 6 4| 2,251 | 2,038 |Some oil and gas
Brmsh Petroleums!
[o 2 2T 4 29 45 6 41 2,304 { 2,296 |[Abandoned
Bntlsh Petroleums)
No.3B........... 4 29 45 6 41 2,305 2,259 |0il
British Petroleums
[ T, 13 30 45 6 41 2,251 | 2,036 [Closed down
Edalta No.1....... 15 19 45 6 4.0 2,225 |Closed down
Edmonton-Wain-
wright No. 1..... 4 29 45 6 41 2,318 2,275 jOil
Emerald No.1..... 8 30 45 6 4] 2,326 | 2,425 |Dry hole
Mid Canada No. 1.. 7 13 45 6 7 3 PN 175 |Closed down
National Explora-
tion No. 1........ 1 30 45 6 4§ 2,316 | 2,268 |Gas
Onalta No.1....... 8 20 45 6 41 2,270 | 2,232 |Oil
Peninsular  Petro-
leums No. 1...... 16 30 45 6 7 3 U 234 {Closed down
Sasko—Wamwnght
No.1............ 1 19 45 6 41 2,314 | 2,246 |Oil
Senator Oils No. 1 1 23 44 6 4] iies 710 |Closed down
Western  Consoli-
dated No.2...... 11 30 45 6 4| 2,301} 2,233 |Abandoned
Wainwright Dome
(Anwood Dome)
No.1............ 7 31 45 6 4 2,349 [ 2,308 [Closed down
Wamwnght Petro-
leums No. 1...... 6 30 45 6 401........ 2,252 |0il, closed down

Ribstone-Blackfoot Anticline

Outerops 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 which 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
northeast and southwest, but this view has been modified somewhat by the
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results obtained from a number of structural test wells drilled by Ribstone
Qils, 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 outerops. Farther southeast around
Unity and Muddy Lake the Variegated and Pale beds outerop 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
outerop 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-Blackfoot anticline, confours represent
Ribstone Creek-Lea Park contact; deep wells are represented by solid black circles,
structural teet wells by numbered crosses.
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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 vieinity of Prongua in Tps. 43 and 44, Range 18, W. 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. Wallburg, 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 outerops 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
distinet 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, W. 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 an elevation 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
location 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, Imperial-
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 Imperial-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 Baumé was taken from the
well, but owing to market conditions and the lack of storage facilities
production was not continuous. The indicated production 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
the 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 log of Meridian No. 1 well, the oil was
obtained in sands of Lower Cretaceous age.
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Log of Meridian No. 1 Wellt
(L.S. 4, Sec. 16, Tp. 45, Range 1, W. 4th Mer.)

Thickness Depth
—_ Feet Feet
Glacial drift........ovoiei i e e i 60 60
Lea Park and Alberia shale
Grey shale, alittle sand..........covieiiiniienoiaiiiniiieaennninns 10 70
Grey shale, fossil shellsat 80 feet.............c.cvviiiiiiiinnen.n. 100 170
Grey, shaly sand. ... ...oviiinnnieniieinrneieniirinasnresonsnenns - 30 200
Fine, grey 8and......cuieiin i nnrinernnerareneonssentonesenenanen 30 230
Grey shale, ironstone at 750 feet................coooiiiiii Ll 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|
T2 703 1 4 630 1,650
Chert pebblesin ghale......o.ooiiiiiiiriierenenrinereeeanrnnenes 20 1,670
Lower Cretaceous
Sandstone, fine-grained, water at 1,670-1,684 feet.................... 10 1,680
I 072 (A 10 1,690
Sandstone and shale, carbonaceous. .. .....c.vvvvvireiniiirineeanaens 30 1,720
Shale, ironstone, and coal fragments............. .o iiiiieiaiinn. 5 1,725
[ T P PR 5 1,730
T8 (T F51 7Y Y- S A 10 1,740
3£ P 10 1,750
Sandstone, shale, and carbonaceous materials..................co0.. 40 1,790
1T L P 8 1,798
Carbonaceous shaleand coal............oiiiiiiniiinninnans P 8 1,806
Shale and carbonaceous materials. ...l 9 1,815
Sandstone with carbonaceous partings, gas sand at 1,820 feet; initial
flow 30,000,000 cubic feet 12 1,827
Oilsand.........ccovvevanann. 2 1,829
Fine-grained, white sand, no oil 5 1,834

1 Compiled from log by J. G. Spratt; published by permission of Meridian Ois, Ltd.

A mechanical analysis of the Meridian Oil sand by F¥. J. Fraser,
Geological Survey, shows the following composition.

Per cent
Sand with a grain diameterover 0-2mm...........cooiiiiiiiineiiiinn.n 7-2
Sand with a grain diameter between 0-1and 0-2mm..................... 66-8
Silt grade; particles between 0-0l and 0-1mm,.......oovienerinennnnn. 6-0
Clay grade and oil left after extraction with cold benzol—by difference... 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 structure 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 sands
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 Palxozoic lime-
stone, at a depth of 3,010 feet, of salt water carrying a high concentration
of caleium, 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. ..........cco0iun.... 1-194
Solid matter in 100 cc .. 223595 grs.

Percentage of solid matter to weight of brine
Composition of solid matter

Sodium chloride ..ovveeniiivninnereiererrnnnnnnns 43:62 per cent
Potagsium chloride .............cciiiiiniiniinen. 2-48 “
Calcium chloride .....eovviiiiniereenrscennnnnnns 40-36 «“
Magnesium chloride ........cevvevviniennnnennns. 12-97 “
Caleium sulphate .....covvvriiinriiiernneernnnons 0-21 «
Calcium carbonate .........coiiveinveenieeennnns 0-30 “

Composition of brine a barrel (35 gallons)
26-98 grs. of solid matter in 100 ce.
2,698 1lbs. of solid matter in 1,000 imp. gals.
94-43 1bs. of solid matter in 1 barrel (35 gals.)

Pounds of salt constituents recoverable from one barrel (35 gals.):

Pounds

Sodium chloride ..ovvvveiiniiiiie it e i 41-19
Potassium chloride .....covvrieniaiereeenrereresssensnreaeeenss 2-34
Calcium chloride ......oviirieiniiiiiiiiiieneenieetenenenannnns 38-11
Magnesium chloride .......coveviinee ciitirinroncennsaonsnses 12-25
Calcium sulphate ... .ccoiiiiiiiiiiiiieireeeeesonrsiinnnonens 0-20
Calcium carbonate ...........c.cciiiniiiiiieenriieeeeeronnnnnns 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
(LS. 5, Sec. 25, Tp. 45, Range 1, W. 4th Mer.; Elevation, 2,087 feet)

Thickness Depth
PR Feet Feet
Glacial drift 20 90
Sandy clay......covevvnnrnenn.. 20 110
Sand; water at 120 and 140 feet. 30 140
Lea Park and Alberta shale
1S 07 1 110 250
Lea Park sand
Fine sand...coi.vveirnnrenrienincinsneinens e 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........ccvvvveveninacnens 1,413 1,733
Lower Cretaceous
Chert pebblesin shale.......cvvvveveenenrneniienrrerererensseene]ivnernronann 1,733
F (] 1,739
Sandstone: flow of 750,000 cubic feet of gas a day at 1,740 feet and salt

water at 1,743 feet....cociieurieiiinieiiiiiiciiiiiniieieniiiins 4 1,743
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Log of Ribstone Oils No. 2 Well

(LS. 5, Sec. 25, Tp. 45, Range 1, W. 4th Mer.; Elevation, 2,087 feet)—

Concluded
—_— Thickness Depth
Feet Feet

Shale and sandstone; pebbles........o.viiiiir it 11 1,754

Sandstone with a little carbonaceous material....................... 123 1,877

Carbonaceous shale and coal............. e e 12 1,889

Sandstone, IronStone. . .. v.vuve ettt et 1 1,900

Dark shaleand coal. ..o 6 1,906

Sandstone; salt water at 1,908 and 1,953 feet................covuiin.. 50 1,956

Shale, a little sandstone, coal at 1,983 feet..........ocovvvivvvnnnn.. 64 2,020

Sand; oil show; water at 2,023 feet............cooviirevriinennn.nn. 5 2,025

Sandstone, fine grained..........coi ittt e 2 2,027

Shale, a little ironstone. ......coooi it 6 2,033

Sandstone, grey, finegrained.............cooiiiiiiii i e 17 2,050

Shale, grey 10 daTK grey ... ovvevert it iei et eierieneanens 1 2,051

Sandstone, light grey, pyrite.........cocoviviiiiiiiniiiiiiiiia.., 6 2,057

Shale, grey to dark grey, PYIite.....c.covvii i 12 2,069

Sandstone, fine grained, grey, PYTite.....ovvovv v ieiirererninennnns 47 2,116

Shale, grey to dark grey.......oveiirieeiiiniiieiiiiiiiiiainiiiea,. 3 2,119

Sandstone, fine grained, light grey............ccoviiiviiiiiiianian. 14 2,133

Shale, grey to dark grey, carbonaceous............ovvveninennnn. N 4 2,137

Sandstone, fine grained, light grey.........o.covciiiiiiiiiiinn ., 23 2,160

Sandstone, sulphur water at 2,166 feet.................coevvvenna... 10 2,170

Sand, White, COATSe. ... u.uturvreereirieereit ettt aaeiaaeaanns 101 2,271
Paleozoic

Limestone, light buff-grey...........cooiiiiiiiiiiniiiiiiiienen. 27 2,298

[0 T £ e 1T O Rt 8 2,306

Limestone, light grey-buff.... ...ttt iiennns 824 3,130

Greenish shale.. .. ... oo i i i 5 3,135

Limestone, bluish greyand buff.......................oooiea... 95 3,230

Wells Drilled on the Ribstone-Blackfoot Anticline
Elev. | Depth
— L.8. | See. | Tp. | Range | Mer. Feot | Foot Notes

Algonquin No. 1... 1 20 45 1 41 2,051 | 2,100 {Abandoned

Algonquin No. 2... 5 16 45 1 41 2,011 2,206 “

Imperial Ribstone

No.l.oveveveraifornnns 5 45 1 41 1,851 | 3,489 [Abandoned. Shows of
oil and gas
Imperial Ribstone .
[T O 14 9 45 1 41 1,796 { 1,685 [Produced oil, abandoned
Meridian No. 1.....|...... 16 45 1 41 1,938 1,834 « “
Meridian No. 2..... 4 16 45 1 414 1,912 1,803 “ “
Meridian No. 3..... 4 16 45 1 41 1,994 1,889 “ “
Oxville No. 1....... 14 10 46 2 4| 2,046 | 2,260 {Abandoned. Shows of
oil and gas

Rayco Oils No. 1... 3 4 47 1 41 2,194 | 2,510 [Abandoned

Ribstone Qils No. 1 1 1 46 1 4| 1,921 1 2,056 |Abandoned

Ribstone Qils No. 2 5 25 46 1 41 2,087 | 3,230 {Shows of oil and gas.
High concentration of
?alts at depth of 3,010
eet,
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Structural Test Wells

Depth of
Ribstone | Elev. of
Ribstone! Oils, Litd. Sec. | Tp. |Range| Mer. | Elev. |Creek-Lea] contact
Feet Park
contact Feet
Feet
1A|Northwest corner................ i1 46 1 4 2,075 124 1,951
3 340 feet east and 600 feet south of
northwest corner............... 1 46 1 4 1,975 28 1,947
4 |Centre........oovuvunenn. 11 46 1 4 2,054 100 1,954
5 |Southeast quarter....... el 26 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?7
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 1556 1,941
10 1125 feet north and 200 feet east of
northeast 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 north of south guarter cor-
DL Of. .o it iiineerenenranananans 21 46 1 4 2,135 193 1,942
13 [Southeast quarter................ 15 46 28 3 2,047 190 1,857
14 |Auger hole, east bank of coulée 125
yards north of road............. 13 47 1 4 2,003 |Not Below
reached ,
15 [Auger hole, west bank of coulée in
south part............ccovuonn. 21 46 28 3 1,942 “ “ 1,910
16 |1,650 feet east and 80 feet north of|
southwest 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 [ .
20 |[Southeast quarter..... 19 46 1 4 2,173 242 1,930
21 |Northwest quarter.... 21 47 1 4 2,068 100 1,968
22 |[Southeast quarter................ 3 47 1 4 2,124 159 1,965
23 1120 feet northwest of No. 19...... 9 47 1 4 2,190 209 1,981
24 [Northwest quarter............... 1 47 28 3 2,006 162 1,934
25 |Northwest quarter............... 23 46 1 4 2 100 167 1,933
26 {100 yards east of southwest cor-
15 e 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 cornerof..... 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.2well......covivninann.nn. 25 46 1 4 2,080 115 1,965
32 |} mile east and } mile north of
southwest corner............... 21 47 27 3 2,085 137 1,948
33 |915 feet south and 1,727 feet east
of northwest corner............. 11 47 27 3 2,125 165 1,960
34 {Northwest corner................ 18 45 1 4 Joieen Glacial
drift to
Lea Park
shale

1 Published by permission of Ribstone Oils, Ltd.
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Elevation
Depth o
to base | Depth |Elevation| Ribstone
of Rib-| to base| of base | Creek-
Sec. | Tp. |Range| Mer. | Elev. | stone | of Lea | of Lea | LeaPark | Remarks
—_ Creek { Park Park contact
Feet sand sand sand |[(actual or
Feet | Feet Feet cu-
lated)
Feet
Meridian Oils, Ltd.

1 | Eastside of Ribstone 9 45 1 LIRS P f: 2] DR PN PO P Depth 114
Creek near Battle feet. No
River results

2 |On northwest quarter.. 4 45 1 4] 1,965)........ 297 1,678 1,858| Total

depth,
299 feet
3 |On northeast corner. .. 5 45 1 4 1,983}...:.... 291 1,662 1,842|Total
depth,
297 feet
4 11 mile west of No. 3... 6| 45 1 4] 1,997 DL 5] IR N 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 Ribstone-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 outerops 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 outerop
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 strata are 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 regarding 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 .......ciiiiiiiiiiiririerasertiesasianaes 90

Grand Rapids . .
Mostly continental sandstones with thin coal seams in the upper
part; lower part concretionary and marine .........c000n 280

Clearwater .
Grey and black shales and grey and green sandstones with some
coneretionary layers vo.voveereiiirtrtiiatnccasscncennons 275

McMurray .
Massive, crossbedded sandstone partly impregnated with bitu-
men; a deltaic formation ......ccovviiiiiieenans 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 lay between McMurray and the Wainwright-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 ares 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 Cretaceous 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 favourable 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 Coulée), it is possible the
Xillboriginated in the Ellis formation which is not present in northern

erta.

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 Alberts shales
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are 5o 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
in 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 outerops, 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)

—_ Thickness Depth
Feet Feet
Band. .o e e 30 30
Clay and sandy clay 30 60
Ribstone Creck
Sand, waterat 75feet.......... ...t e 15 75
Sha.le, waterat 172and 231 feet........ccoiiiviiiiii i 146 231
2% 1T 39 270
S oV L A 10 280
Sand with Water. ... ..ovvvvtiieei it ie et e 23 303
Lea Park and Alberta shale
517 (- N S 97 400
Shale with fine-grained sandstone. Gas show at 405 feet........... 30 430
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
1,710,1,740,1,780, 1,810-1,840 feet. Speckled shale 1 ,329-1, 343 feet 1,530 1,965
Lower Cretaceous
Sandstone, 2 feet with fine shale and sandy, carbonaceous layers. . 22 1,987
Carbonaceous shale and fine,grey sand...........coiiiiniienneannn 18 2,005
Sandstone, light grey and CAYDONACEOUS . - - v s evvameo s 5 2,010
BShale and sandy 1ayers. .. ....ouveeiieureienenenernranencarseennns 10 2,020
Ironstone layers 4 inches thick
Sandstone alternating with thin, carbonaceous shale bands. . 20 2,040
Sandstone with slight amount of shale; ironstone band 2 inches thick
862,046 feet. ... . uinriiiiiiireii it e s earea s i 13 2,053
Sandstone with 1 foot coal at 2,054 feet underlain by 1:6 inch shale. . 27 2,080
Shale with ironstone and coaly material...................c.c0vuutn 5 2,085
£S5 1Y 1 13 2,008

2 Log from samples examined by J. G. Spratt. Published by permission of London-Ribstone
Petroleums, Limited.
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Log of the London-Ribstone Oils Well No. 1
(LS. 14, Sec. 10, Tp. 43, Range 3, W. 4th Mer.; Elevation, 2,080 feet)—

Concluded
—_— Thickness Depth
Feet Feet
Sandstone, 1 foot. .... e et 1 2,089
Shale and coaly material, ironstone. Gas at 2,112-2,118 feet........ 19 2,118
Shale; coal at 2,121 feet.......ooviereiiiiiiiireniririionieroniaenan 3 2,121
QOil sand with thin, coaly shalelayers.....................c..oee.n. 11 2,132
Shale with a littlesand,................ 5 2,137
Oilsand......coovviviiiniriniinanenns 1 2,138
Sandstone........coeeveiiiiiiiiiiiiaies . 5 2,143
Sandy Shale. .. ..viruietenieitiintiiieieiioeiuiniroranerarennsinas 2 2,145
TS Y6 1 v 1T YA 2 2,147
Bhale. . overeineiirr ity v 2 2,149
Oilsand.....oviiineeirenenensinororernnares 9 2,158
Sandy shale; water? . cee 2 2,160
Sandstone with carbonaceous partings.........c.ovvetiieiraerennnnn, 34 2,194
Shale and shaly sandstone. ........cooviieiiiniiieiinniieriineennn 2 2,196
SANASEONE. v v v v esteaenseeeananeenanrsonsienreasesassenenrnnenanes 11 2,207
Tromstone. ..ot r ittt iet e et ien e baraaan 1 2,208
Sandy shale, carbonaceous. . ......ocvviiieieianiierinerennareenn 9 2,217
[T 0s £ 70 Y- At 13 2,230
Shale and IronStONe. .. ... vt ettt iirarieetronetienanarnns 8 2,238
Sandstone with thin shalebands.............ccooiiiiiii e, 4 2,242
Shale; showof oil............... s el 6 2,248
Sandstone with pyrite; show of oil 4 2,252
Sandy shale.........ooeviviiiiiiiie, ae. 6 2,258
Sandstone With DyTite. .. .cov.vrirereriiiieniinererenieernennannns 6 2,264
Shale and sandy shale, all carbonaceous.........coovvvirinnennnnn. 18 2,282
TS 106 £ 703 1 T S 2 2,284
Shale witha littlecoal. .. .....cooiiiieiiiiiiiiiiiiiiiiiiiiinnenas 14 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
lower 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, W. 4th Mer. The local structure at the London-Ribstone
location is not known. ’
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MONITOR-CZAR-CASTOR AREA

Monitor-Czar-Castor area is in eastern Alberta and extends north
of Sullivan Lake and east to the Saskatchewan boundary. It lies south
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 32 of Ranges 4 and 5,
rise to a height of 2,800 feet or 500 to 600 feet above the plains on the
northeast. 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
419-30) 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 Palmozoic 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. % Sec. 29, Tp. 32, Range 4, W. 4th Mer.; Elevation, 2,451 feet)

— Thickness Depth
Feet

Feet,
B T 49
Pale and Variegated beds
Light grey sandstone with coal fragments...................oooiei 6 55
Light grey sandstone with grey shale......... 40 95
Grey sand with much argillaceous material. . . 15 110
Light grey shale, in part sandy....cc.oenennn.. 150 260
Dark grey, sandy shale....c.covureeneiinniernirieieneinenennnenns 200 460
Dark grey, sandy shale with coal.............ccoviiiiiiiiinianne. 20 480
Dark grey, sandy shale......oeiveereeenieitineennreeeinenneseneen 10 490
Groy, argillaceous sandstone. ......veeirereiereenenrereennnnennanes 80 570
Light grey shale.....c.viveeeiniirie i iiaiieneneeneneanns 10 580
Grey sand with carbonaceous material...............oooiuiieninn. 80 660
Light grey shale with coal and sand...........coviiiiveniiinann.. 10 670

08386—15
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Log of Northwest Company’s Misty Hills Well
(N.E. 4 Sec. 29, Tp. 32, Range 4, W. 4th Mer.; Elevation, 2,451 feet)—

Concluded
— Thickness Depth
Feet Feet
Light grey sandstone with coal...... e reerenieieeaaas Cerreenann .. 30 700
Dark grey, argiliaceous sandstone with some coal................... 20 720
Grey, argillaceous sand........oooviiiiiiiiiiiiiiiiiiiiiiinn, .. 30 750
Grey,sandy shale........c..oovviiiiiiiiiiiiiiiiiiiiii A 120 870
Grey, sandy shale with coal...... ettt et arasens vene 10 880
Dark grey, sandy shale.........coivviiiiiininnnnnan., P .. 10 890
Birch Lake formation equivalents?
Dark grey, fine-grained sand........ccvviiiiiiiiiiiiiiiiiiirennn.. 40 930
Grizzly Bear formation equivalents?
Grey,sandy shale. .. .oviviiiiiiiniiiiiiiiniereienreeannennnns .. 30 960
Dark greyish brown, sandy shale. ... 30 990
Dark grey, sandy shale with a little coal at 1,030-1,040 feet....... .. 50 1,040
Grey, sandy shale.......cooveuen e es et a e, 20 1,060
Ribstone Creek formation equivalents?
Light to dark grey, sandy shale..........c.ooivviiiiiiaiianan.. .. 60 1,120
Dark grey shale......... Ceeseeneiasestinctnaans ceene 20 1,140
Light grey shalewithsand.........coovnven.... . 20 1,160
Light grey shale with coal........ et teet ettt aa et anan, 10 1,170
Light grey sand and sandy shale...... veens 40 1,210
Dark grey shale.......ccoveeennns [ e 30 1,240
Dark grey, sandy shale........... verenans e 40 1,280
Dark grey, sandy shale withcoal..........c.oviiieiiiiiaiinn . 10 1,290
Lea Park and Alberia shale
Finely laminated, grey shale......covviiiiiiieienininiernienanenn. 70 1,360
Dark grey, sandy shale............. . 10 1,370
Dark grey shale........ccooveennn rreeanes .. 100 1,470
Dark grey shale with traces of fossils..................... . 10 1,480
Dark grey shale............. PPN PP N .. 1,160 2,
Dark grey, sandy shale......c.covvineioiiiiiiiiiniens . 10 2,650
Dark grey, sandy shale with chert pebbles... .. 10 2,660
Dark grey, sandy shale,.....coverveeeresaenesronaneens 170 2,830
Lower Cretaceous )
Dark grey and greenish shale..... e et e s e aaa 10 2,840
Light grey shale.......ccveavnune 60 2,900
Brownish, sandy shale............. . 30 2,930
Brownish, sandy shale with coal....... .. . 10 2,940
Brownish, sandy shale with red tinge. ... .. 10 2,950
Brownish, shaly sandstone.......cveeeeoriiearrosnees 50 3,000
Sandstone, sandy shale,andcoal................c.00 .. 10 3,010
Light grey, fine sandstone. . .....ocveveeneeneeocins .. 10 3,020
Chocolate brown, shaly sandstone........coeiveeeiineierinienenan. 20 3,040
Brown, sandy shale...... Ceereieeanas e ree ettty 10 3,050
Black, carbonaceous shale with coal.........covvivnvieieininennnnn, 10 3,060
Dark brown shale....... Ceseeeneareies P, 20 3,080
Dark brown shale with coal 10 3,000
Dark shale and sandstone........ . 10 3,100
Brown sandstone. ....... Ceeeeneen e et e e ase e ieeeaeas 10 3,110
Dark grey, coaly shale. .......coviiieniiiiiiiiiiiniiaiiiiinan, 10 3,120
Dark grey, sandy shale.........ooooiviiiiiiiiiiiiai, Ceveraeaeas 40 3,160
Light groy, sandy shale.....coooiriiniiiiniiiiisiiiiiianeriencnen, 30 3,190
Brown, sandy shale...... S . 10 3,200
Grey,sandy shale.......ooeveeieriiereninennes e rectineeneae. ... 10 3,210
Very fine sandstone......v.vuverereencerioneencireeanas Ceeeenaeaa. 10 3,220
Dark carbonaceous shale with coal.................0e. Cereeienan 50 3,270
Light brown, sandy shale.......c.cviviieiiiiiereniraneiennencanns .. 10 . 3,280
Very fine sand.oe..eerenenineenencneecenenresncrneaceacenns eeenens 24 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 Cgzar, 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 the 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.

J— Thickness Depth
Feet Feet
MiSSINE. .ottt iieteeieeaintea i iaraaas T P 20
Pale and Vanegated beds equivalents
Light grey sandstone with coal..............cooviiiiiiiinen. 3 20%
B TR 7 ... 70
Light grey, sandy shale with coal fra,g!nents 20 90
Fine-grained, argillaceous sandstone with coaly materials with some
1 180 N 120 210
Light grey sand; shale with coal fra.gments . 10 220
Fine, grey sand (fresh water) with shale....... ves 5 225
nght grey, sandy shale................ cee .. 35 260
Light grey sandstone................ v 10 270
Light and dark grey, sandy shale . 10 280
Dark grey, sandy shale with coal fragments ....... . 7 287
Light grey, sandy shale..........coovvtivnvinnnnnnn. e 83 360
Dark grey to brown, sandy shale, coal fragments. ... 60 420
Dark grey SADASION. .« e vevsnrenemensnnsnenennnns vee 25 445
Dark grey, sandy shale......coiiviieiirerirneneerenensinenennens 5 450
Grey, argillaceous sandstone with some coal, possibly the base of
the Pale beds........oiiiirroiiiniiiieaaerinnrnrearenennennans 90 540
Brown-grey shale with some sandstone.............. .. 40 580
Light grey, sandy; fissile shale with coaly streaks........... . 50 630
Light grey, argillaceous sandstone with thin coal streaks............ 20 650
Light grey, sandy shale with some fine sandsbone and carbonaceous
e Y . 130 780
Birch Lake formation equivalents?
Dark grey, argillaceous sandstone and shale........................ 40 820
Grizzly Bear formation equivalents?
Dark grey shale, a little carbonaceous material..................... 100 920
Ribstone Creek formation equivalents?
Light grey, sandy shales and sandstone...........coveeienenevnnen. 50 970
Dark grey shales........ociviiiiiieneninsrererannenesnan ves 70 1,040
Light grey shales with coal 60 1 100
Lea Park and Alberta shale equivalents?
Dark grey 8hales. ... ooverreenrrereeererrerssseerenroscnrosaneanns 1,230 2,340
Grey shales, bentonitic ceen 20 2,360
Dark grey 8hales. .. ..ouvrviiiee ittt e 90: 2,440

68386—153
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—_— Thickness Depth
‘eet Feet
Lower Cretaceous
Reddish and greenish shales..................ccooiinieininnn... 10 2,450
Grey and greenish shales..............c.oociriiniieieinnninnnns 50 2,600
Grey and greenish shales with coal.....................o0eveen..... 20 2,520
Greenish 8hale. ... uvuunreeeernene e iiaeeaianaas 10 2,530
Grey and greenish shale............. 30 2,560
Grey and greenish shale with coal. .. 10 2,570
Grey and greenish shale............. 10 2,580
Grey Sand8tone. .. vuuer vt e ettt et 40 2,620
Grey 8hale. . ..ooven i e 20 2,640
Grey shale with coal e 10 2,650
Greyshale.................... e 20 2,670
Grey shale with coal e 20 2,690
Darkand grey shale...........cooiiiiiiiiiiiiie i 30 2,720
C0al.. . 10 2,730
Grey shale with coal fragments.............co0vevevinrnenenennnn.. 30 2,760
Dark grey to black shale.............................ooiiiia 50 2,810
II\.;Ilggh_t; sandstone with black shale.......................oii.. . 30 2,840
S | O 10 2,8

Paleozic? %

White sandstone becoming calcareous at 3,120 feet and with chert
Cdragments.. .o 390 3,240
Light grey HImestone. ... ....oviiuuuiiereerieeriiireeennenerennans 110 3,360
Very sandy, dark grey lmestone. ............ovoeeeeeniunnnnnnn... 40 3,400
Hard, greyish white limestone...............ooccviiiiiiiiiinn.. 50 3,450
Sandy, white limestone.............. ..ot 40 3,490

It is difficult to state where the top of the Palzozoic 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 Pal®ozoic limestone,
is an erosion product deposited on the Pal®ozoic floor prior to the deposi-
tion 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 drilled by the town of Castor some years ago is reported?® 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 LS. 5, Sec. 27, Tp. 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., Canada, Mem. 116, pp. 4, 24, 50 (1919).
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depth of 570 feet. The Bearpaw is underlain by light grey sandstones 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®ozoic 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 oceur 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 all 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 Palecozoic of northern or
eastern central Alberta and, therefore, it is inferred that in the Monitor-
Czar-Castor area the only possible source of 0il 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 places 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 10 1,900 feet and
a small show of gas was reported at 1,894 to 1,900 feet, that iz 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 occurrence 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 base 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. | Elev. | 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
water at 1,460-1,470feet.
Wetaskiwin No. 2..| NW.] 13 46 24 4 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 70, 110, and
. 960 feet,.
Wetaskiwin No. 3..] NE.| 14 46 24 4 2,507 | 3,185 |Drilled in 1914-15. 20 M
cub.ft. of gas at 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 1,700,
1,835, 1,860, and 1,915

eet.
Ponoka Asylum NW.] 29 42 25 4 |........ 2,485+ |Drilled in 1916. 100 M
No. 1. cub. {t. of gas at 2,275 to
2,300 feet with shows
and small amounts at
other borizons. Water
encountered at shallow
depths and at 2,100 feet.

Abandoned.
Ponoka Asylum 4 32 42 25 4 f....... 2,890 |[Drilled in 1919-20. 50 M
No. 2 cub.ft. of gas at 1,115 ft.

Flows 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 Qil

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
850 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, Wetaskiwin, 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 Paskapoo 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 . . uvuvutit e aaaaas 12
Dark clay shale with glacial pebbles and sand..................... 118 130

Pale and Foremost beds

Light yellowish clay 10 140
Dark shale, sandy..... 20 160
Light greenish or yello 117 377
Fine, white sand................. 385
Dark grey and light grey shale... .. 130 515
Sand and sandstone..........c.cceeaenenen., [ 45 560
Grey 8hale. . ..ottt e e e 20 580
Light grey S8and. . .ccieeeeennrereeneenereeacneuenenernsnesesasarens 46 626
Dark grey shale......o.viiiviiiiiiiiiiiiiiiiiienteinraarirannnens 84 710
Dark grey shale with sand..........coiiiiiiiiiiiiiiiiiiienannnens 10 720
Greenish yellow shale with sand.............cociiiiviieiiinann. 20 740
Light grey Sand. . ...v.eeereveneneeronnnenonersestssaneseeonanennns 10 750
Dark grey ghale. ... ovouiiiiin ittt i iaiiirarniaranens 40 790
Dark grey shaleand sandstone. ............ccoviiviiiniiniinennnnns 50 840
Pakowki and Milk River equivalents
Dark grey shale.......ocoiieiiniiiniiiiiinirireiiiiononionenens 910 1,750

Alberta shale
Dark grey shale; sgeckled shale at 1,750-1,760 feet. Chert pebbles|
at 2,620 feet. Small amount of bentonite in various horizons. .. 1,110 2,860
Verv dark shale with 8andstone. ........ceeeeeviverinnneinrnrnenians 20 2,880
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Log of Fuego No. 1 Well—Concluded

—_ Thickness Depth
Feet Feet
Lower Cretaceous? )
Very dark shale with increasing amount of sandstone............... 50 2,930
Sandstone with carbonaceous streaks...........covviiiiiiiiiiiiina 20 2,950
Grey shale with 8andstone..........ooiiieiiiiiineiiiiiiiianinies 40 2,990
Grey, carbonaceous shale.............cocovvieneniiiiiieiiniinnna. 70 3,060
MSBINE. .. aeaeeerenvesennensonneonsinsrnreneonns 20 3,080
Grey shale, a little sandstone 10 3,090
Grey shale, and sandstone. ...........ooviiieriieaiiieiiiiiannaas 10 3,100
Pal@ozoic (Mississippian )
Chert and siliceous limestone. .........c.coviiviiiiiininineneinaas 33 3,133
Light grey limestone and chert..........covviiiiiiieinnrineiiniaenns 32 3,165
Bottom of hole. .ooviiniiiiniiieiieriiiioinineraerssranrenecnases 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 Baumé.

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 Bearpaw and above the Lea Park is a series of formations that Allan
f(11€1)18, page 12) correlates with formations in more southerly districts as
ollows.

Section in Duvernay Area

— Thickness | Equivalent formations
Feet
Bearpaw formation. ... ..., ..ottt ? |Bearpaw formation :
Myrtle Creek formation..........c.coviiiiiiiiiiiiennnienes 425+ |Pale beds
Pakan formation...........oiiiiiiiiiiiiiiiiiiiaieiiiaaan 225 |Variegated beds
Victoria sandstone. .. . ceee 95 |Birch Lake sandstone
Shandro shales.................ociiii e 70 |Grizzly Bear shales
Brosseau formation. ,..........civiiiiiiieiiiii e 325+ |Ribstone Creek forma-
tion

Lea Park formation. ... .. .oiiiviiriieieronrareeeneannsefecrenarones 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 Dowling! 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 Qils, Limited, drilled
a well, known as Duvernay No. 1, on LS. 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

—_ Thickness Depth
Feet Feet
Samples MISBINE. .. ... utuerteitteniierreiesuneeeraosnraosonosneenns 190
In this interval the contact of the Brosseau (Ribstone Creek) and
the Lea Park probably occurs.
Lea Park
Grey shale..........ooiiiiiiiiiiiiiiiiii e 280 470
Light grey 8andstone. ........oviuieeerennernirerarrnneennneenaee 10 480
Dark grey shale.....o...cooiiniiiiiii it iiiiiiie i enees 570 1,050
Alberta shale
Dark grey 8hale. . ....ouu it e eeas 328 1,378
Sandstone alternating with shale..............cooiiiiieiieniniinns 12 1,390
Dark grey to blackshale...............coiiviiiiiiiiiii i 100 1,490
Brown oil 880d. . cuuuet it e aaaes i 1,491
Grey shale and bentonite. ................ooiiiiiiiiaiieinninnnns 9 1,500
Grey sandstone, bertonite. ........covvvriiireiaviiiieeriiiennnns 7 1,507
Lower, Cretaceous
Fine grey sandstone, bentonite, and shale........................... 18 1,518
Brown SanABtONe. ... vveuneeteaseeenneeniernieriuienianeniaaeanes 15 1,533
Grey Shale. . ..ou.iieieei ittt e e aaeas 7 1,540
Brown 8andstone. ...co. .. e 10 1,550
Coal and black, coaly shale...........c.coiviieniiinenereinniienas 10 1,560
GTeY SANABEOM. tuu e e et et eaerernenenenerneienanasanarareanaans 3 1,563
GTeY Shale. oo, ieesiitit e ir e et 7 1,570
Dark shale and coaly shale..................... s 13 1,583
Fine-grained sandstone, shale, and coal .. 10 1,593
Dark grey shale ceee 2 1,595
Black shale and coal 1 1,596
Grey, carbonaceous sandstone, oil stained . 4 1,600
Grey, carbonaceous shale................. .. 9 1,609
Grey Bhale. .t vt te e ittt etteee e e 7 1,616
Grey sandstone, oil stained at 1,617 feet.........c......covviiinen. 4 1,620
Grey sandstone, and shale.............oviiiiniiiiiiiiii i 4 1,624
Fine sandstone, oil stained..............c.ciiiiiiiiiiieinenianiins 18 1,640
Grey BRAIE. .ot vreiainie ittt e 1 1,641
Black shale, 8anAY .. uuuure e enrir et nerirtereneanrnenenerans 8 1,649
Carbonaceous SanABtONe. vvver v e v enerreaenerreniananeeaanenenes 1 1,650
Dark grey, sandy shale.......cooovviiiiiiiiiiiii i, 2 1,652
Fine sandstone, 0il 8tained.........oueeeeeiinrirniinirenannnn 3 1,855
Dark grey to black shale, inpartsandy..........cocoveniieninrenens 18 1,683
Coarse sandstone, oil stained...........coovveveeiiinireeiininaines 37 1,720
Grey sandstone, slightly shaly.............cccoiciiiiiiininnnains. 5 1,725
Grey sandstone, oil stained In PATE. ..ouvuevnenererararoonensenenes 9 1,734

1¥or log See Geol. Surv,, Canada, Mem. 116, p. 63 (1919).



228
Log of Duvernay No. 1 Well—Concluded

—_— Thickness Depth
Feet Feet
Lower Cretaceous—Conc.
Sandstone and shale..........coiieiiiiiriiiiniienenraecerarnananss 3 1,737
Light grey sandstone....... 31 1,768
Sandstone, partly oil stained. 12 1,780
Darkshale...........co0vvvuenen. .. 10 1,790
Sandstone, oil stained M part..........coiiiiiiiiiiiiiiien.. .. 50 1,840
Light grey sandstone. ..oo.v..veerevnenennereenrersreneerenseenanns 10 1,850
Shale with sandstone partings 10 1,860
Light grey sandstone, oil streaks........ccviviiirinenenrenennnns eee 50 1,910
Dark, carbonaceous shale..........viiiiuviinninseeneineneerrnennns 10 1,920
Brown sandstone, partly oil stained.........coovveiiiriiennnnininn. 10 1,930
Dark 8hale. .o ie i e it e i it e 50 1,980
Shaly sandstone, slightly oil stained................c.ovvviviniin.. 30 2,010
Shaly sandstone. .. ......vvuieeneuniiiieinrieereeinriarnaenanns 60 2,070
Pyrite and marcasite. ......ocovriviiii ittt 1 2,071
Grey to white, calecareous sandstone...........cceevevenvirnrvnenrns 4 2,075
Mississippian
imy shale, slightly green-grey........oooiviiirvreienninenrnnnanns 65 2,140
Limy shale, harder.......o.veeiiiiiiiniiiiiiiienreaneenrarnnens 20 2,160
Limestone, buff t0 grey . ...cveieeiviiirenrenneerreneronereneenennnn 40 2,200
Greenish grey, limy shales..........coveeiiiiiienniniiinennnnenres 30 2,230
Devonian
Brown to black oil-shale.......c..ooiviiiiiiiiiiiniiiiiiiiniaan.s. 50 2,280
Dense, buff limestone...... 20 2,300
Brown to black oil-shale. .. 10 2,310
Dense, buff IMestone........oouueirieniierniriiinniienranannas 10 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

TReferences: McConnell, R. G.: ‘Geol. Surv., Canadsa, Ann. Rept., vol. V, pt. D (1893).
MecLearn, F. H.: Geol. Surv., Canada, Sum. Rept. 1916 (1917).
Dowling, D. B., Slipper, 8. E., and McLearn, F, H.: Geol. Surv., Canada,
Mem. 116 (1919).
Ells, 8. 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-
kenzie 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 vieinity 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!

Thickness
in feet

Drift Gravels, sand, and clay

LaBiche formation 1,100 | Grey and black shales with layers-
g} concretions at various horizons.
arine

Pelican sandstone 35 | Crossbedded sandstone, conglomer-
atic at top. Central part con-
tinental. Top and base marine

Colorado ‘ Montana

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

Clearwater formation 275 | Soft, grey shale, black shales, grey
and green sandstones with some
concretionary layers. Marine

Lower Cretaceous

McMurray formation 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 2204 | Limestones

1 McLearn, F. H.: Geol. Surv.,, Canada, Sum. Rept. 1916, p. 144.

The structure is described by McLearn (1917, page 148) as follows:

“The structure from Athabaska to Point Briilé is simple, consisting of a half-fold
or homocline with a low south dip. From Grand Rapids to Pelican Rapids the rate
of dip is about 54 feet a mile, and north of Grand Rapids the dip 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 dip 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 Brilé and McMurray is almost at right
angles to the above and shows a low anticlinal structure (Athabaska anticline). The
axis lies near Crooked Rapide 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 either side of the valley is low, so that the top of
the McMurray formation soon ceases to be exposed in the cliffs. Since the bedding
sof this formation is not reliable for structural purposes, the dip cannot be accurately
determined there. Tt probably does not depart very far from the horizontal, but
may have a slight north or northeast 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 place 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 (MecConnell, 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), “mno liquid oil has
so far been found, nothing 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 of 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 Brfilé). 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 McMurray formation (tar sands) is the only
source of gas that promises to be of commercial importance.”
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The most prominent structure, according 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
MecLearn 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). . . . . “Ag 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 oceurrence north or northeast
of Pelican (ie. up the dip.)”

In the northeastern part of the district, according to McLearn:

“The wells of the Athabaska Qils, 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 Qils, Limited, has & depth of about 85 feet below the river
and about 140 feet below the hmestone 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,
pagf 21) in 1916 and analysed by the Mines Branch, gave the following
analysis:

Per cent
Methane L1 27 835
Carbon dioxide COz ............................................... 1-0
OxXygen = 02 ittt ettt ittt raaa 2~9
Nitrogen N .................................................
Calorific value per cub. ft, at 60° F. and 760 mm..........c.ccu... 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 L.ower Cretaceous sands occupy-
ing the same position stratigraphically as the Lower Cretaceous of the
Athabasksa area has led to the hope that sands comparable in thickness
with the MecMurray 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
MeceMurray 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 Pal®ozoic 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 place 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 Alberts 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 Wainwright 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 areas, 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 southeastern 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. McMurray-Athabaska area, showing positions of wells
drilled for oil and gas: 1, Northern Alberta Explorations 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.



235

As indicated above it is possible that two oil horizons may underlie
rarge 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
extension in other directions is unknown. It is believed that the oil that
gave rige 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 Wainwright field. Wells located where there is no local
strueture are not likely to be successful in finding o0il or gas in commercial
quantities.

The presence of oil in the bituminous sands of the McMurray 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 orlgmal composition
of the oil are unknown.”

The contact of the Pal®ozoic limestones with the overlying McMurray
formation is an erosion surface and many cracks and joihts 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 o0il could take place unless along
fissures. If a migration from below did take place then there 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.? 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 6855 feet), at

1 Second Ann. Rept. of the Min, Res. 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-anhydrite!
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 eracks
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
outerop, 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 Palzozoic
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 outerops 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
outerops of the Lower Cretaceous on Athabaska River and any oil and gas
in the water-bearing horizons would be flushed towards the outerop 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 Amn. Rept. of the Sci. and Ind. Res. Coun, of Alberta, 1923, p. 50.

2 “Investigations in the Gas and Oil Fields of Alberia, Raskatchewan, 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,,
Canada, Sum. Rept. 1918, pt. C.
Dowling, D. B, Slipper, 8. 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 is 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 Dunvegan, sandstone beds of the Dunvegan 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.

03386163
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Table of Formations?

Description

Cretaceous

Wapiti

Montana

900 feet +

Thick, massive, crossbedded sand-
stone, with some grey to dark
carbonaceous shales. Thin coal
seams, one of which is 180 feet,
and another 580 feet above the
balse of the formation. Continen-
ta

Smoky River
300 feet

Colorado

Upper shale

Dark, friable shale with thin beds
of sandstone near the top. Iron-
stone concretionary bands

Bad Heart sandstone

Coarse sandstone weathering red-
dish brown, 10 to 25 feet thick.
Marine

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

Dunvegan

440 feef, in the Smok:; 3' River|
gection (estimated)
530 feet in the Peace Riv-|
er section

Massive, concretionary, and cross-
bedded sandstone, with shale,
alternating with thick zones of
thin-bedded sandstone and shale.
Some thin coal seams in the con-
tinental deposits. Subaerial and
marine

St. John

560 feet (estimated) on
Smoky River, much
thicker in the western
sections of Peace River

Dark, friable, and paper-thin car-
bonaceous shale, with some iron-
stone bands and concretions

Peace River

Lower Cretaceous

Upper sandstone
130 feet (max.)

Massive, white to cream-coloured,
crossbedded sandstone with s
discontinuous lignite seam. The
upper sandstone thins northward
on Peace River, where the upper
part is replaced by bedded sand-
stone and shale of marine origin

Middle shale
30 feet

Blue-black, friable shale.
Marine (?)

Lower sandstone
160 feet (max.)
Thins northward

Top is massive and crossbedded
with large, spherical concretions
passing downwards into bedded
sandstones and shales which are
marine. The top may be sub-

aerial

Loon River

1,100 feet below town of
Peace River. May be
thicker on Smoky River

Dark blue to dark grey, friable
shale with gsome ironstone con-
cretions. Where penetrated by
wells near town of Peace River
sediments are arenaceous near the
base of formation. Where exposed
the shale is marine

Palmozoic limestone series

1 McLearn, ¥. 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 8t. John the structure seems to be almost Hat.
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 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 flat 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 flat, 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 Tar Island.”

To the south of Peace River, on Smoky River, McLearn (1919, page
5) describes the major structure as:

“ A gouth dipping homocline or_half-fold, the north side of a large synclinal basin
whose axig i south of Bezanson. No undulating structure of anticline and syncline
is superposed on the major structure. There is considerable change of dip, however,
and a fe.w miIes_ 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
eagt-west.”

Dip to south
Feet a mile
Mouth (Smoky River) to 1 mile south of north boundary of Tp. 81 12
Latter to south boundary of Tp. 81 ......c.cvvieiivinnnnnne. Flat
“ middle of Tp. 79 ...veeriiiieiiainnnnnns e 25
“ south of Smoky River ..........ccciiiiiiniiinnnnnn. 50
“ south boundary of Tp. 77 .....cciriiiiiinninnnnnnnn. 20
«“ within one mile east boundary Range 25.............. 12
Mouth Bad Heart River to Puskwaskan River .................. 60
Latter to horseshoe bend above Puskwaskau River .............. 15
“ 2 miles below Kleskun Creek ............cccvvvunnn... 30
“ middle of TD. 72 viivtverreneruneennnneenonannnnennn 45
“ ferry below Bezanson ...........cccvvviiiienanininna. 60
Dip to east
Feet a mile
Mouth Bad Heart River 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 that the crest of this
broad structure is somewhere in the vieinity 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 & 14-foot shale bed,

followed below from 962 to 1,082 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:

“Qil of similar gravity was found at the corresponding horizons in the No. 1 well
14 miles downstream. The two sandstones are of less thicknesg 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. 4 Sec. 11, Tp. 85, Range 21, W. 5th Mer., and 2 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
Paleozoic age occurred to the bottom of the hole. No flows of oil or gas
were reported from the Paleozic 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
oil in sandstone 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 presence 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.. ...ttt s 981
Distillation test—

Below 150° C..vvnieiiieie e . 2% by volume naphtha

150°40200° C.ooevnnr e 4-87

200°10250° C..iuenii i e 5-3

250°t0300° C...ovi e 56-2

300°10825° C.utttte e, 5-2

Residue and 1088, ..., vvveiieinenreneinenenevnennas 26-5%

According to McLearn (1919, page 6), “the oil from Peace River
‘ cracks’ at abnormally low temperatures. This phenomenon begms 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. MecLearn (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 Qil Company), with very
low dips. The conditions obtaining at the wells, therefore, might 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
LS Sec Tp Range | Mer
Feet
1 {Peace River Qil Co., No.1............. 4 31 85 20 5 1,136
2 [Peace River Oil Co., No.2.....ovvven 16 24 85 21 5 1,125
8 |Peace River Oil Co., No.3.......... . 6 4 85 21 ) 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 PacificOil Co......c...ccenvnntn. 10 11 85 21 5 850
9 |Tar Island Oil and Gas Co.............. 14 24 85 21 5 1,087
10 |Vietory Oil Co., No. 1.................. 11 31 83 21 5 1,807
11 {Canadian Petroleum, L.td., No. 1.. SE. 11 85 21 5 1,275
12 |[Canadian Petroleum Litd., No. 2........| SE. 11 85 21 5 ,008
13 [H. L. William . 23 85 21 5 —_
14 |P. M 0il 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 7 east of the mountaing 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-Coupé 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 western 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:

“Ts well timbered, rough and hilly. A relief of 1,500 feet is common and in places
the higher ridges rise over 3,000 feet above 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 mdges. East-
wards the uplands gradually become less irregular and blend into a bhigh level plateau.
The main streams flow for the most part in deep, narrow, 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!

System Group Formation Character Thickness
Feet
Montana Wapiti . Subaerial sandstone, masgsive, cross- 9004
bedded, with shales and lignite (Top not
exposed)
Smoky River Dark, friable shales, marine with 1,100+2
median sandstone member
Sukunka member | Coarse, subaerial sandstones, hard- 1,000+
ened continental muds, green
shales, lignite
Upper
‘Cretaceous | Colorado Dunvegan Magssive to thin-bedded sandstones,
varying in origin from littoral to 1,0004-
subaerial, with some shale and a
few thin seams of lignite
St. John Black marine shales, usually arena-{ 1,400
ceous with intercalated sand- to
stone bands and marine sand- 2,200
stone locally
Lower
‘Cretaceous
Bulthead Mountain | Hard, green-grey conglomerates, 1,500
coarse-gramed massive sand- to
stones and shales, with many 4,400+
seams of high-grade coal
Jurassie? Pine River Blue-black marine shales with in- 300+
tercalated limestone and some | (Base not
sandstaone exposed)
Triassic Schooler Creek Purple limestones and fine-grained 3,000
(In foothills) sandstones; limestones vesicular in the
near top foothills

1 From Spieker (1920) and various reports by McLearn.
2 Russell, L. 8.: Personal communication.

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
eastern Peace River area the Triassic must wedge out eastwards.

Jurassic (7). Spieker (1920) found blue-black clay shales 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 Jurassie, 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. Western Peace 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



246

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 MeLearn (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 i 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 sandstones 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-Coupé 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 bage 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 sandstcnes overlying
the Dunvegan. These beds have not been observed elsewhere and according
to 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-Coupé 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
Dbelt.”

Wapiti Formation. The Wapiti formation does not occur in the area
under consideration, but has been described (McLearn, 1919) from Wapiti
River, a tributary of Smoky River. In that locality it is composed of cross-
bhedded 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-Coupé 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
structure along Peace River is indicated by McLearn (1918) as follows:

“The transition from foothills 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 Cache Creek there is
a low east dip, under one-half degree, with a local west dip equally low near the mouth
of iCache 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, 8o 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
Montagneuse River southward a north-south section is cut and here a small dip is
revealed. Where the river turns east past Dunvegan an esst-west section is again
exposed and flat 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-
stres],]n} 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-Coupé 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 Kiskatinaw River shows a very flat tableland capped
by the Dunvegan formation, while east of Pouce-Coupé River valley a gentle easterly
dip causes the appearance 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 the first 16 miles
east of the foothills. The first is near Hudson Hope and the second at the ‘Gates’
of the Peace, a rock-enclosed narrows some 7 miles east of Hudson Hope. In these

the dip, which elsewhere is commonly less than 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 thoroughly
effective as a reservoir structure and the comparatively small thickness of hopeful beds
bYeneath it within ordinary drilling depth emphaqzw the decision that it is not to be
congidered with the best anticlines of the region.”

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 of 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 succession. 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-Coupé 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.! 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-Coupé area would,
therefore, be between 560 and 2,180 feet. In the Pouce-Coupé 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-Coupé 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 eastern succession. These strata are not the same as the-
Bullhead Mountain formation farther west. In Pouce-Coupé area Allen
and Cameron (1921) report a terrace structure. It is considered that such
s 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-Coupé River suggests that the St. John formation might be ocil-
bearing if more favourable structural conditions existed. According to:
Spieker (1922) an oil seepage occurs near Rolla, B.C., on Pouce-Coupé:
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:
%qd another oil seep is known on Moose Creek about 4 miles north of Péace

iver.

If, as has been assumed, the Bullhead Mountain formation is entirely
non-marine west of Pouce-Coupé, 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 reservoirs.
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 Athabaska 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 above the level of Lesser 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. | Elev. | Depth

Feet | Feet
‘International Oils No. 1..........covvvvannnn. 11 14 74 6 5 1,910 2,845
International Oils No.2...........ooovven i onnnn, 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 water. Shows 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 slight 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 Well

Thickness Depth
_— Feet Feeot
oY PO 100
La Biche
Grey Shale. ..ot iirir i eae e it i it .. 120 220
Darkgreyshale..........oooiiiiiiiiiiiiiiininnrenenns PN 410 630
Dark grey,sandy shale.........ooiiiiiiiiiiiiiiiiiiiiiiienannnee, 100 730
Dark grey shale.....coovuienintiiieiiiieiiieeriienienneaireneeannn 150 880
Verydark grey shale.......cocoviiiiiiniiiiiiiininninneniannnnes 200 1,080
Dark grey shale with sand........cociiiiivreiieiiieiiiiannenense. 30 1,110
Darkgreyshale.......coviiieiiiieiiiniiiiiinreneeans e, 40 1,150
Pelican sandstone and Lower Cretaceous
(703 1T o3 4T3 1 40 1,190
Light grefr BANABLONE. .o vreer vt rieetinieieeeana i enaieieaneas 20 1,210
Greyshale.....cocoviiveriiiiiiiiiiiiiiii et 10 1,220
0700172163 14T) ¢ 1 - 200 10 1,230
Grey sandstone...........ceeeeees. e e et ean 40 1,270
Grey shale. ....cooiuieiiiiiiiiiiiineiieiiiesaiaenenensnnnns v 20 1,290
Grey sandstone. .....oveeue e enrniiaeeeieneaitiieenanatanarnanans 30 1,320
L0703 7 163 0T ' - PPN 10 1,330
Grey SandStOne. ...v'eeeeiereraaneeraneersontssnassesnsocanuneens 40 1,370
(€1 L 50 1,420
GTey SaNAStONE. o vvuen e erne e eanenoetserosnonnanentonasenensonan 50 1,470
Grey 8hale. ..o.eeivr ittt et et e 50 1,520
Groy Sandstone. ... .....vureriimnireiniireirtieseneearnannsnnnens 70 1,590
L3 o 1 0 140 1,730
Grey sandstone....... e e, 10 1,740
Grey shale. ....oveeiniiiiii i e it 60 1,800
Brownsand with oil......covnineniiiiiii i 30 1,830
[ =) - U 150 1,980
MISSINE . 4 4aavuensenenensrneneneasnssnssererneeeesasoneeeusoasasaens 2 1,982
Paleozoic
Brownish sandstone, chert, etC.......coiiiiiiiiiniiiiiinininnens 8 1,990
Very dark grey shale. ......cooiniiiiiiiiiiinininieirianinnnnnnes 10 2,000
Brown Imestone. .ooeeeueeieresiineainerenereeraneoianeronsannanes 60 2,060
Grey limestone.........vcvvveenn. et a et e a et e, 140 2,200
Brown-grey limestone. ...o..oeeriieiiereiincieiensrenrrnnennnennes 10 2,210
Grey HImestone. v veveneeseeesersienireennanesentessaneonasonsanss 60 2,270
Brown HmestOne. voeuueeeeaseriecrnerenrenrenanssensonnsensonans 10 2,280
Brown to grey limestone.......ooiiiuiiiinreeintenreniirnnennenns 20 2,300
Grey limestone......veeeeeenreeeenenenenranencenenens N 10 2,310
Grey shale. . ....oiiiiieieiiiiiae ittt iieiiereeiaraaaeas 100 2,410
Grey Limestone. .. ....vusivesesieseer ettt 30 2,440
Dark grey shale, yields oil on distillation........................... 30 2,470
Grey to brown-grey limestone........... o r e e ear et et 460 2,930
Grey to brown dolomite and dolomitic limestone................... 40 2,970
Grey t0 brown Hmestone. ......ovveneirereninirirneerierneenrnennns 135 3,106

6838617
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In McMurray area the Pelican sandstone consists, according to
McLearn (1917, page 148) “of crosshedded 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 applicable here 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 Palmozoic is somewhat difficult to determine. Hard,
dense limestones oceur 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 Pal®ozoic, and if so the top should properly
be placed at 1,982 feet in this well. The age of the upper part of the
Pal®ozoic is unknown. In the main the sediments of this part are cal-
careous shales with a very distinet 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 Pal®ozoic 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 Qils No. 2 well is reported to be 70 feet higher than
No. 1 well. The following horizons in the two wells can be correlated.

No. 1 ] No. 2

Depth to
Feet Feet
Top of Pelican sandstone (conglomerate)........ccooviiiiniiiiiiinnnan 1,110 1,150
Top of Palmozoic (erosion surface)...... e eere e, 1,902 1,982
Contact between Pal®ozoic shales and limestones....................... 2,420 2,470

If No. 2 well is 70 feet higher than No. 1 well then No. 1 well is
only 20 to 30 feet structurally higher than No. 2 well although the distance
between the two wells is about 4 miles, representing a dip of about 5 feet
to the southeast. If, as would be expected in this area, the regional dip
is to the southwest then the apparent dip between the wells 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 Palxozoic 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-Pal®ozoic 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 60 feet deep. To the south of the lake there is a wide depression
through which Red River drains northward, bringing with it the waters
of the Assiniboine which joins it at Winnipeg. The Assiniboine is the
principal river of southern Manitoba and ig 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 Assiniboine River, which has its source in eastern Saskatche-
wan north of Yorkton 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, 8t. 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, 1926,
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
n;latii,ell" 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 which 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 feet. 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 Precambrian follows a westerly
course to Clearwater River, a tributary of the Athabaska in Alberta. It
iz known (Meclnnes, 1913, page 66 and Map 58 A), however, that east of
Lac 1a Ronge, in the vicinity of Wapawekka Lake, the Cretaceous strata
overlap the Paleozoic and rest on the Precambrian, and the high escarp-
ment that bounds the Manitoba lowland does not ocecur 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, Wood 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, 1931, page 31). 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 glaciated. 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 coulées, but where it is not broken the
surface is smooth and only slightly undulating except in the western part
where there is & rolling, hilly 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 surface but is dissected, especially near the edges, by deep
gorges and coulées. The drainage from Cypress Hills area is by French-
man River which passes into United States east of Wood Mountain. Near
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Cypress Hills the valley of the river is eanyon-like, 4 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 feet 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, which 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

Pal®ozoic strata underlie all of the Manitoba lowland and along its
eastern border rest on Precambrian rocks. The floor of the early Paleo-
zoic sea appears to have had considerable relief. North of 8t. Martin and
Partridge Crop Lakes, which lie east of Lake Manitoba, there are several
outcrops of Precambrian igneous rocks that according 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 Pal®ozoic sediments
were deposited was not unlike that now exhibited by the Canadian Shield.

As the Paleozoic 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. Qutcrops 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. 1st 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. 1st 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 See. 2, Tp. 43, Range 26, W. lst 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 fossils 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
oceur, deeply buried, in southwestern Saskatchewan.

In Manitoba the Pal®ozoic 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 Pal®ozoic 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 and 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 ...........ccviviriininiirieiiineiionnannn 185

‘Winnipegosan dolomite ...........cooiiiiiiiii it 165

Elm Point limestone ......ccovurviririerriaiieiiiinenneiens 25
Silurian

Stonewall formation ........civeiiiiiiiiiiiiiiiiiiiines 250 - 610
Ordovician

Stony Mountain formation ............ccii il 330

Selkirk (upper mottled limestone) ...........cooiiiiiie.n, 130

Cat Head Hmestone .......cevovvevreneriinnrcnnrnrenennnnnns 70

Dog Head (lower mottled) limestone ...............co0vietn 70
Winnipeg sandstone .....cevrvieriieiiiiiriiereieiierioneen ..

The Dog Head limestone overlies the Winnipeg sandstone on Lake
Winnipeg where its principal outerops 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 clastic 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
gite 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
agsigned 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, reddish limestone, at the base of which is a harder
limestone only 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
Feet
Hard, light grey or drab, dolomitic limestone (Leperditia hisingeri zone).. 100
GYDBUDML .o tvtteutnunnsasoessssssescsoanssnssssoncsssssasosasossnassncns 150
Buff dolomitic limestone (Conchidium decussatum 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 shown (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 Wallace (1925,
page 21), their stratigraphic position is somewhat doubtful as they lie on
or near g 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 60 feet of gypsum underlain by
110 feet of red clay and sand. 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 limestones are believed to be
correlatives of limestones that elsewhere carry Leperditia hisingeri,
although this correlation has not been definitely established. 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 southeastern Alberta
or northern Montana. Its presence in central Saskatchewan is doubtful.

In Manitoba Middle Devonian 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 still 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 shores 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 Devonian their age
is by no means very definite.



260

Devonian rocks presumably underlie the whole of the Great Plains
west of the Manitoba escarpment. They have been encountered in a
number of wells 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 southwestern 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. 1st Mer.) and the
Dauphin No. 1 well (Tp. 24, Range 20, W. 1st 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 Neepawa well
(Tp. 14, Range 15, W. 1st 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 Paleozoic 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 member, 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:

Pembina Mountain seetion Riding Mountain section

Odanah beds 250 feet+ Odanah beds 300 feet
Riding Mountain beds 50-80 feet Riding Mountain beds 200 feet
Pombina beds 80 feet
Boyne beds 140 feet Vermilion River beds
Morden beds 200 feet 250-300 feet
Assiniboine beds 70 feet Asgsiniboine beds 70 feet
Keld beds 90 feet Keld beds 60-65 feet
Ashville beds 100-150 feet Ashville beds 170 feet

(unexposed) .
Basal beds 90 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 of Keld beds overlying
the Ashville on Vermilion River in Sec. 2, Tp. 24, Range 20, W. st Mer.,
is as follows, arranged in descending order:

Limestone; 4-8 inches; grey, speckled, weathering white. Metoicoceras sp., Anomic

sp., ete.

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; Inoceramus labiatus abundant

Clay; 41 inches; bentonitic, weathening white

Shale; 35 feet; grey, speckled, caleareous; with several white clay bands

Clay 6 inches; bentonitic, weathering white

The presence of Inoceramus labiatus in these beds seems definitely to
correlate them with at least part of the Lower Alberta shales of the foot-
hills.

The Assiniboine beds overlie the Keld and outerop on several streams
and rivers north of Assiniboine River. On Vermilion River, in Sec. 35,
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Tp. 23, Range 20, there is a complete section of 72 feet consisting, in
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, calcareous, with several thin bands of hard limestone

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
occurs 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 Scephites ventricosus or Niobrara faunsa,
whereas the upper part contains Baculites ovatus and is Montana in age.
In Manitoba Baculites ovatus does not occur below the Vermilion River
beds which overlie the Assiniboine and no occurrence of Scaphites ven-
tricosus has been reported. Thus although the Assiniboine beds are about
Niobrara age, their precise age is unknewn.

The Assiniboine beds are overlain by the Vermilion River beds best
known from Vermilion River. The following complete section (Kirk,
1930, page 123), expressed in descending order, is exposed between Sec. 35
and Seec. 17, Tp. 23, Range 20, W. 1st Mer.:

Shale; 32 feet; dark grey, non-calcareous with bands of clay ironstone and septaria
containing Pierre fossils

Shale; 80 feet; dark grey, non-caleareous, weathering to lighter pinkish grey con-
taining some brown fish scales, ete.

Shale; 36 feet; dark grey, mainly non-calcareous, but including bands of grey, speckled,
caleareous shale within the lower 12 feet; numerous, thin, lenticular bands of clay
ironstone and septarian goncretions containing Pierre fossils

Shale; 45 feet; dark grey to black, non-caleareous, with caleareous 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, mon-calcareous

In Pembina Mountain area in the southern part of Manitoba, beds
believed to be equivalent to the Vermilion River of 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 carbonaceous 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 of 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 hillg 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 Pembina



263

and Riding Mountains. The Odanah beds seem to disappear to the north
and west. Like the underlying Riding Mountain beds they are Pierrel
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 non-marine late Cretaceous (Edmonton, St. Mary River,
Eastend, ete.) 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 Saskatchewan, their equivalent being marine Montana shales
inseparable lithologically 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 Alberta which there underlies the Belly
River. In eastern Saskatchewan, therefore, there is a great group of
marine shales of 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 lignite 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 of deposition were separated by
an interval of erosion and in places part or even all of the beds 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 “Triceratops” 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 Willowbunch member (MecLearn, 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 of 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 overlie their Niobrara division and underlie
Fox Hills beds.
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page 4 A) from the vicinity of the coal fields of Estevan and Bienfait
in southeastern Saskatchewan is as follows. The beds are enumerated in
descending order.

Thickness
Feet
Light yellow sands overlying sandy clays ........................ 70
Lignite oovvvivniiiiiiiii i i i ittt e et e e 5
Bandy Clays ...ttt i i et it e ie e 40
Buff sandstone .......oiiiiiiiiiiit tiiiii i i et e 15
Ingmte with banded clays 2
Grey elay coeiiiiiiiieiiiienea 3
gnite ... iiiiiiiiann 5
Sand 3 T B 20
Lignite at Estevan and Bienfait 7 to 10 feet .................... 4
Stiff bluegrey clay or in some cases incoherent sand 20 to 50 feet. 28
Lignite, Taylorton Seam ..........cccotieiuenectseencecenanansen 6
Dark grey clays and sands ... 130
Lignite . .ovvveriiiiiiiiiianiiiian, e 2
Sands and clays .......coiiiiiiiii it iiieneien 207
- 7 S 4
Clays and sands with streaks of lignite 209
B -
Blue clays and sands ......covieieiiiiiriiirrrteniiiiiiariaaaane 186
Shales amounting to at least 500 feet ..............oiiiiiiiiit ..
Total thickness above the shales ...........coviiivneirann... 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 Ravenserag 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 little or no drift
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(Johnston and Wickenden, 1931, page 39), but the eastern edge of the
Missouri 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
this former, much more extensive, body of water whose deposits of sand
and clay have become the arable land of southern Manitoba.

STRUCTURAL FEATURES

The Palxozoic 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 east 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.! Af 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 marine
shales is caleulated 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. McLearn.
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There is evidence from bore-hole records to show that prior to the
Cretaceous the Pal®ozoic 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 Pal®ozoic
in the Moose Jaw well is 800 to 1,000 feet lower (Wickenden, 1932, page
195) than in the Pilot Butte and Simpson wells, so that the slope of the
Palmozoic 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 Paleozoic surface. It
cannot be a Paleozoic erosion feature since there does not appear to be
any important difference in the stratigraphic horizon at the top of the
Paleozoic 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 Paleozoic 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 Pal®ozoic 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! 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 Palwozoic surface, although it
is an erosion surface, is approximately parallel to the top of the Lower
Cretaceous. 'This being so there is no evidence that a Pal®ozoic ridge
existed in this area at the time of deposition of the Lower Cretaceous
strata. The top of the Paleozoic in Ribstone area is probably Carboni-
ferous, whereas in Muddy Lake area the top is Devonian. It is not impos-
sible, therefore, that the Pal®ozoic 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 Leake 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 Pal®ozoic 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 manuseript) a peculiar
feature of the 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 Island 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 Cretaccous 470 feet higher in Pilot Butte well than in Moose Jaw
well; distance 49 miles; slope 9 to 10 feet a mile.

Top 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 at Simpson than
at Riverhurst; distance 75 miles; slope 3 to 4 feet a mile.

Top of Lower Cretaceous 145 feet higher in Hanley 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 Herschel 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 well than 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 § feet a mile.

Top of Lower Cretaceous 174 feet higher in Ribstone Oils No. 2 well (Alberta)
than in Unity Valley No. 3 well; distance 42 miles; slope 4 to 5 feet a mile.
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PROSPECTS OF OIL AND GAS OCCURRING IN COMMERCIAL QUANTITIES

Only small flows of natural gas have 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 Paleozoic 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. Shales 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 Coulée 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 Coulée
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 beds 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 tilted strata, but apparently the
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Figure 22. Index map of portion of Saskatchewan showing areas of drilling.
1, Boundary; 2, Moose Jaw; 3, Pilot Butte; 4, Rush Lake; 5, Riverhurst;
6 Simpson; 7, Hanley, 8, Outlook (Eden Valley), 9, Pike Lake; 10 Herschel ;

11, Fusilier; 12, Muddy Lake; 13, Unity Valley; 14, Ribstone (Alberta),
15, Misty Hills (Alberta).

tilting was only superficial and flat-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

(LS. 4, Sec. 9, Tp. 1, Range 27, W. 3rd Mer.; Elevation,

approximately 2,800 feet)

J—— Thickness Depth
Feet Feet
Pale and Foremost beds
ESSIIs  v e v e ve e veeeaseeeronenaenescocnsonsaseonansasaneneosonseens 40 40
Shale, medium grey, coal fragments, and sand...........ccovenenrn. 60 100
Coal and a little grey shale......o.oevervinenieerrvnrenieneroenrnnnn 10 110
Shale, brown and grey; a little coal and shell fragments............ 30 140
Sand, ﬁne, brown, and shale................ e renenen i ieneaanas 20 160
Sand, fine,and buff shale.......ccovviiiiieiiiienrieneniinennanens 20 180
Sand, fine, and buff shale; coal.........ccovviviiiiiiiiienrannnss 10 190
Shale, O e e e v eanacnesnsonnsoasontonsaosonsonsansennconsnonsas 10 200
Shale, grey, and coal........ et ettt res e ae s erans .. 110 310
Sha1e, BT« e r v e eereenerneneenananressnencasnneanarssonraesnnnsnns 30 340
Shale, DrOWI. t .t vt tieereeterereenenaererineaseaerencnrasanans 20 360
Shale, light grey, occasional coal fragments...............vcvuvnnn. 180 540
Shale, grey, sightly sandy..cce.rieriiiiernnririiienieieneacaans 10 550
Shale, grey......oveveevenvnns. ettt e eanas 20 570
Shale, grey, with coal............. A 30 600
Shale, grey, 8aNAY....covttertreiiiiiiiiiiiaierertaarereeeasananns 10 610
Shale, grey, with coal................... ... e teetiieeieeenae vee 10 620
Shale, ZIEY e . erernrrertieesiissneneesoansrroctosncarsaonseons 60 680
Shale, grey, with eoal........c.cooiiiiiiiiiiiiiiiiiii e 10 690
hale, grey, 8andy. ... oeerneeeniareeioneiinressrananeenn e 10 700
hale and 8and, Brey ....eaiereieriieiirenrenerrueanaenseasesnnons 60 760
Shale and 8andStone. .. oov.vienenrrirererereanaeenenrancaaacans .. 20 780
Shale, grey, and some sandstone. ......o.vvuvirernrreneenreneennenn 110 890
Sandstone, very bentonitic..................... i, 40 930
Pakowki and marine equivalents of Milk River
Shale, grey t0 dark grey....c.ouuvvrieniiirenerentrneeeeneseennnans 130 1,060
Shale, grey to dark grey, foraminifera.................... P 140 1,200
Shale Lght grey...vveeieeeeiie it iiie et i, 10 1,210
Shale, Medium t0 darK grey . ..o veeeren e eneetrnrenanroreasanenes 240 1.450
Shale, Hght gTey. ..ouee et e i ite ettt eeenesensanananennn 30 1,480
Shale, medium grey; Epistomina caracolla at about 1,500 feet........ 130 1,610
MB8INE . ety v ene e et eeeetseeneneenenenesoosearareaseseenencnacons 140 1,750
Shale, MEdiUM TeY .. uvreneneieeernraeseerenresenensnsersnnnsens 50 1,800
Alberta shale
Shale, grey, with calcareous speck8 ...................... e 270 2,070
Shale, dark grey, bentonite..........c.ccvviiiniiiiniiiineinenn,s 10 2,080
Shale, dark grey; Clavulina and Bullopors zone at 2,090 foot. ... ... 220 2,300
BEIEONILE . + v+« s e e e tasemen e s se e eamsemeen e eeneaneae e 10 2,310
Shale, dark Zrey . .ovui ettt ittt ettt tie i anaaas 70 2,380
Shale, dark grey; bentonite. ... .. .cvviiiiiiiiiiiiiirirrnrersnnan. 10 2,390
Shale, dark Zrey...vvi e teittn ittt it iirinarnenanaas 130 2,520
Shale, dark grey; bentonite.......ccvviireiirirnieiiereiroreneeoas 20 2,540
Shale, dark Zrey .. .vee v eeeiieneereeenenenresenencesenensenanennn 130 2,670
Shale, dark grey; bentonite.........cveererinineerrinerenreeannns 30 2,700
Shale, dark grey; fine grey sand and chert pebbles near base; show
g s at 2,700 feet, foraminifera at 2,960 feet.................... 390 3,000
Sand, N, LY ..o vevietetrerineenrareaneensearranteteannereeonesas 20 3,100
Lower Cretaceous (marine and non-marine)
Shale, medium to Light rey......covieeiiiriiiieniieenreieneann. 70 3,170
Sand, fine, grey.......... et ee i e ee e e e e ey 20 3,190
Shale [0 2 e 10 3,200
Shale, medium to light grey......coooviiiiiiiiiiiiiiiiieeenensn 10 3,210
Shale, dark grey; foraminifers (marine)..............cvevverennn.. 30 3,240
Shale, dark grey, and bentonite..........coovriiieiiniiiiiinann.. 10 3,250
Shale, dark grey, foraminifera. . .....ooiteiiiieieaeriiiiieieenaa, 90 3,340
BentOnIte. . cn et vttt e e a e e e ara et 10 3,350
Shale, medium and dark grey.....ccovvreeniiieniireiiinnennnnnnn. 90 3,440
Shale, black, carbonaceous; last Lower Cretaceous foraminifera at
B (1 (TS RN ceeee. vees 80 3,520
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Log of Boundary Well

(LS. 4, Sec. 9, Tp. 1, Range 27, W. 3rd Mer.; Elevation,
approximately 2,800 feet.)—Concluded

—_ Thickness Depth
Feet Foeot
Lower Cretaceous (marine and non-marine)—Concluded
Shale, Ight grey.....voeerioeireneeneeneaneeerrerennrersensennes 20 3,540
Shale, MATroon AN EreY . ..c.veeeierernireeennerennreroseacenieaones 20 3,560
Shale, greenish grey and mauve. 20 3,580
Shale, grey......ooooviivnnenenn, 30 3,610
Shale, grey and reddish purple. .. veee 20 3,630
Shale, dark red..... ... oiieiiiinin i ieieaencriiiiarrerinnn 10 3,640
Shale, grey and brownishred...........coiiiiiiiiiiiiiiniinnennne. 10 3,650
Shale, brownish red 10 3,660
Shale, greenish grey 50 3,710
Sand, Brey ... cviveiiiett i e 20 3,730
Jurassic
Shale, Tedium Brey . ..o ovverr ettt irere e tiaenrentrnreneaesons 30 3,760
Shale, dark grey; Jurassic foraminifera at 3,780 feet.......... 30 3,790
Shale, calcareous, medium grey, many Jurassic foraminifers.. 90 3,880
Shale, light to medium grey.......coovvrenireneiinenrenneens 30 3,910
Shale, very calcareous, medium grey........oevieeeiieninereinanans 30 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
in 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 area 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 outeropping in Dirt Hills
area are the Whitemud and other non-marine Cretaceous beds above the’
Bearpaw. The drilling depth to the Palseozoic 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 Pal@ozoic limestone developed as 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 Pal=ozoic
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 Pal®ozoic
folded prior to the deposition of the Lower Cretaceous sediments but since
the top of the Lower Cretaceous is inclined, post-Lower Cretaceous folding
also occurred.
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The pre-Lower Cretaceous folding cannot be precisely dated. Jurassic
strata of unknown thickness occur in the Pilot Butte well (Wickenden,
personal communieation) and Jurassic strata at least 250 feet and perhaps
440 feet thick (Wickenden, 1932, page 192) occur in the Moose Jaw well.
No Jurassic beds are known to have been encountered in the Simpson well
and none would 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
northeastward 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 be
south or southwest of Simpson and north of Pilot Butte and Moose Jaw
wells. Owing, also, to the presence of a pre-Cretaceous Paleozoic 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
samples 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 Paleozoic 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 Jaw well with its considerable thickness of Jurassic strata is too far
southwest. The Simpson well is also on the Palzozoic 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 and Estlin wells there is a dip of more than 11 feet
to the mile. Another well drilled at Wilcox (Dowlmg, 1919, page 41) south-
west of Estlin did not reach sufficient depth to give any mformatlon 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
Jaw 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)

— Thickness Depth
Feet Feet
VAT, .t ettt etetevieneananceenaneoeeasnaneesassscssssacanasasnne 400 400
Marme shale (Montana)
Shale, medium grey; foraminifera...........cooovieviiiiiiiieiannn 180 580
Shale, greenish grey; foraminifera..........c.eoveevenrinnniieneaas 20 600
MBI s e e v e eeaneeseeeneaeenoseasaneanerasearenencncesanennnnns 20 620
Shale, medium grey; foraminifera...............c.ciiiiiiiiiis 30 650
MO8 II . e e v e e eeeenaeaaeaeeerenenennasennnsensoneansossasansnnnn 25 675
Shale, medium grey; foraminifera..........ooiririieaniiiieninnns 215 890
BT L) 7S 10 900
[Tz 1T IR - DN 10 910
Shale, 8aDd Y. . o oo vttt i i i it 10 920
BT T 20 940
Shale, sandy.........oiiiiiiii e 10 950
7T VT O 30 980
S0 1Ts S = PPN 30 1,010
Shale, medium grey......cooevnineen.s et .. 150 1,160
MiSSINg. ceorierarninnenrninneerercsenaans ettt aaaens 440 1,600
Alberta shale
Shale, dark grey, with white calcareous specks...................... 10 1,610
BT 11T 50 1,660
Shale, dark grey, with white caleareous specks.........e.ovvvvnnnn.. 10 1,670
IS8T it v esetatnuennneafonesoroensnasssssnatocrentonsoneennnans 100 1,770
Shale, dark grey, with whwe calcareous specks..... i, 10 1,780
I8SIIE . ¢4ttt oo tenneneauensstoosonesaceusossssnnonssenseneennnens 30 1,810
Shale, L E 3 4 < 10 1,820
VI BSII . v v v e e vmeeensnneeneeneeeseanenaensonnseaneennasasessensanns 50 1,870
Shale, dark grey, calcareous. . ....oveeveerrrrenraernereeennrnnenns 10 1,880
713 Y- 40 1,920
Shale. dark 2 {2 10 1,930
............................................................ 10 1,940
Shale, 6 E5 L4 R 10 1,950
Y 1T AR 40 1,990
Shale, dark BTy e eenetsnneniiecereonetanussanssnsesonnenassorosans 10 2,000
MBI . v et e e eenee s eseseeenesaaneneusaaeneanenenatacnnnanonees 40 2,040
Shale, dark grey......coviieiiiiiiiiiiii i ie ittt 20 2,060
B 1131 V- 2 30 2,090
Shale, dark ey . o covr i e e et ea et e 10 2,100
Mlssmg ............................................................ 30 2,130
ST LG ES § (3 -4 L5 RN 20 2,150
B T T R 40 2,190
Shale, dn.rk 24 AR 10 2,200
D71 T 40 2,240
Shale, Very dark grey . . .ovve i inrerariinriraeeeneneanensnenrenens 10 2,250
BT 1 20 2,270
Shale, Very dark grey . . ..o.uuieeeenrierirneneirereserersenssnees 10 2,280
1T 10 2,290
Shale, darKk Brey.ueeentivereeeereeentineereneanenrernnranacerannes 10 2,300
MBEIDE . et e vttt tneeeraenenerenensseeeeenananeasnsrsenenesssnenes 15 2,315
Shale, dark Zrey . .couiie it eierreirerereneaeruenensesessncens 10 2,325
B 573 V- 30 2,355
Shale, dark BTy e ttetseasaesaesanoanaonnsnssnssonsoanssnnnaronneans 10 2,365
............................................................ 40 2,405
Shale dark grey ..ot i i et 10 2,415
Mlssm ............................................................ 45 2,460
Shale, dark 0 5 10 2,470
B 11T 3 10 2,480
Shale, dark BTOY e et tiaeeneanesaseneaserooaososontsonsensanssoses 10 2,490
B 11T 40 2,530
Shale LS I = R 10 2,540
B 751537 30 2,870
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Log of Moose Jaw Well
(Near power house in Moose Jaw; Elevation, 1,778 feet)—Concluded

—_— Thickness Depth
Feet

Feet
Lower Cretaceous (marine and non-marine)
Shale, dark grey, and sand, light grey, traceof coal................ 10 2,580
MSBINE. .ot eenrertauianncsasanasanensasssoesonasssoesnerananenn 10 2,590
Shale, dark grey . ... v e tiinereanneeeeiiia sz, 10 2,600
Shale, dark grey, and fine, light grey sand; foraminifera............ 35 2,635
Shale, dark grey; foraminifers......ooreiiraneiaiatenseacaaaaennes 45 2,680
Shale, medium grey....... e et e e st et e ee et aaaes 10 2,690
Shale, medium grey, and fine, light grey sand...................... 40 2,730
Sand, fine, light grey . ....covviiiiiiiirrercinrneieneiniiianerennns 10 2,740
Shale, dark grey, and fine, light grey sand................co0envuen. 30 2,770
B 5 T 30 2,800
Shale, sandy, dark grey. .....ooveiviirirneecencoricennnne. . 5 2,805
Sand, medium grained.............coihuienn .. . 15 2,820
Shale, dark grey, and medium-grained sand. 30 2,850
Shale, light grey 10 2,860
Misging .e v .. . 20 2,880
Shale, ight BTey....oveiineiriiiiiiiiriienereneaineinnss . 15 2,895
Shale, light grey and greenish grey.........covveveieiniiiennnnnnnss 30 2,925
Sand, fine grained. . .....v.iiniiiiiiirieii i iai e 10 2,935
Jurassic i .

Shale, medium grey, calcareous; Jurassic foraminifera at 2,990-3,000
=37 O 90 3,125
MBI e e e e e envae e eaeanessananenactssssoncsassonansnonsnnanse 35 3,160
Shale, MEAdIUM GreY .. 0viretrerneririenrereeeeeroanresosenanrans 25 3,185
Shale, red, with a little grey.........ooivvivvieiiiinninnnneneannss 10 3,195
Shale, medium grey, calcareots........ovcvervreneinraieteennnrnes 3 3,198
Limestone, white, and shale, grey et . 10 3,208
Shale, medium grey. . 2 3,210
FTET 1 1 SR 45 3,255
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 Pal=ozoic.

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 Jaw 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 Jaw well and if the depth of 3,380 feet be considered to be at the
top of the Paleozoic in the Moose Jaw well then this horizon is 1,026 feet
higher at Simpson than at Moose Jaw. As already pointed out, the
Simpson well enters the top of the Pal®ozoic ridge. No evidence has been
found to indicate that the Pal®ozoic 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
Higher horizons in the Cretaceous are
possible source rocks, but there is no 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

(LS. 2, Sec. 9, Tp. 29, Range 25, W. 2nd Mer.; Elevation, 1,768 feet)

-_— Thickness Depth
Feet Feet
Drift.ceeeeieecierieanes fesesiraeteriseeenaians vesecnanens bersenae 360 360
Lea Park
Shale, medium grey, somewhat sandy; foraminifera................ 644 1,004
Shale, medium grey, darker than above; Epistomina caracolla. ..... 46 1,450
Alberta shale
Shale, dark grey with white, calcareous specks.........covevvuenen. 120 1,570
Shale, very dark grey, almost black; show of oil at 1,612 feet....... 140 1,710
Shale, dar. grey; gasat 1,720 feet............... eetreratereatiaa, 155 1,865
Bentonite........co...e. Creeeresiseacen O 10 1,875
Shale, dark gre .................................................. 60 2,035
Sand, light grey, fine grained. .........ccooviitiiiiiiiireneannanns 25 2,060
Shale, dark grey, some nearly black; show of oil about 2,116 feet. .. 60 2,120
Lower Cretaceous
Shale, medium to light grey, 8andy....covviiiiinniireiiienrinennns 10 2,130
Shale, dark grey......... bereaeaane PP 10 2,140
Shale, MAUVe-ZreY .. oot eeirienrrneenrereenerareserraonssensrnncnns 5 2,145
Shale, dark grey and salt waterand gasat......c..coovvvvreennnn.n. 2,161
Shale, MAUVE-ZIEY Ab.o.evveveniitrrerereenecnnenneneerecenrsonenns 2,170
Shale, light grey at....ccoovveiiiiiieiieniinennnne,s e, 2,180
Shale, medium grey, much pyrite..........cvevevrininrierannnans 20 2,200
Shale, MedIUmM Brey .c.ouvereerarerererrioatenearerenenmarecaneaeas 60 2,260
Sand, fine grained. . ....oovuiiiiniii et it 5 2,265
Shale, AATK EreY...nn.srnesseern o 15 2,280
Shale, MedIUm Zrey ... .oveiverrneietiierereenroneesersnrennsnesnn 30 2,310
Shale, light grey, caleareous. ..........cocvuvieerinrnreneseaeenannns 20 2 342
Paleozoic
Anhydrite and grey shale..........coeriiiiiiiiiienrneniennienanns 68 2,410
I« vttt e enssautesaneneeaenaanircannaeraasnnecroneeranaens 190 2,600
Shale, Tred....oooiiiiriiiiieer ittt iotirareneaansananaanns 10 2,610
MIBSINE . o . e ettt ere et taerauoneannranocaasassonaseueansocesanseans 20 2,630
Shale, Ped. .. ..ouiiieiiiiitieiiiteeiteieteaernerriaiiseaneanaens 10 s
T3 50 2,690
Shale, red. .. ...ooiiiiiiiiiiiiii ettt aiiiiaee i cireiaraes 20 2,710
B T T P 10 2,720
] Y LT 2 11 2,731
Oolite, White, ab.. coeeivninuiinenranriririiirioinrnenieronsnines 2,735
Shale, red, at.....ovtieiriieiereireniierrnteeerareaseensensennsons 2,743
Limestone, cream coloured, at.........cveeeeeroeeereneecoenonanes 2,746
Limestone, white and buff dolomite, at........ccovivviveevnnnnnnn. 2,776
Limestone, white; buff dolomite.........cccooieiiiiiieieann. hevean 4 2,780
Limestone, cream coloured......ovovriiieeeiieioneranenrrenrenennes 80 2,860
Limestone, cream coloured; grey shale.................. iy 50 2,910
Dolomite, buff and white limestone, at............covevieneennnnn. 2,938
Limestone, grey=-white..........oeveieenreeeenerreneienreneanonennn 22 2 960
Dolomite and limestone, buff coloured, at... 2,983
Limestone, white..... P 17 3,000
MiBSINE. . oveerinrevnreeceeaeeananoneanassa 15 3,015
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.....ooeiiirieiireieriainieineenerensenonseens 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-RIVERHURST-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 Jaw 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 outerop 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 11. 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 the 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 higher
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 shale 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 LS. 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
Feet Feet
8 T PP 20 20
Bearpaw, Birch Lake? or Belly River?
hale, AU Zrey . .ottt e e aaaa 20 40
BT 1T POt 10 50
Sand, grey, pepperand 8alt......... ... it 20 70
Grizzly Bear and Ribstone Creek
Shale, medium grey; gas at 318 feet; Haplophragmoides rugosa
(found in the Grizzly Bear formation).......................... 230 340
Sand, medium grey; littleshale.........................ccoiail. 10 350
Sandy shale, brownish grey............ ..ot 50 400
Sand, fine grained......... ... e 20 420
Lea Park’
Shale, somewhat sandy, medium grey..........ccoiviiiiiiann. .. 490 910
Shale, medium grey, darker than previous, somewhat sandy with
shale and glauconite; much gypsum at 1,450 feet;
Epistomina caracolla, typical of the Milk River in enstern Al-
o3 o 7 650 1,560
Alberta shale
Shale, dark grey with white, calcareous specks, foraminifera........ 50 1,610
BentOnIte. v oe ettt e e e e 10 1,620
Shale, dark grey; foraminifera..........cocovvieiiiiiiiieneninns 520 2,140
Lower Cretaceous
Sandy shale, medium grey, chert pebbles and coal.................. 10 2,150
Shale, medium to dark grey (MATINe). ... .....vviiiiiiinennrinnanns 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.

Log of Outlook Well
(L.S. 14, Sec. 35, Tp. 28, Range 8, W. 3rd Mer.; Elevation, 1,750 feet)

—_— Thickness Depth
Feet Feet
B T O 390 390
Upper Lea Park

Shale, medium grey........ 50 440
Missing.....oooviiininannn.. 20 480
Shale, sandy; some glauconite 10 470
Missing. ......ocovviiiinn 20 490
ShaIe sandy; some glauconite . 10 500

Missing............oovnienn.. . 40 540
Shale, sandy; . 10 550
Missing 40 590
Shale, grey, sandy, some glauconite 10 600
Missing. .oveeveeiiineriiieniienans . 20 620
Shale, grey, sandy; some glauconite.................oovieuriniuin.. 10 630
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Log of Outlook Well
(L.S. 14, Sec. 35, Tp. 28, Range 8, W. 3rd Mer.; Elevation, 1,750 feet)—

Concluded
—_— Thickness Depth
Feet Feet
Upper, Lea Park—Concluded
B T 1T N 30 660
Bhale, BTeY ... ... .iiiieeree it s 10 870
T 1. 20 690
[ TS LT -2 10 700
T T 20 720
L TN T = 10 730
IBBII . et ettt et ettt e e e 10 740
Shale, grey and greenish grey.............. 10 750
Missing; show of gas reported at 780 feet.. 40 790
Shale, medium grey......covevevenernenns e 10 800
BT T 20 820
Shale, medium grey........cooueuiuneiieiiniriieeiarieiienaenonns 10 830
MBBID . ottt it et e teee e te e e e e et e 10 840
BentOnite. .ocuen ettt e i e aaas 10 850
BT T S Rt 10 860
Lower Lea Park
Shale, medium grey, darker than above...............ccovveiinnn. 10 870
Mlssmg ........................................................... 20 890
Shale, medium grey e 30 920
stsmg ............................................................ 50 970
Shale, medium grey. ... ...ooveiriinn it iie i e ienians 10 980
BT 3 10 990
Shale, MedIUM ZTEY. ..o tinrtrierrerienrneenenraeariercaneneans 320 1,310
Alberta shale
Shale, dark grey with white calcareous 8pecks............oovevunenn. 90 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, Range 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 1s thought that similar horizons are 170 feet
higher at Pike Lake than at QOutlook, 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 shales! outeropping along
the 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 2,018 feet. The Muddy Lake well,

1 Formerly it was thought that these beds might belong to the Grizziy Bear formation; See Hume:
Geol. Surv,, Canada, Sum. Rept. 1925, pt. B, p. 6.
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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
the 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
the 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 west 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 syneclinal basin extends northwestward
so as to lie between Muddy Lake and Pike Lake.

Log of Pike Lake Well (By J. G. Spratt)
(LS. 8, 8ec. 13, Tp. 34, Range 7, W. 3rd Mer.; Elevation, 1,715+ feet)

— Thickness Depth

Feet Feet,
8 90 90
Sand, finegrained.......... il e 50 140
Shale, grey, organic remains e 60 200
E ] (E N LI ¢ 50 250
Sand, grey; Water... ... ..ciuniririeirriierariaeetrarae i, 5 255
Shale, olive-grey, and fine-grained sandstone............. 10 265
Sandstone, very fine grained, and shale, grey............ 35 300
Sand, mostly white, black, and green; water at 315 feet. el 15 315
Shale, Zrey OF ZTeeI. .. .. vue e renrrerrnonererasarnscnrianaenens 25 340
Sandstone, fine grained, Grey........coviiviriirieiiatiiiiiaiiiias 30 370
Sandstone, coarser, greenish.............. 10 380
Sandstone with some shale and ironstone. 10 390
Sandstone and some shale................ ... 110 500
Shale, Erey, SaNAY ... v vttt e ei et 690 1,190
Shale, grey, with a little bentonite...............ccovviiriievnn.n.. 35 1,225
Shale, dark grey 1,600
Shale, dark grey, with pyrite, at.. 1,635
Shale, dark grey 1,775
Lower Cretaceous
Shale with fine-grained sandstone................covveennernnennn.. 5 1,780
Sandstone, oil show and salt water, at............ccovievevvnnnn... 1,790
Sandstone and shale, grey and dark grey, at.. e 1,795
Shale and little sandstone, at..... e et 1,810
Sandstone, fine grained, a little shale, at. .ee...ovovvenieinann.. ... 56

1,8
Sandstone, light grey, with carbonaceous materials. e 1,870 to 1,925
Sand, white, medium fine.......................... . 1,940 to 1,950
Sand, white, 8t.. ... ..o e 1,960
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Log of Pike Lake Well (By J. G. Spratt)
L.8. 8, Sec. 13, Tp. 34, Range 7, W. 3rd Mer.; Elevation, 1,715+ feet)—

Concluded
— Thickness| Depth
Feet, Feet
Lower Cretaceous—Concluded
Sandstone, medium grained, light grey, at.............. ........... 1,975
Shale, dark, carbonaceous, 8t. . ......coeeriiniieniiniit cieiniann 1,990
N Y T 2,010
Shale, black, carbonaceous, with sandy streaks, at 2,030
Sand, fine grained, grey.........oiiiiiiiiiiiiiiiiiiiiieia e 2,090 to 2,115
Shale, dark and light grey........ccocovvviiiirniniiiiiiiiiiinii]oviennn, 2,115 to 2,125
0 u L7 3PS AE PEOPP 2,130
Shale, black, carbonaceous, and light grey, at......................[.......... 2,165
Pal@®ozoic (bOP 8)...iun e on i treinn s sneeaensrvenansoaneneeononrsenereloreeoanans 2,165
Limestone, sandy, and pale greenshale.................co.oooo o 2,190 to 2,220
Limestone, grey; shale, calcareous, grey to green, at e . 2,315
Limestone, grey, and shale, at. ..........oovveenieneunrrninnrnnenns. 2,390
Limestone, buff«grey, at........oovvtiniiiiir i iiineannns e 2,425
Limestone, buff-grey, &b.........ovvirivtiniinernriirnineenien 2,535
Limestone, buff-grey, at.... ...ttt 2,560
Limestone, buff-grey, at...............co i e 2,605
Limestone, buff-grey, at.. .. ...t i e 2,650
Salt Waber. ... . i e e 2,855
Limestone, buff-grey.....ooouviuei ittt to 2,745
Limestone, light ETeY. .. ..ovitunen ittt et to 2,770
Limestone, Hight grey, at. . ... ..o iiinnanas 2,860
Limestone, light grey, abt.........coviiiitiniiiiiieiiieinnenns 2,875
Limestone, ight ey .........oueeneieireiniieiiieeianenninnns to 2,970
Limestone, shaly, grey, at. . ......ocoiriiuneiieiiinieeneeraannn., 2,985
Gypsum, white to brownish, translucent............................ to 3,060
Limestone, buff.....ooouiuiiiit i e 8,105
Limestone, buff t0 grey, at.........o.oooi it 3,170

HERSCHEL AREA
(Figure 22, No. 10)

A well drilled at Herschel, by the Rosetown Lease Holding Company,
on Sec. 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 passes
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 Herschel 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, 8 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 Herschel 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 through Fusilier to the Misty Hills well of Alberta, 25 miles away,
on Sec. 29, Tp. 32, Range 4, W. 4th Mer., although the slope seems to be
lower than farther to the northeast. 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,

1s as follows:
Log of Fustlier Well

—_— Thickness Depth
Feet Feet

DI ..o e e s 138 138
Equivalents of the Pale?, Variegated, Birch Lake, Grizaly Bear, and Ribstone
Creek formations
Sand, B0Tb. ... it e e 7 145
Clay, blue, withsomesand...........................cooiiin.. 145 290
Clay, soft, blue..... ..o e s 126 416
Shale, brown; some coal at 425 to 490 feet. ... 29 445
Clay, lightblue......................0o el 15 460

Shale, brown. . ... .. e 4 464
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Log of Fusilier Well—Concluded

—_ Thickness Depth
Feet Feet
Equivalents of the Pale?, etc.—Coneluded
Shale, sandy, brown. At 478 feet a thin sand gave water which rose
00 £0BE- o .+ e evvse e eenenaaems e et ansnrm e eaee s enanaann 21 485
Shale, 8andy, DrOWD. . ...ttt it 30 515
Shale, sandy, brown, with blue shale mixed with sand.............. 25 540
Shale, blue, and Y. A SR 48 588
Shale, brown, with some sand................ 29 617
Waiter sand, somewhat less than 1 foot thick. . 1 618
Clay, blue, very hard...........coveevnennnn. 99 717
0 SN 11 728
Clay, blue, 8HOKY .. .oeve e i i e e 22 750
Shale, brown........ 3 753
Shale, blue, stlcky 10 763
Shale, sandy, blue.. 12 775
Clay and 880 eee ..t vuusetei e ttraeetiiirreaieeeransreenran 4 779
Clay, blue, sticky 15 794
Shale, blue..........ccoevenns.. 128 922
Sand, posslbly carrying water 1 923
In part quite sandy and grey.........oiiriiiiiiie e 397 1,320
Lea Park
Shale, greytoblack. . ... ..ot e e 815 2,135
Alberta shale
Shale, grey to black and speckled with white, calcareous spots...... 65 2,200
Shale, dark Brey.. oo iveiiiiiiiiiiiiii e 425 2,625
Sand, streaksin shales.............coviiiiiiiiiiii i, 17 2,
Sand, fine, brown and white with streaks of grey shale.............. 74 2,716
Alberta shale or Lower Cretaceous
Sandstone, streak of grey inshales..............ooviviiiniinnnnnn, 46 2,762
Lower Cretaceous
G081 and IPOnSEONe. ¢\ . et v v et taeiaeeereiaeeereineeerraaanaes 4 2,766
Sandstone, very hard, and streaksof shale.......................... 48 2,814
Sandstone, fine, and shales, B0ME C0BLl. ¢ evveinriiinraniiirenaaes 10 2,824

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 ARFA
(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 formation 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 area, 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, See. 7, Tp. 39,
Range 22, W. 3rd Mer., reached the top of the Lower Cretaceous at an
elevation of 104 feet above sea-level. In Unity Valley No. 3 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 TLake 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.8. 11, Sec. 7, Tp. 39, Range 22, W. 3rd Mer.; Elevation, 1,894 feet)

_— Thickness Depth
Feet Feet
M. v vt ettt ittt eeeeetanearaneaersarienatoaaranansnoninarnan 40 40
Pale and Varzegated beds
Shale, sandy, light grey; coal fragments..................cocoien.., 30 70
MiSSIng...ovueeieninernrneennnnen . 10 80
Coal, httle shale.......ooniiiniiiinin i 10 90
Sha.le, medium to light grey, some sand and coal.... e 60 150
MisSing..ocvvvnvnnanes Ceerereeennaene e iee e e ea e, 15 165
Grizzly Bear
Shale, medium grey, Haplophragmoides rugoga...........cocouvenu... 85 250
Ribstone Creek .
Shale, sandy, medium grey; glauconite............ccovvervnenen... 50 300
MiSSIBE. .eevvniernensasreenananenes et e ee e e e e e, 40 340
Upper Lea Park
Shale, medium grey . .......oiniieieereeeineeanrsierseeanernennas 210 550
Shale, dark buff and grey; Verneuilina sp. S 10 560
Shale, medium grey....o.ocveeeeecenrenrns cean 10 570
Shale, dark buff and grey.. ceee 90 660
Shale, medium grey.....covvientearnrivrnrereneneneacssoorannnans 190 850
Lower Lea Park . .
Shale, medium grey, but darker than above; Epistomina caracolla. . 300 1,150
Alberta shale
Shale, dark grey with white, calcareous specks; Upper Alberta for-
aminifera fauna at 1,280 feet.......... seecesacesaenas 300 1,450
Shale, dark grey; Lower Alberta foraminifera fauna. . e 320 1,770
Sand, fine, white quartz...... eresesererarataneenas 10 1,780
Mlssmg .............................. et e, 10 1,790
Lower Cretaceous
Shale, dark grey .. ... iiiiiieiriiiiiiitiiiriiaieiesensieiiaans 10 1,800
Shale, medium to light grey...ocvvveriiiriiiiiiiiiieninrieninnnns 20 1,820
B T 30 1,850
Shale, medium to ight grey.........cccvviieriiiniirerinenennnnns 30 1,880
Shale, grey and reddish buﬁ’ coal at 1,910-1,920 feet............... 40 1,920
Shale, sandy, medium grey......c.corereierereriannernecrieninans 40 1,960
Shale, medium grey and black; Haplophragmoides gigas............ 10 1,970
Shale, medium grey......coeeenee.. Mheeneseasasecan e beereaaraas 60 2,030
Shale, reddish buff........cooviiiiiiiiiiiiiiiiiiiieiarenreenennnns 20 2,050
Shale, dark grey............ J T 10 2,060
Shale, medium grey to reddish buff................c.cvvveinin.. 30 2,090
Shale, Hght grey . ...t eeeeeeeeeeetairereierenrreenreseneaeoaensn 20 2,110
Shale, light and dark grey........coviiriiniiiiiinrraionerieeenans 10 2,120
Shale, red and dark grey.........ccoiriiiiiiiiiniinrvnncsisennoanan 10 2,130
Devonian and other Paleozoic horizons
Shale, grey; limestone and dolomite..............ooviiviiiiinin.. 20 2,150
Dolomite, white, some bituminous matter, at................c...... Ceaeaereesne 2,152
Shale, grey, and dolomite...........c.eviven.n.. s eeeaeeie.s 35 2,185
Shale, grey, calcareous, and grey limestone; fossils................. 25 2,210
leestone, 315 & e aeee e aaaan 10 2,220
Shale, grey, and Hmestone...........ovieeireneneiinneneneens PP 50 2,270
Dolomite, buff. ... .couieiiiiie i iiiiiiaereeernenrnrrnereanenenens 10 2,280
Limestone, buff. ... ..ottt it ii i eaas 140 2,420
Shale, grey, and Hmestons.. . .....c.ovvviriiiiniioniinrenrniennnns 30 2,450
Dolomite and limestone, buff............ccociviiiiiiiiiiiiiiinnn.. 90 2,540
Dolomite, buff. .. ..voeeer ettt i iiieneiainoaetaneennes 40 2,580
Limestone and dolomite, buff togrey...............ovvveiniiiiann, 60 2,640
Dolomite, buff; very little limestone..............ccovvinivinenn.n 135 2,776
Limestone, white and grey; smooth ostracoda...................... 55 2,830
Dolomite, buff, . ..cceeeeiererioterroctteoreneaaaronens PP 70 2,900
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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 this sand may be
derived from the Birch Lake formation but undoubtedly & 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 Ribstone
Creek and Birch Lake formations is unknown, but presumably is less than
100 feet. The shales are not known to outerop 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 Pal®ozoic 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 seem to indicate a
knob of Palxozoic limestone under the Mesozoic sediments of this area.
No. 3 well, intermediate between No. 1 and No. 2 wells, did not reach the
Palxozoic 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. } Sec. 28, Tp. 7, Range 10, W. 1st 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. § Seec. 21,
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Tp. 7, Range 8, W. 1st Mer., gas was produced for several years from an
horizon 170 feet deep. Farther west, on NW. 4 Sec. 14, Tp. 6, Range 22,
W. 1st Mer., 2 well 190 to 210 feet deep when capped built up a gas
pressure of 48 pounds a square inch. At Waskada four wells drilled many
years ago produced gas from depths of 190 to 240 feet. South of Sourisford,
on SE. % Sec. 10, Tp. 2, Range 27, W, 1st 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, Deloraine; 2, Common-
wealth (Pembina RIVPX‘) 3, Morden; 4 Dominion
City; 5, Treherne- Rathwe]] area; 6, Stony Moun-
tain; 7 Neepawa; 8, Vermilion R;ver-Dauphm
area; 9, Wmmpegosus, 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 local 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.

68386—19%
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Log of Commonwealth Manitou No. 2 Wellt

(L.S. 8, Sec. 26, Tp. 2, Range 9, W. 1st Mer.; Elevation, approx-
imately 1,260 feet)

Thickness Depth
Feet Feet
DIrift.eeeeeeneseseessssnseenesaseranass e eeeieiee i reeaae, 100 100
Boyne and Morden beds (Upper Cretaceous )
MiSSINE . oo iveereeeetnceseanaonasnnssonrnsessosaosenensssnsuans vee 40 140
Shale, da.rk B0y s evuersanesosesesssosoasrosenstasansssnarcsisonanne 40 180
Missing..o.oovveieeeionens [P e n ettt ves 20 200
Shale, dark ETOY e evveevronnsransnsanonen SN . 100 300
MisSSINg. .ovevenvrnnceceocanancans Ceeeeisreieaens Cereeetareaanes 20 320
Shale, dark BTN v evneeeanoaeasasosasoostonsonetonnassssonseoanaonne 20 340
Assiniboine and Keld beds (Upper Cretaceous)
Shale, dark grey..ccueeieiriieneieraeriitiosoeararesesesstsserennos 10 450
Limestone, dark grey............... O 10 460
Shale, dar! I BBy e e s v eanssoncnossessesssosonnsonsoassoneonnneanns 140 600
Ashville (Upper Cretaceous) and basal Upper Cretaceous beds
Shale, dark grey....coceeevnueen eeeeiienecanaans reereieaianaaa. 70 670
T T 30 700
Shale, medium grey............cooviiiinnen. ettt ey 5 705
Sand, light grey to white...... [N e eeereentir e s 30 735
Lower Cretaceous (?7)
Shale, medlum grey ...................... e reneeceer e et e 20 755
Sha.le, light gTey..cocevreroeaecaencanss Ceeiierarananene R .. 9 764
Shale, light grey and reddish Brown. ........ eenaes reieseesieieeen 16 780
Shale, light grey..ccceevviiiieeenririeisisnees ereneeenennaae, ves 40 820
Shale, Medium grey..ue.eeeiesiosatosierenstssoseatacesonsossasases 35 856
Shale, reddish brown and grey....cceeeevieirereenrirercrsrsassens 5 860
Shale, medium grey.....oucveseierereeerosnsessoississsasssnssnsas 10 870
Shale, reddish brown........cce0vinvevennes Ceeeiens Cetereinesieinas 10 880
Shale, medium grey...e..eoeeseesesss e teeneesantanentttereianans 10 890
Shale, reddish brown and grey fereeeisieasinseisianan feeeeneieana 5 895
Sand, light grey to white.......... Ceeesbeeentaenirerieataeans .. 5 900
Jurassic
Shale, MediUm grey . .o.cvuurieerriaseroriotoesssasseraasssscsnns 70 970
Shale, variegated, reddish brown, green white, and yellow...... ces 120 1,090
Shale, light grey and white, some gypsum....,...... [P Ceiaee 30 1,120
Devonian
Dolomite, light grey........ et eeme e ta e e ey 20 1,140
Shale, light grey................ eeieseceasiesanas Ceerecsiensanaien 60 1,200
MiSSINZ.veereunrrosesvarnnnonnas C e esatseteieseteatasestiabseraias 10 1,210
Shale, cream GOLOUT s v v vsms s e e e, 10 1,220
Shale, reddish brown and white with much gypsum ................ 50 1,270
Shale, grey and reddish brown.......... e eeeeneeeetae et eaenas 10 1,280
Shale, reddish DIOWN....eeensnnrn... Cieeererrieiereriiaaeians . 110 1,390
Sand, reddish stained quartz............ e eaeseieaacaeseiarenes .. 10 1,400
Shale, reddish brown................. Cernenerees Cenesesrareraaes .. 30 1,430
Silurian (?) .
Limestone, dirty cream.......ccoveeiesnercnrsoncnes Ceeereereneas 20 1,450
Shale, reddish brown...........covnnenes Ceenenes erineceerareaena 20 1,470
Shale, brick-red................ crereees Ceeeeeierencaes 20 1,490
Dolomite......oeovenenens ererentesnacnnas e rentesenereeeeaeaans 10 1,500
Limestone, pinkish............ i tatesaieiaeaieseanttiirasenans 10 1,510
Limestone, li t. [4 G/ i es et si et acatssseanieaan ves 20 1,530
Dolomite, pinkK........ccoeeeenn Ceeaeaereasiias Ceeseces PP 10 1,540
Dolomite, CPORM. . ... .veueireenosenssoscsraessonsessssssannss Ceaen 10 1,550
Dolomite, pinkK.......ccoveevnnn Cetereseessiibesesitasnses Cereaen e 20 1,570
Limestone, CPeAM . . . ..ouvururerracrceeiescaossossscesnscnanssss vee 10 1,580
Dolomite, pink, 86...c0c0eeeeiean.s Cereriaararenenes PP [ D, 1,590
Limestone, pink, 8b.....cccvviiiierieraiaroncascreoronaconsonones 1,595
Dolomite, pink, at...... e tieeeeceaaretnaneran eneeareeneeas R P 1,600
Limestone, CTeAm . .......ovttinnnereeriininnanes eeeeeiienane. .. 20 1,620
Limestone, pink, at........... PR DAY ceeanas 1,630

2 Log by R. T. D. Wickenden and F. J. Frager in Geol. Surv., Canada, Sum. Rept. 1932, pt. B,
pp. 91-98.
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Log of Commonwealth Manitou No. 2 Well

(LS. 8, Sec. 26, Tp. 2, Range 9, W, 1st Mer.; Elevation, approx-
imately 1,260 feet)—Concluded

— Thickness Depth
Feet Feet
Silurian (?)—Concluded
Dolomite, PINK....uiuiuienenrterereneneesisieeearnenonsearsennns 75 1,705
Dolomite, Cream.....covvvevrveioienenenernens P 85 1,790
Shale, brick—red andsand........ocvnvneninnn eeereteeniaaaans 10 1,800
Dolomite, PINK. . s etsiieeaieasaneesaienessenenenannensosessnenas 50 1,850
Dolomite, brown and grey.......covvvieiiiioiniriniiieiinreaanns 20 1,870
Dolomite, SANAY GTeYere.nrvsvrsrr e nereies B PN 20 1,890
Sandstone, dolomitic. ......viriiiiininiieieneinninrinenn cenes . 10 1,900
Stony Mountain (Ordovician)
Dolomite, sandy, and calcareousshale..................... Ceeeees 10 1,910
MBS . s e v et e setesetarnenonennnssuseesonnonesenanarosnenonens 15 1,925
Limestone, medium grey, TEOBBAIS. 1 n e vee 8 1,933
Sand, light grey........ et s e te s e ae et aat e aeneas 2 1,935
Mlssmg ........................................................... 5 1,940
Dolomite, light grey ............................................... 40 1,980
Dolomite, medium grey.......ccviiieervinenenenenervsnciesoannnes 20 2,000
Dolomite, buff and grey.....ovviie it ieirreirarerenrnsensenn 17 2,017
Selkirk, Cat Head and Dog Head formations (Ordovician)
DOLOMItR, CTEAIN B vvnn s eeennnenenrenennnensnenrnenereeeenens Chessesees .. 2,030
Dolomite, medium grey, 8t.....ooiveervirivernreernerroronsncncas]es [ 2,040
Dolomite, buff and grey, at..........cocviiiiiiiiiiianiiiiannide. eeeeenes 2,045
Dolomite, light buff, at..........cooiviiiiiiiiriiiiiiiiieiaennes 2,055
Dolomite, Cream......vevriveeneerrnnennnns vt eeeaaaas 2,080
Limestone, CreAIM . ... ..uyeurirernrerenenesnoncnenesansosaneannanes 2,130
Limestone, cream,................. e ettt ee et ieenas 2,290
Dolomite, cream....... PP 2,340
Calcareous Iud, 8t eeereunerenieenneeineecnorenieannsereesenneee 2,350
Limestone, Cream, 8. .......o.iniiiinrnrenaresneenccacerannsnns cene 2,360
Caleareous Mud, ab....uoevr e iiinuienrnerereaneianrarnecncanes .. 2,370
Dolomitic mud, 8. ...ovuvrenrneeitiirncerrnienenaonroranannans . 2,380
Calcareous mud, &b....ooovvnieiiiniiniieriiiiaeinarnetancneennas .. 2,390
Iﬁmllestone cre:lanlll gal;lt .............................................. g, igg
olomitic mu N 2 '
Caleareous MU, Bf...........ooreomrere oo 2,440
Dolomitic mud, at.....couieiiieiniiernieeeniernnnennns PP 2,450
Caleareous mud........ooonomen e 2,480
DTV P 2,490
Winnipeg sandstone
ale, dull green...........coiiiiiiiiiiiiii ittt 2,600
Quartz sand. ... ... i e ie e, 2,602
Missing. . e et et e et e et e 2,610
ATKOSE ) ETCOIEIBY v e v v vt esesre s iaeinenneenenaraneneeserensns 2,612
Shale, dull 2 Y- 2,613
B G T 2,615
Precambrian
“Granite’”, brown stained..........ovuviriiirieiiiirreiie i 24 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),
ete. None of these wells obtained commercial quantities 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. & Bec. 14, Tp. 24, Range 20, W. 1st Mer.)

— Thickness Depth
Feet Feet
0 U P 10 10
Keld and Ashville beds (Upper Cretaceous)
Shale, dark grey...... Ceeresenarasenesatansasatroterrasseononssnass 10 20
Shale, medium grey............ Ceeaen e 70 90
Shale, dark grey...e..c.oveeeereenn.n.. ven 10 100
Shale, MediUm ErEY ... ..covieirinreririarneieioeneeesncacosonenans 30 130
Lower Cretaceous (?) .
Shale, medium grey, with sand and pyrite.................c....ut 30 160
Shale, sandy, light grey .. ....coviuiiriiiieiiireniiiiienrianonnaes 40 200
Jurassic
gﬁa%e, im;lttled red............. e et ettt iiaeheee e ;g gég
ale, light grey cee
Shale, red.....cooviiiiiirrernniinerienennns el 10 240
Shale, light grey...........coc... 0. e ate et e eaaaeaan 90 330
Devonian
Dolomite, grey to white, cherty...... et . 40 370
MisSing..eererennnnnnannan .. . 10 380
Dolomite, brown, grey. .. . 10 390
Shale, red, with gypsum.. 100 490
Dolomite, cream, shaly... 20 510
Dolomite, pink........... 10 520
Missing...oooevvinnn.. 10 530
Dolomite, pink....... 20 550
Dolomite, brown, grey 40 590
Dolomite, pink....... 20 610
Dolomite, light grey.. 40 650
Dolomite, grey....... 20 670
Dolomite, brown-grey 10 680
Missing..oeeueennnn. 10 690
Dolomite, grey....... 20 710
Dolomite, dirty white 10 720
Missing......covuven.. 10 730
Dolomite, dirty white 10 740
Dolomite, brown-grey 50 790
Dolomite, pink......... 10 800
Dolomite, brownish grey 90 890
Missing.....oovvvennnn 30 920
Dolomite, brown. .....ceveeneivinneerenrneesns 20 940
Dolomite, medium grey, some limestone fossils. 50 990
Limestone, medium grey. 20 1,010
Dolomite, medium grey. 20 1,030
Missing...ovvvvennnens 10 1,040
Dolomite, medium grey 10 1,050
188I0Z. covens i ieenenens . 10 1,080
Dolomite, reddish brown....... eneennaaes s aeeeneeireeaanane 10 1,070
Stlurian
BT T 30 1,100
Dolomite, light grey.. . 30 1,130
Dolomite, brown-grey 100 1,230
Shale, brownish grey . . 10 1,240
Shale, red, 8t....ocoocviiniinieiiniines . Ceeenans 1,256

Besides wells that commenced in Cretaceous strata, there have been a
number of wells drilled wholly within Pal®ozoic strata. No evidences of gas

.
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or oil sufficient to justify drilling in the Paleozoic of Manitoba have been
found at any place. Nothing yet known gives any grounds for supposing
oil or gas would originate in the Pal®ozoic 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 is 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 Pal®ozoic 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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CHAPTER IX
NORTHWEST TERRITORIES
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Within the Northwest Territories, a large lowland area in the vieinity
of Great Slave Lake and Mackenzie River Valley is underlain by Pal®ozoic
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 flat-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 aresa, therefore, falls into three major divi-
gions: (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 Pal®ozoic sediments. The boundary between the Precambrian
and Palzozoic follows the north arm in a northwesterly direction, with
Pal®ozoic strata forming the west shore and patches of Palxozoic 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
the silts and extends west into the lake, forming Mission and Moose Islands and,
gtill farther west, Burnt Islands. X

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 until 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 low-lying and swampy with few pronounced
points,

West of a line drawn from Hay River to Slave Point on the north shore, the
ghores 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
ghore . . . . 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 following 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 J....iieveeriennenriaseans Soft, greenish shales with sand-
stone beds and concretions, on
Hay River. Thin, fissile, brown-
black shales, which weather yel-
low, on Horn Mountain

Hay River limestones Hard, 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- | 150 to 250
ing to fissile shale
Slave Point limestone Grey, shaly limestone 200
. R Presqu’tle dolomites Hard, crystalline dolomites, dolo- 375
Middle Devonian mitic limestones, thin-bedded,

grey, shaly limestone

Pine Point limestone Soft, 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 Palzozoic beds outerop 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,
“ gt 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’ile 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

1P 1
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shales, but as they weather easily and rarely outerop, 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 exposed 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 alse slightly bituminous in certain areas, but lack the
porosity that characterizes the Presqu’ile dolomite and no seepages of il
are known from them.

The Northwest Oil Company (Imperial OQil, 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 Palaxozoic 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 Pal®ozoic formations. The broad, anticlinal strue-
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 ocecur.
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 cil 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 outerop 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 Palzozoic 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’ile formation. If there is any movement of underground water
through the Presqu’ile 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 occupied 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 be 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 various formations
at this place. The top of the well is 15 feet above Great Slave Lake.
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Log of Windy Point Well

Age Formation Description Thickness Depth
Feet Feet
Sand and broken rock 6 0 to 6
Light grey dolomite 15 6to 21
Dark brown, dolomitic limestone 15 21 « 36
Light brown, dolomitic limestone 50 36 « 86
Soft, grey, shaly limestone 15 86 “ 101
Presqu’tle Mottled, partly recrystallized, dolo-
dolomites mitic limestone 25 101 “ 126
Soft, grey, shaly limestone 5 126 ¢ 131
Mottled, partly recrystallized, dolo-
mitic limestone 25 131 “ 156
Soft, 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 “ 580
Hard, grey limestone 20 580 “ 600
Dark grey limestone 30 600 “ 630
Grey, shaly limestone 50 630 “ 680
Dark grey limestone 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 ypsum . 10 900 “ 910
dolomites | Grey, dolomitic limestone with gyp-
sum 70 910 «
Gypsum and anhydrite 65 980 “ 1,045
Red shale with gypsum and salt 25 (1,045 “ 1,070
Reddish stained salt 20 {1,070 “ 1,090
Salt 30 (1,090 “ 1,120
10rdovician Red shale with salt and gypsum 20 (1,120 “ 1,140
(at least in | Red beds Gypsum 40 11,140 “ 1,180
part) Dark shale with gypsum and salt 20 11,180 “ 1,200
Salt 20 11,200 “ 1,220
Red shale with gypsum 40 [1,220 “ 1,260
Red shale with gypsum and salt 120 11,260 “ 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
Precambrian Brownish red sandstone 90 |1,660 * 1,750
Granite 56 1,750 “ 1,806

1 An Ordovician fauna was found in these red beds on the southern part of the North Arm. See
report *“Ordovician and Silurian Fossils from Great Slave Lake”; Geol. Surv., Canada, Mus. Bull. No. 44,

pp. §9-64,

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, whereag 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 Carcajou 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 s 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 stratigraphie succession so far as it is known.

Age Formation Description Thickness
et
Eocene Imperfectly consolidated sands and clays
Erosional unconformity

Black, soft, fisgile shales and greenish
Cretaceous sandstones. Lower members with coal
in some localities. Upper member
marine, carrying ammonites

Erosional unconformity
. Bosworth Greenish sandstones and shales 1,600+
Upper Devonian
Fort Creek Mostly black shales 1,000 to0 1,500
Beavertail and Limestones 400 (N
Middle Devonian Ramparts
Hare Indian River | Shales 3004-
Silurian Bear Mountain Brecciated limestones 400 to 450
Well-bedded limestone 1,000
Red, gypsiferous shales
Ordovician (?) Red shales, no fossils
770
Cambrian Red and greenish shales and sandstone.

Bottom not seen

1In Geol. Surv., Canada, Sum. Rept. 1922, pt. B, p. 56, it was shown that the Beavertail limestone
was only 60 feet thick at the Wolverine antioline. It is probable that in the measurements by Kindle and
Bosworth part of the Ramparts limestone (8tringocepholus 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 shales 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 Mackenszie, 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 mountaing
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 distinet 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 Carcajou
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 Carcajou
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 flat 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 cross-folds
that modify the basin structure, but since these cross-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 was 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. Tt
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 18 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 oceurred 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 igsuing 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 sandstene
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
(f:OﬁQitions are fulfilled, but nothing is known regarding the details of local
olding.

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 outerops over large areas.
As there is no cover to prevent the free escape of the oil at the outerop
no production could be hoped for from this formation over the area where
it is exposed at the surface. If, however, local structures eould be located
in the areas to the west where the Bosworth is overlain by Cretaceous
shales, the prospects 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
5 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

08386—20%



302

apparent reason why any oil originally present in the Bosworth formation
should not have migrated up the dip and escaped at the outerops on the
eastern side of Mackenzie River. That such a process is taking place
seems to be indicated by seepages at the outerop. 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 to 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 outerop.

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 outerop 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 outerop in seepages
such as do occur. By such a theory the most favourable prospects for oil
would lie toward the eastern outerop, 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 outerop, 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 & 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 oceur
toward the eastern side 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
80 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 to 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
& 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 ........c.coiiiiiniiiann. 0-845 (36° Baumé)

Distillation— .
70 to 150 degrees C........ocvvvinnnnns 22:5 per cent (Gasoline)
150 “ 300 i iiiieiareaes 38:5 “ (Illuminants)
300 “ 350 i e 33:9 “ (Light lubricants)
360 “ 375 ittt eerenaaen 4-1 “ {(Medium lubricants)
LOBE vveviivenernionttseisscnasrarananns 1-0 “

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 .......ccciiiviiiearittstsitetearascncnconens 0 to 30
Light grey, slightly caleareous, clay shale with a little fine sand 30 “ 120
Light grey, non-calcareous, clay shale. Showing of oil at 122 feet 120 “ 130

Light grey, non-calcareous, clay shale with a little fine sand...... 130 “ 200
Light grey, calcareous, clay shale with a little fine sand ........ 200 “ 220
Light grey, non-calcareous, clay shale with a little fine sand .... 220 “ 230
Bluish grey shale with grey sandstone ...........coiiivnenvnen 230 “ 240
Harder, bluish grey shale, sandy .......c.civiiiiieirnenrenn. 240 “ 270
Bluish grey shale, sandy. Gas at 272 feet ......ccvvveivvnnnnnnn. 270 “ 280
Bluish grey shale ....cooieiiiiiiieiriiiiiinnnencencsaonnennn 280 “ 290
Bluish grey shale, sandy ...........ciiiiiiiinnnieereenannns 290 “ 310
Bluish grey shale, ealeareous ...........cccveiiviiinenennennns 310 “ 320
Bluish grey shale, 8andy .........cveeiinnienuearrcncenacnonans 320 “ 390
Bluish grey shale, 80ft ....covviiiniriiiiiiaiinnerineennnnnen 390 “ 400
Bluish grey shale .......oooiiiii ittt iiiiiiaiann, 400 “ 430
Bluish grey shale, sandy and hard .............cciiiiieennennn. 430 440
Bluish grey shale, 8andy .....ccveirineiennrnneeerenennnennann 440 “ 450
Bluish grey shale, very little sand .........ccciiiiivinnnnnnnn. 450 “ 460
Bluish grey shale .....vvviereiiieiiiiivinnerssorronnreeennnen 460 “ 490
Bluish grey shale, fairly hard .........cciiiiiiiiierenennnnnnns 490 “ 500
Bluish grey shale ... ...ciiiiiiiiiiiiiiiiiiieiiiiiiiinnraanan, 500 “ 700
Dark grey, soft, calcareous shale with some bluish grey shale... 700 “ 710
Bluish grey shale, calcareous and harder than above .......... 710 “ 720
Bluish grey shale, fairly hard, non-calcareous .................. 720 “ 770
Bluish grey shale, fairly hard, calcareous ..............oouuu.. 770 “ 790
Bluish grey shale, non-calcareous. Showing of oil at 792 feet .... 790 “ 810
Bluish grey shale ... ..cociiiiieiiiieiiieeniiiiennniininnens 810 “ 850
Bluish grey shale, fairly hard, calcareous .................... 850 “ 860
Bluish grey shale, slightly calecareous .......cooovvvevnnnnnn... 860 “ 880
Bluish grey shale, fairly hard, calcareous. At 895 feet 25 bbls.

of oil, which decreased to 2 bbls. a day .....cccvvveinrannn 880 “ 900
Bluish grey shale, fairly hard, slightly ecalcareous .............. 900 “ 920
Bluish grey shale, fairly hard, non-caleareous ....... .......... 920 “ 950
Blue-black shale, hard, non-calcareous, some pyrite ............ 950 “ 960
Blue-black shale, with some pyrite #nd calcite in veins....... . 960 “ 970
Blue-black shale .. .. cuviiirieiiirnnecroctensonncssneannns . 970 “ 980
Dark, greyish black shale, soft ................ .. 980 * 1,030
Dark, greyish black shale with brownish tinge .. 1,030 “ 1,040
Dark, greyish black shale, harder .............. . 1,040 “ 1,050
Dark, greyish black shale, very hard, with much pyrite . . 1,050 “ 1,060
Dark, greyish black shale ..........cvviiiiiiiiiiiiniiiinnaa.. 1,060 “ 1,070

Dark, brownish black shale, hard, with pyrite. This is evidently
the base of the Fort Creek shales .......... treacsiesraans 1,070 “ 1,086
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Log of Northwest Oil Company’s No. 2 Well, Norman—Continued

Depth

Feet
Hard, brown limestone with petroleum odour 1,086 “ 1,095
Hard, brown limestone ...........cevivienansas 1,095 “ 1,130
Hard, brown limestone, petroleum odour ........ 1,130 “ 1,140
Hard, brown limestone ........ccvuvuereenereneeesunsncasscnses 1,140 “ 1,190
Hard, brown limestone, becoming darker with depth ............ 1,190 “ 1,200
Hard, brown limestone .......cccviiiiireivnnenreennniroennns “ 1,240
Hard, dark brown limestone .....cocveieeiieinnernneenanans ;240 ¢ 1,250
Hard limestone, lighter colour than above “ 1,260
Hard, brown limestone .........cciviieieiinnnnens “ 1,290
Hard, light brown limestone ...................... “ 1,450
Hard, light brown limestone, becoming more shaly ............ 1,450 “ 1,460
Hard, light brown limestone .......cooeiiueenerinnninereerensen 1,460 * 1,470
Hard, light brown limestone with some dark shale ............ 1,470 “« 1,480
Dark grey, calcareous shale .......ccociivviieieneroveannnanns 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 considered 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 known
of the stratigraphy of Norman area, neither of these possibilities seems
logical and it is much more reasonable to assume the shales belong to the
Hare Indian River formation. This would mean a considerable erosional
interval between the Silurian and the Devonian in order to account for
the absence of these shales in ‘Carcajou Mountains where in the cliffs along
the gorge of Carcajou River the contact between the Devonian and Silurian
can be cbserved 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 of 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 Pal®ozoic 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 quring 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 steel
barrel had been sunk with both ends open produced steadily over a period
of days, by bailing twice a day, 14 to 12 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
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ment Company.

Figure 25.

from underlying Mesozoic or Paleozoic 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 Pal®ozoic
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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 Palmozoic
strata underlying the Precambrian; (2) a favourable structure to cause
an accumulation of oil and gas in the Mesozoic or Pal®ozoic 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 Pal®ozoic 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 Xootenay strata
that lie below the fault, are overturned, and lie on Blairmore rocks. Under
such conditions any brittle rocks 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 from which arise the seepages on Sage
Creek and elsewhere. Possibly porous horizons in either the Mesozoic
or the Pal®ozoic 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 Pal®ozoic or Mesgozoic 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 oceur
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 1t 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 Paleozoic 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 lowest strata exposed belong to the base of the Appe-
kunny formation below which in Waterton Lake area there is thought to
be 4,000 to 4 500 feet of strata above the Lewis thrust. The dome at the
headwaters 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
2,000 feet above the base of the Appekunny formation. It is unknown
whether there are more or less beds above the fault in Sage Creek-Kish-
inena Creek area than in Waterton 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 seems, 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 Precambrian mass into the
younger strata below the fault plane.

A certain amount of drilling has been done in Akamina Valley 17
miles west of Waterton Lake and 65 miles west of the boundary between
Alberta 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
waters to the central part of the basin structure 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 resting on the bevelled
edges of Mesozoic and Paleozoic sediments and overlapping onto the Pre-
cambrian. North of Sage Creek, and on Commerce Creek close to the
edge of the Precambrian, occurs a ridge of Mississippian 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 of them
affording oil and gas. The Tertiary, where seen on the west side of Flat-
head Valley, has in general an eastward dip of 15 to 25 degrees. It is
certain that the lowest horizons occur under the gravel on the west side
of Flathead Valley. Massive conglomerates that occur on the east side
of the valley are highly suggestive of basal beds. Although there is some
doubt about the structure across the whole valley, due to the lack of out-
crops, it is possible that the Tertiary strata lie in a syneline and with the
edges of all beds 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 no reason why any oil or
gas accumulations should oceur 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 AREA1
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 Railway Company drilled a number of holes at
Kitsilano and Port Haney in search of coal, but no logs of these holes are available. A
great number of shallow borings in the drift deposits, especially in the Nicownekl-
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 began in 1913
and have continued to the present.

The Steveston well was drilled by Mr, H. C. Fritts, to whom the writer is indebted
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 which 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 the square
inch was obtained by bushing the 10-inch pipe to %-inch 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. The 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, Limited, 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 about 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 diamond-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 three-eighths 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 part
of glacial deposits. Glaciated pebbles are stated to have been brought up from a depth
of over 1,000 feet. The character of the upper part of the bedrock is not definitely
known as the plant was burnt in January, 1914, and the samples were lost. . . . . .
Tt 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 1876 feet. Some 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 through the water. The

1 Extracted from “Geology of Fraser River Delta Map-area,” by W. A. Johnston; Geol. Burv.,
Cenada, Mem, 135, pp. 60-72 (1928).
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temperature of the water indicates that it comes from a depth of several hundred feet,
for it is 10 degrees warmer than the spring waters in the area, which are very nearly
the same as the mean annual air temperature.

The Port Haney Oilfields Company drilled & 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 diamond-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 hole 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 rights over 260 acres comprised
in lots 120 and 131 in the municipality of Vancouver, 3 miles 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, & 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 put down and
reached a depth 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, caused con-
siderable difficulty. The elevation of well No. 1 is 131 feet and of well No. 2, 216
feet above sea-level. . . . . .

The Boundary Bay Oil Company, Limited, of which Mr. 8. A, Thompson is
managing director, was organized in 1918 with a capitalization of $500,000, increased
to $1,000,000 in 1920. The company holds leases on the tidal flats at Boundary Bay,
16 miles south by east of Vancouver. Drilling began in 1919, four test holes being 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 Map 1965) was started on April 6, 1921, and on June 3 was down 2,300 feet.
« + .+ . . Below 2300 feet considerable difficulty was caused by sand partly filling
the casing. The sand apparently came from 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 the company to put down a diamond-drill hole in the bottom
of the boring to determine definitely the character of the 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 the water was fresh or nearly so. Small lows 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 dspths, and samples of sandstone and
shale from near the bottom of the well showed, when treated with chloroform, some
light-coloured, oily material. This 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, driller, has been engaged since 1918 in sinking a well in Sec. 27,
Tp. 10, Range 4, W. 7th Mer. The well is about one-quarter mile south of the Yale
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road and about one mile east of the eastern border of Map 1965. The elevation is
about 325 feet above the sea. A standard 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 ebandoned. A third hole
was begun November 27, 1918, and in December, 1922, had reached & depth of 3,980
feet. . . . A test of the hole by bailing, at about 3,600 feet, showed small quantities
of highly saline water, but 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 material 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 about 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 distinctive smell of
8 bitumen. It was readily soluble in ether and carbon bisulphide. Petroleum would be
very different from the sticky residue obtained. (2) Ether. Ether had little solvent
action on the material. (3) Carbon bisulphide, shaken with the material, extracted a
dark brown substance similar to that obtained with chloroform. The 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 eclay residue, after extraction with chloroform, still contained similar yellowish
material, but to a smaller degree. These experiments confirm Mr. Johnston’s belief
that the soluble material is most probably derived from bituminous shale. The sample
was t00 small for many observations to be made.”

A depth of 4,200 feet was reached in June, 1923. . . . Colours of oil showed in the
bailings from 4,200 feet and are said to have been obtained at several horizons in the
marine series of rocks below 3,540 feet, but no commercial quantities of oil have been
obtained. Drilling is being continued 1n an attempt to thoroughly test the rocks at a
greater depth.

01l and Gas Possibilities

Gas springs occur in the Recent delta of the Fraser at Steveston, at Boundary
Bay, on the 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 at 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 possibly indicate that the gas comes in
part from the bedrock, but the great thickness of the Recent deposits e e
.. seems to show that this is not the case. A sample of the gas from Steveston
was analysed by Mr. F. C. Phillips (18%4, 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 & dry gas and, therefore, is probably not a petroleum gas. A gas
spring in Still Creek near the Douglas Road bridge is said 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 considerable thickness of surface
deposits at thiz 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
creck. Wet mud or clay has a remarkable affinity for oil and will retain oil for long
periods unless it is disturbed, 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 springs
would be difficult to detect and may occur.



313

‘Gas flows have been struck in several of the wells drilled in the area. The gas is
derived partly from the unconsolidated surface deposits and partly from the bedrock.
Probably all or nearly 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
gas from the Pitt Meadows well yielded about 99 per cent of nitrogen with 0-5 per
cent of oxygen and 05 per cent of carbon dioxide. The helium content was found to
be 0-008 per cent (McLennan, 1920, page 15). An analysis of the gas from the Port
Haney well, by G. S. Eldridge and Company, showed: oxygen, 7-5 per cent; carbon
dioxide, 12 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 the water. The samples of gas were obtained by
immersing 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 the well. “The oxygen of this dissolved air, during the underground
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
chemiecally inactive passes on unaffected, and thus becomes relatively more concentrated
in the gases which finally emerge.” This theory of the source of the nitrogen springs in
Banff area, British Columbia, has been put forward by R. T. Elworthy (1918, page 143),
and is applicable 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 congiderable depths. The gas from the Port Haney well is apparently
a mixture of dry natural gas and nitrogen. The natural gas is probably derved 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 it is dry gas. The nitrogen
is of no value for the manufacture of nitrates, for the flows are small, and it is improb-
able that reservoirs could be formed in the rocks. At depth the gas is dissolved 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 the structure of the
rocks of the area—is described under “ structure.”

0il seepages are reported to occur at several points in the area. The first definitely
reported and the only one said to come from 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 10920, however,
failed. There are several places in this general neighbourhood where oil occurs on the
gurface waters, but it evidently comes from the greasing of skids in lumbering opera-
tions. The basal sandstone and conglomerate of the Tertiary series outcrop in places
near the supposed location of the seepage and if a seepage occurs it probably 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 about
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 1917 by Thomas Hannah who fell through
a hole in the peat and found that his legs were covered with crude oil. It is also
stated that the occurrence was known for several years previous to 1917, but this seems
to be in doubt. Large quantities of oil have been obtained from the locality and oil
could still be seen on the surface of the water in 1922. A small streem of water flows
into the bog near where the oil occurs, but the water in the bog is nearly sta%imnt
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 the stumps of large trees that 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 decreases 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—showed no signs of oil except in the
upper part, nor did the underlying silty beds. No appreciable quantities of gas occur.
In the spring of 1922 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 chiefl in the channels
and on the under side of logs in the peat. No oil was found in the clay under the 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, 8 per cent at 100° C.
0Oil distillate (straight run)

1st drop at 275°C. 40 per cent at 370° C.
5 per cent at 305° 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 ...............ccoiiiinnns 6-0 per cent
Oil, straight run distillate .............oovviiiiinnn, 62-0 «
Oil, after cracking had begun ............cc0vieunnnn. 19-0 “
Residue sievveeerosvecscossonssscannsnnns feeereeeanan 10-5 “
T T 2-5 “
100.0
Total bitumen in residue, soluble in carbon bisulphide.. 11-9 o
Paraffin base in residue .........co00nne.n cesencennans 4-5 “
Agphalt base in residue ........cccciiiiiiiiineaaaan. 7:4 “

Unsaturated hydrocarbons

16 cec. sample of crude oil was shaken up with sulphurie 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.

Bummary
(@) 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
(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 declaring sample to be a crude oil,
since it must be remembered that crude oils have been obtained which contain no frac-
tion boiling at a low temperature and which have a high specific gravity, but whether
the sample is native or not to the locality in which it was collected, it is impossible to
state from results of laboratory tests, . L. .
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 thicker 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
and appear at the surface as impure asphalt, and not as a heavy, dark oil. It has
been suggested that a fault occurs along Burnaby 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 Northern Railway a
short distance west of this locality, but this has been denied by railway officials. It
is at least not evident that the oil comes from the bedrock and, therefore, the occur-
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. W. Thomas, on
Imperial Street, in Point Grey municipality. A strong odour of gasoline, 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 time have 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 several places in the area are probably due to oil that has been lost
and is slowly moving 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.

Salt 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 as 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 Delta 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 qualitative analysis of a sample of water from the Empire well
atha 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 1-027. 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 presence
of petroleum, but on the other hand does not preclude the possibility of petroleum at
greater depths. No 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. 8. 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 sample of water from
about 3,600 feet contained only 226 parts per million of solids, consisting mainly of
sodium chloride. The sample, 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-
perature of 81 degrees F. Taking the ground temperature at the surface as 49 degrees
(the mean annual temperature), the temperature gradient to & 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 ¥. The temperature gradient is not abnormally high and is
apparently 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 Tertiary 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
beds, 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 (Emmons, 1921, page 88). Because of lateral variation, also, such asg
might be expected in alluvial and deltaic beds like those of Fraser Delta 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 ocecur 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-
shales 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 gome 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
“0il and gas in small quantities may be disseminated through all marine shales,
and may be localized occasionally in small, porous streaks under conditions where
no commercial quantities could be expected. A showing of small quantities of either
oil or gas in 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 series. The freshwater origin of most of the sediments shows
that oil is not likely to have formed in the rocks. The reasons why 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 Schuchert (1919) has pointed out that during the
formation of such deposits oxidation is so active that commercial supplies of petroleum
cannot be formed. The marine phases 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 variations 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
continues 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 place and that a great thickness of Tertiary rocks exists in the central and
southern parts of the area. The existence of folds that might bring the lower Tertiary
beds or older formations within reach of the drill is problematical. The Tertiary 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-
nlllents 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 necessanily unfavourable, for in such
a structure terraces (places where the general dip is flattened or reversed) may oceur,
and lensing of the strata or sealing of the outcrops by faulting or cemeniation 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 anticlinal structure in the map-area, but such structures may be concealed
beneath 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 well logs:
show clearly that both the sandstone and the shale occur in lenses. This is exactly
what is to be expected from the fact that they are mostly freshwater in origin and are
mainly alluvial plain deposits. A part ds 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 character of the freshwater strata and the small extent of the
lenses are unfavourable features; for the size of the possible reservoirs is thus restricted
and because of the disconnected character of the 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 considerable quantities
of oil or gas were present in the rocks. The presence of natural gas in the rocks at
considerable depths, and under considerable pressure, as was found in the Boundary
Bay well, might be taken as evidence that a favourable structure for gas accumulation
exists. But the gas pressure that caused blow-outs at the well was probably due to
the fact that the gas was under the pressure of the column of water and mud in the
hole, and that the blow-out was caused by the sudden relief of pressure on removal of
the tools or by the action of the bailer. Flows of gas that continued violently for
short periods have been struck in several of the wells. But the lens-like character of
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the freshwater strata and the fine-grained character of the marine strata seem to show
that there is little chance of accumulations of natural gus in reservoirs of sufficient size
to be of commercial importance.

The answer to the second question, therefore, whether or not the structure of the
rocks is favourable for the accumulation of oil or gas into pools of sufficient size to be of
commercial importance, is that the general structure of the Tertiary 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 oil in the igneous rocks of the Coast
Range batholith; they are not a possible source of oil and are not sufficiently porous to
act as reservoir rocks. It is not definitely 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, that 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, from 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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Index to sectional sheets of Alberta.
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