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PREFACE

This volume is complementary to the already issued report on oil
and gas in western Canada. The section in the earlier report dealing with
the prineiples of oil formation and accumulation has been repeated with a
few additions and changes.

It is now seventy years since the first well was drilled on Black
creck at the present site of Oil Springs, Lambton county, Ontario, and
the discovery of oil at Petrolia followed soon afterwards. Since that time
many oil fields have been discovered in southern Ontario, but Oil Springs
and Petrolia, the oldest of all the fields, are still the largest producers of
oil. Ontario also has a wonderful record of natural gas production and
explorations for this valuable product continue to meet with some success.

East of Ontario there is only one producing oil and gas field, the Stony
Creek field near Moncton, New Brunswick. This field has, for many
years, supplied natural gas to a thriving community and there is reason
to believe this supply can be continued for many years to come. Stony
Creek area presents many complexities of geological structure and strati-
graphy and it is believed the gradual solution of the many geological
problems in this area will not only enrich the science of geology but will
point the way to successful exploration for oil and gas in other parts
of New Brunswick and Nova Scotia.

“Oil and Gas in Eastern Canada’ is a compilation of data from many
sources. Much helpful information has been received from Colonel R. B.
Harkness, Natural Gas Commissioner of Ontario, and from Dr. J. A. L.
Henderson and staff of the New Brunswick Gas and Oilfields, Limited.
Two wecks were spent in the autumn of 1928 with Dr. Henderson and
W. A. Bell of the Geological Survey, reviewing the geology of Moncton
area, New Brunswick, and Mr. Bell has contributed part of the report
dealing with this area. Contributions to the report have also been made
by Dr. W. 8. Dyer of the Ontario Department of Mines and by G. W. H.
Norman of the Geological Survey. To these gentlemen, as well as others
who have contributed helpful advice, the author wishes to acknowledge
his indebtedness.

The present report is in a sense an inventory of available data. This
stock-taking will, it is hoped, serve as a basis for new research and indicate
the lines along which this should proceed.






Oil and Gas in Eastern 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) organic.

INORGANIC THEORIES

It has been suggested that water acting on metallic carbides in the

earth might produce hydrocarbons. The objections to this theory are
clearly presented by Stigand 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 propor-
tion to the petroleum that can be produced from them. Furthermore, the circumstances
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 {requently
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 contrary to the sup-
position 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
80 convineing to the field geologist, that they are dismissed by him as being
highly improbable.

ORGANIC THEORIES

Theories of organic origin assume that petroleum is formed by bio-
chemical, geochemical, and geophysical agents acting on plant and animal
detritus buried in sediments. There is much field evidence to support this
assumption, and in the laboratory petroleum is readily formed by the
distillation of certain animal and plant remains. Some difference of
opinion exists regarding the character of the material from which the oil
is supposed to be derived; in all probability the materials are not the same

1Text books on petroleum geology: *‘Oil Finding,”” by E. H. Cunningham Craig; ‘‘Practical Qil Geology,”
by D. Hagar; “Geology of Petroleum,’” by W. H. Emmons; ‘“Outlines of the Occurrence and Geology of Petro-
leum,” by 1. A. Stigand; **Popular Oil Geology,”” by Victor Ziegler; ‘“The Geology of Petroleum and Natural
Gas,” by E. R, Lilley.
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for different kinds of petroleum. Amongst other substances the following
have been suggested: (1) marine animals such as molluses, corals, ete.,
and, possibly, fish remains; (2) marine plant and animal micro-organisms
such as diatoms, alge, and protozoa (foraminifera); (3) marine plants
such as fucoids, ete.; and (4) terrestrial plants.

Since in most cases oil is associated with marine strata or can beshown
to have possibly migrated from marine strata, it may be that salt water
influenced the changes undergone by the source material before it was
deeply entombed in the sediments. Anerobic bacteria work best in the
presence of salt water. They destroy the cellulose of plants, leaving the
waxy and fatty materials, and these are the substances that give rise to
oil according to some exponents of the organic theory, the materials being
spores, alge, and fatty and resinous matter.

According to Rae:!

“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,
or catalytic ageats, the organic material is converted into petroleum’.

Evidence has been brought forward to support the view that petro-
leum forms from each of the source materials suggested. In certain cases
the close association of possible source materials with the petroliferous beds
seems to offer almost conclusive evidence of origin. For example, the
presence of an abundance of diatoms and foraminifera in the Kocene of
California led Arnold to conclude that the oil in the overlying 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, 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. F¥urthermore, 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 regions; this would be more particularly significant in the case of formations con-
taining successions of coal and lignite seams . . . . . . which indicate secular oscilla-
tions centring about sea-level.”

Such conditions on tidal flats are favourable for the growth of marine
vegetation that possibly may have been the source of petroleum in such
cases.

Differences in the compositions of the source materials necessarily
mean differences in composition of the petroleum formed from them.
Changes in the composition of petroleum may arise subsequent to form-
ation as a result of filtration during migration and of interactions between
the petroleum and substances 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 makes it very difficult to determine the character of the material
from which the oil has been derived.

1Rae, Colin, C.: “Organic Materials of the Carbonaceous Shales’’; Am. Ass. Petroleum Geologists, vol. VI,
No. 4, pp. 340-341.
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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! and
other geologists, is to the effect that the organic material was converted
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 sedi-
ments. The kerogen, according to this view, is only an intermediate
product between the organic source material and the petroleum, and certain
physical and chemical changes are necessary before it is transformed to
petroleum. Hawley? has demonstrated experimentally that petroleum
is not formed by shearing pressures in oil-shales and concludes that ‘“temper-
ature 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 oilfields
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,? believe that large quantities of oil formed
during mouatain 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 haviag 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 oceurs, 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 erust, 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.

1Stuart, Murray: ““The Geology of Oil, Oil-shale, and Coal,”” 1926.
tHawley, J. E.: Am. Ass. of Pet. Geol., vol. 13, No. 4, p. 365 (1929).

3Rich, John L.: '‘Generation of Oil by Geologic Distillation during Mountain Building'’; Am. Ass. of Pet. Geol.,
vol. 11, No. 11, pp. 1139-1149 (1827).
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Experimental evidence led McCoy! to believe that capillarity is the
main force causing oil in a water-saturated sand to migrate, thus making
possible the accumulation of oil in reservoirs capable of retaining it.
Washburne? has stated that, “since water has about three times the surface
tension of crude oil, capillary action must exert about three times as much
pull upon it. The amount of the capillary pull varies inversely as the
diameter of the pore. Hence 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? 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 a 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* 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 buoyancy 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 accumulation of oil.
The movement of oil under the action of currents is what has been termed
the hydraulic theory of oil and gas accumulation.

(lglll;choy, A. W.: “Some Effects of Capillarity on Oil Aceumulation'’; Jour. of Geol., vol. 24, No. 8, pp. 798-805
6).
630 zWazl)lbume, C. W.: “The Capillary Concentration of Gas and Qil”’; Trans. Am, Inst. Min. Eng., vol. 50, pp.
1914).
3Johnston and Adams: Jour. of Geol., vol. 22, pp. 1-15 (1914).

1Mills, R. Van A.: “Experimental Studies of Subsurface Relationships in Oil and Gas Fields”’; Ec. Geol.,
vol. 15, pp. 398-421 (1920).
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This theory was developed by Munn! and a general statement regard-
ing it was published by Rich? who states:

“The principal cause of the migration of oil and gas is the movement of underground
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 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 move-
ment of the water and corresponding texture of the sands or other medium through which
it flows. Where the sands are porous and there is a strong hydraulic head a sharp anti-
cline 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 conditions broad, flat anticlines with very
little closure, terraces, or even minor flattenings of the regional dip, are enough to cause
accumulation.”

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

Mills and Rich? deduced from experiments that a strong water move-
ment 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 accumulation of cil 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.

iMunn, Malcolm J.: ‘““The Anticlinal and Hydraulic Theories of Oil and Gas Accumulation'; Ee, Geol., vol.
4, pp. 509-529 (1909).

2Rich, John L.: ‘‘Moving Underground Water as a Primary Cause of the Migration and Accumulation of Oil
and Gas'; Ee. Geol., vol. 16, pp. 347-371 (1921).
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ACCUMULATION DUE TO DEFORMATIVE MOVEMENTS

As pointed out by Lilley,! the “compacting of sediments through
increasing static pressure plays an important réle in causing the reduction
of pore space in sediments and thus is directly responsible for the initia-
tion of movements” of contained fluids or gases. As a result of experi-
ments carried out in 1928, Beckstrom and Van Tuyl? came to the conclu-
sion that “compaction is by far the most important cause of migration
of oil from shale into porous reservoirs”. Certain authors believe movement
is started by differences in pressure due to varying 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 ecapillary
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® “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.”’

STRUCTURAL FEATURES OF OIL POOLS

Oil and gas accumulations are associated with various structural
features.t The structures of the fields of eastern 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
produces 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
struetures 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

1Lilley, E. R.: “The Geology of Petroleum and Natural Gas,” 1928, p. 201.

2Beckstrom, R C., zmd\an Tuyl, F. M.: Am. Ass. of Pet. Geol vol. 12 No. 8 (1928)

3Mills, R. Van, A.: “Natural Gas as a Factor in Oil Migration and Accumulation in the Vicinity of Faults';
Am. Ass. of Pet. Geol., vol. 7, pp. 14-21 (1923).

“Clapp, Fredet\ckG Bull. Geol. Soc. Am., vol 28 (1917)
Emmons, W, H.: Gcology of Petroleum,” p. 1




Figure 1. (After L. C. Uren). Simple asymmetric anticline with oil-bearing strata (shown
in solid black) reached by three wells (Nos. 1, 3, 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,

i,

/ 77 L/oﬁg/tuo’/na/ Secz/'on

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 underlain by it is shown on the plan.
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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
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
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
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® that at a depth of 1,500
feet the forece necessary to make oil migrate through a wet shale (openings
0-01 micron) is about 4,000 pounds per 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 gravitational 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, as, 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

1McCoy, Alex. W.: ““Principles of Qil Accumulations’; Jour. of Geol., vol. 27, p. 258 (1919).
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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
pore spaces in a sand would tend to make concentration relatively incom-
plete.

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

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.! Possibly it is partly due to hydrostatic pressure which in many
gas and oil fields is nearly equalled by the gas and oil pressure. Sand
. lenses containing oil and gas may occur without any relation to other
structural features. Since most such lenses are irregular, the gas and oil
collect in the higher parts, as in anticlinal structures.

(lgle;Vashbume. C. W.: “The Capillary Concentration of Gas and Qil"’; Trans. Am. Inst. Min, Eng., vol. 50, p. 852

34406—2
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TERRACES

A local flattening of the strata in a region otherwise characterized by
a upiform dip gives the terrace structure (See Figure 4). Where water
carrying along with it oil and gas is moving up the dip and where,! 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 time might extend for
a considerable distance down the dip from the edge of the terrace. In general a terrace
should be able to cause oil accumulation only where the movement of the rock fluids is
ctl)ntl)paltragively slow, so that slight obstacles suffice to arrest the movement of the oil
globules.

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

Johnson and Huntley? in discussing the terrace structure 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 ecritical gradient
the oil and gas will tend to accumulate. 1t is stated, however, that ‘it is
difficult to ascertain the critical gravitational gradient because of two
variables: (a) degree and types of porosity, and (b ) direction and effective-
ness of the current within the reservoir’”’; the current is considered 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 Huatley 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.

1Rich, John L.: *“Underground Water as a Primary Cause of the Migration and Accumulation of Oil and Gas™;
Ee. Geol., vol. 16, No. 6, p. 355 (1921).

lohnson, R. H., and Huntley, L. G.: “Text Book Oil and Gas Production,"” p. 72, 1916.
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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 oceurred
as a result of faulting. 1t has been stated! 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 Cre-
taceous up to the Pliocene.” Faulted structures affording oil production
are also known in many other oil fields, especially the Rocky Mountain
fields, where the accumulation is thought to be closely related to the
faulting. Rich® 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 decidely detrimental in others by providing a channel of escape
for oil and gas that would have been retained in an anticlinal structure.
Mills® 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 o1l 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 producing wells, but
where there are considerable proportions of rapidly expanding gas, the oil i1s 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 reservoir rocks, the processes herein
outlined have evidently functioned. . . .. During the more or less extensive move-
ments of oil, gas, and water toward producmg wells, the gas and oil tend to segregate
above the water into favour ably situated parts of the sands. This bas been termed induced
segregation. It is mildly analogous to what happens when hard or lithified strata contain-
ing 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 hydro-
carbons, 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
oceur 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.

1Pratt, W. E., and Lahee, F. H : “Faulting and Petroleum Accumulation at Mexia, Texas'’; Bull. Am, Ass.
Pet. Geol., vol. 7, No. 3, p. 231 (192
(lgxghch "John L.: “The Hydraulxc Theory of Oil Migration”; Bull. Am. Ass. of Pet. Geol., vol. 7, No. 3, p. 222
3)iills, R. Van A.; “Natural Gas as a Factor in Oil Migration and Accumulation in the Vicinity of Faults';
Am. Ass. of Pet. Geol., vol. 7, pp. 14-21 (1923).

34496—2%
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Wihare 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 1s 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 i1s 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 indicated by the high concentra-
tion 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.”

Discussing the question as to why all the oil and gas does not escape
from faulted areas before the fissures are sealed, Mills writes:

“The question might just as well be asked: Why does all the oil not flow from a pro-
ductive 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 remem-
bered 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 is the case with wells, the complete escape of oil through open
fissures has probably failed largely because of dissipated gas pressures, whereas tbe final
retention of the oil is due to the sealing of the fissures before the gas pressures in the vicinity
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! 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

1Rogers, G. S.: ““The Sunset-Midway Oil Field, Calif.”; U.8.G.S. Prof, Paper 117, 1919,
Pack, R. W.: “The Sunset-Midway Oil Field, Calif."”; U.S.G.8. Prof. Paper 116, 1920.
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silt or of calecareous 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 amoeunt 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
volume; where the grains are arranged so as to give the maximum pore
space this amounts to nearly 50 per cent of the whole.!  As has been pointed
out by Johnson and Huntley:?

‘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 eannot 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 them-
selves porous, the interstices comparatively large, degree of porosity very high. D:
sedimentary deposit of grains well sorted according to size, the comparatively large
interstices reduced in size by deposition of mineral matter, the porosity diminished.
E: rock rendered porous by presence of fissures produced by solutions. F: roeck
rendered porous by presence of fractures.

G.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.

;Slicggser(,l 8(;)Jé)S.: “Theoretical Investigation of the Motion of Ground Water”; U.S.G.S. 19th Ann. Rept.,
pt. 2, p. .
2Johnson, R. H., and Huntley, L. G.: *“Principles of Oil and Gas Production,” p. 34, 1916.
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Next to porous sands, dolomites and dolomitic limestones form the
most mmportant reservoirs for oil and gas.

Analyses, published by ‘Orton,! of rock from different parts of the
Trenton formation first drew attention to the fact that in the Trenton
oil fields of Ohio the oil is associated with dolomite. Pieces of 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 poresity 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 mueh as 12 per cent may take place. The view that the
porosity is wholly due to dolomitization was questioned by Phinney?
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 dolomites 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 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 caleium 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 earbonate arose either from leach-
ing or replacement of calcium carbonate.

It has been commonly assumed that in the formation of dolomite by replacement,
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 positions, 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 1 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 dolomites 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 determinaats of the
pore space, among which are the physical echaracters of the particles composiag the original
caleite sediments, 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* 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

10rton, Edward: Geol. Surv., Ohio, vol. 6, pp. 103-105.

2Phinney, A. J.: “The Natural Gas Flelds ‘of Indiana’’; U.8.G.8., 11th Ann. Rept., p. 638 (1889).

3Twenhofel, H., and Collaborators: *‘Treatise on Sedlmentatxon, 1926, p. 257. ~

4Ho“ard W.V: “A Classification of Limestone Reservoirs’’; Bull. Am. Ass Pet. Geol., vol. 12, No. 12, p. 1155
(1928).
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(2) Limestone with secondary porosity
(a) Limestone associated with former erosion surfaces
(b) Limestone with porosity developed as a result of mineralogical
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

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 limestone
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:!

“Many geologlsts and engineers engaged in estimating, by the use of porosity, the oil
content of sands in the Mid-continent field ordmarlly use a factor of 173 per cent. . .
The porosity of the ordinary oil sand in California is usually taken as about 25 per cent
undoubtedly a low figure, since sands as loose as those generally average 36 per cent or
more in porosity. Porosity in the Appalachian field is estimated at 10 to 12} per cent, but
actually productive portions of the sands probably average at least 15 per cent.”

RELATION OF OIL PRODUCTION TO GAS PRESSURE

The amount of oil recovered from oil sands by ordinary methods is
by no means the total amount in the sand. Some estimates place the
recovery at only 10 to 20 per cent. The amount recovered ‘‘depends
mainly upon the porosity and size of the pores, upon the available energy
within the sand for expelling the oil from the pores of the sand, and upon the
efficiency of this energy.” The gas 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 production.
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 pro-
portional to the pressure, ‘“‘doubling the pressure, therefore, doubles the
quantity of absorbed gas and hence the energy, being the pressure multi-

1 Beal, Carl H., and Lewis, J. O.: ‘‘Some Principles Governing the Production of Oil Wells"’; U.S. Bur. of
Mines, Bull. 194, p. b (1921).
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plied by the gas volume, is quadrupled. The expulsive energy thus in-
creases 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.

In many fields the gas pressure is about equal to the hydrostatic
pressure, a condition that has been explained! 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 then the theoretical hydro-
static 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? 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 waters, and the abundance of
helium in some deep wells, point to the same conclusion. It has been
shown that capillary pressure under certain conditions is quite large, but
Washburne believes since there is no change in volume in capillary move-
mer(lit that capillarity itself could not produce any great pressure in an oil
sand.

RELATION OF OIL PRODUCTION TO THE SPECIFIC
GRAVITY OF THE OIL

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

S;ﬁﬁ}lll}))ume, C. W.: “The Capillary Concentration of Gas and Oil’’; Trans. Am. Inst. Min. Eng., vol. 50,
p- .

20p. cit., p. 856.
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RELATION OF OIL PRODUCTION TO SPACING OF WELLS

The relationship of production to spacing of wells has been discussed
by Beal and Lewis,! 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 wells and for
each field there is a certain spacing which is the most economical.

1Beal, C. H., and Lewis, J. O.: U.S. Bur. of Mines, Bull. 194, p. 25 (1921),
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CHAPTER 1II

PHYSICAL FEATURES, STRATIGRAPHY, AND STRUCTURAL
GEOLOGY OF SOUTHERN ONTARIO

PHYSICAL FEATURES

The part of Ontario lying between lakes Ontario, Erie, and Huron,
and extending eastward to about the vicinity of Kingston comprises the
western part of what has been termed the St. Lawrence region (See Fig-
ure 6). It is underlain by almost horizontal Palmozoic strata and its
general level character contrasts greatly with the more rugged topography
of the Canadian Shield which forms its northern boundary from the vicinity
of Kingston to the southern end of Georgian bay. To the east, between
Kingston and Brockville, a southern projection of the Canadian Shield
crosses St. Lawrence river. East of this projection the St. Lawrence
region is again underlain by flat, Pal®ozoic sediments.

The known oil and gas fields of Ontario are confined within the more
westerly division and this consists of two areas, a western highland and an
eastern lowland, divided by the northeasterly facing Niagara escarpment
(See Figure 6) that stretches from Niagara river at Queenston around the
west end of lake Ontario at Hamilton, extends northwesterly to Bruce peain-
sula between lake Huron and Georgian bay, and reappears to the north-
west in Manitoulin and adjoining islands in lake Huron. The Niagara
escarpment is an erosional feature and owes its formation and preservation
to the fact that it is capped by relatively hard, resistant limestone and
dolomite (of Niagara age) overlying easily eroded, soft shales. The
beds dip into the escarpment and the weathering away of the soft shales
at the base undermines the upper hard layers, these break off in large
blocks and the abrupt rise of the escarpment front is preserved as it slowly
retreats westward. The Niagara escarpment is a true cuesta.

The lowland north of lake Ontario rises gently northward from the
lake shore. It commences at Kingston, its north boundary passing grad-
ually away from the lake in a northwesterly direction, the width increasing
from zero at Kingston to almost 100 miles between the west end of lake
Ontario at the Niagara escarpment and Midland on the north boundary
at Georgian bay. The escarpment at the west end of lake Ontario at
Hamilton rises abruptly from an elevation of 400 feet at the base to 650
feet at the crest and elevations somewhat higher are reached at some dist-
ance south of the edge. At various places along the escarpment, which
trends northwesterly, there is a sharp rise of about 300 feet and an elevation
of 1,706 feet is reached on the top of the highland in the viecinity of Duadalk
in Grey county 10 miles west of the escarpment face, although the eleva-
tion in front of the escarpment is only about 1,000 feet. At Collingwood,
the escarpment is only a short distance from Georgian bay with an eleva-
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tion of 580 feet and the top of “Blue mountain” on top of the highland
in Collingwood township has an elevation of 1,655 feet. The escarpment
follows the east side of Bruce peninsula to its north end where it forms
cliffs which rise abruptly from the shore for a height of 300 feet. The same
steep front characterizes the east and north shores of Manitoulin and
adjacent islands.

The highest part of the upland surface is found south and west of
Collingwood where elevations of from 1,600 to 1,700 feet occur. The
surface, however, slopes southwesterly to the levels of lakes Huron (578
feet) and Erie (571 feet).

The whole of the surface of southwestern Ontario has been glaciated
and is, for the most part, covered by a mantle of glacial materials consist-
ing of gravel moraines and boulder clay. It is thought that in the region of
the Great Lakes the ice advanced and retreated five times and one inter-
glacial period was sufficiently long for the deposition of about 400 feet
of interglacial beds in Toronto area. The ice-sheet removed the soil and
weathered rock formed during the long period of erosion prior to the advance
of the ice, and widely distributed boulders of Precambrian rocks over the
whole of the glaciated surface. Previously formed stream valleys were
filled with glacial debris and the Great Lakes in their present form did
not originate until the drainage, after the final retreat of the ice, had
become adjusted to the new topography. From borings that have been
made and from a study of glacial materials in reference to the underlying
rock surface, it is now known that an old, buried channel extends from the
Whirpool rapids on Niagara river to St. David on the Niagara escarpment.
Evidently at one time the ancestral Niagara river flowed over the escarp-
ment at St. David and during a long period of time the falls gradually
retreated and a gorge was produced similar in character to the present
gorge below Niagara Falls and which intercepts this old gorge at the Whirl-
pool on Niagara river, in fact the Whirlpool is due to erosion of the present
river in the glacial debris filling the old channel. Another old river channel
occurs between Barrie and Toronto.! Wells bored in the glacial and inter-
glacial materials filling this old channel reach great depths. Some of the
depths recorded are: Barrie 280 feet, Richmond Hill 400 feet, Newmarket
265 feet, Bradford 330, and one well 2 miles west of Thornhill reached a
depth of 650 feet before the underlying rock was encountered. The
last-mentioned well was drilled at an elevation of 650 feet, so that the
bottom of the glacial and interglacial materials is now at sea-level or 246
feet below the level of lake Ontario. It is obvious, therefore, that at the
time this old channel was formed the region stood higher than at present.

The glacial drift that covers the bedrock has a variable thickness
and hence the present topography does not express the relief of the under-
lying rock surface nor does it show any relationship to the underground
structure. The glacial drift conceals the underlying rock over a great part
of both the upland and lowland, but many streams have cut through the
surface cover and, especially where the rock formations are fairly massive
and resistant limestones, many good sections are to be found.

1Coleman, A. P.: Univ. of Toronto Studies, Biological Series No. 21, 1922,
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STRATIGRAPHY

St. Lawrence region westward from Kingston at the east end of lake
Ontario is underlain by sedimentary strata ranging in age from Ordovician
to late Devonian (See Figure 6). The strata, in general, have a low, south-
westerly dip, so that proceeding southwest younger formations appear
at the surface and each formation occupies a belt of country striking
northwest and southeast. The oldest of these sediments were deposited
in a sea that advanced from the south over a surface formed of Precambrian
rock and having a relief that, presumably, was of much the same character
as that of the Canadian Shield of today. In certain parts of North America
the close of the Precambrain was followed by the deposition of Cam-
brian sediments, but apparently the Cambrian seas did not extend into
southern Ontario west of the Frontenac axes, as no Cambrian beds have
been recognized there and the incoming seas of early Ordovician time
deposited a basal series of coarse sandstones or arkoses composed of mater-
ials derived from the underlying Precambrian rocks. As the surface on
which these materials were deposited was very irregular, it was inevitable
that the thickness of this basal member should be highly variable and from
well records it is known to range from less than 1 foot to 75 feet. In
Simcoe district, where these basal beds are exposed, Johnston! has stated
that they pass upward “into red and green shales with intercalcated lenses
of thin beds of sandstone and occasionally thin beds of fine-grained lime-
stone,”” The beds are
“frequently absent on the sides and tops of ridges or domes of the crystalline rocks.

The sandstone and shales are best developed in basins between ridges of the
crystallme rocks where they occasionally have a maximum thickness of about 40 feet.
They are local in character and derivation and evidently represent the old soil covering
of the Precambrian rocks somewhat sorted, rearranged, and recemented and it seems
probable that they represent the initial, near-shore deposit of the next succeeding formation.”

In northwest New York state east of the southern extension of the
Frontenac axis from Canada, the basal formation of the Palmozoic is the
Potsdam sandstone of Cambrian age. This in many cases has been con-
fused with the basal arkose and sandstones of the southwestern peninsula
of Ontario, but all available evidence seems to show that the Potsdam
sea came from the south and that though it invaded Canada east of the
Frontenac axis, it did not extend west of it.

Near Kingston, at the west edge of the Frontenac axis, the basal
sandstones have been named the Rideau beds.? They have been included
by Kindle? in the Pamelia formation which in this area consists of about
40 feet of limestones, above 5 feet of sandy caleareous beds carrying quartzs-
ite pebbles and small boulders up to one foot in diameter. The lime-
stones have a fine, even texture and in part show much sun-cracking,
indieating shallow water deposition. As the sea gradually encroached
over the region west of Kingston, sands and arkoses continued to be
deposited on the Precambrian surface along the advancing shoreline, but
they are not necessarily of the same age as the lithologically similar beds
in the Kingston area, in fact these basal sandstones and arkoses constitute
what has been called a tangential formation.

1Johnston, W. A.: Geol. Surv., Canada, Sum. Rept. 1911, p. 254,
zAmi, H. M.: Geol. Soc. Am.. vol, XIIT, pp. 517-18 (1902).

. 3I((Imldl)e E. M.: “The Ordovician Limestone of the Kingston Area’’; Ont. Bureau of Mines, vol. XXV, pt. 3,
p. 40 (1916
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The Black River group in New York state has been there defined?
as including in ascending order, the Lowville with the Leray member, the
Watertown, and the Amsterdam?, the latter only present in the east.
According to Kindle the Lowville with the Leray succeeds the Pamelia
in Kingston area, but the Watertown is absent. In Simcoe area, the
basal sandstones and shales and closely associated limestones are overlain
by the Lowville above which lies the Coboconk limestone which is corre-
lated with the Leray of New York. The Coboconk is about 35 feet thick
and the upper part is characterized by a great abundance of chert. Chert
is evidently a prevalent feature of this formation and occurs in beds assigned
to the Leray at Kingston, as well as in the type section in New York state.
Black River strata with basal arkose beds lie on the Precambrian in
Manitoulin Island region and it is evident, therefore, that a belt of Black
River strata stretches all the way from Kingston westward along the
northern edge of the region.

The Black River strata dip gently southwestward and pass beneath
limestones of Trenton age and these, like the Black River strata, form a
belt stretching from Kingston on lake Ontario to Georgian bay and appear-
ing also on Manitoulin island. The Trenton consists of limestones with
shaly partings. These limestones, as indicated by bore-hole records,
extend westward and southward beneath the younger strata of the pen-
insula area lying between lakes Huron and Erie, but in this area it is not
possible from the drill records to distinguish between the strata of the
Trenton and the Black River groups whose combined thickness in the
Essex-Kent area appears to be as much as 500 feet.

At one time the whole series of limestones above the Black River
and beneath a succeeding assemblage of black shales, was considered to be
Trenton and the overlying shales were called Utica. Raymond3? gave the
name Cobourg formation to an upper part of the limestone series. This
same formation has been recognized? at Collingwood on Georgian bay
and presumably extends in a continuous belt from there eastward to Co-
bourg and on east along the shore of lake Ontario. For a number of
reasons the Cobourg limestone is now considered to be of Utica age.
Thus the thick limestone series penetrated by many bore-holes in the
southwest peninsula of Ontario and customarily reported as Trenton prob-
ably includes not only Black River limestones in the lower part but Utica
limestones in the upper part.

The Cobourg limestone, 40 miles east of Toronto, is overlain by dark
or nearly black shales with thin limestones belonging to the Collingwood
formation. These beds, with overlying dark shales constituting the
Gloucester formation, extend northwestward to the foot of Georgian bay
where, however, the Collingwood is largely limestones.® The two forma-
tions are of Utica age and the dark shales are commonly referred to as
Utica shales. They disappear westward below a younger series of grey
shales with thin interbeds of sandstone, formerly known as the Hudson

1ICushing, H. P., Fairchild, H. L., Ruedemann, R., Smith, C. H., jun.: *‘Geology of the Thousand Islands
Region’; N.Y. State Mus. Bull. No. 145, p. 85. .

2Cushing, H. P., and Ruedemann, R.: ‘‘Geology of Saratoga Springs and Vicinity''; Bull. N.Y. State Mus.
No. 1{;9, 1914, p. 45.

s0

Cushing, H, P.: ‘“Lower Palzozoic Rocks of New York'; Am. Jour. Sci., vol. XXXIT, p. 143 (1911).

sRaymond, P.: Geol. Surv., Canada, Mus. Bull, No. 31, p. 1 (1921).

4Parks, W. A.: Roy. Soc. Canada, sec. IV, vol. XXII, p. 46 (1928).

5Parks, W. A.: Roy. Soc. Canada, vol. XXII, sec. IV, p. 46 (1928).



23

River group, and to which Foerste! applied the name Lorraine, a name
introduced long ago to designate related stratain New York state. Owing,
however, to difficulties encountered in correlating these strata in Ontario
with those of the New York section, Parks? introduced the name Dundas
formation for these grey shales overlying the Utica in Toronto and Geor-
gian Bay areas. The Dundas formation has been divided into four members
which from lowest to highest are as follows: Rosedale 10 or more feet
thick, Danforth 57 or more feet thick, Humber 282 or more feet thick, and
Credit 50 feet thick. The fauna of these strata is in part similar to the
Lorraine fauna of New York and in part similar to the Maysville of Ohio,
a formation considered to be the approximate equivalent of the Lorraine
of New York. The Dundas beds ocecur in the vicinity of and to the west
of Toronto, and extend to Georgian bay and along the east side of Bruce
peninsula. Westward they dip gently beneath succeeding formations and
both the Dundas and Collingwood or equivalent formations have been
penetrated by many drill holes in the southwestern peninsula of Ontario.
In the logs of such wells the lower, nearly black shales are usually desig-
nated as Utica and the overlying, greyer shales with intercalated sandstones
are termed Lorraine.

The Dundas, grey shales with their thin interbeds of sandstone are
overlain west of Toronto by greyish shales with interstratified limestones
and sandy beds and these are followed by red shales, the whole constituting
the Richmond group, the youngest division of the Ordovician. The lower,
greyish strata are about 100 feet thick in the Credit River section near
Toronto and have been divided by Dyer?® into three members which from
lowest to highest are as follows: Erindale, Streetsville, and Meadowvale.
The division between the Dundas and the overlying Richmond is made on
faunal differences, there being no apparent break in sedimentation. The
uppermost division of the Richmond, the red shale member, is known as
the Queenston. It occurs at the foot of the Niagara escarpment from
north of Meaford on Georgian bay to Niagara river, increasing in thick-
ness southward to about 1,000 feet* as shown by wells drilled in Niagara
peninsula. On Manitoulin island the position of the Queenston is oceupied
by grey, fossiliferous limestones and shale, the Queenston red shales
farther south being, according to Foerste,® ‘“the estuarine representatives
of a part of those marine strata which elsewhere are known under the term
Richmond formation.” The red, Queenston shales extend far to the west
beneath the covering of later strata and have been penetrated by deep
wells, as in Kent county for example. Presumably the underlying, grey,
shaly, Richmond strata also extend under the whole peninsula west of the
Niagara escarpment, although in the logs of wells these strata are difficult
to separate from the underlying, shaly formations.

The red Queenston shales of the southwest peuninsula of Ontario and
the grey limestones and shales that are their equivalents on Manitoulin
island are the youngest Ordovician beds in this part of Ontario. After
the deposition of the Queenston the Ordovician seas withdrew from this

1Foerste, A. F.: “Upper Ordovician Formations in Ontario and Quebec”; Geol. Surv., Canada, Mem. 83 (1918).
XXII;f rks, W.A.: “The Stratigraphy and Palmontology of Toronto and Vlclmty *; Ont. Dept. of Mines, vol.
pt 6 (1920)
VII)% er, W. 8.: “‘Stratigraphy and Correlation of the Credit River section’’; Ont. Dept. of Mines, vol. XXIX,
pt. 1920).
4Malclom, W.: “The Oil and Gas Fields of Ontario and Quebec’’; Geol. Surv., Canada, Mem. 81 (1 15).
sFoerste, A. F.: Geol. Surv., Canada, Mem. 83, p. 175 (1916).
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region. In early Silurian time a sea again advanced over the region and
in it deposits belonging to the Medina-Cataract series! were laid down.
The oldest member of this series as exposed on Niagara river is the Whirl-
pool sandstone about 22 feet thick; it outcrops along the Niagara escarp-
ment, but thins to the northwest and disappears south of Collingwood.
As indicated by borings it extends beneath younger strata westward to Elgin
county, but does not occur at Petrolia nor at Oil Springs in Lambton county.

Along Niagara river the Whirlpool sandstone is overlain by about
30 feet of strata, mainly shales, constituting the Manitoulin formation.
As traced northwest along the Niagara escarpment, the Manitoulin forma-
tion becomes a dolomite about 30 feet thick at Cabot head on Bruce peninsula
and at least 60 feet thick on Manitoulin island where it rests directly on
the shales and limestones of the Richmond formation. The Manitoulin
formation is thought to underlie all of southern Ontario west and south of
the Niagara escarpment. In Niagara peninsula it is a shale formation,
but elsewhere is mainly dolomite.

Along Niagara river the Manitoulin formation is overlain by a few
feet of grey shale, representing the Cabot Head formation, which in turn
is succeeded by 50 feet of red and grey shale and sandstone constituting
the Grimsby member. The Grimsby decreases in thickness westward
and not far beyond Hamilton is no longer recognizable. On Niagara river
the Grimsby is overlain by the Thorold grey sandstone, 7 feet thick and
traceable nearly to Hamilton. Northward from Hamilton the three forma-
tions merge into one known as the Cabot Head and consist of red and grey
shales, shaly sandstones, and shaly dolomites, 110 feet thick at Owen Sound.
The Cabot Head formation, as shown by well records, underlies the south-
western peninsula of Ontario.

The strata from the Whirlpool sandstone to the Thorold sandstone
constitute the Medina-Cataract series. This series, as exposed along
Niagara river, is overlain by the Clinton formation, there consisting of
three members, namely, the Furnaceville shale 4 feet thick, the Reynales
or Walcott dolomite 12 feet thick, and the Irondequoit dolomite 7 feet
thick. The Clinton beds thin to the northwest and do not appear to reach
farther than 20 miles north of Hamilton, but boring records show they
extend beneath younger beds westward to lake St. Clair.

The Clinton strata on Niagara river are overlain by about 85 feet of
dark grey shales with some calcareous beds constituting the Rochester
which also has been called the Niagara shales. These in turn are overlain
by the Lockport or Niagara dolomite which forms the summit of the
Niagara escarpment. The Rochester shale thing to the westward and
ends not far north of Hamilton, but the Lockport dolomite continues
north, increasing in thickness from 80 feet at Niagara to more than 160
feet at Cabot head on Bruce peninsula and to more than 200 feet on Mani-
toulin island where it forms the uppermost strata preserved there. The
Lockport dolomite presumably extends westward and southward beneath
the younger formations of southern Ontario, but is not easily distinguished
in the logs of wells from the overlying Guelph dolomite. The basal mem-
ber of the Lockport in Niagara peninsula, acecording to Williams,? ‘“‘consists
of a bed of argillaceous dolomitic limestone, 8 to 9 feet thick, which was

1For a full description of the Silurian strata See Williams, M.Y.: *The Silurian Geology and Faunas of Ontario
Peninsula, the Manitoulin and Adjacent Islands”; Geol. Surv., Canada, Mem. 111 (1919).
?Williams, M. Y.: Geol. Surv., Canada, Mem. 111, pp. 58-59 (1919).
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formerly extensively worked at Thorold for the manufacture of natural
rock cement.”” This is what has been locally called the DeCew waterlime.
It is “a commingling of the dolomitic Lockport sediments with the argil-
laceous Rochester sediments.” Above the DeCew waterlime in Niagara
peninsula there is a member called the Gasport by Kindle.! According
to this author “the section on the Canadian side at Niagara falls shows
7 feeb of hard, grey, suberystalline, crinoidal limestone, sharply differenti-
ated from the saccharoidal dolomite above and the 9 feet of argillaceous
limestone below.” According to Williams this member westward from
Niagara is 5 to 28 feet thick and at Thorold is eomposed largely of coral
reefs. The DeCew and Gasport members of the Lockport are local develop-
ments and are not recognized in Ontario outside of Niagara peninsula.
In the vicinity of Hamilton at the top of the Lockport there are 80 to 90
feet of argillaceous limestones and some shales and these have been called
the Barton beds. Also, in the western peninsula of Ontario, even-bedded,
argillaceous, arenaceous, or bituminous dolomites occur at the top of the
Lockport and these are known as the Eramosa beds. According to Wil-
liams? these beds are 40 feet thick at Wiarton in Bruce peninsula, 30 or
more feet thick at Guelph, and 35 feet thick at Spencer creek, 7 miles
west of Hamilton. South of Hamilton the highest of the dark, slaty
strata, known locally as the Barton beds, are probably the equivalent
of the Eramosa. The Eramosa beds are quite bituminous and are tran-
sitional with the overlying Guelph formation.

The Lockport dolomite along Niagara river disappears above the falls
beneath the Guelph formation, consisting for the most part of a light grey or
cream-coloured dolomite generally having a porous, saccharoidal texture.
The Guelph underlies a belt of country from 5 to 13 miles wide extending
from Niagara river westward and then northward to Bruce peninsula.
In Niagara peninsula the estimated thickness of the Guelph is 140 feet,
farther north the thickness appears to be only about 90 feet, the decrease
in thickness according to Williams suggests erosion prior to the deposition
of the next succeeding formation. The Guelph dolomite continues west
beneath younger beds and may underlie the whole peninsula of southern
Ontario where many wells penetrate it and in some cases give a thickness
of as much as 240 feet for the combined Guelph and Lockport formations.

It is generally assumed that after the deposition of the Guelph beds,
the Silurian sea withdrew from the southern Ontario and adjoining regions,
but left a large, nearly isolated basin of water covering southern Ontario
and the neighbouring part of United States. In this basin were deposited
the somewhat abnormal, youngest Silurian sediments. The earliest of
these are the beds of the Salina formation of which the lowest member is
the Camillus, consisting of grey or green shale with beds of dolomite and
gypsum. These beds occupy a broad belt trending west from Niagara
river and then north to the shores of lake Huron north of Southampton.
The Camillus at Niagara has a thickness of 387 feet, at Delhi in Norfolk
county 310 feet, at London 750 feet, including 170 feet of salt, and in Dover
township near lake St. Clair the thickness varies between 550 and 745 feet.?

1Kindle, E. M.: U.8. Geol. Surv., Folio 190, p. 7.

2Williams, M. Y.: “An Eurypterid Horizon in the Niagara Formation of Ontario’’; Geol. Surv., Canada, Mus,
Bull. No. 21, p. 1.

3Williams, M. Y.: Geol. Surv., Canada, Mem, 111, p. 84 (1919),
34496—3
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The Camillus member is overlain along its west edge by the Bertie
member, consisting of beds of dolomite, waterlime, and shale varying
in thickness up to 40 feet. Overlying the Bertie is the youngest member
of the Salina, the Akron dolomite, less than 10 feet thick. The Salina
beds disappear to the west under younger strata and with varying thick-
nesses underlie the whole of the peninsula bounded by lakes Huron and
Erie. In the district bordering Detroit river a group of strata named
Bass Island or Lower Monroeseriesisknown maialy from drill records. These
beds lie above the equivalents of the Camillus shale and below a sandstone
termed the Sylvania. The thickness of the series is 330 to 375 feet and it
consists largely of dolomites with one thin shale horizon. It seems prob-
able that the Bass Island series is about equivalent to the eombined Bertie
and Akron, that is to the upper part of the Salina. The Sylvania sand-
stone of the Detroit River area varies much in thickness and appears to
be an =olian deposit formed after the withdrawal of the sea in which the
Bass Island strata had been deposited. Above the Sylvania lie 300 to
nearly 400 feet of dolomites and limestones knowa as the Detroit River
or Upper Monroe series. Their contained fossils have been variously
interpreted as indicating the strata to be of late Silurian or early
Devonian age. It seems probable that the period of erosion represented
by the Sylvania sandstone includes latest Silurian time and that the
Detroit River series is thus of very early Devonian age. If so this series
was deposited in a sea that did not reach far eastward into Ontario and
which withdrew from the area in early Devonian time. Later in Oriskany
and Onondaga time, after a period of erosion, a sea advanced over southern
Ontario and in it were laid down Devonian strata.

The eastern edge of the area occupied by Devonian beds follows a
curving, westerly course from the head of Niagara river to the vicinity of
Woodstock and from there strikes northerly to the shore of lake Huron
near Port Elgin. Westward from this edge as far as the head of lake St.
Clair, higher and higher members of the Devonian occur in successive
bands or irregular areas stretching north and south. The youngest Dev-
onian in Ontario borders the north shore of lake St. Clair, whereas south
of this, as a result of gentle folding, successively lower horizons come
to the surface until in the southwest part of Essex county the Onondaga
appears resting on the Detroit River series. Along the eastern edge, the
Devonian rests on late Silurian strata, but on horizons that differ from
place to place, since during late Silurian and early Devonian time the
region was a land area undergoing erosion. The earliest Devonian beds
along the eastern edge of the Devonian area are the Oriskany sandstones,
usually a massive, coarse-grained, white to yellowish rock probably no-
where more than 20 feet thick and occurring only in a stretch from Niagara
river west to the west boundary of Haldimand county, beyond which
the overlying Onondanga rests directly on Silurian strata.

Everywhere in the southwest peninsula of Ontario the Onondaga
limestones occur either at the surface or underlying younger Devonian
strata. These overlie the Oriskany in Niagara peninsula, and the Detroit
River series in Essex peninsula. The Onondaga is the large productive
oil horizon of Ontario. According to Stauffer!

1Stauffer, C. R.: Geol. Surv., Canada, Mem. 34, p. 6 (1915).
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“The Onondaga limestone is a most variable formation as it is traced westward across
the province. Near Fort Erie and Port Colborne the lower portion is a compact, cherty,
grey limestone . . . . . These beds pass upward into an argillaceous, brownish lime-
stone in which the fossils occur chiefly in semi-crystalline streaks. This portion is gradually
succeeded by a highly caleareous, semi-crystalline, grey limestone in massive beds which are

separated by thin partings of a greenish shale . . . . These beds are overlaid at places
uncenformably, by cherty, bluish black, compact limestone . . . . . These beds in
turn pass upward into very cherty, grey limestone . . . . . constituting the uppermost

portion of the Onondaga in the vicmity of Windmill point. As the formation is traced
westward the lower and upper portions either thin out entirely or become more like the
middle part and are inseparable from 1t . . . . . At Springvale the bottom layers
of the Onondaga contam such quantities of coarse sand that they resemble very closely
the true Oriskany sandstone except that they contain the Onondaga fauna. The supply
of sand for these beds undoubtedly came from a nearby deposit of the Oriskany which was
worked over by the advancing Onondaga sea and the resulting material incorporated into
the basal layers of the deposit from that sea . . . . The Springvale sandstone has a
thickness of about 8 or 10 feet and is found outcropping along the edge of the Devonian
westward from Hagersville for a distance of nearly 6 miles.”

The thickness of the Onondaga is variable, but as given by well logs
reaches as much as 150 feet.

In New York the Marcellus shale overlies the Onondaga, but is found
at only a few loealities in Ontario. It is a brownish black shale which
outerops in the vicinity of Port Burwell! and occurs in the drift near Port
Stanley. 1t grades upwards into dark limestones and shales whiech on
account of lithological and faunal resemblance to the Delaware limestone
of Ohio are known by the name of Delaware. In many well logs of Ontario
the Delaware seems to lie directly on the Onondaga and a division between
them is impossible; its thickness is, presumably, 60 feet or more.

Above the Delaware is a soft blue shale known as the “lower soap”’
of drillers. This is the Olentangy shale and in the Petrolia field it is said
to be 40 to 70 feet thick. Above it occurs a limestone known to the drillers
as the “middle lime” and called the Widder beds. These are 10 to 15 feet
thick. They are followed by the Petrolia shale or “upper soap” of drillers.
These are soft, blue shales which at Petrolia are 100 to 130 feet thick, but
at Sarnia are stated to be as much as 260 feet thick.? Above the Petrolia
shale is the Ipperwash limestone or the “upper lime” of drillers. It is 20
to 50 feet thick. The Olentangy shale, the Widder beds, Petrolia shale, and
Ipperwash limestone constitute what is known as the Hamilton formation.

Overlying the Hamilton of Ontario is a black shale which has been
called the Huron shale.* The Huron shale is very bituminous and is said
by Kindle to contain more than 10 per cent of combustible matter. At
Kettle point, lake Huron, the Huron shale is characterized by the presence
of spherical coneretions, many of large size. Only about 10 feet of this
black shale is exposed at Kettle point; in the vieinity of Sarnia it is more
than 35 feet thick. Overlying it are arenaceous green and black shales
thought to belong to the Portage-Chemung group and which because they
occur in wells near Port Lambton have been called the Port Lambton
shales.* The Port Lambton shales are 30 or more feet thick and are the
youngest econsolidated rocks in southwestern Ontario. No Mesozoic or
Tertiary formations are known and the surface materials arc for the
most part Glacial or Recent.

18tauffer, C. R.: Op. cit., p

. 7.
2Williams, M. Y.: “QOil Fields of Southwestern Ontario”’; Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 33.
3Kindle, E, M,: Geol. Surv., Canada, Sum. Rept. 1912,
4Stauffer, C. R.; Op. cit., p. 13.
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STRUCTURAL GEOLOGY

The Pal®ozoic beds of southwestern Ontario dip toward the southwest
away from the Canadian Shield. As stated by Malcolm! the dip
““does not exceed a few feet per mile, but results in the exposure of the different formations
in long belts with a northwest trend across the province, so that in travelling from Xingston
to Sarnia, one passes over the bevelled edges of successive younger formations from the
Black River group to the Port Lambton beds. The southwesterly dip of the strata con-
tinues to that part of the province lying between lake Erie and the south end of lake Huron.
From this section there is a gradual rise of the strata towards the southwest and the Onon-

daga formation which has disappeared beneath the eastern edge of the Delaware reappears
in Essex county.”

Thus there is a broad syncline extending from the southern end of
lake Huron in a southeasterly direction to lake Frie and in this syncline
the youngest Devonian rocks in Ontario oceur.

Early geologists? were of the opinion

“that the Cincinnati and Nashville anticline, on the flanks or near the crest of which the
great oil and gas fields of Ohio occur, extended northeastward from Ohio through the
western end of lake Erie into western Ontario. This now appears to be true only in part
..... The Trenton along the supposed axis of the anticline, which in Ohio is only 350
feet below sea-level at Findlay and 800 feet near lake Erie, is 1,500 feet below sea-level in
Colchester township, Ontario, 1,860 feet at Leamington and 2,543 feet at Petrolia. Con-
tinuing northeastward from Petrolia the Trenton begins to rise, as it is 2,310 feet below sea-
level near Inwood, 1,166 feet at Stratford, 572 feet at Glen Allen, 310 near Alma, and 350
in Osprey township, Grey county.”

Thus it is apparent that the Trenton in Petrolia area occupies a position
on a downwarp which as already stated is indicated by the late Devonian
beds at the surface and extends from the south end of lake Huron south
to lake Erie. To the northwest of Petrolia, west of Saginaw in the centre
of the Michigan basin between lakes Huron and Michigan, the Trenton
is more than 2,500 feet lower than at Petrolia. As already stated there is
a regional rise northeast of Petrolia of a few feet to the mile. The down-
warp appears to be a cross-fold on the Cincinnati anticline which crosses
the west end of lake Erie in a northeast direction, passes through Essex
county into Lambton and Kent counties, and is apparent® as a very broad
warp as far as Woodstock in Oxford county. The Cincinnati anticline
was inaugurated in the Ordovician and by the close of the Silurian was a
broad, but very flat, arch in southwestern Ohio. The movement continued
to the close of the Carboniferous period when the Appalachian mountains
were uplifted. In the Ohio region the shales overlying the Trenton
are thicker on the flanks than on the crest of the Cincinnati anticline.
In the Ontario area there is also much variation in the thickness of the
shales between the top of the Trenton and the base of the Queenston;
thus, at Beachville, Oxford county, the thicknesst is approximately 720
feet and in Tilbury East in Kent county it is 600 and 650 feet, whereas
at Petroliaf it is only 370 feet, but is 585 feet® in Colchester South township,

Malclom, W.: “The Oil and Gas Fields of Ontario and Quebec’’; Geol. Surv., Canada, Mem. 81, p. 45 (1915),
" 7851;2?&21){ A.: “The Occurrence of Oil and Gas in Michigan’’; Mich. Geol. and Biol. Ser., Pub. 14, Geol. Ser.
D .
3Logan, Sir William: “Geology of Canada, 1863,”, p. 378.
4Williams, M. Y.: Geol. Surv., Canada, Mem. 111, fig, 4 (1919).
8Knight, C, W.: Ont. Bureau of Mines, Ann. Rept., vol. XXIV, pt. II, p. 86 (1915).
sKnignt, C. W.: Op. cit., p. 75.
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Essex county. There is also much variation in the thickness of the upper
Silurian, especially in the case of the salt and gypsum beds of the Salina
formation. The Detroit River series is also a local development and is
followed by an erosional unconformity, so that the first formation of the
middle Devonian in southwestern Ontario rests on different members of
the underlying formations at different localities. Due to these facts the
Onondaga limestone, which is the great oil-bearing member in Ontario,
does not follow the minor folding of the Trenton, but does follow in a general
way the regional southwest dip as far southwest as the east part of XKent
county, although the amount of dip of the Trenton and of the Onondaga
is not the same. From this it is inferred that the folding that affected the
Devonian also affected the Ordovician, but that there was some deforma-
tion of the Ordovician prior to the deposition of the Devonian sediments.
The local folding in the Devonian, which casued the concentration of oil
into fields of limited extent, has been fairly well outlined by drilling, but
from the information available it is not possible to determine to what
extent, if any, this same local folding occurs in the Trenton or intermediate
formations and it is suspeected that each oil and gas horizon presents a
separate problem as far as the occurrence of oil and gas in it is concerned.

The oil fields of southwestern Ontario thus occupy local folds within
a basin structure in which occurs the youngest Devonian strata known in
Ontario.
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CHAPTER III

HISTORY OF THE DEVELOPMENT OF THE OIL AND GAS
FIELDS OF SOUTHERN ONTARIO

Oil springs and asphalt in Ontario were known to the earliest settlers
and Indians. Logan! gives a detailed account of occurrences.

“Two oil-bearing beds are here [Bertie township, Welland county] visible, the one
3 and the other 8 inches in thickness, while others are said to be concealed by the
water in the quarry (lot 13, range 2). When the rock is recently broken, the oil is seen to
be confined to the cells of corals which belong to the genera Heliophyllum and Favosites
and make up a great part of the beds in question. The corals are surrounded by a solid
crystalline encrinal limestone which is free from oil, but as the limestone dries by exposure
to the air, the oil spreads and colours the portions around the corals, giving rise to the
appearanee of a continuous band of the dark, oil-stained rock which is limited both above
and below by the solid and light coloured limestone. This appears to be not only destitute
of petroleum, but impermeable to it. In some of the beds were found large Heliophylli
where pores were open but contained no oil. A thin and continuous bed of Favosites was
white, porous, and destitute of petroleum, while beds above and below were filled with it.
One of these, 3 inches in thickness, was seen to be twice interrupted in a distance of a few
feet giving rise to the appearance of lenticular masses of dark, oil-stained coralline lime-
stone embedded in a lighter coloured and compact rock. . . . . . The beds of limestone
are here somewhat inclined, they are very massive and the oil-bearing layers show no dis-
position to separate from the contiguous portions.

A similar coralline bed impregnated with petroleum and lying immediately beneath
a layer of chert, occurs a mile to the west of the village of Jarvis; and the quarries in the
limestone of the Corniferous (Onondaga) formation at Gravelly bay in Wainfleet (Welland
county) present petroleum under similar conditions to those described in Bertie. In the
township of Rainham (Haldimand county) shells of Pentamerous ovatus in the same lime-
?tone are found having an interior cavity lined with crystals of calcite and filled with petro-
eum.

In other localities the bitumen in this formation is solid and takes the form of asphal-
tum or mineral pitch. On the 6th and 7th lots on the south line of Kincardine, is a quarry
where about 20 feet of the Corniferous (Onondaga) limestone is exposed. The lower
beds are yellowish grey, massive, finely granular, fitfted for building and holding a few
corais. In the upper part of the section are thinner, slaty beds, some of them of a dark
chocolate colour, alternating with pale yellowish earthy layers. Specimens from one thin
bed in the upper part of the section contained no less than 12-8 per cent of bitumen soluble
in benzole. In others, which were much less coloured, the combustible matter, which
gave a smoky flame when the stone was placed on the ﬁre, was in a great part insoluble in
the same liquid.

The districts yleldmg oil in western Canada [southwestern peninsula of Ontario}
were made known by natural oil springs, small quantities of petroleum being found floating
upon the surface of the water, or as in Enniskillen, forming, by its drying up, beds of tarry
bitumen. On sinking through the clay which in Enniskillen covers the surface of the rock
with a thickness of from 40 to 60 feet, a bed of gravel is generally met with, from which
considerable supplies of petroleum are obtained . . . . The areas within which
natural oil springs have been observed in western Canada, besides the one found on Grand
Manitoulin island [presumably from the Utica formation]j, are four in numker. Two of
these are in Enniskillen, one in the southern part of the township on Oil creek, and another
in the northern part. "A third locality is in the townships of Mosa and Oxford on the
Thames, and a fourth on Big Otter creek in Dereham near Tilsonburg . . In
Ennisgkillen . . . . the shales of the Hamilton formation are found heneath "the clay,
while in Dereham, the Corniferous jOnondagaj limestone is covered only by about 40 feet
of drift clay.

The modifications which petroleum undergoes by exposure to the air are very instruc-
tive. Partly by volatilization and partly by oxidation it becomes less fluid and eventually
lS changed to a solid form. Thus near Oil creek in Enniskillen the thickened oil forms two

1Logan, Sir Wm.: *‘Geology of Canada, 1863."” p. 522.
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layers, known as gum beds, of a viscous, tarry consistency and covering together two or
three acres, with a thickness varying from a few inches to 2 feet. At Petrolia in the
northern part of Enniskillen, in sinking a well near a natural oil spring, a bed of mineral
piteh or asphaltum similar to that just described but more solid was met with at a depth
of 10 feet in the clay and reposing upon a layer of gravel of 4 feet. This bed of bitumen
is from 2 to 4 inches in thickness and is readily separable into thin layers, which are so soft
as to be flexible and show upon their surfaces the remains of leaves and insects which
had become embedded in the bitumen during its slow accumulation and solidification
..... In some instances the hardened bitumen is found in the cavities of the bitumin-
ous rocks themselves. Thus at Kincardine a black, hard, brilliant form of mineral pitch
oceurs in small quantities in the fissures of the bituminous limestone.”

The evidences of petroleum in southwestern Ontario being so abundant,
the development of the oil fields only awaited the finding of a use for the
oil. This began in 1857 when Mr. W. H. Williams of Hamilton undertook
the distillation of the tarry bitumen occurring in Eaniskillen township
at the present site of Oil Springs and thus began the refining industry.
This came about as the result of the successful introduction of oils
both for illuminating and lubricating purposes. Mr. Williams realized
that the asphalt occurring in Enniskillen could be used as a substitute for
coal in the manufacture of such oils and had the advantage over coal of
containing 80 per cent of volatile materials. It was soon discovered that
on penetrating below the asphalt the material became more fluid and hence
vearer the condition needed for manufacture.! The first well drilled by
Williams in 1858 reached the gravel above the bedrock. This was in real-
ity the first oil well drilled in America, although it did not penetrate the
rock as did the Drake well of Pennsylvania drilled in the following year.
The success of the Drake well encouraged drilling into the rock at Oil
Springs and Shaw? drilled the first well in 1861 striking oil at 160 feet in
a gusher that flowed uncontrolled for several days. Great drilling activity
followed and Oil Springs became a town. The wells came in with a flow of
oil that could not be controlled and much oil was wasted. Robert Bell
visited the area in the spring of 1862 and reports® that at the time of his
visit, “the trunks of the trees over a considerable extent of low ground
were blackened to a height of several feet by the oil which had temporarily
flooded the neighbourhood.” Commenting on the drilling boom Winchell!
states:

“There was no use for the oil at that time. The price had fallen to 10 cents per barrel.
The unsophisticated settlers of that wild and wooded region seemed inspired by an infatu-
ation. Without an object save the gratification of their curiosity at the unwonted sight
of a combustible fluid pouring out of the bosom of the earth, they seemed to vie with each
other in plying their hastily and rudely erected “spring poles” to work the drill that was
almost sure to burst, at a depth of a hundred feet, into a prison of petroleum. Some of
these wells flowed three hundred and six hundred barreis per day. Others flowed a thou-
sand, two thousand, and three thousand barrels per day. Three flowed severally six
thousand barrels per day and the “Black and Mathewson’ well flowed seven thousand
five hundred barrels per day. Three years later the oil would have brought ten dollars
per barrel in gold. . . . . . . It floated on the water of black creek to the depth of 6
inches, and formed a film upon the surface of lake Erie. At length the stream of oil became
ignited and the column of flame raged down the windings of the creek. . . . . From
detailed determinations I bave ascertained that during the spriag and summer of 1862,
no less than 5,000,000 barrels of oil floated off upon the water of Black Creek.”

1Robb, Chas.: **On the Petroleum Springs of Western Canada’’; Can. Jour., vol. VI, new ser., p. 315 (1861)

*Harkness, R. B.: “*Oil and Gas in Ontario’’; Bull, Can. Inst. of Min. and Met., No. 143, March, 1924,

3Bell, Robert: ‘‘The Petroleum Fields of Ontario”’; Can. Min. Rev., vol. VI, p. 124 (1888).

4Wir}nhell, Alexander: ‘‘Sketches of Creation’’, p. 286, 1870.

This probably is a mistake and should be 1861. See Harkness, R. B.: **Oil and Gas in Ontario”’; 2nd (Tri-
ennial) Empire Mining and Metallurgical Congress, 1927.
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The success in obtaining petroleum at Oil Springs encouraged explora-
tory drilling and the Petrolia field (For situations of these and other oil
or gas fields in Ontario, See Figure 9) was discovered about 1862 or 1863,
but flowing wells were not obtained until 1865. There were no methods
for controlling the wells and consequently much oil was lost in this field
as at Oil Springs. A portion of the Bothwell field along Thames river
was also discovered in 1862, but the main part of this field was not developed
until about 1895. The Oil Springs, Petrolia, and Bothwell Springs fields
have been the large producers of oil in Ontario, although subsequent to
the development of these fields much exploratory drilling was done and
several smaller fields were discovered. This development, according to
Harkuess,! was due to better refining methods. The Ontario crude oil
contains an appreciable quantity of sulphur which gives it an offensive
odour and consequently it suffered from competition with the Ohio and
Pennsylvanian crude oil which is practically sulphur free. After 1883
better redistillation methods to remove the sulphur brought a better price
for crude oil, with the consequent revival of interest in finding new sources
of oil. Part of the success in Ontario, however, should be attributed to
the development of the science of petroleum geology. The enunciation
of the anticlinal theory of oil accumulation had a tremendous influence in
the location of wells with the consequent successful results. Robert Bell?
states

“The anticlinal theory in connexion with the accumulation of gas and petroleum was

first mentioned to the writer by the late Sir W, E. Logan in the autumn of 1860 . . .

But this idea seems to have originated with his colleague, Dr. T. Sterry Hunt? who men-

f\l/lone(}i1 1{; in a lecture delivered 1n Montreal and published in the Gazetle of that city on
are 1861.”

The effect of an anticline on accumulation was discussed by Logan®
in “Geology of Canada, 1863,” but boring in Ontario on the theory that
the Cincinnati anticline extended into Ontario from Ohio followed the
publication of the report of Edward Orton* on the “Geology of Ohio”
in 1888. Professor Orton was no doubt greatly influenced by the re-state-
ment of the anticlinal theory by I. C. White and his success in applying it.
Orton’s statements that the gas in Ohio was related to the Cincinnati
anticline led to the location by Eugene Coste of a well near Ruthven
between Kingsville and Leamington in Essex county. This well was
completed in 1889 with a gas flow of 10,000,000 cubic feet a day. This
was the beginning of the KEssex gas field. In the same year drilling 7
miles east of Port Colborne opened up a well of 1,700,000 cubic feet in
what later developed into the Welland-Haldimand gas field. This success
led to much drilling, and gas was exported to Buffalo and Detroit, a con-
dition that continued until the gas field began to show exhaustion. The
export of gas to Detroit was stopped in 1901 and to Buffalo in 1908. It
is interesting to note that drilling for gas in the Caledonia area in 1894
led to the discovery of the gypsum which has subsequently been mined
in that locality. An increase in the price of oil in 1895 led to a large in-
crease in the number of wells in the Petrolia and Oil Springs areas and to
considerable exploratory drilling. Several wells were drilled on Pelee

1Harkness, R. B “Qil and Gas in Ontario’’; 2nd (Tnenmal) Emp. and Min. Cong., 1927, pp. 23-24.
2Bell, Robert: The Petroleum Fields of Ontano Can. Min. Rev., vol. VI, p. 134 (1888).

2Logan, Sir Wm.: ‘‘Geology of Canada 1863,” p. 379,

4Orton, Edward: ‘‘Geology of Ohio,"” vol. VI (1888).
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island and two of these reported oil, but no field developed. The better
price of oil led to the opening up of the Bothwell field which had been
abandoned in 1866 owing to water troubles and because of the better
results being obtained at Petrolia and Oil Springs. By 1899 a number
of small oil fields had been found in Sarnia township, in Zone township
near Thamesville, and in Euphemia and Dawn townships, and in 1899, a
small field was opened up in Dunwich township, Elgin county. In 1909
a gas strike was made in Amabel township, Bruce county, in the Trenton
formation. This strike led to the development of a small gas field. In
1902 a well struck oil in Raleigh township, Kent county, and by January,
1903, twenty-five wells were being drilled. In April, sixty wells had been
completed and ten were being drilled. The first well produced 1,000
barrels a day while it flowed and by April was pumping 25 barrels a day.

The year 1905 witnessed the finding of the Moore Township field
in Lambton county and the Leamington field in Mersea township, Essex
county. Some large wells were obtained in this latter field from the
Guelph formation, the largest one flowing initially 1,200 barrels a day.
In December of 1905 the first strike of oil was made in the Tilbury field?
and the second producing well was drilled in March, 1906. The first well
after being shot flowed 40 barrels a day, but the second was rather small.
The third well was somewhat better and flowed 60 barrels a day. Many
wells were subsequently drilled, the largest well flowing 1,500 barrels of
fluid, 1,200 of which were salt water and 300 oil.

An oil well in Romney township was drilled at the close of 1906 and
by the beginning of 1907 there were seven producing wells, several of which
came in with over 1,000 barrels a day. In July, 1907, the Tilbury and
Romney wells? were producing 35,000 barrels of oil a day, whereas in Nov-
ember, 1908, the production had fallen to 12,000 barrels. The Tilbury
field, like the Leamington field, produced the oil from the Guelph formation.

In 1910 another small field was discovered in Onondaga township,
Brant county, about 5 miles from Brantford. The best well in this field
is reported® to have yielded 40 barrels a day for twenty days. The area
containing oil covers about 5 square miles. This field also yielded consider-
able volumes of gas.

In 1910 a new gas field was opened up in the township of Bayham,
Elgin county, near Vienna, and this supplied Tilsonburg and Aylmer.
This field extended over about 10 square miles, but the gas-bearing strata
were thin and the field never developed into one of major importance.

During the summer of 1913 several wells were drilled* at Oil Springs
and a moderate flow of gas secured. In 1914 a well with larger yield was
drilled and much activity followed. The results, however, were disappoint-
ing and during the two years following the discovery, eleven out of twenty-
one wells drilled were abandoned. The gas flow came from the Guelph
formation at a depth of 1,910 to 2,000 feet. In 1913, also, the Belle River
oil field was opened up, but the production was very small.

2;Coste, Eugene: The New Tilbury and Romney Oil Fields of Kent county, Ont.; Jour. Can. Min. Inst., 1907,

p. 27.
20nt. Bureau of Mines, vol. XVIII (1909).
30nt. Bureau of Mines, vol. XIX {1910).
4Ont. Bureau of Mines, 23rd Ann. Rept., pt. I, and pt. 11, p. 36 (1914).
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No new discoveries of importance were made until 1917 when an oil
field in Mosa township, Middlesex county, was found. The oil was found
at a depth of 390 to 450 feet in the Onondaga limestone. In 1917 also a
deep well drilled in Dover West, Kent county, near lake St. Clair, found
oil in the Trenton formation at 3,183 feet depth. This led to the develop-
ment of a small field.

Due mainly to work?! done for the Geological Survey by M. Y. Williams,
the Raleigh field was discovered in 1919. Oil was found in the Onondaga
formation at a shallow depth. No new discoveries were made until 1923
when oil was struck? at 3,560 feet in Shanks No. 6 well in Romney township.
The well began flowing 150 barrels a day and it is thought the production
came from the sandstone at the base of the Trenton limestone. Further
drilling in this field gave very discouraging results.

Recent drilling in Ontario has not opened up any new fields, but
there is no doubt that with the adequate supervision now in force, the gas
and oil fields will continue to produce for many more years. The older
oil fields have had a remarkable record of long-continued produection and
although the yield per well is now very small and many wells are yearly
being abandoned, the older fields still continue to be the largest producers
(See Figure 7).

The gas fields have produced a very large quantity of natural gas,
reaching a maximum production of nearly 20,000,000 thousand cubic
feet in 1917, Since that time the production has steadily decreased and
with the decrease in volume there has been an increase in price. These
relationships are shown in Figure 8.

10nt. Dept. of Mines, 31st Ann. Rept., pt. V, p. 72 (1922).
2Qnt, Dept. of Mines, 33rd Ann. Rept., pt. IV, p. 98 (1924),
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CHAPTER IV

DESCRIPTION OF OIL AND GAS FIELDS OF SOUTHERN
ONTARIO

OIL FIELDS
LAMBTON COUNTY
01l Springs
Owing to seepages of a tarry or asphaltum-like material, drilling was
undertaken in 1858, at Oil Springs, Enniskillen township, Lambton county,
but the first wells only reached the gravel above the bedrock. In 1861,
however, a well was drilled into the rock and at 160 feet an oil gusher
that flowed for some time was struck. Great drilling activity followed this
discovery and many wells of large capacity were drilled, the largest recorded
being that of “Black and Mathewson’” which had an initial flow of 7,500

barrels a day. Several other wells had a flow of from 2,000 to 5,000 barrels
a day.

The geological section as given by wells in the field is as follows:t

East Side of Field

Formation Description Thickness Depth

in feet in feet
Surface.....ooiii i Glacial drift, ete...........oooiel 60 60
Ipperwash (upper lime)............ Limestone.............cocoiieeann. 35 95
Petrolia (upper soap).............. Shale..........ooviiiiiiii i, 101 196
Widder (middle lime)............. Limestone.......................... 27 223
Olentangy (lower soap)............ Shale.............coo o i 17 240

Delaware and Onondaga (lower

lime)....oooo oo, Limestone............coooueiivaa... 130 370

Surface........c.oo e 80 80
Petrolia (upper soap)...... ....|Shal 116 196
Widder (middle lime) L. R 27 223
Olentangy (lower s0ap)............ Shale............cc.coiiiiiiiii i, 17 240
Delaware and Onondaga (lower

lime)........ooo i Limestone.............coooiiiion. 130 370

The “lower lime" of these well logs belongs to the Delaware and Onon-
daga formations; the shales and limestones lying above it are part of the
Hamilton group. In Qil Springs area it is difficult in the case of well

1Geol. Surv., Canada, vol. V, pt. I, pt. Q, p. 62 (1890-91).
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samples to distinguish the Delaware from the Onondaga. Aeccording to
Stauffer,! in certain parts of Ontario underlain by Devonian rocks, Marcellus
black shales intervene “between the Onondaga and the usual basal lime-
stone of the Hamilton.” The Marcellus shales are not shown to be present
in the well records from Oil Springs and their place is taken by the Delaware
limestone. Brumell® says of the two well logs recorded: “Oil is found
in both of these wells at 370 feet from the surface or about 60 feet below
the summit of the Corniferous [Onondaga] limestone.” In Huron county,
in a number of sections, Stauffer® records a ‘“rough and uneven” contact
between the Delaware and Onondaga. This has not been taken as evidence
of a disconformable contact. Some differences are recorded concerning
the character of the limestones above and below the contact.

The Oil Springs field occupies a dome-like structure, the total closure
of which, according to Harkness,* is 50 feet. Williams® describes the
structure as a ‘“typical, excentric dome with the apex close to the northeast
margin.”  He says that “production is fairly even over the dome except
on the northwest side, which appears to be barren of oil at elevations that
are productive elesewhere.”

01l has been produced from three horizons, namely : 0il due to seepages
at the surface; lubricating oil from the unconsolidated gravels overlying
the bedrock; and from the Delaware-Onondago limestones. The produc-
tion in the early days, according to Williams,* came from a porous stratum
in the Delaware limestone about 7 to 11 feet below its top. The production
secured at a later date came from porous limestone 100 to 120 feet below
the top of the Delaware or presumably 30 to 50 feet within the Onon-
daga formation. Harkness! states that the thickness of the oil-bearing
stratum is from 5 to 10 feet. The main pool at Oil Springs is about three-
quarters of a mile wide. A small pool west of the main pool, opened about
1917, is about % mile north and south and £ mile east and west. The
two pools have a combined area of about 1} square miles. It is estimated*
that this field up to the end of 1925 produced 7,400,000 barrels of oil;
production for 1926 to end of 1929 added 142,000 barrels to this already
large total. This represents a recovery of over 9,000 barrels an acre.
During 1927 there were one thousand and sixty wells in operation in the
Oil Springs field.

In 1913 several wells were drilled in the Oil Springs field to deeper
horizons than the Onondaga and some gas was secured in the Guelph forma-
tion. In 1914 a much larger well was drilled and considerable other drilling
was undertaken, but with discouraging results as a whole. According to
Williams” two of the wells had “initial flows of 20,000,000 cubic feet of gas
a day, but this decreased rapidly. No. 2 well drilled by the Oil Springs
Gas Company struck gas from 1,840 to 1,960 feet from the surface or 15
to 135 feet below the top of the Guelph formation.” Several wells drilled
to the Trenton in Oil Springs and vicinity have met with no success.

18tauffer, C. R.: “The Devonian of Southwestern Ontario’’; Geol. Surv., Canada, Mem. 34, p. 7 (1915).
2Brumell, H. P. H.: Geol. Surv., Canada, Ann. Rept., vol. V, pt. Q, p. 63 (1893).

sStauffer, C. R.: Geol. Sury., Canada, Mem. 34, p. 120 (1815).

4Harkness, R. B.: Second (Triennial) Empire Mining and Metallurgical Congress, Canada, 1927,

sWilliams, M. Y.: ““Oil Fields of Southwestern Ontario’’; Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 34,
sWilliams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 34.

“Williams, M. Y.: Geol. Surv., Canada, Sum, Rept. 1918, pt. E, p. 35.
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Petrolia

The Petrolia field ocecupies parts of Enniskillen, Moore, Sarnia, and
Plympton townships, Lambton county. The first flowing well was obtained
in 1865 and development proceeded rapidly with much waste of oil due
to poor recovery methods. The owners, according to Harkness,* sold their
oil rights in very small plots, scarcely large enough to erect a drilling
rig and consequently more wells were drilled per acre than in any other
field. This field has been the largest producer of oil of any field in Ontario
and still continues to lead all other Ontario fields in production.

The geological section is much the same as at Oil Springs and is shown
by the following log? of a well on the south part of lot 14, con. XII, Ennis-
killen tp.

Formation Description Thickness Depth

in feet in feet
Surface.. ... Glacial drift, ete............... 100 100
Ipperwash (‘‘top rock’). .. .. ....... Limestone........... .......... 50 150
Petrolia (upper soap)....... ... ..... Shale.........................., 134 284
Widder (middle lime)................. Limestone...................... 15 299
Olentangy (lower soap)................ Shale..........ooocveiiiiien .. 45 344
Delaware (lower or big lime).......... Limestone...................... 50 394
Onondaga.......... ...........c...... Limestone....... .............. 82 476

The oil-bearing rock in this well is reported to be 462 to 471 feet in
depth, or 68 to 77 feet below the top of the Onondaga limestone.

The structure in the central and eastern part of the field is a dome with
a closure of 40 feet. An extension to the west of the main dome structure
extends 120 feet down the dip in a distance of approximately 6% miles from
the centre of the dome. As might be anticipated on the basis of structure
the most productive® parts of the field are the central and eastern parts
where the oil stratum is 5 to 13 feet thick and consists of porous, cavernous
limestone. According to Harkness “in the northwestern part of the field,
which is the least productive, the oil is reported by the drillers to occur in
‘fissures’ or ‘crevices’ in the rock. Wells along a certain strike will be
found to be productive, while others within the same area give little or
no oil. These ‘crevice’ wells have not a long life, but when closed down
for a short time they appear to accumlate oil, for, when again pumped.
the production is restored for a time.” Williams thinks these “crevices”
or ‘“fissures’” are porous bands in a stratum of rock and hence are nearly
horizontal, i.e. follow the bedding and are not fissures in the ordinary
meaning of that word. It would appear, therefore, that the extension of
the field down the dip in a westerly direction is in reality dependent on the
presence of a porous horizon suitable to contain oil, although in the south-
west part of the field, according to a map by Williams,* there is a tendency
toward some doming. Harkness states? that at its maximum the Petroliz

1Harkness, R. B.: 2nd (Triennial) Empire Mining and Metallurgical Congress, Canada, 1927.
2Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 31.

3Harkness, R. B.: Op. cit., p. 20.

4Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E,

sHarkness, R. B.: Op. cit., p. 20.
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field had an area of about 20,000 acres and the total estimated production
up to the end of 1925 was 15,090,700 barrals. The production of this field
for 1926 to end of 1929 was slightly more than 233,000 barrels.

Although the first oil refinery in Canada was located at Oil Springs,
Petrolia presently took the lead in the refining industry. Harkness statest
that J. H. Williams, of Hamilton, who erected the first refinery and who
had had some experience distilling the oil-shales of Scotland, “Was
attracted to the seepage of heavy petroleum at Oil Springs, known locally
as ‘gum beds,” by a desire to obtain a supply of raw material which would
zive a greater yield of ‘coal oil, as illuminating oil was thea termed, than
the raw material thea obtainable.”” The first refinery in Oatario to operate
on a commercial basis was built in Petrolia about 1861 or 1862. In 1887 and
1890 there were nine refineries in Petrolia; in 1891 eight; in 1894 five;
and in 1898 only one. At present there is still one refinery at Petrolia—
the Canadian Oil Companies Limited—and it has a capacity of 1,200
barrels of oil a day.

Moore

The Moore oil field is in Moore township, Lambtoa county, west of
Petrolia. This field was discovered in 1904, on lot 3, concession X, and was
developed to comprise lots 1 to 5, concessions IX, X, and XI.

The stratigraphy is much the same as at Petrolia and is illustrated
by the following log? of a well on lot 3, concession XI, Moore township.

Formation Description Thickness Depth

in feet in feet
Surface. ... oovvii i Glacial drift, ete................ 164 164
Surface.......c... oo Gravel.............. ... 7 171
Ipperwash (top rock)............ ....|Limestone..................,... 52 223
Petrolia (upper soap)............ oShale.....oo 120 343
Widder (middle lime)..,......... .,..|Limestone,..................... 15 358
Olentangy (lower soap) Shale.......................o.. 40 398
Delaware and Onondaga (lower lime)..|Limestone...................... 140 502

Some gas was found at 415 feet and oil at 430 to 463 feet. According
to Williams
“the general elevation of the oil formation is about 80 feet lower than in the main Petrolia
field, but this difference of elevation is partly offset by the oil occurring . . . . . higher
up in the formation. Thus, the top of the oil stratum at Petrolia is a.bout 118 feet below
the top of the Delaware limestone and the top of the oil stratum in the Moore field is only
from 57 to 83 feet below it. The top of the oil is thus from 20 to 45 feet below the oil in
the main Petrolia field.”

The oil-bearing rock in the Moore field is not thick.

The initial production of some of the best wells was 40 to 100 barrels
a day and all wells were pumped. Oil is still being produced from the Moore
field, the yearly production for the last few years having been slightly
more than 2,000 barrels (See Figure 10).

1Harkness, R. B.: Ont. Dept. of Mines, vol. XX X1V, pt. V, p. 62 (1925).
2Wllhams,M Y.: Geol. Surv., Canada Sum. Rept. 1918 pt. E, p. 32,
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Plympton

This field is mainly in Plympton township, but extends northwest
into Sarnia township, Lambton county. It is north of the Petrolia field,
the nearest parts of the two fields being separated by only about one mile.

The stratigraphical succession in this field is illustrated by the follow-
ing log.!  Oil was struck at a depth of 440 feet in this well.

Formation Description Thickness Depth

in feet in feet
Surface.......................... ... Glacial material, ete............ 106 106
Ipperwash (toprock).................. Limestone...........oovevuinu.. 47 153
Petrolia (upper soap).................. Shale........................... 123 276
Widder (middle lime)................. Limestone...................... 10 286
Olentangy (lower soap)................ Shale........................... 52 338
Delaware and Onondaga............... Limestone...................... 132 470

The field occupies a low anticline extending in a northwest by west
direction? and the closure seems to be about 20 feet. The elevation of
the oil formation, according to Williams, is about the same as in the Moore
field, but it is apparent that the oil in the Plympton field, like that of the
Petrolia field, occurs in the Onondaga formation instead of in the overlying
Delaware.

Sarnia

The Sarnia oil field is on the Indian Reserve about one mile south
of Sarnia Tunnel station, in Sarnia township, Lambton county.

The stratigraphic succession is given by the log of a well on lot 16,
coneession III, Sarnia township. Gas and oil were found in this well at
480 feet and oil at 518 feet.

Formation Description Thickness Depth
in feet in feet

Surface......... ... ... . . ... ..|{Glacial drift, ete........... ... ... ... 120 120
Huron.............. ..o ... Black shale...... . 30 150
Ipperwash (top rock)...,. . ... ..|Limestone......... . . 20 170
Petrolia (upper soap)... . . ... ..|Shale...... .. . o 260 430
Widder (middle lime).... ........ Limestone.......... .. .. 5 475
Olentangy (lower soap)..... ...... Shale............... ... . .. ...

Delaware and Onondaga........... Limestone............c.oviveeennnn. 55 530

In the Petrolia field the highest point on the top of the Delaware lime-
stone is 350 feet above sea-level, whereas in the Sarnia field the elevation
of this horizon is about 150 feet and since the distance between the crests
of the two fields is about 11 miles, the dip is about 18 feet to the mile in a
westerly direction. It is not apparent from the information available
whether the Sarnia field is a closed dome, but if closure exists it is very
small. Since the oil occurs only 43 feet below the top of the Delaware
limestone, it evidently occurs in the Delaware rather than in the Onondaga
limestone as at Petrolia.

1Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 33.
2Williams, M. Y.: Op. cit.
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Euphemia

The Euphemia Township field in Lambton county is sometimes called
the Shetland field because it lies 2 miles northeast of the village of Shetland.
This field, as early as 1896, had a few wells and produced 150 to 200 barrels
a month, mainly from lots 26, 27, and 28, concession IV, FKuphemia. The
stratigraphy of the field is given by the following log.!

Formation Description Thickness Depth

in feet in feet

Surface....oooveeiiiii i Glacial drift, ete...............o.o .. 58 58
Hamilton................ . ..., Shales and limestone............ ... 264 322
Delaware and Onondaga........... Limestone............. . . . ... .. 100 422

The oil is reported? to have occurred 100 feet below the top of the
Delaware limestone and thus is presumably in the Onondaga formation.

The structure of the field is a small anticline which, according to Wil-
liams,® can be seen “‘at the ford in Sydenham river at the north end of the
field where the Ipperwash (Hamilton) limestone is exposed. The fold
pitches to the north and the production of oil is almost entirely confined
to the area south of the river.”

The initial production* of some of the wells was 20 to 30 barrels a day
and one on Mr. Richard Dobby’s farm yielded 100 barrels a day for a few
days only. The decline was rapid and the yield soon fell off to less than
half a barrel a day per well.

According to Williams3

“during the autumn of 1918 and the summer of 1919 the Castle Oil Company prospected
the area south of the shallow oil field at Smiths Falls [Euphemia oil field], Lambton
county. Drilling was carried on there a few years ago and a good gas well was struck on
the east end of lot 26, concession IV. The production was estimated at about 250,000
cubic feet of gas per day of 24 hours, and the well has been supplying the village of Shetland
and the neighbouring farms with gas for more than three years. The first well drilled by
the Castle Company is situated on the Palmer farm, on the east end of lot 25, concession
1V, and was completed and closed in on March 1, 1919. Gas was struck at 1,585 to 1,590
feet from the surface and a little oil was struck at 1,690 feet. This well is said to promise
a fair production of gas. In No. 2 well on the Moorhouse farm near the middle of the
west half of lot 25, concession I, oil and gas were struck at 1,605 to 1,611 feet and, after
shooting, the well was reported to have an open flow of about 1,000, 000 cubic feet of gas,
the closed pressure being about 750 pounds per square inch, In well No. 3, situated on
the Tanner farm in the northwest corner of the east half of lot 24, concession V, the drill
penetrated 15 feet of black shale; and on the assumption that the shale indieated unfavour-
able structure the well was abandoned.

In well No. 4, on the Leng farm, in the southwest corner of the east half of lot 27, con-
cession V, about one foot of black shale was penetrated by the drill, but the well was com-
pleted and is reported by the company to have an open flow of approximately 350,000
cubic feet of gas a day, the rock pressure being 780 pounds a square inch. Two additional
wells are reported to be in progress, one on the Smith farm in the northeast quarter of lot

P bl(%l;iop, F83G ‘‘Petroleum and Natural Gas Resources of Canada'’; Mines Branch, Dept. of Mines, Canada,
u B

2Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 36.
3Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1818, pt. E, p. 36.
10nt. Bureau of Mines, vol. V, p. 25 (1895).

sWilliams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1919, pt. E, p. 9.
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26, concession 1V, and one on the Tully farm in the southwest corner of the northwest
quarter of lot 27, concession V. The anticline on which the shallow oil field is situated
pitches to the north, and deep drilling at a previous date found no oil or gas in the Salina,
to the north of Sydenham river., The Moorhouse well, above described, is the best well
in the field, the available information thus indicating the probable location of the exten-
sion of the oil pool to the south rather than to the north. Reducing the reported occur-
rences of oil and gas to sea-level, the gas horizon in the original well supplying Shetland
is 1,034 feet below sea-level; the horizon in No. 1 well of the Castle Oil Company is 932
feet below sea-level, the lower oil horizon being 1,033 feet below; in No. 2 well the gas
horizon is 945 feet below sea-level. This would suggest that there may be a still higher
structure in the gas horizon on lot 24, concession IV.”

The Castle Oil Company continued drilling operations through 1919
and 1920, at the end of which time they had six producing gas wells.

No production of oil has been reported from the Euphemia field
since 1925 when only 23 barrels were produced.

Dawn

In 1897 a new field was opened up about midway between Landbank
and Florence in Dawn township, Lambton county. This field is sometimes
known as the Florence field to distinguish it from a small producing area
in the northeast part of Dawn township on lots 30 and 31, concessions
XIII and XIV.

The Dawn field was very small, being less than a half mile long or wide.
The stratigraphy of the field is shown in the following log! of a well in
which oil was found at a depth of 318 to 325 feet.

Formation Description Thickness Depth

in feet in feet
Surface.............. ... ... ... Glacial drift, ete 22 22
Ipperwash (toprock).................. Limestone.......... 6 28
Petrolia (upper soap).................. Shale............. 172 200
Widder (middle lime)................. Limestone...................... 15 215
Olentangy (lowersoap)................ Shale............ ...t 21 236
Delaware and Onondaga............... Limestone...................... 113 349

The oil zone is probably in the Onondaga rather than in the Delaware.
According to Williams® the structure is a small dome.

The first or discovery well® was drilled in 1897, on lot 17, concession
XITI1, Dawn, to a depth of 342 feet, where salt water pumping 2 barrels
a day was struck.

“The second well, located 300 feet southeast of the first was bored to 317 feet and
yielded at first at the rate of 30 barrels (of oil) per day. The flow fell off gradually to 1
barrel whea the bore-hole was deepened to 356 feet and it was shot at 290 feet. The
pump was again put in and the yield was found to be 10 barreis per day at which rate it
continued. Eleven wells were drilled before the close of the year and all these were pro-
;ilulc(fl;,s These were subsequently sold to Mr. Fairbanks of Petrolia who developed the

eld.

1Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 35.
?Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 35.
3 Ont. Bureau of Mines, vol. XVII, p. 19 (1897).
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A small oil field was discovered at the northwest corner of lot 30,
concession XIIT, Dawn township, but according to Williams the accumula-
tion of oil was very insignificant. The structure of the field is a small dome,
but there is little closure on the west side and a terrace extends from the
field to the Oil Springs dome about 4 miles to the northwest. The top of
the Delaware limestone in this field is 308 feet above sea-level and rises
to 430 feet in the Oil Springs field.

In 1921 a new gas field! was discovered in Dawn township by a well
on lot 24, concession VII. The well came in with 177,000 cubic feet of
gas from 1,615 and 1,750 feet in depth, from what appears to be the top
of the Guelph formation. A number of wells, of which five were produc-
tive, were drilled. The stratigraphy of the field is shown by the following
log of a well drilled by Eugene Coste and Company on lot 30, concession
IX, Dawn. This well was outside the productive area.

Formation Description Thickness Depth
in feet in feet
Surface............coiiiiiiie Drift. ..o 100 100
Huron............... ... ... Black shale......................... 100 200
Hamilton......................... Shale and limestone................. 220 420
Limestone.......................... 60
Shale..........cooviiiiiiii 20
Delaware and Onondaga. ......... Limestone........................0. 50
Shale................c 20 570
Sylvania (?)....................... Sandy limestone.................... 30 600
Detroit River (?)................. Dolomite......oovveiiiiiiiiin.. 50 650
Dolomite and gypsum............... 150 800
Dolomite............ccovieivinin.n. 230 1,030
Dark grey dolomite................. 80 1,110
Salina............................ Shale with streaks of dolomite. Gyp-|
sum toward bottom............... 395 1,505
Salt. .o 70 1,575
Shale...............coiiiiiin 185 1,760
Guelph and Lockport.............. Dolomite.........coiviinniinnenn. 220 1,980
Shale......oooiiiiiiiiiii e 150 2,130
Medina-Cataract................. Dolomite.....ooovvrvinianiinnn. 20 2,150
Shale.....oooeriiiiiiiiiiia i, 20 2,170
Queenston......................... Redshale........................... 330 2,500
Richmond and Lorraine... ..|Dark grey shale.................... 330 2,830
Utica.....c.oovvev ... ..|Black shale...... P 100 2,930
Trenton and Black River........, { Limestone...................c....... 930 3,860
Basal arkose........................ 40 3,900
Precambrian...................... Granite........oooiiiiii e 3,913

The structure of the gas field is not known. Production from five
wells amounted in 1923 to 74,414 thousand cubic feet, in 1924 to 57,400
thousand cubic feet, and in 1925 to 35,561 thousand cubic feet.

Brooke
According to Williams?

“a small oil field on lots 6, 7, and 8, concession II, Brooke township (Lambton county),
was producing oil from two or three wells in 1918 and it seems probable that other wells
may still be brought in. The dome appears to be of considerable size, but its maximum
elevation is low and only the extreme top contains oil.”

‘Onj:. Dept. of Mines, vol. XXXI, pt. V, p. 49 (1922), and vol. XXXIJ, pt. V, p. 12 (1923),
2Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E, p. 35.
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The following log of a well on NW. % lot 8, concession II, Brooke town-
ship, illustrates the stratigraphy of the field. Qil was found at 66 feet
and at the bottom of the well.

Formation Desgcription Thickness Depth

in feet in feet

Surface........... ... . ... .. 53 55
Ohio.......... o S 4 59
Ipperwash (top rock).. 5 64
Petrolia (upper soap).......... ....... 184 248
Widder (middle lime).......... ... .. 18 266
Olentangy (lower soap)............. .. Shale...................... .. 22 288
Delaware and Onondaga. .............. . oo 60 348

According to Stauffert

“the thickness of the Delaware limestone in the province is difficult to determine, because
the full amount of it is nowhere exposed; and also because in well sections it is often
impossible to separate it from the underlying Onondaga limestone. It is quite probable
that it does not lack much of 50 feet, while at Petrolia and vicinity the interpretation of
well records has assigned 70 feet or more to it.”

A log of a deep well, which did not yield oil or gas, on lot 5, concession
IV, Brooke township, at Inwood, is given by Clapp? as follows.

Formation Description T ki‘;cflgéiss ilrjlefxf)ate};

Pleistocene 0-60

60-65

85 65-150

Upper limestone. .......... 15 150-165

Hamilton........................ Upper ‘‘soapstone” 205 165-370

Middle limestone........ .. 25 370-395

Lower ‘‘soapstone’’ 25 395420

Onondaga......................... Limestone.......................... 115 420-535
Salina............ooci i [|Dolomites, limestone, and marls

with gypsum and salt............. 1,300 535-1,835

Guelph and Niagara.............. Limestones and dolomites........... 225 1,835-2, 060

Dark shales 15 | 2,060-2,075

Clinton (2).voi . ioiiiie i nn.. Limestone............. 35 | 2,075-2,110

Medina Redshale........................... 440 | 2,110-2,550

Lorraine. . . Light grey shales with limestone. ... 285 | 2,550-2,835

Utica...... Dark shales........................ 165 | 2,835-3,000

‘Trenton Limestone.......................... 380 | 3,000-3,380

According to present knowledge of the stratigraphy some modifica-
tion of the record of this well log is required. The Hamilton of the log
presumably consists of Ipperwash limestone (“upper lime”) depth from
150 to 165 feet; the Petrolia shale (‘“‘upper soap’’) depth from 165 to 370
feet; The Widder beds (“middle lime”’) depth from 370 to 595 feet; and
the Olentangy shale (“lower soap’) depth from 395 to 420 feet. The
shales from 65 to 150 feet presumably are Huron in age. The limestone
from 420 to 535 feet, called Onondaga in the well log, undoubtedly consists
of Delaware and Onondaga and may include some or all of the

18tauffer, C. R.: Geol. Surv., Canada, Mem. 34, p. 9 (1815).
2Clapp, F. G.: Mines Branch, Dept. of Mines, Ottawa, Pub. 291, p. 185 (1915).
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Detroit River series if such is present in this area. It is possible,
though, that Detroit River beds, if present, are included in the Salina of
the well record, from 535 to 1,835 feet.  The limestone and dolomites from
1,835 to 2,060 feet undoubtedly represent the Guelph and Lockport. The
dark shales from 2,060 to 2,075 feet, may represent the Rochester. The
limestones from 2,075 to 2,110 feet have, in other logs, been interpreted as
the Manitoulin beds rather than Clinton. The red shale from 2,110 to
2,550 feet are probably Queenston. The remainder of the well log would,
in the light of present knowledge, be interpreted as given.

In 1917 and 1918 ten welis were being pumped in the Brooke field.
Two further wells were drilled in 1920, but both were dry. In 1924 only
one well was operating.

KENT COUNTY

Bothwell-Thamesville

The Bothwell and Thamesville fields are so alike in many respects
that they are here treated together. The Bothwell field was discovered
in 1862 and in the following three years many wells were drilled, almost
all of which were in Mosa township north of Thames river. Most of the
wells were drilled under contracts so favourable to the contractor that
he drilled the well to contract depth regardless of whether he had encoun-
tered oil or not. Underlying the Onondaga from which the oil was pro-
duced in this field is a water-bearing sand, only 20 to 30 feet deeper than
the productive oil horizon. As a result of the contract drilling many wells
were drilled into this water horizon and when the United States operators
abandoned their wells in 1866 at the time of the Fenian raid, their wells
were flooded and this part of the field was ruined.

The Bothwell field was re-opened in 1895 and as the anticlinal theory
of oil accumulation had gained credence by this time, a search was made
for the highest part of the structure, the datum plane being the top of the
Delaware limestone. This led to the discovery of the field as now known
and which lies principally in Zone township.

In the Bothwell field the geological section is given by the following log:

Formation Description Thickness Depth

in feet in feet
Surface.................... . ... Glacial drift........................ 167 167
Limestone (middle lime)............ 10 177

Shale........coiveviiii i, 16 193

Hamilton........................ Limestone.......................... 8 201
Shale................ .. ...l 2 203

Delaware and Onondaga........... Limestone.......................... 178 381

The Middle lime is the Widder beds and the remainder of the Ham-
ilton above the Delaware consists of Olentangy shale. The results of
drilling in this well gave:

“Some water and oil at 210 feet; began to show oil at 345 to 350 feet, but from 365
to 376 feet the limestone is quite coarse . . . . Oilis, therefore, found in the Corniferous
(Onondaga) . . . . The Hamilton formation in this field has been greatly eroded, being
about 200 feet less in thickness than at Petrolia or Thamesville.”’t

10nt. Bureau of Mines, vol. XIV, p. 110 (1905).
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In a well about a mile north of Thamesville railway station, 240 feet
of Hamilton shales, etec., were reported! under 60 feet of clay.

The structure? in the Bothwell-Thamesville field is an east and west
ridge on which there are several long, narrow oil fields. The ridge con-
tinues westward from Thames river south of Bothwell to north of Thames-
ville and is, in all, about 20 miles long with a closure of 80 to 120 feet.
On the eastern end, the top of the Delaware at the summit of the oil
fields has an elevation of 450 to 460 feet, but at the western or Thames-
ville end the elevation is 380 to 390 feet. This accounts for the greater
thickness of Hamilton in the Thamesville area than at Bothwell. 1t may,
also, be in part the explanation why the Bothwell field, since it is higher
structurally, has been more productive of oil than the Thamesville field.
In these fields the oil extends 10 to 20 feet down the dip from the crest of the
structure. The thickness of the oil-bearing stratum averages about 8 feet.

The Bothwell field never gave such large wells as at Petrolia or Oil
Springs and the production of the Thamesville fields has been much smaller
than at Bothwell.

According to Harkness® the production of the Bothwell field was not
reported separately from other fields until 1898 and for the years 1885
to 1898 is, therefore, an estimated portion of the total production for the
province based on the number of wells recorded and the history of the
development of each field. This estimated and recorded production from
1885 to 1927 totals 2,213,876 barrels. Production is still at the rate of
23,000 to 24,000 barrels a year.

Tilbury

Two fields, namely Fletcher and Glenwood, have produced oil and gas
in Tilbury East township, Kent county, and an area of 34-6 square miles*
adjoining the shore of lake Erie constitutes what is known as the Kent
gas field.

01l was struck in the Fletcher field in 1905 on the northwest part of
lot 10, North range of the township of Tilbury East. According to Coste,’
at a depth of 1,360 feet this well struck
“a rather strong gas vein. . . . . . Then another at 1,375 feet; then the first oil pay
with more gas at 1,385; then a second oil pay at 1,410 feet and a third one at 1,430 feet. A
little below that some salt water was found and the drilling was stopped at 1,450 feet.
The well after being shot started to flow at the rate of 40 barrels of oil per day, with a gas
flow of about half a million cubic feet per day.”

These results were the cause of much activity and many wells were
drilled. The field, as finally developed, covered 5,000 acres in Tilbury
East township and 600 acres in the adjoining Raleigh township.

The stratigraphy of the field is given by the following log® of a well
on the south half of lot 1, concession VI, Raleigh tp., north of the towa of
Fletcher.

1Geol. Surv., Canada, Ann. Rept., vol. V, pt. II, pt. Q, p. 72 (1893).
2Harkness, R. B.: 2nd (Triennial) Empire Miniag and Metallurgical Congress, Canada, p. 22, 1927,
3Harkness, R. B.: Ont. Dept. of Mines, vol. XXXVII, pt. V, p. 58 (1928).
+Ont. Bureau of Mines, vol. XIX, p. 150.
( 5Coste, E.: “The New Tilbury and Romney Oil Fields of Kent County’’; Jour. Can. Min, Inst., vol. X, p. 77
1907).
sWilliams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1919, pt. E., p. 12.
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Thick- Depth
Formation Description ness in in Remarks
feet feet
Surface................ Blueclay......................... 85 85
Gravel............. . oo oo 5 90 |Fresh water
20 110
170 280
Delaware............... Limestone........................ 50 330
Onondaga............... Limestone (chert at 395 feet)...... 110 440
Sandstone......................... 5 445 (Contains brine
Oriskany (?)...........{|Dolomite......................... 30 475 | and sulphur
Sandstone......................... 5 480 | water
Dark buff dolomite............... 150 630
Chertbeds....................... 20 650
Detroit River series...{|Buff dolomite..................... 50 700
Chertbeds....................... 60 760
Buff dolomite..................... 10 770
Sylvania (?)............ Fine sand in dolomite............. 20 790
Bass Island............. Brown and buff dolomite.......... 110 900
Grey shale........................ 120 1,020
Brown dolomite................... 70 1,090
Dark grey shale.................. 20 1,110
Shale and dolomite.. . .. 70 1,180
Salina................. Black shale......... 40 1,220
Buff dolomite 40 1,260
Dark shale.. 30 1,290
Buff dolomite..................... 70 1,360
Greyshale........................ 20 1,380
Light buff dolomite............... 70 1,450 |Oil and gas
Light buff and grey dolomite. . ... 10 1,460 |Brine
Guelph and Lockport. .{{Cream dolomite.................. 60 1,520
Brown and grey dolomite......... 160 1,680
Rochester.............
Clinton................ Norecord........................ 70 1,750
Medina-Cataract.. ... ..
Manitoulin.............. Dolomite......................... 50 1,800
Greyshale........................ 15 1,815
Queenston............. Redshale........................ 85 1,900
Greyshale........................ 10 1,910
Red shale with grey streaks....... 90 2,000
Richmond.............. Grey shale and dolomite..........
Lomraine....... - Nprincipally shale.................|.......... 2,780
Trenton and lower form-
ALIOMS. ottt e e e 387 3,167 [Bottom of well
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The log of this well was prepared by M. Y. Williams from cuttings
furnished by the driller. The well was slightly east of the producing oil
field. The log! of another well drilled within the oil field, on lot 6, con-
cession IX, Tilbury East township, showed the following stratigraphic
succession.

Thick- Depth
Formation Description ness in in
feet feet
Boulderelay............coviiiiiinn ... 95 95
Surface............... .. ... <Greysand............. ... e 5 100
Clayand gravel............................. 28 128
Blue, clay shale ““‘uppersoap”............... 37 165
Hamilton.................... Middlelime. .................... .. .o.ou.. 10 175
Blue, clay shale “lower soap’............... 67 242
Delaware and Onondaga....... Yellow limestone........................... 158 400
Grey, drab, brown, and blue dolomites with
gypsum and flint
Salina............oooo .. Shaly series with darker shaly dolomites
and more gypsum from 835 to 1,185........ 1,020 1,420
Guelph........................ Rlue-white dolomitic limestone.............. 9 1,429

Gias at 1,250, 1,362, 1,370, 1,376, 1,382 feet.
0il at 1,392 to 1,400 and at 1,416 and 1,426 feet.
A little surface gas.

In this log the Detroit River, Sylvania, and Bass Island strata are
obviously included in the Salina.

According to Williams?
“the structure of the oil-bearing formations cannot readily be determined owing to lack
of data. The top of the Guelph formation is not easily distinguished in drill cuttings and
it is not well established that the oil and gas are confined to a well-defined stratum, as
there is no definite, impervious covering formation. From the general study of the region,
however, it seems probable that the lower formations have a structure nearly parallel to
the Corniferous (Delaware and Onondaga limestones) limestone. In that case the gas
occurring so plentifully to the west of the oil field occupied the top of the dome and the
oil occupies its east side and the adjoining terraces.”

The production of the first well, as already stated, was 40 barrels a
day after being shot. This production came from the bottom of the
Salina and the top of the Guelph. The largest well® in the northwest
part of the field started to flow, naturally, 1,500 barrels a day of fluid of
which 1,200 barrels were salt water and 300 barrels were oil. The largest
gas well was on lot 1, concession VI, Raleigh tp. This well measurad
7,000,000 cubic feet of gas a day from 1,417 to 1,421 feet in depth. The
natural gas contained sulphuretted hydrogen. An analysis of the gas as
given by Coste is as follows:

Per cent

Hydroearbons, principally methane..................................... 92.20
Carbon dioxide. .. c.v.et oot e 1-40
Oxygen..... e e trace
Carbon MONOXIAC.. .. ..o\ttt e e 0-21
3 46 5 Yo=Y W U A 0-40
A7 0T~ U 5-59
Sulphuretted hydrogen.......... .. .. o i 0-20
100-00

10nt. Bureau of Mines, vol. XVI, p. 103 (1907).
2Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1919, pt. B, p. 11,
3Coste, E.: Jour. of the Can. Min. Inst., vol. X, p. 78 (1907).
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The oil from this field also contains some sulphur. It has a dark green
colour and a gravity of 38 to 41 degrees A.P.I. According to Williams
about ten wells per 100 acres were drilled.

The Glenwood field is in lot 10, concession IV, Tilbury East
township, and oil and gas are found in the same horizon as ia the Fletcher
field. Accordiag to Williams?

“the records of four of the wells indicate that the productive horizon varies from 1,385
to 1,408 feet below the surface, or 752 to 775 feet below sea-level, the dip being to the north.
The structure of the Onondaga limestone in this area appears to be a narrow terrace or
nose extending to the northeast from the higher structure to the south and west; but
sufficient data are not available to indicate the structure of the oil-bearing strata. The

area around the oil pool has been extensively drilled, and the pool is, in consequence,
clearly outlined.”

In 1928 production in the Tilbury East fields had declined to 736
barrels and in 1929 to 139 barrels.

W heatley

The Wheatley field in Romney township, Kent county, was opened
up between 1902 and 1904. According to Williams?

“in 1904 four wells on lot 11, con. II, Romney tp., were producing 40 barrels per day . .
The four wells mentioned appear to have been the principal producers, the oil being found
in the Guelph formation at a depth of 1,290 to 1,300 feet from the surface or 690 feet
below sea-level.”

No reliable log of any well in this ficld is available, but Maleolm?
reports that 400 feet of salt is said to have been passed through in the
drilling. “The structure of the Guelph formation here is not known.
The Onondaga limestone rises to the southwest and may be represented
in this field by a nose or terrace.”” The production of the field amounted
to 4,490 barrels in 1904, but had dropped to 775 barrels in 1906.

Romney

The Romney field is in the township of Romney, Kent county. It
was opened up in 1906 and was abandoned in 1910.

The oil was obtained from the top of the ‘“Corniferous” limestone,
that is, presumably, from the Delaware formation. The top of the lime-
stone is about 170 feet below the surface of the ground and the oil came from
30 feet below the top of the limestone. Williams thinks? the oil was con-
tained in crevices rather than in a porous rock. The oil was deseribed as
dead and heavy, which usually is taken to mean it contains no dissolved
gas. The percentage of sulphur in the oil was high and the density about
28 to 30 degrees A.P.I. The production of this field amounted to 11,165
barrels in 1908 and 1,082 barrels in 1909: the field was abandoned in 1910.
The structure is not definitely known. Several of the wells® had an initial
production of over 1,000 barrels a day.

In Noveinber, 1923, at a depth of 3,560 feet, oil was struck by the
Southern Ontario Gas Company on lot 188, Talbot Road Survey, Romney
township, in the No. 6 Shanks well. This oil came from the basal arkose.
Further drilling yielded negative results and in this area the Trenton was
found to be unproductive.

1Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1919, pt. E, p. 13.
2Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1919, pt. E, p. 14,
3Malcolm, W.: Geol. Surv., Canada, Mem. 81, p. 76 (1915).

4Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1919, pt. E, p. 10.
5Coste, E.: Jour. Can. Min. Inst., vol. X, p. 84 (1907).
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Raleigh

In November 1902 oil was discovered on lot 18, concession XII,
Raleigh township, XKent county. The well flowed for a cime at the rate
of 1,000 barrels a day and in a few months was pumping 25 barrels a
day. This well became known as the Gurd gusher and although consider-
able drilling was subsequently done no wells were found which equalled
this first one.

The following log! of a well on lot 15, concession X1I, Raleigh, shows
the stratigraphy as encountered in drilling in the Raleigh field. Oil was
encountered at 360 feef, in the Onondaga limestone.

Formation Description Thickness Depth

in feet in feet
Surface. ..oveneen i A, Glacial drift, ete................ 110 110
Petrolia. .oveo v, Shale 75 185
Widder (middle lime)... ....|Limestone . 5 190
Olentangy (lower soap)................ Shale 46 236
Delaware and Onondaga Limestone..........coocovevi.... 124 360

It is reported? that the dip in the Raleigh field is 30 feet in a half mile
on the northern side and about the same on the south. These dips,
however, may not be very accurate as Williams® shows a structural high,
to the north of the Raleigh field, although no oil was apparently encoun-
tered in the highest part of the structure.

The Raleigh field did not prove to be of much importance in spite
of the promising results encountered in the Gurd well. Many wells were
drilled, but from most of them the production was very small and the
field had been abandoned in 1905.

Kipp
The Kipp field* is in Raleigh township, Kent county, about 2 miles
southeast of Chatham. The field was very small and is now abandoned.
It was mostly confined to lots 22 to 25, concession VIII, but extended
slightly to the north of this.

The stratigraphic sequence is illustrated by the following log. The
oil was in the Onondaga at 360 feet.

Formation Description Thickness Depth

in feet in feet
Surface. ... i 1 110 110
Petrolia (upper soap)..... e.v......|Shal c. S 75 185
Widder (middle lime)... B 1 o s 5 190
Qlentangy (lower soap)................ Shal 46 236
Delaware and Onondaga 124 360

10nt. Bureau of Mines, vol. XVI, pt. T, p. 104,

20nt. Bureau of Mines, vol. XII (1903).

3Williams, M. Y.: Map No. 1826, Geol. Surv., Canada, 1920.
40Ont. Bureau of Mines, vol. XVI, p. 104 (1907).
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The production of this field, according to Williams,' came from a
small dome in which the maximum elevation of the top of the Delaware
limestone is approximately 350 feet.

Dover West

The Dover West field, Kent county, was discovered in 1917 by a well
bored, on lot 3, concession III, Dover West township, by the Union Gas
Company. This well, at a depth of 3,165 feet or 282 feet within the Tren-
ton formation, yielded gas with light oil and the flow, together with
smaller flows from depths between 3,010 and 3,040 feet, gave an initial
pressure of 1,250 pounds and an estimated flow of 6,000,000 cublic feet
of gas a day. This strike was important in that it was the first large pro-
duction from the Trenton formation in Ontario.

The stratigraphy of the Dover West field is given by the following
log? of a well on lot 2, concession IT1.

Formation Description Thickness Depth
in feet in feet

....................................... Missing.....oovvvviiiiniinian.. 185 185
Widder........cooiiiiii i Limestone..........cocvevuu.... 10 195
....................................... Missing, probably shale in part.. 72 267
Delaware...........ccooiviviiiiiii.n. Limestone...................... 45 312
Onondaga...........coovvieiiannnan.. Limestone...................... 88 400
Sylvania............c.cooei Fine sand.......... . 20 420
BassIsland...................c.....e Dolomite....................... 605 1,025
Shale........oocveiiiniaan.. 15 1,040

Dolomite....................... 35 1,075

Shale and gypsum.............. 185 1,260

Salina.......oooovviiiiiiiiii Dolomite...........ccoevvevnn.. 90 1,350
Shale.............c.coiieiin. 280 1,630

Dolomite....................... 205 1,835

Guelph and Lockport.................. Dolomite.............c.cooeil.. 120 1,955
Rochester.............cocvvveninn. Shale.........oovveiiiviina, 35 1,990
f(Redshale...................... 120 2,110
Medina-Cataract..................... {|Greenshale..................... 15 2,125
([Dolomite....................... 20 2,145

QUeenston.......ovvviin e Red and purple shale............ 185 2,330
Richmond and Lorraine............... hale...................... . 482 2,812
Utiea. v e e Shale.............ccoooeivian.. 80 2,892
Trenton and Black River.............. Timestone...........c...c.oo... 413 3,305

A small showing of oil was found at 3,295 feet. The well was shot
with 100 pounds of nitroglycerine and the flow was increased to about
20 barrels a day.

The Dover West oil field is unusual in that the production comes
from a syncline or a faulted zone in the Trenton formation. The conclu-
sions of M. Y. Williams? are as follows:

_ “The Trenton contains little water and varies greatly in porosity from place to place,
or is ‘pockety’; the finding of oil in the lowest structure prospected suggests that in the
absence of saturation by water and consequent hydrostatic pressure, the oil and gas have
gravitated to the rock basins.”

1Williams, M. Y.: Geol. Surv., Canada, Map No. 1750,
2[nterpretation of log by M. Y. Williams.
3Williams. M.Y.: Geol. Surv., Canada, Sum. Rept. 1917, pt. E, p. 25.
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Although a number of wells have struck water, yet, according to
Williams,* the water “is not definitely associated with oil or gas and as it
was not struck in nearby wells, it appears to have been confined to rock
channels which are not connected with the oil accumulation.” Williams
also states that the structure of the Dover West field is

“a well-defined, although rather gentle syncline with the oil and gas pool limited to its
axial area. . . . . Gas and oil occur at different horizons, neighbouring wells being
quite unlike, although the occurrences may be roughly grouped . . . . The initial pres-
sure in well No. 1 was 1,250 pounds per square mmch. This unusual pressure might be
expected to drive gas long distances into the rock adjoining the pool and yet No. 2 well,
one-quarter mile to the east of the axis, had only a showing of gas and No. 3 well one-half
mile to the west was totally dry. It appears that only the lack of continuous rock porosity
can account for this.”

Harkness® is of the opinion that the field owes its porosity to sharp
folding or faulting in the Trenton formation. The Union Gas Company’s
well on lot 2, concession 1II, Dover West township, gave an initial oil
production of 200 barrels of oil and 3,500,000 cubic feet of gas a day at
a depth of 3,277 feet. Other wells produced as much as 7,500,000 cubic
feet a day initially, but production did not hold up very well. The gas
was practically free from sulphur.

MIDDLESEX COUNTY

Mosa

The Mosa field is in Mosa township, Middlesex county, about 4 miles
northwest of Glencoe. The field was discovered in 1917 and rapidly
came into production. The stratigraphic succession does not differ
much from other oil fields of Kent and Lambton counties and is illustrated
by the following log® of a well on lot 6, concession VI, Mosa township.

Formation Description Thickness Depth

in feet in feet
Surface............ ... Glacial drift, ete................ 77 77
Shale.......................o... 58 135

Petrolia..............coooiiiian.. Limestone..... ... ............ 6 141
Shale........................... 73 214

Widder (middle lime)................. Limestone..... ................ 19 233
Shale........................... 20 253
Olentangy (lower soap)............... Limestone. .................... 4 257
Shale........................... 2 259

Delaware and Onondaga...............[Limestone...................... 55 314

According to Williams*

“oil in this field generally occurs in the upper 20 feet of the Delaware limestone, but it also
oceurs in a few wells in the “middle lime” or Widder beds. In a deep well on lot 6, con. VI,
Mosa tp., the following conditions were found. The Delaware limestone and the Onondaga
limestones are 97 feet thick and are underlain by white sandstone, consisting of fine, rounded
quartz grains. The sandstone is almost pure for 10 feet in depth and overlies 21 feet of

1Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1919, pt. E, p. 17.
2Harkness, R. B.: Ont. Dept. of Mines, vol. XXXVII, pt. V, p. 74 (1928).
sWilliams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1918, pt. E. p. 37.
4Williams, M. Y.: Op. cit.
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Figure 11. Graph showing annual production of Mosa oil field,
Mosa township, Middlesex county, Ontario.
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grey limestone containing considerable sand. The sandstone generally carries black
water containing much hydrogen sulphide and probably a small amount of salt. The
dolomite below the sandstone does not carry oil.

The general practice in the Mosa field has been to drill only about 50 feet into the
‘lower lime’ or just to the bottom of this Delaware limestone, as it is delimited. By this
practice no water troubles have been met. Some companies, however, operating around
the edge of the dome, have persisted in drilling into the sandstone mentioned above.
Although this sandstone appears close grained in many places and so does not always
give immediate trouble with water it has generally been found that water sooner or later
became troublesome.”

The top of the dome, however, produced some oil from this sandstone.

The Mosa field, according to Harkness,! covers about 4,000 acres.
The field is roughly oval in shape with the long axis northwest and south-
east and the closure on top of the Delaware limestone is about 70 feet
with the maximum elevation on this horizon at 450 feet. The production
of this field up to the end of 1927 amounted to 264,500 barrels. This
represents a very small recovery per acre. The yearly production of this
field is now 7,000 to 8,000 barrels.

ELGIN COUNTY

Dutton

The Dutton oil field is in Dunwich township, Elgin county. The
field was opened in 1898. The stratigraphic succession in this field is
shown by the following log? of a well drilled near the centre of the field,
on lot 13, concession X, Dunwich township.

Formation Description Thickness Depth

in feet in feet

Surface..........cooviiiii Glacial drift.................... 200 200
....................................... Shale...oovioivevi i 7 207
Hamilton.........cocoiiiiiiiun. Blue, clay shale................. 25 232
Delaware and Onondaga............... Limestone...................... 170 402

The shales of Hamilton age probably belong to the Olentangy. Oil
was struck in this well at a depth of 392 feet or 160 feet below the top of
the Delaware. The thickness of the Delaware at this locality is not defin-
itely known, but presumably the oil zone is within the Onondaga formation.

According to Williams? the oil occurred in a dome, but oil was found
much lower on the west side than on the east side of the field. The average
yvield of the wells a day was low. The first well drilled? penetrated 505
feet into the limestone or to a depth of 687 feet. A bed of oil-bearing
rock 10 feet in thickness was encountered at 332 to 342 feet and a second one
of the same thickness at 400 to 410 feet in depth. From the first of these
beds 500 barrels of oil was pumped. It was then shut off and the second
vielded one barrel a day during a 20-hour test. A small flow of gas was
struck at 550 feet and the rock from 650 to 687 feet yielded artesian water.
In other wells the oil-bearing stratum was as much as 20 feet in thickness.
In certain parts of the field the drift lies directly on the limestone, but

1Harkness, R. B.: Second Triennial Empire Mining and Metallurgical Congress.
2Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1919, pt. K, p. 10.
30nt. Bureau of Mines, vol. VIIT (1899).
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in other parts 25 to 30 feet of shale overlies the limestone. The best wells!
were those that encounter shale overlying the limestone. The field at
its maximum comprised about 400 acres. The oil produced was of excel-
lent quality, having a gravity of 42 degrees A.P.I. and a dark green colour.
The production in 1929 was only 148 barrels, so that the field is approach-
ing exhaustion; the maximum production, according to Williams,? was in
1906 when 19,376 barrels were produced. According to Harkness® the
Dutton field produced 186,651 barrels of oil from 1889 to 1927.

The Dunwich Oil Company* drilling in 1923 on lot 24, concession
V, north of Dunwich, opened up a small gas field in the Onondaga forma-
tion. In this area only glacial drift overlies the Delaware-Onondaga lime-
stone.

ESSEX COUNTY
Leamington or Mersea

The Leamington or Mersea Oil field is in Mersea township, Essex
county, northeast of the town of Leamington. The field has a north and
south trend and a small part of it extends into Tilbury West township,
north of Mersea township. The length of the field is approximately 8
miles and the width a quarter of a mile to 2 miles, the greater part of the
field being in lots 10, concessions 4 to 9, and lot 238, Talbot road. There
were, also, two small areas on lots 8, concessions 5 and 6, which were pro-
ductive. A small amount of production was also obtained near Comber,
in Tilbury West township, directly north of the Leamington field. To
the south and west of the Leamington o1l field is the Leamington gas field.
The Leamington gas field was discovered in 1888, but the Leamington oil
field was not discovered until 1904 and was short lived.

The stratigraphy of the Leamington field is shown by the following
log of Roslyn No. 1 well, lot 5, concession X, Tilbury West. This well
is north of the Leamington field and south of Comber.

Formation Description Thickness Depth
in feet in feet
Onondaga and Monroe................. Limestone...................... 650 650
Dark shale-gypsum............, 130 780
Salina..c..oiriieni Grey dolomite—some shale. ... . 100 880
Dark shale—gypsum............ 240 1,120
Guelph and Lockport (?).............. Dolomite......covovveneveion.. 530 1,650
Rochester (?)........... ooShale. oo 10 1,660
CHOtON. ..o e i Limestone.................c..... 20 1,680
Cabot Head........................... Red shale at top followed by
darkshale.................... 130 1,810
Manitoulin. ....... ... ... ... o il Dolomite..........ocoovineen.n. 20 1,830
Queenston......... ..., Redshale...................... 260 2,090
Richmond and Lorraine Dark shale 360 2,4507
TUtica. ..o oo einiennnennns ....|Dark shale. .. 120 2,570
Trenton and Black River Timestone...... e 848 3,418
....................................... ArKoSe.. ..o 5 3,423

1Malcolm, W.: Geol. Surv., Canada, Mem. 80, p. 63 (1915)

2W)lha.ms,M Y.: Geol. Surv Canada. Sum. Rept. 1919, pi

sHarkness, R. B.: Ont. Dept. of Mines, vol. XXXVII, pt V p 59 (1928‘
4Ont. Dept of Mines, vol. XXXIII, pt. V, p. 97.

34496—5
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In this well angular quartz grains in a calcareous cement occur ab
410 feet in depth. The sample from 400 feet in depth contains a consider-
able amount of white sand; chert occurs in more or less amount from 400
to 450 feet. It is, therefore, possible that the stratum at 400 feet repre-
sents the horizon of the Sylvania sandstone, as Williams' has recognized
much chert from samples of the Lower Monroe or Bass Island series from
other wells in Essex county. The presence of chert, however, is not by
any means a diagnostic feature, as it oceurs in samples above the horizon
of the supposed Sylvania in this well and is known o occur elsewhere at
the base of the Detroit River series and in certain parts of the Onondaga.
In the samples from this well it is not possible to tell whether or not any of
the Upper Monroe or Detroit River series is present, or if present where
to draw the division between the Detroit River series and the Onondaga.

The structure of the field is a lohg, narrow anticline or possibly a
fault of small throw. Data are not at hand to determine the exact strue-
ture, but apparently there is a downward plunge northward and the gas
field to the west of the south end of the oil field is structurally higher than
the oil field.

According to Williams? the oil-bearing horizon of this field is prob-
ably in the lower Salina. 1t lies at a depth of 1,068 feet in concession
IV, 1,107 feet in concession VIII, 1,109 feet in concession IX, and 1,307
feet north of Comber. In Roslyn No 1 well from lot 5, concession X,
there are dolomitic bands interbedded with shales from a depth of 980
to 1,080 feet. At 1,110 feet considerable gypsum occurs and for this
reason the top of the Guelph is thought to be at 1,120 feet. It is not known
whether this gypsum bed is a uniform feature throughout the field or
whether the oil production was secured from above or below it. If the
production comes from above it then the producing zone would be assigned
to the Salina. From a study of the samples from Roslyn No. 1 well,
however, it seems probable that the oil-producing zone was in the top of
the Guelph, since the samples show a small trace of oil. The initial pro-
duction of some of the wells was fairly large. According to Malcolm?
“the Jackson well started with a flow of 400 barrels a day after it was shot,
but fell off in a few days to 100 barrels per day and the Hickey No. 4
started with a flow of 1,200 barrels and fell off to about 200 barrels per day.”

The production of the Leamington field was as follows:
004, ..ottt et et e ettt e 25,241

L No record
S P 39,652
6,133
9,334
5,929
141

Belle River

In Essex county, south of lake St. Clair, the Belle River field with
twenty-five wells produced 2,200 barrels of oil from the Onondaga lime-
stonet between the years 1913 and 1918.

1Williams, M. Y.: Geol. Surv., Canada, Mem., 111, Fig. 5, op. p. 88.
*Williams, M, Y.: Geol. Surv., Canada, Sum, Rept 1919 pt. K, p. 14,

3Malcolm, W.: Ceol. Surv., Cana.da, Mem, 81, p. 66 (1915).
4Harkness, R. B.: Ont. Dept of Mines, vol. X XVII, pt. V, p. 59 (1928).
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In this area the Onondaga limestone lies immediately below the sur-
face drift. The oil produced from this field was heavy and “dead” and
brought a price considerably less than the Oil Springs and Petrolia oil.

Pelee Island
According to Williams?!

“Pelee island was first prospected about 1895 when seven wells were drilled on Grove
avenue, near the eastern side of the island, for the Kingsville Oil and Gas Company of
Canada. The first two produced some oil, the third flowed 400 barrels, and the last four
were dry. The total estimated production was 450 barrels. In 1907 seven more wells
were drilled in the same locality by the New York, Lake Erie Oil and Gas Company.
Mr. Wm. J. Hussey, who drilled the wells, reports that they started with a produetion of
four to twelve barrels per day and held up well for the twelve months during which they
were pumped. He estimates the production for this time at from 3,000 to 4,000 barrels.
Shipping was expensive and difficult and with unduly large operating expenses the field
was forced to close down. The field suffered little from water troubles and the gas supply
was sufficient for drilling and operating purposes. There was little production before
shooting, but a steady production afterwards’”.

The oil rock lies about 742 to 762 feet below the surface which is here
about 575 feet above sea-level. According to a log given in the Fourteenth
Report of the Bureau of Mines, Ontario, the section is as follows.

Formation Description Thickness Depth

in feet in feet

S0Py £ - A Drift,ete..........oooovvianann. 58 58
Delaware and Onondaga...............|Limestone...................... 222 280
Oriskany (2)..oeee v ii.n, Sandstone (?)................... 44 324
Bass Riverand Salina................. Dolomites, etc., with gypsum... 458 782

Unless the formations, as shown in the log, are about 300 feet thinner
on Pelee island than on the mainland in the vicinity of Leamington, this
well did not reach the Guelph. As already stated the oil was struck at
from 742 to 762 feet from the surface and so must occur in the Salina.

“Another small oil field was opened up near Pelee island south, about one mile west
of Mill point. Little could be learned of this field, but the production is said to have been
obtained from an horizon 780 feet below the surface. This would suggest that possibly
there are two producing horizons. The Corniferous (Onondaga) limestone outcrops at
the shore west of Mill point, whereas it was struck in the oil field to the north at a depth
cf 58 feet. However, the difference in elevation of the surface of the Corniferous (Onon-
daga) may be due to glacial erosion. The Corniferous (Onondaga) limestone outcrops on
the north side of the 1sland about one mile west of Scudder, where notable glacial erosion
is evident, and also near the oil pier at the northwest part of the island, where considerable
quarrying was formerly carried on. In the northern outcrop the limestone lies in a hori-
zontal position, but on the shore at Pelee island south, the strike is parallel to the shore,
the dip being several degrees to the southeast. Other wells have been drilled on the island,
but large areas have not been explored. = The Pelee Island oil field was never troubled
with water and as little drilling has been done, the field may be considered pretty much
as new territory, the past development indicating that fair quantities of oil and gas may be
found. The attitude of the rock at Pelee island south, taken together with that on the
northwest corner of the island, indicates that a dome, or at least a terrace, exists somewhere
between the two localities. The structure will probably continue downward to the oil-
bearing strata.?

Pelee island produced 1,023 barrels® of oil in 1904 and 378 in 1906. The quality of the
oil is reported to have been good.”

1Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1919, pt. E, p. 14,
*Williams, M. Y.: Op. cit., p. 15.
sInformation from Ont. Bureau of Mines, vol. XIV, p. 20 (1905).
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BRANT COUNTY
Braniford

During 1888 a well was drilled* 1,118 feet deep by the Waterous
Engine Company in the yard of their works on Dalhousie street, Brantford.
Small shows of gas of no commercial importance were obtained. The well
probably penetrated to about the base of the Queenston shales.

In the same year another well was sunk on lot 16, concession XV,
Brantford township., In this well only small flows of gas of no significance
were encountered. The well reached a depth of 2,160 feet or 210 feet
below the top of the Trenton. Flows of water accompanied by a little gas
were found between 200 and 300 feet in depth and a small flow of gas at 1,950
feet, undoubtedly from the top of the Treaton,

According to the Bureau of Mines?, Ontario,

“In the latter part of 1903 drilling was begun for gas in the city of Brantford. From two
or three wells put down at the Cockshutt plough works a strong flow of gas was obtained.
This gas was used in the furnaces at the works for a short time when the pressure began to
lessen and the supply soon became too small to keep the furnaces going. It was then found,
however, that two of these wells contained oil which appears to have gradually oozed
in as the gas disappeared . . . . With a hand pump used for only a short time daily
three or four barrels of oil have been taken from one well from day to day . . . . Six
or seven wells have been drilled in the city, four of which are on the Cockshutt property
and only one of the seven is said to contain neither gas nor oil. Four wells have been
drilled on the Bow Park farm which is distant about 2 miles southeast of the Cockshutt
wells. Gas and oil have been found in these wells. In the last one drilled it is stated
that oil began to come almost immediately after the bottom of the well was reached and
kept rising in the pipe until now it has come to the top and the gas pressure will force it
out, the same as it did in the two wells on the Cockshutt property.”

The log of No. 2 well, Bow Park, drilled in 1903, is as follows:

Formation Description Thickness Depth

in feet in feet

Surface. ... Glacial drift, ete................ 88 88
Guelph and Lockport.................. Limestone......oo.ovvvvinnon.. 252 340
Rochester............................. Shale............c.oooiiiiia.. 50 390
CHNton. .. ..voviniie i, %in&esﬁorlle ...................... 20 410
; edshale...................... 40 450
Cataract-Medina..................... Grey shale..... 40 490
Whirlpool .. |White sandston . 15 505
Queenston Redshale...................... ked 582

Gas was found at 395, 505, and 508 fect with a pressure of 265 pounds.
This gas evidently comes from the Clinton and Whirlpool formations.
Williams? interpreted the red shale between 410 and 450 feet and the 40
feet of underlying grey shale as belonging to the Cabot Head formation.
The upper 40 feet of this, that is the red shale, was formerly called the Red
Medina, whereas the 15 feet of white sandstone betwaen 490 and 505 feet
was formerly called the White Medina.

1Brumell, H. P. H.; Geol. Surv., Canada, vol. V, pt. II, pt. Q, p. 44 (1890-1),
20nt. Bureau of Mines, vol. XIII, pt. 1, p. 25 (1904).
3Williams, M, Y.: Geol. Surv., Canada, Mem, 111, fig. 4.
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Figure 12. Graph showing annual production of Onondaga oil field, Onondaga township,
Brant county, Ontario.
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The log of Cockshutt No. 3 well in Brantford is interpreted as follows:

Formation Description Thickness Depth

in feet in feet

Surface.....oovnviviii Glacial drift, ete................ 82 82
Guelph and Lockport. . Dolomites.. .. 283 365
Rochester............. Black shales 45 410
Clinton......... .. Limestone.. .. 12 422
Cabot Head......... e Red shale............ ceel 45 467
Greyshale...................... 45 512

Whirlpool...............c.oiiiiaa.. Sandstone.........o.oiiiiiiia.n. 20 532
Queenston.................cv et Red shales...................... 88 620

Gas and oil were found in the Whirlpool sandstone at 512 feet.

In the record! of a well drilled by Gould, Shapley, and Muir Company
on Wellington street, Brantford, the Whirlpool (White Medina) was reported
to ocecur at 2 depth of 505 to 515 feet and red shales (Queenston) from 515
to 670 feet. Gas was struck at 610 feet and evidently must have come
from the Queenston shales. Such an occurrence is unusual.

Nine wells were drilled on the Bow Park farm and one of these struck
the Trenton formation at a depth of 1,930 feet. The production from these
wells was relatively small and unimportant from a commercial standpoint.

Onondaga

An oil-producing territory? was opened up in Onondaga township in
1910, the discovery well being drilled on the farm of Mr. Harold Howell
on lot 16, concession III, west of Fairchilds creek. The oil was found in
the Whirlpool sandstone (White Medina) at a depth of 550 feet. In some
of the wells subsequently drilled sufficient gas was associated with the oil
to flow the wells for a few months.

The best well is said to have produced forty barrels of oil a day for
twenty days. The oil had a gravity of about 39 degrees baumé and was
found over an area of about 3 square miles. Territory producing natural
gas adjoins the oil area to the south.

MANITOULIN ISLAND

3%An oil spring was early discovered on Smith bay near the Indian village of Wek-
wemikong by the Jesuit missionaries, the pioneer among them being Father Poncet who
spent the winter of 1648-49 on some part of the island.

In the early sixties, following the oil development at Titusville, Pa., and in south-
western Ontario, a Montreal company drilled five wells on Manitoulin island, the location
being near the Smith Bay oil spring as indicated by tradition and field evidence.

I diThis enterprise was abandoned on account of trouble between the drillers and the
ndians.

“In 1905 the Northern Oil and Gas Company drilled several holes about 2 miles south-
east of Wekwemikong and about 500 barrels of petroleum were produced. About the
same time the Benedum-Trees Oil Company of Pittsburgh, Pa., were drilling in the vicinity
of Manitowaning, several wells west of the town starting with considerable flows of oil.
Drilling was also carried on near Gore bay, and one unfinished well was drilled at
Providence bay. The hard times of 1907 caused a cessation of drilling and no new develop-
ment was undertaken until 1912 when Senator Pascal Poirier leased property south of

10nt. Bureau of Mines, vol. XIV, p. 106 (1905).

20Ont. Bureau of Mines, vol. XX, p. 36 (1911).

sWilliams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1920, pt. D, pp. 26-32.
4 Malcolm, W.: Geol. Surv., Canada, Mem. 81, p. 85 (1915).
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Pike lake (about 3 miles southwest of Sheguiandah) and started to drill. Conditions
arising from the Great War resulted in the closing down of these operations. The anxiety
regarding oil supply at the close of the war once more focused attention on Manitoulin
island where several thousands of acres of oil leases were taken up in 1919 and 1920.
The Kyto Oil Company re-leased the Poirier and adjacent properties and drilled three
wells during the summer of 1920, and H. C. Gordon drilled two wells within the west
margin of the property tested previously by Benedum-Trees. Results of the drilling
during 1920 verified the previous reports from the same areas, viz., that oil occurred but
not iél commercial quantities. Valuable data were, however, obtained from the well
records.

The oil spring which attracted the Jesuit’s attention is located on the south side of
Smith bay about 4 miles from Wekwemikong. It is at the level of the water of the bay and
is oaly about 10 feet from the shore, the waves washing into it in rough weather. A thick
scum of oil covers the surface of the spring, which shows no visible flow.

Of the five wells drilled by the Montreal company in the early sixties,! two were located
near the oil spring mentioned, the caved-in pits being still visible. According to Hunt,
the greatest depth reached was 524 feet, the log being as follows:

e Thickness Depth

Description ‘ in feet in feet
.................................................................... 32 32
.................................................... 100 132
.................................................... 340 472
......................................................... 150 524

Saline water was struck at 192, and oil at 193, 248, and 270 feet, about one hundred
and twenty barrels of ‘“Excellent petroleum” being produced before the supply failed.
A few barrels were obtained from another well, and two wells were not complete when the
report was made.

Of the 1905 operations, the only evidence seen by the writer is an abandoned weil
located about 1} miles south of Wekwemikong. The ground around the well is saturated
with oil for a radlus of several yards, this evidence corroborating the statement of one of
the Indians that the oil gusbed for some time—or, until the well was shot. This was
probably the well that produced most of the 500 barrels of oil mentioned by Malcolm.

A number of abandoned wells mark the area tested by Benedum-Trees and others in
the vicinity of Manitowaning.

About 1} miles west of Manitowaning, five old wells are located on lot 45 and one on
lot 46, con. II Assiginack tp. Of these three have oil in the casings at the present time and
one was dlpped for local use by means of a tripod and sand pump until some time after
1912 when the tripod was blown down. Gas is bubbling up in three of these wells. Other
wells noted are located as follows: one near the middle of the east side of lot 51, econ. I,
Assiginack; one in the northeast corner of the same lot; one near the middle of the east
line of lot 20 con. I, Sheguiandah; and one 14 miles south of Manitowaning at the top of
the hill above the bay & well flowed gas for some years on the Tucker farm, lot 35, con. I1,
Asriginack, and a show of oil is reported from a well on lot 30, con. II, of the same townshxp
There were other wells, of which no record is available, drilled in this vicinity.

The following logs were furnished by the Benedum-Trees Oil Company.

Well on James A. Watson farm, lot 46, con. I, Assiginack tp.
Top Boiifé%m

Richmond limestone...........ooviii i iiierieannns 6

Lorraine and Uticashale.....................coiiiiiiiiin.. 130 305
Trenton HMestone. ...uvuue et i eieeaeieann 455 566
161 464 474

Well on Lehman farm, lot 45, con. I, Assiginack tp., drilled in 1907
Top Boﬁ({)}m

Richmond lmestone. ..c....oivvniieiiineiiianaiareeneianananns 14

Lorraine shale............ooiiiiiiii i i 130 410
Utica shale.....ovr i it it 410 430
Trenton limestone.............oeviuriniiiiiniiiinreieenninnnen. 430........
L3 3T 0 - T 442 477

Note. This well is said to have produced forty-five barrels of oil in 15 minutes.

YHunt, T. 8.: Geol. Surv., Canada, 1863-66, pp. 252-253,
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Several wells were drilled during this period in the vicinity of Gore Bay [west of
Kagawong], and several produced some oil. A well located near the wharf (now covered
by a stable) at Providence bay is said by the driller, H. F. Slater of Toronto, to have struck
the Trenton at about 960 feet, and to have penetrated about 100 feet when the tools
were lost. This is the only record of a well drilled on the south side of the island.

The operations started by Senator Poirier about 1912 were priacipally centred about
lots 3 and 4, cons. VIII and IX, Bidwell tp. At least twenty wells were drilled at this
locality, of which eleven are said to have produced oil, and three to have had traces of oil.
The drilling contractor stated that some of these wells produced as much as twenty-seven
barrels a day for a short time. Four are reported as “dry”. Following is analysis of a
§sim%le of oil from Renny Byers’ farm, lot 3, con. IX, Bidwell tp., Green bay, Manitoulin
island,

Specific gravity at 15-5° C.—0-864
Distillation—continuous method

F3 a1 b o] o PO 100°C
Up 0 150° Couttt ot e e e 10%
150°=200° C ...t e 7%
200%—-250° €ttt e s 8%
250°-800° C.uo s e 119,
B007850° Gttt s 189,
Residue (by difference)..............coouiiiiiiiei it 469,
Calorific value:
Calories per Eramine ZrOSS. .. ... .oortene et eateitiae e aeanens 10, 600
BT U, per b, groSS. oo ettt e e e 19,080
Sulp(l):ur:
2

N (]

Poirier also drilled a well on the south end of lot 34, con. I, Howland tp., and another
on the north end of lot 24, con. X1, Bidwell tp. Both of these wells are reported by local
observers to have stopped in the Utica shale. = A well which flows salt water is located near
the road on lot 25, con. XI, Bidwell tp., but the data regarding the well or the source of
the water are not at hand. During 1920, three wells were drilled on the old Poirier leases,
No. 1 being dry, No. 2 producing some oil with a small amount of salty, sulphur water,
and No. 3 not being reported on. The top of the Trenton in No. 2 is 9 feet higher than
in No. 1. The log of No. 1 as determined by the writer from samples is as follows:

Well Drilled by Kyto Oil Company, Near Southeast Corner of Lot 4, Con. IX, Bidwell Tp.

Formation Description Thickness Depth

in feet in feet
Surface........cooovveiiiiii Clay,etc..............cooiieann. 5 5
Richmond........................ Limestone..............coovienen.. 11 16
Lorraine.......................... Grey shale...... 356 372
Utica. . caeen i iaanes Black shale 28 400

Trenton.........cccovvveeivvnnnns Light-coloured, hard, semi-crystal-

line limestone..................... 9 409
Showofoilat............coovveiidivrnenann, 418

Of the two wells drilled by H. C. Gordon, west of Manitowaning, No. 1 is situated
about 70 yards from the east line and 90 yards from the north line of lot 50, con. II, Assig-
inack tp. The top of the well is about 10 feet below the base of the Manitoulin dolomite,
of the Cataract formation, as exposed a few rods away, and the log, taken by the writer,
from the samples, is as follows:

Formation Description Thickness Depth

in feet in feet
Surface....cooovviiiiiiiiii. Drift,etc...ooovi i 5 5
Richmond and Lorraine. .......... Hard, dark grey limestone and shal 360 365
[|Grey shale... . 20 385
Utica. oo v eeens Brown shale .. 65 450
Black shale................c..cone. 15 465
Grey, semi-crystalline limestone. .. 15 480
Trenton.........oooovveninnniane. Calcarecus shale.................... 5 485
Grey, semi-crystalline limestone. ... 65 550

This well was dry except for a small show of gas.
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No. 2 well is located on lot 45, con. IT, Assiginack tp., a short distance north of the
main road and about 130 yards from the west side of the lot. The Trenton is reported
to have been struck at about 445 feet from the surface. At about 17 feet in the Trenton
limestone, considerable gas and a little oil were obtained. After shooting with dynamite
there was little change, but considerable salt water was reported. Following is an analysis
of oil from: A—lot 44 con. II, Assiginack tp.; B—M. W. Brett’s farm, lot 6, north side
of Hall street, Gore Bav

—— A B
Speclﬁc gravxty—
L A S 0-877 0-881

Distillation—continuous

B3 5] e )« S 220° C. 180° C.

Up 0 250° Corriiriint et et ettt et 10% 9%

28003007, ..ttt 20% 199,

B0 18% 18%
Residue (by difference)........ooevuniiin vt iira i e iireaaanens 52% 549,
Calorific value

Calories per Sramme ZIOSS. ... ..uueveressenreneeerroreeneaneonesos 10,790 10,800

B.T.U. per pound ZroSS. .. cuveeiueeeiiananennnconeneneennnns s 19,430 19,440

1185 1105 0:2% 0-2%

Nore. The yield obtained between 300 degrees C. and 350 degrees C. is uncertain owing to
the tube of the condenser being clogged with the wax formed. This holds for both samples.

As seen on Figure 3 (See Figure 13, this volume) the best oil wells are located well
within the syncline the conaitions bemg similar to those prevailing in the Trenton oil
fields of Dover township, Kent county, Ont. Some water occurs in the wells of Manitoulin
island, but it is not a normal flow such as is found in the shallow fields of southwestern
Ontario. Tt has not been definitely established, either, that the water and oil occur in
the same beds, although that is probably the case.

The oil appears to be confined to the upper 20 feet of the Treaton limestone, sugges‘o-
ing the Utica shale as its source. The water present may have entered the formation
through the relatively nearby outeropping of the limestone beneath the water of North
channel. The salt and sulphur content might readily be obtained from substances in the
limestone such as entrapped sea salt and the oxidation products of iron pyrites.

Large areas of Manitoulin island have never been tested for oil, particularly in the
southern half of the island. Here, the complications arising from bay and surface water
are minimized, and as water does not appear to have controlled oil accumulation, the lower
structural areas are probably at least as promising as the higher areas. In but few cases
has drilling been continued deep into the Trenton formation, and it is possible that oil may
occur at lower horizons than those tested.”

HALTON COUNTY
Milton

According to Williams!' “A number of wells have been bored into the
Trenton formation in the viciaity of Milton, one of which produced some
oil and two of which are producing small quantities of gas for domestic
purposes.” The following logs illustrate the stratigraphy.

1Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 1817, pt. E, p. 21.
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Log of Well, Brandon Brickyard on East Half of Lot 14, Con. I, Trafalgar

Township
Formation Description Thickness Depth
in feet in feet
Surface.....coviiiiiiiiiiie Glacial drift, ete........oovvee ... 5 5
Queenston..................... WL " d shal 305 310
Richmond and Lorraine.. 1Iiestone ala SNai6.. .. coeevv v 753 1,063
Utica (including Collmgwood) Shale....... 109 1,172
Trenton..... Limestone. . 640 1,812
Sandstone. . 5 1,817
Precambrian. . 3 1,820

A little gas was found at a depth of 300 feet, all of which was gone
on the second day.

Log of Greenles Brothers Well North of Canadian Pacific Ratlway
Station, Milton

Formation Description Thickness Depth

in feet in feet

Surface...... 58 58
Queenston. .. 177 235
Richmond and Lorraine.... 750 985
Utica (including Collingwood). ... 115 1,100
TIentOn. ..ovvereeisirnerernnennnn. 600 1,700

Precambrian..............c.0enoul.

A flow of gas which is supplying three families for domestic use was
struck at 1,610-1,620 feet depth.

In another well drilled in the Brandon brickyard on lot 15, concession I,
Trafalgar township, a little oil was encountered in the Trenton. There
was some difference of opinion in regard to the top of the Trenton in this
well and the oil was said to be 247 or 302 feet below the top of the formation.

According to Williams, since

“no water has been reported from the Trenton formation, it is probable that such accumula-
tions of oil and gas as occur have been produced by graVItatlon toward basin structures.
This theory is supported by the fact that the two gas-producing wells are located on struc-~
ture lower than that at the “oil well” of the Brandon brickyard. However, the wells
drilledil on lower structure to the south and west of the “oil well” produced neither gas
nor oil. .

GREY COUNTY

A small amount of oil has been found in the Trenton formation in
Collingwood and St. Vincent townships, Grey county. The oil occurs
in the Trenton formation which in this area is covered only by glacial
drift. The amount of oil secured is insignificant.

The location and depth of wells that gave a small amount of oil are
as follows, oil occurred at 80, 100, 375, 400, 450, and 500 feet.

Location Depth
Lot 26, con. VII, Collingwood tp............c..ooiiiants 600
Lot 27 con. VII Collingwood tp.......................... 400
Lot 27 con. VIII Collingwood tp. . ..o viviien e 500

Lot 25 con. VII, 'St. Vincent 270 A PN 850
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GAS FIELDS
ESSEX COUNTY

Leamangton

The Leamington or Essex County gas field is said! to have been dis-
covered through actions based on the fact that the Cincinnati arch con-
tains gas in Ohio and on the belief that the struciure crossed into Ontario.
In 1888 the Oatario Natural Gas Company put down a well on the north-
west corner lot 7, concession I, Gosfield township, and obtained a supply
of gas. A company known as the Kingsville Citizens Natural Gas Associa-
tion tried to make an arrangement with the Ontario Natural Gas Company
to supply Kingsville with gas, but negotiations failed. The Kingsville
Citizens Natural Gas Association then drilled a wall on the shore of lake
Erie in lot 3, concession I, Gosfield township, but this was a dry hole.
In the meantime, the Ontario Natural Gas Company had leased all the
land in this area and as no agresment could be reached with them by the
Kingsville Natural Gas Association, the latter obtained a permit to bore
on the public roads and drilled a well on the crossing of the Wigle road and
the 2nd concession line 70 yards northwest of the Ontario Natural Gas
Company’s well. This well was completed in 1890 and obtained gas at
a depth of 1,025 feet in what was supposed to be the Clinton limestone.
The capacity of the well was about 9,000,000 cubic feet a day and the rock
pressure 500 pounds. Gas from this well was piped to Kingsville and
Ruthven.

The third well of the Kingsville Natural Gas Association was put down
on the northeast corner of lot 4, concession 1, Gosfield township, and fin-
ished in 1891 at a depth of 1,114 feet with a flow of salt water. A fourth
well, drilled on the northwest corner lot 7, concession I, Gosfield township,
finished in December, 1891, at a depth of 1,063 feet, obtained gas at 1,030
feet with a flow of 2,231,000 cubic feet under a rock pressure of 400 pounds.

In the township of South Colchester two deep wells were put down
at Marshfield station by Hiram Walker of Walkerville. One of these,
finished in 1890 at a depth of 1,040 feet, yielded oil which was pumped
for some time and gave 6 barrels a-day. The second well, about 50 rods
east of the first, was sunk to a depth of 1,300 feet and went through 35
feet of rock salt.

In 1893 the gas wells of Essex, eight in number with a capacity of
42,000,000 cubic feet a day, were supplying Kingsville, Ruthven, and
Leamington and an 8-inch pipe line was laid to supply Sandwich, Windsor,
and Walkerville, about 35 miles distant from the wells. In 1894 the pipe
line was extended to Detroit and later also supplied Toledo. A new com-
pany,® the Natural Gas and Oil Company of Ontario, grew out of the
Ontario Natural Gas Company and by 1895 had fourteen producing. gas
wells in Gosfield and Mersea townships. At this time the gas producing
region had been exploited over a width of 2 miles from the lake northward
and 12 miles east and west. The best wells were those farthest south near
the lake, those farther north suffering from inflow of water. In 1900 the
United Gas and Oil Company of Ontario, Limited, was formed and took over

10nt. Bureau of Mines, vol. I, p. 115 (1891).
?Ont. Bureau of Mines, vol. V, p. 28 (1895).
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the Natural Gas and Oil Company of Ontario, Limited, and the Standard
Oil and Gas Company of Essex, Limited. In 1900 the output of gas, ex-
clusive of privately owned and municipally owned wells,! amounted to
about 3,000,000,000 cubic feet from fifty-two wells. Four years previous
to this the production of the field is stated to have been 25,500,000,000
cubic feet a year. This great decrease in capacity caused considerable
apprehension regarding the life of the field, and export of gas to Toledo
ceased in July, 1900, and to Detroit on December 10, 1909. At this time
the export of gas to Detroit amounted? to 1,500,000,000 cubic feet a year,
or about half of the available supply.

In 1903, after about nine years’ production, the Essex field very
suddenly ceased® to produce. There is in the field a high-pressure, water-
bearing formation below the gas and most of the wells were drilled into
this water. The result was water flooding of the gas sands and instead
of a long period of small production following flush production, the gas
flow suddenly ceased. The initial pressure of the field was about 450
pounds and the pressure when the field ceased to produce was reported
as 310 pounds.

When the gas was first found it was thought the production was from
the Clinton, but in reality the gas came from the top of the Guelph. The
stratigraphy of the field is given by the following log of Coste No. 1 well on
the northwest corner of lot 7, concession I, Gosfield township. This
was the largest well in the field, with an initial flow of 10,000,000 cubic
feet a day at a depth of 1,020 feet.

Description Thickness Depth
in feet in feet
[0y 22 = 120 120
Brown and grey, dolomitic limestone with gypsum and with white and
black flint. .o\ vttt e 380 500
Grey-blue and shaly dolomites and drab-brown dolomites with a good
deal Of EyDSUIN . ... it i e e 360 860
Dark brown dolomites and gypsum (with gypsum beds from 970-985 feet) 160 1,020
Grey-blue, crystalline, vesicular dolomite........cooiveiiviiiiinnnn.n, 11 1,031

A little gas occurred at 910 and 930 feet and a large quantity was found
at 1,020 feet.

It is difficult, in the absence of samples, to state to what formation
the rock at 120 feet in this well belongs, but it is probably Onondaga as
indicated on the geological map.4 The remainder of the well down to
1,020 feet undoubtedly is Detroit River series and Salina and the 11 feet
of grey-blue, crystalline, vesicular dolomite from 1,020 to 1,031 feet is
probably Guelph.

The structure of the Essex gas field has never been fully described.
The rock is said® to dip north at the rate of about 75 feet to the mile and
the area from which the gas was obtained was supposed to be the northern
slope of an anticlinal fold. Between Coste No. 1 well on northwest corner

1QOnt. Bureau of Mines, vol. X, p. 19 (1901).
20nt. Bureaun of Mines, vol. XI, pp. 44-5 (1902).
sHarkness, R. B.: Second (Triennial) Empire Mining and Metallurgical Congress, 1927, p. 24.

4See Geol. Surv., Canada, Map No. 1715, accompanying Mem. 111, 1919,
50nt. Bureau of Mines, vol. IX, p. 105 (1900).
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of lot 7, concession I, Gosfield township, and well No. 3 of the Ontario
Natural Gas Company, Limited, on lot 8, concession 11, Gosfield township,
in a distance of three-quarters of a mile there was found to be a difference
of 80 feet in the height of the producing horizon and Coste accounted for
this by a fault trending west-northwest and passing a little to the north
of Coste No. 1 well. The downthrow on this fault was on the north side
and whereas Coste No. 1 came in with a gas flow of 10,000,000 cubic feet
a day the well of the Ontario Natural Gas Company contained only salt
water. Another small fault west of Coste No. 1 well and at right angles
to the other fault was also described by the same author.!

The result of these structural conditions in the Essex field was that
the most desirable locations for gas were near lake Erie, whereas inland the
wells were unproductive, or at least had a short productive life speedily
becoming drowned out by salt water. Even within the best productive
territory, there were less productive or non-productive areas. This appar-
ently was due to variations in porosity, the wells that encountered the
largest porosity in the gas horizon giving the greatest gas flow, but becoming
exhausted sooner than wells drilled in less porous rock.

Several of the wells in the Essex field had initial gas flows of 5,000,000
to 10,000,000 cubic feet a day. The field is estimated? to have yielded
22,500,000,000 cubic feet exclusive of waste, which in the early stages of
development was enormous. The area that furnished the main produc-
tion did not exceed 3 square miles and even at 10 cents per thousand
cubic feet of gas, this means a value perhaps in excess of $1,000,000 per
square mile.

WELLAND COUNTY

Welland Gas Field

The Welland gas field includes parts of Humberstone, Bertie, Crow-
land, and Willoughby townships.

The first company® to bore for natural gas in Canada was the Port
Colborne Gas, Light, and Fuel Company of Port Colborne. They ecom-
menced operations in 1885. The first well was drilled near the village of
Port Colborne and had a capacity of 7,000 cubic feet a day coming from a
depth of 763 feet. The success of this well led to considerable drilling and
within the next few years a number of gas wells were completed.

The Mutual Natural Gas Company of Port Colborne, organized
in 1891, put down a well on lot 29, concession I, Humberstone township,
to a depth of 831 feet, obtaining a flow of gas of 100,000 cubic feet at 685
feet. Their second well, on lot 29, concession II, Humberstone township,
was bored to a depth of 705 feet and gas was struck at 690 feet with a yield
of 1,500,000 to 2,000,000 cubic feet a day at a pressure of 365 pounds.
This company laid the pipes in Port Colborne for the use of gas.

In 1889 the Provincial Natural Gas and Fuel Company of Ontario
was organized? by Eugene Coste and their first well was drilled on lot 35,
concession 111, Bertie township. This well had a flow of 2,050,000 cubic
feet a day from a depth of 846 feet, from the Whirlpool sandstone. Follow-
ing the completion of this well, many other wells were drilled and in two of

1Coste, B.: “Natural Gas in Ontario”; Jour, Can. Min. Inst., vol. III, p. 74 (1900).
2Qnt. Bureau of Mines, vol. XXV, pt. 1, p. 38 (1916).

30nt. Bureau of Mines, vol. I, p. 129 (1891).

40Ont. Bureau of Mines, vol. I, p. 132 (1891).
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these north and west of Sherkston (No. 20 well on lot 10, concession III,
Humberstone township, and No. 28 well 1,500 feet west and north of the
other) a small amount of oil of 44 -5 Bé. gravity was reported by Mr. Coste.
In one of these wells!, No. 20, the oil was struck at a depth of 770 feet in
the Medina sandstone.

In January, 1891, the Provincial Natural Gas and Fuel Company
began the export of gas to Buffalo. The pressure of the wells was 500 to
550 pounds and the flow per well from 300,000 to 12,500,000 cubic feet
a day, with the open flow of fifteen wells averaging 2,500,000 cubic feet.
Boring had been carried on over an area of 28 square miles, stretching 4
miles north and south and 7 miles east and west. Forty-nine wells were
drilled? in 1891, of which thirty-six were producers. At the end of 1891
there were sixty-five producing wells in the Welland area.

In 1899 an extension of the field was made into Willoughby township,
the gas being obtained in the Medina at 900 feet at a pressure of 250 to
400 pounds. At the end of 1900 there were seventy-five wells in the
Welland field attached to the pipe-line, and the capacity of the wells
amounted to 700,000,000 cubic feet a year.

The finding of natural gas led to the drilling of a number of wells by
independent producers. Caroll Bros., who were burning limestone for
lime on the lake shore in Humberstone, drilled their first well for gas to
use as fuel, in 1890.2 This well was a failure, although located within
100 yards of one sunk by the Provincial Natural Gas Company and which
yielded 5,000,000 cubic feet a day. Their second well, however, was a
success. In 1891 Caroll Bros. united with the Erie County Gas Company
of Buffalo and a pipe-line was laid down from their gas wells in Humber-
stone to Buffalo. In 1901 they had twenty wells producing gas, mostly
for fuel in burning lime.

According to Harkness? the original rock pressure of the Welland field
was 510 pounds in the Medina and 360 pounds in the Clinton. The average
pressure in 1890 was 430 pounds. By 1900 this pressure had dropped to
173 pounds with pressures as low as 125 pounds in some parts of the field.
The production declined rapidly after 1900. The export of gas ceased in
1908 when distribution was limited to Welland County consumers. The
city of Welland had been using gas since 1893 and Niagara Falls since
1904, but in 1920 the service became so poor that consumers in Welland
and Niagara Falls were forbidden to use the gas except for heating water
and cooking. The decline in pressure is illustrated by a well drilled in
1925 which gave a flow of only 25,000 cubic feet at a pressure of 65 pounds.
At this timen certain parts of the field the pressure had dropped to 20 pounds.

In the summer of 1924, according to Harkness,? the Provincial Natural
Gas and Fuel Company arranged with the Iroquois Gas Company of Buffalo

“for a supply of their gas, which is a mixture of natural gas, some coke oven gas, and a
little carburetted water gas. The B.T.U. of the mixture averages 910 and the B.T.U.
of the natural gas from the Welland field is 1,008 . . . . The two gases were introduced
into the pipe-line near Bridgeburg [now Fort Erie] and mix while travelling through the
8-inch pipe-line to Niagara Falls, a distance of about 18 miles.”

" \171\(7?!}‘;8) For maps of the gas fields of Niagara peninsula See Harkness, R. B.: Oat. Dept. of Mines, vol, XXXVII,
b 20nt. Bureau of Mines, vol. IT, p. 10 21892).
30nt. Bureau of Mines, vol. I, p. 134 (1891).
4Harkness, R. B.: Ont. Dept. of Mines, vol. XXXIV, pt. V, p. 18 (1925),
$Harkness, R, B.: Op. cit., p. 19,
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Eugene Coste! published four logs of wells of the Provincial Natural
Gas and Fuel Company which illustrate the stratigraphy of the Welland
County field. These are as follows:

Well No. 1, Lot 35, Con. II1, from Lake Erie, Bertie Township.
Elevation 618 Feet

' . L. Thickness Depth
TFormation Description in feet in feet Remarks .
Surface........... Soil. oo 2 2
Onondaga?........ Dark grey limestone................ 23 25
Salinas............ Grey and drab dolomite and black 390 415 |Fresh water
shales with gypsum. cased off at
284
Guelph and Lock-|Grey dolomites..................... 240 655 |Salt water at 548
port? feet
Rochesters. ...... Blueshales......................... 50 705
Clinton........... White crystalline limestones grey and 30 735 |A little salt wa-
shaly towards bottom ter
Red sandstone..................... 55 790
Redshale.......................... 10 800
Medina-Cataract |/Blueshale......................... 8 808
series® White sandstone................... 5 813
Blueshale......................... 20 833
White sandstone................... 13 846 |Gas at 836 feet

Well No. 14, Lot 6, Con. XV, from Niagara River, Bertie Township.
Elevation 605 Feet

Thick- Depth
Formation? Description ness in in Remarks
feet feet
(0] 11 38 38
.|Dolomites, grey and drab, black
shale, and gypsum.............. 300 338
Guelph and Lockport...|[Grey dolomites................... 230 568 Sal'}:ov;ater at
- 470 feet
Rochester.............. Blueshales................c....... 60 628
Clinton................. White and grey limestones........ 32 660
Red sandstone.................... 83 743 |A little gas
Medina-Cataract....... Blueshale........................ 15 758
White sandstone (Whirlpool)...... 16 774
Queenston.............. Red shales............c..v.... .. 850 1,624
orraifne................ Blue shales with lime shells.. 730 2,354
Utica.......ooevvvvn.t Black shales................. PR P P
Trenton................ White and grey limestones........ 685 3,210
‘“‘Basal arkose'’. .|Yellowish sandstone....... .. 45 3,255 [A little salt
Precambrian.... .|Mica schist.................. .. 2 3,257 water

1Coste, Eugene: *‘Natural Gas in Ontario’’; Jour. Can. Min. Inst., vol. 11T, pp. 75-77 (1900).

2Called Corniferous by Coste. 3The Salina was originally called Onondaga. ¢Called Niagara. fCalled Nia-
gara shales by Coste. ®Medina-Cataract here includes Thorold, Grimsby, Cabot Head, Manitoulin, and Whirlpool.

See M. Y. Williams: Geol. Surv., Canada, Mem. 111, Fig. 4.
(The White sandstone 833-846 is the white Medina of drillers and is the Whirlpool sandstone.)
7The formation names are by the author.
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.Well No. 22, Point Albino, Bertie Township. Elevation 580 Feet

Thick- Depth
Formation Description ness in in Remarks
feet feet
Surface................. Sand........oiiii 10 10
Onondaga............... Grey limestones with flint........ 82 92
Saling.................. Grey and drab limestones, blue
shales, and gypsum............. 388 480
Guelph and Lockport...|Grey dolomites.................., 235 715
Gas in large quantity at 500, 530,
and 580 feet. Salt water at 600
and 630 feet
Rochester.............. Blue shales....................... 55 770
Clinton................. White limestones s 30 800
Red sandstone............ . 80 830
Medina-Cataract....... Blueshale........................ 13 893
White sandstone (Whirlpool)...... 17 910 !Gas at 902 fect

Well No. 61, Lot 2, Con. IV, Willoughby Township. Elevation 610 Feet

Thick- Depth
Formation Description ness in in Remarks
feet feet,
Surface................. Clay. .o 18 18
Salina.................. Dolomite and shales with gypsum 202 220
Guelph and T.ockport...|Grey dolomites................... 220 440 |[Salt water at 330
Rochester.............. Blue shales................. . 50 490 feet
Clinton................. White limestones....... .. .. .. 30 5°0 |A little gas at
[ Red sandstone and shales. . 73 593 495 feet and a
Medina-Cataract..... ./|White sandstone.......... . 10 603 little salt wa-
Blue shale........ e . 12 615 ter
White sandstone (Whirlpool) 18 633
Queenston.............. Red shales........................ 830 1,463
Lorraine.... ........... Blueshales...... ................ 717 2,180
Utiea. ..oovevvinn ., Black shales...................... 160 2,340
Trenton................ White and grey limestones. . - 670 3,010 |Gas at 2,940 feet
Basall arkose........... Grey, coarse sandstone. ..... . 19 3,029 1,000 pounds
Precambrian............ Whitequartz..................... 1 3,030 rock pressure

1Basal arkose called calciferous by Coste.

According to Coste

“These four wells are almost on a north and south line across the field in the following
order from north to south: No. 61, No. 14, No. 1, and No. 22 and the distance between
the two extreme wells north and south is 10 miles. We may point out from the above
logs and from the records of the other wells now drilled in the field, to the number of 142,
the following features:

(1) The strata dip to the south and southeast uniformly at the rate of about 35 feet
to the mile, except for a small synclinal (about 1 mile wide and 30 feet deep) the axis of
which is about 1 mile north of No. 22 well at point Albino.

(2) Salt water was struck in every well in large quantities towards the middle of the
Guelph and (Lockport) Niagara formation. A little salt water is also found in the Clinton,
in the White Medina (Whirlpool) gas rock and in the Calciferous (basal arkose) at No. 14,
but in none of these formations below the Guelph and Niagara (Lockport) is there any-
thing like a continuous body of salt water, which on the contrary lies there in disconnected
small bodies of water.

(3) Besides being found in the strata indicated in the above logs gas was also found
in some other wells in large quantity, 5 feet in Clinton limestone, 10 feet in the red Medina
(Grimsby) sandstone, and in the upper white sandstone of the Medina. Some amber-green
colour oil of a gravity of 42} degrees baumé was also found in the last few feet of the lower
white Medina (Whirlpool) sandstone at wells Nos. 20, 28, and 62. The gas in that sand-
stone is fgeneml’l,y found 3 feet in from the top of it, but often also another vein is found
9 to 10 feet in.

3449r—6
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According to Harkness! “The capacity of the wells appears to bear a
greater relation to the character of the rock than to its attitude.” In
the Welland field “There is one marked fold running slightly east of north
through point Albino.” This fold, as well as another undulation which
obliquely crosses Welland canal in the second concession of Humberstone,
was described by YLogan,? who concluded that the course of both was
probably about southwest. These undulations seemed to have had little
effect on the distribution of the gas, but since the Clinton and Whirlpool,
the two main productive gas horizons, thin to the west and north, the most
productive wells® were found along the margin of lake Erie where these
formations are best developed.

The production of the Welland field to 1927 amounted, according to
Harkness, to 37,000,000,000 cubic feet from more than 1,000 wells.

Winger Field

The Winger field,* in Wainfleet township, Welland county, was opened
up in 1903. The field, as developed, comprised concessions IV and V
between lots 25 and 81 and was outlined by dry holes, proving it to be a
pool unconnected with other fields. The gas from this field was first used
in 1January, 1904, when it was turned into the gas mains of the Welland
field.

The stratigraphy of the field is praccically the same as the Welland
field and is illustrated by the log of the following well on lot 31, concession
V, Wainfleet township.

. s Thickness Depth

Formation Description in foet in foot
10477 RN 144 144
Saling..ocoeniiiiiinenninias Limestone and shale.................... 171 315
Guelph and Lockport.......... Grey dolomite..................cco.uunn 160 475
Rochester.....coovvnvven.... Blue shales. ..... 45 520
Clinton.....cocvvvevivinninan. White limestone. 35 555
Red sandstone.. 60 615
Medina-Cataract............. Greyshales........cooovvin o, 25 640
White sandstone (Whirlpool)............ 22 662

“Gas found at 640 feet in the white Medina (Whirlpool) sandstone,
with 12 feet of gas sand, and at a rock pressure of 260 pounds.”

This field was developed by the Provincial Natural Gas and Fuel
Company and the Niagara Peninsula Power and Gas Company who
piped the gas to St. Catharines. There is about the same regional dip
in the Winger field as in the Welland field, i.e., about 35 feet to the mile
to the south and southeast.

1Harkness, R. B.: Second (Triennial) Empire Mmmg and Metallurgical Congress, Canada, 1927, p. 29.
2Logan, Sir William: * Geology of Canada, 1863,"" p. 521.

3Harkness, R. B.: Second (Triennial) Emplre Mmmg and Metallurgical Congress, Canada, 1927, p. 28.
4Ont. Bureau of Mmes, vol. X1V, p. 104 (1905).
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HALDIMAND COUNTY
Haldimand County Gas Freld

The Haldimand County gas field is very extensive and consists of a
number of fields more or less surrounded by unproductive territory. The
field includes wells in Walpole, Rainham, Cayuga North, Cayuga South,
Dunn, Moulton, Canborough, Seneca, and Oneida townships, Haldimand
county, and extends northeast into Gainsborough and Caistor townships
in Lincoln, Binbrook, and Glanford townships, Wentworth county, and
westward into Brant county where the Onondaga oil field oceurs.

The regional dip in the field is to the south and between Caledonia
and Duannville is reported! to be 700 feet. Within this field there are a
number of gentle folds. The Attercliffe field, about 5 miles northeast of
Dunnville in the north part of Moulton and Canborough townships, is an
anticline in the gas sand in the Whirlpool sandstone with a closure of 60
to 65 feet in an east-west direction. Another fold, of minor extent, is
present in Seneca township and continues north into Binbrook towaship,
Wentworth county. These folds seem to have had little influence on the
1;;rogiuction of gas, which rather depends on porosity within the productive

orizon.

In the Haldimand gas area threz horizons, namely the Clinton, the
Red Medina (Grimsby) sandstone, and the White Medina (Whirlpool)
sandstone, have proved productive of gas. The White Medina yielded
some oil in the Onondaga field, Brant county.

The development of the Haldimand field dates from 1891 when the
Dunnville Natural Gas Company was organized and the contract let for
drilling a well at the eastern end of the village.2 This well yielded, when
finished, a small flow of gas from the Clinton at 612 feet and a larger flow
from the Whirlpool sandstone between 740 and 752 feet. The total flow
of the well was 150,000 to 200,000 cubic feet a day at a rock pressure of
375 pounds. Following the success of the first well, two others were at
once put down and gas in about the same quancity as in the first was found
in each. In the autumn of 1891 a well was also put down in the vicinity
of Cayuga. Gas was found in the Clinton, in the Red Medina (Grimsby)
sandstone, and the White Medina (Whirlpool) sandstone. The top of the
Queenston was encountered in this well at 680 feet and the well was finished
at 710 feet in depth with an estimated flow of 210,000 cubic feet a day.

Caledonia, Haldimand county, was supplied with gas in 1892, a number
of wells being drilled in the vicinity of the town. In the course of drilling
for gas the gypsum' which later was mined, was discovered.? The gas at
Caledonia was encountered at a depth of 400 to 500 feet at an original
rock pressure of about 190 pounds. The gas is obtained in the Clinton
formation.

Further drilling in Haldimand county led to the discovery of a number
of fields more or less surrounded by unproductive areas. The Attercliffe
field about 5 miles northeast of Dunnville was developed by the Citizens
Natural Gas Company of Dunnville and the Dominion Natural Gas Com-
pany. The stratigraphy of this field is illustrated by the following log.*

1Clapp, F. G.: Mines Branch, Dept. of Mines, Pub. 281, 1915, p. 143.
2Qnt. Bureau of Mines, p. 137 (1891).

30nt. Bureau of Mines, vol. IV, p. 252 (1884).

4Corkill, E. T.: Ont. Bureau of Mines, vol. XIV, pt. 1, p. 105 (1905).

34496—6}
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Formation : Description Thickness Depth

in feet in feet
[ L £ S O 56 56
Salina...............coooii Limestone, shale, and gypsum........... 290 346
Guelph and Lockport.......... Grey dolomite.......................... 140 506
Rochester...... e Blue shale................. . 40 546
Clinton..............covvueanen Dolomite and grey shale... 33 579
Red sandstone............. . 40 619
Medina-Cataract............. Greyshales............................. 30 649
White sandstone (Whirlpool)............ 20 669
Queenston..................... Redshales...........covvivniiiiinnn... 20 725

Gas was found in the White Medma (Whirlpool) at 665 feet, having
a flow of 72,000 feet a day.

The initial flow of the wells in the Attercliffe field was only a few
thousand up to 100,000 cubic feet a day, except in the case of one well
which flowed as much as 1,000,000 cubic feet.

Another field! was developed in Rainham and Walpole townships
and is known as the Selkirk field. It extends along the lake shore for about
20 miles and back from the shore for 2 or 3 miles, extending north into
Cayuga township at the east end. The productive strata reach south
b}fneath the lake and wells have been sunk in the shallow water along the
shore.

The gas is found in the White Medina (Whirlpool sandstone), the
Clinton and the Red Medina (Grimsby) sandstone, the latter being the
main productive horizon. As in the Attercliffe field structure does not
seem to play a very important part in the distribution of gas, which de-
pends, rather, on the porosity of the productive horizon. Dry holes occur
in territory that would be expected to be productive. The depth of the
productive gas horizon in the Selkirk field is 785 to 900 feet, dependent on
loeation. The production of the wells varies from 100,000 to 1,000,000
cubic feet a day. The Selkirk field, as finally developed, included wells
in Walpole, Canborough, Rainham, Cayuga South townships, Haldimand
county, and Woodhouse township in Norfolk county.

The northern part of the gas area, partly in Haldimand but also in-
cluding areas in Wentworth and Lincoln counties, has been called the
Blackheath field. The stratigraphy of the field is illustrated by the follow-
ing log from a well in Binbrook township, Wentworth county.

Formation Description Thickness Depth

in feet in feet
[ 1FD o 721 [ 54 54
Salina......................... Limestone, €tC........oovveiio .. 194 248
Guelph and Lockport.......... Limestone............0000 ccceuenenan.. 60 308
Rochester.............c...oen Shale...o.coiiiiii it 18 326
Clinton..............coovvuune Limestone....... . .. 20 346
Red sandstone - 34 330

Medina-Cataract............. Shale....o.oovvieiiiain .. 48 428
White sandstone (Whirlpool)............ 22 450
Queenston................. .- Redshale.....cooeoiiininnniianen. .. 50 500

1Malcolm, W.: Geol. Surv., Canada, Mem. 81, p. 68 (1915).
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A little gas was found in the Clinton at 334 feet and a little gas in the
Red Medina at 361 feet. The main flow of gas of 190,000 cubic feet a day
occurred in the White Medina (Whirlpool) sandstone at 438 feet. The
initial rock pressure was 160 pounds.

Gas from the Haldimand field was transported by pipe-line to Dundag
and Hamilton, as well as to centres of population within the field, such as
Dunnville, ete.

ELGIN COUNTY
Bayham

The Bayham gas field in Bayham township, Elgin county, was dis-
covered about 1910. The gas was found over an area having a frontage
on lake Erie of about 1% miles and lying in concessions I, II, and III, on
both sides of Big Otter creek. The area of the field is about 5 square miles,
The surface formation in this area has been mapped as Delaware limestone.!
According to Stauffer?, at certain places in Ontario the Marcellus black
shale occurs between “the Onondaga and the usual basal limestone of the
Hamilton” that is, in the position of the Delaware. The same author
reports that “in the vicinity of Port Burwell and to the westward it (Mar-
cellus shale) lies immediately under the drift and cons1sts of 10 to 30 feet
of black shale overlying the Onondaga limestone.” The log of a well
drilled one mile west of Port Burwell is interpreted by Stauffer as follows:?

Formation Description Thickness Depth

in feet in feet
Surface................ooa Drift material. ......................... 287 287
Delaware..................... Black shale............................. 30 317
Onondaga and probably a por-|Cherty limestone reported as flint...... 280 597

tion of the Cayugan series
Cayugan. .. ........coovveenenn. Limestone and shale.................... 490 1,087
Niagara....................... Limestone..........cc.oiieiiinainn.. 270 1,357
Rochester..................... Darkshale............................. 60 1,417
Clinton........................ Shale and limestone..................... 26 1,443
Meding........oooveveieanannn. Red and blue, arenaceous shales includ- 112 1,555
ing a thin layer of white sandstone

KENT COUNTY
Kent

. The Kent gas field, also called the Tilbury field, lies south of Tilbury

oil field and is mainly in Tilbury East township, but extends into the
adjacent townships of Romney and Raleigh. According to Harkness*
“the field is rudely triangular in shape with its base extending 9 miles along
the shore of lake Erie and its apex situated 7 miles inland.” The Kent
gas field was discovered in 1906 while drilling for oil. Its area as developed
by 1910 consisted of 34:6 square miles’ and extended under the lake.
The stratigraphy of the field is shown by the following log of a well in the
southeast corner of lot 6, concession IX, Tilbury East township, Kent county.

18ee Geol. Surv., Canada, Map 1715.

28tauffer, C. R.: Geol. Surv Canada, Mem. 34 (1915).

3Stauffer, C. R.: Op. cit., pp. '107-8

4Ha.rkness R. B.: Second (Tnenmal) Empire Mining and Metallurgical Congress, Canada 1927, p. 26.
sOnt. Bureau of Mmes vol. XIX, pt. I, p. 149 (1910).
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Formation Description Thickness Depth

in feet in feet

Surface....oeeeniiininnennn.. Drift. .o e 128 128
Blue shale (upper s0ap)..........oevuenn. 37 165

Hamilton.......oocovuennen.s Middle lime (Widder beds) . 10 175
Blue shale (lower soap).................. 67 242
Delaware and Onondaga....... Limestone. cu.vuvveree e sieanneannn 158 400

Saling...ereereiieeiianaannnss Grey, drab, brown, and blue dolomites

with gypsum and flint................. 1,020 1,420
Guelph...oovviiiiiiiiiiiae Blue-white, dolomitic limestone......... 9 1,429

Gas at 1,250, 1,362, 1,370, 1,376, 1,382 feet.

Oil at 1,392 to 1,400 feet and at 1,416 feet in the Salina and at 1,426
feet in the Guelph.

According to Harkness, there are, in this field, two to four producing
horizons, but the thickness is extremely variable. In some of the wells
a little gas is found in the sand and gravel at the bottom of the drift. Also,
some gas is commonly encountered in the top of the Corniferous (Delaware
and Onondaga). As shown in the log given above, gas occurs at a number
of horizons in the Salina and in the Guelph. Below the gas horizon of
the Guelph is a water horizon.

The best wells in the field were found close to lake Erie, the wells in
some instances giving an initial flow of from 3,000,000 to 10,000,000 cubic
feet a day.

Up to the end of 1927 the Kent gas field had produced® 135,687,-
150,000 cubic feet. This does not include the leakage for the first fifteen
years, a waste that, according to Harkness, amounted to 20,000,000,000
cubic feet. The rock pressure of the field was originally 750 pounds,
in 1927 it had declined to 300 pounds. The Kent gas field is still a very
important gas-producing area.

NORFOLK COUNTY

Middleton

In 1923 the Dominion Natural Gas Company opened up a new gas
field at Delhi, Middleton township, Norfolk county. The stratigraphy of
the field is illustrated by the following log? of well No. 111, Dominion
Natural Gas Company, on lot 16, concession II, Middleton South township.

. Thickness Depth

Formation in feet in feet
0N YT RN 245 245
[ e) e U 220 465
BErtie-AKTOm. ot ittt e ey 75 540
7Y 1V Y 395 935
Guelph and Lockport . 250 1,185
Rochester .. e .. 50 1,235
Clinton....... ces Lo . .. 10 1,245
Grimsby .. 15 1,260
Cabot Head 5 1,265

1Harkness, R. B.: Second (Triennial) Empire Mining and Metallurgical Congress, Canada, 1927, p. 26.
20nt. Dept. of Mines, vol. XXXIV, pt. V, p. 56 (1925).
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Gas at 1,253 feet with an open flow of 600,000 cubic feet. Rock pres-
sure 640 pounds.

The gas in this area comes from the Clinton formation.

Simcoe or Port Dover

The Simcoe or Port Dover area centres around the town of Simcoe
and south to Port Dover in Woodhouse township, but extends west to
Port Ryerse in Charlotteville township.

The stratigraphy of the field is shown by the following log! of a well
by the Dominion Natural Gas Company in lot 8, concession IT, Woodhouse
township.

Driller’s description Thickness Depth
in feet in feet

28 28
57 85
395 580
305 885
41 926
48 974
60 1,034
12 1,046
15 1,061

Gas found at 942 to 962 feet.

The top formation in this area, according to geological Map No. 1715,
is Delaware limestone. It is impossible, however, to state what thickness
belongs to the Delaware and Onondagalimestone and what thicknessbelongs
to the underlying Salina formation. The “Niagara’ is the Guelph and
Lockport. The underlying shale is the Rochester shale. The shale beneath
the Clinton presumably includes the Red Medina (Grimsby) sandstone,
since this is known? from well records to extend as far west as Port Burwell.
The red shale below the White Medina or Whirlpool sandstone is presum-
ably Queenston red shale.

Gas is found in this area in the Clinton, the Red Medina (Grimsby),
and in the White Medina (Whirlpool) sandstone. The depth of the
Clinton is reported?® to range from 500 to 1,200 feet, with an average of
approximately 960 feet, with the Red Medina and White Medina, respec-
tively, about 30 and 130 feet deeper. In thickness the Clinton is reported
to be 25 to 35 feet, the Red Medina 30 to 40 feet, and the White Medina
10 to 30 feet. The original rock pressure was 475 pounds for the Clinton,
500 pounds for the Red Medina, and 700 pounds for the White Medina.
The Red Medina is said to have been the most productive.

10nt, Bureau of Mines, vol. XXIV, pt. II, p. 61 (1915).
2Williams, M. Y.: Geol. Surv., Canada, Mem. 111, p. 40 (1919).
3Clapp, F. G.: Mines Branch, Dept. of Mines, Ottawa, Pub. 291, p. 197 (1915),
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Port Rowan

This field includes wells at Port Rowan and in Walsingham township.
The stratigraphy is represented by the following log! of the Dominion
Natural Gas Company on lot 8, concession A, Walsingham South township.

Driller’s log Thickness Depth

in feet in feet
BUT aCe. . . e e e 315 315
Lime—probably Onondaga. ... i 175 490
Flint.................... 110 600
Sharpsand.............. probably Salina.. .......................... 45 645
Lime and shale.......... 355 1,000
Niagara lime. ... ... e 255 1,255
Rochester shale........... ... i 69 1,324
[0 5117 20 1,344
Red Medina. ..ot e 50 1,394
Grey shale.... ... ..o e e 64 1,458
White Medina (Whirlpool).........cvriiiii it 8 1,466
Red shale (Queenston)..........o.vutiiiir e it iieianeianeann 2 1,468

The gas in this area is presumed to come from the Clinton formation.
One well 1n the village of Port Rowan is reported? to have had an initial
flow of 550,000 cubic feet.

PEEL COUNTY

Caledon
According to Harkness?

“one mile north of the village of Inglewood, in Caledon township, Peel county, there
are three gas wells. The gas in these wells contains eight-tenths of one per cent helium.
These are the only gas wells in the British Empire from which helium may be obtained in
commercial quantities with our present knowledge and technique . . . . The gas in
the Inglewood field is more suitable for helium extraction than most natural gases, on
account of the very small quantity of ethane and higher hydro-carbons in it. The open
flow of the three wells now capable of producing natural gas is 385,000 cubic feet per day
and the rock pressure is about 50 pounds. The gas is found in the Dundas (Lorraine)
shales of Ordovician age at from 400 to 600 feet below the surface. There does not appear
to be any particular underground structure that would tend to form a point of accumnla~
tion. It is presumed that bands of crystalline limestone or sandy shale form the reservoir,
such limestone and sandy shales being known to exist in this formation . . . . There
have been only four wells drilled (1926) in this gas field at Inglewood all of which were
producers, but of these one has since been abandoned on account of an accident to the
casing which allowed water to flood the gas horizon.”

Since this was written by Harkness, a well was drilled to test the field
and if possible supply gas for research work which was to have been done
by the University of Toronto in co-operation with the Research Council.
Unfortunately, the new well when drilled gave such a small flow of gas
under such low pressure that it was not deemed advisable to proceed with
the research work as originally planned.

10nt. Dept. of Mines, vol. XXXV, pt. V, p. 41 (1926).
2Clapp, F. G.: Mines Branch, Dept. of Mines, Ottawa, Pub. 291, p. 200 (1815).
sHarkness, R. B.: Ont. Dept of Mines, vol. XXXV, pt. V, p. 10 (1926).
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BRUCE COUNTY
Hepworth

The Hepworth gas field in Bruce county was discovered in 1900.
Gas occurs here in the Trenton formation.

The stratigraphy of the field is illustrated by the following log of the
well of the Grey and Bruce Oil and Gas Company, Limited, lot 1, concession
X, Amabel tp.

Formation Thickness Depth

in feet in feet

1 4 4
Niagara and Clinton.. 2. ... . . i e e 191 195
Medina, Lorraine, and Utlea............ ..o, 750 945
Trenton, Black River, etc....... ...t 625 1,570
Basal arkose (Sandstone)......... ...ttt i e 30 1,600
(3 151 =T G to 1,650

Gas at 1,405 feet.

The Trenton is indistinguishable from Black River in well samples, so
that the age of the gas horizon is not definitely known.

The structure of this gas-producing area is unknown.! Two gas wells
only are producing, the yearly production? for 1927 amounting to about
650,000 cubic feet.

SIMCOE COUNTY
Collingwood

In the town of Collingwood, Simcoe county, four wells® were sunk
during 1887 and 1888 and although small flows of gas were encountered
the supplies were not of commercial importance.

About 1902 there was a renewal* of operations in the Collingwood
area and sufficient gas was obtained to light some dwellings and drive the
machinery in a few industrial establishments.

The log of the following well belonging to Mr. William Carmichael,
on Campbell street, Collingwood, illustrates the stratigraphy.

Formation Thickness Depth

in feet in feet

FS ¥ €21 33 33
Trenton limestone penetrated.................oiiiiiiiiiiii i, 268 301

10nt. Bureau of Mines, vol, I, p. 109 (1906).

20nt. Dept. of Mines, vol. XXXVI, pt. IV, p. 12 (1927).

sBrumell, H. P. H.: Geol. Surv., Canada, Ann. Rept., vol. V, pt. I, pt. Q, pp. 26-27 (1893).
¢Bell, Robert: Geol. Surv., Canada, Ann. Rept., vol. XV, pt. A, p. 272 (1907).
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First gas at 135 feet, second at 165 feet, third at 237 feet, and fourth
at 288 feet. Pressure 20 to 30 pounds.

The greatest number of wells producing gas were found along a north-
east and southwest belt which passes through the town. In 1901

“three wells were put down on the high ground west of the Niagara or Blue Mountain
escarpment . . . to test the Trenton and other rocks there for gas, the heavy capping lead-
ing the drillers to suppose that the conditions were more favourable for an increased flow
than in the valley to the south. One of these wells yielded a trace of gas, but the two
others gave neither gas nor oil.”

SURFACE GAS
According to Harkness!

“an astonishing quantity of gas occurs in the thick mantle of glacial drift which covers
southwestern Ontario, and wells with a capacity of 3,000,000 cubic feet a day have been
drilled. Seven wells west of Ridgetown (Howard township, Kent county) delivered during
the two winters of 1925 and 1926 about 106, 681,000 cubic feet of gas to the town of Ridge-
town. Other important occurrences are at Sarnia in Lambton county and at Beeton in
the southern part of Simcoe county. The life time of these surface wells is, in many cases,
as much as fifty years.”

The gas oceurs in sand underlying glacial clay.

1Harkness, R. B.: Second (Triennial) Empire Mining and Metallurgical Congress, Canada, 1927, p. 31.
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CHAPTER V

RELATION OF OIL AND GAS PRODUCTION TO THE
STRATIGRAPHY OF THE SOUTHERN
ONTARIO FIELDS

The following summary shows the productive oil and gas horizons
in the southwestern peninsula of Ontario.

LavsToN COUNTY

01l Springs. Small amount of oil 7 to 11 feet below the top of the
Delaware limestone. Main flow of oil about 130 feet below the top of the
Delaware limestone, that is, approximately 60 feet in the Onondaga lime-
stone. (Note: Delaware supposed to be 70 feet thick in this field.) Gas
15 to 135 feet below the top of the Guelph formation.

Petrolia. Oil 118 to 127 feet below the top of the Delaware limestone,
or 68 to 77 feet below the top of the Onondaga formation. (Note: Delaware
supposed to be 50 feet thick in this field.)

Moore. Oil 57 to 83 feet below top of the Delaware limestone.
Plympton. Oil 100 feet below top of the Delaware limestone.

Sarnia. Oil 43 feet below top of the Delaware limestone.

Euphemia. Oil 100 feet below top of the Delaware limestone.

Dawn (Florence). Oil 82-89 feet below top of the Delaware limestone.
Dawn Gas Area. Gas in top of the Guelph formation.

Brooke. Oil 60 feet below the top of the Delaware limestone.

Kent CoUNTY
Bothwell. 0il 142-155 feet below top of the Delaware limestone.

Tilbury (Fleicher ). Gas in the bottom of the Salina formation and oil
in the base of the Salina and upper 6 feet of the Guelph formation.

Tilbury (Glenwood). Gas and oil at same horizons as in the Fletcher
pool.
Romney. Oil from crevices in the Delaware limestone.

Raleigh. Oil from 124 feet below the top of the Delaware.
Kipp. About same as Raleigh field.

Dover West. Gas and oil 282 feet and oil 400 feet below the top of the
Trenton formation.

Kent Gas Field. Gas in small amount at top of Delaware limestone.
Main flow from several horizons in Salina and top of Guelph formation.

MipprLesex CouNTy
Mosa. Oil in the upper 20 feet of the Delaware limestone.

Evrcin County
Dutton. Oil about 160 feet balow top of the Delaware,



84

Essex County
Leamington or Mersea. Oil probably on top of the Guelph formation.
Belle River. Oil in the Onondaga formation under the drift.

PreLEr Istanp. Oil in the bottom of the Salina.

Brant County

Brantford. Gas in the Clinton and Whirlpool formations and a small
amount in the top of the Trenton limestones.

Onondaga. Oil in the Whirlpool sandstone.

MantrourLiN Istanp. Oil about 10 feet below the top of the Trenton form-
ation.

Havron County
Milton. A little gas 500 feet in the Trenton.

PeeL County
Caledon. Small amount of gas in the Dundas formation.

Bruce County
Hepworth. Gas at 460 feet in the Trenton formation.

Essex County. Gas from the top of the Guelph and small amount from
the base of the Salina formations.

WeLLaND CoUNTY

Port Colborne. Gas in the Clinton and Red Medina (Grimsby). Oil in
small amounts in the Whirlpool sandstone.

Winger. Gas in the Whirlpool sandstone.

Harpmano County
Attercliff and Selkirk. Gas in the Clinton, Grimsby, and Whirlpool
formations.

Erein County
Bayham. Gas in the Clinton formation.

NorrorLk CoOUNTY

Middleton. Gas in the Red Medina (Grimsby) sandstone.

Simcoe (Port Dover ). Gas in the Clinton, Red Medina (Grimsby),
and Whirlpool formations.

Port Rowan. Gas in the Clinton formation.

Smmcor CouNTy
Collingwood. Gas 100 to 250 feet in the Trenton formation.

In the above summary the oil occurrences in the Devonian are showa
with reference to the top of the Delaware limestone, because it is impos-
sible in well samples to separate the Delaware limestone from the under-
lying Onondaga limestone, There is very little doubt, however, that the
Onondaga rather than the Delaware has yielded the greater part of the oil.
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In the early days'it was customary to include in the Hamilton forma-
tion all beds overlying the Onondaga. Stauffer!, however, separated the
“bottom limestone” formerly included in the Hamilton and called it the
Delaware limestone. The reasons for this separation are given as follows:

“Near Selkirk there are occasional developments of Marcellus shale which intervene
between the Onondaga and the usual basal limestone of the Hamilton. This calcareous,
brown, shaly mass is often thin and soon gives place to limestone, but it carries . . . .
Marcellus fossils . . . . which render its Marcellus age rather certain. In the vicinity
of Port Burwell and to the westward it lies immediately under the drift and consists of
10 to 30 feet of black shale overlying the Onondaga limestone . . . . Usually the shale
of this horizon grades into the overlying limestone or is interbedded with it. In such
cases it becomes impossible to separate the two. In addition to the Marcellus forms
included in this brown shale and associated brown to bluish limestone, there are numerous
others which are identical with, or near relatives to, certain Onondaga fossil forms of the
same locality. It is evident that conditions similar to those which obtained during the
deposition of the Onondaga limestone were restored after the first invasion of the Marcellus
had subsided, and that many of the Onondaga forms which had withstood the interrup-
tion resumed their old habitats with few if any important anatomical changes . . . . The in-
troduction of new forms, wholly foreign to the Onondaga and identical with those occur-
ring in the Marcellus and Hamilton deposits of other regions, is the important event and
the one which should be regarded as determining the age. The residue of the Onondaga
fauna is a diminishing quantity as the later and later Marcellus and eventually the Hamilton
beds have been deposited, and thus it is clear that the history of the fauna as a unit had
terminated with the change incident to the beginning of the Marcellus. The “bottom
limestone’” of the Hamilton is thus certainly distinet from the Onondaga and measurably
so from the Hamilton. It is identical, both lithologieally and faunally, with the Delaware
limestone of Ohio and may thus be designated by the same name.”

It has been stated by Howard? that “fully 95 per cent of the known
limestone reservoirs are those in which the porosity has been developed
below former erosion surfaces.” It is thought that porosity may develop
in limestone as a result of solution or leaching during a period of erosion
and that the porous horizons so developed are confined within the depth
of ground water penetration. According to Murray and Love? organic
acids may act as solvents for limestone. It is thought that

“‘solutions containing acids and carbon dioxide may percolate downward through limestone
and that the solvent action of these solutions is carried on from the surface of the earth to
the water table. At the latter depth the solutions in contact with carbonates become
alkaline and reactions between them and the limestone probably cease. Not only do the
solutions carry carbon dioxide into the rock, but carbon dioxide is generated within the
rock itself and this carbon dioxide being in intimate contact with the rock may well exert
more effective action than atmospheric carbon dioxide which has been carried down by
rain.”

Howard applied this theory to the formation of porosity in the lime-
stones of the Ontario fields. He states® that “in Ontario the Onondaga
limestone is locally a reservoir rock. It is overlain unconformably by the
Delaware limestone. Where post-Marcellus erosion removed the shale
completely and attacked the limestone it is porous. Where the shale is
present the limestone is not porous.” Some modification of this statement
by Howard seems necessary to bring it in accord with the Devonian strati-
graphy as described by Stauffer.® There seems to be no evidence to show
that the Onondaga of the Ontario oil fields was once covered by shale
which was removed before a further deposition of limestone occurred. In

18tauffer, C. R.: Geol. Surv., Canada, Mem. 34, p. 8 (1915).

2Howard, W. V.: Am. Ass. of Pet. Geol., vol. 12, No. 12, p. 1155 (1928).

3Murray, A. N,, and Love, W. W.: Am. Ass. of Pet. Gecl., vol. 13, No. 11, p. 1467 (1929).
‘Howard, W. V.: Am. Pet. Inst. Research Project No. 23.

5Stauffer, C. R.: Geol. Surv., Canada, Mem. 34 (1915).
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fact Stauffer states that ‘“‘usually the shale of this horizon (Marcellus)
grades into the overlying limestone or is interbedded with it.”” It would
be concluded from Stauffer’s! decription of the stratigraphy that the
Marcellus and Delaware are but two facies of the same period of sedimen-
tation, in fact he states that ““it is evident from muech of the fauna that
this formation [Delaware] was, in part at least, contemporaneous with the
Marcellus beds of New York” (See interpretation of Port Burwell well,
page 77) and that “the change to western conditions is apparently indi-
cated in the Marcellus beds of western New York where the basal shale
becomes more calcareous.” In Ontario the shale becomes replaced by
limestone which has been called Delaware. This is evident from Stauffer’s
description? of the limestone in the quarries at St. Marys concerning
which he states “The outerop at St. Marys has usually been classed with
the Onondaga limestone, but the upper layers contain a preponderance of
species which belong to a later formation. These latter show them to be
of the same age as those beds from which the Marcellus shale fossils have
been collected.” It is thus obvious that there is no break or erosion
interval between the Marcellus and Delaware as stated by Howard, but
the break, if any, came with “the change incident to the beginning of the
Marcellus.” Stauffer describes® the contact between the Onondaga and
Delaware as rough and uneven and at Benmiller in Huron county the
bottom of the Delaware shows a stylolitic surface. It has been shown?
that stylolites are evidence of solution in a hardened rock and hence it
is possible that the “rough and uneven” contact may be formed in the
same way, in fact Stauffer® regards the Delaware as ‘““transitional in char-
acter and fauna’ between the Onondaga and the Hamilton. It thus seems
evident that there was continuous sedimentation in Ontario from the
Onondaga to the Hamilton and the porosity of the Onondaga could not
have developed as the result of solution by ground water during a period
of erosion. Production of oil apparently was found in both the Delaware
and Onondaga limestone, although as stated previously it is very difficult
and in most cases impossible to separate these two formations in well
samples. The thickness of both the Delaware and Onondaga is variable
and hence as a wide variation exists in the various oil fields in the position
of the productive horizon in reference to the top of the Delaware lime-
stone, it is impossible to tell whether the oil occurs in one or in several
horizons., In these circumstances it has been found impossible to develop
any theory in regard to the origin of the porosity.

Some oil and gas production has been secured from the base of the
Salina and the top of the Guelph formation. Grabau thinks® that certain
parts of the Salina were derived from the erosion of the Niagara beds and
Williams” states that the Camillus shale, the lowest member of the Salina
“rests unconformably on the Guelph dolomite.” It is, therefore, possible
that the upper part of the Guelph was rendered porous as a result of erosion
and that the Salina, which was later deposited on this surface, provided
the source materials that yielded oil and gas.

1Stauffer, €. R.: op. cit., p. 137.

2Stauffer, C. R.: Op. cit., p. 119.

3Stanffer, C. R.: Op. cit., p. 120, p. 122, p. 132, ete.

4Stockdale, P. B.: “‘Stylolites, Their Nature and Origin''; Indiana Univ. Studies No. 55, vol. IX (1922).
§Stauffer, C. R.: Op. cit., p. 214

sGrabau, A. W.: Geol. Soc. of Am., vol. XXIV, p. 498 (1913).
"Williams, M. Y.: Geol. Surv., Canada, Mem. 111, p. 83 (1919).
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The Clinton, Grimsby (Red Medina), and Whirlpool (White Medina)
formations have yielded large supplies of gas in Niagara peninsula and some
oil has been produced from the Whirlpool sandstone, particularly in the
Onondaga field near Brantford. The Whirlpool sandstone is regarded as
an aeolian deposit and its character rendered it favourable for a reservoir
rock for gas and oil that probably originated in other formations. The
Queenston red shales that underlie the Whirlpool would be an improbable
source for gas or oil, so that it is assumed the Whirlpool sandstone received
its gas and oil by downward migration. The source of the gas and oil is
unknown, although possibly it is the same as that which supplied the
production for the Clinton and Red Medina (Grimsby) formations. It
seems established beyond doubt that the Whirlpool, Grimsby, and Clinton
production is related to porosity rather than to structure. For this reason
it is impossible to predict new productive areas, although the extensive
drilling that has been done has, on the whole, outlined the more porous
areas of these formations,

A number of years ago a vigorous drilling campaign was undertaken
to test the Trenton formation. The Dover West field was discovered
and produced a considerable quantity of gas and oil. The conditions
here, however, were found to be rather exceptional, in that the field is in
reality a syncline which is practically free of water in the productive zone.
There is reason to believe! that the Trenton in this field owes its porosity
to fracturing which accompanied sharp folding or faulting and hence this
field has little bearing on the productive prospects of the Trenton as a
whole. According to Williams? some oil was produced from wells in
Assiginack township, Manitoulin island. The oil oceurred in the upper
20 feet of the Trenton and it was suggested that the overlying Utica
shales may have been the source. The productive area occurred in a syn-
cline in which very little water was present. A small amount of gas was
also produced from the Trenton in Amabel township, Bruce county. In
this field the structure has not been definitely determined and the gas zone
was about 450 feet below the top of the Trenton formation. A great
many wells have been drilled to the Trenton in various parts of the south-
western peninsula of Ontario, but on the whole the results have been dis-
appointing. It is thought that the negative results are due to lack of
porosity in the Trenton. This is in marked contrast with the Lima-
Indiana field of Ohio and Indiana where a large production of oil and gas
has been secured from the Trenton formation. It is, therefore, of interest
%o dqompare the stratigraphic conditions of Ontario with those of Ohio and

ndiana.

At Cinecinnati, Ohio, according to Fenneman,?

“the lowest and oldest beds which come to the surface . . . . belong to the Cynthiana
formation of Trenton age . . . . The beds here exposed are continuous with the deeply
buried oil and gas formation in other parts of the state, but here they are brought to the
surface by the Cincinnati anticline . . . . Several of the limestone beds in the upper part
of this exposure are noteworthy because composed in large part of broken shells . . .

Large undulations or ripples on the upper surface of these beds are formed by the sweepmg
up of these shell fragments into ridges by the waves . . . . Incorporated within (the

1Harkness, R. B.: Ont. Dept. of Mines, vol. XXXVII, pt. V p 74 (1928).
2Williams, M. Y.: Geol. Surv., Canada, Sum. Rept. 192
3Fenneman N. M.: Geol. Surv of Ohl() Bull. 19, p. 60 (1916)



88

topmost bed) are balls or fragments of clayey rock, evidently derived from the wasting of
a lower bed. With these are irregular slabs of limestone, some of them 2 feet in diameter
evidently derived from the breaking up of an older bed . . . . All these features indicate
that an old sea bottom had become dry land and that when the land again sank the re-
advancing waves broke up and redeposited the topmost beds of the old formation.”

It is thus evident that the top of the Trenton in the Cincinnati area
was subjected to erosion prior to the deposition of the next succeeding
formation, the Utica. The Cincinnati axis had commenced to form in
Trenton time and the Utica which overlaps onto it shows a variable thick-
ness and in certain places is entirely absent. It has also been noted!
that “gas accumulations were found in those parts of the Trenton where
the chemical analysis showed the magnesium carbonate content to be at
least 25 per cent.” It has been pointed out by Howard? that in the Ohio
and Indiana fields where production comes from the Trenton the
“porosity was developed along a certain bed of lime which lent itself to the development
of porosity in those places where it was subjected to the action of downward circulating
water. These would be local highs or hills. The outline of certain fields shows that oil

was found on both sides of long, narrow depressions which have been interpreted as stream
valleys which had cut through the porous bed.”

It thus seems evident that the porosity on the Trenton of Ohio may be
directly attributed to the results of erosion on an old Trenton land surface.

In Collingwood area, Ontario, Parks® has shown that the Cobourg
formation of Utica age overlies the Trenton. The Cobourg in this area
is largely composed of limestones and was originally considered to be part
of the Trenton. It may be, therefore, that in this area there was con-
tinuous deposition of limestone without an erosional break between the
Trenton and Utica. This condition may be taken as occurring over the
southwestern peninsula of Ontario and if so the lack of erosion of the Tren-
ton of this area may be the reason why it is relatively non-porous. Such
a condition, if true, precludes the hope of finding the Trenton in Ontario

- sufficiently porous to act as a large reservoir of oil or gas and explains the
lack of results of so many wells drilled into this formation. The Cin-
cinnati axis is not a well-developed structure in Ontario and in fact the top
of the Trenton has a relatively low elevation in comparison with the ele-
vation on the same horizon in certain parts of Ohio. It is, therefore, pos-
sible that it never reached above sea-level in Ontario and hence porosity
d%d nﬁ)t develop in it to the same degree as is found in the oil and gas fields
of Ohio.

1Panytity, L. S.: Bull. of Am. Ass. of Pet. Geol., vol. 5, p. 611 (1821).
*Howard, W. V.: Am. Pet. Inst., Research project No. 23.
3Parks, W. A.: Roy. Soc. of Canada, vol. XXII, sec. 4, p. 46 (1928).
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CHAPTER VI

STRATIGRAPHY AND OIL AND GAS PROSPECTS OF
MOOSE RIVER BASIN

BY

W. S. Dyer, Department of Mines, Onsario

INTRODUCTION

The Devonian section in Moose River basin, according to the log of
the deep test hole “A” in the Onakawana lignite field, is 777 feet thick,
and the sediments above the Precambrian 1,027 feet. This is a greater
thickness than expected, although the sedimentary measures are still thin
when compared with those found in most productive oil and gas fields.
It is well established that the Devonian formations are similar in lithology
to their counterparts in southern Ontario and in the state of New York.
Since oil and gas have been found in large quantities in one or more of these
formations in southern Ontario and New York it follows that oil or gas may
eventually be found in northern Ontario. The chief difficulty is that ex-
ploration for oil or gas in Moose River basin and the James Bay slope
is usually rendered very difficult by the heavy surface covering of hetero-
geneous Pleistocene measures, largely consisting of glacial boulder clay,
which obscures all the underlying bedrock except along the river courses.
Even there the rock exposures are small and scattered. There remains
no practical way of locating favourable oil structure except by drilling.

In December, 1930, the first drill hole to penetrate the entire sedi-
mentary section in Moose River basin was completed. This hole was
drilled under the direction of the Geological Branch of the Ontario Depart-
ment of Mines. Diamonds were used and 13-inch core recovered, the
core recovery being about 60 per cent. The object in drilling the hole
was, mainly, to obtain data on the thickness and character of the sedimen-
tary formations, and the structure of the region. Although the drill hole was
not located on favourable structure it was hoped that some sign of oil or gas
would be obtained, but this was a disappointment. The drill hole did,
however, yield a great deal of wvaluable geological information. This
information is used as a basis for the present report, which outlines the
stratigraphy and structure of Moose River basin, and brings up to date
our ideas concerning the prospect for oil or gas in the region.

344967
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Log of Drill Hole “A”, Onakawana Lignite Field

(Summarized)

Elevation 186-50 feet above level of sea.

Dfe;g:h Trlll(:gé( Description Formation sgggliggiéfg}l
0-6 6 |Muskeg Recent
6-22 Grey, plastic clay (Marine Champlainian)
22-80 72 |Grey, boulder clay Pleistocene
80-123 Fire-clay
123-146 Lignite
146-148 Fire-clay
148-151 Lignite
151-173 Fire-clay and white quartz sand Mattagami Lower Cretace-
173-194 170 |Lignite ous or Upper
194212 Dark grey, lignitic clay Jurassic
212-250 Light grey and green, plastic clay
250-318 Interbedded, pale, greenish grey clay and
grey shale
318-415 Dark grey, bituminous shale with thin
285 bands of greenish grey clay Long Rapids Upper Devon-
415-535 Pale, greenish grey to grey, shaly clay, ian (Portage)
with bands of dark, bituminous shale,
and hard, concretionary material
535655 Interbedded, buff and grey, porous and Upper and Mid-
cavernous limestone and calcareous|Williams Island | dle Devonian
shale. Brecciation common (Tully - Ham-~
655-687 301 |Red, gypsiferous shale, grey calcareous ilton)
shales and gypsum
687-836 Massive, grey shale
836-873 37 |Buff, fossiliferous limestone Abitibi River |Middle Devon-
ian (Ononda-
ga)
873-936 Interbedded, buff, limestone breccia;
buff, porous and cavernous limestone;
and grey shale
936-995 Interbedded, grey and buff shale; buff, Middle or Lower
154 granular limestone; mostly carrying|Moose River Devonian
gypsum or veins of selenite
995-1,027 Green, granular, arenaceous limestone
and calcarecus sandstone. Reddish
sandstone and coarse gritstone. Mostly
carrying veins of gypsum and selenite
1,027-1, 057 Weathered, syenitic gneiss, granite
gneiss, ete.
1,057-1,060 Precambrian

DESCRIPTION OF FORMATIONS

PLEISTOCENE

The uppermost Pleistocene formation is the marine (Champlainian)

clay which underlies the muskeg.
clay, with, in places, lenses of sand and fine gravel.

It is a grey, plastic, in some cases silty,
At drill hole “A”

the thickness of the marine clay was 16 feet, but in Moose River basin
in general it varies from 5 to 35 feet.
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Underlying the marine clays and forming an erosional coatact with
the underlying Mattagami formation of Cretaceous age is the Glacial
series. In its typical developmeat the series consists of two till sheets
separated by an interglacial series of sands, gravels, and siratified clays.
In many places, however, the interglacial beds are sither missing or poorly
defined and it is very difficult or impossible to separate the two till sheets.
The upper till sheet is, in general, lighter coloured and sandier than the
lower which, especially over the Cretaceous basins, contains a rather large
admixture of reworked fire-clay and lignite. Glacially striated and soled
pebbles and cobbles are abundant throughout both till sheets, but large
boulders are comparatively rare.

Each till sheet varies greatly in thickness, but averages about 30 feet;
the interglacial series averages about 15 feet. At drill hole “A” the
glacial deposits consist wholly of grey boulder clay 58 feet thick, no inter-
glacial series being distinguishable. In some drill holes, i.e. those on
Mattagami river opposite the Onakawana lignite field, there was some
evidence of the presence of three till sheets with two interglacial series.
Dr. A. P. Coleman states' that two interglacial series have actually been
found, one of which is marine and the other freshwater.

Matiagami Formation

At drill hole “A” the Mattagami formation holds two seams of lignite,
an upper and a lower. The upper is 28 feet thick with 11 feet of fire-clay
near the bottom, and the lower 21 feet thick. The seams are separated
by 17 feet of dark grey fire-clay and 5 feet of white, quartz sand. The
upper seam is overlain by 43 feet of dark grey fire-clay, and the lower
seam is underlain by 16 feet of dark grey, lignitic clay, followed by an alter-
nating series, 38 feet thick, of lighs grey, cream, and banded grey and cream
clay, wich a small proportion of lighice particles. The section through the
Mattagami formation is rather typical of the better part of the Onaka-
wansa lignite field, except that the lignite is usuaily nearer the surface,
between 50 and 100 feet, and is in many cases immediately overlain by
boulder clay.

The lignite varies greatly in thickness owing to irregular truncation
by the continental ice-sheet. The average thickness is about 23 feet over
5% square miles, which was the area of the field when drilling was temporarily
suspended in April, 1931. The maximum thickness of lignite is 68 feet
(drill hole 83). The parting between the two seams, so well shown in drill
hole “A” is present at many drill holes, and appears to run continuously
through a large part of the field. Other partings were found which do not
agree in position with the one noted above. These may be separate,
laterally extending lenses, or possibly irregular masses of clay caused by
settling and fracturing of the lignite due to the load of the continental
ice-gheet.

Although more evidence must be obtained before the origin of the
lignite can be definitely determined, most of the data so far obtained point
to the same origin for the Onakawana lignite as for most of the great seams
of the world, i.e. in situ and under swamp conditions.

1Personal communication.
34496—7%
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The Mattagami formation was discovered and first studied on Matta-
gami river between Long rapids and Grand rapids. Keele, McLearn,
and Dyer all found plant remains in the lignite and associated clays and
ironstone concretions, which upon identication left no doubt as to the age of
the formation. The following species have been identified from the Matta-
gami formation of Mattagami river by W. A. Bell of the Geological Survey:

Nilssonia cf. densinerve (Fontaine)
Brachyophyllum mclearnt, Bell
Pityophyllum graminaefolium (Knowlton)
Cladophlebis cf. albertsii (Dunker)
Cladophlebis virginiensis Fontaine
Onychiopsis ? sp.

Sphenoplteris sp.

Geinitzia reichenbachii (Geinitz)
Elatocladus (Sequoia? ) smittianc Heer.

Bell notes, ‘“The age of the deposit, as inferred from this assemblage, is con-
sidered to be either Upper Jurassic or Lower Cretaceous, with preference
towards the latter on account of the presence of the species Pityophyllum
graminaefolium that is abundant and widespread in the Kootenay.”

One species, Pityophyllum graminaefolium, of the above list, has been
found in the lignite at Onakawana. The sediments are also so similar
in both areas that there is little doubt that it is the same formation that is
being described.

The contact of the Mattagami formation with the underlying Long
Rapids shales of Devonian age is peculiar. It was expected that this
contact would have been clearly marked since the two formations ars very
far apart in age. Due to the fact, however, that there could have been
very little movement between Devonian and Cretaceous time, and that
the sediments of the lower part at least of the Mattagami formation must
have been derived from the Long Rapids shale, the lower part of the
Mattagami and the upper part of the Long Rapids are quite similar litho-
logically, and the contact between them ean only be determined by fairly
close examination. The lower part of the Mattagami consists of pale
grey and cream clays, whereas the upper part of the Long Rapids formation
is made up of pale, greenish grey clay with thin bands of grey shale. The
two formations can be distinguished by the slightly different colour of the
clays, by the inclusion in the Devonian clays of thio bands of dark shale,
and by the fact that the Devonian clays are somewhat more caleareous.
The contact, however, is not obvious in drilling and has been missed in
those holes which were not cored.

Long Rapids Formation

In drill hole “A”’ this formation is 285 feet thick. It falls naturally
into three subdivisions; an upper, 68 feet thick, consisting of pale greenish
clay with interbedded, thin bands of dark grey shale; a middle, 97 feet
thick, consisting very largely of dark grey, bituminoas shale!, with thin

1The following determinations of the oil content in the Long Rapids shale have been made by the Mines Branch,
ttawa.

-

. Drill hole No. 16, Onakawana lignite field, depth of 265 feet, 2 Imperial gallong per ton.

2. Drill hole No. 7, Onakawana lignite field, depth of 225 feet, 4 Imperial gallons per ton.

3. Surface exposure, Long rapids, Abitibi river, 4 Imperial gallons per ton.

4, Long rapids, Abitibi river, 53 Imperial gallons per ton. X

5. Long rapids, Abitibi river (described as weathered bituminous limestone}, 1-6 Imperial gallons per ton.
Samples 1 and 2 were submitted by the writer, 3 by M. Y. Williams, and 4 and § by J. Keele.
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bands of greenish grey clay; and a lower, 120 feet thick, of pale, greenish
grey clay to grey, shaly clay with bands of dark, bituminous shale and a few
layers of hard, concretionary material and pyrite nodules. Aan important
horizon is the contact between the upper and middle subdivision, i.e.,
where the greenish grey clay and thin bands of grey shale change to massive,
dark grey, bituminous shale. This contact is more clearly marked in some
drill holes than others, but in noue is it sharp. The dark shale bands in
the greenish clay simply become thicker and more numerous downward,
until at a certain point the shale becomes more prominent than the green
clay. This point is taken as the contact, but its selection is usually arbi-
trary within an interval of about 10 feet. At drill hole “A” the depth of
318 feet was selected as the concact. The same horizon has also been
identified from drill holes 1, 5, 7, 16, 76, 78, and 87. The elevation of this
horizon with reference to sea-level becomes progressively lower from east
to west in the lignite field, showing a dip toward the west. This agrees
with the dip of the lignite seam. In drill holes 1, 16, “A’ and 87, the drill
passed through both the lignite seam and this Long Rapids horizon, and
the interval between them was shown to be similar in all four holes, in-
dicating that the Mesozoic and Pal®ozoic sediments are separated by
nothing more profound than a disconformity, probably an erosional dis-
conformity.
The following fossils from core of drill hole “A’” from the middle and

lower members have been identified by E. M. Kindle.

Lingula ligea Hall

Lingula n.sp.

Lesorhynchus cf. laura Billings

Chonetes cf. lepida Hall

Ambocoelia umbonata (Conrad)

Stylioline fissurella Hall

Polygnathellus cf. curvatus Ulrich and Bassler

Protosylvania huronensis (Dawson)
Crinoid stems

According to Kindle these fossils represent a fauna frequently met
with in Portage horizons.

The Long Rapids formation is well exposed at Long rapids on Abitibi
river, from which it derives its name. The maximum observed thickness
there is 50 feet, but it is evidently much thicker, as it forms the flanks of
a well-developed anticline with dips up to 15 degrees. The dark grey,
bituminous shales of the middle division are the most prominent at Long
rapids, but the upper and lower members are also seen at that locality.
The only other outerop of the Long Rapids formation is on Mattagami
river a shore discance above Grand rapids. Here, in a small exposure of
grey, fissile shale wich concrecions, Williams found the brachiopod, Pugnaz
pugnus (Martin), a characteristic fossil of the Portage.

Williams Island Formation

As will be seen from the log of drill hole “A,” this formation can
also be divided into three members. The upper member is 120 feet thick
and is composed of beds of porous and cavernous, buff limestone; and of
fine-grained, banded, buff limestone interstratified with grey, shaly lime-
stone and calcareous shale. Brecciation, such as might he caused by
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low angle faulting, is a common feature. The middle member consists of:
32 feet of red, gypsiferous shale; grey, calcareous shale carrying gypsum;
and 6 feet of pure gypsum. The lower member is 149 feet thick and con-
sists entirely of grey, massive shale. At Williams island, after which the
formation was named, the upper member oaly is present. The middle
member outcrops on Mike island on Moose river, but there contains
more red shale and less gypsum. It is an interesting faet that this lower
member does aot outcrop anywhere in the whole Moose River basin, thick
as it is at drill hole “A”.

In former reports all the beds between the Long Rapids shale and
Abitibi River limestone were referred to the Williams Island formation,
and this will still be done, although it is questionable if it will ultimately
prove the right practice. It may be found that the members are quite
different and should be given separate formational games. The fossils
found in the exposure at Williams island on Abitibi river! contained both
Upper and Middle Devonian species, and include Hypothyris cuboides
a typical Tully brachiopod. It is likely that the upper member will
prove to be Tully or near Tully in age, and the lower, Hamilton or Marcellus.

Abitibr River Formation

There is little doubt that the buff limestone with fragmental brachio-
pods and crinoid columns from 836 to 873 feet in drill-hole “A”, is the Abitibi
River formation.

This formation is the most commonly outeropping one in Moose
River basin, being exposed at numerous places on the rivers in the region.
In the best outerops the formation is about 60 feet thick. It is also the
most abundantly fossiliferous in the region—one hundred and ten defi-
nitely determined species of invertebrates having been listed from it.?
These fossils leave little doubt as to the correlation of the formation with
the Onondaga of southern Ontario and New York.

Moose River Formation

This formation is 154 feet thick in drill holz “A”. The upper 63 feet
consists of interbedded, buff, limestone breccia, and buff, porous and
cavernous limestone, below which comes 59 feet of interbedded clay and
buff shales, and buff, granular limestone, most of which carries gypsum
and veins of selenite. There is only one foot of pure gypsum in the whole
formation. Apparently the gypsum-forming basin was deeper and better
developed farther to the north.

The resemblancs of the brecciated and porous and cavernous lime-
stone of the Moose River formation to the limestone beds of the upper part
of the Williams Island formation is noteworthy. The Moose River forma-
tion with its gypsum is exposed at many points on Moose and Freach rivers.
Beds thought to be correlatable with it also outerop below Abitibi River
limestone at Grand rapids on Mattagami river, and at Long rapids, Coral
rapids, and Sextant rapids (above Coral rapids) on the Abitibi. At Sextant
rapids the formatioa is only 33 feet thick, hence there is a rapid increase in
thickness of the formation seaward.

1*Geological and Economic Deposits of the Moose River Basin”; Ont. Dept. of Mines, Ann. Rept., vol.
XXXVIII, pt. 4 (1928).
2Idem, pp 22-26.
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The 32 feet of beds at the base of the sedimentary section differ con-
siderably from, and appear older and more recrystallized than, those. of the
Moose River formation. They are included with the Moose River until
evidence of their age is available. These beds are variable, containing
green, granular, arenaceous limestone, and calcareous sandstone, reddish
sandstone, and coarse gritstone, mostly carrying veins of gypsum and
selenite. The gypsum throughout the formation is chiefly seleaite and
appears secondary as if deposited by percolating underground waters.

These lower beds are somewhat similar in appearance to the Sextant
formation, which contains a Lower Devonian flora, and is found only at
Sextant rapids. Their origin is probably the same, i.e., from detritus
derived directly from the Precambrian and washed into fresh water lakes
or rivers, but there is no evidence that they were formed at the same time.

The debated question of the age of the Moose River formation is
still not settled definitely, since no definitely determinable fossils have
ever been found in it. The opinion of the writer, however, still is that it
is Devonian.

PRECAMBRIAN

Drilling in the Precambrian was very difficult and the core recovery
was poor. From 1,027 to 1,037 feet some core of a greatly weathered,
syenitic gneiss was recovered; between 1,037 and 1,042 feet some fine-
grained, weathered granite-gneiss; betweea 1,042 and 1,057 feet red, sandy
material, with the appearance of decomposed Precambrian rock; from
1,057 to 1,060 feet, 18 inches of very good core of weathered, pink granite-
gneiss was obtained. It was not until the good core between 1,057 and
1,060 feet was obtained that drilling was definitely known to be in the
Precambrian, The rock from 1,027 to 1,057 feet apparently represeunts
weathered residual material composing the ancient Precambrian land
surface. Its occurrence is peculiar, since in most exposures the contact
between the Precambrian and post-Precambrian is very sharp and very
little residual Precambrian material is ever seen.

STRUCTURAL GEOLOGY

It was formerly thought that the Palxozoic rocks of Moose River
basin dipped very gradually to the northeast at about the same rate
as the gradient of che rivers—3 feev a mile. This is apparendy true of
the lower part of the basin, near James bay, but nearer the Precambrian
escarpment this regional dip is modified by structural basins of consider-
able extent in which Mesozoic sediments have bzen preserved from erosion.
One prominent anticlinal fold oceurs at the lower part of Long rapids,
Abitibi river. A flat, but broader, fold occurs at Grand rapids on Matta-
gami river, and well-defined folding has also taken place near the gypsum
deposits on Moose river. Minor folding, not visible at the surface on
account of the heavy drift and scarcity of rock exposures, may be present
in any part of the area. In the Onakawana lignite field drilling has shown
westward dips of 50 to 75 feet a mile, modified by small irregularities. The
existence of faulting has not been proved in any part of the area, but a fault of
fair size with possibly a few hundred feet of throw is thought to exist at the
Precambrian escarpment at the foot of Long rapids on Mattagami river.
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STRUCTURAL BASINS ON MATTAGAMI AND ABITIBI RIVERS

There is evidence for assuming the presence of a structural basin of
considerable extent along the foot of the Precambrian escarpment and
extending between Mattagami and Missinaibi rivers (See Figure 14).
What may be a separate basin or northeast extension of the same basin
has been worked out at Abitibi river, centring about the Onakawana lignite
field.

Fossiliferous limestone of Onondaga age rises in a cliff 50 feet above
the water-level at Grand rapids on Mattagami river. On the east bank
of the river, 4 miles upstream from the head of Grand rapids, a small out-
crop of grey shale occurs at water-level. These shales include a bed of
soft, grey limestone in which Williams' found the brachiopod Pugnaz
pugnus, which is characteristic of the Portage shale of New York state,
so these shales might also be regarded as of Portage age. Since the Portage
oceurs above the Onondaga in the geological time scale, the grey shales
lie above the Onondaga limestone of Grand rapids, which means that there
must be at this point on the river a dip of at least 50 feet in 4 miles to the
southwest. No Palzozoic rock is exposed between the above-mentioned
outerop of Portage shales and the first Precambrian outcrop, a distance of
20 miles to the south, the only outcrops being of the Mattagami formation.
This condition, taken in conjunction with the southward dip at Grand
rapids, suggests a basin. The fact that no Pal®ozoic rock has been found
on Missinaibi river, but only outcrops of the Mattagami formation, sug-
gests the extension of the basin to the west, at least as far as this river.
The southern boundary of the basin may have been formed by steeply
dipping Precambrian rocks or by a fault, but the fact that the Cretaceous
sediments were found by drilling to extend 128 feet and probably more
below the river level at the foot of Long rapids, on Mattagami river, whereas
a few hundred feet to the south the Precambrian rocks rise more than 100
feet above river level, suggests a fault.

On Abitibi river the Long Rapids shales form the northwest flank of
the anticlinal fold at Long Rapids. These shales dip northward at angles
of 10 degrees or more. Northward, down the dip, Cretaceous fire-clay,
which must be part of the lignite series, is exposed on the east bank of
Abitibi river near the mouth of the Little Abitibi, at an elevation of about
150 feet above sea-level. On Moose river, at the head of Murray island,
the Abitibi River limestones outcrop at an elevation of about 120 feet,
and a few feet of the Moose River limestones are visible underlying them.
To the southwest, at the head of Mike island, 2 miles upstream from the
exposure at Murray island, the middle member of the Williams Island
formation is exposed at an elevation of about 120 feet, and farther south-
west, at the confluence of Mattagami and Missinaibi rivers, fire-clay and
lignite of the Mattagami formation outerop at a slightly higher elevation.
At drill-hole “A” the bottom of the lignite seam is at a depth of 194 feet,
or 7 feet below sea-level, and the top of the Abitibi River formation was
struck at a depth of 836 feet or 649 feet below sea-level. These relation-
ships and the elevations of the assumed contacts between formations with

1Williams, M. Y.: Ont. Dept. of Mines, vol. XXIX, pt. 2, p. 26 (1920).
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reference to sea-level are shown in the cross-section, Figure 15. Undoubt-
edly a well-defined structural basin centres somewhere near the Onaka-
wana lignite field. From Long rapids northward to drill-hole “A”, a dis-
tance of 15 miles, the Abitibi River formation dips 860 feet. From Murray
island southward to drill-hole “A,” a distance of 17 miles, the Abitibi
River formation dips 806 feet. Due to the thickening of the Williams
Island formation, from 100 feet at Long rapids to 300 feet at drill-hole “A,”
the northward dip of the beds overlying the Williams Island formation at
the south side of the basin is not as great as noted above; it is probably
more nearly 650 feet. It is known that the beds dip more steeply at the
sides of the basin, particularly at the southern side, than in the middle.

Much less information is at hand with regard to the structure along
the east-west line through the basin than in a north-south direction. It is
known, however, that the Abitibi River formation outcrops 60 miles up
French river, near the Precambrian contact. The elevation here must
be in the neighbourhood of 150 feet; thus, there must be a dip about 800
feet in 18 miles to the west. Drilling in the Onakawana lignite field has
shown westerly dips of about 50 feet to the mile. At the Mattagami,
however, this dip appears to flatten out, since the shale-clay marker in
the upper part of the Long Rapids formation occurs at about the same
elevation in the drill holes near and on Mattagami river.

The extent of this basin is not known. There is now no doubt that
it extends west to Mattagami river, probably several miles, but whether
it joins up with the basin that occurs between Grand rapids and the foot
of Long rapids on the Mattagami is, of course, impossible to say without
further drilling. The Abitibi River formation is exposed at Grand rapids
and forms an arch, to the north and to the south of which the beds dip
down in basins. This arch may reach west or northwest as far as Missin-
aibi river, dividing the structure into two basins, or it may plunge toward
the northwest, allowing the two basins to join.

Anticlinal Folds at Long Rapids, Abitibi River

The lower part of Long rapids, Abitibi river, is formed by the river
cutting across an anticlinal fold. Argillaceous limestone and shales of
the Williams Island formation are exposed by erosion along the axis of
the fold, and Long Rapids shales form the flanks and dip at various angles,
from 5 to 35 degrees, away from the axis. The axis of the fold runs nearly
northeast. The fold probably continues through to Little Abitibi river,
since at a point 4 miles up this river Precambrian gneiss forms an outlier
with Devonian sediments dipping away from it on either side. This outlier
is northeast of the fold on Long rapids and in the direct line of its axis.

A second fold of similar nature occurs on the upper part of Long
rapids with limestones of the Moose River formation exposed by erosion
along the axis, and the limestones of the Abitibi River formation composing
the flanks. The axis of the fold passes through the island in midstream
at the head of the rapids. This fold is not so well defined as the one on
the lower part of the rapids, and the direction of its axis could not be deter-
mined.
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Folds in the Vicinity of the Gypsum Deposits on Moose River

At several localities in the northern part of Moose River basin, especi-
ally in the vicinity of the gypsum deposits, quite steep dips were observed
in the Williams Island, the Abitibi River, and the Moose River formations.
At the head of Mike island the thick series of red and grey shales dips to
the north at an angle of 16 degrees. Half-way down the north side of
Mike island a small outcrop of red and grey shales shows a dip of 18 degrees
northeast. Toward the foot of the island an outcrop of soft buff limestone
or dolomite strikes north 55 degrees and dips northwesterly at 13 degrees.
Opposite the head of Murray island on the west shore, a 50-foot series of
Abitibi River limestones occurs. At the upper end of the outcrop the
strike is north 20 degrees west, and the dip northwesterly at 16 degrees,
but on the downstream end within a distance of 500 feet the strike changes
to north 45 degrees east, and the dip is southerly at an angle of 20 degrees.
The outerop of Abitibi River limestone at the head of Murray island is
distinetly in the form of an arch. At the south end of the outcrop the
strike is north 55 degrees east, and the dip 23 degrees southeasterly, and
at the north end the strike is south 80 degrees east, and the dip 25 degrees
northerly. The distance between the ends of the outerop is 500 feet. The
whole series of strong dips represents probably a series of small, irregular,
undulating folds with rather steeply dipping flanks. The same type of
folding was found in the drilling and execavation around Mike and Murray
islands, carried out in 1930 by the Temiskaming and Northern Ontario
railway during the construction of the bridge over Moose river.

Age of the Folding. 'The problem of determining the time of the fold-
ing is more difficult than at first appears. The younger formations are
eroded from the edge of the large, structural basin, and hence information
can only be obtained in a rather limited area in the middle part of the
bagin. Also, the contact between the Mesozoic and Pal®ozoic sediments
is rather vague and difficult to establish closely. However, most of the
evidence obtained points to a Cretaceous or post-Cretaceous age for an
important part of the folding,.

In the Onakawana lignite field four holes passed through the lignite
seam well into the Long Rapids formation. In these four holes the interval
between the lignite and the shale-clay marker of the Long Rapids forma-
tion is fairly uniform, and both horizons show a marked dip in the same
direction, to the west. This surely suggests that the Cretaceous and the
Long Rapids formation are conformable, or separated by nothing more
profound than an erosional disconformity.

Elevations with Reference to Sea-levels of Horizon Markers

Bottom Clay-shale Interval
Drill hole of lignite horizon in Long | between horizon
seam Rapids form markers
. Feet Feet Feet

L e 73 —67 140

P 70 —84 154

- -7 —131 124

B 39 —150 189
7O AN _

0. L 4 } 130 134
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In the following drill holes no lignite was found, but the clay-shale
horizon in the Long Rapids formation was penetrated at the stated eleva-
tions: No. 5, 7 feet; No. 7, 39 feet; No. 76, 140 feet.

In the Onakawana field the lignite appears to be divided into two seams
by a parting of variable thickness, and the lower seam appears to maintain
a uniform thickness over most of the field. In another way it may be stated
that the parting between the seams roughly parallels the bottom of the
seam over any fluctuations that occur. This indicates that the two seams
and the clay parting were first deposited on a flat or uniformly dipping
plane, and afterwards folded together.

The hypothetical fault at the foot of Long rapids on Mattagami
river, if a true fault, must have been formed after the Cretaceous, since
Cretaceous clays and sands have been effected by the fault. These lines
of evidence indicate that an important part of the folding occurred during
or after Cretaceous time.

It is probable that some folding also occurred in pre-Cretaceous time,
but of what order this was is not yet known. Lamprophyre dykes have
been found at Coral and Sextant rapids, cutting the Sextant and Abitibi
River beds, and a small dyke was found in the Long Rapids shale at Long
rapids, Abitibi river. No igneous- material has yet been found in the
Cretaceous. The intrusion of these dykes may have accompanied some
pre-Cretaceous folding. Breecciation in the Moese River and Williams Is-
land formations is widespread and has also been found, but to a less extent, .
in the Abitibi River formation. It has not been noticed in the Long
rapids shales, but would naturally be much less noticeable in the shale
formation even if it were present. This brecciation has probably been
causzd by regional folding or by low angle faulting. The cause or time of
folding of the series of small folds, or undulations, in the vicinity of the
gypsum on Moose river, is not known. They may be related in some way
to the brecciation. It is possbile that these two features, the small folds
and the brecciation, may have been caused by the expansion of the uader-
lying gypsum when transformed from anhydrite.!

PROSPECTS FOR OIL AND GAS

The Devonian section of the Moose River basin has many points of
similarity to that of southern Ontario and New York. The Abitibi River
formation is lithologically similar and equivalent in age to the Onondaga
formation, the Williams Island formation represents the succession from
the Onondaga to the Genesee shales, and the Long Rapids formation is
correlatable with the Portage of New York state, and probably also in
part with the Genesee. Oil and gas occur in these formatioas in Ontario
and New York and in equivalent formations in Pennsylvania, Ohio,
Virginia, Kentucky, and other states. It is, therefore, possible that oil
or gas may some day be discovered in northern Ontario. The Mesozoic
sediments are too thin and too near the surface to contain oil or gas.
The most promising horizon is probably the porous and cavernous Williams
Island limestone underlying the Long Rapids shale. The Long Rapids

1In a hole drilled by the James Bay Basin Qil Company at the head of Mike island, gypsum and selenite were
found distributed through 263 feet of the Moose River formation, with 100 {eet or more of pure gypsum. In asecond
hole drilled by the same company at the head of Murray island, there was about 50 feet of pure gypsum.
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formation is bituminous in places and is the most promising formation from
the standpoint of generation of oil. It is, also, almost wholly shale and is
quite thick, 285 feet at drill hole “A,”’ and would, therefore, serve as an
efficient impervious cover. The Williams Island limestones are certainly
porous and cavernous enough to act as reservoirs for oil.  Any oil generated
in the Long Rapids shales, however, would have had to find its way down-
ward into the Williams Island formation, for that part that travelled upward
would have been dissipated in the erosion interval between the Devonian
and the Cretaceous.

Structural anticlines and folds exist in the region, but those that have
been worked out either occur too near the Precambrian or have been too
intensively eroded to contain oil or gas. It is probable, however, that
similar structure exists in the deeper structural basin and has not yet been
found. When such structures are found they should be well worth drilling.
Such structures can only be located by exploratory drilling on account of
the heavy mantle of glacial debris that covers the rocks.

In dry sediments oil will work downward until halted by the first
impervious stratum, but in wet rocks oil is forced upwards under hydro-
static pressure into some structurally high place such as an anticline,
where if a cap rock is present it will be trapped for an indefinite period,
until some period of folding sets in which allows the trap to be flushed
of oil by underground waters, or until erosion has removed the cap rock
when the oil will be dissipated, or until the strueture is drilled upon. The
water content of the rocks in Moose River basin is not known with any
certainty. In drill hole “A’ a cavernous limestone in the upper part of
the Williams Island formation at 550 feet was sufficiently dry to cause
loss of all drilling water and to drain the sumps, which halted drilling for
some weeks, but the lower part of the Williams Island formation and the
underlying formations was wet. It is not known at present whether
the rocks are sufficiently dry to cause downward migration of oil (synclinal
conditions), or whether the more normal wet (anticlinal) conditions pre-
vail; probably the latter.

Certain features appear unfavourable for oil and gas accumulation
in Moose River basin. Probably the most unfavourable feature is the
entire absence of seepages. No seepages have ever been discovered and
the deep test did not encounter any sign of oil or gas other than the bitu-
minous shales. In regions where the sedimentary section is thick and the
oil-bearing strata are deeply buried, the absence of seepages is not considered
unfavourable, but one would have expected some visible sign of oil in a
region such as Moose River basin where the potential oil-bearing rocks are
close to the surface.

Although the Long Rapids shales would ordinarily serve as an efficient
cover for oil-bearing rocks, it is known that this formation is truncated
from some parts of the area and it is just possible that folds exist in the
deeper structural basins along which the Long Rapids formation may have
been truncated. Such eroded folds would not now be visible, as they
would be covered by the much younger Mesozoic clays and lignites.
Although this is possible, no sign of it has yet been encountered in drilling.
Seven drill holes have been put down to the shales along a length of 10
miles in the Onakawana lignite field, and in every case the previously
mentioned marker (between the greenish clays and dark shales) has been
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found. There are also quite strong indications that the Mesozoic and
Palzozoic sediments are conformable within the structural basin, or at
least that they are separated only by an erosional disconformity. In
other words, it is thought that the greater part of the movement in the
basin took place in post-Cretaceous times.

The limestones of the Williams Island formation, as well as those of
the Moose River formation, are in many cases cavernous and brecciated,
and a possible explanation of this feature is that it has been formed by a
very vigorous ground water movement which may have flushed out any
oil that might have been present. This is always a danger, but from
what can be learned there is no very vigorous ground water movement
now in these rocks. The upper part of the Williams Island formation was
even found to be dry at drill hole “A”. It is thought that before the rocks
assumed their present attitude, i.e. before the structural basin so often
mentioned was formed, that there was even less chance of underground
water movement, since the sediments probably dipped more uniformly
and at lower angles than at present.

If any drilling program for oil or gas is undertaken it is recommended
that the holes be drilled through the Long Rapids shales and into the
Williams Island limestone. In this way the mpst definite horizon, that
between the shales and limestones, would be penetrated, and an accurate
structural map could be built up. Each hole would also stand a chance of
obtaining oil or gas. These holes would be about 550 feet deep. A less
expensive, but also less satisfactory, method would be to drill into the upper
part of the Long Rapids shales. Therz is a marker in the upper part of
this formation that might serve for structural work, i.e., the horizon where
greenish clays and thin dark shales change to heavy, dark shales, 318
feet in drill-hole “A”, This marker is within the Long Rapids formation,
and, therefore, would indicate any structure within the Palzozoic. Itisa
rather vague marker, however, and can only be defined within 10 or 15
feet. Any hole to this horizon would have much less chance of obtaining
oil or gas. Drill holes to this horizon would be about 325 feet deep.

In Albany River region, prospects for oil and gas are not as good as
in Moose River basin. No evidance of structure is present, and the beds,
which in Moose River basin have the greatest possibilities for oil and gas
(the Long Rapids and Williams Island formations), have been completely
eroded away, if ever deposited. Even the Abitibi River formation 1is
partly destroyed. All that remains is the uneroded part of the Abitibi
River formation and some Silurian beds. Proceeding northwest from
the Albany the Devonian soon disappears entirely, leaving only the Silurian
and the Ordovician.
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CHAPTER VII

EASTERN ST. LAWRENCE REGION, ONTARIO
AND QUEBEC

INTRODUCTION

St. Lawrence region embraces an area extending from near the city
of Quebec southeast along St. Lawrence river to Brockville and westward
along Ottawa river to beyond Ottawa, as well as including the peninsular
part of Ontario lying between lakes Ontario, Erie, and Huron. A pro-
jection of the Canadian Shield, known as the Frontenac axis, extends south-
wards across St. Lawrence river between Kingston and Brockville and
divides St. Lawrence region into a western part already described, and in
which are the oil fields of the southwestern peninsula of Ontario, and an
eastern part herein described.

The northern boundary of the eastern part of St. Lawrence region is
the southern edge of the Canadian Shield which in places rises abruptly
and to a considerable elevation above the adjoining parts of St. Lawrence
region. This edge of the Precambrian Shield forms the north shore of
St. Lawrence river below Quebec city; but from a short distance below
Quebec proceeding westerly, it gradually passes inland and runs north of
Montreal and up Ottawa river. Fifty miles above Ottawa the edge of
the Precambrian area turns southerly and crosses St. Lawrence river near
Brockville. To the southeast of St. Lawrence region lies the elevated
country of the Appalachian and Acadian provinces. In the vicinity of
Montreal the St. Lawrenee region is about 120 miles wide and embraces an
area on both sides of St. Lawrence river, which, gradually narrowing,
extends northeast to Quebec city. In the opposite direction, in Ontario,
the eastern part of St. Lawrence region occupies a triangular area bounded
by St. Lawrence river on the southeast, Ottawa river on the north, and the
Frontenac axis on the west.

Throughout this whole area, except for a few isolated hills of igneous
rocks, mostly in the vicinity of Montreal, the elevation nowhere exceeds
500 feet above sea-level, and below Montreal the area immediately along
the St. Lawrence has a general elevation of less than 100 feet and rises to
less than 300 feet at the edges of the region.
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STRATIGRAPHY

The eastern part of the St. Lawrence physiographic province is under-
lain by flat-lying Paleozoic rocks. The succession of geological formations
is as follows:

—_ Formation Sedimentation Thickness
Ordovician............ Queenston...........oovuun.... Redshale..................... 1,000
Lorraine................c...... Greyshale.................... 3,000
Utica.....
Gloucester................ Dark shale.................. } 300-500
- 500-600
Leray..ccovvernennnannnn. Limestone...................
Lowville...... ....|Limestone................... 60-80
Pamelia...... ....|Limestones and shale........ )
Chazy.......... ....|Limestone and shale
Beekmantown................ Dolomite
Cambrian............. Potsdam...................... Sandstone

The geological history is described by Young! as follows:

“During earliest Palzeozoic time the southeastern part of the Canadian Shield appears
to have been a land area, except possibly in one district in the vicinity of the strait of Belle
Isle where early Cambrian beds occur, and although during Cambrian time seas extended
southward along the Appalachian area just east of the St. Lawrence region, this
region during most of Cambrian time was a land area and formed an eastward and south-
ward projection of the Canadian Shield, with a surface much like that characterizing the
Shield today. The first advance of the Palmozoic sea took place in Upper Cambrian
time and extended northward from the Adirondack region to New York state to and up
the lower Ottawa Valley region. In this sea was deposited the Potsdam sandstone, of
Upper Cambrian age, and an overlying dolomitic limestone of early Beekmantown (earliest
Or(fovician) age. The sea withdrew from these districts in later Beekmantown time
but reoccupied them in late Chazy, when a series of sandstones and shales surmounted
by limestone were laid down. In succeeding Black River time a notable expansion of the
sea took place, for during this epoch the portion of the St. Lawrence region bordering the
lower Great Lakes was first submerged. A further extension of the sea took place in the
succeeding Trenton epoch, as indicated in the east in the vicinity of Quebec city and also
100 miles north of this place, where, well within the limits of the Canadian Shield, in the
Saguenay River and Lake St. John areas, comparatively small areas of Trenton strata repose
directly on the Precambriay. Probably at this time, if not earlier, an open sea-way ex~
tended to the Anticosti Island region where, on the Mingan islands on the north shore of
the St. Lawrence, late Beekmantown strata rest on the Precambrian and are overlain
by Chazy beds. The Chazy beds are inferred to be succeeded by later Ordovician measures
now largely concealed beneath the waters of the gulf of St. Lawrence.

The Black River strata, where more fully developed, as in districts adjacent to the
lower Ottawa, river, consist of, in ascending order, the Pamelia limestone with some shales
and sandstone, the Lowville limestone, and the Leray limestone. The Black River beds
are overlain by limestones of the Trenton group, consisting of a number of subdivisions,
each with a characteristic fauna, but all of which are not known to occur at any one locality.
The total thickness of the limestone strata of the Black River and Trenton groups amounts
to about 550 feet in the vicinity of Ottawa.

The sea or seas of Trenton time seem to have continued uninterruptedly through the
succeeding Utica and Lorraine epochs into Richmond time. In Utica time conditions of
sedimentation changed and, instead of limestones, thick deposits of shale accumulated.

1Young, G. A.: Geol. Surv., Canada, Ec. Geol., vol. I, p. 70 (1926).
34496—8



106

This change commenced in Trenton time in New York state and in Quebec southeast of the
St. Lawrence, argillaceous strata of Trenton age also occur. Since limestone-producing,
comparatively clear waters characterized the parts of the seas nearer the Canadian Shield,
and muddy waters prevailed at the same time to the east and south, the presumption is
that the argillaceous material was derived from eastera land areas.

In the vicinity of Ottawa, the Trenton limestones are succeeded by a few score feet of
interbedded dark shales and limestones known as the Collingwood formation, above which
occur several hundred feet of dark Utica shales. These are followed by the dark grey shales
with thin limestoaes and sandy layers, of the Lorraine. . . . . . In Quebec the
Lorraine is mainly developed southeast of St. Lawrence river, where in one section
there are more than 2,000 feet of such beds, though possibly the lower part of this
body of shaly strata may correspond in age to the Utica and even to some part of the Tren-
ton also. The Lorraine beds southeast of the St. Lawrence are succeeded by strata of the
Richmond group consisting of several hundred feet of thin-bedded shales and limestones
of Waynesville age surmounted by unfossiliferous red shales, in places fully 1,000 feet thick,
known as the Queenston formation. These and corresponding beds near Ottawa are,
except for certain fragments of Devonian limestone held in an igneous body at Montreal,
the youngest Palwozoic strata preserved in the eastern division of the St. Lawrence region.
In the outlier of Pal®ozoic strata at lake St. John, fossiliferous Richmond beds occur and
they are also present on Anticosti island, where they consist of more than 1,000 feet of
limestones with some shales which pass upwards without break into overlying strata of
Silurian age. In the Anticosti Island region, the sea seems to have existed without inter-
ruption from Ordovician into Silurian time, but in the St. Lawrence region the presence of
the Red Queenston shales in the districts southeast of the St. Lawrence and near Ottawa,
probably mark, as they do farther west in Ontario, a shallowing of the sea, presaging its
withdrawal before the end of the Ordovician period.

The total thickness of the Ordovician strata in the Quebec part of the St. Lawrence
region is large. In the neighbourhood of Montreal there are 4,350 feet of strata from the
base of the Potsdam to the highest member of the Lorraine there exposed. Making
allowance for the remaining part of the Lorraine and the succeeding Richmond, the total
thickness is probably more than 6,000 feet. It is possible that Silurian strata once oceurred
in the eastern section of the St. Lawrence region, and it is known that Devonian beds did
oceur, for rock fragments, some of which hold a Helderbergian fauna and others an Oris-
kany fauna, oceur near Montreal in a dyke-like igneous body cutting Utica shale. The
fossiliferous blocks presumably came from Devonian strata which once lay high above
the Utica. The igneous mass is related to rock types forming a series of isolated
eminences known as the Monteregian hills.

The Monteregian hills are eight in number and six of them, including mount Royal at
Montreal, the most westerly of the group, occur along an approximately east and west line
50 miles long. They form circular or oval hills, each only a few square miles in area,
that rise abruptly 600 to 1,200 feet above the surrounding level country. The flanks of
the hills are of sediments altered and hardened, whereas the central parts are composed
of igneous rocks of alkali types including varieties of alkali syenites, nepheline syenites,
essexites, etc. The igneous portions appear to be stock-like bodies or to represent conduits
that may have led in some cases to volcanic vents or laccolith-like bodies.”

During Pleistocene time, ice covered the eastern St. Lawrence region
and the glacial deposits left after the final retreat of the ice mostly belong
to the last or Wisconsin stage. Following the retreat of the ice an arm of
the sea extended up St. Lawrence and Ottawa valleys and deposited the
so-called Champlain clays and sands which in places are nearly 200 feet
thick.! Remains of beaches belonging to the Champlain submergence
are found in many places. With the exception of isolated knobs, the
Champlain submergence covered the whole of the triangular area of
Ontario between Ottawa and St. Lawrence rivers and east of a line from
Ottawa to Brockville. Throughout the whole eastern part of St. Lawrence
valley the underlying bedrock is to a large extent concealed by the glacial
drift and the deposits of marine clays and sands.

1Johnston, W. A.: “‘Late Pleistocene Oscillations of Sea Level in the Ottawa Valley''; Geol. Surv., Canada,
Mus. Bull. No. 24, p. 9.
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STRUCTURAL GEOLOGY

In contrast with the area of Palmozoic rocks in Ontario west of the
Frontenae axis, where faults are comparatively rare and of minor signifi-
cance, the area of Palzozoic rocks in the eastern St. Lawrence region is cut
by many faults of large throw. An escarpment, 700 to 1,000 feet high, of
Precambrian rocks, extends for nearly 300 miles along the northern edge
of the fairly flat Palmozoic plain in St. Lawrence and Ottawa valleys.
According to Kindle and Burling! this escarpment is a normal fault scarp
and the Palmozoic sediments are thought originally to have extended far
over the Canadian Shield, but have since been removed by erosion. Along
the southeast side of the St. Lawrence area of Palzozoic rocks, separating
it from the more highly disturbed strata of the Appalachian physiographic
province, is the Champlain fault. From lake Champlain the fault proceeds
in a gently curving line to Quebec city, crosses the north side of the island
of Orleans, and thence follows a northeastward course under the waters of
the St. Lawrence to near the extremity of Gaspe peninsula. Thus, the
eastern St. Lawrence region lies between two fault systems that closely
approach one another in the vicinity of Quebec city. The strata between
these two fault systems are, for the most part, very gently inclined. Locally
they are traversed by faults, as in the neighbourhood of Ottawa where,
for instance, the Hull and Gloucester fault with a maximum throw of 1,850
feet? has becn traced for many miles. In other districts faults are known or
are suspected to be present. Near Quebec a number of strong faults occur,
as at Montmorency falls where the displacement along one fault amounts
to 600 feet and the downthrow strata are tilted at a fairly high angle.

The structure of the Palmozoic area in eastern Ontario bounded by
Ottawa and St. Lawrence rivers, is that of a basin in which the youngest
of the gently dipping strata are of Queenston (Medina of Map No. 750,
Geological Survey, Canada) age. The Queenston beds, however, occur
only in small, isolated patches (Geological Survey, Canada, Map No. 903)
surrounded by older sediments. The centre of the basin in Caledonia,
Plantagenet, and Cumberland counties is occupied by Utica shales with
some Lorraine shales present on the southwest edge of the basin.

In the region extending northeastward from the confluence of St.
Lawrcnce and Ottawa rivers? the rocks have, in general, a northeast and
southwest trend parallel to the northern edge of the Palzozoic area. The
strata north of the St. Lawrence dip to the southeast and as a result suc-
cessively younger formations outcrop in comparatively narrow belts trend-
ing northeast. The youngest strata, which are of Queenston age, occur
gsouth of the St. Lawrence where they form three synclinal areas, known,
respectively, as the Du Chéne, Nicolet, and Pierreville synclines. These
lie east of Yamaska river and a few miles south of the St. Lawrence and
are completely surrounded by the underlying Lorraine shales. The
Queenston shales are red and their areas may be roughly delimited by
the red colour of the soil. The thickness of the Queenston in these areas
may be as much as 1,000 feet. A large part of the area south of St. Law-

1Kindle, E. M., and Burling, I.. D.: Geol. Surv., Canada, Mus. Bull. 18 (1915).

2Kindle, E. M, and Burling, L. D.: Geol. Surv., Canada, Mus. Bull. 18. p. 10 (1815).

38ee (Geological Survey, Canada; Montreal sheet, Map No. 571; Three Rivers sheet, Map No. 655; and Quebec
sheet, Map No. 375.

iFoerste, A. F.: Geol. Surv., Canada, Mem. 83, p. 174 (1916).

34496—83
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rence river is occupied by Lorraine shales which may be as much as 3,000
feet thick. Undoubtedly this whole area was at one time covered by Dev-
onian strata, as blocks of rock of this age are found as inclusions in intrusions
at Montreal. The Devonian, however, has since been completely removed
by erosion.

In the area north of the St. Lawrence and extending from about 15
miles below Quebec city to about 35 miles above it, there are, from northeast
to southwest, the following anticlines: Chateau Richer, Montmorency,
Pointe aux Trembles, Cap Sante, and Deschambault. Of these, the first
two, Chateau Richer and Montmorency, lie down river from Quebec city.
These anticlines trend, in general, in a northeast and southwest direction
with a plunge to the southwest. Their highest parts are on the margin
of the Precambrian rocks and hence it would be expected that any oil
and gas they may have originally contained would be lost by migration
upward to the exposed edge of the reservoir rocks on the northeast end of the
anticlines. This would be particularly true in small structures, and of all
the anticlines the Deschambault is the only one that has been traced south-
west for any considerable distance; according to Logan! it extends “from
a spur of gneiss which is upwards of 2 miles north of the church of Des-
chambault to the church of Grondines.” The southeast flanks of these
anticlines have steeper dips than the northwest flanks and the anti-
clines show some faulting with the downthrow side to the southeast.

As already mentioned, in the area south of the St. Lawrence there are
three synclines,? Pierreville, Nicolet, and Du Chéne. The axis of the
Pierreville syncline is north of St. Hyacinthe and the syncline is 7 or 8
miles in width. It, like the other two, is occupied by Queenston red
shales. The axis of the Nicolet syncline crosses Nicolet river in the vicin-
ity of Ste. Monique and continues for 11 miles southwest. The width of
the Nicolet syncline may not exceed 7 miles. According to Foerste,
between the Pierreville and Nicolet synclines there is an anticline “whose
axis lies about 3 miles southeast of Ste. Monique.”

The Du Chéne syncline (See Map No. 375 G.8.C.) begins about 2
miles west of Forestdale on Gentilly river and extends northwest for a
distance of 21 miles crossing Petite Riviére du Chéne. It, like the others,
is occupied by Queenston shales.

Between the Du Chéne and Nicolet synclines is an area of Lorraine
shales indicating an anticlinal condition. This anticline may be the south-
west extension of the Deschambault anticline as described by Logan.
The southwest end of the anticline is said to cross riviére Becangour on
range VI, Maddington township.

On Yamaska river, near St. Hughes, two small anticlines are recorded
by Foerste.? The first of these is north of the ferry landing west of St.
Hughes. Dips of 25 to 30 degrees on the southeast flank and dips up to
32 degrees on the northwest flank are recorded. The second small anti-
cline crosses Chibouet river about half a mile from its junction with
Yamaska river. These anticlines are on the southwest extension of the
anticline that occurs between the Pierreville and Nicolet synclines, but
their value as oil and gas structures cannot be determined from data at
present available.

1Logan, Sir Wm.: “Geology of Canada, 1863,” p. 152.

3Foerste, A. F.: ‘Geol. Surv., Canada, ‘Mem, 83 p. 61 (1916).
Foerste, A. F.: Geol. Surv., ’Canada, Mem. 83, pp. 50, 60 (1916).
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According to Logan,! a flat anticline projects northward from Beau-
harnois into the county of the Lake of Two Mountains and southward
to the International Boundary. This anticline exposes Potsdam in the
central part and is flanked by Beekmantown. It has no oil and gas pros-
pects, since the possible productive horizons have been eroded.

Minor undulations on Montreal island and Isle Jesus are described
by Logan,? but these have no significance as oil and gas structures.

As already mentioned, there are in the St. Lawrence Paleozoic area
a number of intrusive bodies now forming abruptly rising ‘“mountains’.
Dykes associated with these intrusive masses are of common occurrence in
many areas. According to the Borings Division of the Geological Survey,
dykes were encountered in at least six of the seven wells drilled in St.
Hyacinthe area. Dykes are known to occur at many places in the vicinity
of Montreal. These dykes would, presumably, act as barriers to the migra-
tion of oil or gas and hence may be very important features determining
the distribution of oil and gas in any prospective fields in this area. For
the most part, the region is covered by drift which conceals the underlying
rocks and hence dykes may occur in areas where their presence is not now
suspected.

EVIDENCES OF PETROLEUM AND NATURAL GAS

Hardened bitumen, which is supposed to have resulted from the desic-
cation of petroleum, is described from St. Lawrence area by Sir Wm. Logan?
as follows:

“In the Quebec group (Lower Pal®ozoic strata) in Canada . . . this substance
(hardened bitumen) has been observed at Quebec, Orleans Island, Pointe Levis, Sillery,
St. Nicholas, Lotbiniére, Drummondville, Acton, the vicinity of the Chat river in Gaspe,
and many other places. It fills veins and fissures in the limestones, shales, and sandstones

and even in the trap rocks which traverse these . . . . At other times it lines fissures,
and is seen, as at Drummondville and Sillery, spread over a surface which had been pre-
viously encrusted with small crystals of calcite . . . . In other cases it fills fissures

several inches in diameter so that it has been mistaken for coal.”

The localities mentioned in the above description lie east and south
of the Champlain fault, but the former presence of petroleum in these rocks
may be taken as indicative of conditions that existed in the less disturbed
strata of the same age lying to the west and north of these areas in the
relatively flat-lying Paleozoic strata of St. Lawrence region. It is known
that the Treanton and Black River limestones in many areas in St. Lawrence
area are highly bituminous and in a few places seepages of oil have been
reported.t Qil is also said® to issue from a seepage at Plantagenet from the
Chazy formation.

In many areas in the St. Lawrence Pal®ozoic region gas is reported to
occur as seepages. Sir Wm. Logan® records natural gas seepages at Cale-
donia, Varennes, and Caxton in water springs. According to Obalski’

“in the district about Three Rivers, that is, in the south part of the counties of Champlain,
St. Maurice, Maskinonge, Berthier, and Joliette, some very considerable emanations of
combustible gas have been noticed ever since the country has been inhabited. The places

1Logan, Sir Wm.: *‘Geology of Canada, 1863,” p. 113.

2Logan, Sir. Wm.: “Geology of Canada, 1863, p. 141,

3Logan, Sir Wm.: “*Geology of Canada, 1863," p. 525,

4Wilson, M. E.: Geol. Surv., Canada, Sum. Rept. 1920, pt. D, p. 51,
5Personal communication from A. E. Wilson, Geol. Surv., Canada.
8Logan, Sir Wm.: ‘‘Geology of Canada, 1863," pp. 527, 666.
70balski, J.: Rept. of Com. of Crown Lands, Que., 1884.
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where these have been known to occur are at St. Maurice, Pointe du Lac, Louiseville, St.
Léon; Epiphanie, St.-Paul-I'Ermite, St. Henri de Mascouche, etc., and on the south
shore at St.-Grégoire, county of Nicolet.”

Of the above-mentioned places, Pointe du Lac on the north shore and
St.-Grégoire on the south shore of the St. Lawrence are on Lorraine shales.
The remaining localities are on the Trenton and Utica formatioas.

The seepages may be takea as indicative of the presence of oil and gas-
bearing beds, but it does not follow that commercial supplies of oil and gas
are present where a seepage occurs. The requisites for oil and gas fields
may be summed up briefly as follows: (1) the presence of an oil and gas
supply; (2) porous beds that may act as reservoir rocks; (3) favourable
structure that will cause an accumulation of oil and gas into a localized
area; and (4) impervious cover over the oil and gas reservoir that will
retain the oil and gas when it has been accumulated.

RESULTS OF DRILLING IN QUEBEC

Drilling has been done in several areas in the St.Lawrence Palzozoic
region and the following account by Parks! gives a general outline of the
developments.

“The first serious attempt to bore for gas was made at Louiseville prior
to 1880 by Piret and Genest of Trois-Riviéres. Then followed an attempt
in the cadastre of St. Henri de Mascouche in 1883, by Renaud Fréres and
Dubois. In 1885 a small company was organized at St.-Grégoire, Nicolet
county, primarily to search for oil. This company bored a deep well near
St.-Grégoire. The well failed to produce petroleum but voided large
quantities of combustible gas. In 1886 a company known as the “Natural
Combustible Gas Company”’, with M. Cyrille Duquet of Quebec as pres-
ident, secured from the Government the exclusive privilege of boring for
natural gas in the province. This company bored at Maisonneuve near
Mountreal and at Louiseville; the Mailsonneuve well was a failure, but four
wells at Louiseville yielded gas.

In 1895 a new company was organized, ‘“La Cie de Gaz Naturel de
Québec.”

In 1899 M. E. Bergeron drilled in the Pointu concession east of St.-
Grégoire with indifferent results.

The Canadian Gas and Oil Company was organized in 1904 with
J. G. Thibodeau of St.-Grégoire as president. This company operated
first in the St.-Grégoire district, but afterwards in the Louiseville district.
It supplied natural gas for two years to several villages and piped its product
to Trois-Riviéres. The company is to be credited as the only producer of
natural gas on a commercial scale in the province; unfortunately, it was
forced into liquidation and ceased operations in 1908.

The Quebec Fuel Company was organized in 1908 and drilled four
wells in Yamaska and Verchéres districts without success.

In 1910 a company, “La Cie de Gaz et de Pétrole de St. Barnabé”
was formed to exploit the St. Hyacinthe district and drilled a well 6
miles northeast of St. Hyacinthe.

1Parks, W. A.: Ann. Rept., Quebec Bureau of Mines, 1929, pt. B, p. 83.
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In 1913 the Canadian Natural Gas Corporation, with N. Turcot as
president, took over the rights of the St. Barnabé syndicate, and in 1914-15
put down a second well on the same lot. This organization had two sub-
sidiaries: the “Canadian Natural Gas Company,” $2,000,000, and the
“Natural Gas, Light, Heat, and Power, Limited,” $500,000.

The National Gas Company ($125,000) was another organization of
about the same date; it acquired rights in adjoining territory and sank a
well about 4 miles southeast of that of the Canadian Natural Gas Company.

With the failure of these syndicates the attempts to utilize the natural
gas of the province on a commercial scale came to an end.

At the present time gas from shallow wells is actually being used for
domestic purposes at Ste.-Geneviéve, Yamachiche, St.-Ours, Verchéres,
and a few other localities.!

I. Ste.-Geneviéve District, Batiscan Seigniory, Champlain County

The escape of natural gas from crevices in the drift is known at several
localities, more particularly a strong flow in the Batiscan river that has
attracted attention for more than 30 years. At the present time at least
10 to 15 cubic feet a minute are escaping (opposite lot 588 La Pointe).
The regioa is underlain by Utica shale with Trenton limestone immediately
to the north. The drift is about 200 feet thick and no outerop of rock is
seen in the immediate vicinity. Many wells have been bored to the rock,
but not into it. A small but steady flow of gas has been obtained from all
the wells. The gas is colourless and odourless; it burns with a scarcely
perceptible, bluish flame, and gives an intense heat.

The following table gives the information that I have been able to
obtain regarding the wells.

1Report of Mining Operations in the Province of Quebec, 1914, pp. 48-68,
Ibid., 1913, pp. 47-48.
Ibid., 1916, pp. 59-60.
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I1. St.-Grégoire District, Seigniories of Roquetaillade and Bécangour, Nicolet
County

According to the maps of the Geological Survey, this region is underlaid
by strata of Lorraine age and bordered on the south by the reddish, sandy
shales and sandstones of the Queenston.

The county is essentially flat, deeply covered with drift, and with few
rock exposures.

(@) Roquetaillade seigniory.
1. Cadastral lots 500 and 501.

The concession road north of the range Beauséjour cuts the northern
part of lots 500 and 501. ‘About eight arpents southeast of the concession
road, and parallel to it, is a patch of land some four arpents in length, from
which ecombustible gas arises. The soil is composed of clay and sand for a
depth varying from 50 to 60 feet. From all the borings made down to the
hard rock gas escaped in great abundance. At tha centre of lot 501 a hole
some 15 feet deep had been dug and had become filled with rain water.
In this had been placed a barrel, open at one end, with a gun-barrel fitted
into the other. The gas escaping from the gun-barrel has been burning
since January of this year, with a flame more than a foot high. A small
well has also been sunk on No. 500, from which gas escapes incessantly. At
other points an ordinary barrel is filled in a very short time. I caused
some sounding to be made in my presence with iron rods about half an inch
in diameter, and found in great part a bed of clay overlying a thin layer of
black sand which in turn rests upon hard rock, which according to the
geological map should be the upper schist of the Trenton formation.

The proprietors who have been living for thirty years on these lands
agsured me that they had always been aware of these emanations of gas.’!

In 1885 a well was sunk by a local company (N.P. Poirier) oa lot 501
(Hilaire Trudsl) to a depth of 1,115 feet, in drift for 75 feet and the rest in
rock. Gas was struck at 400 feet and a supply was obtained sufficient for
heating and lighting five or six houses, also for cooking. This well is still
yielding, but is used at present for only four dwellings.

The log of this well is given below:

Log of Trudel Well

—_ Thickness Denth
Feet Feet

Blue loam with thinlayersof sand.........coviiiiiiiiiiiiiiiiiieena, 47 47
White sand; emanations of gas........ 5 52
Gravel; emanations of gas and water 15 67
Black sand, dense; water, but no gas 7 74
Sandstone, somewhat caleareous, oily cozings...........cooiii it 80 154
Same as preceding, but harder and finer-grained........................ 60 214
Red shale. ... ..o ittt ettt e eiieaeans 75 289
Red shale, lighter ColouUr. .. ..ve ettt iiiriereatiierenneinnrnaens 10 209
Shale, nearly black. ... .....ouiereininn ettt iirianneannnn 16 315
Shale, blackish brown, not hard; abundant and sudden flow of gas, hav-

ing a strong smell of kerosene. ... .. ovviveririseeerinierenniernennsn 54 369

1Rept. Com. of Crown Lands, 1884, p. 83.
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Log of Trudel Well—Concluded

R Thickness Dspth

Red shale; emanation of gas.. ... ... ot 105 474
Red shale, somewhat greyish 50 524
Softer, red shale................... . L. .. 55 579
Red shale; another strong flow of gas 60 639
Impure calcareous rock apparently containing magnesia. Another vein

L3 3 ¥ 20 659
Calcareous rocks....... . e e .. 60 719
Oily, calcareous rock. .. 100 819
Black shale; flow of ga. .. Lo .. .. 40 859
Black shale, compact. ...t e e e 225 1,084
Depthof well. ... . . i et e 1,115

Gas yield estimated at 250,000 cubic feet.

A second well was drilled on this property in 1904 by the Canadian
Gas and Oil Compaay. It is located about 200 feet from the old well and
reached a depth of about 1,400 faet. Very little gas was obtained and the
hole is now plugged.

2. Cadastral lot 516.

On this lot (Archelle Forest) a well was drilled to a depth of 2,900 feet
and gave enough gas to supply a house; it was never used and the hole
is now plugged.

3. Cadastral lots 517 and 578. _

Three wells were sunk on the property of Joseph Guillemette about
12 years ago. They reached depths varying from 2,000 to 3,000 feet and
voided some gas and a little 0il. The output was insignificant and the holes
were plugged.

4. Cadastral lot 237, Grand range, northwest.

North of the previous group, on the property of Adrien Brassard, a
well was sunk to a depth of 1,500-1,800 fzet, about 30 years ago, in an
attempt to obtain oil and gas. The well yielded a quantity of fresh water,
but no oil or gas.

(b) Bécangour seigniory.
1. Cadastral lots 420, 421, 422, range St.-Simon (Poiatu).

The boring on one of these lots (Ernest Rhéault) is known as the
Bergeron well and is described as follows:

‘In the course of the year, a boring of 685 fest was made at about
2 miles to the east of the village of St.-Grégoire in the Pointu concession.
This work was done by Mr. E. Bergeron, who supplies the following infor-
mation: After passing through 35 feet of loam and clay, he struck 25 feet
of grey limestone underlaid with red schist, to 655 feet, and thea 30 feet of
grey limestone with more red schist below, at 195 and 240 feet small veins
of gas, with an oily exudation at 195. At 600 feet 5 to 6 feet of bluish slate
and underneath 50 feet of rock supplying very salt water. The boring
was stopped without striking gas in merchantable quantity; the rocks
traversed seemed to belong to the Medina formation mentioned by the
Geological Survey.

1Report Mining Operations in the Province of Quebec, 1899, p. 41,
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Malcolm gives the log of this well as below:

Bergeron Wellt

—_— Thickness Depth Formation
Feet Feet
3 0 35 35
Grey, calcareous, and arenaceous shale......... 25 60 |Medina
Fine-grained, chocolate-coloured shales more or|
less gritty and caleareous.................... 540 600 «
Bluish shale...........ocooiiiiiiiiiie ... 5 605 |Probably Lorraine
“Balt rock’ . e 20 625 “
Pinkish grey, calcareousshale................. 30 655 “
Yellowish grey, calcareous shale............... 30 685 “

III. Lourseville District, Maskinongé County and St. Maurice County

This name is commonly associated with this gas-bearing area which
really extends westward from Trois-Riviéres to beyond Louiseville. Yam-
achiche might better be regarded as the centre of production.

The area is underlaid in the eastern part by the rocks of the Lorraine
group, and in the west by Utica shale. The drift is thick over the whole
region.

The Louiseville district is the best known area in the province and the
only ons that ever produced gas in commercial quantity. As far back as
1887 four wells were sunk in Louiseville by the Combustible Gas Company,
an organization that had secured from the Legislature the exclusive privilege
of boring for gas in the province. These wells reached respectively depths
of 695, 545, 300, and 295 feet. Three of them were plugged, but the gas
from one was used under the boilers of the Water Works Company.

In 1905, The Canadian Gas and Oil Company, J. G. Thibodeau of
St.-Grégoire, presideat, was organized in Buffalo, N.Y., to exploit the gas
of the province on a commercial scale. This company operated at first
south of the St. Lawrence, but later directed its attention to the Louiseville
field. Many wells were drilled and the product at first was piped to Louise-
ville where it proved ample to meet all demands. In 1907 an 8-inch pipz
line was laid to Trois-Riviéres. The supply was sufficient for domestic
purposes, but failed when industrial plants drew upon it. Financial
difficulties foreed the company into liquidation and the plant was sold for
serap to E. O. Pequignot for $22,000 in 1907.

The pressure at first was too high and had to be reduced, later it fell
off as more demands were made on the supply. Inefficient service resulted,
confidence was lost, and the enterprise failed—not on account of an actual
decrease of gas but due to the inability of the company to drill more wells
in order to meet the increasing demand. Householders complained of
injurious effects on chimneys. This fact and the coming of electric light
contributed to the failura.

The more important wells in order westward from Trois-Riviéres are
listed in the following tables.

1Geol. Surv., Canada, Mem., 81, p. 236 (1915).
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It is apparent that the area between and northward of Yamachiche
and Louiseville is capable of yielding gas, at almost any point, in sufficient
quantity to supply a dwelling. The wells require only a moderate depth in
the drift, but are capable of yielding a steady supply almost indefinitely.
The value of a small well of this kind is estimated by the owners at from
$50 to $300 a year; perhaps $200 a year would be a fair average.

With ragard to commercial development it is to be noted that for two
years an adequate supply was produced for the communitiss of Louiseville,
St.-Barnabé, St.-Sevére, and Yamachiche. There is no reason for doubting
a similar capability for the future.

Abbé Laflamme gives the following log of a typical well at Louiseville:

Well at Lowiseville

_— Thickness Depth

Feet Feet
33 160 160
S T2 190 350
LAmeStOmne. oottt e e e e 295 654

At 350 to 480 feet the limestone was coarse grained; at 515 fzet it
became darker and less crystalline; at 545 to 575 feeb it enclosed crystals
of pyrite. At the bottom of the well a fine, yellowish sandstone was struck
which the drillers claim to have penetrated for a distance of 8 feet (Pots-
dam). Gas was struck at 216, 260, and 342 feet, salt water at 216, 261,
and 290 feet, and mineral water at 644 feet.

Literature, Louiseville disirict:

Rept. Com. Crown Lands, 1883, p. 105.

Trans. Royal Soc. Canada, vol. VI (1888), sec. 1V, p. 20.

Geol. Surv., Canada, Mem. 81, 1915, pp. 93 and 233.

Rept. Mining Operations in the Province of Quebec, 1914, pp. 58, 60, 61. This
report4cgrzltz>mins a history of operations to date by M. Theo. Denis. (See Appendix,
pp. 104-121).

IV. Verchéres District, Counties of Richeliew and Verchéres

This district extends along the south side of the St. Lawrence from
St.-Roch in Richelieu county to Verchéres in Verchéres county. The
underlying rocks are Lorraine shales aad limestoae.

(1) St.-Ours, Richelieu county.
Several shallow wells gave enough gas to light houses but aot to heat.
Amédée Plante has obtained enough to light and heat housz for the past
four years.
Gas known to occur here 25 years ago.

(2) St.-Roch, Richelieu county.

One well (No. 2) was drilled in 1909 by the Quebec Fuel Company, on
the property of Albert Perron, lot 323, parish of St.-Roch, about 13 miles
west of the village. The well was located on a slight rise a little north of the
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middle of the lot. It reached a depth of 2,950 feet and finished in limestone,
presumably Trenton. A small amount of gas was obtained, but it was
never piped or used. At preseat the standpipe is in place, but there is no
flow of either water or gas.

In 1928 a well was drilled for water at the north end of lot 387, parish
of St.-Roch, oa the property of Paul St. Laurent. This well gave enough
gas to ignite, but it has not been utilized.

(3) Contrecceur, Verchéres county.

One well was drilled about a mile west of the village and south of the
highway on the property of Zotique Giguére. This well was drilled for
water, but escaping gas became ignited and set fire to a barn. No use has
bean made of the gas.

{4) Verchéres, Verchéras county.

Well No. 3 of the Quebec Fuel Company was drilled in 1909-10 on lot
27, Grande Cote, parish of Verchéres. It reached a depth of 2,450 feet and
finished in Trenton limestone. A little gas was voided, but no use was made
of it at the time. The owner of the property (Ludovic Boisseau), however,
has utilized the gas for lighting and cooking in his homa.

Well No. 4 of the Quebec Fuel Company was drilled to a depth of
2,300 feet on lot 202, Grande Cote, parish of Verchéres. The owner
(Alexandre Hébert) is still usiag the gas for lighting and cooking.

On lot 114, Grande Cbte, parish of Verchéres (M. Laporte), a well was
sunk 90 feet to bedrock about 30 years ago. This well gave enough gas
for cooking and lighting until three years ago when the supply failed. A
still older well on this property, said to have been drilled 50 years ago,
gave gas for a time but failed during the winter.

On lot 198, Grande Cote, parish of Verchéres (Wilfred Chicoine), a
well was drilled 70 feet to rock about 1894. 1t is situated near the north-
east corner of the part of the lot south of the road, and has furnished enough
gas for cooking and lighting, in summer only, to the present tima.

V. Yamaska District, Yamaska Seigniory, Yamaska County

1. Lot 566, parish of Yamaska.

A single well was drilled at this point by the Quebec Fuel Company
in 1908-9. It reached a depth of 3,060 feat in shales, but was not continued
to the Trenton limestone. No oil and but little gas is reported. The
well is No. 1 of this company.

V1. St. Hyacinthe District, St. Hyacinthe County

The region embraced in this field lies chiefly to the east and north of
St. Hyaciathe; it is very flat, and so deeply covered with drift that surface
undulations give no information as to folds in the underlying rocks. Ex-
posures are seen only in the deeper valleys of streams traversing the area.
It would appear, however, that the general sequence of strata is as follows:

Red shales............ Comparable with Queenston formation of Ontario
Grey shales........... Richmond and Lorraine formations
Black shales........... Utica (?) formation

Limestone............ Trenton formation
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The Yamaska river below St. Hyacinthe was studied in detail by Mr. R.
Harvie of the Geological Survey, Canada; he finds the rock to be much
more fractured and to dip at higher angles than the surface of the country
suggests. A complete section on the Nicolet river is given by A. F. Foerste.
The thickness measured below the red Queenston shale s 2,513 feet of
shales and thin limestones; the upper part corresponds to the Waynesville
division of the Richmond of Ohio, and the greater part to the Eden.!

It is thought that a series of folds, parallel to the great fault that extends
from near Quebec to lake Champlain, traverses this area. The axes of these
folds run approximately northeast. Erosion has removed the red shale
from the up-folds (anticlines), but has left this rock in the down-folds
(synclines). ‘Drillers, in carrying on boring operations with a view to
testing the possibilities of the lower geological horizons, should avoid these
syélcl}ilnalml ,basins and thus obviate the necessity of penetrating the beds of
red shale.”

The escape of gas from pools and the occurrence of gas in wells bored
for water led to the formation of a company, La Compagnie de Gaz et de
Pétrole de St.—Barnabé, to systematically drill for oil and gas in the St.
Hyacinthe district.

1. Lot 164, range St.-Amable North, parish of St.-Barnabé.

The first well of the new company was drilled on this property (Jos.
Fontaine) in 1910. The log is given as follows:

0to 100 feet..... Drift clay, sand, and gravel
100 to 115 feet..... “Soapy’’ shales
115 to 135 feet..... White sandstone, carrying a little salt
135 to 935 feet..... Red shales
935 to 1,108 feet..... Grey shales
1,108 to 1,114 feet..... Grey granite ? (sandstone)
1,114 to 1,265 feet..... Black shale
1,265 to 1,280 feet. . ... Magnesian rock, carrying salt
1,280 to 1,860 feet.. ... Black shale
1,860 to 1,866 feet..... Secondary calcite and quartz in shale, which

carries or covers the gas
1,866 to 1,880 feet..... Black shale

‘In this well, a strong flow of gas was struck at 1,860 feet, the well was
continued 20 feet farther and capped. The rock pressure was measured
by an officer of the Mines Branch on November 10, and found to be 275
pounds per square inch.’®

1 The standpipe is in place, but there is no flow of water or gas from the
well.

In 1915 the Canadian Natural Gas Company sank a well on the same
lot, 1,000 feet to the southeast of the first well; it reached a depth of 2,700
feet without striking gas. The log indicates that the drill passed out of the
red shales at 1,070 feet. ‘This contact probably corresponds to the one
struck at 935 feet in the first well . . . The two wells are apparently
on the east limb of an anticline, the crest of which would lie to the northwest
of the first well.’”* There is no flow from this well at present.

1Geol. Surv., Canada, Mem. 83 (1916).

2Geol. Surv., Canada, Mem. 81, p

3Report Mmmg Operatlons in the Province of Quebec, 1914, pp 64-65.
4Op. cit., p. 65.
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2. Lot 1319, range St.-André, parish of St.-Thomas-d’Aquin.
The National Gas Company acquired rights in St.-André, Pointe-du-
Jour, St.-Roch, and Michaudville. A well was sunk in 1914-15, near the

road about midway of this lot, the property of Alberic Leblanc (now
Thomas Leblanc). The log of this well follows:

Feet
Oto 110.... ..o Surface deposits
110t0 140, ... ..o Bluish shale
140to 190.. ... ... i Grey shale
190t0 290, ... oo Red shale
200t0 320..... . Brown shale
320t0 440.. .. ... Red shale
440to H00.... ... e Grey rock
500to 960......... ..., Red shale
960 t0 1,020. . ... i Black shale
1,020 60 1,500, . oo v e Grey shales
1,600 t02,050....... .. i No report

There seems to be some difference of opinion regarding this well, I was
told, on the ground that it had been drilled by the owner in search of water,
that gas was encountered, and that an explosion of some violence occurred.
The standpipe is still in place but there is no flow at present.

On the same lot a second well was drilled by the National Gas Com-
pany at a point 1,800 feet north of the old well, but without results. The
standpipe is in place, but there is no flow. It may be that the log given
above refers to this well.

3. Lot 982, concession Ste.-Rose, parish of St.-Jude.

A fourth well was drilled by the Canadian Natural Gas Company near
the west side of the southern half of this lot, the property of Joseph Chartier.
This well reached a depth of 2,450 feet. Some pockets of gas were struck,
but no commercial yield is recorded and there is no flow at present.

4, Lot 18, range Ste.-Frangoise, county of St. Hyacinthe.

A well was drilled on this lot, the property of Emile Lorquet, by a
Sherbrooke syndicate with Mr. Cyrus F. French as president.

This well reached a depth of 250 feet, but the drilling was discontinued
owing to the breaking down of the rig.

Some gas was encountered, but there is no flow at present.

All the companies engaged in this field met with failure and the prop-
erties and rights were acquired in 1919 by M. Bouchard of St. Hyacinthe,

Despite the failure it can scarcely be considered that the region has
been fully tested. The wells were sunk almost at random and the anticlines
were not systematically located. Further, the upper red and grey shales
proved much thicker than had been expected, and it is questionable if the
Trenton, regarded as the gas horizon, was ever penetrated.

“The covering of the Trenton is here much thicker than it was antici-
pated when prospecting was begun. The drift is very heavy, exceeding
100 feet in many cases, and the outcrops are few. So that in the absence of
borings, the thickness of the underlying formations could only be surmised

344969
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from observations in neighbouring regions. In Ontario, for instance, a
maximum thickness of 1,300 feet has been assigned to the shale beds of the
Lorraine and Utica lying between the top of the Trenton and the base of
the Queenston.

The deepest boring of the Canadian Natural Gas Company has
penetrated 3,455 feet into these overlying shale beds, without any change of
character indicating the possible approach of the Trenton limestone; the
conclusions concerning their maximum thickness will, therefore, have to be
revised.

The presence of a permanent source of natural gas has not yet
been demonstrated in this field, and for a conclusive test, a well would have
to be put down to the Trenton formation, which is here overlain by more
than 3,455 feet of shales, in which exist pockets of gas.”

Literature, St. Hyacinthe district:
Geol. Surv., Canada, Sum. Rept. 1910, p. 219.
Geol. Surv., Canada, Mem. 81, p. 94 (1915).
Report Mining Operations in the Province of Quebec, 1914, 1915, 1916.

VII. Montreal District

Many wells have been sunk on Montreal island and in the immediate
vieinity on the north side of the St. Lawrence. Most of these had been
drilled for water with indifferent success, as the flow was not great and the
water unpalatable due to contamination by sulphur, salt, petroleum, and
gas. It is not the purpose of this report to describe wells drilled for water.
A full account with logs is given in ‘“The Artesian and Other Decep Wells
of the Island of Montreal”’, Adams and LeRoy, Geological Survey, Canada,
Ann. Rept., vol. XIV, pt. O, 1905. This report is more optimistic than
present conditions indicate for I am informed that little artesian water is now
being used in Montreal although about 200 wells have been drilled. Several
of the sites of these old wells were visited, particularly the Longue Pointe
asylum, but the wells are either plugged or the use of water discontinued.?

With regard to the occurrence of gas on Montreal island, the follow-
ing extract is of interest:

“Whilst sinking a well between the road and the river at Longue
Pointe, at a depth of 34 feet, a strong flow of gas occurred which was
diminished by filling the hole with water and earth up to a height of 10
feet. The size of the well was 3% by 4% fcet, and the escape of the gas
covered the whole of this area, shooting up a flame of 40 feet high. A
grey loam was struck and the gas was probably liberated by cutting
through the gravel which is found in that region at a depth of 35 feet.”s

1. Maisonneuve.

With the immediate purpose of testing for oil and gas, a well was
drilled at Maisonneuve by the Natural Combustible Gas Company, about
1886. Gas was struck at several levels, as well as salt and sulphur water.
The total depth was over 2,000 feet. The log as given by Abbé Laflamme
is as follows:

1Report Mining Operations in the Province of Quebec, 1916, p, 60,
2Geol. Surv., Canada, Mem. 72 (1915).
3Rept. Com. Crown Lands, 1885, p. 119.
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Log of Maisonneure Well

—_ Thickness Depth
Feet Feet
0 ¥ G 76 76
Ttiea Shale. .. ..o e e e e e 80 156
Trenton limestone.......................... s 249 405
Limestone interstratified with black shales. 125 530
Limestone, brown,......................... . 130 660
Shales with odour of petroleum...............co i it i, 30 690
Lmestone. .. ..o e e 15 705
Shales, less bituminous than the preceding................ ..., 20 725
Limestone. ... .o e 20 745
Limestone and bituminousshale....................... .. ....ccinins.. 55 800
Limestone. . ... e 200 1,000
Limestone with crystals of pyrite....... ..., 240 1,240
Limestone, pale, crystalline, becoming slightly arenaceous at the bottom 260 1,500

Gas veins were struck at 270, 400, and 1,120 feet, with salt water
at 630 feet and sulphur water at 1,120 feet. Total depth over 2,000 feet.

2. Lot 3, St.-Henri-de-Mascouche, I’Assomption county.

‘Throughout the whole of the region comprised between St.-Paul-
I'Ermite, ’Epiphanie, and St.-Henri-de-Mascouche, emanations of com-
bustible gas have long been known to oceur, often rising from the ground
in the company of salt springs. These emanations are similar to those
which I have mentioned on several previous occasions, and arise from the
same source; that is to say, I believe they are all due to the presence of
bodies of petroleum in the subterranean limestone. The conformation
of the land and other indications are the same as those at the places pre-
viously examined.

At the place called Cabane Ronde, on the lot No. 3 of the cadastre
of St.-Henri-de-Mascouche, Messrs. Renaud Brothers and Dubois began
a boring of 3 inches in diameter. They traversed a bed 54 feet thick of
blue, yellow, and red clay, then 16 feet of black sand and coarse gravel,
and finally struck the schist rock at a depth of 70 feet. During the whole
of the time the work was going on the escape of gas was regular and abund-
ant. Operations were begun in the autumn of 1883, and resumed in the
spring of this year. A remarkable circumstance, worthy of being recorded,
then occurred. At the beginning of June, on inserting the drill, the work-
men met with a resistance which the efforts of four men were unable to
overcomeé, and withdrew the instrument, upon which a violent gush of
matter from the opening took place. For forty-eight hours as I was told
by the witnesses of the scene, a column of liquid, gas, and stones could be
seen issuing to a height of over 50 feet. The gas was of the same char-
acter as that previously reported on; the water was very salt; and the
stones, some of which were half the size of a man’s fist, were composed
of quartzites, limestones, black bituminous schists, various kinds of granite,
ete., and generally in the shape of rounded pebbles.

1Trans. Roy. Soc, Canada, vol. VI, sec, IV, p. 19 (1888),
34496—9%
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I was further informed that at the beginning of the discharge a
score or so of oily drops of petroleum were observed to fall, but were not
gathered, as it was hoped that a large quantity would be forthcoming.
The boring has since been continued, but more slowly on account of the
hardness of the rock.

These facts are all very important and merit serious consideration,
in connexion, however, with my previous reports.

I encouraged the enterprising prospectors to persevere, and it is
to be hoped that they will be able to continue their labour in boring to
a greater depth, and ultimately see it crowned by a discovery which
will be of the greatest importance to the country if a vein of petroleum
be struck, as there is reason to expect will be the case.™

This well, on the property of Médore Renaud, is situated on a slight
knoll in generally level country. There is a steady flow of slightly saline
water and a constant escape of gas. Water in small pools about the well
is covered with a thin film of oil. The well is said to be 187 feet deep.
Ni)l use is being made of the gas, although there is sufficient flow to supply
a house.

It is remarkable that combustible gas has been constantly discharged
by this shallow well for a period of 46 years.

3. Notre-Dame-de-Grace, Montreal island.

‘During the fall of 1914, a number of claims for oil and gas were
staked out on the island of Montreal, at Notre-Dame-de-Grace, in the
vicinity of the Blue Bonnets race course. In the course of digging a well
in the superficial deposits, a strong odour of oil is said to have been noticed,
and iridescent films were observed floating on the surface of pools of water.
This occurrence gave rise to the staking of several claims by local people.

It may be observed that the underlying rock in this district is the
lower part of the Trenton limestone, and that the underlying Chazy
outcrops a short distance to the north of the Canadian Pacific Railway
branch line which connects Mile End and Montreal West. Therefore, even
supposing that the Trenton limestone of this district had once been oil-
bearing, the eroding down of these limestone beds to near the base of the
formation, preceded by the removal of all the overlying rocks likely to
form an impermeable cap for the oil, and also the disturbed and broken
state of the rocks in the vicinity of the igneous intrusion of mount Royal,
constitute very unfavourable factors for the presence of oil in this district.

No work has yet been done on these claims, but deep wells for
water have been put down at St.-Laurent, at Coéte-des-Neiges, Outre-~
mont, some to the depth of 600 feet, and in none of these has the presence
of oil been reported. On the contrary, most of them yield potable water.’?

VIII. Lake Si. John Dustrict, Charlevoiz County

Two wells have been drilled in the bituminous shales and under-
lying Trenton limestones west of lake St. John. Oil and gas were yielded
by both wells, but not in commercial quantity.

1Report Com. Crown Lands, 1884, p. 84.
2Ref)ort, Mining Operations in the Province of Quebec, 1914, pp. 66-67.




125

(1) Lot 32, range I, Roberval.

On the property of Henri Boivin a well was drilled in 1909 by Georges
Cayouette to a depth of 659 feet. The log is given as follows:

Feet
o1 S O P 70
Black shale. . ... i e 60
AmeStONE, . ottt e e 100
Granite (7). . oot e e e 12
SanAStONE. . ottt it 417

Water was struck at 400 feet. The well is now yielding a little water
and hydrogen sulphide gas. It is stated that at the time of drilling, a
bottle of water, on standing, would show an eighth of an inch of oil on the
surface.

(2) Lot 34, range I, Roberval.

M. Cayouette drilled a second well, near that deseribed above, on
the property of Edmond Gérard. The log is stated to be as follows:

Feet
SO0, ot e e e s 83
Blackshale. ... e 60
Limestone....................... l
Sandstone....................... 257
Soapstone...............c..ann )

Gas was struck at 273 feet. No water. The well is yielding nothing
at present.

A local syndicate, the “Lake St. John Petroleum Syndicate,” pro-
poses to sink more wells in order to test the possibilities of oil and gas in
this district.

CONCLUSIONS

Sufficient evidence is available to justify the conclusion that natural
gas occurs in considerable quantity in the Paleozoic plain of Quebec.
The most important yield has been obtained from shallow wells in the drift
overlying the Utica bituminous shales. It would appear that slow
distillation of shales has given rise to the gas. Deep wells, on the whole,
have been less satisfactory, but some gas has been obtained—a fact of
little or no significance.

The Trenton limestone, in other regions, certainly yields both oil
and gas in commercial quantity. It is questionable if any of the wells
south of the St. Lawrence have penetrated the Trenton, as the overlying
Upper Ordovician formations are very thick. It can scarcely be said
that the possibilities are exhausted.

Owing to the heavy covering of drift, the folding of the strata is
very difficult, if not impossible, to determine. A detailed survey of the
whole region might reveal anticlines that would justify further expendi-
ture, but the drilling of deep and expensive wells before the necessary
geological data are obtained is simply a waste of monev.”
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EASTERN ONTARIO AREA

In the eastern Ontario area, bounded by Ottawa and St. Lawrence
rivers, some drilling for gas has been done. The records of all wells are
not available, but the following data supplied by the Borings Division of
the Geological Survey, indicate that a certain amount of gas has been pro-
duced. The records are as follows:

Caledonia Township

Five wells were drilled during 1917 and 1918 on lot 12, concession V,
to a depth of about 130 feet. Water and gas were obtained in thiese wells,
but the records do not show that bedrock was penetrated.

South Plantagenet Township

A well drilled on concession X, in 1916-17, to a depth of 55 feet, gave
both water and gas. The water was saline and flowed from the well.

North Plantagenet Township

A well drilled on lot 24, concession VIII, to a depth of 60 feet, gave
both gas and water, the latter flowing from the well.

Clarence Township

Near the small village of Bourget on lot 23, concession 111, a pipe was
driven to a depth of 200 feet where shale was encountered. Gas in small
quantities escaped from this hole for many years and later another well
30 feet deep yielded sufficient gas to be used in a farmhouse for lighting
and cooking purposes. The gas evidently is derived from the unconsoli-
dated materials overlying the bedrock.
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CHAPTER VIII

GASPE PENINSULA

PHYSICAL FEATURES

Gaspe peninsula is that part of the province of Quebec that lies south
of St. Lawrence river and east of Matapedia river. It is bounded on the
south by Chaleur bay and Restigouche river. The width, north and
south, is roughly 75 miles and the length, east and west, 150 miles. The
peninsula is a part of the Appalachian system of mountains which in United
States trend in a northeast and southwest direction, but in Gaspe turn
to the east and then to the southeast where the mountain folds coming
out to the coast form a very rugged shorcline. The trend of folding ac-
counts for the striking contrast between the north and southeast coasts
of the peninsula.

As stated by Coleman!

“the north side is a smoothly sweeping curve of shore without a single bay in which
a ship can take shelter. The little harbours are at the mouths of the rivers and except
at high tide can scarcely be entered even by coasting schooners; but the east and
south sides are greatly indented and included the perfectly sheltered Gaspe basgin in
which large ships ean anchor . . . . On the north side there are many bold shores
with cliffs of rock rising hundreds of feet and sometimes running continuously for
miles and there are similar relations on the east, especially near Roche-Percé, but on the
south cliffs are less frequent and are low, and often the land sinks gently toward the sea as
marshes, or sand stretches, or gravel bars. The north side of Gaspe is without an island
and Bonaventure island, near Percé is the only important one on the southern coast.”

The interior of Gaspe, according to Alcock?

“is a plateau, varying in height up to 4,200 feet. Standing anywhere on a summit where
a distant view can be obtained a remarkably even skyline meets the eye in every direction.
Ridge succeeds ridge with only an occasional elevation, slightly above the general level.
The highest part is a belt extending for about 50 miles along the middle of the peninsula.
The elevation of this part of the plateau, to which the name Shickshock mountain is given,
varies from about 3,000 feet to 4,200 feet. Tabletop mountain is considered the eastern
end of the Shickshocks proper. To the east of it the country is over 1,000 feet lower.
At Tabletop the higher plateau country has a broader north and south extension

In the region extending from Tourelle to Madeleine the plateau more nearly approaches
the St. Lawrence shore, in places an elevation of over 3,000 feet being found within 6 miles
of the coast. East of Tabletop the higher summits 'of the plateau country rise about
2,800 feet. To the south of the Shickshocks proper many of the broad, flat-topped areas
between the river valleys rise to 1,800 and 2,000 feet. Throughout the peninsula the most
striking feature of the topography is the flat-topped character of the interfluvial areas
and the abrupt descent to the valley bottoms. On the flat divides there are occasional
ponds and swamps.

The valleys throughout the peninsula show similar features. The streams are swift
and their headwaters are frequently torrential. Rapids are present and in places there
is an underground flow. The stream gradient varies considerably. On the main streams
it is about 20 feet per mile. On the tributary streams there is commonly a gentle gradient
near the headwaters and then a swift descent through deep-cut valleys to the main stream.

1Coleman, A. P.; Geol. Surv., Canada, Mus. Bull. 34, p
2Alcock, F. J.: “‘Mount Albert Map—area, Quebec’’; Geol Surv Canada, Mem. 144, p. 12,
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The valleys are entrenched below the plateau surface to depths of from 500 to 2,000 feet.
The valley bottoms are narrow with flood-plains well developed only in their lower reaches.
The valley slopes are steep, the actual angle depending to a great extent on the character
and attitude of the bedrocks. Hard voleanics in places give almost vertical cliffs; in other
places talus slopes lie at the angle of repose of the loose material. Limestone country
als_ g r}}le gives more gentle slopes, but in places where the dips are low, it, too, forms vertical
cliffs.

The oil-bearing region of Gaspe peninsula, according to Parks,!

“is essentially the lower part of the area drained by the York and St. John rivers; it is
about 30 miles east and west and 10 miles north and south. Settlement has invaded the
district to no appreciable extent; there is a mere fringe of cleared land along the shore
and for a short distance up the river valleys. Practically the whole area, therefore, is
densely wooded and without ready means of access. Canoes on the rivers and the roads
and trails of the lumber companies are the only means of penetrating the country.

The whole area may be roughly regarded as a broad, synclinal valley with the north
and south limbs included . . . . The rivers are about 5 miles apart and define a central
strip that is comparatively level, seldom exceeding 600 or 800 feet in elevation, except
towards the western end of the area. Both the northern and the southern flanks within a
short distance from the rivers rise to greater altitudes, increasing in height westward to a
maximum of about 2,000 feet. The numerous tributaries of the two rivers have deeply
incised the flanks of the valley, cutting them into isolated hills with steep sides. The
country is decidedly rough and difficult to traverse except in the region between the two
rivers and for a short distance north of the York and south of the St. John. Al the oil
wells are located in this more level, central zone, the most northerly well having an alti-
tude of 1,000 feet.”

Coleman? has shown that

“the Labrador ice-sheet divided into two lobes at the western end of Gaspe peninsula, one
lobe filling the St. Lawrence channel and the other following Matapedia valley and the
basin of Chaleur bay. These lobes passed on each side of the peninsula but met beyond
it and continued as a single sheet of ice. 'The space left between the two lobes was, how-
ever, not left bare, but was largely covered by local glaciers . . . . There is no evidence
that glaciers worked on the highest parts of the Shickshock mountains, for their surfaces
consist of loose blocks of the underlying rock, seldom showing any displacement, and no
striated surfaces or boulder clay have been found above 2,500 feet . . . . . In general
it may be said that the effects of local glaciation in Gaspe are not strongly marked and may
easily be overlooked. Bell and Chalmers empbhasize the frequent occurrence of residual
soils where the rock has weathered in place, and most of the surface of Gaspe above the
level of the marine deposits is of that character. Boulder clay is rarely found and then
only in valleys, and it is mainly the scattered stones derived from the mountains that
prove that ice once covered the lower ground. The residual soils and the V-shaped, zigzag
river valleys are proofs that the region was in general only lightly touched by ice.”

STRATIGRAPHY

Parks?® describes the stratigraphy as follows:

“The rocks forming the peninsula are disposed roughly in bands
parallel to its greater diameter, but instead of running due east and west, the
various belts turn somewhat to the south at both ends of the area, more
particularly the eastern. As a result, the belts of rock in the east run
north of west, and those in the west a little north of east. The northern
and southern belts of rock are of early Palzozoic age, but the central region
is composed of strata of later age (Devonian). On the southern side are
some patches of still later rocks (Carboniferous). To understand the gen-
eral structure one must conceive: (1) that rocks of early Palsozoic time

1Parks, W. A.: Quebec Bureau of Mines, 1929, pt. B.
2Coleman, A. P.: Geol. Surv., Canada, Mus. Bull. 34, pp. 13-14 (1922).
3Parks, W. A.: Ann. Rept., Quebec Bureau of Mines, 1929, pt. B, p. 330.
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were laid down in successive seas that at one time or another covered the
whole area; (2) that earth movements raised the northern and southern
margins of the area and depressed the central part; (3) that both fresh
and marine waters occupied this central area in Devonian time and that
a great thickness of sediments was formed therein; (4) that subsequent
movements raised the whole peninsula and folded it into anticlines and
synclines more or less parallel to its greater diameter. It is significant,
also, that igneous activity played a part, both during the deposition of
the Devonian rocks, and afterwards during the period of folding.

The Devonian rocks forming the central part of the Gaspe peninsula
are alone of importance for the purposes of this report, as they alone have
given evidence of petroliferous character. On the east coast the Devonian
belt has a width of about 24 miles. Ells gives its width on the Bonaventure
river as 33 miles, on the Little Cascapedia as 12 miles, and on the Cas-
capedia as 21 miles. The belt continues, with wide fluctuations in dia-
meter, to the Matapedia river where its width, according to Ells’ map, is
inconsiderable.

Logan referred to these strata as the “Gaspe series” and divided
them into a lower limestone formation “Gaspe limestone,” and an upper
sandstone formation “Gaspe sandstone.” The former he regarded as
Silurian in age and the latter as Devonian. Ells considered that the upper
limestones, also, were Devonian, and Clarke at a later date placed the
whole series, both limestones and sandstones, in the Lower and Middle
Devonian.

GASPE LIMESTONE

The limestones of the northern rim were divided into several divisions,
numerically indicated, by Logan; Clarke has grouped these under three
formations as follows:

Feet
Grande Gréve limestone. .. ....o.oovieriiineeennnnnnnan 800 (Logan)
Cap Bon Ami limestone...........oovviiininiinn.... 1,050 ¢«
St. Alban limestone........cooveini e i, 160 ¢

The upper limestone (Grande Gréve) underlies the sandstone across
the whole area from cape Gaspe to Percé, but the lower formations are
much thinner, if not absent, on the southern rim of the basin.

Besides cropping out on the northern and southern sides of the basin,
the limestones come to the surface inland, on the summits of folds, where
the overlying sandstones have been removed by erosion. The limit of
their extension inland is not very weil known. Murray and Ells report
them on the Bonaventure river, but it is questionable if the limestones
south of the sandstone belt on the Great and Little Casecapedia are of this
series, as their fossils mark them as true Silurian, not Lower Devonian.
Alcock refers to Lower Devonian limestones near the Cascapedia river in
Lemieux township. Here the limestones are associated with argillite
and much tuff. Again, in the Mount Albert area, Alcock recognizes the
Gaspe limestones, but admits that the lower beds may be of Silurian age.
It would appear that these Lower Devonian limestones are associated
with much more voleanic matter west of the Bonaventure river than to
the eastward of that stream .
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The limestones of cape Gaspe are hard but true limestones with
many fossils. Logan noted the fact that rocks on the Dartmouth river,
attributed to the same series, are hard, flinty, and without fossils. All
limestones seen during the past summer, on the Dartmouth, York, and St.
John rivers, and on their numerous tributaries, are of this character—
thin-bedded, very hard, highly siliceous limestones, much contorted,
folded, and faulted. The most careful search revealed not a single recog-
nizable fossil.

Sections were made of this hard limestone from Mississippi brook;
the more typical stone shows very fine crystals of caleite embedded in a
small amount of amorphous silica. The flinty varieties are similar, but
with a great quantity of amorphous silica. A specimen of the limestone
from near the sandstone contact on Anse & Brillant brook is quite different:
it consists of much larger crystals of calcite with numerous angular quartz
fragments and some feldspars; there is no amorphous silica, but small
pieces of broken fossils are present.

The total quantity of silica in the flinty limestones is enormous: the
formation is probably a thousand feet thick and possibly consists of 25 per
cent silica. The origin of this silica is questionable. I would venture
the opinion, however, that it was derived from the leaching of ashes dis-
charged from volcanoes known to exist in Lower Devonian time to the
westward of the distriet under discussion.

GASPE SANDSTONES

Lying above the Grande Gréve limestone and filling the central part
of the geosyncline is the great series of sandstones, conglomerates, and
shales to which Logan gave the name “Gaspe sandstones’” and to which
he attributed a thickness of 7,036 feet. These rocks form the whole
coast from Little Gaspe cove on the north side of Gaspe bay to point
St. Peter, and probably extend under the sea nearly to Percé. Inland,
these strata occur on all the streams, from the Dartmouth to the Malbaie;
they have a great width on the Bonaventure river, cross the Cascapedia,
and probably reach the Matapedia river.

The presence of conglomerates, the prevalent crossbedding of the
sandstones, and the rapid alternations of sandstones and shale indicate
shallow water during the time of deposition, and the presence of numerous
plant remains, of which some are terrestrial, attests {reshwater conditions.
On the other hand, the occurrence of oceasional beds filled with marine
fossils shows that the sea sometimes gained access to the basin. Dr.
I. W. Jones reports marine fossils as far west as Cascapedia river.

The geography of Middle Devonian time must have been very different
from that which now obtains in order to shut the sea out from the Gaspe
geosyncline, We must postulate a land mass to the east. Clarke strongly
advocates this view. ‘Therefore . . . . we predicate with confidence
a continental area outside and eastward of the great Appalachian depres-
sion, during all the period of deposit of sediments now filling it.”!

9;(%1a.rke: Early Devonic History of New York and Eastern North Ameriea’; “N.Y, State Mus., Mem. 9,
p. 1908).
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It is significant that conglomerates, typical off-shore deposits, occur
in the coast section and on the Malbaie river, but are sparingly seen inland.
There is reason to believe, also, that the strata inland represent only the
lower part of the formation, as the reddish and greenish shales, so abundant
in the coast section, are sparingly seen inland in the district examined,
but they are reported by Dr. I. W. Jones on the Grand Cascapedia river.
The chief rocks in the basins of the York and St. John rivers are grey sand-
stones and shales, the former frequently bituminous.

The whole series of Gaspe sandstones was carefully measured and
described by Logan.! Subsequent writers have added little to his account.
The series consists of bewildering repetitions of sandstones, shales, and
conglomerates reaching a thickness of 7,036 feet. It is significant, however,
that the lower 4,000 fcet contains little conglomerate, while the middle
and upper parts are far richer in this coarser type of stone. The upper
part, also, is characterized by a far greater quantity of reddish shales and
sands that distinctly colour the overlying soils, as at Cap Rouge, and on
the south side of the Northwest arm of Gaspe bay, east of the bridge
over the Dartmouth river. As the deepest wells in the interior penetrate
less than 3,000 feet of sandstone and shale, with an average very much lower,
it is apparent that all the upper and middle members of the series have
been eroded from the basins of the York and St. John rivers. This erosion
is further attested by the general absence of conglomerates in the interior.
The various beds are frequently discontinuous and layers essentially alike
are often repeated; in consequence, it is practically impossible to recognize
definite horizons in isolated outcrops. The lower part of the series as
exposed in the interior, shows a fairly constant sequence as follows:

Sandstone interstratified with thick bands of grey shale
Hard, yellowish weathering sandstones

Calcareous sandstone

Grande Gréve limestone”

In regard to the rclations of the Gaspe limestones and sandstones
Parks states that “Logan believed that they are conformable and Clarke
has practically endorsed this view. If this interpretation is correct, all
subsequent folding affected similarly the limestones and the sandstones.
On the other hand, if folding occurred after the formation of the lime-
stones and before the sandstones were deposited, there will be irregularities
on the surface of the limestone that will not be revealed by the overlying
sandstones.

‘Where the two series are observed in contact—cape Gaspe, Dart-
mouth, York, St. John, Malbaie, Bonaventure rivers, and their various
affluents—the sandstones seem to lie almost conformably on the lime-
stones. There is, however, always a slight difference in dip. Wherever
observed in the interior, the limestones are folded and faulted far
in excess of the adjacent sandstones, strongly suggesting deformation
before the deposition of the latter. Alcock records distinct unconformity
between the two series in the township of Lemieux and suggests a like con-
dition in the Mount Albert area. The fact that the Gaspe sandstones
overlie indiscriminately Silurian and Devonian limestones and voleanics
points to a greater depression of the bhasin implying earth movements in
the interval.”

1Geol. Surv., Canada, Rept. for 1834, pp. 80-110; ibid., Rept. 1863, pp. 394-396.
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STRUCTURAL GEOLOGY

The sedimentary rocks now found in Gaspe peninsula were deposited
in the St. Lawrence geosyncline. At least at two periods sedimentation
was interrupted by mountain building accompanied by igneous activity.
The first of these periods of mountain building took place in Ordovician
time and these “primary or early folds,” according to Clarke,!

“are those which find their centre or protaxis about the Shickshock or Notre Dame mount-
ains . . . . . About this ridge of Precambrian crystallines are the great areas of crumpled
shales which are designated by the Canadian geologists Cambric and Cambro-Siluric
and which build the rock walls fronting the great river (St. Lawrence) as far as cape Rosier.
These early Pal@ozoic rocks in the St. Lawrence valley, believed to represent strata con-
tinuing to the close of the Lower Siluric, are so irregularly disposed that their unconformity
with beds above is evident . . . . . The valley of the lower St. Lawrence river was
outlined by the primary folding, but was not completed until the date of the great folds
of Devonic time.”

According to Alcock? this Ordovician disturbance “was accompanied
by the intrusion of serpentine rocks, but as far as it is known there are no
granites in the peninsula related to this period of deformation.”

The next period of mountain building took place, according to Schu-
chert and Dart, toward the close of the Middle Devonian when ‘““‘the whole
of the St. Lawrence trough was involved in mountain making, the Acadian
disturbance, and the prophesy of this orogeny was already heralded in
Middle Silurian time when volcanoes began to pour out much basalt.”

According to Alcock?

“the main structural features of the peninsula today date from the period of Devonian
folding. The whole region was thrown into broad folds along east and west lines, which
was apparently the direction which the Ordovician folding had taken. In each case the
thrust was against the old land of Precambrian rocks to the north, along whose border
the geosyncline of Paleozoic rocks has been deposited. The folding was accompanied
by faulting on a large scale . . . . . The Devonian period of folding was accompanied
by the intrusion of a granite batholith . . . . . The period of Appalachian folding
which affected the eastern United States in the Permian apparently did not extend, on
any large scale at least, into Gaspe. The chief evidence for this lies in the structure of
the series of conglomerates and sandstones, known as the Bonaventure series, which
border Chaleur bay. This thick series is probably either late Devonian or early Carbon-
iferous, but its age is not definitely known . . . . The series uniformly lies horizontally
or with very low angles of dip, but is broken by faults that may date from the Appalachian
movement.

Since 1t is believed the oil prospects of Gaspe are confined to Devonian
strata the extent and deformation of these rocks are important from the
standpoint of petroleum geology. According to Parks?

“the Devonian basin of sedimentation, in the coastal region, extends transversely from
Cape Rosier cove on the north side of cape Gaspe to near the mouth of the Little Pabos
river, a distance of about 36 miles in a straight line south 25 degrees west. The axis of
the basin is normal to this direction and stretches inland for a long distance . . . . .
The underlying rock is limestone and the upper rock sandstone. The latter is more limited
in width extending about 22 miles south 25 degrees west from the Little Gaspe cove.

This whole region may be regarded as a broad syncline with the upturned and denuded
strata forming its northern and southern limbs. More or less parallel to the long diagonal
of the basin, 1.e. west 25 degrees north, the rocks are folded into anticlines and synclines and
. distorted by both strike and dip faults.”

1Clarke, J. M.: New York State Mus,, Mem. 9, p. 15 (1908).
2Alcock, F. J.: Geol. Surv., Canada, Mem. 144, p. 50 (1926).
3Alcock, F. J.: Geol. Surv., Canada, Mem. 144, p. 50 (1926).
4Parks, W. A.: Ann. Rept., Quebec Bureau of Mines, 1929, pt. B, p. 41.
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Sir Wm. Logan, who first studied Gaspe area, recognized certain
definite structural features in the Devonian rocks. At a later date Ells
published a map! of the Gaspe oil fields showing the position of the anti-
clines and faults that had been recognized. Parks has added a further
contribution to the structural details and now recognizes, from north to
south, the following main structural features? (See Figure 16): Northwest
Arm syncline; Halidmand anticline; Haldimand fault; York River syn-
cline; Mississippi anticline; York River fault; Tar Point anticline; and
Point St. Peter anticline.

“The Point St. Peter anticline® is a very distinct fold, approximately parallel to the
rim of the basin along cape Gaspe. The summit of the fold is denuded inland and the
underlying limestones come to the surface to within a short distance of point St. Peter—
much nearer than the old maps indicate. The St. John river follows the fractured crest
of this fold for some distance; it then breaks across the northern limb and reaches the sea
through the symeclinal valley in the sandstones . . . . . The country between cape
Gaspe and point St. Peter anticline constitutes a broad, synclinal valley, with the lime-
stone floor depressed to a depth of at least 3,000 feet below sea-level and with its flanks
rising to a height of nearly 2,000 feet above sea-level . . . ., . In general it may be said
that this syneline is upfolded into minor anticlines, cut by major faults both parallel and
transverse to its axis and much faulted and jointed on a small seale.”

The details of the structure according to Parks are as follows.4

“NORTHWEST ARM SYNCLINE

The strata on the northern side of Gaspe bay dip generally south
25 degrees west towards the water. At the extremity of the cape the dip
is only 20 degrees, but the angle increases suddenly to 50 degrees or 60
degrees opposite cape Haldimand. At the Dartmouth bridge it is only
12 to 20 degrees, and it scarcely exceeds 30 degrees to the falls. All dips on
the Dartmouth are southwestward, indicating that the river is north of the
axis of the syncline. It is apparent that the strata are more sharply
folded from the point opposite cape Haldimand to the mouth of the
Dartmouth than either east or west of this stretch. This fact may be
explained by the Haldimand anticline and it may indicate, also, that the
latter structure may not extend far inland.

HALDIMAND ANTICLINE

A pronounced anticline extends from Cape Haldimand to above the
mouth of the Dartmouth. I believe, however, that it dies out, or is cut
off, by a transverse fault, at or near Watering brook. The strata dip on
the average north 25 degrees east along the shore from near cape Haldi-
mand to within a mile of the Dartmouth bridge. The angle of dip varies
but is never low. On the road near Gaspe harbour, at the mouth of Bean
brook, and on the hills above Gaspe village, the strata are vertical or even
dip southwest. I believe this reversal to be due to overturning rather
than to having passed the summit. About a mile below the Dartmouth
bridge the dip is again vertical or even southwestward at very high angles.
Itis impossible to state whether this point marks the summit or whether the

1Map No. 802 to accompany Part A, Ann, Rept., Geol. Surv., Canada, vol. XV.
2Parks, W. A.: Ann. Rept., Quebec Bureau of Mines, 1929, pt. B, p. 42.

3Parks, W. A.: Op. cit., p. 42.
4Parks, W. A.: Op. cit., pp. 43-48.




134

strata are overturned. I am inclined to favour the latter conclusion as
the locality is within a half mile of the synclinal axis. It is evident that
the northern limb of the Haldimand anticline or the southern limb of
the Northwest Arm syncline is much steeper than the northern. The
shaly nature and red colour of the strata below the Dartmouth bridge
indicate that they belong to the upper third of the series. Erosion sea-
ward has removed these upper beds revealing the middle beds along the
shore at Sandy beach.

The summit of the Haldimand anticline cannot be accurately located
by the evidence at hand. It certainly lies between the shore and the
chain of great hills that border the south side of the Northwest arm,
for the few exposures that could be found between the shore and the hills
indicate southerly dips at comparatively low angles. I think the crest
strikes the shore west of Gaspe village. In the Haldimand peninsula the
summit does not seem to follow the same line, but to be displaced to the
west, and to be about at the point where the Douglastown road leaves the
Southwest arm. From here it runs out to cape Haldimand. From
Gaspe harbour to the road mentioned above, the dip is northward, but
gradually decrcases in angle; west of the road the dips are southwestward,
also at low angles. The dislocation of the summit on the two sides of the
arm may be due to a transverse fault; evidence of this kind of faulting is
not wanting elsewhere.

The southern limb of the Haldimand anticline is not well defined.
The dips are usually at a low angle southwestward, and are often irregular
and confused. The most consistent series of observations was obtained
on the south shore of the Southwest arm, averaging 20 degrees, south 32
degrees west.

The districts of highly inclined or overturned strata of the Haldi-
mand anticline have facilitated the escape of petroleum; hence the spring
at Sandy beach, the strong odour of the strata at Gaspe village, and the
seepages along the upper part of the south shore of the Northwest arm.

HALDIMAND FAULT

A profound fault, a short distanee south of the axis of the Haldimand
anticline, has seriously affected the interpretation of the anticline itself;
in fact, it seems to overshadow the anticline in the structure of the district.
The upthrow is on the south side and the underlying limestones are ex-
posed on a range of hills, 1,000 feet above sea-level. In view of the high
dip towards the north of the sandstones along the coast it would not be
necessary to assume a great displacement to account for the outerops of
limestone, were it not for the fact that the few dips observed along the
north flank of the range are all at a low angle towards the southwest.
It is assumed, therefore, that the anticline is steep only on its northern
side and that the fault lies south of the summit. The northwestward
extension of the fault is not known; it possibly reaches to the vicinity
of the serpentine mountain, 8 or 10 miles above the Dartmouth bridge.

Eastward, the line -.of fault seems to strike the shore of the South-
west arm, about 1% miles west of the wharf at Gaspe. The only indica-
tion is the disturbed condition of the strata. Across the arm, a similarly
contorted area may represent the continuation of the fault. . .
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There is no doubt that a fault about in line with the Haldimand
fault extends up the valley of Seal Cove brook. On the shore of the
Douglastown barachois, where the extension of this line would strike
the water, is an area of confused and irregular dips. It is possible that
these two faults are continuous and represent the same line of fracture.
The displacement seems to be more pronounced inland.

YORK RIVER SYNCLINE

A second synclinal depression between cape Gaspe and point St.
Peter, perhaps to be regarded as the major down-fold, extends north-
westward from the Douglastown barachois. In the western part of the
arca under review, the syncline is interrupted by a great anticlinal fold
(Mississippi anticline) which divides it into two. The southern or main
branch forms the valley of the York river; the northern branch lies between
the Mississippi and Haldimand anticlines, and parts from the main branch
near the mouth of the York river. 1t is probable, also, that the Northwest
Arm syncline becomes confluent with this major down-fold under the
water of Gaspe bay.

The dips of the sandstones towards the axis of the York River syncline
are not high. The floor of the fold is broad and undulating; in conse-
quence the exact line of axis is difficult to determine. A peculiar and
unexpected feature is that the prevailing dips are not directly towards
the axis but that they trend westward. Kven along the assumed axis
the dips are at a low angle to the west. There is no doubt that the main
syncline plunges westward, whereas one would have expected an eastward
plunge. As the limestones outerop at much higher levels inland than on
the coast, it might be concluded that both upward and downward foldings
were more pronounced inland.

YORK RIVER FAULT

Dr. Ells records a fault south of the International Oil Company’s
well in York, with an upthrow on the south side; this same fault is recog-
nized by him west of the mouth of the Little fork. There is no doubt
of the occurrence of limestone in the bed of the York river along this line,
which is approximately parallel to the great Haldimand fault. It seems
a fairly safe assumption that the York River syncline is divided into two
structural basins by this fault. West of the fault the plunging character
of the syncline is most apparent. Here we have a distinct structural basin
with scarcely a contradictory observation.

East of the fault the broad valley again shows the prevailing westerly
dips, but they are less pronounced near the coast. A minor, sharply folded
anticline crosses the Big fork of the York about half-way between the axis
of the syncline and the limestone outerop to the north. .

The northern branch of the great syncline lies between the Haldi-
mand and Mississippi anticlines. This area is elevated, deeply covered
with drift, and difficult of access. Such observations as were possible
show fair ly flat-lying strata with low and varying dips.
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MISSISSIPPI ANTICLINE

As already stated the main synclinal valley is interrupted in its western
part by a broad anticline from the summit of which the sandstones have
been eroded away except towards its eastern end. The anticline plunges
eastwards, the limestone outerop diminishes in width eastward and comes
to an end a short distance west of the line between York and Gaspe Bay
South. From this point the anticline continues east for about 5 miles
in the sandstones. . . . . . North of the axis, a few observations
seem to indicate supplementary folds, but insufficient work was done
to justify any details.

TAR POINT ANTICLINE

A pronounced fold at Tar point brings to sea-level the lowest layers
of the Gaspe sandstones, if not the Grande Gréve limestone itself. .

Tt is true that from Tar point to Douglastown, and on the south shore of
the barachois, the dip of the strata is consistently northward. It is also
true, however, that the dip is likewise northward wherever observed
between the limestone outcrop of the Point St. Peter anticline and the
supposed extension of the Tar Point anticline inland. In other words,
there is no evidence of a southern limb for the anticline if it runs as sug-
gested. I am forced to the conclusion that the Point St. Peter fold dom-
inates the Tar Point fold and that the latter is confined to a narrow belt
along the coast.

The crest of the Tar Point anticline is clearly defined on the coast.
The northern limb, near the summit, dips 65 degrees north 30 degrees west.
On the immediate south side the dips are southward but variable in direc-
tion and degree as far as Anse & Brillant brook where the strata are dis-
turbed by a fault. South of the brook the strata gradually assume a
consistent dip at about 30 degrees, south 32 degrees east . . . A
distincet fault, observed where the railway crosses a small brook north
of Tar point, also strikes in practically the same direction. A fault occurs,
also, at the mouth of Anse & Brillant brook; it is revealed only by greatly
disturbed strata that do not permit its direction to be ascertained.

The coastal region between Tar Point anticline and the Douglas-
town barachois is more disturbed than the section along the coast would
indicate. Observations on the railway and on the highway show strata
in attitudes that would not be suspected. The dip, however, is generally
northward. The most significant feature is the occurrence of a strong
fault along Seal Cove brook. The strata dip northward on both sides
of the stream, but the inclination is much less on the north side. It is a
reasonable assumption that the tar and oil seepages along this brook are
due to the fault. I have already suggested that there may be a connexion
between this dislocation and the Haldimand fault. In any event, there
is a zone of fracturing running in the same general direction that it would
be well to avoid in a search for oil.

POINT ST. PETER ANTICLINE

This fold is the dominant structural feature of the district and bounds
the southern side of the basin. Its summit is denuded of sandstone for
the most part and only near the coast is it so covered.”
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EVIDENCES OF PETROLEUM

Seepages of oil have long been known to exist in Gaspe peninsula.
Regarding these, T. Sterry Hunt! in 1866 reported ‘“petroleum springs and
gum beds or superficial accumulations of thickened petroleum are met
with in a great number of places throughout this region, sometimes issuing
from the outcrops of the limestone, but more generally from the overlying
sandstone.”

These petroleum indications were described by Sir Wm. Logan? in
1863 as follows.

“The limestones of this region . . . . are observed in various points on Dartmouth,
York, and Malbaie rivers to be more or less impregnated with petroleum. The limestones
are generally dark bluish grey with layers and nodules of chert and are traversed by numer-
ous veins of white cale-spar sometimes including drusy cavities. These often hold pet-
roleum which impregnates the cale-spar and is seen to rise to the surface when freshly broken
fragments of the rock are thrown into water . . . . In many places throughout this
region the limestone is overlaid by a sandstone . . . . This rock near the mouth of York
river is like the limestone, impregnated with petroleum and on the same river, about 12
miles from the entrance of Gaspe basin, small portions of solid bitumen were found in the
cavities of a trap dyke cutting the sandstone . . . . . At the oil spring at Silver brook,
a tributary of York river, the petroleum oozes from a mass of sandstone and arenaceous
shale which dips southeasterly at an angle of 13 degrees and is nearly a mile to the south
of the crown of the anticlinal. The oil, which here collects in pools along the brook, has
a greenish colour and an aromatic odour . . . . From a boring which has been sunk
in the sandstone to a depth of about 200 feet there is an abundant flow of water accompanied
with a little gas and very small quantities of oil. Farther westward, at about 12 miles
from the mouth of the river, oil was observed on the surface of the water at the outcrop
of the limestone. Petroleum is met with at Adams’ oil spring in the rear of lot B of York
nearly 2 miles east of south from the entrance of Gaspe basin. 1t is here found in small
quantities floating upon the surface of the water; and nearby is a layer of thickened
petroleum mixed with mould, at a depth of a foot beneath the surface of the soil. A mile
to the eastward, at Sandy beach oil is said to oceur, and again at Haldimand town where
it rises through the mud on the shore. These three localities are upon the sandstone

Farther to the southeast . . . . . about 2 miles west of Tar point, which
takes its name from the petroleum found there, another.oil spring is said to be found,
three-quarters of a mile south of Seal cove. On the south side of the Douglastown la.goon
and about a mile west of the village, oil rises in small quantities from the mud on the beach

Farther to the westward oil is said to occur on the second fork of the Douglas-
town tiver. Traces of it have also been observed in a brook near St. George cove on the
northeast side of Gaspe bay. In none of these localities do the springs yield any large
quantltfllej of oil; nor have the borings which have been made in two places, been as yet
success

The same author also describes the presence of oil in a greenstone dyke
at Tar point. Cavities in the dyke ‘‘are filled with petroleum; this in some
instances has hardened to the consistency of pitch.”

Regarding the presence of oil seepages in Gaspe Parks states? that
“more than eighty localities of oil seepages were known long ago and it
would not be difficult to cite one hundred or more at the present date.”

Development of the Field

The following account by Parks* gives an outline of the search for oil
and gas in Gaspe.

Hunt, T, Sterry: Geol. Surv., Canada, Rept. of Prog. 1866, p. 260.
2Logan, Sir Wm.: ‘“Geology of Canada, 1863,” pp. 788-9.

3Parks, W. A.: Ann. Rept., Bureau of Mines, Quebec, 1929, pt. B, p. 10.
‘Parks, W. A.: Op. cit., pp. 1-10, 12-27.

34496—10
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“The first published reference to the occurrence of petroleum in Gaspe
appeared in the ‘“Proceedings of the Literary and Historical Society of
Quebec” in 1836. The article was written by Mr. McConnell and the
material was referred to as “Barbadoes tar.)”” In the Report for 1844 of
the Geological Survey, Canada, Sir William Logan described in detail the
coast section of Gaspe, and referred to the bituminous matter at Tar point,
and to petroleum springs or seepages on the beach above Douglastown
and on Silver brook. These occurrences, and many others known to the
inhabitants of the district, stimulated a desire to find some use for the
material. In 1846 Count de Rottermund made some suggestions in this
respect, but it was not until after the discovery of petroleum in Pennsyl-
vania in 1859 that serious attention was directed to the Gaspe occurrence.

The first attempt to drill for oil was made in 1860 by the Gaspe Mining
Company which drilled two shallow wells, one on the Douglastown beach
near the oil springs, and the other near the spring on Silver brook (Campbell
well). Neither of these wells yielded more than a trace of oil.

Attention was again drawn to the Gaspe oil field by the more complete
description contained in the report for 1863 of the Geological Survey,
Canada. By this time the commercial value of petroleum had been fully
established and the search for new fields was being actively carried on.
The revival of interest was shown in the drilling of a well near the site of
the oil spring at Sandy beach by the Gagpe Petroleum Company (Gaspe
0Oil Company) in 1865-66. This well, known as the Conant or Adams well,
produced a small quantity of dark oil and continues to yield a similar
produet to the present day.! This company acquired nearly 30,000 acres
of land in blocks 20, 38, 40, 42,44, 34. The failure of these early attempts
discouraged further operations and it was not until about 1889 that a more
serious exploitation of the region was begun by the International Oil
Company of St. Paul, Minnesota. This company acquired from the
government 400 acres in block 41, township of Galt, built a road of 17
miles from Gaspe basin, and sank a well in the vicinity of several oil springs
long known to occur at this point. Like its predecessors this well proved
unproductive.

About this time the Petroleum Oil Trust was organized in England
and began operations on a larger scale in 1889. This company acquired
50,413 acres of land which were selected by Charles Robb in the area he
considered most likely to prove productive, i.e., along the lines of anti-
clines that were supposed to traverse the basin drained by the York and
St. John rivers. The company, under the presidency of Alfred W. Car-
penter of London, carried on the work both independently and through
subsidiary companies of which the following were the more important:
Canada Petroleum Company, Belgium Oil Company (La Société Belge
des Pétroles du Canada), and Irish Proprietary Oil Fields of Gaspe (after-
wards, Oil Fields of Gaspe, Limited). The Petroleum Qil Trust drilled some
fifty wells, either for itself or for the subsidiary companies, those of the
Canada Petroleum Company alone being given separate numbers. While
many of the wells were dry or yielded only salt water and a limited quantity
of gas, some produced enough oil to encourage the laying of pipe-lines
and the erection of a refinéry. The refinery was built by the Canada

1Canadian Scenery, Gaspe, John Lovell, Montreal, 1889.
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Petroleum Company in 1900-1901 on the north side of the York river on
the south halves of lots 31 and 32, range I, Gaspe Bay South. ‘The plant
consists of two stills of 150 barrels capacity each, with a series of tanks and
the necessary pumps and engines with a central tank of 2,500 barrels
capacity. The tanks are made of iron and connected by pipes. There
are ten of 500 barrels, two of 300 barrels, besides one of 500 barrels in the
Mississippi district, and those of the western wells. The total capacity
is from 8,000 to 9,000 barrels and the refinery is connected with Mississippi
and other regions by about 15 miles of 2-inch pipe.”r This optimism
seems scarcely to have been justified in view of the fact that Ells estimates
the total yield during the years 1901 and 1902 at 235 barrels exclusive
of certain quantities lost by fire and other causes. Operations ceased
entirely at the close of 1902 and shortly afterwards the company went
into liquidation. At a sheriff’s sale in London, December 30, 1905, the
following properties of the P. O. T. were disposed of:

(1) Beach lot, township of York, McConnell point, on the south side of Gaspe basin.

(2) Beach lot, township of York, south side of Gaspe basin.

(3) Lots 3 and 9, range 11, York.

(4) Lots 30, 31, 32, 33, 34, 35, 36, 37, 39, range I, Gaspe Bay South; lot 22, range
III, York; lots 5, 6, 7, range II, Gaspe Bay South.

(5) Block 20, township of Blanchet.

(6) Blocks 32 and 42, township of Galt.

(7) Blocks 38 and 40, township of Laroque.

(8) Blocks 44 and 56, township of Baillargeon.

The bulk of this acreage, together with mining rights, is now the
property of the ('anadian International Pulp and Paper Company as
follows:

Acres

Block 20..............Township of Blanchet............... 5,000
RS A g Galte.. ..o, 10,890

“ 38,40, ..., “ Larocque.............. 11,232
€44, 56... ..., ... “ Baillargeon. ........... 9,543

This company also holds certain lands and mining rights in range
11, Gaspe Bay South. The tracts in range I, Gaspe Bay South, belong
to LeBoutillier and Whalen of Gaspe harbour and about 10,000 acres of
mining rights in Gaspe village, York, Gaspe Bay South, and Douglas
belong to an English gentleman who acquired them from the liquidators
of the Petroleum Oil Trust.

The wells of all these companies were Jocated in the vicinity of Gaspe
bay, particularly in the area drained by the York and St. John rivers.
The selection of sites was controlled by two factors—the presence of oil
seepages, and the supposed position of three anticlinal folds, Haldimand,
I’IJ‘ar Point, and St. Peter, as determined in the coast section by Sir William

ogan.

The failure of any of the wells to produce oil in commercial quantity
led to complete cessation of operations in 1903. About ten years later
another attempt was made and a single well was drilled near the north
side of the Malbaie river about 9 miles above Barachois. This well was
located on a fourth anticline, south of those named above, and called by
Sir William Logan the Malbaie anticline. No greater success attended this
venture than had rewarded the earlier attempts, and no further operations
have been undertaken to the present date. . ..

1Mining Operations in the Province of Quebee, 1901, p. 35.
34496—10%
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Grouped according to location, the oil wells of Gaspe may be arranged
in three main areas with scattered single wells at other localities. Omitting
a well on the Malbaie river and proceeding from east to west may be con-
sidered as below. The logs and pumping records are taken chiefly from
Ells’ report.

The numbers are those given by the companies: P.0.T., Petroleum
Oil Trust; C.P.C., Canada Petroleum Company.

(1) Sear Cove Arra. Near shore. One well.!

P.O.T., 4. Lot 1, range I, Bois Brilé, township of Douglas. One-
half mile from shore. Elevation 100 feet.

Log incomplete; sandstone and shale. Drilling good to 2,540 feet
where hard rock was encountered; continued to total depth of 2,970 feet;
tools stuck and lost. A small show of oil at 2,215 feet. Abandoned.

Near Tar Point anticline in strata dipping steeply to northeast.

Present condition: negative.

(2) Havpimanp Area. North shore Douglastown barachois, near shore.
One well.2

P.0.T.,3. Lot 1, Haldimand range, township of Douglas. Elevation,
20 feet.

Log incomplete. Commenced October 14, 1890; reached a depth of
2,235 feet, salt water at 1,304 feet, no oil.

South of Haldimand anticline. Strata dip southward at low angle.

Present condition: negative.

(3) DoucrasTowN AREA. South shore Douglastown barachois, near shore.
One well.? 1860.

Gaspe Bay Mining Company. Lot 17, range I, township of Douglas.

Log unknown, well shallow, about 600 feet deep. Drilled in 1860.
Trace of oil.

Probably in strata dipping south at low angle, near oil seepages on
shore, and probably near a fault.

Present condition: negative.

(4) Sanpy Beacu ArEA. South shore Gaspe harbour. Four wells.4

This site was chosen owing to the proximity of a well-known oil
seepage (Adams oil spring). All the wells are drilled in steep strata on
the north side of the Haldimand anticline near its summit.

Gaspe O¢l Company, Conant Well (Adams Well). Lot A6,range I, Sandy
beach, township of Douglas. Elevation 200 feet. Drilled in 1865.

The log is given as follows:

Feet
S PP gas and oil
120, e pale red shale
0 1 fine, grey sandstone
160, .o e e dark red shale
200, e s very fine sandstone with

shale

1Well No. 1 on Figure 16.
2Well No. 2 on Figure 16,
3Well No. 3 on Figure 16.
4Locality No. 4 on Figure 16.



Feet

23 bluish sandstone, very salt
water, strong black gas,
show of thin, light oil

260, .. coarse, grey sandstone, one-third

white and hard

A20. same rock

AB0. . alternate shale and sandstone

425 and 430 . .shows of oil

444 good show of oil

510. this show ceases

show of oil and gas, sandstone

601.... . .purple shale

B48. sandstone, fine beds, oil, and con-
siderable gas

B84, e bottom

Pumping gave intermittent gushes of oil of “ a beautiful dark green
colour.” In nine hours 25 to 30 barrels were produced. The well was
abandoned owing to loss of tools. It is said that two other shallow wells
were bored here, but no detail concerning them is available.!

Present condition: standpipe, flow of salt water, and a little black
oil. It is said that a gallon can be bailed at any time.

P.O.T. 1. Lot A6, Sandy beach, township of Douglas. Elevation
200 feet, 1889-1891.

Log imperfect, salt water at 1,325 feet and at 1,700 feet. Oil at
2,048 feet and 2,400 feet. Pumping yielded no oil.

. Well drilled in steeply inclined strata near top of Haldimand anti-
cline.

Present condition: standpipe, no flow.

P.O.T., 2. Lot Bl, Sandy beach, township of Douglas. Elevation
210 feet, 1890.

Water at several points. Shows of oil at 500 feet, 965 feet, and at
bottom, 2,582 feet. The well was shot at 900 feet, 1,200 feet, 2,036 feet,
and bottom, but no oil was obtained.

Present condition: standpipe, no flow.

P.O.T., 8. Lot Bl, Sandy beach, township of Douglas. Elevation
215 feet, 1892.

Salt water at 745 feet 936 feet, 1,775 feet, and 1,450 feet. No oil.

Present condition: standpipe, no flow.

(5) NortH WEstT ARM AREA. Near south shore. One well.?

P.O.T., 9. Lot 14, I North range, Gaspe Bay South. Elevation 263
feet, 1894.

Hole in sandstone and shale throughout. Water at 495 feet and
560 feet., Total depth, 2,719 feet. No oil.

This well is in the upper members of the Gaspe sandstone series, in
steeply dipping strata, a short distance north of the Haldimand fault that
brings the underlying limestones to the surface at a level probably 700
feet above well.

Present condition: negative.

1Rept. Com. Crown Lands, 1898, p. 43.
3Well No. 5 on Figure 16.
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(6) EasteErN St. Joun River ArEa. South of river in range III, town-
ship of York. Two wells.

P.O.T., 231 Lot 25, range III, township of York. Elevation 160
feet, 1896.

Sandstone to 1,480 feet, limestone to 1,790 feet, salt water at 1,670
feet. No oil. In this well a 10-inch casing to 110 feet, a 6-inch casing to
600 feet, and a 4-inch casing to 1,800 feet.

On north side of St. Peter anticline, not far from limestone, in strata
dipping north at moderate angle.

Present condition: standpipe, plugged; smell of oil.

P.O.T., 242 Lot 3, range III, township of York. Elevation 300 feet,
1896.

Sandstone thin, boring mostly in limestone to 1,230 feet. Hard
to drill in steeply dipping limestones. No oil. On north side of St.
Peter anticline, near the limestone contact in strata dipping northward
at high angle.

Present condition: standpipe, no flow of water, oil, or gas.

(7) WesTeErRN ST. JouN Rivir ArEa. North of river, in range II, town-
ship of York. One well.?

P.O.T., 26. Lot 50, range II, York, close to river. Elevation 96
feet, 1896.

Sandstones and shales to 2,200 feet, limestone and sandy layers
to bottom, 2,900 feet. A little gas at 1,700 feet. No oil.

Well on north side of Point St. Peter anticline, not far from limestone,
in strata dipping north at moderate angle.

Present condition: standpipe with small flow of salt water and gas.

(8) EasTerN York RivErR (SiLvErR Brook) ArEa.! North of river in
ranges 1 and II of Gaspe Bay South. Fifteen wells. An anticline
(Mississippi) crosses the northern part of the area; most of the
wells are on south side of fold.

P.O.T., 12. Lot 33, range I, Gaspe Bay South, near river. Eleva-
tion 12 feet, 1894.

Sandstones and shales to 2,550 feet, limestone to 3,002 feet; small
shows of oil at 2,075 feet and 2,837 feet. Well was plugged for shooting
at 2,830 feet; no '0il worth recordmg, not pumped.

"This well is the farthest south of the group and farthest from axis
of anticline. Strata dip south at low angle.

Present condition: standpipe with water and a little oil.

P.0.T., 7. Lot 34, range I, Gaspe Bay South, 250 yards south of
road. Elevation 29 feet, 1892-93.

Sandstone to 2,385 feet, hard siliceous limestone to 2,867 feet. Salt
water and show of oil at contact, oil at 2,589 feet and 2,650 feet. Shot
with 200 quarts of nitro-glycerine at 2,589 feet on November 29; pumping
commenced December 15; water only at first, but on December 16, 20

1iWell No. 6 on Figure 16.
2Well No. 7 on Figure 16.
sWell No. 8 on Figure 16.
1Locality No. 9 on Figure 16.
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barrels of oil; on December 19, 3 barrels; on December 23, a half barrel;
on January 5 and 6, 1893, a half barrel; 200 barrels lost by accident on
February 14.
Situated on south side of anticline in strata dipping south at low angle.
Present condition: standpipe, flow of salt water and a very little oil.

C.P.C., 10. Lot 33, range I, Gaspe Bay South, 200 yards south of
road. Elevation 37 feet.

Sandstone for 2,360 feet, limestone to 2,383 feet. No oil found in
drilling, but Ells reports three barrels in July, 1901, and a little in standpipe
in 1902,

Situated in sandstone dipping south at low angle.

Present condition: standpipe, slight flow of salt water, film of oil.

P.O.T. 5. Lot 3, range I, Gaspe Bay South, just south of road.
Elevation 55 feet, 1891-92.

Sandstone to 2,360 feet, limestone to 2,640 feet. Small shows of oil
at 1,850 feet and 2,360 feet and none lower. Four barrels bailed in Jan-
uary, 1892. Well was shot on October 25 and 2 barrels pumped on Nov-
ember 9; shot again on December 11, 1893, without result. Yielded about
2 quarts a day on isolated pumpings to January 6, 1894.

Situated on south side of anticline in strata dipping at low angle to
south.

Present condition: water, but no steady flow, a few bubbles of gas;
oil on surface of water, a quart can be obtained at any time in depression
around standpipe.

C.P.C., 7. Lot 29, range I, Gaspe Bay South, north of road, near
Big brook. Elevation 100 feet.

Sandstone to 2,046 feet, limestone to 2,063 feet; oil at 1,945 feet; 2 or
3 barrels obtained.

Strata dip south at 12 degrees, near crown of anticline, according
to Ells.

Present condition: water and smell of oil.

P.O.T., 10. Lot 30, range I, Gaspe Bay South, north of road. Eleva-
tion 80 feet, 1895.

All sandstone to 1,400 feet. Water and gas at 775 feet; small shows
of oil at 1,108 feet and at 1,170 feet. Shot with 160 quarts of nitro-
gylcerine at 1,400 feet. No oil taken out; abandoned on account of water
and caving of sides. In another place Ells states that well No. 10 gave
125 gallons on June 5, 8 gallons on June 24, and 1 gallon on June 27.
Situated near supposed crown of anticline, probably south of it.

Present condition: standpipe with wooden pump-log casing, salt water
to near top, slight flow; foamy oil with bubbles of gas on surface.

C.P.C., 9. Lot 31, range I, Gaspe Bay South, north of road. Eleva-
tion 60 feet.

Sandstone to 2,360 feet, limestone to 2,226 feet. Much water but no
. oil.

Situated on south side of anticline in strata dipping at low angle to
south.

Present condition: negative.
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P.O.T., 18. Lot 32, range I, Gaspe Bay South, north of road. Eleva-
tion 60 feet, 1894,

_Slandstone and shale to 2,050 feet. Much salt and sulphur water.
no oil.

Situated south of the anticline; strata dip south at low angle.

Present condition: flowing saline and sulphurous water freely, bubbles
of gas, and a little oil.

C.P.C., 8. Lot 34, range I, Gaspe Bay South, near north end of lot.
Elevation 64 feet, 1899.

Sandstone to 2,230 feet, limestone to 2,230 feet. No oil.

Situated south of anticline in strata dipping to south.

Present condition: not seen.

P.O.T., 11. Lot 35, range I, Gaspe Bay South, near north end of
lot. Elevation 74 feet, 1893-95.

Sandstone to 2,080 feet, limestone to 2,957 feet. Oil and gas at 2,220
feet. Explosion occurred and rig was burned; several hundred barrels of
oil reported to be lost. Oil again encountered at 2,485 feet. Well shot
twice in September, 1895. Pumped for four days only. On May 25,
1901, it gave 4 gallons; on June 4, 50 gallons; on June 28, 17 gallons; and
on July 6 only 4 gallons—in all 72 gallons.

Situated on south side of anticline.

Present condition: no standpipe, water and a little clear oil in hole,
bubbles of gas.

P.O.T., 14. Lot 36, range I, Gaspe Bay South, near road on north
side. Elevation 76 feet, 1895-1897.

Sandstone to 2,265 feet, limestone to 2,775 feet. No oil, salt water,
or gas. Pumped, it gave 16 gallons on June 25, 1 gallon on June 26, and
1 gallon on July 6.

Situated on south side of anticline.

Present condition: no standpipe, ground around hole for a radius of
10 feet soaked with oil; water and a little oil flowing from hole.

Campbell Well, Gaspe Bay Mining Company. Lot 16, range 11,
Gaspe Bay South, near Silver brook. Elevation 230 feet, 1,860.

One of the first wells drilled, shallow, probably not more than 600
feet in sandstone. No oil.

Situated on south flank of anticline near a well-known oil spring on
Silver brook.

Present condition: negative.

P.O.T., 15. Lot 6, range 11, Gaspe Bay South, near south end of lot.
Elevation 243 feet. 1895.

Sandstone to 1,880 feet, limestone to 2,012 feet. Fifty barrels of
oil bailed at contact. Well shot at bottom and pumped, yielded con-
tinuously 7 or 8 gallons a day for several months; in spring of 1901 gave
about 2 gallons a day.

Situated on south side of anticline, nearer the axis than wells previously
described. Strata dip 20 degrees south.

Present condition: standpipe and wooden casing; both show oil on
water 3 feet down. No permanent flow, but looks as if it overflowed at
times.
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P.O.T. 39. Lot 5, range 11, Gaspe Bay South, near west side of lot
and half-way from south end. Elevation 360 feet (398 feet Ells).

Located near summit of anticline; rig erected but well not drilled.
The site looks promising and it is to be regretted that the work was not
continued. Just north of well the dip is north 15 degrees east at 20 degrees.

P.O.T. 36. Lot 7, range II, Gaspe Bay South, near north end of lot.
Elevation 804 feet, 1901.

Sandstone to 1,780 feet, limestone to 1,950 feet. Salt water at 1,065
feet. No oil.

Situated on north side of anticline close to its axis. Strata dip 11 deg-
rees north. This well would be considered as favourably located; its
failure led to the abandonment of No. 39.

(9) SourHEAST GALT AREA. One welll,

P.0.T., 16. Block 42, township of Galt, near southeast corner, about
1% miles from road (2,631 paces). Elevation 510 feet. 1895.

Sandstone to 2,880 feet, limestone to 2,995 feet. Only small show of
oil 2,664 feet; little salt water. Pumped, it gave 150 gallons on June 10,
1901.

Situated on south side of anticline. Strata dip about 9 degrees south.

Present condition: flowing water with a little oil; ground around
for 100 square feet soaked with oil.

(10) UrreR SILvER BrookK ArREA. The angle of Blocks 31 and 42 of Galt
and range III, Gaspe Bay South. Three wells.2

P.O.T. 22. Lot 22, range III, Gaspe Bay South, in northwestern
angle of lot. Elevation 1,000 feet, 1896-1897.

Sandstone to 2,750 feet, limestone to 3,130 feet. No oil at contact,
but a show, with water and gas, at 2,945 feet. In a white sand within
the limestone, oil and gas at 3,105 feet and strong brine at 3,107 feet.
The pumping record is as follows: April 5, good show in water; April 22,
one-half barrel; April 23, 4 barrels; April 26, 3 barrels; April 29, 3 barrels;
April 30, 2 barrels; May 3, 1 barrel; May 4, half barrel; May 8, 1% barrels;
May 15, less than a half barrel; May 28, 1 barrel: May 29, 3 barrels;
June 5, 2 barrels; June 12, 15 barrels; June 16, only a pint.

This well is situated north of the crown of the main anticline in strata
that are practically horizontal. The location is favourable; it is significant
that the oil was obtained in the limestone.

Present condition: oil stains and odour, no flow.

P.O.T., 37. Block 31, township of Galt, ncar south line of block
and about a mile west of the southeast corner. Elevation 917 feet, 1901.

The log of this well is somewhat different from the others in that
the record shows an alternation of sandstone and limestone. Bands of
hard limestone were struck at 455 feet and continued down to 645 feet.
Below this, to a depth of 2,600 feet the rocks were all sandstones which
were calcareous for the last 200 feet. Small show of green oil at 2,218
feet; salt water at 927 feet and 1,875 feet, and gas at 1,925 feet. Two
barrels of oil taken out.

1Well No. 10 on Figure 16.
2Locality No. 11 on Figure 186.
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Situated near the axis of anticline, probably to the north. The
dips are low in various directions in the vicinity.

Present condition: negative.

P.0.T., 38. Block 42, Galt, near northeast corner of block. Eleva-
tion 877 feet, 1901-1902.

Sandstone to 2,089 feet, calcareous for last 50 feet. Small show of
oil at 2,030 feet, salt water at 955 feet and 200 feet. Copious flow of water
prevented drilling to greater depth. No oil. Limestone not reached.
Situated near anticline, probably to north of main fold.

Present condition: not seen.

(11) Lirrue Fork oF York Rivir ArEA. Near mouth of Little Fork
in Block 42, Galt. One well.

P.O.T., 6. Block 42, Galt, near crossing of main road and Little
Fork. Elevation 246 feet, 1892,

Sandstone and shales to 3,640 feet. Small show of oil at 2,950 feet.
Salt water at 395 feet, 440 feet, 590 feet, and 690 feet. Strata in the
vicinity dip at low angles in different directions, probably southward at
well., Ells states that limestones cross the road a short distance west of
the location: I was unable to find this limestone.

Present condition: negative.

(12) Brock 41 ArEa. Township of Galt. One well.2

International Oil Company. Kast side of block near middle. Eleva-
tion 385 feet.

Sandstone to 1,700 feet. No oil.

Ells states that a fault crosses to the southwest of the well, whereby
the limestones are brought to the surface. These limestones are bitumin-
ous and three large oil springs occur along the line of fault in a distance
of half a mile. I am informed that a very large oil spring is located at the
head of the little stream that passes ncar the well. The strata dip south-
west at 16 degrees to 25 degrees.

Present condition: wooden casing, dry. There is a pipe in one of the
springs showing oil 8 feet from top, slightly bubbling by escape of gas.

(13) Fourtu LAKE ArEA. Block 44, Galt. One well.?

P.O.T., 25. Block 44, Galt, just north of Fourth lake. Elevation
660 feet, 1895-1896.

Sandstone to 2,200 feet, sandy limestone to 2,978 feet. Gas at 1,700
and 2,550 feet. No oil.

Situated on north side of Point St. Peter anticline, in strata dipping
northwestward at 20 degrees.

Present condition: negative.

1Well No. 12 on Figure 16.
2Well No. 13 on Figure 16.
3Well No. 14 on Figure 16.
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(14) Mississippt Brook ArREA. Block 40, Larocque. Twenty wells.! The
wells all lie near the bottom of a syncline; most are on its northern
slope and only the most southern on the south limb. The general
dip is south and west at low angles; on the south limb it is north and
west. The wells will be deseribed from the south to the north,

P.0.T., 33. Block 40, Larocque, near west side of block close to York
river. Elevation 200 feet, 1899-1901.

Sandstone and shale to 2,607 feet. Gas at several points. No oil.

Situated on south limb of syncline, near axis; strata dip northwest
at 5 degrees.

Present condition: saline and sulphurous water flowed freely, now
plugged.

P.0.T., 31. Block 40, Larocque, just west of mouth of Mississippi
brook. Elevation 164 feet, 1898-1899.

Sandstone to 2,450 feet, limestone to 2,815 feet. Small show of oil
at 1,700 feet. Pumping yielded 1 barrel per diem for a short time—23
barrels in all.

Situated near bottom of syncline. Strata dip at low angle a little
south of west.

Present condition: rig burned, 8-inch standpipe, oil in pipe 2 feet
6 inches down, does not overflow but it is always possible to bail out
several gallons of oil; bubbling by escape of gas. For description of oil
See page 29.

C.P.C., 5. Block 40, Larocque, 200 yards east of Mississippi brook
and 300 yards north of York river. Elevation 200 feet.

Sandstone to 2,200 feet. Shows of oil at 1,349 and 2,140 feet. About
3 barrels obtained by bailing.

Situated near bottom of syneline.

Present condition: rig burned, negative.

P.O.T., 29. Block 40, Larocque, close to York river, about one-half
mile east of Mississippi brook. Elevation 130 feet, 1897-1898.

Drift, 615 feet, sandstone to 2,600 feet. A little gas and oil at 2,180
feet; and salt water at 840 feet, 1,209 feet, 1,380 feet, and 1,450 feet.
The central collecting tank for the area was located at this point and from
here the pipe-line extended 11 miles to the refinery. Ells records 200 to
300 barrels of amber oil in the tank at the time of his visit.

Situated near bottom of syncline.

Present condition: standpipe full of salt water, slight bubbling of gas,
and a little foamy oil. Does not overflow except at intervals.

C.P.C., 2. Block 40, Larocque, north and a little west of P.O.T., 29.
Elevation 230 feet, 1901.

Sandstone and shale to 1,591 feet. Small quantity of oil and gas
at 1,570 feet. Output only 3 gallons.

Situated near bottom of syneline on north limb.

Present condition: rig burned, standpipe removed.

P.0.T., 27. Block 40, Larocque, one-fourth mile north of P.Q.T., 29.
Elevation 320 feet, 1897.

1Locality No. 15 on Figure 16.
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Sandstone and conglomerate to 2,200 feet to limestone contact;
occasional bands of conglomerate with pebbles of white quartz. This
record is interesting as very little conglomerate is seen in the district.
Strong flow of oil and gas at 1,467 feet in a stratum of conglomerate. A
considerable quantity of oil was obtained, but much was lost at the time
of tapping the conglomerate, and later several hundred barrels were des-
trolslred by fire. The oil thus burned probably did not all come from this
well.,

The well was pumped, in 1901, from April 5 to August 15. The
yield was 385 gallons, an average of about 21 gallons a day. In 1902,
1t was pumped from June 18 to August 9 with an output of 192 gallons.
Ells records that in July, 1902, the well was pumping about 2 gallons a day.

The well is situated on the north flank of the synecline in strata dipping
southwest at a low angle.

Present condition: rig burned, negative.
P.O.T., 32. Block 40, Larocque, 200 yards north of York river, near
eastern line of block. FElevation 200 feet, 1899.

Sandstone to 1,825 feet, limestone to 1,925 feet. Oil and gas at the
contact. Pumping began on March 22, 1901, and continued to September
21. 1In 1902 it was pumped from April 26 to August 9. The total yield
was 1,745 gallons, an average of about 9% gallons a day. In the latter
year the yield varied greatly, ranging from 1 gallon a day upwards, and
for the last month averaged about 4 gallons a day.

Located on north flank of syncline.

Present condition: unable to locate in briilé.

C.P.C., 11. Block 40, Larocque, close to York river and on eastern
line of block. Elevation 150 feet.

Sandstone to 1,900 feet, limestone to 1,924 feet. Salt water and a
little oil at 1,490 feet. No oil of importance.

The most easterly well of the area. Strata dip 11 degrees to southwest.
Present condition: no standpipe, no flow.

P.0.T., 30. Block 40, Larocque, near junction of Twenty brook and
Mississippi river. Elevation 215 feet. 1898-1899.

Sandstone to 1,580 feet, no limestone. Heavy flows of salt water
at 860, 930, 1,022, 1,075, 1,150, 1,210, 1,450, and 1,480 feet. No oil or gas.
Abandoned on account of water.

Strata dip nearly west at low angle. Hole is near axis of syncline
which may account for excessive water.

Present condition: Rig burned, no standpipe.

C.P.C., 8. Block 40, Larocque, 200 yards northeast of P.0.T., 30.
Elevation 210 feet.

Sandstone to 2,340 feet, limestone to 2,394 feet. Small trace of oil
at contact. Salt water in upper part. Well was shot without results
and abandoned.

Situated near axis of syncline.

Present condition: unable to locate well on account of brilé.
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C.P.C., 6. Block 40, Larocque, close to and east of C.P.C., 8. Eleva-
tion 246 feet.

Sandstone to 2,360 feet to limestone contact. Trace of oil at 2,340
feet, no yield.

Sandstones near well dip at low angle to southwest.

Present condition: rig burned, no standpipe, no flow.

C.P.C., 1. Block 40, Larocque, close to and east of C.P.C., 6. Eleva-
tion 270 feet, 1899.

Sandstone to 1,582 feet, limestone not reached. Oil and gas at
1,550 feet. Pumped from June 25 to September 21, 1901, with a yield
of 949 gallons, also from May 22 to July 24, 1902, with a yield of 75 gallons.
In August, 1902, the well was flowing salt water. Total oil 1,024 gallons.

Situated on north flank of the syncline.

Present condition: wooden casing around pump-log, strong smell of
oil, no sign of present activity.

C.P.C., 4. Block 40, Larocque, east of C.P.C., 1. Elevation 276
feet, 1901.

Sandstone and shale to 2,100 or 2,200 feet to limestone contact. Salt
water, no oil.

Situated in strata dipping southwest at low angle.

Present condition: rig burned, no standpipe.

P.O.T., 85. Block 40, Larocque, east of east branch of Mississippt
brook, about three-eighths of a mile from main road on the old Howard
Smith road up to Mississippi. Elevation 360 feet, 1901.

Sandstone to 1,800 feet, limestone to 1,810 feet. Nooil. Highly -
siliceous limestone broke tools and stopped drilling.

Situated north of axis of syncline in strata dipping southward.

Present condition: no standpipe, no flow of water, no trace of oil.

P.0O.T., 34. Block 40, Larocque, near main road, about a mile east
of Mississippi crossing. Elevation 310 feet, 1900.

Sandstone to 1,677 feet limestone not reached, small quantity of
oil and salt water at 1,600 feet. Pumped half a barrel a day for some
time. Total yield to May 24, 1902, 1,744 gallons.

Strata dip southwest at low angle.

Present condition: unable to locate in briilé.

P.O.T., 19. Block 40, Larocque, south of road and north of C.P.C., 6.
Elevation 355 feet, 1895-1896.

Shale and sandstone to 2,340 feet to limestone contact. Salt water
at 700 feet and 1,500 feet. Shows of oil at 1,185 feet, 1,792 feet, and
2,050 feet. Well was shot with 100 quarts of nitro-glycerine at 2,040 feet.
It yielded at first about a half barrel of amber oil a day; afterwards 10
ga%lons, and by August 2, 1902, only 2 or 3 gallons. Total output 850
gallons.

Located in strata dipping southwest at low angle.

Present condition: unable to locate in bralé.

P.0.T., 17. Block 40, Larocque, just south of main road, about
half-way between Big fork and Mississippi crossings. Elevation 370 feet,
1895-1897.
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Sandstone to 2,000 feet, limestone to 2,550 feet. Oil at 1,013, 1,045,
1,200, and 1,286 feet. One and a half barrels bailed at 2,348 feet.

Strata dip southwest at 18 degrees.

Present condition: no standpipe, no flow. This point has become a
sort of centre for the traffic on the road. Oil buildings are used by fire
rangers and travellers.

P.0.T., 18. Block 40, Larocque, about one-third mile north of road
and east of the brook that passes near P.O.T., 17. (Seventeen brook).
Elevation 280 feet, 1895-1896.

Sandstone and shale to 1,865 feet, limestone to 1,960 feet. Small
shows of oil at 990 and 1,095 feet. Shot with 25 quarts of nitro-glycerine,
but no oil found in the boring. In 1902, a small show of oil in pipe.

Situated well up on north limb of synecline.

Present condition: trail obliterated in the br(lé.

P.O.T., 20. Block 40, Larocque, about centre of block and a short
distance north of the most northerly point on the road. Elevation 442
feet, 1896.

Sandstone to 2,050 feet, limestone to 2,173 feet. Oil and gas at
contact, salt water at 595 feet. Shot with 100 quarts of nitro-glycerine
at 2,059 feet without results, only a half barrel being bailed out in 24
hours. On August 5 it was tubed and pumped, giving about 5 gallons a
day for a time. In July, 1902, it yielded from % to 1 gallon a day. Total
output, 1,750 gallons.

Strata near well dip southwest at 15 degrees.

Present conditions: constantly flowing a small quantity of clear amber
oil that runs down the outside of standpipe, keeping it clear of rust; gas
bubbles accompany the oil. Tt is said that 5 gallons may be bailed out at
any time and the pipe will be full next day. It is stated, also, that a barrel
has been bailed out at one time. This well is undoubtedly the most active
in the whole distriet at the present time.

P.0O.T., 21. Block 40, Larocque, about three-fourths of a mile north-
west of P.O.T., 20. Elevation 780 feet, 1896-1897.

Sandstone and shale to 1,555 feet, limestone to 1,830 feet. Trace
of gas and oil at contact. No yield of oil.

Strata not exposed near well, but probably dip southward. High
hills to north, west, and south.

Present condition: standpipe with strong flow of cold, slightly saline,
more distinctly sulphurous water that makes its way up the pipe although
it Is filled with sand. The water is palatable and may possess medicinal
value. This is the most northerly well of the area.

(15) Brock 39 Area. Township of Larocque. One well.

C.P.C., 12. Block 39, Larocque, near mouth of Narrows brook.
Elevation 270 feet.

Sandstones and shale to 1,500 feet, a band of black shale at 280 feet.
No oil.

Situated on south limb of syncline. Strata dip northward and north-
westward at varying angles.

Present condition: standpipe removed, wooden casing remains, hole
open but no flow of water.

1Well No. 16 on Figure 186.
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(16) Brock 38 Area. Township of Larocque. Two wells.

P.O.T., 28 Block 38, Larocque, close to main road at crossing of
Narrows brook. Elevation 920 feet, 1897-1898.

Sandstone and shale to 3,525 feet, no limestone. Salt water at 1,100
feet. No oil.

Situated near axis of synecline.

Present condition: no standpipe but wooden casing is flowing freely,
slightly saline and sulphurous water.

P.0O.T., 0.2 Block 38, Larocque, at crossing of main road over Falls
brook. Elevation 827 feet.

Sandstone to 2,305 feet, no limestone.

1Situated near axis of syncline in strata dipping southwest at a low
angle.

: Present condition: standpipe plugged, but a flow of sulphurous water

is escaping through holes and around the pipe. This is the most westerly
well in the whole district.

In addition to the wells deseribed above, one more was drilled at a
much later date (1913) near the north side of the Malbaie river about
9 miles from its mouth. The work was done by the Eastern Canada Com-
pany under the management of Mr. C. B. K. Carpenter. The hole reached
a depth of 2,950 feet in sandstone; at the surface it had a diameter of
14 inches; this was reduced to 8 inches and finished at 6% inches. Salt
water was encountered but no oil. The clevation is 205 feet. The rocks
in the vicinity are coarse sandstones and conglomerates, the latter rocks
being much more in evidence than on the St. John and York rivers. The
strata on the river, near the well, strike, on the average, north 62 degrees
west, and dip invariably at high angles (70-85 degrees) northeast. The
well is evidently located in steeply dipping strata on the north flank of the
Malbate anticline. The location is not favourable.

The standpipe and wooden casing are still in place. The pipe is full
of fresh water but there is no flow.”

As will be seen from the above description a certain amount of oil was
discovered in a number of wells. The following deseription of the oils is
by Parks.?

“The operators, at the time of activity in the Gaspe field, recognized
that different qualities of oil were yielded by different wells. The classifi-
cation seems to have been on the basis of colour alone. An old record
of the wells pumping at a certain date contains the following information:

Green oil— Amber oil—
P.O.T. 5, two tanks. P.O.T. 19, one tank.
P.O.T. 7, two tanks. P.O.T. 20, one tank.
P.O.T. 11, one tank. P.O.T. 27, pumping.
P.0O.T. 15, one tank. Brown oil—
P.O.T. 1 and 2.

tWell No. 17 on Figure 186.
2Well No. 18 on Figure 16.
3Parks, W. A.: Op. cit., pp. 27-29.
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Ells classifies the oils as ‘a light amber oil which has been obtained
from the upper or sandy portion of the formation, and a dark green, heavier
oil which was obtained usually from the lower or calcareous underlying
rocks.”t  Unfortunately Ells’ report does not indicate the kind of oil
yielded by the various wells, but it enables us to add P.O.T. wells 10 and
37 to the list of producers of green oil.

I would venture the opinion that the normal oil of the district is
green. The black or brown are found in seepages of springs along fault
planes and, also, in the wells drilled in proximity to such vents. The dark
colour and heavy nature of these oils are due to the escape of the more
volatile constituents. The amber oils occur in the sandstones and represent
volatile parts of the original green oil that have risen and accumulated
therein.

Analyses of Gaspe oils according to older methods are given in the
following tables:
Older Analyses of Gaspe Oils

Light green oil,

Amber oil, district 5
district 27

Density at 60° F........ooooviiiiiiont, 0-828 0-795
Lighting point, Abel test................... 0° F. 20° F.
Light essences (gasoline, benzine)........... 169 21%
KEPOSENE. ..ttt itseneninienennnnaneannanes 419, (density, 0-804) 35%% (density, 0-780)
Intermediate products and heavy oils with

solid hydrocarburets................... 0% | L.
Lubricating oils and paraffins...............|  ...... 429,
COKe. ittt 1-36% 0-75%
OS5 . v ettt vt et ee e e et 1-009, 1-00%

‘These results were obtained by cooling to 20 degrees F., but by em-
ploying the usual process of distillation, 79 per cent is obtained of a product
with a density of 0-799, and a lighting point at 73 degrees F., from which
the paraffin can be afterwards separated by cooling.”

Samples were collected during the summer from all wells that could
be located and that are at present voiding oil. These samples have been
examined in detail by Professor Rolland with the following results:

1Geol. Surv., Canada, Sum. Rept. 1902, pt. A, p. 345.
2Report Mining Operations in the Province of Quebec, 1899, pp. 38-41,
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RELATION OF DRILLING DONE TO PRODUCTION PROSPECTS

An analysis of the merits of the wells already drilled as a test of the
petroleum prospects, presupposes a knowledge of conditions under which
petroleum accumulates. These conditions are, briefly: (1) a source rock
for oil; (2) porous horizons in which the oil may accumulate; (3) favour-
able structure to cause accumulation of oil; and (4) impervious cover to
prevent the escape of the oil subsequent to its accumulation.

The Gaspe group of rocks are known to be highly petroliferous and
the structure, as already outlined, seems adequate to cause accumulation
of the oil. According to Parks ‘“the numerous bands of shale, some of
them more than a hundred feet thick, are adequate caps provided they have
not been shattered.” He states, however, ‘that in almost every exposure
of shales they seem to be less competent than the sandstones and to have
yielded more to the forces of deformation, with the result that they are
much shattered and their ability to act as caps seriously impaired.” In
general, however, it is admitted that petroliferous strata exist, that ade-
quate cover is present, and that the structure is not unfavourable. If,
therefore, the wells were properly located in regard to the structure their
results would be a fair test of the petroleum prospects.

Wells on the Haldimand Anticline

Wells drilled on or in proximity to the Haldimand anticline include
a group of wells on Dean brook,! south of the mouth of York river, a well
drilled near Haldimand town,? and a well drilled on the southwest shore
of Northwest bay on the north flank of the Haldimand anticline.? Shows
of oil at different levels were reported in two of the wells drilled on Dean
brook, but no commercial quantity was obtained. These wells were
drilled close to a seepage in highly tilted or almost vertical strata. The
well on the north flank of the Haldimand anticline was also drilled in very
steeply tilted strata. It is concluded, therefore, that these wells were not
in what would be considered favourable locations. The well near Haldi-
mand town was drilled on gently southward dipping strata and reached a
depth of 2,235 feet without obtaining oil, although the well as shown on
Ells™ map was drilled close to a seepage that is thought to originate on a
fault. There is no information as to the position of the bore-hole relative
to the fault. Dr. Parks, however, states that on both the Haldimand
and York River faults the upthrow is to the south. If these faults are
thrust faults as might be supposed from the general knowledge of this
area, then the well at Haldimand town may have drilled through a fault
and at depth the hole would be on the north or downthrow side, a rather
unfavourable position in which to hope for oil accumulation.

1Locality No. 4 on Figure 16.

2Well No. 2 on Figure 16.

3Well No. 5 on Figure 186.

sElls, R. W.: Map No. 802, Geol, Surv., Canada,
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Wells on the York River Syncline and Mississippt Anticline

On the old maps, the Tar Point anticline is shown as extending inland
to the vicinity of the wells drilled on Silver brook.! Dr. Parks? is of the
opinion that this is not the case and that the Tar Point anticline is confined
to a narrow belt along the coast. He thinks that most of the Silver Brook
wells are on the northern flank of the York River syncline, but places
Petroleum Oil Trust wells Nos. 36 and 39%, and 38% near the summit of the
Mississippi anticline which in the west divides the York River syncline
into two structural basins. If this is so the Silver Brook group of wells
must be well up the southern flank of the Mississippi anticline and hence
on the whole might be considered to be favourably located for a fair test
of the oil prospects at this place. Petroleum Oil Trust wells® Nos. 23, 24,
and 26 are well down the southern flank of the York River syncline.

According to Dr. Parks the most favourably located wells, i.e., Petro-
leurn Oil Trust wells Nos. 36, 38, and 39, at or near the summit of the
Mississippi anticline, gave only salt water and no oil, although other wells
in the Silver Brook group gave some oil. Many of these wells drilled
through the Gaspe sandstones into the underlying Grande Gréve limestones
and the records may be summarized as follows:

Depth Oil in Oil in
Total to sand- Qil sandstone, limestone,
Well depth stone- at depth of oil depth of oil
limestone| contact horizon horizon
contact
Féet Feet Feet Feet
P.O.T. 2,640 2,360 01l 1,850
P.O.T. 2,867 i 2,589 and 2,650
P.0.T. 1,400
P.O.T. 2,957 2,220 and 2,485
P.O.T. 3,002 ,837
P.O.T. 2,775
P.O.T. 2,012
P.O.T. 2,995
P.O.T. 3,130 2,945 and 3,105
P.O.T. 1,950
P.O.T. Record
C.P.C. 2,240
C.P.C. 2,063
C.P.C.

2,383

P.0.T. Petroleum Oil Trust.
C.P.C. Canada Petroleum Company.

A number of other wells did not reach the limestone.

1Tpcality No. 9 on Figure 16.

2Parks, W. A.: Op. cit., p. 47.

3Locality No. 9 on Figure 16.

4T.0cality No. 11 on Figure 16.

sRespectively, Wells Nos. 6, 7, and 8 on Figure 16.
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From the above records it can be seen that oil occurred: (1) in sand-
stones of the Gaspe series; (2) at the contact of the sandstones and lime-
stones; (3) in the limestones. The amount of oil yielded by all wells was
comparatively small. The greatest yields, however, came from the lime-
stones and according to Ells! the amounts were as follows.

Weli No. 22 P.O.T. “No oil was observed at the contact and the first small show
was met at 2,945 feet with water and gas. On March 20, 1895, a large vein of gas and oil
was reported at the contact with a white sand at a depth of 3,105 feet and strong brine
was struck at 3,107 feet . . . . . This well apparently tested the anticlinal axis better
than any of the previous ones.”

Well No. 11 P.O.T. “At 2,220 feet in the limestone gas and oil were reported .
01l flowed and a supposed large quantity was lost during the night, estimated at some
hundreds of barrels. The boring was resumed and a small show of oil was again reported
on September 7 at a depth of 2,485 feet.”

Well No. 12 P.O.T. “was also pumped for three days only. In 1901 June 26, 30
gallons, July 3 it gave 1 gallon, on July 26, 55 gallons; in all 86 gallons.”

Well No. 7 P.O.T. “The well was shot with 200 quarts of nitro-glycerine at 2,589
feet on November 29 (1893) and pumping was commenced on December 15. Water
only was pumped at first, but on December 16 an amount of oil estimated at 20 barrels
was obtained. On December 19 it pumped about 3 barrels, on December 23 an average
of about a half a barrel per day. In 1894: January 5 and 6, the well is said to have yielded
at the rate of a half a barrel per day.”

Two wells—Nos. 5 and 15, Petroleum Oil Trust—produced a small
amount of oil from the contact between the sandstone and the underlying
limestones. The record of these two wells, according to Klls, is as follows.

Well No. § P.O.T. “In January, 1892, it is reported that 4 barrels were bailed out.
The well was shot on October 25 of that year w1thout any satisfactory result, only about 2
barrels being pumped on November 9. . . . . On December 23, 1893, this well is said

to have pumped oil, after being shot, at the rate of 2 quarts per day and the same amount
on January 5 and 6 1894.”

Well No. 15 P.0.T. ‘It commenced on April 1, 1895, and reached a depth of 2,012
feet on August 17, the limestone being struck at 1, 880 feet. At this depth it is said that
about 50 barrels oil were bailed out . . . . . Yielded continuously about 7 to 8 gallons
oil for several months. In spring of 1901 gave about two gallons per day.”

Three wells—Nos. 10 and 16, Petroleum Oil Trust, and No. 7, Cana-
dian Petroleum Compamy—produced small amounts of oil from the sand-
stones. The record of these wells, according to Ells, is as follows.

Well No. 10 P.O.T. “Water and gas were struck at 775 feet and small shows of oil
at 1,108 and 1,170 feet . . . . no oil was taken out.”

Well No. 16 P.0.T. “Only one small show of oil was found at a depth of 2,664 feet
..... no oil was taken out.”

Well No. 7 C.P.C. “Oil reported at 1,945 feet. Took out from 2 to 3 barrels only.”

From these records it is scen that the greatest production of oil was
obtained from the limestones.

The group of wells drilled in the vicinity of the mouth of Mississippi
brook? were originally considered to be on the Point St. Peter anticline.
Parks, however, is of the opinion that this is not the case and that the
wells were located close to the axis of the York River syncline. If thisis
so the location of these wells may not be very favourable for oil.

1Ells, R. W.: Geol. Surv., Canada, vol. XV, pt. A, p. 361 (1907).
’Loca.hty No. 15 on Flgure 16.
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A number of wells in the Mississippi group drilled through the Gaspe
sandstones into the underlying Grand Gréve limestones. The records of
these wells may be summarized as follows:

Dept}(x1 o
to sand- il o s s
Well stone- 'got?}i at Oél tm i 0il ;n

limestone ep contact sandstone imestone

contact

Feet Feet Feet
P.O.T. 2,000 Shows 2,348
P.O.T. 1,865 Shows
P.O.T. 2,340 2,040
P.O.T. 2,050 2,173 | Oil and
gas
P.O.T. 1,555 1,830 Trace
of oil

POT.27............... .. 2,200 ... ool 1,467 (congl.)
POT.29...................... Not [ooooioii]oeein. 2,180

reached
PO.T.30......................
POT.31.........oiiiit 2,450 2,815 |.ooi.iun 1,700
POT.32...................... 1,825 1,925 0il
POT.35.....o..0oiii 1,800 1,810 [
CPC. 1. Not

reached |..........[.......... 1,550
CPC. 4., 2,200? 2,200?(. ...
CPC. 5., 2,200 |.......... 2,140?
CPC. 6..eeeniiiiiainn 2,360 | ..o 2,340 (show)
CPC. 8...ocoveiiii i, 2,340 2,394 Show
CPC. 11, 1,900 1,924 |.......... 1,490 (show)

The only wells of those that produced oil in any appreciable quantity
were Petroleum Oils Trust Nos. 27 and 32.  The record of these wells,
according to Ells, is as follows.

Well No. 27 P.O.T. “It was commenced on February 28, 1897, and bored to a depth
of 1,467 feet in sandstone with occasional bands of pebble conglomerate, the pebbles being
mostly white quartz. At this depth a vein of oil and gas was struck in the conglomerate
which is said to have flowed three times before being plugged. The oil was all lost. The

well was subsequently carried down to a depth of 2,200 feet and a considerable quantity
of oil taken out.”

Well No. 32 P.O.T. “Boring began in January, 1899, and the whole was carried down
in sandstone and shale to a depth of 1,825 feet to the limestone, in which the boring con-
tinued to a total depth of 1,925 feet on June 13. A little gas and oil were found at the
contact and are reported to have yielded about 10 gallons of oil per day for a time. In
July, 1902, it pumped from 5 to 6 gallons a day, but irregularly. The pumping log of
this well gives a total yield to August 9, 1902, of 1,745 gallons.”

It will be seen that No. 27 P.O.T. well flowed from a conglomerate
zone in the sandstone and that No. 32 P.O.T. gave some oil from the sand-
stone-limestone contact.

The conclusion that seems most obvious from a study of the oil pro-
duction of these wells is that regardless of structure a number of wells
yielded small quantities of oil and that wells located on the anticlines
yielded no more favourable results than those located in the synclines.
In the writer’s opinion the oil production was controlled by the degree of
porosity present in favourable horizons. Well No. 27 P.0.T., although
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located in a synclinal area, is reported to have flowed in the beginning.
This is the only well recorded as yielding oil from a conglomerate bed.
Regarding the production of the wells Ells! states

“After the wells have been standing for some days or months there is manifestly an
accumulation of oil in some of them which has gathered by slow percolation from the
surrounding rocks, probably along fissures. Thus, when pumping operations were com-
menced in 1901 on some of these the output for several days was fairly large, but in a
short time it fell off to a few gallons or even quarts, and in some cases entirely ceased.”

This is taken to mean that the failure of the production was due to
the absence of a suitably porous reservoir rock and hence the prospects
for future drilling do not seem to be very hopeful. This failure to produce
oil is interesting in relation to the results of scientific investigations that
have recently been done concerning the porosity and productivity of
limestones, because in the Gaspe field the best results from a number of
wells were obtained from the limestones.

It has been shown? that in the oil fields of the world where production
is secured from limestones, such limestones are unconformably overlain
by later deposits, and that production of oil comes from the upper part
of the limestones within a few hundred feet below the unconformity.
Experiments carried on by Murray and Love? have indicated that

“in nature two groups of organic acids may act as solvents of limestone. The first group
is composed of acids which are produced by the plant during its growth and which are
leached out after the plant dies. In the second group are acids produced by the bacterial
decomposition of such plant materials as cellulose, hemicelluloses, pectin, and gums.”

The experiments carried out by Murray and Love demonstrated at
least four conclusions as follows:

(1) Soil bacteria possess the ability to generate acids which are cap-
able of dissolving calcium carbonate.

(2) Carbon dioxide is generated in large quantities as a result of bac-
terial decomposition of plant material and also as a result of the reaction
between the acids generated and calcium carbonate.

(3) The bacteria become dormant when the solutions are made alkaline.

(4) The time involved in the bacterial decomposition of plants is
sufficient to allow the percolation of solutions containing bacteria to con-
siderable depths before toxic conditions are set up.

“It may thus be seen that solutions containing acids and carbon dioxide may per-
colate downward through limestone and that the solvent action of these solutions is carried
on from the surface of the earth to the water table. At the latter depth the solutions in
contact with carbonates become alkaline and reactions between them and the limestone
probably cease. Not only do the solutions carry carbon dioxide into the rock, but carbon
dioxide is generated within the rock itself and this carbon dioxide, being in intimate con~
tact with the rock, may well exert more effective action than atmospheric carbon dioxide
which has been carried down by rain.”

The action under conditions outlined above assumes that the lime-
stones were exposed to surface conditions and that during this time the
porosity resulted. Later the limestones were buried unconformably be-
neath other sediments, and under certain favourable conditions where a
source rock for the generation of oil was in contact with the limestone and
favourable structure resulted from deformation, oil would accumulate
in the limestone reservoir.

1Els, R. W.: Geol. Surv., Canada, vol. XV, pt. A, p. 360.

2Howard, W. V.: Am. Pet. Inst., Research Project No. 23.
3Murray, A. N., and Love, W. W.: Am. Ass. Pet. Geol., vol, 13, No. 11, p. 1467 (1929).
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In Gaspe area the Grand Gréve limestones unconformably underlie
a series of sandstones, shales, and conglomerates and this limestone pro-
duced favourable “shows’ of oil. The limestones must either have gen-
erated oil within themselves or have been in contact with suitable source
beds, since the petroliferous character of the rock is well recognized. The
structure, too, so far as can be judged from descriptions of it, seems to have
been favourable for the accumulation of oil in suitable reservoirs, provided
these were present. It would appear, therefore, that even though con-
ditions may have been favourable for the formation of porosity in the
limestones during the period-of time represented by the unconformity with
the overlying Gaspe sandstones, the porosity that developed was insufficient
for the formation of commercial oil fields. It is believed by the writer
that the explanation of this is to be found in the character of the limestones
themselves. The description of the limestones by Dr. Parks' is highly
instructive, He states
“spctions were made of this (Grand Gréve) hard limestone from Mississippi brook. The
more typical stone shows very fine crystals of calcite embedded in a small amount of
amorphous silica. The flinty varieties are similar, but with a great quantity of amorphous
silica, . . . . . The total quantity of silica in this flinty limestone is enormous, the
formation is probably a thousand feet thick, and possibly consists of 25 per cent silica.
The origin of the silica is questionable. I would venture the opinion, however, that it

was derived from the leaching of ashes discharged from volcanoes known to exist in Lower
Devonian time to the westward of the district under discussion.”

The records of wells gives further proof that the limestones encountered
in drilling were highly siliceous. It is probable that a great amount of
this silica was deposited with the limestones and such limestones would
not be expected to be very susceptible to solvent action by weak, acidic
solutions during the interval of weathering. Sir Wm. Logan? mentions
the presence of chert in the top beds of the limestones in certain places.
This suggests a secondary deposition and since solutions from the over-
lying Gaspe sandstones might be expected to be siliceous it might be pos-
sible, if any porosity had been present in the upper part of the limestones
prior to the deposition of the Gaspe sandstones, that this porosity would
be eliminated or greatly reduced by the deposition of silica. The action
of the wells suggests that the zones that contained oil in the limestones
had a low porosity. and if this is the case, whatever the cause may be, the
prospects for commercial oil fields from these rocks would not seem very
favourable. There still remains the prospects of oil from the sandstones
and conglomerates of the Gaspe series. Some oil was found in various
horizons in these rocks and also salt water was present in many wells. The
most discouraging feature about the prospects of producing oil from these
horizons seems to be the conclusion by both Ells and Parks that some of
the wells that were considered to be the most favourably located on anti-
clinal structure did not yield a commercial supply of petroleum. Con-
clusions, however, have been based for the most part on a limited amount
of information regarding the details of the structure, owing to the general
inaccessibility of much of the country and the lack of exposures of rock.
It is possible, therefore, that in certain areas in Gaspe, as more geological
data become available, further test wells will be justified, although on
the whole drilling has given, so far, very discouraging results.

1Parks, W. A.: Op. cit., p. 32.
2Logan, Sir Wm.: *‘Geology of Canada, 1863," p. 393.
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CHAPTER IX

OIL AND GAS PROSPECTS OF THE MARITIME PROVINCES

THE STRATIGRAPHY OF BITUMINOUS-BEARING FORMATIONS
OF SOUTHERN NEW BRUNSWICK, NOVA SCOTIA,
AND PRINCE EDWARD ISLAND

By W. A. Bell

INTRODUCTION

For the purpose of the geologist interested in oil-bearing formations,
the best initial comprehensive view of the geology of Acadia is afforded
by the physiographic features. This is so because the major upland
tracts of the region are underlain by igneous rocks and by associated
sediments that, in the main, are too closely folded, brecciated, and meta-
morphosed to be of any value as potential sources of oil. The pattern of
upland and lowland, consequently, serves as a rough index to the distri-
bution of possible favourable rock formations. But in this particular
region it goes farther and the distribution of land forms serves to guide
the judgment as to what formations in the lowlands are favourable, as
it is In a way a composite picture sketched by past geological events;
events that must be taken into consideration in evaluating possible econo-
mic sources of oil. For the physiographic pattern is the resultant not
of a single age of folding, but of various warping and folding movements
during the period of sedimentation. Warping movements included: (1)
long-continued, progressive subsidence of narrow, fold-like troughs or
miniature geosynclines in which sediments were protected from erosion
by sinking below the base level. These troughs were separated by
complementary uprising watersheds that furnished them with abundant
local supplies of sediment; and (2) broad, vertical movements of a more
regional character involving tilting or basin-and-dome warping. It is
the first or geosynclinal type of warping that is mainly reflected in the
present uplands and lowlands—the uplands corresponding roughly to
former upwarps or positive areas, the intervening lowlands to complemen-
tary downsinking or negative areas.

Folding movements cannot be sharply differentiated from linear
warping ones, but practically they are considered to be of a minor order
of more localized intensity, and of more rapid formation. Severe folding
in general is destructive of oil accumulations. Faults delimit the present
margins of the uplands in places and in that respect obscure somewhat
the historical structural significance of the latter. As in other regions
they are of interest to the oil geologist as they may have afforded con-
duits of escape and of subsequent loss of oil, paths of ready migration,
or impervious covers or dams for oil reservoirs.
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The above considerations justify a brief glance at the physiographic
plan of lowland and upland prior to a discussion of details of stratigraphy.
Thereby there is brought to view not only the pattern of rock formations,
but as well the major tectonic units.

PHYSIOGRAPHIC ELEMENTS OF ACADIA

About 45 per cent or, roughly, the southern half of the province of
Nova Secotia, is a physiographic unit, a rolling glaciated plain that has been
termed the Southern Upland (See Figure 17). The term upland is justi-
fied by the fact that the plain reaches an altitude of 600 to 700 feet along
its northern border, high enough to dominate lower country to the north
of it. It slopes seaward to dip beneath the Atlantic with a low, much-
indented shoreline that testifies to post-glacial drowning. This sloping,
upland surface is underlain by granites invading quartzites and slates of
great thickness and closely folded. The sediments are unfossiliferous
and are geherally held to be of late Precambrian age. They were strongly
folded prior to their intrusion, in Middle Devonian time, by a granite
batholith.

Paralleling the northern border of the southern upland for 120 miles
and fronting Fundy bay, a volcanic upland ridge, known as North moun-
tain, has an elevation of about 550 feet for 80 miles of its length. For the
remainder of its course, from Digby westward, the crest rapidly declines.
North mountain is separated from the southern upland by the Annapolis-
Cornwallis valley, a linear lowland, only 2 to 6 miles broad, floored by
Upper Triassic freshwater sediments. This lowland is part of a broader
lowland of Triassic sediments that is largely submerged in Fundy bay
and that is flanked on the north by Cobequid Upland. North mountain
has not the same significance in tectonics or sedimentation as have many
of the other uplands, as it is merely a palisade of Triassic basic volcanic
flows. Its even crest is obviously a remnant of the physiographic surface
of the southern upland.

The surface of the remaining parts of Nova Scotia and southern New
Brunswick consists of isolated remnants of upland surfaces surrounded by,
or jutting into, lowlands. For the most part the uplands ave linear areas
whose long axes parallel, or roughly coincide with, Carboniferous tectonic
axes. In Inverness-Victoria counties, Cape Breton island, there is present,
however, a broader, elongated tableland, about 1,200 feet high, and on the
mainland, in eastern Pictou and Antigonish counties, an upland tract
partakes both of the linear and tableland type. Examples of the linear
type may be briefly noted. In southern New Brunswick the Caledonian
upland extends in a northeasterly direction from St. John to near Petit-
codiac river in Albert county, a distance of 80 miles. It has a maximum
width of 16 miles and an average elevation of about 1,200 feet. The
underlying rocks of the upland are extrusives, intrusives, and metamor-
phosed sediments, some of which are of Precambrian age.- Cobequid
upland, 100 miles long, in few places more than 10 miles wide, with an aver-
age elevation of about 800 feet, crosses Cumberland and Colchester counties,
Nova Scotia, in a direction 10 degrees south of west and forms the back-
bone of a peninsula that splits the head of Fundy bay into two parts,
Chignecto and Minas bays, respectively. The Cobequid upland is an
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excellent example of a present day physiographic watershed that repre-
sents a remnant of a Carboniferous tectonic unit that had an important
control over sedimentation to the north and south of it. It is a complex
of igneous rocks and metamorphic sediments of Lower Carboniferous
and older ages of no direct interest to the oil geologist, but which in Car-
boniferous time underwent intermittent elevation and furnished material
for alluvial fans along its borders. Its final warping movement is dis-
cerned in alluvial gediments at its eastern end that are folded in an anti-
cline that plunges eastward.

In Cape Breton there are a number of smaller linear uplands with
general northeasterly trends, of which the geological history was in part
analogous to that of the Cobequid upland. In the western part of the
island there is the Craignish upland, 25 miles long, 5 miles maximum
width, 700 to 900 feet elevation; North or Marble mountain, 16 miles long,
3% miles wide, elevation of 700 feet; Sporting mountain, 12 miles long, 3%
miles wide, elevation of 500 feet; Kelly mountain, 18 miles long, maximum
width 9 miles, elevation 800 to 1,000 feet; Boisdale hills, 27 miles long,
6 miles wide, average elevation about 700 feet; Coxheath hills, an outlying
spur of the Boisdale, 14 miles long, maximum width 2% miles, elevation
about 550 feet; East Bay hills, 32 miles long, 5 miles wide, elevation
500 feet; and finally, along the southeast coast of the island is a low
upland, sloping seaward, 60 miles long, 14 miles wide. These Cape
Breton uplands, together with a number of smaller ones and the larger
tableland in the north, make up considerably more than half of the total
land area of Cape Breton island and are underlain by igneous rocks and
metamorphic sediments of no value to the oil prospector. Of the sedi-
mentary rocks the oldest are of Precambrian age, probably early Precam-
brian as they include crystalline limestone and gneisses. Cambrian sedi-
ments, mainly quartzites, shales, and argillites, have been recognized,
and strongly folded Ordovician sediments are possibly present as well.
The intervening lowlands are floored entirely by Carboniferous sediments.

Northern New Brunswick consists mainly of an upland underlain
by highly folded metamorphosed pre-Carboniferous sediments and by
voleanics and igneous rocks, a terrain not favourable for oil and gas.

PRE-CARBONIFEROUS STRATIGRAPHY

Extensive magmatic intrusions of granite in Middle Devonian time, an
event tectonically known as the Acadian or Schickshockian disturbance,
marks a convenient dividing line in the region under review between sedi-
ments that have undergone great compression or alteration, and sediments
in which metamorphism has commonly not proceeded beyond limits
theoretically permitting of oil accumulation. Middle Devonian orogeny
was the most significant widespread event in the tectonic history of the
Maritime Provinces. It gave rise in the north, in Gaspe, to Schickshock
mountains, the present plateau core of Gaspe, and in the south to a formeér
mountainous tract that at present makes up the low-lying southern upland
of Nova Scotia. The only Devonian rocks of later age than the Acadian
disturbance are present in Gaspe and in northern New Brunswick. The
pre-Middle Devonian sediments of Nova Scotia and southern New Bruns-
wick are generally closely folded and intruded by igneous rocks. Those of
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Cambrian age consist chiefly of slates and quartzites; Ordovician strata
comprise slates, argillites, associated with volcanic rocks; the Silurian in
addition to slates, shales, sandstones, and quartzites, includes impure
limestone, and calcareous shales. In general the Silurian strata are not as
closely folded or altered as are the Ordovician rocks of the same districts.
They form part of the stratified rocks of the Cobequid upland and the
Pictou-Antigonish highlands, and they outerop in a narrow area in Corn-
wallis-Annapolis valley along the flanks of a Devonian granite batholith.
Lower Devonian strata are practically restricted to the latter district and
like the Silurian have been strongly disturbed.

It may be concluded from the geological history of the pre-Carboni-
ferous rocks in the region under discussion that they have no possible value
as a potential source of oil. Wherever exposed they show the effects of
the Acadian orogenic disturbance. Almost everywhere they have been
compressed into close folds and dip at high angles, shales have been altered
to argillites or slates, sandstones cemented to quartzites; they have been
subjected to igneous intrusions, and finally have been seriously dislocated
by faults. It 1s inevitable that any oil that was originally free to migrate,
has long since escaped beyond recovery.

CARBONIFEROUS STRATIGRAPHY

Sediments of Carboniferous age are the only ones that require serious
consideration in evaluating oil possibilities in Nova Scotia, Prince Edward
Island, and southern New Bruuswick. This is so because the sediments of
pre-Carboniferous age are greatly deformed and because the remaining
sediments belong to the Carboniferous with the exception of the freshwater
Triassic strata of Minas basin.

The general succession of Carboniferous strata is as follows:

Stephanian (?) Upper strata of Prince Edward|Chocolate and salmon-coloured
Island conglomerates, sandstones,
shales; freshwater origin

Permian or
Upper
Pennsylvanian

Upper Westphalian (Rad-|Pictou series Conglomerates, sandstones,
stockian: Lower Alle- shales, thin limestones, coals;
ghany) freshwater origin; maximum

- thickness 7,000+ feet
]
g Stellarton series Conglomerates, sandstones,
§ (Staffordian: shales, oil-shales, coals; fresh-
= uppermost  Pottsville water origin; maximum thick-
g and transitional epoch) ness 5,000 feet
& Middle Westphalian { York-{Cumberland series Conglomerates, sandstones,
ian: Upper Pottsville) |(Joggins formation) shales, thin limestones, coals;

freshwater origin; maximum
thickness 7,000+ feet
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Lower Westphalian (Lan-
arkian: Middle and Low-
er Pottsville)

Riversdale series (Boss Point!
Lismore!, Parrshoro, Har-
rington River, Hawkesbury|
formations)

Conglomerates, sandstones,
shales, thin limestones, coals;
freshwater origin; maximum
thickness 9,000+ feet

Visean (Chesterian)

Windsor series

Conglomerates, breccias, sand-
stones, shales, limestones, an-
hydrite, gypsum, rock salt;
both marine and continental
origin; maximum thickness
3,000+ feet

Tournaisian (Pocono)

Mississippian

Horton series
(Horton Bluff, Cheverie,
Kennebecasis, Albert, Wel-
don formations)

Conglomerates, breccias, sand-
stones, shales, oil-shale, lime-
stone, thin coals; freshwater
origin; maximum thickness

8,000+ feet

The most noticeable features of the Carboniferous strata are the
dominance of freshwater sediments and the remarkable thicknesses of
individual formations and series. The great thicknesses are partly related
to the presence within the Horton, Windsor, Cumberland, and Pictou
series, of alluvial fans of conglomerates or breccias, of great maximum
thickness and developed in the vicinity of certain of the present uplands.
The boulders of these conglomerates were derived from ancient linear
uplands of which the present are remnants. Uplands revealing such
relations are obviously not parts of the pre-Carboniferous floor upfolded in
some single epoch of post-Carboniferous folding. That the uplands wers
not so produced is further indicated by evidence of transgressive overlaps
having taken place along one side or both sides of the present uplands
during stages ranging from Upper Horton to Upper Pennsylvanian time.
Moreover, strata on one side of an upland when compared with synchronous
strata on the other side reveal quite distinct facies. Such relations unmis-
takably indicate that Carboniferous sedimentation was controlled by a
definite tectonic system, and it is thought to have been of the nature of
intermittent but long-continued warpings. Sedimentation is conceived
as having proceeded in progresswely sinking, structural river valleys
separated by progressively rlsmg Watersheds, but the movements were
intermittent or at least of varying intensity, so that the sediments of a
basin tended to transgress the intervening uplands and, at times, to
override them. For example: at a late stage of the Cumberland epoch,
deposits forming in a trough north of the present Cobequid upland, trans-
gressed onto the ancient representative of the upland and, in places at
least, overrode it. Similarly, the Pictou series was a transgresswe fresh-
Water series and the area receiving sediments in late Pictou time was more
extensive than that of early Pictou time.

The lack of marine sediments in the Pennsylvanian is considered to be
unfavourable to oil formation. On the other hand oil-shales that ulti-
mately may prove of economic value are present in the Stellarton series.
No free oil of any consequence has been found associated with the Stellar-
ton deposits. Rare seepages of oil have been recorded in the coal mines
of the Pictou coal field, but sufficient drilling has been doue for coal to

1The Boss Pojnt and Lismore formatious, approximately synchronous, may possibly belong to.a basal division:
of Cumberland series; they are placed here on the evidence of their {reshwater faunules as. their florules have not.
yet been studied in sufficient detail.
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prove the absence of free oil in the sands of this field. A hole drilled for-
oil on Prince Edward Island by the H. L. Doherty Company cut a
monotonous succession of sandstones, grits, and shales like the freshwater
strata of the Pictou series on the mainland where more than 7,000 feet of
such zediments are known. The data obtained substantiate the general
view that the thick freshwater deposits of the Maritimes are not favourable
terrains for oil formation or accumulation. A specific exception to this
gereralization is the occurrence of oil in the Horton series of Moncton
district, which will be treated more fully below.

Oil-ghales are present in the Stellarton series as already noted and also
in the Horton series. The richest seam in the Stellarton series has yielded
upwards of 50 gallons to the ton. This seam of torbanitic shale called
stellarite, is several feet thick and is associated with a thin bed of bituminous
coal. There are other thin bands of oil-shale allied to torbanite present in
the Stellarton series, but the quantity of oil-shale that will yield 20 gallons
or more oil to the ton is very limited and is confined to bands only several
feet thick. At the present time they could scarcely be worked at a profit for
their oil content alone, but they yield a by-product of ammonium sulphate
and the spent shale after retorting might be exploited to some extent.

Oil-shale is present in the Horton series in certain parts of Nova
Scotia, e.g. in Antigonish county, but so far as known is too lean or the
deposits much too thin to warrant exploration. In Albert county, New
Brunswick, however, there are thicker, richer, and more extensive bands
of oil-shale within the Albert formation of the Horton series. The oil-
shales of the Albert series are interbedded with low-grade and barren
shale, and the upper part of the formation consists mainly of interbedded
sandstones, dark grey shales, and impure silty and argillaceous limestones.
The sandstones are seemingly discontinuous and lenticular. Many of
them contain valuable supplies of natural gas under high pressure as well
as of petroleum of a grade particularly suitable for high-class lubrication.
An area, known as the Stony Creek gas and oil field, has been actively
developed for its natural gas and incidentally to these operations about
100,000 barrels of oil has been marketed.

STRATIGRAPHY OF THE STONY CREEK OIL AND
GAS FIELD, N.B.

By G. W. H. Norman

The district (See Figure 18) in Albert and Westmorland counties, New
Brunswick, in the vicinity of Hillsborough and extending for several miles
on either side of Petitcodiac river, is of particular interest since it includes
the Stony Creek oil and gas field. The strata of this area are of two main
types and ages. An older group, probably Precambrian in age, consists
of metamorphic and igneous rocks and underlies an upland, plateau-like
area known as Caledonia mountain and whose maximum elevation is
about 1,200 feet above sea-level. The northeastern limit of this upland
lies a few miles southwest of Hillsborough. A younger group, of sedi-
mentary rocks of Carboniferous age, underlies the flanks of this upland and
also the country to the east and north which slopes gradually away from.
this upland surface.
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The stratigraphic succession of the Carboniferous rocks presented
below is tentative and is a modification of that proposed by Wright.t
The general sequence is believed to be correet, although the mutual rela-
tions of the various members of the Horton series have as yet not been
satisfactorily determined.

Pennsylvanian Petitcodiac formation (Zones 2|Conglomerate, sandstone, shale;

(Lower Westphalian) and 3 of Petitcodiac series of| freshwater origin; thickness
Wright) 3004 feet

Mississippian Demoiselle formation (Zone 1 of|Conglomerate, shale, limestone,

(Visean) Petitcodiac series of Wright) sandstone; mainly freshwater;

Windsor
series

marine or brackish horizons at
base; thickness 1,000+ feet

Hillsborough formation (Zones
2, 8, 4 of Hillsborough series of
Wright)

Limestone, shale, anhydrite,
gypsum; mainly marine; thick-
ness 700+ feet

Mississippian
{Tournaisian)

Horton
series

Hillsborough formation
(Zone 1 of Hillsborough series of
Wright)

Red and greenish conglomerate
and arkosic sandstone; thick-
ness 2,000+ feet

Weldon formation
(Weldon series of Wright)

Conglomerate, breceia, sand-
stone, shale; freshwater origin;
thickness 2,000+ feet

2(Boyd formation)
(Boyd series of Wright)

Conglomerate, shale, ash rock,
Kunkur lime deposits; prob-
ably freshwater origin; thick-
ness 700 + feet

*Gautreau formation

Shale rock, salt; possibly lacus-
Frine origin; thickness 1,000+
eet

Albert formation
(Albert series of Wright)

Conglomerate, sandstone, shale,
oil-shale, limestone; fresh-~
tyvater origin; thickness 5,300+
eet

ALBERT FORMATION

The Albert formation is well exposed on both sides of Petitcodiac

river near Dover where it occupies the south limb of the Stony Creek
anticline. It has an estimated thickness of between 5,000 and 6,000 feet.
Grey shale predominates in it, although at intervals groups of grey sand-
stone beds are intercalated. The relative positions of these groups in
the formation appear to remain constant, although the individual mem-
bers may be lenticular and discontinuous. Thick beds of bituminous
shale occur, especially in the lower part of the formationa. Grey limestone
beds? are present locally in the upper part.

On Memramcook river a group of beds 3,000+ feet in thickness con-
formably underlies the Albert formation and consists of an upper member
of red, arenaceous shale with red sandstone interbeds and a lower one of
grey to purplish arkosic sandstone with pebble conglomerate beds and
chocolate brown, shaly interbeds. The group does not occur on the flanks

1Wright, W. I.: “Geology of the Moncton Map-area’’; Geol. Surv., Canada, Mem. 129, p. 2 (1922).
*The position within the section of the Boyd and Gautreau formations is not known beyond that they are both

older than the Demoiselle formation and younger than the greater part of the Albert formation.
3These contain a considerable percentage of barite at Upper Dorchester bridge.
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of Caledonia mountain where grey shale with interbeds of boulder conglo-
merate represent the Albert formation and rest directly on Precambrian
rocks.

GAUTREAU FORMATION

Overlying the Albert shale in the centre of a synclinal structurz at
Gautreau are beds of rock salt to which the name Gautreau formation is
here applied. The salt member was discovered by wells drilled on Boyd
creek. Its occurrence was a great surprise, since no indication of salt is
suggested either by springs or the general topography. The salt member
has been penetrated by two wells, it is probably lenticular, but its lateral
extension is unknown.

BOYD FORMATION

The Boyd formation, as mapped by Wright! on Boyd creek, occupies
the north limb of the Gautreau syncline. The lower zones,? Nos. 1 to 4,
consist of red and grey shale with purple volecanic ash interbeds, and
conform in strike and dip with the uppermost beds of the Albert formation
exposed farther upstream on Boyd creek, but from which they are separated
by a concealed interval. The uppermost zone, No. 5, of the Boyd forma-
tion of Wright, is a conglomerate that contains fragments of purple vol-
canic ash of the lower zones. Although this indicates a break in sedimen-
tation it may not mean a prolonged interval of non-deposition. On the
other hand, this conglomerate is identical lithologically with zone 1 of the
Hillsborough formation and may belong to this group. That, possibly,
it should be so assigned is also indicated by the fact that it outerops on the
east side of Petitcodiac river on the strike of the Hillsborough formation,
zone 1 occurring near the mouth of Weldon brook on the west side of the
river. The most important feature of the Boyd formation is the purple
voleanic ash beds. These form a valuable horizon marker and afford a
key to the synclinal structure north of the Hillsborough fault.

WELDON FORMATION

The strata of the Weldon formation, which consists of red shales and
sandstone containing concretionary calcareous nodules and a massive
basal conglomerate, are faulted down against the Albert shales at Albert
Mines. The basal conglomerate appears to be a local facies deposited
against the flanks of an upland surface. It is absent from the seetion
of the Weldon formation on the east side of Petitcodiac river at Belleveau.
The valley of Belleveau creek conceals the contact of the Weldon with the
Albert strata that outcrop along the ridge north of Boudreau village.
Unless faulting has confused the relationships, the strikes and dips of the
strata of the two formations on either side the concealed interval suggest
structural conformity. The apparent absence of the Gautreau salt member
in this part of the field is possibly due to non-depositioa. The voleanic
ash beds of the Boyd formation do not outcrop here, but these may be con-
cealed. North of the Hillsborough fault, between Weldon brook and
Pound creek, the Demoiselle conglomerate conceals the relations of the
Boyd and Weldon formations, but judging by the strikes and dips there
is no suggestion of a break in sedimentation between these two groups.

1Wright, W. J.: Geol. Surv., Canada, Mem. 129. See Geological map.
2\Wright, W. J.: Op. cit., p. 14,
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From the foregoing statements it may be concluded that no major
breaks in sedimentation due to movements, occurred between the close
of the period of deposition of the Albert strata and the beginning of the
period of deposition of the Weldon strata. The Weldon formation does
indeed overlap the Albert formation between Albert Mines and Rosevale
where it lies directly on Precambrain rocks, but this does not necessarily
indicate any siguificant time break.

HILLSBOROUGH FORMATION

Zone 1 (of Wright) of the Hillsborough formation consists of massive
conglomerate, arkose, and sandstone. In the immediate vicinity of the
Precambrian rocks on Wilson brook and on the streams that drain Caledonia
mountain on its northern side, massive conglomerate predominates. The
boulders of this conglomerate are of Precambrian rocks and range in size
up to a diameter of 2 feet. The conglomerate is usually reddish brown.
At a distance from Caledonia mountain the formation (Zone 1) cousists,
characteristically, of coarse, arkosic grits with pebble conglomerate bands
and thin lenses of reddish brown sandstone. South of the Albert Mines
area and west of Hayward brook, a tributary of Prosser creek, the Hills-
borough formation overlaps the Weldon and Albert formations and rests
directly on Precambrian rocks. In the vicinity of Hillsborough and along
the north flank of Caledonia mountain, gentle dips are characteristic of
this formation. Near the mouth of Weldon brook, however, dips up to
60 degrees occur on sharp, subsidiary folds in the major synclinal structure,
i.e., the Gautreau syncline.

Zones 2, 3, and 4 (of Wright), of the Hillsborough formation, are part
of the Windsor series. The base of the group is a persistent, limestone, in
part well laminated and unfossiliferous. The laminated beds grade later-
ally into massive fossiliferous limestones south of Wilson brook, where
they rest directly on Precambrian rocks. A thick, gypsum-anhydrite
bed is the only other exposed member of the formation. This bed is pre-
served in synclinal structures south of Hillsborough and again on Wilson
brook. The basal limestone outcrops on the south bank of the headwaters
of Cat creek, a tributary of Weldon brook. It is also exposed on the west
branch of Turtle brook about one mile south of Berryton post office.
The major part of the intervening territory is buried under the overlap of
Pennsylvanian sandstone, with a gentle, southerly dip of approximately
8 degrees. The position and attitude of these limestone outerops, however,
suggest a syunclinal structure.

DEMOISELLE FORMATION

The Demoiselle formation of conglomerate, sandstone, and shale
varies considerably in lithology and thickness. It is well exposed south
of Caledoaia mountain, on Shepody mountain, and at Hopewell cape,
where it is composed principally of massive conglomerate beds with minor
lenses of red sandstone. The conglomerate facies appears to occupy a
linear strip along the south side of Caledonia mountain. Farther south
this facies is partly replaced by shales. Limestone boulders in this forma-
tion contain a few fossils of Lower Windsor age and appear to have been



172

derived from the Hillshorough formation. The Demoiselle strata rest
unconformably on the Hillsborough beds and overlap all older formations.
Very gentle dips are characteristic and the structure conforms with that of
the overlying Peunnsylvanian beds.

PETITCODIAC FORMATION

The Petitcodiac formation forms a thick blanket of grey to buff,
quartz-pebble conglomerate, sandstone, and red shale. It dips gently to
the north and conceals all older formations north of Stony brook as far as
Lutz and Indian mountains. It rests with apparent structural conformity
on the Demoiselle formation, but overlaps the latter along the northern
flanks of Caledonia mountain and there rests for the most part directly
on the Hillsborough formation, Zone 1 of Wright.

STRUCTURE

The folds and faults of the Mississippian rocks are largely concealed
beneath the simpler structures of the Pennsylvanian beds. As a general-
ized picture, requiring modification in detall, the structure of the lower
rocks may be visualized as three major folds with northeasterly trends.
From south to north these are Caledonia Mountain anticline, Gautreau
syncline, and Stony Creek anticline.

The Caledonia Mountain anticline plunges to the northeast, so that
its core of Precambrian rocks disappears beneath the Carboniferous sedi-
mentary formations at Albert Mines. Faults are present on the borders
as well as on the axis of the anticline northeast of Albert Mines. Thrust
faulting toward the axis occurs on both flanks. To the south a major fault
extends from Alma to Hopewell cape. To the north of Shepody mountain
this fault thrusts a long, narrow wedge of Precambrian rocks northward
against Pennsylvanian rocks. Northeast from Albert Mines, along the
axis of Caledonia mountain, the structure is complicated by a series of
faults with a general northeast trend. These form a series of fault blocks
on the anticlinal structure. Albert shales are exposed along the broken
crest of the Caledonia Mountain anticline at Albert Mines, Boudreau,
Taylor village, and Upper Dorchester. Elsewhere they are concealed by
the south-dipping Pennsylvanian sandstone. Red shale and sandstone
are exposed in a small creek one-half mile north of Upper Dorchester.
These beds probably belong to the pre-Albert red shale group exposed
farther north at Memramecook. Their presence indicates that east of
Upper Dorchester the Albert shales were removed by erosion from the
crest of this anticlinal structure prior to the deposition of the Pennsylvanian
rocks which rest directly on the pre-Albert red beds. Steep dips, sharp
flexures, and crumpling accompanied by small slips characterize the
structures of the Albert shales where they are exposed between Albert
Mines and Upper Dorchester, a distance of about 10 miles. Owing to
these conditions the prospects for oil along this structure are thought to be
unfavourable. A considerable percentage of the petroleum content of
the beds no doubt has escaped, judging by the numerous veins of albertite
and the bituminous material in the matrix of the conglomerate overlying the
Albert shales. South of the Caledonia Mountain anticlice the Horton strata
are concealed by younger Carboniferous rocks of the Cumberland basin.
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To the north and east of Caledonia mountain the Hillsborough fault
occurs and extends in a southwesterly direction passing about a mile
north of Hillsborough. It thrusts the Boyd and Weldon formations
southward against the Hillsborough formation, Zone 1 of Wright. The
westerly extension of this fault is difficult to trace where it cuts shales of
the Weldon formation. Its extension farther westward would parallel the
Precambrian-Carboniferous contact on the north side of Caledonia
mouuntain.

Between the Hillsborough fault and the south limb of the Stony Creek
anticline the general structure is a syncline—the Gautreau syncline. This
plunges to the west and disappears beneath the cover of Pennsylvanian
rocks. The eastern part of the syncline is well exposed east of Petitcodiac
river near the mouth of Boyd creek. The north limb is marked by the
outcrops of purple ash rock on the west side of Petitcodiac river and on
Boyd creek. The south limb is broken by the Hillsborough fault. It isin
the centre of this syncline on the east side of Petitcodiac river that the
salt bed was located below the Boyd formation. In the ceuntre of this
syncline, near the mouth of Weldon brook, the strata have anomalous
strikes and dips that do not fit into the general synclinal structure, but
appear to represent minor undulations on it. Only part of the south imb
of the Stony Creek anticline that borders the Gautreau syncline on the
north is exposed. The remainder of this fold is concealed beneath a capping
of Pennsylvanian sandstone.

RELATION OF STONY CREEK OIL AND GAS FIELD
TO STRUCTURE

By G. S. Hume

The Stony Creek oil and gas field lies about 8 miles south of Monecton
and extends west from Petitcodiac river. The eastern part of the field is
on a pronounced hill, but the topography has no relation to the structure
of the underlying Albert series from which the gas and oil are produced.
The field is in reality divided into two parts by what is coasidered by Dr.
J. A. L. Henderson to be a fault in the vicinity of Meadow brook, a small
stream that flows north to join Stony creek. The main oil field, as so far
developed, lies east of this fault, although some oil has been found in gas
wells west of it.  In the eastern part of the field, the gas-producing area lies
to the north of the oil field (See Figure 19). Directly west of this oil field,
across Meadow brook, gas is found and it is a logical conclusion from the
study of the field to expect oil to occur in the undeveloped area south of the
gas field west of Meadow brook. The western limits of the gas field are
unknown and there seems to be no reason why the field should not extend
considerably to the south and west on the west side of Meadow brook.
As the field has been developed on south-dipping strata on the south flank
of the Stony Creek structure, the relative positions of the gas and oil areas
are explainable and, as already stated, give rise to the expectation of an
oil area being situated south of the gas area west of Meadow brook.

34496—13
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Only the Albert series in Moncton area has been found to be gas and
oil-bearing. This series, although counsisting predominantly of shales,
contains many sandstone beds that are thought to be lenticular. Groups
of sandstone beds occur at definite horizons and six such groups have been
recognized by the staff of the New Brunswick Gas and Oilfields, Limited.
The upper two groups of sandstone beds are comparatively thin and are
highly micaceous. They have produced only black oil quite different from
the high-grade oil which is produced principally from the lowest of the six
groups. FEach of the four lower groups produces gas, but the productive
horizons are not at the same stratigraphic height in every well. It is
probable that the production of both gas and oil is related to the effective
porosity within the productive sandstones as well as to the structure.

As the Albert series is considered, at present, to be the only favourable
gas and oil-bearing formation in this area its extension and the structures
affecting it are the two important considerations in the search for new
producing areas. The extent of the Albert formation has been outlined
by Young! as follows:

“The fact that the Albert series is known to outerop at intervals over a length of more
than 30 miles, and possibly over a much greater distance, and since, though locally closely
folded, the strata on the whole have low angles of dip—indicating that through crumpling
there has not necessarily been much narrowing of the original width of the basin of the
Albert series—it seems not improbable that the strata or remnants of the strata may
extend in a northerly direction beneath the covering of younger strata to a much greater
width than the present outcrops show. Furthermore, on the hill known as Lutz mountain
lying a few miles north of Moncton there are exposed tilted strata resembling the Albert
series. Though from the lack of good exposures and the lack of fossil evidence it is not
possible to settle beyond doubt that these beds of Lutz mountain do belong to the Albert
series,? yet they may be held to furnish corroborative evidence indicating that the Albert
series does extend at least that far north beneath the covering of Millstone Grit and other
formations and that the basin of the Albert series has a width of at least 25 or 30 miles.

As regards the extension of the Albert series in an east and west direction, the late
R. W. Ells has recorded his belief that the Albert series are the equivalents of certain strata
exposed as far west as the neighbourhood of St. John city and possibly even farther west.
If this correlation holds true it is also equivalent, in some measure, to setting a limit to
the extension of the oil region in that direction, for these oil-shales no longer occur in the
strata, but that the bituminous strata do extend beyond Elgin is indicated by the report
long ago of the finding of small veins of albertite (solidified petroleum?) 30 miles southwest
of Elgin. The possibilities of the extension of the Albert series to the east beyond the
outcrops in the valley of the Memramcook, the last in this direction, can only be definitely
determined by borings, since in that direction the Albert series disappears under a contin-
uous mantle of Millstone Grit and overlying younger strata that extend to Northumber-
land strait. It would, however, be a remarkable coincidence if the eastern limits of the
outcrops of the Albert series should also mark the eastern end of the basin of this series.
It seems more probable that the Albert series does occur for some considerable distance to
the eastward beneath the cover of younger measures.

There thus seems to be good grounds for supposing that the basin of the Albert series
extends for at least 50 miles from beyond Elgin on the west to beyond the valley of Mem-
ramcook on the east and, less certainly, that it has a width of at least 20 or 30 miles from
the foot of Caledonia mountain northwards. Of course, during the periods of erosion in
early Carboniferous time, the Albert series may have been swept away from a considerable
part of this area once possibly occupied by it.

Granting that the Albert series was and is still present, though largely concealed,
over a region as large or larger than the one rudely outlined above, it does not follow that
oil-shales and the associated bituminous beds occur everywhere in the Albert series of this
area. Not only may the richer bituminous shales have been removed from erosion from
considerable areas, but also since the oil-shales possess rather exceptional characters it is

Young, G. A.: Geol. Surv., Canada, Sum. Rept. 1911, p. 319.
2Since the foregoing was written pits have been made on Indian mountain exposing oil-shales. These indicate
definitely the presence of Albert strata here.

34496—13%
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entirely probable that their distribution is more limited than that of the containing strata.
There are indications that in a westerly direction, Elgin approximately marks their limit,
for in the western part of the field the quality and amount of the oil-shales seem to decrease.
On the other hand, the oil-shales of the Memramecook valley in the easternmost exposures
of the Albert series, are as rich in hydrocarbons as any found elsewhere, and, therefore,
it seems safe to assume that if the Albert series continue eastward beneath the there
continugus covering of Millstone Grit and younger strata, the oil-shales will also extend
eastward.

As to what are the conditions necessary for the accumulation of gas and oil in pools,
other than the presence of the oil-shales and a suitable reservoir, it is difficult, if not impos-
sible, to state. Doubtless an anticlinal or analogous strueture and the absence of unsealed
partings, fissures, and fractures, and other channels by which the oil and gas might be
dissipated, are also necessary factors.

As to how far these conditions prevail in those areas where, though the Albert series
may exist, it is hidden by younger formations, it seems impossible to say, and positive
proof of the presence or absence of oil and gas can only be obtained by drilling.”

Since the above was written the D’Arcy Exploration Company, in
1919 to 1929, drilled ten test wells, distributed over a wide area exteading
east of the Stony Creek field to Northumberland strait. They did not
locate any profitable sands, although they obtained some showings of gas.
Wells were located at Port Elgin (depth 3,230 feet), Cape Bald (two wells,
1,171 and 2,520 feet deep, respectively), Memramcook (two wells, 600 and
2,720 feet deep, respectively), Gautreau (1,873 feet), Coal Branch (2,480
feet), Buctouche (2,430 feet), and Rogersville (3,645 feet). More recently
the Imperial Oil Company has done some preliminary prospecting work in
the area of the Minudie anticlinorium, a narrow belt of folding that runs
about eastward from cape Maringouin, New Brunswick, to Nappan, Nova
Scotia, and beyond. This anticlinal area brings continental and marine
strata of the Middle and Lower Windsor series to the surface and is receiving
attention in the hope that the Albert formations may here lie within reach
of the drill.

HISTORY OF DEVELOPMENT! OF STONY CREEK OIL AND GAS FIELD,
NEW BRUNSWICK

The occurrence of oil and natural gas has been known in New Bruns-
wick since the early settlement of the country. Seepages of oil and gas
are reported to have occurred in widely separated districts, but the most
prolific flows are said to have come from a series of bituminous and petro-
liferous shales and sandstones that are now grouped under the Albert
series. The most abundant evidences of oil occurred in the areas east and
west of Petitcodiac river in Albert and Westmorland counties. In West-
morland county, between Petitcodiac and Memramcook rivers, the early
settlers found beds of maltha in some cases covering acres to a depth of 1
to 18 inches? and gas issued from springs of water, particularly in the area
about Dover.

In 1849 a vein of albertite, 16 feet wide, was discovered in Albert shale
on Frederick brook, about 4 miles southwest from the town of Hillsborough.
This material was at first judged to be a coal and as such was mined in
accordance with the regulations governing coal mining. It is now known,
however, that the albertite occurred in a true fissure vein instead of as a
bedded deposit, and it is considered to be a form of bitumen which in a

tThe main source of information for this history i from a private communication from Dr.J. A. L. Henderson.
2Young, G. A.: Geol. Surv., Canada, Sum. Rept. 1911, p. 316.
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liquid state flowed into and filled a fissure in the Albert shales. The
albertite deposit was worked for fourteen years, during which time more
than 200,000 tons were mined. The material was sold mostly in United
States where it was used principally for enrichment of coal gas, the yield
being 14,500 cubic feet per ton. During the course of operations in the
mine, which was extended over a length of half a mile and attained a
maximum depth of 1,100 feet, many evidences of oil and gas were apparent,
principally from the sandstones associated with the shales and ‘‘buckets
placed in certain positions were found, after periods more or less pro-
longed, to be fillad with oil.”?

These evidences of petroleum and gas in the Albert shales suggested
to those who were familiar with conditions, that crude oil in quantity
might occur in favourable localities and since the beds of maltha between
Petitcodiac and Memramecook rivers furnished the best evidence of oil in
quantity, attention was first directed to this region in the search for oil
fields by drilling wells. In 1859 Dr. H. C. Tweedel, an oil refiner and
chemist of Pittsburgh, Pa., secured leases and drilled four shallow wells,
the deepest about 190 feet, near two oil seepages. Although small flows
of gas and oil were found, operations were abandoned owing to the pro-
duction of oil in large quantity in Penusylvania, following the discovery
well of Colonel Edwin L. Drake in 1859.

The next attempts were made in 1876-1879 when two companies—
the St. Joseph Petroleum Company under the direction of R. S. Merrill and
the Emery Oil Company under the direction of Lewis Emery of Bradford,
Pa.—were organized to undertake development. Three wells were drilled
in the vicinity of Dover, three near St. Joseph, and one south of Mem-
ramcook. It is reported? that

“six of these wells either started in the Albert rocks or else entered them after passing
through a thin cover of younger strata. The seventh well, which proved to be a complete
failure, was drilled entirely in strata younger than the Albert series. The wells were drilled
to depths of from 1,000 to 1,900 feet and 1n all, except the one above mentioned, consider-
able volumes of gas were found, and in the case of two wells oil in considerable quantities
was obtained, one well yielding at the rate of 20 barrels per day for some three or four days.”

The operations were, however, abandoned, the wells being drowned
out by water and the venture not proving a financial success due to the
low prevalent price for 0il—49 cents a barrel in United States.

Reports by Professor John F. Carll, State Geologist of Pennsylvania,
Dr. F. H. Oliphant of Oil City, Pa., and Professor H. 8. Shaler, of Harvard,
induced local interests to undertake further tests and a local company,
New Brunswick Petroleum Company, was formed in 1899, which secured
the sole right from the Crown to test possible petroliferous territory in
New Brunswick and to select therefrom a blanket lease covering 10,000
square miles.

Between 1901 and 1906, seventy-eight shallow wells, generally a few
hundred feet deep, were drilled on or adjacent to outcrops. These were
principally in Dover and St. Joseph area, Westmorland county, but one
well was drilled at Beersville, Kent county, and four on the west side of
Petitcodiac river between the river and the present oil and gas field in

1Bailey, L. W.: Geol. Surv., Canada, Ann, Rept., vol. X, pt. M, p. 71 (1889).
2Young, G. A.: Geol. Surv., Canada, Sum. Rept. 1911, p. 316.
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Albert county. It is reported that ‘“the wells in Kent and Albert counties
were without result, but of those drilled in the St. Joseph and Dover fields,
about half produced oil in commercial quantities. The majority yielded
from % to 2% barrels a day, although one well is stated to have produced
at a rate of 50 barrels a day at the start.” About 3,000 barrels of oil
were produced, but the wells were improperly drilled and were drowned
out by water.

In 1907 Dr. J. A. L. Henderson of London, England, visited the area
and as a result he formed a private English company, Maritime Oil Fields,
Limited, to test the area. The drilling rights of the New Brunswick
Petroleum Company were secured. These included a Crown lease dated
August 16, 1907, covering the exclusive right to search for and work oil
and natural gas for a period of ninety-nine years, renewable for a like
period, under a royalty of 5 per cent of the output of oil and natural gas
delivered at the well’s mouth, or 5 per cent of the commercial value thereof.
In 1909 drilliug operations were begun resulting in the discovery of natural
gas in large quantity in addition to a promising quantity of oil at Stony
Creek, Albert county. By 1911 the Stony Creek field was established.
The discovery of oil and gas is attributed to the application of geology
in the selection of well sites by Dr. Henderson.

A distributing company, Moncton Tramways, Electricity, and Gas
Company, was formed by Maritime Oilfields, Limited, to pipe and market
the gas to the city of Moncton and the town of Hillsborough, and in the
spring of 1912 regular delivery of gas to consumers was begun. The
supply of gas for the increasing number of users has been maintained by
field pressures alone, even during the winter periods. The distributing
company has subsequently been acquired by other interests and takes
delivery of the gas 50 feet from the well mouth. The present rates charged
to consumers are 40 cents a 1,000 cubic feet for industrial gas and 50 cents
for domestic gas. The natural gas is free from sulphur and has a thermal
value of about 1,130 B.T.U. per cubic foot.

The productive gas field at Stony Creek has been developed along
the structure in an east-west direction for 2% miles in length and
up to 1 mile in breadth. The northern limit of the field has been
reached and the oil area occurs to the south of the gas area. The
limits in an east-west direction are unknown and it is thought it may
be possible to extend the field to the east side of Petitcodiac river. It
is certain, however, that the field can be extended for an unknown distance
to the west. There are now twenty-five productive gas wells yielding an
open flow of about 10,100,000 cubic feet a day. A number of wells yielded
initial flows of approximately 10,000,000 cubic feet a day and the largest
had an initial flow of more than 17,000,000 cubic feet. The closed or rock
pressures are high, with a maximum of about 1,200 pounds a square inch.

The quantity of gas sold from the field to October, 1928, was
about 10,313,000,000 cubic feet, the average production per well being
300,000,000 cubic feet.

Subsequent to the close of the war attention has been directed toward
determining the oil prospects of the field. The first deep test well for oil
was drilled in June, 1919, and this found a thick oil sand in what is known
as group VI, by the officials of the New Brunswick Gas and Oil fields,
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Limited. Sixteen oil wells have been drilled and these have proved an
area of about 400 acres along a length of 11 miles and across a width of
about £ mile. It is probable that the oil field can be extended for the whole
length of the gas field.

From pumping tests of individual wells continuing over an extended
period of years and from a six-month continuous pumping test of all the
wells, it is thought the decline of the wells will be slow and the life of each
well will be long, the officials of the company estimating an ultimate pro-
duction of 20,000 to 25,000 barrels a well over twenty years. It has not
been the policy of the present company to produce oil, since the value of
the oil is dependent on the quantity and quality of the lubricants contained,
although the gasoline yield is more than 15 per cent by weight. Arrange-
ments are now pending for the erection of a small refinery, and since June,
1927, the wells have been for the most part shut in, such production as has
been made having been sold to the railway. The wells have yielded more
than 101,000 barrels of oil, of which 92,100 barrels have been sold, realizing
over $305,000.

During 1919 to 1921, in agreement with the New Brunswick Gas and
Oilfields, Limited, the D’Arcy Exploration Company carried on a consider-
able amount of geological work and drilled ten test wells in various outlying
parts of the large area under lease. Some shows of gas were encountered
in these wells, but no commercial production of either gas or oil was secured.

PRODUCTION

The following figures of production of the Stony Creek oil and gas
field were supplied by Dr. J. A. L. Henderson.

Realized
Production Sales gross value
Year in barrels barrels including
bounty
$
4,050 2,592 7,501 80
2,679 3,062 7,352 34
2,096 874 3,360 85
1,822 986 3,486 52
1,021-3 044-3 3,018 28
1,344-8 834-1 2,837 56
2,340-8 4,242 12,872 39
3,009 2,789-5 9,797 73
4,275 4,225.3 15,385 92
5,703-29 5,148-68 22,957 61
7,479-34 6,333-09 28,464 46
7,798-69 7,247-93 30,502 33
8,828-14 7,191-50 29,839 43
5,732-84 5,511-18 21,312 97
Bounty abolished in 1924
BT O R 6,472 5,377 18,712 41
R 2 11,381 10, 544-23 30,548 51
B 24,562 -06 18,244.56 41,747 81
Test for 6 months only
1928 (end of September)................... ... 1,067-56 5,960-86 15,867 06
Totals. v uvreeiiiieirannnn, 101,666-82 92,108-23 305,565 98




180

Natural Gas

. Realiz~d
Year Production Sales gross value
Cubic feet $
42,000,000
186,973,000 172,716, 000 36,544 00
856,156,000 828,603,000 167,984 00
435,236,400 425,826,000 135,623 49
431,898,600 428,884,000 144,844 54
610,295,750 599,454,000 195,590 74
796,800,400 778,854,000 253,511 52
792,396,250 775,077,000 269,604 80
682,889,864 667,914,000 294,684 60
682,502,191 666, 066, GO0 326,266 00
708,743,261 690,681, 000 339,408 00
753,897,933 740,215,000 363,257 70
640,310,196 619,673, 000 305,009 20
599,971,818 574,437,000 283,941 90
639,235,453 618,272,000 304,934 92
648,316,055 624,380,000 308,933 00
630,755,215 620, 380, 000 300,467 70
489,778,096 481,307,000 237,589 80
Total..oooeeeii i, 10, 628,156,482 | 10,312,749,000 4,274,195 91

The initial flow with initial pressure of the gas wells and total yield
of the oil wells is as follows.

Petroleum

Well No.

Initial flow
per day

Total yield to
October 31, 1928

Remarks
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In addition to this, 17,286-74 barrels of oil have been produced from
gas wells between 1909 and October, 1928, making the total of oil produced

during this time 102,012-65 barrels.

Gas Wells
Total initial Maximum rock
Well number flow in pressure in pounds
cubic feet (observed)
300,000 95
2,589, 000 225
3,704,000 660+
6,737,000 245
1,100,000 730
1,850,000 940
10,900, 000 1,000
8,410,000 1,000+ estimated
11,630,000 252
15,061,000 1,060
5,207,000 375
150,000 200
5,700,000 373
6,829, 000! 405+
17,185,000 750
1,490,000 712
125,760 580
400,000 240
14,286,000 225
100, 000 480
65,000 530
9,361, 000 190+
9,941,538 725
1,000,000
(estimated)
9,565,000 2744+
3,707,000 904~
2,585,000 1,005
53,000
16,143,000 620
110, 000!
420,872
2,411,000 1,190+
177,000! 710
2,6606,8221 165
2,184,052 1,000 (estimated})
2,155,278
680, 000! 110
3,817,000t 232
657,000! 266
1,877,3791 118
3,419,264 620
209, 448L 90
1,335, 000! 870
1,665, 760" 410
240, €001 80
177,000
423,520! 235
7,614,545 815
6,961,644 1,000
324,000 720
3,155, 000 120
1,246,735 123
3,674,432 740
1,700, 000! 1,045

101l wells
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These pressures in a number of wells do not indicate the maximum
pressures, as it was not always possible on account of the condition of the
wells to completely shut them in.

The following is a typical analysis! of the general storage crude oil
of the Stony Creek field.

Sp. gravity at 60° F..

Bé. at 60° F. AP.I... .

Closed flash point..... .Ordinary temperature
Coldtest......ooovvviiiiiii .. 50° to 60° F.

Viscosity at 70° F.................... 277 seconds

Viscosity at 100° F................... 97 seconds
Sulphur...............o oL Traces to 0-08 per cent
Nitrogen..........ccoiiiniiiii i, 0-2 per cent
Colour............ooviii i Green to dark green

OIL PROSPECTS OF LAKE AINSLIE AREA, CAPE BRETON
By G. W. H. Norman

INTRODUCTION

Lake Ainslie area (See Figure 20) is in Inverness county, Cape Breton.
The topography presents the characteristic upland and lowland features
that are observable elsewhere in Nova Scotia. The uplands range in
elevation from 1,000 to 700 feet, and are represented by Mabou mountain
and by isolated hills east and south of lake Ainslie. The surface of the
uplands is deeply incised by youthful valleys, but that part of the original
surface that remains is moderately undulating.

The uplands are demarcated from the lowlands by distinct, scarp-like
borders. The lowland surface has been moulded by erosion into mature
valleys and ridges, locally with superimposed youthful features.

The uplands are underlain by metamorphic and igneous rocks, whereas
the intervening lowland has been developed on Carboniferous sedimentary
rocks forming a geosynclinal structure with minor anticlinal and syneclinal
folds, trending principally in a general uortheasterly direction. The
minor folds have controlled the drainage. The softer rocks are preserved
in synclinal valleys and basins; the harder rocks stand out in anticlinal
ridges and domes.

HISTORY OF DRILLING OPERATIONS

Indications of petroleum on the western shores of lake Ainslie have
been noted since the middle of the last century and although considerable
drilling has been executed the results have been invariably disappointing.

Reliable details of the results obtained by borings put down through
the Lower Carboniferous Horton sandstones and shales on the west side of
lake Ainslie have not been preserved, Meagre information, much of it
contradictory in nature, can be obtained from several of the Nova Scotia
Department of Mines reports and also from some of the Annual Reports
of the Geological Survey, Canada.

1Supplied by Mr, Findlater, New Brunswick Gas and Oilfields, Ltd.
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Shortly after 1864! two holes were put down to depths of, respect-
ively, 650 and 900 feet on Mclsaac farm on the west side of lake Ainslie
1% miles south of Hay river. The second hole gave the best results, yielding,

it is said, nearly 100 gallons of oil after boring activities had ceased for a
few days.
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Figure 20. Diagrammatic geological index map of Lake Ainslie district, Cape Breton island.

During 1879-18802 interest in the field revived. Numerous companies
were organized and an active program of drilling ensued. Seven holes
were put down on the west shore of lake Ainslie, one of which, bored by
the Cape Breton Oil and Mining Company, reached a depth of 1,100 feet.
The account of the results of the borings may be given verbatim from the
provincial report which states “Considerable quantities of oil have been
secured and barrelled for testing in the states. At present the quantity
of salt water in the strata has caused delay and necessitated fresh pumping
appliances. The oil is stated to give the following results: gravity 22-5;
flash test 390 degrees; fire test 440 degrees; it was found to be limpid at

1Nova Scotia Dept. of Mines Rept., 1874, p. 59; 1880, p. 17.
2Nova Scotia Dept. of Mines Rept., 1880, p. 17.
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zero, and in a crude state to be equal to any manufactured lubricant.””
A sufficient quantity of oil to make these enterprises commercially successful.
was evidently not obtained and the drilling operations ceased.

Dr. I. C. White! paid a visit to Cape Breton in 1897. He noted the
presence of petroleum-bearing strata, but believed that the surface showings:
did not promise the presence of commercial pools of oil.

In 1898 g bore-hole 2,240 feet deep was put down on the west side of
lake Ainslie. In this salt water was encountered at 1,600 feet, but appar-
ently no indications of oil were found.

Two holes, respectively, 3,260 feet and 1,100 feet deep, were put down
in 1902,° the former at lake Ainslie and the other at Skye Glen to the
southwest of the lake. No oil or gas indications were obtained.

Further unsuccessful boring was carried on during the years 1912,
1913, and 1914¢ immediately north of lake Ainslie in the vicinity of Dunbar
brook.

The prospect of commercial pools of petroleum in the Maritime Pro~
vinces again attracted popular attention in 1924. Dr. Delaat® for the
Kastern Gulf Oil Corporation paid a hasty visit to Cape Braton during this.
year and suggested a detailed examination of Lake Ainslie area. This
work was carried out in 1925 by Dr. Kirtley F. Mather and Dr. Parker D.
Trask who advised the use of drills to obtain additional information
regarding the structure.® Drills were, therefore, employed, during the
yvears 1926 and 1927, to test the faulted anticlinal structure which extends
northeastwards from Ragged point on the coast south of Port Hood across
Southwest Mabou river towards Mabou harbour. A dozen or more holes.
were put down in the vicinity of Southwest Mabou post office, through
steeply dipping, gypsiferous strata of Mississippian age.

The gypsiferous strata form an incompetent series between two
competent series of sandstone and shale. They have yielded more readily
than the competent members and locally exhibit most complex structures,.
due to closely compressed, overturned folds and considerable faulting.
The complexity of some of these structures is such that they are exceedingly
difficult to interpret even where completely exposed in continuous surface-
outcrops. The cores of the bore-holes mentioned above penetrated steeply
dipping, gypsiferous strata devoid of recognizable horizons that would aid
in interpreting the structure. They, therefore, yielded information
regarding the nature of the underlying rock only, and furnished no key
whatever either to the true thickness of the beds or to their structure.
These test-holes do not furnish any information regarding the petroleum
possibilities of the anticlinal structure across which they were situated, as:
no hole reached the Horton strata below, in which the oil at lake Ainslie
occurs. They show that Windsor strata are present along the crest of the-
anticline and to a depth of 900 feet.

1Geol. Surv., Canada, Ann. Rept., vol. X, pt. A p. 103 (1899).
2Nova Scotxa Dept. of Mines Report 1898 p. 2

3Geol. Surv., Canada, Ann. Rept., vol. XV pt A p. 393 (1907).
sNova Scotia Dept. of Mines Report 1928, p. 2

5Nova Scotia Dept. of Mines Report, 1928, p. 265

¢Nova Scotia Dept. of Mines Rept., 1928, pp. 263-300.
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GENERAL GEOLOGY AND PETROLEUM PROSPECTS

The following table presents the main subdivisionsinto which the rocks
of Ainslie area may be grouped. The thicknesses are approximate only
and are estimated from traverses made of stream and coast sections.

Middle Pennsylvanian |Inverness series Massive, brown sandstone and ark-
ose; grey shale; coal: 3,000+ feet

Lower Pennsylvanian Port Hood series |Upper group Massive, brown sandstone; grey
shale; coal: 4,000+ feet

Lower group Grey to red sandstone and shale,
with a few limestone beds:
3,000 + feet

Upper Mississippian Windsor series Red shale and sandstone; gypsum
and anhydrite; limestone:
2,000+ feet

Lower Mississippian Horton series Grey to red sandstone, shale, con-
glomerate, and arkose: 5,700 + feet

Pre-Carboniferous Voleanic tuffs and flows; granite,
diorite; schist. limestone, quartz-
1te

The Carboniferous strata form a major geosynclinal structure whose
central axis extends from Judique on the west coast of Cape Breton across
the centre of Lake Ainslie area to Margaree harbour on the northwest
coast. The structure is bounded on the southeast by a long ridge of pre-
Carboniferous rocks in Craignish hills and Northern Tableland and on the
northwest by the similar rocks of Mabou mountain.

Details regarding the stratigraphy of the Carboniferous formations
have been given by Bell! and it need only be mentioned here that with the
exception of the Windsor strata, which are probably marine, the Carbon-
iferous sadimentation took place under continental conditions.

Indications of the presence of petroleum are found on the north and
west sides of lake Ainslie at the contact of the strata of the Windsor and
Horton series. The lowest member of the Windsor strata is a grey, finely
laminated limestone and it is in contact with massive, brown sandstone at
Melsaae point on the west side of lake Ainslie. The brown colour of this
sandstone is due to petroleum residues and the rock when heatsd over a
fire yields hydrocarbon wvapours. In the neighbourhood of this point
globules of petroleum have been observed rising to the surface of the lake.
These indications of petroleum suggested the presence of possible reservoirs
in the underlying Horton strata and 1nitiated the drilling west of lake Ainslie.

The continental sedimentation that resulted in the deposition of the
Horton series favoured the preservation of but little organic material,
though locally, very impure coal horizons containing fragmental plant
material are intercalated with the sandstone. The shale members are
very sparingly fossiliferous and contain only a few plant seeds and fish
scales. The source of the oil in the Horton strata is unknown. There
seems little doubt, however, that petroleum source rocks are present,

1Bell, W. A.- Geol. Surv., Canada. Sum. Rept. 1926, pt. C, pp. 100-109
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but whether they are of sufficient magnitude to furnish oil in commercial
quantity caun only be determined by drilling on a suitable structure. The
structures west of lake Ainslie, which were tested during the last century,
are not favourable for the preservation of such oil as may have existed.
The absence of cap rocks here would have permitted the oil to ascend to
the present surface and become dissipated.

The Windsor strata are predominantly composed of red, calcareous
sandstones, with interbedded gypsum, anhydrite, and limestone. Traces
of bituminous material are frequently encountered in the gypsum and
limestone, but are not of a promising nature.

The basal, laminated limestone of the Windsor strata is capped by
impervious clays and because of its fissile character forms an excellent
water-bearing horizon, a fact that is indicated by the frequent preseuce
of strong springs at its surface outcrops. Since the indications of oil
about lake Aiuslie are usually associated with this limestone, the water
circulation probably aided the migration of oil to the surface. The imper-
vious clays overlying this limestone no doubt were also a factor in this
migration.

The association of oil with the Horton strata and with the basal
member of the Windsor group suggests that should anticlinal structures
exist where these rocks are buried at depth, a reservoir of oil might occur
there.  In Lake Ainslie area no such simple, anticlinal structures exist.
One structure, which may so incline and seal the oil-bearing strata,
extends from Ragged point south of Port Hood in a northeastetly direction
for 7 miles towards Mabou Harbour. As interpreted from surface out-
crops the structure begins as an anticline at Mabou Harbour and merges
into a fault or a series of faults extending southwest from Southwest
Mabou post office. Upper Windsor strata are exposed along the axis of this
structure and are flanked by Pennsylvanian rocks. Test-holes varying
in depth to as much as 900 feet were put down across the structure at
Southwest Mabou post office by the Eastern Gulf Oil Company. None
of these holes reached the base of the Windsor beds.

In order to test thoroughly the structure a hole should be put down on
the east side of Southwest Mabou river about 1,500 feet northwest of the
steel bridge at Southwest Mabou post office. Because of the complexity
of the structure it is impossible to estimate the depth at which the Horton
strata would be reached. The Windsor strata are approximately 2,000
feet thick. At Southwest Mabou the upper beds appear to be cut out by
faulting, but those present may be duplicated by overturned folding and
faulting.

There is no assurance that this structure would yield a commercial
supply of oil, or at what depth the oil, if present, would be found. Several
important factors should be cousidered. It is known that petroleum
source rocks ocecur in the vicinity of lake Ainslie as evidenced by oil seep-
ages, and the records of previous drilling. Although their character and
position are unproved, they probably occur in the Horton rather than in
the Windsor series. 'This belief is based on two facts, namely, that imper-
vious clays are present at the base of the Windsor series and it is below these
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impervious beds that the brown, petroliferous sandstone at lake Ainslie
occurs, and that oil was actually obtained by drilling into the Horton
strata. On the other hand, the varied character of the Horton conti-
nental sedimentation renders improbable any great lateral extension of
any particular horizon, and, therefore, any petroleum source rocks present
at lake Ainslie may be either thicker or thinuner at Southwest Mabou which
is 12 miles distant. Again, since a disconformity exists between the Hor-
ton and Windsor strata and since this disconformity appears to merge
into an unconformity as the old pre-Carboniferous axes are approached,
it is probable that the Horton strata are thicker at Southwest Mabou
than at lake Ainslie and, therefore, the position of any particular horizon
in the Horton strata relative to the base of the Windsor series cannot be
predicted.
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