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GEOLOGY OF THE OIL SHALE DEPQOSITS OF CANADA

ABSTRACT

0il shale deposits range from Ordovician through Cretaceous in age,

occur in every Province and Territory of Canada except Prince Edward Island,
and represent all classes of o0il shale depositional environments.

Ordovician strata of the Collingwood shale in southwestern Ontario, the
Billings shale of the Ottawa area, and unnamed shales on Southampton Island,
are widespread marine black oil shales, usually less than 15 metres thick,

deposited in association with carbonate beds, and with oil yields generally
less than 50 litres/tonne.

Devonian oil shales of the Kettle Point Formation of southwestern

Ontario are stratigraphically equivalent to Long Rapids Formation oil shales

of the Hudson Bay Lowland. Gross zone thicknesses range to 100 metres of

marine shale overlying carbonate, but overlain by non-organic marine shale.
From sparse data, 0il yields are less than 50 litres/tonne.
Lower Mississippian Frederick Brook Member o0il shales of the Albert

Formation in New Brunswick are the best known and most explored of Canadian

deposits. These lithologically resemble the Green River shales, being

lacustrine dolomite beds. At Albert County, an area 1.6 kilometres scuare

contains oil shale to a depth of 615 metres in a structurally expanded 300

metres of gross zone. With some intervals yielding in excess of 100 litres/

tonne, this area may contain in excess of 47.4 million cubic metres of in

situ reserves. Equivalent oil shales, much more poorly developed and of

lesser o0il content, occur in the Horton Group of the Antigonish area,
Nova Scotia.

Younger Mississippian strata of west-central Newfoundland contain

sporadically developed low yield oil shales in the Rock Brook Formation.
Data are sparse. L

In Pictou County, Nova Scotia, torbanites (stellarite) occur associated

with coal seams in the Pennsylvanian Pictou Group. Although yields may exceed

150 litres/tonne, zone thicknesses seldom reach 2 metres.

On the west coast, marine Jurassic Kunga Formation argillites,

structurally complicated, contain the oil shales of the Queen Charlotte

Islands. Limited data indicate o0il yields to be less than 50 litres/tonne.



Thickness and areal extent are virtually undefined.
Along the Manitoba Escarpment of the Central Plains, the two Cretaceous

'""White Specks' zones (Boyne and Favel Formations) have yielded up to 100

litres/tonne, but with the best average at 45 litres/tonne
Hills.

in the Pasquia
Zone thicknesses are 40 and 20 metres respectively over a large
geographic area. These equate to the Smoking Hills ("'Bituminous Zone') and

Boundary Creek oil shales of the Northwest and Yukon Territories. These

Cretaceous deposits are analogous neither in lithology nor in depositional

environment to the generally recognized oil shale types.

Except for the New Brunswick deposit, insufficient work has currently

been conducted to assess economic potential. At this point, reserves

projections for Canadian o0il shales would be so conjectural as to be

virtually meaningless.



GEOLOGY OF THE OIL SHALE DEPOSITS OF CANADA

INTRODUCTION

0il shales were first made known in Canada in 1847 by Albert Gesner, who

outlined the Albertite mineral deposit and related oil shale of Albert County,

New Brunswick.

Canada's first attempted o0il shale production was in southwestern Ontario,
at Craigleith, on Lake Huron, where, in 1859, a plant was established to
retort fuel and lubricants from the Ordovician Collingwood shale. This
operation was discontinued in 1860 upon the discovery of conventional crude
0il at nearby Petrolia. Because of greater distance from crude oil supplies,
there were several later attempts to retort shale oil in the Maritimes; in
1927 at Albert County, New Brunswick, and in 1929 and 1930 from torbanite
deposits of Pictou County, Nova Scotia. None of the later three efforts went
into production, all failing -financially or by destruction of the plant by
fire. Interest in the Maritimes area was maintained and re-enforced by the
geological similarity, in age and character, to those o0il shales being mined
successfully in Scotland. &

Geological interest in oil shales continued until approximately 1926,
with numerous publications, both regional and local, outlining by then
virtually all areas of presently known Canadian oil shale deposits; however
most of these presentations were economically oriented, presenting numerous
individual analyses of shale o0il content, and being much repetitive of older
data. Within this period, the knowledge of 0il shales progressed only
slightly beyond the minimal economic concept of 'gallons/ton' analyses.

Since 1930, but especially in the post-war period after 1945, abundant
new stratigraphic data have been acquired. Initially these were studie§
defining nomenclatures and geologic sequences, whereas more recently, broader~
studies of regional correlations and subsequent analyses of sedimentary and
tectonic frameworks have been made. In some of the more remote areas,
1econnaissance studies are still in progress, although any available data have
in most cases been incorporated into regional concepts. Within these
geoldgical-stratigraphic studies, oil shales had been recognized, but were

only incidental to the main purpose of the publications.
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Two more recent periods of investigation must be mentioned. During the
Second World War, a major coring and analysis program was conducted in the
New Brunswick oil shale area: these results were subsequently published.
Circa 1965-1966, an industry exploration program resulted in the acquisition
of considerable data concerning the distribution and quality of oil shales
in New Brunswick; and also along the Manitoba Escarpment in Manitoba and
Saskatchewan. Although these later data are available to the public, they
are nowhere incorporated into any publications, or presented in a form
readily useable by, or meaningful to, investigating geologists.

This study attempts to combine the data of the various sources described
above. The local and regional stratigraphic relationships of possible oil
shale deposits are discussed, relative both to each other and to enclosing
strata. The areal distribution and thickness variations essential for
economic evaluation are outlined as well as various geological characteristics,
including lithology, mineralogy and structural attitudes of these deposits.
Economic consideration is also given of shale oil content, both from the
qualitative and quantitative viewpoints. Where possible an evaluation of
0il reserve potential is included. 1In other cases, a review is given of the
probable investigations required to provide the necessary background geology
by which the potential of the less researched deposits can be determined. In
summary, this report outlines the "State of the Art'" concerning oil shales in
Canada at the present time.

The stratigraphic and geographic distribution of oil shales in Canada
are sufficiently coincident that data can be presented on a combined
geologic-geographic basis. Main organizational sections includé: Ordovician
and Devonian oil shales of Ontario—Quebec, subdivided into Gaspe, Ottawa area,
southwestern Ontario and Hudson Bay lowland; Carboniferous of the Maritime
Provinceé, sub-divided with sections on New Brunswick, Nova Scotia and
Newfoundland; Jurassic of the British Columbia Queen Charlotte Islands;
Cretaceous 0il shales of the Prairie Provinces; and Cretaceous beds of the
Northwest and Yukon Territories.

Annotated bibliographies have been compiled for each area, and are here
presented by Province, except for a separate Maritimes section which consists
of stratigraphic papers, rather than many specific references to the oil

shalgs and their related geology for each Province. The notations are all the

comments of this writer.
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Each section begins with a historic _review of o0il shale activity for
the particular area.

Because of the cost and increasing difficulty of finding and developing
additional conventional petroleum reserves, considerable recent research

~has focused on the origin of petroleum: this has added a new geochemical
factor to the study of o0il shale, primarily because oil shales are known to
be the source rock for many hydrocarbon reserves. Much new knowledge is now
available relative to the origin and geologic history of the organic content
within oil shales, the mineralogic content of various deposits, and the
environment under which the o0il shales were deposited.

Many of the older geologic studies did not have ‘the benefit of sufficient
knowledge of the organic content of sediments to obtain uniform terminology
and understanding of this rock component; consequently, considerable confusion
has existed, and still does, as to the meaning of many geochemical terms
within the geological community. In order to provide, as adequately as
possible, a uniform basis for the understanding and interpretation of geo-
chemical data, a section is here included, as a prelude to the geology,
within which definitions are supplied in conjunction with a review of the
concepts on which the definitions are based.

As can be recognized, this study is not a new research effort, but is
based primarily on the acquisition and interpretation of previous publications,
and of unpublished reports and basic data. The task of this study is the
integration of the abundant available infbrmation, with subsequent
interpretation of the degree of investigation of known 0il shale deposits

to date, and an estimation of their relative economic potential.’
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OIL SHALE - DEFINITIONS AND CONCEPTS

Geology, as a science, is noted for impreciseness of terminology. This
results from two controlling factors: geology is as much interpretive as

factual, being an art as much as a science; and almost all rocks occur within

-gradational ranges between end members, with minimal actual occurrence in

nature of any of the definable end members. Thus most defined terms have a
latitude of meaning, often expanded or confined, when used within specific,
and/or restricted, descriptive terminology.

"0il Shale'" is one of the most inexact and ill-defined of all geological
inexactitudes, partly through useage of the term long before understanding of
the geology of the deposits and of the chemistry of the included organic
components. Only long-established uséage of the term, in conjunction with
present-day generally accepted uniform definition, can justify continuation
in our vocabulary of '"0il Shale'", a rock which does not contain oil and is
not necessarily a shale.

Definition

For the purposes of this study, o0il shale is a fine-grained sedimentary

rock, containing indigenous organic matter, mostly insoluble in ordinary

petroleum solvents, from which significant amounts of shale o0il can be

extracted by pyrolysis (heating in a retort).

"Significant amounts' is the open-ended phrase of the above definition
but several generalized concepts are implied. The temperature of pyrolysis
(heating in a retort) seldom exceeds SOOo to 6OOOC. as, above these
temperatures, additional yield of shale oil is low, and mineralogical breakdown
occurs for some of the inorganic rock constituents, especially dolomite. The
input hgat energy necessary to raise the rock temperature to 500°C is
approximately 250 calories/gram of rock. The calorific value of the indigenous
organic material is generally 10,000 calories/gram; therefore, 2.5% by weight
is the minimum organic content at which the amount of energy recovered as
shale o0il could theoretically balance the input heat. This does not allow for
other—energy-equivalent ihput (mining, "transportation, etc.). A lower limit
of 5% organic content is frequently used, or 25 litres/tonne, or 6 U.S.
gallons/short ton. U.S. literature often quotes 10 U.S. gallons/tén as a

minimum value for economic consideration, but this is an arbitrary value.



Indigenous organic matter

The indigenous organic matter of oil shale is mainly kerogen, an
insoluble solid organic material, which on heating and decomposition,
produces shale oil. Of particular note is the lack of solubility of kerogen
in" the standard qrganic solvents, CSZ’ benzene, benzene/methanol, benzene/
methanol/acetone, chloroform, ether, and cyclohexane. Also, within the
organic component, there may be a small amount of bitumen, a petroleum
hydrocarbon phase, soluble in the above solvents.

Both the kerogen and bitumen may have, as their source material, spores,
algae, and animal remains; however, the main concensus would certainly typify
algal growth as the source of the organic matter in these deposits.

In nature, maturation of the organic material takes place with
increasing burial at temperatures at or below 150°C. Cracking of the
kerogen results in the formation of petroleum products. Since petroleum
compounds are richer in hydrogen than the parent kerogen, the residual
kerogen becomes depleted in hydrogen, condensed aromatic nuclei form, and
with extensive maturation the composition of the residual kerogen tends to
graphite.

As can be recognized, just as petroleums vary in composition and character,
so do kerogens, but kerogens, unlike oils within a reservoir, cannot become
uniform across a deposit. Thus the kerogen of an 0il shale varies by the
initial character of the material from which it is derived and by the degree
of maturation of the sediment involved. Both the character of the initial
kerogen and the maturation products of the kerogen will vary with the type and
amounts of indigenous organic material in the sediment; consequéntly, the
character of kerogen will not only vary from formation to formation, but will
also vary considerably from bed to bed, and laterally across the beds, within
any single oil shale deposit.

Shale oil

Because '"oil" can be distilled from kerogen-bearing rocks, 'oil shale"
has become an accepfed term, but some characteristics of the recovered oil
must be carefully reviewed. The character of shale oil produced from heating
011 shale in the temperature range 100-500°C will depend upon the character
of the kerogen present, and will always be.an undersaturated (hydrogen
deplgfed) hydrocarbon product. This is because the temperature required to
crack kerogen in the short time of a commerical process is far higher than

occurs naturally in petroleum generation and the chemical mechanism is
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somewhat different. In this respect, shale oil, the product recovered from

fhe pyro1ysis of oil shale, is not directly comparable to crude o0il (petroleum),

requiring additional refining (hydrogenation) to produce a petroleum analogous

to that of conventional oil reservoirs. In the aspect of undersaturation,

shale 01l resembles the o0il separated from the Alberta oil sands, although the

origins are probably much different.

A kerogen-bearing rock is not necessarily an oil shale. The ability to

obtain hydrocarbon products by pyrolysis is dependent on the atomic hydrogen

to carbon ratio of the kerogen. Kerogen with low atomic hydroéen to carbon

ratios, e.g. coal, or kerogens which have undergone natural petroleum
forming processes, will yield only minimum amounts of hydrocarbons on
pyrolysis.

Because of the variable ﬁature of the kerogen to be pyrolyzed, theé
nature of the shale oil products may vary considerably, not only between
different deposits, but also within the retorting of individual deposits.

Research has also indicated that the shale o0il product varies with both the

rate and temperature range of retorting. Higher temperatures may produce

greater quantities of natural gas component at the expense of reducing the
gravity and increasing the undersaturation of the liquids phase.

Organic (organic-rich) shales

A certain class of fine-grained sedimentary rocks exist wherein kerogen
is significantly present, but which will not yield any, or only minimal

quantities, of shale o0il on heating. Although the organic content of these

sediments is often obvious on visual examination, the nature of the organic
phase is indeterminate. Many of these rocks are the black and dark brown
shales commonly described as bituminous, petroliferous, carbonaceous, or
organic.

Petroliferous shales should contain a liquid petroleum phase: bituminous
rocks should contain soluble solid hydrocarbon; and kerogenous rocks would
have an insoluable kerogen content. Differentiation of the above cannot Be
made by visual inspection alone, chemical analysis being required, yet the
terms have been used interchangeably in geological literature of the past.
The term "bituminous' has been used to describe many sediments containing
organic residue, of which very few are, in fact, bituminous. The term
l;'(:arbon;ag:eous" has been variably used, either to denote the presence of

organic carbon, or more precisely, to denote the presence of higher plant
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remains, i.e. plant and root debris of the coal series with minimal hydrogen
content.

In an attempt to clarify the above descriptive nomenclature difficulties,

“organic-rich'" is now often used to describe rocks containing more than the

basic content of organic debris. Most fine-grained sediments contain a

‘minimum 1 to 1.5% organic remains which, at that level, is not readily

discernible on visual examination. Because this is a standard component,

there 1s little advantage to describing such sediments as organic; hence, the

term '"organic-rich'" used to describe the sediments with visible organic

content, becomes overly descriptive: the term "organic'" is sufficient for

this purpose. Within this report, the following terminologry will be

utilized:

An organic shale contains greater than the minimum 1.5% organic content

with the organic content recognizable, or strongly suspected, by visual
examination.

There is no connotation that the organic component is bitumen,
kerogen, oTr possibly even in part reduced to graphite (pure organic carbon}.

Bituminous refers to a content of soluble hydrocarbon derivative.

Although a minor amount of bitumen may be present in o0il shales, seldom

reaching 20% of the organic content, o0il shales can seldom be termed

bituminous; o0il sands are truly bituminous.

Kerogen is the insoluble organic component of a sediment, virtually

never encountered in coarse clastic strata, but being the prime component of
quiet reducing environments. Kerogen includes the organic debris from both

low plant life, '"'sapropel,'" and from the higher wood forms, 'humus."

Carbonaceous refers to a recognizable content of higher plant and wood
debris of the coal series.

Coaly refers to matured carbonaceous debris beyond
recognition as wood material.

0il shale - coal relationship

Kerogen of o0il shale is largely derived from the lower plant life forms,
dominantly algae, and has a high atomic hydrogen/carbon ratio, whereas the
kerogen of coal is the product of higher plant forms and, because of the large
component derived from wood, has a low atomic hydrogen/carbon ratio. Within
this report, kerogen will normally refer only to the sapropelic oil shale
kerogen; in cases where differentiation of o0il shale - coal kerogens is

réquired, sapropelic and humic will be used.

The kerogen content of o0il shale ranges from 4 to 35% by weight, whereas



the organic content of coal generally exceeds 67%; thus, for shale, the ash
(inorganic residue) is by far the greater part of rock in contrast to minimal

ash content in coal, Torbanite is a unique form of oil shale, and is, in fact,

an algal coal, being found only in association with coal. The organic content

of torbanite may exceed 50 percent. -

Major inorganic constituents

Because of the fragile nature of the biota forming kerogen, o0il shales can
occur only as fine-grained sediments. Those environments suited to the
deposition of quartz sandstones, conglomerates and calcarenites are totally
destructive to organic content; consequently, oil shales are dominantly
composed of mud to silt-sized inorganic grains. The kerogen of an o0il shale
can be viewed as compacted organic mud.

The variety in mineral content of oil shale is virtually unlimited;
however, three major mineral types are recognized. Some of the world's most
significant deposits are of the calcareous type with calcite, and/or dolomite
silt to mud size grains, as the dominant mineral. Clay is a second major
type, whereas siliceous (quartz) and tuffaceous material are also common.

The kerogen-rich and kerogen-poor portions generally occur as alternating
layers, creating a varved and/or laminated appearance, thus somewhat
validating use of the descriptive term ''shale," although not all, especially
the carbonate type, exhibit shale fissility.

011 shale lithologies, all kerogenous, may be limestone, dolostone,
siltstone, shale, argillite, or combinations thereof. Most of the carbonate

types are generally argillaceous, whereas many of the shales are calcareous.

Environments of deposition

Two major factors must be present in the environment of deposition:
firstly, sedimentation must occur under quiet water conditions in order that
the organic debris remain relatively intact; and secondly, the water must be
euxinic (reducing) as an oxidizing environment would destroy the organic
detritus by oxidation. The reducing environment also precludes the dominance
of bottom scavengers and excessive bacterial decay by which the kerogen source

material ‘would also be destroyed.

Three depositional environments are ascribed to cover most of the world's

0il shale deposits.

“Probably the best known environment is the continental lacustrine one in

which the Green River o0il shales of the United States were formed. Lacustrine

10




0il shales are finely varved, grey to black in color, and limestone and/or

dolomite is the primary lithology. Various halite minerals can be present

since saline conditions frequently develop.

Shallow seas, or continental platforms and shelves, constitute a second
principal environment. These shales are generally areally widespread and are
usually less than 10 metres thick. They are of the clay or siliceous types,
although carbonate types are present, and they often occur associated with
underlying and overlying widespread carbonate units. These are usually dark
brown to black in color.

A third distinctive type is that associated with coal deposits. These
are 0il shales of limited geographic extent, being deposited in small lakes,
bogs and/or lagoons associated with coal-productive swamps. These are the
distinctive torbanite oil shales.

Reference material

The above definitions and concepts of o0il shales and related hydrocarbons
have been gleaned from numerous articles, in many cases by a combination of the
data presented, and generally not directly referable to any specific author.
By far the majority of the knowledge was acquired from one publication,
entitled "0il Shale," edited by T.F. Yen and L.V. Chilingarian, published in
1976. 1Individual chapters within this book were prepared by different authors
and are individually listed in the following annotated references. Before
commencing any detailed exploration/economic analysis of o0il shales beyond
that presented within this report, the reader is strongly advised to review
the majority of the accompanying reference publications, even though some of
the biologic and organic chemistry papers may be beyond the immédiate scope of
the reader's knowledge and interest. The discussion contained herein is
insufficient to understand completely the numerous geochemical problems in the
retorting and refining of oil shales. This paper was not initially designed
to-go beyond the geological background of oil shales in Canada, but has

included this section, and will include further such discussions pertaining to

- specific o0il shale deposits, so that the complexity of oil shales can be

appreciated more fully, "even though not necessarily more completely understood.

11
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OIL SHALES IN CANADA: GEOLOGIC-GEOGRAPHIC DISTRIBUTION

°

0il shales in Canada occur through much of the geologic column, including
Ordovician, Devonian, Carboniferous, Jurassic and Cretaceous, and are found in
every Province and Territory of the country, except Prince Edward Island.

Perhaps the two éarliest and two most significant reports were Gesner
(1847), in which the albertite and o0il shales of New Brunswick were first
described, and Logan (1863), who, in his discussion of the geology of Canada,

described the Ordovician bituminous shale beds. These beds were known prior to

Logan's publication. The first attempted Canadian o0il shale extraction was
from the Ordovician shales on the shores of Lake Huron during the years 1859-
1860, prior to the first discovery of conventional crude oil in Ontario.

During the first 50 years of Confederation, o0il shales were a principal
concern of all government sponsored geological agencies. Most of the initial
reports of oil shale deposits were made in the annual reports of the Provincial
Mines and Resources Branches, especially in the west, but with little factual
data. Extensive interest was displayed by both the Geological Survey of Canada
and the Mines Branch, Canada Department of Mines, although most of the reports
were of location, geographic extent and retorting analyses of the individual
deposits.

Much of the initial Geological Survey of Canada work was published by
R.W. Ells, mostly on Nova Scotia and New Brunswick, but Ells did, in 1909,
contribute the first geological review of Canadian deposits. None of the
western deposits were mentioned by Ells in that report.

W.J. Wright (1922) prepared Geological Survey of Canadé Memoir 129,
which not only provided a detailed study of the New Brunswick shales, but
included references to the rest of Canada, and also incorporated the Manitoba
and” British Columbia areas.

§.C. Ells, of the Canada Department of Mines, Mines Branch, published
regional reviews in 1923 and 1925: these were followed by papers by A.A.
Swinnerton in 1938 and 1947, with the latter paper basically reviewing the
earliest attempts to produce Canadian o0il shales in Ontario, New Brunswick
and Nova Scotia. Within this present report, these historic data are

incorporated into the sections dealing with specific geologic-geographic

«~deposits.

If the above papers reviewing oil shales in Canada are studied in

“
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historical order, along with the many local papers referenced herein by
Province, an extreme repetition of data soon becomes evident. Although each
paper would add some new data, generally additional available retort recoveries
and new analyses, most repeated, often almost verbatim, much of the prior
knowledge; consequently, a detailed study of all the referenced literature

will not compound the knowledge acquired proportionate to the investigative
efforts involved. Most of the bibliography, cited for this section, is of
greater historic than present interest.

A most disturbing problem relative to the preparation of reports, and
concerning the library basis of this study, has become obvious in review of
the regional literature. Not only are correct data carried forward, incorrect
data and conclusions can also become an integral part of the geological
literature by library projects. Matveyev (1974), in a Russian analysis of
world oil shale deposits, cites Canadian oil shale deposits at St. John's,
Newfoundland. Although Precambrian black argillites are present in that
area, 0ll has never been recovered by retorting of these rocks. 0il shale
had been reported in one of the Ells papers for the St. John's area, but had
never subsequently been retracted. Similarly, early reports of oil shales in
the Lytton area, British Columbia, are carried through the Canadian
publications, and thence into Matveyev, representing foreign literature.
Nowhere were the Lytton area shales substantiated; none appears to exist.
Additionally, references to Canadian oil shales by the United Nations
(1965), contain incorrect geological ages and present a potential o0il shales
reserves figure which is nowhere referenced or established. On the basis of
this completely non-validated figure, Canada is ranked fifth in‘world oil
shale reserves by the United Nations.

_For this study, all reported oil shale deposits have been assessed,
both through literature and by personal contacts with geologists who have
actively worked in the areas involved. Only those deposits considered to be
valid oil shales are reported in detail: wherever possible, suspected oil
shales, which may or may not yield oil, are also described in order that a
more accurate resume of Canadian oil shales can be presented. Some zones,

which might conceivably be 0il shales, but have not previously been reported

as such, are also outlined.

-

Figure 1 is an index map of the principal oil shale deposits of Canada,

including those where shale o0il recoveries are proven, or virtually assured,

15
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but excluding unverified potential oil shale zones.

In the following

descriptive list of 0il shale areas, the numerical sequence corresponds to the

locality numbers of the index map.

Ordovician

1.

Manitoulin-Collingwood trend, Ontario; Collingwood shale outcropping
parallel to the base of the Niagara Escarpment; thin widespread black
shale deposited between carbonate zones on a shallow marine platform.
Ottawa area, Ontario; Billings shale, stratigraphically equivalent,

and depositionally similar, to the Collingwood shale at the west.
Southampton Island; one, or possibly two, thin black shale zones between

carbonates; possibly equivalent to Collingwood and Billings of south-

western Ontario.

Devonian

4.

Elgin and Norfolk Counties, north shore of Lake Erie, Ontario; Marcellus,
a thin Middle Devonian organic shale overlying carbonate and deposited
on a marine platform.

Norman Wells area, Northwest Territories; Canol Formation (Fort Creek),
up to 100 metres thick, a marine shale deposited between non-organic
marine shales, but related to carbonate, overlying and lateral to

Kee Scarp reef; late Middle or Upper Devonian.

Gasp€ Peninsula; Gasp€ sandstone series, Middle Devonian, York River
Formation, scattered thin beds of organic shale within a series of

sandstones, many of which are bituminous; not typical o0il shale and may
not be a true oil shale deposit. .

Southwestern Ontario, Windsor-Sarnia area; Kettle Point Formation,

Upper Devonian, up to 30 metres black o0il shale inter-zoned with gray
non-organic shales; gross zone overlies carbonate; deposited in apparent
marine platform environment.

Moose River Basin, Hudson Bay Lowland; Long Rapids Formation, Upper

Devonian, geologically equivalent and comparable to Kettle Point

Formation of Windsor-Sarnia area.

Carboniferous

9.

Moncton sub-basin, New Brunswick; Frederick Brook Member, Albert
Formation, Horton Group, Lower Mississippian, best known and discussed
of.all Canadian deposits and probably one of the economically most
attractive; contintental lacustrine deposits up to 100 metres thick but

N
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10.

11.

12.

13.

expanded by deformation to possibly 300 metres at the Albert Mines
location: considerable section in excess of 100 litres/tonne

(20 gallons/ton).

Big Marsh - Antigonish area, Nova Scotia; Horton Group, thin deposits of
probably lacustrine origin in a ‘continental sequence; an approximate
equivalent of the New Brunswick Albert shale zone.

Deer Lake - Humber Valley, Newfoundland; Rocky Brook Formation, Deer Lake
Group, Mississippian (younger than New Brunswick deposits), continental
lacustrine environment, scattered thin oil shale beds, but investigations
of limited scope to date.

Conche area, Newfoundland; Cape Rouge.Formation, lower Mississippian,
possible torbanite bed; not likely an o0il shale deposit; stratigraphic
equivalent of New Brunswick o0il shales.

Pictou County,-Nova Scotia; Pictou Group, Pennsylvanian, torbanite
deposits associated with coal seams; areally restricted and less than

2 metres thick; best zone locally named ''stellarite."

Jurassic

14.

15.

Graham Island, Queen Charlotte Islands, British Columbia; Kunga
Formation, Jurassic, marine argillites; probable platform deposits;
thickness indefinite because of structural deformation; sparse data only.
Cariboo District, Quesnel Lake area, 'Harper's Camp,"' British Columbia;
undifferentiated lower Jurassic shales have yielded minor oil on

distillation, poorly exposed and virtually undefined potential.

Cretaceous

16.

17.

18.

18

Manitoba Escarpment, including Riding Mountain, Duck Mountain, Porcupine
Hills and Pasquia Hills, Manitoba-Saskatchewan; Boyne and Favel

Formations, informally the First and Second White Specks zones, Upper

- Cretaceous; up to 40 and 20 metres respectively; areally extensive,

occurring as grey to brownish—grey marine shales with minor internal
limestone beds, within a major sequence of continuous shale deposition;
not a typical oil shale deposit.

Anderson Plain, Northwest Territory; Smoking Hills Formation, Upper
Cretaceous, closely equatable to the Manitoba Escarpment oil shales both
lithologically and stratigraphically.

Mackenzie Delta, west side, Northwest and Yukon Territories; Boundary

Creeck Formation, Upper Cretaceous, equivalent to the Smoking Hills

Formation of the Anderson Plain at the east.
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0il shale references - Canada

CRONSHAW, H.B

1921:

0il Shales - monographs on mineral resources with special reference to
the British Empire; Imperial Institute, John Murray, Albermarle St.,
London, p. 33-38 (brief review of Maritimes, Ontario - Quebec and
Manitoba Escarpment oil shales; mostly analyses with minimal geology;
historical interest).

ELLS, R.W.

1909:

Geological position and character of the oil-shale deposits of
Canada; Geological Survey of Canada, Report No. 1107, 75p.
(geographic distribution, limited lithology, no stratigraphy, but
abundant analytical data of New Brunswick and Nova Scotia shales;
good comparative review of Scottish o0il shale industry; initial
review of Utica (Ordovician) of Ontario-Quebec).

ELLS, S.C.

1923:

1925:

0il shales of Canada; Canada, Department of Mines, Summary Report of
Investigations made by The Mines Branch, 1921, Report No. 588,

pt. G, p. 41-55, (covers all Provinces, but basically reviews prior
data only).

0il shales of Canada; in, Shale 0il, ed. R.H. McKee, American
Chemical Society, Monograph Series No. 25, The Chemical Catalog
Company Inc., New York, p. 43-60 (geographic distribution of oil
shales; a review of analytical results; minimal geology).

GESNER, A.

1847:

Report on the geological survey of the Province of New Brunswick;
Saint John (1839, 1840, 1841, 1843) London.

LOGAN, W.E.

1863:

Report on the geology of Canada; Geological Survey of Canada, Ottawa,
p. 201-224, 521-528, 784-792 (extensive geological discussion of the
Paleozoic strata of Ontario and Quebec, with significant attention
to the Ordovician Utica bituminous shales).

MARTISON, N.W.

1966:

MATVEYEV ,

1974:

Study of oil shale occurrences in Canada; unpublished report,
University of Calgary, Gallagher Library, 44p. (concise summary with
analytical data, background geology, and local maps, unfortunate
this had not been a published document).

AKX,

0il shales outside the Soviet Union; in, Deposits of Fossil Fuels,
v. 4; ed. E.E. Zakharov, G.X. Hall § Co., Boston, p. 91-98,

(brief summary of geographic occurrences and analytical results).

SWINNERTON, A.A.

1938:

. 0il shales of Canada; in, 0il Shale and Cannel Coal, The Institute

of Petroleum p. 210-226 (brief review of geographic distribution
and analytical results; virtually no geology; reviews retorting
techniques, analytical concepts and procedures).

19



,’] 1947: A survey of the world's 0il shales; Canadian Mining Journal,
v. 68, no. 4, p. 229-235 (reviews deposits of New Brunswick,

] Nova Scotia, and Ontario; basically outlines attempts at production
]

in these areas).

UNITED NATIONS

1965: Progress and prospects in the utilization of o0il shale; Resources

and Transport Division, Department of Economic and Social Affairs,
102p. (good review of world's better-known deposits with economic
"] considerations; minimal data on Canadian oil shales).

T 1

WRIGHT, W.J.

1922: Bituminous shales of Canada; Geological Survey of Canada, Memoir

129, p. 50-55 (brief review of geographic distribution in Ontario,
Manitoba, British Columbia; analytical detail from Nova Scotia;

this is an added section to a detailed review of New Brunswick
deposits).
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ONTARIO - QUERBREC and Southampton Island

ORDOVICIAN OF ONTARIO - QUEBEC

Canada's first, and only, oil shale plant to achieve and maintain a
continued period of operation was erected at Craiglieth, near Collingwood,
on the shores of Lake Huron, Ontario (Fig. 2). Both Logan (1863) and R.W.
Ells (1909) described the retorting of oil shale which here continued until
1861, when displaced by the less expensive conventional oil discovered at
0il Springs in the nearby Petrolia area. Several initial attempts to place
the plant on production were thwarted by inadequate ventiﬁg of by-product
gases causing buildings to be destroyed by fire. Once operational, the
plant, fired by 25 cords of wood per week, retorted 36 tons of shale per day,
yielding 250 gallons of shale oil, representing 3% of the rock volume;
however, of the retorted products 40-60% was burning oil, 15-40% was heavy
lubricating o0il, and the remaining 20-25% was pitch and waste. A retorting
time was established at 2% hours on recognition that only a further small
amount of shale oil could be recovered by retorting beyond that time.

There has been some doubt that the Craiglieth retort was actually
operated on the basis of quarried rock. The better oil shale zones occur at,
and just below, lake level; boulders of eroded shale, obtained off the beach,
were thought to be the source of the ore as the actual quarry could not be
located. Martison (1966, p.23) reported that the quarry, some 9 to 10 metres
deep, is now a resort swimming pool, and presented o0il yield analyses from
samples of that location.

0il shale production at Craigleith was from the Upper Ordovician
Collingwood Formation, which is recognized along a subcrop belt extending
from Manitoulin Island at the west, through Collingwood and there south-
soutﬂéasterly across southern Ontario to the Toronto-Whitby area on the shores
of Lake Ontario (Fig. 2). Equivalent shales are the Billings Formation in the
Ottawa area, black shales of the Lachine Formation aléng the St. Lawrence

River northeasterly from Montreal, the Mictaw shales of Gaspé, and the Utica

shales of the Lake Champlain area (Fig. 3). The latter three units occur in

.. Quebec and are potential, rather than known, oil shale zones.

Stratigraphy

-

In "The Geology of Canada,' Logan (1863) described the black, bituminous,

graptolitic shales of Ontario and Quebec, and included them in the Utica
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FIGURE 2. Outcrop distribution of Collingwood beds, southwestern Ontario.

22



Jaqend pue oTIeluQ ‘seleys [T0 [eriuslod pue Sa[BYS [TO UBTITAOPIQ JO UOTINQLIISTA % YN

r ¥ v L]
00§ OOy 00€ 00Z OOt ]
sisjdwogry

r

VOld3IWY

o eun¥ 4
: ¥
“ /] ONVIMOI

i P IDNIYMVI 1S

/

NV3r 1S OVl

5383N0O

S31vlsS g3lINN

10

pusi)
poombuijion
sbug

Xy YMvLLO

ucnsodap pPoomBuijon
Bunnp 1uablauwy
ONIWYXSIWIL 3yv7 |

.h.
!
)

oy s )




Formation. They overlie the Trenton limestones, and are in turn overlain by
non-organic shales, arenaceous shales and sandstones of the Hudson River
Formation. These names were derived from the nearby geological sections 1in
the State of New York, and represented distinct lithologic entities.
Paleontological data were presented for various outcrop areas, but no attempt

was made to differentiate, or separate, any of the Utica black shale

exposures on the basis of age. The present outcrop areas, as illustrated on

Figure three, were virtually all described by Logan in this early repott,
although considerable additional nomenclature is now used.

Raymond (1912) defined the Collingwood Formation in the Ottawa area as
a lower unit of the Utica. It consisted of soft brown shale alternating
with fine grained blue limestone, overlain by darker shales, which he
considered to be typical Utica. He later placed these darker shales in the
Gloucester Formation. Raymond gave no reason for use of the name Collingwood
in the Ottawa area at a distance greater than 300 kilometres from Collingwood,
and with no intended correlation to the Collingwood o0il shale.

The Ordovician faunal successions in Ontario and Quebec were described by
Foerste (1916), who provided little lithologic or formational data, but
stated that the Utica, as outlined in Canada, might not be an exact age
equivalent of the type Utica Formation.

A more comprehensive geological faunal study of Ordovician black shale
was made in southern Ontario by Parks (1928), who recognized that the
interbedded limestone-shale sequence defined as Collingwood in the Ottawa
area correlated faunally to uppermost Trenton limestones of the Georgian Bay
area. These limestones he defined as lower Collingwood (Mesotrypa beds) and
placed the black organic shales of Georgian Bay in the Upper Collingwood,
equiva{ent to lower beds of Raymond's Gloucester Formation. In all likelihood
local terminology, unpublished, defined the once-productive oil shales as
Collingwood; hence Parks establishment of an Upper Collingwood Member.

This confusion was somewhat alleviated by Wilson (1946), working in the
Ottawa area, who established the Eastview Formation to replace Raymond's
Collingwood, and the Billings Formation to represent the black orgaﬁic shale
zone. In some aspects, the name Billings is superfluous, but was necessary to
avoid the conflict that would occur in any attempt to éhange the defined
CoIlingwdq@ of the area. Wilson left Collingwood and Gloucester, near Ottawa,

as time units, both of which are now relatively obsolete in this useage.

N
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FIGURE 4. Pertinent Ordovician correlations, west-east across southern Ontario.
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Two other terms are of major stratigraphic significance. 1In the Georgian
Bay area, the Blue Mountain Formation, directly overlying the Collingwood black
shales, is composed of soft blue shale (Parks, 1928). This characteristic
bluish color is apparently not recognizable to the east in the Ottawa area.

On Manitoulin Island, the Collingwood 1s overlain by Sequiandah Formation
{Foerste, 1924), defined as interbedded layers of limestone and soft brownish
shale. Figure 4 illustrates the nomenclatures described above west to east
across southernOntario. Sufficient references are appended that the reader
can readily acquire more complete stratigraphic data for those units overlying
and underlying the o0il shales, if so required.

The Lachine/Lotbiniere Formations represent the equivalent shales in the
St. Lawrence LBwland of Quebec. On the southeasterly prominence of Gasp€,
some black shales of the Mictaw Group equate to Collingwood as do black shales
of the Macasty Formation underlying Anticosti Island,

Although the transition from underlying limestone to the black shale
appears sharp, thin stingers of black shale generally occur in the uppermost
limestone beds, and limestone stingers can be found within the black shale
sedhence;‘consequently, the contact is considered to be conformable. An

erosional unconformity was proposed by Caley (1936) and Williams (1937)
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because of local minor erosional irregularities (less than 1 metre) at the
contact; however, local erosion of shallow marine carbonates is part of the
depositional process and does not necessarily indicate an erosional unconformity
or significant loss of sedimentary record.

The upper contact of the Collingwood with the overlying blue to grey shales
is very much transitional, with a decrease in organic content and inter-bedding
of the organic and non-organic lithologies. This transitional contact can
generally be picked in surface sections at either a minimal or optimal level
of organic type shale, but is more difficult to define from well cuttings,

even from the older cable tool cuttings which are less mixed than those of

rotary rigs.

Lithology

Collingwood beds are characterized by dark grey to black organic shale
containing an abundant graptolite fauna. On Manitoulin Island, Liberty (1957)
described the lowermost beds as black limestone, with the lowest black shales
appearing "rotten" and containing sulphides and macerated fossil remains. The
section is variably calcareous and petroliferous. Wilson (1936) described the -
Billings shales as fissile. Liberty and Bolton (1971) described the Whitby
area lower beds as dark grey to black fossiliferous shale with a few interbedded
grey limestones. The shale is thinly laminated, weathering to a fissile paper
shale. Carbonate is common to all the shale, but varies in amount. Liberty
and Bolton state; ”tHe shale is petroliferous, but not bituminous as often
described.' Their meaning of either descriptive term is not known, therefore,
no interpretation of the type of organic content can be inferred. The limestone
beds are grey to brownish-grey, hard, brittle, sub-lithographic,. in beds 2 to 5
centimetres thick, comprising less than 15% of the zone. They also recognized
a middle member of their Whitby, occurring locally as soft brown shales
transitional upward to the overlying bluish-grey shale equivalent of the defined
Blue Mountain Formation. '

Most of the descriptions of the equivalent units in Quebec are minimal,
citing only black shale, black bituminous shale, and black or grey limestone,
as the lithologies encountered. Most seem. to resemble closely the beds as
described for Ontario.

Shales of the Collingwood and equivalent zones are all recessive weather-
ing~units. The description of a paper-shale weathering characteristic can be
attributed to solution of calcite-rich laminae by surface waters in contrast

to more limited weathering of the organic-rich laminae. Weathered surface

~
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samples will thus appear to contain more kerogen than will fresh surface

samples and cores.

Distribution and Thickness

Within the Hudson Bay Lowland (Fig. 3), Ordovician shalesare all

younger than the Collingwood as this area was emergent during that period of

deposition (Cumming, 1974). On the Ontario-Quebec border, at Lake Temiskaming,
Ordovician carbonates, equivalent to the Coburg Group immediately underlying

the type Collingwood, were reported to be overlain by Silurian strata (Hume,

1925: Bolton and Copeland, 1972). 1If deposited, Collingwood equivalents may

have heen subsequently eroded, although Hume stated that there is an interval
of 10 to 13 additional metres of unknown