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PREFACE

Three earlier editions of the Geology and Economic Minerals of Canada
were published,: the first in 1909, the second in 1927, and the third in 1947, In
the past decade much new geological information has become available and the
changes—in the mineral industry have been remarkable.

Canada’s mineral production in 1944 was valued at $485 million, but in
1955 it had more than trebled and was valued at $1,795 million. Newfoundland,
which became Canada’s tenth province in 1949, provided about $69 million of
Canada’s total in 1955 and this figure will increase greatly with increased produc-
tion of iron ore from Labrador. The major change in mineral production, however,
comes from oil and gas. The Leduc oil field in Alberta was discovered in
February, 1947 and the known fields of Western Canada are estimated to contain
about 3 billion barrels of oil and assured reserves of many trillions of cubic feet
of natural gas. Crude petroleum, which was well down the list in value of output
in 1946, attained first position as a contributor to the Canadian mineral output in
1953, a position it has since held. A further spectacular change is in the develop-
ment of uranium deposits. In 1947 all the Canadian production came from the
Eldorado mine at Great Bear Lake, whereas in 1956 nine mines were producing
and others were nearing production. The past decade has been marked also by
important developments in base metals in New Brunswick, Quebec, Ontario, and
Manitoba; iron ore in Ungava and Ontario; lithium in Quebec; and asbestos in
Ontario and British Columbia.

Legislation relating to mining and to the search for oil, introduced some 10
years ago, has been of considerable significance. As the price of gold is fixed, the
sharply increasing costs of production became a serious factor in gold mining, but
the cost aid provided by the Emergency Gold Mining Assistance Act which came
into effect in 1948 has made it possible for many of the gold mines to continue
in operation. Certain Federal legislation relating to the drilling for oil, which was
enacted in 1944 and remained in force to the end of 1955, afforded considerable
tax relief to companies drilling deep test wells under conditions of unusual cost and
hazard and was helpful in accelerating the discovery of oil.

Continued changes and development in air transportation have permitted
increased geological exploration and mineral discovery in remote areas, especially
in the north. New methods of attack on problems relating to geology and mineral
discovery, particularly those of geophysics and geochemistry, have come into
greatly increased use, leading to important discoveries. There is considerable lag
between discovery and production and the full impact of easier transportation and
new tools cannot yet be appraised. There is little doubt, however, that Canada’s
mineral production will continue to expand.

GEORGE HANSON,
Director, Geological Survey of Canada

OTTAWA, June 15, 1956
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GEOLOGY AND ECONOMIC MINERALS OF CANADA

CHAPTER I

INTRODUCTION
(C. 8. Lord)

Canada, with a land area of 3,577,163 square miles (Map 1045A, in pocket),
is the largest country in the Western Hemisphere and the second largest in the
world. Nevertheless, the population based on the June 1, 1956 census, was only
16,081,000, or less than one-tenth that of the United States of America. Further-
more, most of this relatively small population is concentrated south of a line lying
slightly north of Vancouver, Edmonton, Winnipeg, Lake Superior, and Quebec
City. Thus the Northwest Territories and Yukon Territory lying north of the 60th
parallel and having a combined land area of 1,458,784 square miles have popula-
tion densities of about one and four persons, respectively, per 100 square miles.
Vast tracts of Canada are mountainous, rocky, under an Arctic climate, or
otherwise not well suited to settlement. About one-half of the total land area is
devoid of forests and unsuitable for agriculture,

Physical Features

Canada is naturally divided into five main regions each possessing character-
istic geological features and, as a result, more or less distinctive physical features
(Figure 1). The largest of these is the Canadian Shield, occupying nearly half of
Canada including parts of the Arctic Archipelago. In its central, lowest part,
surrounding Hudson Bay, it lies only a few feet above sea-level. Nearly all of the
Shield is less than 2,000 feet above sea-level, but in northeast Labrador the
Torngat Mountains have elevations of 5,000 to 6,000 feet above the sea, and on
Baffin Island mountains rise to elevations of 8,000 to 10,000 feet. Elsewhere most
of the Shield has a relief of less than 200 feet. Intense glaciation has left scattered
rounded rock outcrops and rocky ridges separated by glacial deposits, muskeg, and
myriads of lakes of many sizes and shapes, here and there connected by rivers with
rapids alternating with stretches of relatively quiet water. Rock exposures probably
total less than 10 per cent of the surface. The northern part of the Shield is devoid
of timber, and the treeless ground is permanently frozen except that a thin surface
layer generally thaws annually. Ice-caps are found here and there on the Shield in
the Arctic Islands.
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Fiure 1. Main physiographic and geological regions of Canada.

The Plains region, a second main unit, includes the Interior Plains, St.
Lawrence Lowlands, Hudson Bay Lowland, and the lowlands, plains, and plateaux
of the Arctic Islands. The Interior Plains flank the Canadian Shield on the west
and extend from the 49th Parallel to the Arctic Ocean. Their gently rolling suiface,
broken by rare questas and buttes, slopes imperceptibly upward away from the
Shield until, at an elevation of about 4,000 feet above the sea, it merges with the
hills of the Cordilleran region. Their southern part is a treeless prairie, one of the
great agricultural areas of Canada.

The plain-like surface of the St. Lawrence Lowlands, which border the
Canadian Shield on the south between Lake Huron and Quebec City, is interrupted
near the outlet of Lake Ontario by a southerly tongue of the Shield known as the
Frontenac axis. West of this axis the surface slopes gently southwesterly, the
outstanding exception being the northeasterly facing Niagara escarpment.
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The Hudson Bay Lowland is a low swampy plain sloping gently out of the
southwestern shores of Hudson Bay and James Bay.

Parts of many of the Arctic Islands are rolling, treeless lowlands or plains
sloping gradually inland from the sea but, particularly in the eastern part of the
archipelago, sea-cliffs rise abruptly 500 to 1,500 feet to deeply incised plateau
surfaces which inland attain still greater heights.

The third main division, the Cordilleran region, lying between the Interior
Plains and the Pacific Ocean or Alaska, comprises three northwesterly trending
units: a western system of mountains, and a central system of plateaux and
mountains, together comprising the western Cordillera; and an eastern system of
mainly mountains, making up the eastern Cordillera. In British Columbia the
eastern and western Cordillera are separated by an unusually deep and persistent
valley called the Rocky Mountain Trench. The highest peaks are very little over
12,000 feet above sea-level except in the St. Elias Mountains where one peak,
Mount Logan, is 19,850 feet high, and several others are only slightly lower. The
mountains of the eastern Cordillera present a general saw-tooth appearance,
whereas, in many places in the ranges of the western Cordillera jagged peaks are
interspersed with more rounded or fairly level, upland surfaces. The valleys are
forested, except some in the far north, but innumerable peaks rise well above
timber-line. Parts of Yukon are underlain by permanently frozen ground. Snow-
fields, ice-fields, and alpine glaciers are common, particularly near the coast where
a few valley glaciers extend to, or nearly to, sea-level.

Southeast of the Canadian Shield and east of the St. Lawrence Lowlands is a
broad belt of mountainous country known as the Appalachian region, the north-
eastern end of the Appalachian Mountain system that extends southwest to
Alabama in the United States. It occupies New Brunswick, Nova Scotia, Prince
Edward Island, the Island of Newfoundland, Gaspé Peninsula, and part of the
Eastern Townships of Quebec. The highest hills are found in the Shickshock
Mountains of Gaspé Peninsula, and these rise to heights of more than 4,200 feet
above sea-level. Elsewhere, only scattered mountains and uplands exceed elevations
of 1,500 to 2,000 feet.

The fifth main division, the Innuitian region, extends southwest from northern-
most Ellesmere Island to Prince Patrick Island in the northern Canadian Arctic,
and consists mainly of mountains and ridges, some of which may rise as high as
10,000 feet.

Geological Investigations
In view of the combination of vast area, the relatively small population
concentrated mainly in the extreme south, and other factors, it is perhaps not

surprising that very large areas are incompletely explored and difficult of access
except by aircraft.

The Geological Survey of Canada, one of the oldest organizations of its kind
in the world, was organized in 1842 to map, study, and report on the geology of
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Canada. In this task it has been aided to varying degrees by geological surveys
conducted by nine of the ten provincial governments but, because these organiza-
tions generally confine their efforts to detailed studies of small areas, many of
which are first mapped on reconnaissance scales by the Geological Survey of
Canada, the task of completing the initial geological mapping of the ten provinces
has remained overwhelmingly the duty of the Federal organization. Furthermore,
Northwest Territories and Yukon, together comprising about 40 per cent of
Canada, are under Federal jurisdiction, and there the Geological Survey of Canada
is the sole government organization engaged in geological mapping.

After more than a century of effort, nearly three-quarters of Canada is
unmapped geologically, even on reconnaissance scales. Such a pace is clearly
unacceptable when, as today, the frontier no longer advances gradually from south
to north but spreads from a constantly increasing number of isolated points that
spring up at unforeseen localities throughout the north, and sound long-term plans
for national development and more detailed geological work await the completion
of the initial geological reconnaissance. Present top priority objective is, therefore,
to complete the preliminary reconnaissance geological mapping at the earliest
practicable date. Various resulting modifications in geological methods during
recent years, particularly the successful adaptation of helicopters to a variety of
survey conditions, have already greatly increased the rate and efficiency of mapping
(Plate I, Frontispiece). As a result, it is reasonable to expect that the preliminary
geological reconnaissance of Canada will be essentially completed, to acceptable
standards, within the next twenty-five years.

Geology and Mineral Deposits
Canadian Shield

During the long ages of Precambrian time great accumulations of sedimentary
and volcanic strata were formed in what is now the Canadian Shield (Figure 1).
These were subjected to mountain-building processes, and large bodies of granites
and other igneous rocks were formed in the roots of the mountains. These ancient
mountain ranges were worn down by erosion, seas encroached over the resulting
lowland, and the cycle of deposition, mountain building, intrusion, and erosion
began anew. In at least some parts of the Shield these processes were repeated
several times, and it appears that no one process occurred throughout the Shield
at any one time, but that mountain building, for example, took place in one region
while another was covered by sea and undergoing a stable period of deposition.
It may thus be that this cycle was repeated many times during the immensely long
Precambrian time, although not all cycles were necessarily operative in any one
place. As a result of this long complex history, the Shield now consists mainly of
granite and granitoid gneiss, some of Archean and some of Proterozoic age, but
includes also remnants and patches of volcanic and sedimentary rocks of Archean
and Proterozoic age. The region has been a stable mass since Precambrian time,
and although it has been partly or completely below the sea for long intervals since
that time, it has not been folded by Cambrian or later mountain-building
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movements. A post-Cretaceous, probably late Tertiary, uplift was followed by
Pleistocene glaciation. The elastic rebound that followed the retreat of the ice is'
still continuing and the lakes and streams of the Shield have not yet adjusted
themselves to the new conditions. The result is the present disorganized drainage
pattern,

The Archzan (Early Precambrian) strata occur as scattered troughs and
basins of severely deformed and altered volcanic and sedimentary rocks. Some of
these bodies are more than 100 miles long and many miles wide. They are formed
of rocks older than the surrounding granites, and are remnants of former extensive
formations that were partly destroyed by intrusions and partly removed by erosion.
The common rock types include basic to intermﬂ&e_xoﬂlg@QEJQCkL(gm%
banded chert with iron oxide (iron-formation), greywacke, and slate. In places the
volcanic rocks predominate; elsewhere the sedimentary formations are more
abundant. Before the end of Archzan time these ancient formations were folded
by mountain-building movements and intruded by granitic rocks. They were deeply
eroded before the first Proterozoic (Late Precambrian) rocks were deposited. It
has not been demonstrated that this closing period of orogeny and erosion took
place everywhere within the Shield at the same time.

Unconformably overlying these Archean formations and some of the granite
that intrudes them are extensive bodies of relatively undeformed volcanic and
sedimentary rocks of Proterozoic age. Available dates, determined by radioactivity
methods, indicate that the oldest rocks mapped as Proterozoic are all younger than
those mapped elsewhere as Archzan. Proterozoic rocks differ from the Archzan
formations in having an abundance of clean sandstone and quartzite, limestone

divisible into two or more units separated by one or more unconformiities. The
—— X e
at

older strafa are-eut-by-granitic ififrusions and, in most parts, the youngest known
e T ‘;'_.__/’x—

Precambrian intrusions are diabase. S

In the southeastern part of the Shield, in the area known as the leirlyﬂl\e
sub-province, is a complex of more or less granitized sedimentary gneisses associ-
ated with large amounts of crystalline limestone and a litlle Java. The age of this
complex is not known with certainty. Although the sedimentary and derived
metamorphic rocks are shown as Archzzan on the latest geological map of Canada
(Map 1045A), the occurrence of crystalline limestone is unusual within strata
of that age. Moreover, ﬁgﬁ:’“@f&ﬁmﬂim&ﬁtes

m Grenville show that the intrusions range in age from 800 to 1,100
million years and, therefore, indicate the possibility of a Proterozoic age. Rocks
similar. to the Grenville complex are found on Baffin Island, in Manitoba, and in
other parts of the Shield.

et ittt

Within recent years it has been shown that the Shield may be conyeniently

divided into five or more geological provinces, each with a characteristic assem-
— Ve TR e T
blage of m@ypes, structures, and mineral deposits. The outlines of these

provinces and of their sub-provinces cannot, however, be defined everywhere until
much more geological mapping has been done.
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The known and potential mineral resources of the Shield are larger and more
diverse than those of any of the other principal geological regions of Canada,
although a notable deficiency is a complete lack of mineral fuels. Nor is the
prominent position of this region surprising in view of its tremendous size, its very
long and correspondingly complex geological history, and the deep erosion that
has exposed the roots of the ancient mountain ranges. The value of minerals
produced in the Shield in 1955 amounted to about 45 per cent of the Canadian
total. About 77 per cent of Canada’s metal production was derived from the same
region. In the same year it supplied about 88 per cent of the copper, 92 per cent
of the gold, 83 per cent of the iron ore, and all of the nickel, platinum and
platinum group metals, uranium, and cobalt produced in Canada. Nearly all the
mines of the Shield lie within 300 miles of its outer margin. It is commonly

elieved, however, that this distribution results from the relative accessibility of

the outer fringe, and the consequent more thorough geological mapping and

prospecting. It has not been demonstrated that valuable mineral deposits are less

abundant in the interior parts of the Shield. Most of the known deposits of metallic

T minerals lie within the troughs, basins, and patches of volcanic and sedimentary

\ Archzan and Proterozoic rocks that occur scattered more or less widely through-
out the granitic rocks and gneisses.

As already indicated, erosion in the Archaean parts of the Shield has cut down
to the roots of the ancient mountain systems, and, consequently, the common
types of mineral deposits found there are those formed at moderate to great depths.

{ Such are most gold-quartz veins, large copper-zinc deposits, quartz veins containing
tungsten, and pegmatites containing beryllium and lithium. Not only do the mines

K of the Archzan commonly have ores of the moderate to deep-seated type, but
many of the mines themselves are very deep, and in Canada and throughout the
world, average much deeper than mines in younger rocks.

Associated with Proterozoic rocks are a group of distinctive ctive deposits, marny

of them highly productive or potentially so. The great Matmum
y are associated with a body of norite and micropegmatite, and

deposits at Sudbur,
@sﬂvmées of Cobalt WTa d@E‘a&_@s’\Late Proterozoic lava flows and

sills of basalt and quﬁ varjous parts of Canada coptzln—c‘dpper Most of
é%exﬁamdeposxts of 15):1\015: or potential ore, some of Shippimiggrade and
some requiring beneficiation, ocgur in Proterozoic formations in Labrador, northern
Quebec, and western Ontario. A va variety y of ul ‘uranium deposuf’ some of them of very

<5
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in th mrld

The Grenville province not only differs geologically from much of the
remamder of the Sh1eld but contains a charactemstlc assemblaMmeral
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pegmatites. )%C_ is common in crystalline limestone and has been mined.
e e, . . . » . e
Contact_metamorphic magnetite orebodies arébeing mined or prepared for mining.

Iir@nmgﬁcbo Ies are associam‘certain unusual pegmatitic bodies. w
is being mined from Grenville limestones, and dolomite provides the Taw material
for the production of magnesium.

Very large tonnages of %l/mia occur as magmagc\_sggﬁgatlons in the

anorthosites of southern Québec. Potentially productive deposits of niobiunt
(cOlumbum;w\e/B'éen found recently in com lexes_of carbonate rocks and
alkaline intrusions. Chrysotile asbestos is being recovered in northern Ontario from
the ultrabasic parts of a differentiated sill that cuts Archzan formations.

Plains Region

Sedimentary strata of the Plains region, ranging in age from Cambrian to
early Tertiary or younger, overlap the Shield on all sides, except on the northeast
where it meets the Atlantic Ocean. In general, they dip very gen;ly away from the
Shield, have not been affected by mountaln—buﬂdlng’,@(&mgx_lts\ and, with minor
exceptions, aWe interrupted on the north, west,
and southeast by mountain systems. Most of the rocks were Jald dw the sea,
in water of moderate to shallow depth. During some of the more recent perlods,
however, fresh- or Brackish-water deposits accumulated in considerable volume.
Reefs of organic origin are found in Devonian strata of the Interior Plains and in
Silurian formations of the St. [‘st It is probable that some of the
Palzozoic and Mesozoic strata formerly extended over parts of what is now the
Canadian Shield.

The most important known and potential mineral deposits of the Plains are
-0il, natural gas, and coal, although other characteristic deposits include common
salt, gypsum, and potash salts. Mineral deposits have been extensively explored
and exploited in the St. Lawrence Lowlands and in the Interior Plains of Manitoba,
Saskatchewan, Alberta, and British Columbia. Much less exploration has been
done in other parts of the Plains, and these parts have not produced significant
quantities of fuels or other mineral products. The value of crude petroleum
produced in Canada in 1955 exceeded that of any other mineral product and
amounted to about 16 per cent of the nation’s total mineral production. Nearly all
of this petroleum came from the Interior Plains, but a little was derived from the
St. Lawrence Lowlands. Most of the natural gas produced came from the same
parts of Canada, and the Interior Plains afforded about 30 per cent of the nation’s
coal production.

The Interior Plains of central Alberta contain the largest known oil fields in
Canada. The oil is found in beds of Upper Devonian, Mississippian, Lower Cre-
taceous and [Egr/c‘te@@ age. Very laMrves of natural gas in Alberta
and northeastern British Colummbia will permit export by pipeline to metropolitan
areas of Eastern Canada and the Pacific coast. Bituminous sands of Lower
Cretaceous age outcrop for about 120 miles along the Athabasca River in the

FOI't McMurray area of Alberta: Extensive go,al_ d [_)Q_SI_tS occur in Cretaceous and
) e e Sttty
Paleocene rocks of the Plains of Western Canada.
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Common salt and gypsum occur in various places in the Plains, in Silurian or
adjacent strata. Very large deposits of the potassium salts, sylv1te and carnalllte

are associated with Devonian strata in Saskafchewan.
\-\_\M—%__\’J/M’\‘

Millions of tons of lead-zinc ore of obscure origin occur in Middle Devonian
crystalline dolomiteon the south shore T‘Gm/_t\Slﬁ/é/Lake and minor occurrences
_’\_’\__/\,
of galena and sphalerite have been noted in similar Tocks at other widely scattered
places in the Plains,

Cordilleran Region

The Cordilleran region includes all mountain-built strata west of the Plains,
and the Foothills that lie between the mountains and the Plains. It extends
northwestward through Canada, embracing most of British Columbia, a small part
of Alberta, all of Yukon, and a small part of Northwest Territories. It swings
westward into Alaska, and to the south occupies the western United States. The
region is on the site of a great basin of sedimentation where seas and freshwater
basins existed during much of the tlme_f;omﬂmiﬁr@g_cﬁo late Mesozoic and early
Tertiary. The mountains of the western Cordillera have been carved in a complex
assemblage of sedimentary, volcanic, and plutonic rocks. Great thicknesses of
sedimentary strata that range in age from late Precambrian to early Mesozoic are
exposed. With these are large amounts of lava flows and volcanic fragmental rocks,
mainly late Pal@ozoic and Mesozoic in age. These strata were folded and intruded
by granitic rocks at different times, mainly in the Mesozoic era. The mountains
formed at that time were eroded to a fairly flat surface, exposing. deep-seated
g\amtlc rocks in many places, most notably thé/lgg 1d_complex Coast Range
IWW’I\\MM@a Tertiary lava ﬂows were
followed by uplift, and this in turn by deep late Tertiary dissection.

The mountains of the eastern Cordillera were formed from a great thickness
of sedimentary strata ranging in age from Proterozoic to Tertiary. The strata
" consist chiefly of limestone, quartzite, and shale, which have a total thickness
estimated at about 68,000 feet in the Rocky Mountains. Sedimentation continued,
at least in places, until early Tertiary time, long after the main period of folding
of the mountains to the west. Thus the Rocky Mountains and other ranges of the
eastern Cordillera are still in the first stage of erosion which accounts for their
characteristic saw-tooth appearance. With scattered minor exceptions they do not
contain exposed igneous intrusions.

per cent of the le/ad 51 per cent of the zinc, 6 per “cent of the _asbestos, and all -
o ) d nearly all of the tungsten produced in Canada as well as
“substantial amounts of coal and oil. Most of the productive or known valuable
mineral deposits are in southern British Columbia, southwestern Alberta, north-
western British Columbia, and southwestern Yukon, a factor probably to some
extent the result of the longer and more intensive search that these more accessible

areas have received.
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The western Cordillera has been folded, faulted, extensively intruded by
igneous rocks of a variety of ages and compositions, and deeply eroded to expose
these intrusions. It thus contains a great variety of, mainly, metallic mineral
deposits laid down under widely different conditions of temperature and pressure,
as illustrated by deposits of magnetite, or scheelite, or cinnabar, or tellurides of
gold and silver. Substantial coal deposits occur in basins of Lower Cretaceous,
Upper Cretaceous, and Tertiary age.

The eastern Cordillera although extensively folded and faulted has not
experienced the very deep erosion required to lay bare its roots, which might
contain extensive intrusions and mineral deposits. On the other hand, mainly along
the eastern Foothills and flanks, geological conditions have resulted in important
accumulations of coal, oil, and gas. Most of the coal mined comes from Lower and
Upper Cretaceous beds, but some is from Tertiary strata. Some of the Cretaceous
formations have been folded sufficiently to raise the grade of the coal to high
bituminous rank. Coking coal occurs here and there. Petroleum and natural gas
are found in four major fields, three in the southern Foothills of Alberta and one
in the Mackenzie River Valley. One of these, Turner Valley, was in its peak year
of 1942 the largest producer in Canada.

Appalachian Region

The Appalachian region is underlain by a strongly folded and faulted
assemblage of sedimentary and volcanic rocks ranging in age from_Archzan to
_Triassic. Extensive deformations occurred at the close of the Ordovician period
“and in Devonian time. Both these disturbances, in general, produced structures
that trend northeasterly. The Appalachian revolution, so effective in forming the
Appalachian Mountains of the United States, was relatively ineffective in this
northern region. Intrusions are widespread. They range in composition from
graWte, and most were emplaced i@ﬂni_a_n_tige.

e

The Appalachian region has been notable mainly for pon-metallic mineral
deposits, and coal and iron ore. Recent discoveries and developments, however,
promise to increase greatly the relative importance of copper, lead, and zinc
production. In 1955 the region afforded about 61 t 61 per cent of the coal- (by value),

90 per cent of the asbestos, 81 per cent of the gyp: gypsum, sum, 83_per cent of the barite,
and more than 99 per cent of the fluorite produced in Canada.

The Pennsylvanian strata contain bituminous coal, and Mississippian forma-
tions have deposits of gypsum, salt, barite, petroleum, natural gas, and oil shale.
The Devonian intrusions were responsible for almost all the metalliferous and
many of the non-metalliferous deposits. The Ordovician or Devonian ultrabasic
rocks of the Eastern Townships of Quebec, of Gaspé Peninsula, and of
Newfoundland, carry asbestos and chromite. Very large deposits of copper, lead,
and zinc are generally ascribed to the influence of Devonian granitic intrusions.
Oolitic hematite deposits, believed by many to be of sedimentary origin, have been
extensively mined from Ordovician rocks on the Island of Newfoundiand.
Manganese occurs in a variety of deposits.
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Innuitian Region

The Innuitian region is underlain by moderately to intensely folded rocks
ranging in age from Precambrian to Tertiary. These consist mainly of sedimentary
strata, with some metaniorphic and volcanic rocks. The region has experienced
several periods of folding. Granitic to ultrabasic intrusive rocks have been found in
the northern part of the region, and basic dykes are common in some other parts.

Numerous occurrences of coal are known. These are mainly of low rank and
range in age from Devonian to Tertiary. Anhydrite-gypsum is exposed in the
central parts of domes and folds at many places in the northwest part of the
region. Geological conditions make it reasonable to expect that valuable accumu-
lations of petroleum and gas may be found.

Mineral Production

The annual value of Canada’s mineral production rose from $10 million in
1886 to a maximum of $1,795.3 million in 1955 (Table I). The value of annual-
production considerably more than trebled during the decade ended 1955, and.
during the same period the index of the physical volume of mineral production
more than doubled (Table II). The total value of mineral products during this
decade about equalled that of the previous 45 years. The most notable gain of the
decade was in the annual value of crude petroleum production which rose from a
very minor position in 1945 to first place among all the minerals in 1954; its value
of output in 1955 was $305.6 million. The principal products, in order of total
value since about 1886!, have been gold, coal, copper, nickel, petroleum, zinc,
asbestos, lead, and silver (Table III). These products are listed below, with the
production in the year of maximum output.

Gold 5,345,179 fine ounces 1941
Coal 19,139,112 tons 1950
Copper 651,987,423 pounds 1955
Nickel 349,856,997 pounds 1955
Petroleum 129,440,247 barrels 1955
Zinc 866,714,038 pounds 1955
Asbestos 1,063,802 tons 1955
Lead 436,990,488 pounds 1954
Silver 32,869,264 fine ounces 1910

INewfoundland figures are included as of 1949.

In 1955 the value of each of the following products exceeded $1 million:
cadmium, cobalt, copper, gold, iron ore and ingots, lead, magnesium and calcium,
nickel, platinum and platinum group metals, pitchblende (mainly uranium),
selenium, silver, tungsten concentrates, and zinc; asbestos, barite, fluorspar,
gypsum, magnesitic dolomite and brucite, nepheline syenite, peat moss, quartz,
salt, sodium sulphate, sulphur, and titanium dioxide; coal, natural gas, and
petroleum; clay products, cement, lime, sand and gravel, and building stone. The
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TaBLE I
Annual Value of Mineral Production of Canada, 1886-1955
Value
Year Metallics* | Non-metallics ' Fuels f,';f,‘;gﬁ};’ﬁl Total per
capita
$ $ $ $ 3 $
2,118,608 1,259,827 4,367,444 2,225,376 10,221,255 2.23
2,073,746 1,209,153 5,080,853 2,707,579 11,321,331 2.23
2,628,292 1,320,585 5,522,016 2,798,001 12,518,894 2,67
3,251,299 1,562 010 5,702,930 3,247,674| 14,013,913 2.96
3,614,488 2,392,315 6,745,279 3,761,271 16,763,353 3.50
5,421,659 2,025,195 8,205,228 3,074,534| 18,976,616 3.92
3,698,697 1,417,821 7,658,444 3,603,455 16,628,417 3.39
4,630,495 1,249,283 8,771,358 5,133,9461 20,035,082 4.04
4,685,852 1,263,803 8,727,095 5,004,408 19,931,158 3.98
6,087,114 1,193,512 8,248.923 4,726,368| 20,505,917 4.05
8,030,633 1,207,671 8,658,410 4,327,542 22,474,256 4.38
13,780,314 1,425,093 8,641,016 4,388,550 28,485,023 5.49
21,741,865 1,492,262 9,608,158 5270,146| 38,412,431 7.32
29,282,823 1,610,111 11,872,788 6,168,283 49,234,005 9.27
40,521,807 1°014600| 15,311,479 6,372,901 64,420,877 12.04
41,939,500 2,713,621 14,047,654 6,803,836 653,804,611 12.16
35,924,651 2.730'425| 16,359,722 7,896,836 63,211,634 11.36
33,210,147 2,589,302 17,197,317 8,443,747 61,740,513 10.83
30,924,897 2,807,995 17,858,902 8,182,103| 60,073,897 10.27
36,946,212 3.468.408| 18,756,112 9,608,267 | 69,078,999 11.49
41,949,563 4,494,882 21,081,724| 11,530,528 | 79,286,697 12.81
42,426,607 5021.084| 26,254162| 12:863,049| 86,865,202 13.75
41,774,362 5.188.260| 26,954,515| 11,339,955| 85,557,101 13.16
44,156,841 4593142| 26,548,109 16,533,349| 91,831,441 13.70
49,438,873 | 5.100,754| 32,647,404| 19,627,592| 106,823,623 14.93
46,105,423 5,659,746] 28,746,214 22,709,611] 103,220,994 14.32
61,172,753 6.750.980| 38,729,694| 28,794,869\ 135,048,296 18.33
66,361,351 7.402.849| 41,060,860|  30,809,752| 145,634,812 19.35
59,386,619 6,165.107| 387,302,122 26,009,227 | 128,863,075 16.75
75,814,841 7.254,732| 36,118,839|  17,920,759| 137,109,171 17.44
106,319,365 10,245,689| 43,169,204 17,467,185 177,201,534 22.05
106,455,147 | 14.566.995| 48,787,368| 19,837,311 | 189,646,821 23,18
114,549,152 17,192,967 | 60,428,979 19,130,799 | 211,301,897 25.37
73,262,793| 16.676.377| 59,325,710| 27,421,510| 176,686,390 20.84
77,939,630 22,260,697 85,767,250 41,892,0838| 227,859,665 26.40
49,343,232 10,148,665 77,694,017 34,737,428| 171,923,342 19.56
61,785,707 10,986,120| 71,990,674| 39,534,741 | 184,297,242 20.55
83,764,403 14,097.025| 78,465.622| 37,751,381 | 214,079,331 23.41
102,058,235| 12.374.278] 59,770,024  35,380,869| 209,583,406 22.71
116,951,996 14,628.048| 57,354,055 37,649,234| 226,583,333 24,19
115,090,770| 16,643,022 68,743,933 39,959,398| 240,437,123 25.61
113,349,051 17771709 |  71,426,516|  44,809,419| 247,356,695 25.67
131,819,402| 19,010,744| 74,413)160| 49,737,181 | 274,989,487 27.96
154,282,736| 21,245.279| 76,787,397| 58,534,834 310,850,246 31.00
142,614,237| 15,347,391 68,184,485 53,727,465| 279,873,578 27.42
120,794,977 | 11,028,311 | 54,453,143| 44,158,205| 230,434,726 22.21
111,943,049 7.839551| 49,047,342)  22,398,283| 191,228,225 18.20
147,206,959 10,061.071| 47,778,436 16,696,687 221,743,153 20,74
194,213,956 10,558,174 54 262 099 19,286,761 | 278,320,990 25.67
292.139,223| 12,579.334| 54,824,200 93215,400| 312,758,157 28.56
259,988,203 16,782,608 59,983,320 25,770,741 | 362,524,872 32.82
335,000,751| 22)536,303| 65.828.379| 34.860,699| 458,235,632 41.13
324,064,074 20,122,661 64,803,294 33,878,666| 442,868,695 39.42
343,453,866| 25,114,108 70,671,328| 35,362,759 474,602,059 41.94
382,440,214 26,074,296 | 78,837,874| 42,472,651| 529,825,035 46.39
395,103,386] 34,532,635| 85,141,997 45,373,272| 560,241,290 49.06
391,540,411 37,329,163 92,169,291| 45,729,807 566,768,672 48.63
356,558,751 38,970,577 92,514,384 42,010,254 530,053,966 44.87
308,111,295 37,431,875| 97,291,007 42,984,937| 485,819,114 40.57
316,962.810| 39,841,422| 93,531,276 48,419,673 498,755,181 41.15
290,386,425 43,792,717 102,516,888 66,120,221 502,816,251 40.86
395.069,530| 54,742,453| 110,481,207| 84.576,785| 644,869,975 51.25
488,151,055| 67,234,304 | 159,736,260 105,127,246| 820,243,865 63.67
538,967,258| 64,585,216 | 183,654,473| 113,903,079| 901,110,026 66.51
617,238,340 94,721,564| 201,193,957| 132,296,212|1,045,450,073 74.68
745,588,728 | 115,706,983 | 232,854,093| 151,333,791 |1,245,483,595 88.90
727,904,366 | 125,047,050 | 263,582,319| 168,808,618 |1,285,342,353 89.07
| 708,880, 758 126,039,359 | 314,181,168| 187,202,218|1,336,303,503 90.40
. 799 916 306| 130,523,624 | 352,959,465| 204,982,696|1,488,382,091 96.59
1955 1,007, 839 501 144,920,841 | 414,318,015 228,232,439/(1,795,310,796 112.20

1Walues of pitchblende products not included from 1941 to 1953.
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TasrLe 11

Physical Volume of Mineral Production of Canada, 1922-55
(1935-39 = 100)

Index Year Index Year Index

..................... 38.1 60.7 104.1
........ 42.2 73.6 100.9

........ 43.4 79.5 97.1

........ 47.5 89.2 106.2
..................... 54.9 103.8 122.2
..................... 58.7 109.4 131.7
..................... 64.7 118.0 145.4
..................... 67.6 125.7 161.8
..................... 63.9 132.0 174.7
..................... 59.2 129.5 185.8
..................... 59.4 116.1 209.7
244.0

value of each of the following products closely approached or greatly exceeded
$100 million (Table I1I): copper, gold, iron ore, nickel, and zinc; asbestos; coal
and petroleum.

Ontario has long been Canada’s principal source of mineral products, with
Quebec in second place throughout most of the decade prior to 1955 (Tables III
and IV). In 1955 about one-third of Canada’s mineral output was derived from
Ontario, which led all provinces in copper, nickel, gold, platinum metals,
magnesium, salt, and nepheline syenite. In value of output Quebec was the source
of about one-fifth of the nation’s minerals, being first in the production of asbestos,
magnesitic dolomite, titanium dioxide slag, and cement, second in copper, gold,
and zinc. Alberta, third among the provinces in value of mineral production,
supplied about 90 per cent of Canada’s crude petroleum output.

In 1955, Canada ranked first in the output of nickel and asbestos, second in
gold and zinc, third in silver, and fourth in copper and lead.

Data on mineral production alone fail to represent adequately the importance
of the mineral industry in Canada’s economy. Mining is probably Canada’s
principal exporting industry if only raw and partly manufactured materials are
considered. Thus, in 1955, the value of exports of raw and partly manufactured
materials of mineral origin amounted to about $1,124 million, or more than 25
per cent of the total value of the nation’s exports. Fully manufactured exports
of mineral origin amounted to another $359 million. Furthermore, in 1955
approximately 21,500 operations, including mines, smelters and refineries, oil and
gas wells, and quarries, employed about 130,000 workers, paid out $465 million
in salaries and wages, $62 million for fuels, $54 million for electricity, $630 million
for process supplies, and $400 million for capital and repair expenditures.

As already pointed out, the index of the physical volume of mineral produc-
tion rose at an unprecedented rate during the decade ended 1955, the rise being
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particularly rapid in the last two years of that period (Table 1I). Likewise, during
recent years, the number and variety of large, commercial mineral deposits,
including accumulations of oil and gas, found and developed on a major scale,
have increased at an unprecedented rate. Others were prepared for substantially
increased production rates. Many of these developments can be expected to have
marked effects on the quantity and variety of Canada’s mineral output in the near
future. A greatly increased rate of production of uranium is assured through
contracts negotiated between Eldorado Mining and Refining Limited, the Govern-
ment purchasing organization, and mining companies in the Beaverlodge, Blind
River, and Bancroft camps. The potential productive capacity of the oil and gas
fields of Alberta and northeastern British Columbia will be realized more fully
with the completion of pipelines now under construction to connect these sources
with Pacific coast and eastern metropolitan markets. Canada is now among the
leading producers of iron ore, and very substantial further increases in the output
are readily foreseeable from current developments in Labrador, northern Quebec,
and Ontario. Major deposits of copper, lead, or zinc, or combinations of these
metals, are being actively explored or developed in such widely scattered places as
northwestern British Columbia, the Manitouwadge area of Ontario, the Chibou-
gamau camp of western Quebec, and the Bathurst-Newcastle area of New
Brunswick. Potentially productive deposits of niobium (columbium) are being
explored or developed near Montreal, and near North Bay, Ontario. Important
lithium deposits are being explored in western Quebec, and in Ontario and
Manitoba, and Canada’s first important lithia production started late in 1955.
Shafts are being sunk to potash deposits in south-central Saskatchewan, believed
to be among the largest of their kind in the world.

Most of the past and present mineral producers lie south of a line extending
westerly from Schefferville in New Quebec, through central Ontario, Manitoba,
Saskatchewan, and Alberta, and thence northwesterly through north-central British
Columbia to central Yukon—i.e., within a westerly trending strip comprising
the southern third of Canada. Thus, in general, the mining frontier lies only a few
hundred miles beyond the main centres of population. Most of the main geological
regions, on the other hand, trend northerly (Figure 1) and there are no known
broad geological reasons for expecting that mineral deposits are less abundant or
less rich in the northern parts of these regions than in the southern parts. Thus
the concentration of producing properties in the southern third of Canada is
attributable to relatively easy access and thorough prospecting. Accordingly, as the
northern areas receive their share of attention, they are likely to prove as
productive of minerals as have the southern areas. Furthermore, the potentialities
of even the southern areas are far from exhausted, as is amply demonstrated by
the number, size, variety, and distribution of the mineral deposits found there
during recent years by conventional prospecting and by geophysical methods.
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TasLe I

Value of Principal Mineral Products by Provinces, 1955' and Accumulative

CANADA Newfoundland Nova Scotia
1955 Accumulative  Since 1955 Accumulative  Since 1955 Accumulative  Since
$ $ $ $ $ $
(@731 S 239,394,952 2,531,534,148 1886 2,348,569 12,312,366 1949 811,988 2,306,042 1936
157,305,152  4,201,524,317 1858 210,596 1,990,584 1949 135,507 26,004,379 1861
110,387,974 349,357,037 1939 45,701,801 113,266,501 1949 — 547,473 1906
55,786,929 889,610,628 1887 5,043,735 37,516,512 1949 587,423 2,045,964 1936
216,433,694  2,472,648,761 1889 — — — — — —
24,625,797 681,334,388 1887 585,000 3,685,782 1949 238,964 857,665 1924
116,425,122 1,203,263,766 1898 7,821,450 61,708,086 1949 2,200,380 8,449,339 1936
98,690,514 1,029,433,979 1880 — — — — — —
8,455,173 131,805,228 1874 212,800 509,274 1952 6,452,218 64,211,706 1874
10,286,210 137,181,400 1836 — — — 1,956,318 15,888,224 1919
92,227,211  3,161,516,065 1785 — — — 49,549,650 1,468,112,250 1785
Natural gas...................... 14,457,075 340,219,023 1892 — — — — — —
Petroleum, crude.............. 303,561,100 1,402,016,285 1886 — — — — — —
New Brunswick Quebec Ontario
1955 Accumulative  Since 1955 Accumulative  Since 1955 Accumulative  Since
$ $ $ $ $ $
18,622 27,841 1917 74,400,117 538,378,933 1886 106,967,164  1,168,270,636 1886
— — — 39,893,725 727,518,794 1877 87,214,494 2,421,157,661 1887
—_ 962,002 1910 29,520,165 33,338,474 1954 31,421,702 190,375,243 1906
229,200 229,200 1935 1,512,181 23,087,537 1890 603,960 6,450,179 1903
— — —_ — — — 199,545,300 2,462,105,528 1899
22,319 22,645 1917 4,407,960 43,008,557 1887 5,260,630 322,927,142 1887
— — — 28,007,880 248,472,039 1898 418,372 1,814,310 1899
— — — 88,558,239 998,195,975 1880 4,209,275 21,393,351 1917
225,000 16,851,512 1875 — — — 808,000 19,923,518 1886
— — —_ — — — 6,143,792 100,594,752 1898
6,699,010 82,061,200 1887 — — — — — —
136,560 9,319,365 1912 — — — 4,280,000 212,370,964 1892
17,500 1,010,491 1910 — — — 1,710,300 43,775,049 1886
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Manitoba Saskatchewan Alberta
1955 Accumulative  Since 1955 Accumulative  Since 1955 Accumulative  Since
$ $ $ $ $ $
COpPer......cccooiviioni 14,237,850 151,286,611 1917 24,226,875 209,327,981 1933 —_ — —
Gold 4,538,352 115,404,839 1917 2,893,111 74,760,529 1932 6,697 441,383 1897
Iron ore — — — — — —_— — — —
Lead ... ... — 601 1935 — — — — — —
Nickel... 16,888,394 20,505,490 1954 — — — — — —
Silver 393,255 10,495,625 1917 1,078,979 17,940,008 1932 18 222 1927
Zinc............ 4,845,750 68,302,783 1930 13,465,725 132,123,274 1933 — —
Asbestos — — — — — — — — —
Gypsum. ... 347,155 16,966,397 1901 — — — — — —
Salt......... 461,200 6,349,696 1932 984,000 4,620,337 1921 740,900 7,574,777 1925
Coal — 29,519 1931 4,171,399 75,873,866 1890 23,216,397 1,019,105,166 1886
Natural gas ................. — 2,700 1920 528,325 1,876,257 1934 9,506,250 176,568,595 1903
Petroleum, crude............. 9,905,000 17,495,232 1951 18,491,500 38,142,095 1945 273,094,800 1,296,173,832 1914
British Columbia Northwest Territories Yukon
1955 Accumulative  Since 1955 Accumulative  Since 1955 Accumulative  Since
$ $ $ $ $ ¥
16,383,767 445,445,279 1894 — 26,607 1938 —_ 2,711,695 1906
8,854,370 514,391,309 1858 10,990,405 82,761,327 1935 2,567,895 237,298,201 1886
4,649,116 21,672,172 1886 — — — — — —
44,106,000 794,622,915 1887 — 4,933 1934 3,704,430 25,652,788 1913
— 87,724 1936 — — — — — —
7,574,072 231,775,305 1887 101,595 1,311,266 1932 4,963,005 49,308,611 1899
57,102,070 672,902,739 1905 — — — 2,563,495 11,589,364 1949
Asbestos .. 5,923,000 9,855,467 1952 — — — — — —
Gypsum.... 410,000 7,056,603 1911 — — — — — —
Salt.........o — — — —_— — —_ — — —
Coal.......... 8,503,311 516,002,394 1836 — — — 87,444 1,559,285 1901
Natural gas ... — — — 6,000 81,154 1936 — — —
Petroleum, crude — — — 342,000 5,424,330 1932 — — —

-
ta In this table the figures for 1955 are preliminary.
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TasLE IV
Value of Mineral Production by Provinces, 1900-55

Year | Nfid. | N.S. | N.B. | Que. | Ont. | Man. | Sask. | Alta. | B.C. |Yukon |[N.W.T.

(millions of dollars)
1955...| 68.4 | 67.1 | 15.7 | 357.0 | 583.9 | 62.0 | 85.1 |326.0 | 189.5 | 14.7 | 25.6
1954...| 429 | 73.5 | 12.5|278.8 | 496.7 | 35.1 | 682 [279.0 | 158.6 | 16.6 | 26.4
1953...| 33.8 | 67.4 | 11.7|251.9 | 465.9 | 253 | 48.1 | 248.9 | 158.5 | 147 | 10.3
1952..| 325 | 645| 11.3 | 2703 | 4447 | 251 | 4951968 |170.1 | 11.4| 89
1951...| 324 | 597 | 95 |2555|4447| 3001 51.0{168.1 [1763 | 9.8| 8.3
1950....| 25.8 | 59.5 | 12.8 | 2202 | 366.8 | 32.7 | 36.0 | 1357 [ 1389 | 9.0| 8.1
1945.... 322 | 42| 9152165 | 144 | 223 517 641 12| 05
1940...| Not | 333 | 34| 863 |261.5| 17.8| 115 351 | 741| 41| 26
1935, 232 28| 3911589 | 120 3.8| 223 | 487 13| 05
1930..... 270 | 24| 412 | 1135| 55| 24| 304 550| 25| —
1925..... in- | 176 | 17| 243 | 880| 23| 11| 253 645| 18| —
1920.... 341 | 25| 289| 81.7| 42| 1.9 356 394| 16| —
1915.... 181 09| 116| 61.1] 13| 05| 99| 51| 287 —
1910... |cluded| 142 | 06| 83| 435| 15| 05| 90| 48| 245| —
1905..... 115 | 06| 44| 188 See 24| —| —
1900..... 93| 04| 33| 113 Note 67| —| —

NoTe: The combined value of the mineral production from Manitoba, Saskatchewan, and
Alberta was $23.5 million in 1900, and $11.4 million in 1905.
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CHAPTER 1II

THE CANADIAN SHIELD MAINLAND
(J. M. Harrison)

The Canadian Shield is a great region of Precambrian rocks that constitutes
the backbone of Canada and forms the bedrock for a land area of about 1,864,000
square miles. Most of this area is in the mainland of Canada, but about 196,000
square miles are in the Arctic Islands and another 93,000 square miles lie in the
northern part of central United States (Table V).

TasLE V
Canadian Shield Areas

Labrador.... . .. ... 104,000 sq. miles
QUEDEC ..o 538,000 ¢
Ontario. ... 254,000 “
Manitoba............... 141,000 “
Saskatchewan............................................ 87,000 “
Mackenzie ... 233,000 “
Keewatin.....................ccooiiiii i 188,000 “
Franklin, mainland ... 30,000 “

Canadian mainland. ...l 1,575,000
Franklin, islands....................................... 196,000

Canada Total ... ] 1,771,000
U S A 93,000

Total, Canadian Shield . ... . ol 1,864,000

The Canadian Shield forms a huge ellipse whose axis trends about north-
northwest (Figure 1). This ellipse includes Baffin Island, which is part of the
Shield, but there is a hole in the centre marked by Hudson Bay and by a thin
cover of Palzozoic rocks off the southwestern part of the Bay. It is probable that
Hudson Bay is largely underlain by Precambrian rocks or that the Precambrian is
covered by only a thin coating of Paleozoic rocks.

One of the Canadian Shield’s great resources is the water power potentially
available for electrical energy, a feature that is especially valuable in the industrial
east. Numerous streams following confined channels may be harnessed for their
energy. Probably the greatest potential—but yet untapped—source is the Grand
Falls and its Bowdoin Canyon on the Hamilton River in Labrador (Plate II)
where at least two million horsepower can be developed. This region is
under active study. Another great and spectacular potential source of hydro-
electricity is Eaton Canyon on the Kaniapiskau River in New Quebec, about 50
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Plaje Il Grand Falls on Hamilton River and head of Bowdoin Canyon, Labrador,
Newfoundland.

Plate Il

Head of Eaton Canyon on

Kaniapiskau River, Quebec.




Canadian Shield

miles northwest of Knob Lake, where at least 500,000 horsepower of electrical
energy are available (Plate III).

Much of the Canadian Shield lies too far north to be farmed effectively, even
if the nature of the soil were such as to permit agriculture. Here and there some
of the more frost-resistant crops can be grown, but for much the larger part of
the Shield area it is doubtful if agriculture ever will become important. M
the potential soils are too sandy and gravelly to permit growth of crops, and the
climate provides too short a growing season. Some exceptions occur, of which the
largest area is the ‘“‘clay-belt” of Ontario-Quebec. Excellent flower gardens and
vegetables are grown at Yellowknife at latitude 62 degrees north, but on imported
soil.

_Timber in the Canadian Shield provides much income in the form of_pulp
and paper products, for the whole southern part of the Shield is heavily forested T
by coniferous trees associated with stands of mixed hardwood in the south and
with birch alone in the more northerly parts. Still farther north, of course, no trees
grow and the great barren lands extend as far north as land exists. In these barren
regions occasional clumps of dwarf willows can be found, but mostly the growth
consists of coarse sedges, mosses, lichens, and tiny shrubs.

Ever since Canada’s earliest days, the northern forests and the barren lands
have been a source of fur. This fur trade will probably provide an important
source of income for new generations of local residents, but the proportion of
wealth to be derived by furs from this northern territory will inevitably become
smaller as the mineral wealth is exploited.

Topography

The topography of the Canadian Shield varies from a flat, featureless plain to
wildly mountainous country. On the mainland the highest peaks are those in the
Torngat Mountains (Plate IV) in the northern part of the coast of Labrador where
Cirque Mountain is at an elevation of 5,500 feet a couple of miles from the sea.
Most of the mountainous and more rugged terrain is near the outer edge of the
Shield so that, in a crude way, the surface of the Shield is saucer-shaped. Some
semi-mountainous country is known in the interior but over much of the Shield
local relief is very low and the skyline monotonously even,—features that are
characteristic of an ancient peneplain and that have been remarked on in hundreds
of reports. Recent drilling in some interior areas of the Shield, formerly thought
to be flat and featureless, has shown depths of overburden of 400 feet or more,
so that at least some of the peneplained appearance is due to filling in of low
spots by glacial debris.

One of the major results of the continental glaciation that covered most of
the Shield was the damming and filling of previously existing drainage so that it
became completely disorganized. Shallow lakes commonly spill over the lowest
point of their rims into shallow but turbulent streams. Obviously this complete
disorganization does not apply to lakes marked by great depths, as, for example,
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Plate IV

Torngat Mountains, coast

of Labrador.

Lake Superior, Michikamau Lake, the east arm of Great Slave Lake, Great Bear
Lake, a lake in the New Quebec crater, and numerous other bodies of water
scattered throughout the Shield. Why these great lakes should not have been filled
by glacial debris is not at all clear, but it was probably due to their great pre-glacial
depth, the comparatively small amount of glacial debris, and the fact that the ice
cover of these lakes provided a good slip surface so that little material was dropped
from the continental ice. Certain other lakes, on the other hand, show features to
be expected in drift-covered topography flooded by a shallow body of water. These
are especially common, for example, in the area about the height of land in the
Ungava peninsula, and such lakes have been seen by everyone who has flown over
the barren lands in summer. They are especially characterized by flooded or
drowned ice-polygons, boulder shores, and abundant, low, muddy or bouldery
islands.

The confused drainage that resuited from the glaciation also produced a
myriad of lakes, a feature that characterizes much of the Canadian Shield (Plate
V). This abundance of lakes made possible relative ease of travel by canoes and
permitted such men as Robert Bell, A. P. Low, and J. B. Tyrrell to carry out their
outstanding early explorations. In more recent times, they permitted the opening
up of the north by float-equipped aircraft and, still more recently, these lakes were
used to map large areas geologically on reconnaissance scale with the aid of
float-equipped helicopters. However, the canoe and the float-equipped airplanes
are likely to remain the prospectors’ most suitable means of travel for many years
to come.
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Plate V

Abundant lakes of the
Canadian Shield.

History of Exploration

Geological exploration of the Canadian Shield began with the founder of the
Geological Survey of Canada, Sir William Logan, who reported on the Grenville
gneisses as a result of his survey of the Ottawa River in 1845: the next year,
assisted by Alexander Murray, he examined the north shore of Lake Superior and
in 1847 Murray mapped the north shore of Lake Huron. For many years
Geological Survey work was largely exploration, and the officers were expscted to
collect data on flora and fauna and make topographic maps as well as to study the
geology. Many men outstanding in the history of the Survey made remarkable
exploratory traverses across parts of the Shield. They include A. R. C. Selwyn,
G. M. Dawson, William McInnes, McIntosh Bell, and many others, but none
exceeded in length, hardship and value the journeys of Robert Bell, J. B, Tyrrell,
and A. P. Low in the last quarter of the 1800s. Robert Bell made many of the
first surveys between Lake Superior and James Bay and between Lake Winnipeg
and Hudson Bay, and was the first to report on iron-bearing rocks of the
Nastapoka Islands off the east coast of Hudson Bay. A. P. Low is most noted for
his explorations in the Ungava (Labrador) pesninsula in the 1890s and until about
1940 almost the only available maps of much of the peninsula were those he made.
In 1893 and 1894 he travelled 2,960 miles by canoe, 1,000 miles by steamer,
1,000 miles on foot and 500 miles by dog team, a total of 5,460 miles, and it was
on this survey that he discovered the great belt of iron-bearing rocks from which
production of high-grade iron ore is being won in the Knob Lake district. Besides
this two-year project, when he wintered in the field, he spent single seasons
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mapping elsewhere on the peninsula and spent one season making a more detailed
study of the iron-formation on Nastapoka Islands.

J. B. Tyrrell, who joined the Survey in 1881 and only in 1955 relinquished
his position as president of a mining company, made some outstanding explorations
in what is now northern Saskatchewan and Manitoba, and the eastern Northwest
Territories. In 1893 and 1894 he made two epic trips, each of which involved
walking back to Winnipeg from Churchill in the winter. The total distance
travelled beyond the railways in those two years was 6,100 miles, most of it by
canoe and on foot and part of it on near-starvation rations. Shortly after the turn
of the century the emphasis began to change to systematic surveys of areas and
consequently the assemblage of more detailed information, and by 1930 exploration
surveys were virtually ended.

The advent of the float-equipped airplane in the 1920s and its general use in
the 1930s greatly speeded the accumulation of data, especially in remote parts of
the Shield, because so little time is consumed in reaching the area to be investigated.
The simultaneous development of air photography permitted a greater degree of
accuracy, and geological mapping therefore increased in rate and quality. Never-
theless, mapping the Shield was relatively slow and costly, and by the 1950s only
a small percentage was mapped on any scale. Moreover, as field parties moved
farther north, where seasons free of ice are shorter, canoe travel became more and
more limited. In 1952 helicopters were first used in systematic reconnaissance
mapping of the barren lands and their successful employment has continued
through three field seasons when about 185,000 square miles of the Northwest
Territories was mapped at a cost per square mile equivalent to, or less than, that
of conventional methods and which made results available at least a generation
earlier than would otherwise have been possible. A helicopter operation in wooded
country east of James Bay is planned for 1957, and, if successful, the use of
helicopters will enable the Geological Survey to supply geological maps of the
whole of the Shield in the relatively near future. Besides regional mapping,
geophysical and geochemical services enable the geologist to plan his work more
efficiently and to interpret his work more precisely but, so far, no substitute has
been found for the painstaking assemblage of field data that characterizes detailed
mapping. It is probable that detailed studies of the Shield will continue for many
generations.

Geology

Great strides have been made in mapping the Canadian Shield in the last
decade, but even so the amount covered by systematic mapping on any detailed
scale remains comparatively small. Obviously it is impossible to correlate rocks of
one region with those of another because Precambrian rocks lack the diagnostic
fossils so necessary for correlation. In recent years numerous determinations of
absolute age have been made on minerals from dykes, sills, and granitic bodies in
the Canadian Shield. These, it is hoped, will provide a sound basis on which to
correlate between areas and perhaps eventually to establish a stratigraphic
timetable similar to that applied to younger fossiliferous strata.
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The application of rock and time terms to Precambrian strata has become
much confused. At present new hypotheses are being propounded and others are
being renovated, so that standardization of nomenclature is nearly non-existent and
it is practically impossible to obtain any general acceptance for the meaning or
usage of particular terms. The discussion that follows is an attempt to clarify the
nomenclature to be used in describing various stratigraphic successions. The
conclusions reached are believed to represent the opinion of most students of the
Precambrian on the Geological Survey of Canada even though the statements are
no doubt coloured by the writer’s thoughts and experience.

General Problems of Precambrian Correlation

Many problems in Precambrian terminology stem from the wholesale trans-
ference of names from the type locality to areas far removed and for which there
was no possibility of direct correlation. Thus, “Keewatin” was transferred from
extreme western Ontario to the Lake Timiskaming region of Ontario and Quebec;
“Timiskaming” was applied to rocks at Red Lake, as well as at Lake Timiskaming;
“Huronian” was taken hundreds of miles from the north shore of Lake Huron; and
so on. Unfortunately, a connotation of absolute time became associated with the
names, and rocks in western Quebec were correlated with rocks in western Ontario
in the belief that they were deposited at about the same time. Several geologists
have pointed out the folly of this procedure and, in recent years, more and more
geologists have urged that specific names be abandoned. However, local names are
a common and necessary tool for descriptive and stratigraphic geology and they
have been used with success in the Precambrian of Canada everywhere west of the
Manitoba-Ontario boundary and in Ungava peninsula. Naturally, correlative tables
have been suggested for various areas within these regions, but mainly to compare
stratigraphic successions exposed in the various areas.

Except for Ontario and western Quebec it has been common to confine a name
to rock wnits only so far as the units can be traced by outcrop. Thus, although the
names are abundant and varied, the ideas have been kept somewhat clearer than
would otherwise have been possible. The only terms that are used throughout the
Shield are Archzan and Proterozoic,-terms that are used in the sense of eras, as
was rather explicitly defined by a committee of the Royal Society of Canada in
1934. These two units of rocks are commonly separated by a great unconformity—
the ep-Archaan interval of A. C. Lawson and the pre-Huronian paleoplain of
M. E. Wilson. Nevertheless, to many geologists the terms Archazan and Proterozoic
probably signify “relatively early” and “relatively late” Precambrian of particular
areas of regions,

In recent years J. E. Gill and J. T. Wilson have emphasized the probability
that Precambrian time was marked by many orogenic cycles and that so-called
Archzan rocks in one area may actually be younger than Proterozoic strata in
another. Perhaps so, but from radioactive dates available at the end of 1955, the
oldest Proterozoic rocks are all younger than rocks mapped elsewhere as Archzan.
Many Proterozoic successions are older than 1,000 million years, a figure that

25



Geology and Economic Minerals

somehow came to be considered as the beginning of Proterozoic time, and the fact
that uraniferous veins cut Proterozoic strata and are about 1,900 million years old
has been taken to mean that the strata and veins are Archzan in age. It would
probably be more nearly correct to say that Proterozoic time began more than
1,900 million years ago.

Most of the minerals for which age determinations are available come from
pegmatites or veins and presumably, therefore, these dates represent the end phases
of orogenies or intrusive cycles that affect the rocks. If deposition, deformation,
and intrusion follow one another fairly closely, then the date of orogeny gives a
fair approximation of the date of sedimentation. Minerals from Stark Lake give an
age of about 1,850 million years for pegmatites that are overlain by Great Slave
rocks, and an age of about 1,700 million years for pegmatites believed to be
younger than Great Slave. If the ages and interpretations are nearly correct, then
Great Slave rocks are younger than 1,850 and older than 1,700 million years. If
the same conditions apply to the Athabasca sandstone, then this succession
probably is nearly 2,000 million years old, because radioactive minerals indicate
an age of nearly 1,900 million years for veins that cut the rock. However the veins
occur in folded “Athabasca” rocks on the north shore of the lake and W. E. Hale
has recently reported that the flat-lying sandstone overlies the more indurated and
deformed “Athabasca” rocks with angular discordance. It is possible, therefore,
that the folded “Athabasca” rocks north of the lake are much older than the
flat-lying rocks to the south and, if so, these lower units should receive a new
name.

J. B. Tyrrell correlated the upper Athabasca rocks with the Dubawnt sandstone
about 150 miles to the northeast, but the Dubawnt must be much younger than the
1,900 million years indicated by radioactive ages for the lower “Athabasca”, as
indicated by the arguments that follow. Uranium-bearing minerals in veins that cut
the Snare-Echo Bay rocks at Great Bear Lake give an age of about 1,400 million
years, or about 400 million less than similar veins in Athabasca rocks. As pointed
out by K. E. Eade, the Snare-Echo Bay groups trend northeast and the trend is
crossed and cut off by the rocks of the Coppermine River-Bathurst Inlet belt, so
presumably the rocks along the Arctic coast are still younger. Because the trends
are at large angles it seems reasonable to expect that the rocks of the Arctic belt
are considerably younger than those of Snare-Echo Bay. From Bathurst Inlet a
great fault that cuts the Arctic belt of rocks extends south-southeast into the region
occupied by the Dubawnt sandstone. There is no suggestion of this fault in the
Dubawnt area and, moreover, the valley that marks this fault locally contains
flat-lying outcrops of rock exactly similar to the Dubawnt sandstone that covers
the fault trace farther south. On this basis, the Dubawnt rocks should be among
the youngest Precambrian groups in the northwest and very much younger than
the folded “Athabasca” rocks. If they are to be correlated with the undeformed
Athabasca, then the latter must also be very much younger than the folded units.

It has been argued by some geologists that to call two or more widely
separated areas of rocks either Archaan or Proterozoic is to imply equivalence in
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age. To do so, however, no more implies equivalence in age than does the term
Palzozoic when applied to Cambrian and Permian rocks. In fact, even less so, for
we have already seen that Proterozoic time, as used here, extends through a much
longer era than does the Palzozoic.

Some years ago J. E. Gill pointed out that so-called Proterozoic rocks differed
from Archaan rocks in having an abundance of clean sandstone and quartzite, and
of limy rocks. He suggested that this difference is significant and the writer is
inclined to agree. Perhaps certain conditions of atmosphere, sea water, and orogeny
were necessary for the deposition of these rocks and, concomitantly, the evolution
of life. Even though we lack enough radioactive datings to be sure, it is a most
unusual circumstance that dates all pegmatites and veins from Proterozoic
successions as younger than the Archeaan. It is reasonable to expect that within a
comparatively few years, and assuming that our concepts of radioactive decay do
pot change, we should be able to assign an absolute age to the beginning of
Proterozoic time.

Archaan and Proterozoic rocks have been subdivided into units used roughly
in the sense of systems and series of younger rocks. Obviously, the smaller the
unit the more fruitless it is to correlate with rocks of another area, and one of the
unfortunate aspects of Precambrian studies has been the wholesale transfer of
names from one area to another on the basis of lithologic similarities and wishful
thinking. This procedure has led to much confusion in the central part of the
Canadian Shield where the names were standardized throughout all Ontario and,
for the most part, in western Quebec, and led to the table of formations that was
shown. in the previous edition of this volume as the “standard” for the Precambrian.
This ideal concept is shown in Table VI. The rocks of this table are nowhere
exposed in succession in any one area so that it is a combination of stratigraphic
successions from various parts of the Canadian Shield in Ontario.

TaBLE VI
“Classic” Table of the Precambrian

Era Period-System Epoch-Series Age—inillions of y-earsi
Proterozoic| Keweenawan Osler, Sibley Late 500 to 2,000
ete. Pro-
Huronian Animikie terozoic
Cobalt Early
Pro-
Bruce terozoic
Archzean | Timiskaming 2,000 to 4,800
Keewatin

In the foregoing table certain units have been omitted, such as the Grenville,
because not even the classicists could agree as to their relative position. The
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Ficure 2. Geological provinces of the Canadian Shield. Age determinations considered to
show the period of orogenic activity are shown in millions of years. (After J. T. Wilson.)

estimated time that has been assigned to the Arch@an and Proterozoic eras is
simply a crude guess based on rates of radioactive decay and on estimates of the
age of the earth. No rocks have so far been found whose ages approach the 4.8
billion years that is currently fashionable to assign to the age of the earth. Finally,
although this table leaves much to be desired, it is probably the one generally
familiar and, therefore, provides a useful framework for the discussion to follow.

Lately, the concept of provincial units for the Canadian Shield has been
gaining in popularity and the idea has much merit. An example of such a break-
down is shown in Figure 2. It would be much less futile to correlate rocks within
structural and genetic provinces than to attempt correlations between such units.
Such divisions will, of course, be modified as more knowledge is gained and
eventually the increased knowledge may permit Shield-wide correlations.
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Pillow structure in lava of the Yellowknife group, southeast of Gordon Lake, N.W.T.

Plate Vi

Shapes indicate that top of flow faces towards upper left-hand corner.

Archaean

For many years geologists working in Ontario and adjacent parts of Quebec
separated the Archaan rocks into two major divisions, the older Keewatin and the
younger Timiskaming.

Keewatin
The term Keewatin was first applied in 1885 by A. C. Lawson to lavas in the

Rainy Lake and Lake of the Woods areas of Ontario. This original Keewatin
SUCCesSIOn comsists of a great thickness of rather highly altered basic to intermediate

applied to nearly all similar lavas throughout northern Ontario and northwester
Quebec that were believed to be theWWWBémE
mapped. As mapping progressed more and more successions of “Keewaw
were found to be interbedded with sedimentary rocks. Presumably, the term now.
means these oldest rocks that consist mainly of basic to lntelmedlate volcanic
rocks with loch%w Tiaterial. Because the ferm was
applied to the basal rocks in such mining camps as Noranda, Timmins, and
Kirkland Lake, the rocks in these camps have come to be considered typical of
the Keewatin.

These supposedly Keewatin rocks of the central part of the Shield contain
some rhyolites and trachytes which locally, as near Noranda, occur in considerable
volume. Although thé lavas are commonly altered to aggregates of secondary
minerals such as chlorite, epidote, sericite, and oligoclase, primary structures such
as pillows (Plate VI), flow lines, amygdules, and grain, are still clear so that tops
of flows can be determined.
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Relatively smail bodies of sedimentary rocks are interbedded with some of
the flows. Many of these are ash rocks that range from fine tuff to coarse agglom-
erate, and thin bedding indicates that they were probably deposited in water. These
bodies have rarely been traced more than a few miles along strike and, therefore,
differ from the ash falls of the fossiliferous eras.

Begi_gl_eg_#ghgrt or fine quartz is a common assocmte of Keewatin lavas and,
where it contains appreciable quantities of iron oxide, stlphide; or carbonate, is
termed iron-formation. Most of these bands are only a few inches thick but here
and there they attain thicknesses of hundreds of feet and are being intensively

prospected as potential sources of iron ore.

In addition to these spe01a1 sediments, more normal varieties are also found
associated with the Keewatin volcamc rocks. These are assemblages of conglom-

Some of these are interbedded With the 1avas so they must be part of the Keewatm
However 1n some places thHey are $o 50 abundant that several geologists have divided
the Keewatin info several groups and some have abandoned the term altogether

T ——— ——’*_"‘x\—wﬁ_
M. E. Wilson glves an average of 25,000 feet 1n the Noranda area and s1m11ar
thicknesses are 1eportecf from many other areas.’

To the west of the Ontario-Quebec region; sgdimentary rocks become- more
abundant in the basement assemblages. In Rainy Lake district the Couchiching, a
‘thick series of sedimentary rocks, appears to'ﬁﬁffé'he the Keewatin, although some

}u'fHTTﬁES“EGn—lmwd" dwith the Keewatin. In southern Manitoba
the Rice Lake series consists of a central band of lavag both_gyerlalm&mderlaln
confo \nl@y by~ ‘thlck ‘bands” of sed1m_enmal Farther north, the basal
Amisk, Wasekwan and Oxford House groups all contain considerable proportions
of sedimentary rocks. At Lake Athabasca the Tazin group consists mainly of

sedlmentary rocks and metamorphlc der1vat1ves but A. M. Christie and Gthers

Northwest Temtorles the sedlmentary ;_ members.-of_the basal M@eaﬂy exceed
T

‘in amount the w_/olcamc material. These groups have been varidusly named the

Point Lake-Wilson Island, and Yellowknife groups, and in all these successions

greywacke and slate are the predominant rocks.

The Shield east of Hudson and James Bays. s very ifnperfectly known, but
there seem to be no, or very few, remnants of the basal vélcanic and sedimentary
assemblages except, perhaps, as parts of the highly granitized terr a1n

Timiskaming

_Timiskaming is a term that has commonly been applied to the younger,

predominantly sedimentary rocks of the Archwan succession. They were named
by W. G. Miller at La%e ilmlskammg in 1911, where the group contains
T

conglomer@twwwn supposed to have been

derived from iron-formation in the Keewatin, and by pebbles of granitic material.
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It was, therefore, assumed that the two series were separated by an unconformity.
As with “Keewatin”, the term “Timiskaming” was adopted across most of Ontario
and in western Quebec. Some of the successions were shown to overlie the
Keewatin with structural unconformity and this feature became an inherent part of
the definition. In most places granitic pebbles in the Timiskaming conglomerates
Erov1d’e_twﬂldmce for a pre-Timiskaming granite, which is commonly
termed the “Laurentian”, but many authors infer that such an intrusion is post-
Keewatin.

The successions classified as Timiskaming commonly consist mainly of
greywacke and slate vnglw@e but they include also
some arkose, quartzite, and, locally, some limy rocks. As pointed out several years
ago By\Pe_tljohn the Archaean successions are charactenstlc of geosynclinal facies

Plate Vi

Graded bedding and scour in Timis-
kaming greywacke showing tops

facing towards botfom of picture.

( cong@g&bkﬂ@gknesses of volcanic rocks and the total thicknesses of Tlmlskammg
strata commonly reach several thousands of feet.
s T e

Kirkland Lake, Ontano, to Val d’Or, Quebec, nearly 150 miles. Other smaller
bodies of such rocks have been called Timiskaming near Cobalt, Matachewan,
Timmins, Opeepeesway Lake, and Red Lake in Ontario. However, local names
have been used more generally than for analogous rocks of presumed Keewatin
age and, in central Ontario, the Dore series of Michipicoten and the Windigokan
series east of Lake Nipigon are equated with this group. West of the lake many
bodies of similar rock have been described, among which are the sedimentary
rocks of Lake Savant and the Seine series of Rainy Lake.
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West of the Manitoba-Ontario boundary, local names have been used
exclusively to designate the younger sedimentary units. These include the San
Antonio formation in southeastern Manitoba, and the Missi, Sickle, Island Lake,
and Oxford Lake groups of central Manitoba and adjacent parts of Saskatchewan.
Some authors have suggested that these units, especially the Missi, might more
properly be designated as part of the Proterozoic. This, of course, is a possibility,
but until such time as positive evidence to the contrary is available it seems more
reasonable to classify these groups as Archaan. In the Northwest Territories,
however, no units have been correlated with the Timiskaming, and none can be
unless some of the sedimentary units in the basement successions should be so
considered.

Except in a few small areas, no rocks in Quebec away from the Kirkland
Lake-Val d’Or belt have been considered equivalent to Timiskaming. The excep-
tions are the Broadback and Opemisca groups near Chibougamau and north of
there, but in the whole of Ungava peninsula no rocks are known that can be
considered equivalent to the Timiskaming.

Miscellaneous Archzan

Here and there throughout the Shield are groups of rocks that do not fit in
with the usual concept of Keewatin or Timiskaming, a feature, no doubt, to be
expected for rocks of an era that probably lasted 2,000 million years or more.

The Pontiac group of rocks in western Quebec lies unconformably beneath
the Timiskaming. The rocks are mainly sedimentary but have been converted to
mica, chlorite, and talc schists with some remnants of quartzite. They are not in
contact with Keewatin rocks, and their relative ages are not known. However, if
Keewatin, or equivalent rocks, contain sedimentary assemblages then the Pontiac
sediments probably should be considered as part of the Keewatin.

The Kisseynew gneisses of northern Manitoba and Saskatchewan have
commonly been assigned to the Archaan, although the possibility of their Protero-
zoic age has been acknowledged. The assemblage is very highly altered and closely
resembles the Grenville rocks of southeastern Ontario and southwestern Quebec
except that crystalline limestone is not so abundant. It seems to the author that
these rocks are more likely to be Proterozoic than Archzan and they will be
discussed with Grenville rocks.

So far as our limited knowledge is concerned, most of the Ungava peninsula
is underlain by granitic gneisses with remnants of sedimentary and volcanic strata
preserved locally but highly metamorphosed. In fact, granitic gneisses such as these
form the bedrock of much of the Shield and only in a few places, especially in the
Northwest Territories and in the Grenville terrain, has it been possible to indicate
areas of granitic rocks that formed during Proterozoic time. In Ungava isolated
patches and belts of Proterozoic strata overlie the granitic gneisses unconformably
and the gneisses are, therefore, classed as Archzan. In Manitoba and adjacent
parts of Ontario and Saskatchewan no Proterozoic rocks are known and the
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granitic rocks are classified as Archzan with an acknowledgment that some may
be Proterozoic. Even in the Northwest Territories and in northwestern Saskatche-
wan, where some Proterozoic granites have been distinguished, most granitic
terrains are assumed to be Archzan.

Post-Timiskaming

The Archzan era, as commonly considered, was closed by a period of
mountain building and granitic intrusion. It seems probable that the orogeny that
closed the Archzan in one area may have occurred at a different time from the
orogeny of another area, but an orogeny is the cardinal feature of the end of
Archzan time in any given area. In central Canada this upheaval has been called
the Algoman, but names do not seem to have been generally applied elsewhere in
the Shield. The classic concept made this time into the “ep-Archwan interval” of
Lawson or the “pre-Huronian paleoplain” of M. E. Wilson the time when the
post-Timiskaming mountains were built and eroded. It is much more probable that
several mountain chains were built and eroded at different times and each, at that
place, marked the end of the Archazan. However, it is here assumed, lacking
evidence to the contrary, that all Archaan rocks had formed before Proterozoic
deposition commenced.

Proterozoic

In many areas underlain by Precambrian rocks two assemblages are separated
by a profound unconformity, the Proterozoic being the younger, less altered, and
commonly less deformed. These Proterozoic rocks occur in isolated patches or
belts throughout the Canadian Shield and a crude sort of correlation between them
has been attempted or implied. However, it was realized that such correlations,
based on lithology and structural relations, are improbable at best, especially as
Proterozoic time lasted so long.

The Proterozoic era, (era of “first life”), is the one during which life is
supposed to have begun and developed. Of the nine great groups into which all
animal forms are divided, eight were already represented at the beginning of the
Cambrian period; the only one missing was the group of the vertebrates. So great
an evolution implies that life had already existed for an immense length of time
and many writers have supposed that it must extend back into the Archean era,
which they would term the Archzozoic, or time of ancient life.

Where large areas of Proterozoic rocks have been mapped it has usually been
found that these rocks can be separated into two or more units on the basis of
unconformable relations. The older of these groups is the Huronian of Table VI
and the younger is the Keweenawan. However, the Huronian itself is broken by
unconformities and, if Marsden’s interpretation of Precambrian iron ranges of the
United States can be equated in Canada, then an unconformity within the Huronian
may be more important than that separating the Huronian and Keweenawan. On
compilation maps of the Geological Survey of Canada these two units are
commonly shown as early and late Proterozoic although in many areas the
distinction depends on lithology. The earlier units are more indurated and may be
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rather highly metamorphosed, commonly contain a moderate to large amount of
volcanic material, and are folded. The later units, on the other hand, usually dip at
low angles, consist mainly of sandstone and arkose but may contain sheets of
vesicular lava, and are only rarely metamorphosed to a high degree. Proterozoic
rocks that have been mountain-built are shown in Figure 3.

Two other, perhaps important, features characterize the early successions of
Proterozoic rocks: they contain large amounts of limestone and dolomite, and they
contain graphitic sedimentary rocks. It seems that these rocks hold the first
evidence of abundant life on the earth, with the possible exception of the Grenville
series which is discussed separately, and perhaps such distinction could be used to
separate Proterozoic from Archzan, as suggested earlier.

Early Proterozoic

The rocks north of Lake Huron are the type for the Huronian, as named by
Logan and Murray in 1863. The Huronian was subsequently divided into the
Bruce and Cobalt series by W. H. Collins in 1914, and the two series comprise
the early Proterozoic of the belt extending easterly from Sault Ste. Marie across
the Quebec boundary. The 1934 Committee on Stratigraphic Nomenclature defined

G.S.C.

FIGUuRe 3. Proterozoic rocks that have been mountain-built.
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the Proterozoic era as commencing with the Bruce series, or its equivalents, and
the end of early Proterozoic time is assumed to have concluded with the deposition
of the Cobalt series, or the end of the Huronian as defined by Logan and Murray,
and by Collins. '

Rocks that have been classified as Bruce series in Canada are confined to a
narrow belt along the north shore of Lake Huron although they may extend
westward along the south shore of Lake Superior in Michigan and Wisconsin.
Recent detailed work in the eastern part of this belt by J. E. Thomson has shown
that so-called Bruce rocks in Baldwin township are interbedded with so-called
Keewatin rocks but are mostly younger, and do not lie on them with great
unconformity. He pointed out that this evidence substantiates those geologists who
considered that the so-called Bruce in the Sudbury area is actually Timiskaming
in relation to the Keewatin, in its content and in its similarity to other belts of
Timiskaming rocks.

In the Blind River area, a few miles west of Baldwin township, detailed
geological studies have been made in conjunction with the uranium ores and there
Collins’ succession has been found to be good. Perhaps, then, the Blind River
area should be considered the reference for Bruce rocks. Here the Mississagi
quartzite was said by Collins to be about 3,000 feet thick and to lie unconformably
on pre-Huronian schists. It is overlain by the Bruce conglomerate, which varies in
thickness from 20 to 200 feet in the Blind River area and, in succession upwards,
by the Bruce limestone (200 feet), Espanola formation of silt and limestone (300
to 400 feet), and Serpent quartzite (about 1,000 feet). All these are rocks
considered to be characteristic of the “stable platform”, and the total thickness of
about 4,000 feet or more indicates stable conditions for a great length of time.

In the Blind River area there appears to be some evidence to indicate that
part of the Bruce series was eroded prior to deposition of the Cobalt, but there is
little, if any, discordance between the two so that folding could not have affected
the Bruce before Cobalt rocks were deposited. The names applied here to the
younger strata were imported from the Cobalt district where large areas are
underlain by similar rocks.

The Cobalt series consists of the Gowganda formation at the base, overlain
by the Lorrain formation. The Gowganda has a maximum thickness of about
3,500 feet; it consists, at the base, of a thick boulder conglomerate, which in
places has the aspect of a lithified boulder clay, and in others resembles closely the
material of eskers or kames. Other beds of conglomerate are found throughout the
formation. The basal conglomerate is followed by an unstratified greywacke,
strongly resembling a till, and this in turn by a thinly laminated, varved greywacke
much like the varved clays of post-glacial lakes. In places it contains numerous
boulders than can have been dropped only by floating ice. The whole assemblage
is commonly conceded to have been the product of an ice age. The Lorrain is a
series of quartzites, 7,000 feet or more thick, that overlies the Gowganda formation
and in places overlaps it to lie on the Archean basement. The lower part of the
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Lorrain is rather arkosic, but the upper is a very pure quartzite, in places containing
more than 99 per cent silica. Crossbedding and ripple-marks are common through-
out. Thin streaks and disseminated particles of specularite occur here and there,
and in one place a lean iron-formation forms a bed 75 feet or more thick. Banded
cherty quartzite 200 to 700 feet thick, and a second white quartzite formation
some 2,000 feet thick, overlie the Lorrain. Lavas have not been reported in the
Cobalt series except in Leonard township, Ontario, where a rhyolite is described
as part of the Gowganda formation.

In the Blind River area the Gowganda formation is similar to that in the
Cobalt region, but the Lorrain formation is only a few scores of feet thick and the
overlying formations are missing.

Except near the Murray fault just north of Lake Huron, the Bruce and
Cobalt rocks are only gently flexed, forming broad open folds and rarely dipping
steeper than 20 degrees. They were intruded by great sills and dykes of gabbro
that are commonly termed the Nipissing diabase and were probably also intruded
by granite. Evidence from south of Lake Superior indicates that intense folding and
igneous intrusion took place at the end of Middle Huronian time.

A body of rocks classed as possibly equivalent to the Middle Huronian is
found at Lake Chibougamau, Quebec. These rocks have been termed the Chibou-
gamau series, and consist of some small remnants capping higher hills and of one
downfaulted block. They include mainly conglomerate and arkose, and the
maximum present thickness is about 3,400 feet. The beds are not greatly folded,
but are much broken by faulting and are tilted in places so as to have high dips,
though the average is low. They rest with great angular unconformity on older
volcanic and sedimentary rocks.

At Sudbury the Whitewater series is a synclinal mass some 32 miles long and
10 miles wide lying wholly within the ellipse of the Sudbury irruptive. At the base
the rocks comprise a very thick succession of volcanic breccia and tuff, which
J. E. Thomson considers to be formed from nuées ardentes (glowing avalanches).
They are overlain by the Onwatin black slate, a formation estimated at about
3,700 feet thick. It is, however, exposed in few places and appears to be identical
with bands of slate contained within the Chelmsford formation. The Chelmsford
quartzite, several hundred feet thick, exhibits crossbedding and other features that
suggest deposition on tidal flats. These rocks have commonly been considered to
represent the latest of Precambrian rocks, but J. E. Thomson and associates have
recently made detailed studies that provide strong evidence for revision. They
consider that the rocks within the basin are the same as those outside it, which are
considered to be carly Proterozoic, and the rvocks within the basin are certainly
much more indurated and deformed than late Proterozoic rocks elsewhere in the
Shield.

In the Steep Rock Lake area a group of rocks was named the Steep Rock
series by H. L. Smyth in 1891. This succession is now known to lie unconformably
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on granitic intrusions and the limestone beds contain “algal structures”. This
group, which includes also volcanic and clastic rocks as well as the iron ore of
Steep Rock Lake, should probably be considered of early Proterozoic age.

West from Steep Rock Lake no rocks have been classed as Proterozoic until
the Athabasca district is reached, a distance of several hundred miles. The
Athabasca rocks underlie a large area south of Lake Athabasca and D. A. W.
Blake has suggested that the folded rocks associated with the uranium deposits
north of the lake, and which lie unconformably above the Tazin group, are part
of the same succession. The Athabasca series has commonly been referred to the
late Proterozoic, but age determinations on uranium-bearing veins that cut the
folded rocks show an age of 1,900 million years or more. These rocks should,
therefore, be classified as early Proterozoic in age. However, W. E. Hale found
evidence for an unconformity within the Athabasca rocks, and suggested that the
undeformed rocks south of the lake are much younger than those to the north.
North of the lake the succession includes some basic lava flows, but south of the
lake the unit is mainly sandstone with local accumulations of limy material. The
sandstone north of Lake Athabasca is cut by granitic rocks and by veins that carry
uranium minerals, but the sandstone south of the lake is not known to be cut by
granite. It dips very gently and beds show ripple-marks, mud-cracks, crossbedding,
and rain-drop impressions. All these indicate deposition in very shallow waters.
The total thickness is probably not more than a few hundred feet.

To the north, in the Northwest Territories, local names have been used
throughout and no attempt has been made to correlate the rocks with the Cobalt
series. Since Map 1045A was compiled, much new information on the central and
eastern regions has been obtained and Figure 4 shows the distribution of Pro-
terozoic rocks as known at the end of 1955.

In the Northwest Territories the distinction between early and late Proterozoic
age is based mainly on the degree of deformation, the lower rocks being those
more highly deformed. On this basis, and on the reasoning presented earlier, the
lower Proterozoic rocks are presumed to include the Great Slave, Nonacho, Snare,
Echo Bay, Cameron Bay, and Hurwitz groups, and may include some others.

The Great Slave and Nonacho groups occur in roughly parallel belts separated
by a few miles of Archzan rocks, and may be part of the same depositional cycle.
The Great Slave group occurs along the east arm of Great Slave Lake and consists
of basal, arenaceous beds about 3,000 feet thick followed by 1,000 feet of shale,
slate, limestone, volcanic rocks, and iron-formation which are overlain by ‘“algal”
limestone and dolomite about 1,500 feet thick. These have been termed the lower
part of the Great Slave group. The upper part comprises about 1,000 feet of
dolomite and limestone overlain by sandy shale and sandstone, and may be
separated from the lower part by an erosional disconformity although more recent
mapping suggests that the apparent disconformity is due to facies changes in the
rocks. All the rocks of the upper part display features characteristic of deposition
in shoal waters and the limestones have algal structures.
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Canadian Shield

The Nonacho group, though roughly parallel to rocks of the Great Slave
group, extends southerly nearly to Lake Athabasca where the group is represented
by conglomerate and arkose. Farther north, near Nonacho Lake, the rocks are
thicker and more diversified. A coarse conglomerate at the base is several hundred
feet thick, locally as much as 2,000 feet. This is overlain by slate and greywacke,
with lenses of crossbedded and ripple-marked arkose; and these in turn are
succeeded by buff, yellow, and white arkoses and quartzites carrying isolated
pebbles and lenses of conglomerate. These beds are crossbedded and ripple-
marked; argillaceous interbeds have mud-cracks, and intraformational conglomerate
or breccia is common. The strata lie in open, gently plunging folds with axes
striking northeast. Dips on the limbs average 45 to 60 degrees, though they are
steeper in places. The formation is intruded by late Precambrian granite and is
locally metamorphosed.

Sedimentary and volcanic rocks of the Snare group form several elongated
basins in an area extending north from the north arm of Great Slave Lake nearly
to Great Bear Lake and have lately been traced almost directly into Echo Bay
rocks of Great Bear Lake. These two groups are correlated here, but it has been
customary to consider Snare rocks equivalent to the lower part of the Great Slave
group to which they show strong lithological similarities. The basal strata are
coarse arkoses and quartzites with some lenses of conglomerate and local thin
flows of andesite or dacite. These are followed by argillite and greywacke, thin
limestone, and dolomite characterized by algal structures. The rocks strike north-
northwest on open folds and commonly dip less than 45 degrees.

The Echo Bay group, which is presumably correlative with the Snare, consists
of about 6,000 to 9,000 feet of pyroclastic rock, chert, lava, some argillite, and
minor limestone. Beds commonly dip at 45 degrees, but may be more steeply
inclined.

The Cameron Bay formations contain pebbles of Echo Bay rocks but
apparently are conformable with the underlying Echo Bay. Thus, they may be only
slightly younger. On the other hand, Cameron Bay conglomerates contain pebbles
of granite that resemble intrusions in Echo Bay formations, and the interval of
time between may be great. If so, the Cameron Bay may be of late Proterozoic
age. This is further suggested by the fact that the rocks are rather loosely
consolidated; they consist of conglomerates, arenaceous rocks, and andesitic and
trachytic lavas.

Rocks considered to be early Proterozoic have recently been mapped in the
district of Keewatin. Their distribution is shown on Figure 4. These rocks, called
the Hurwitz group, are characterized especially by great ridges of white quartzite
that can be followed for many miles. The group includes, besides the basal
quartzite, intermittent accumulations of greywacke, shale, and limestone that
apparently formed in small basins. These rocks have been folded, intruded by
granitic bodies, and mineralized.

In the Ungava peninsula several groups of rocks are shown on Map 1045A as
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undivided Proterozoic. They are all rather sharply folded and much faulted and,
as such, should be considered early Proterozoic. However, no attempt is made to
correlate them with other Proterozoic rocks, or with each other.

The Kaniapiskau group of Proterozoic rocks, lying in a belt colloquially
known as the Labrador trough, extends for about 600 miles through central
Ungava in widths varying from 10 to 60 miles. At the north end the rocks appear
to plunge southward and the belt terminates in a syncline, but at the south it is not
known what the relations are. There is some evidence that much of the south end
is faulted off and also a suggestion that the extreme southwest part may extend
far enough to connect with the Mistassini series. In the thickest part of the group,
at Knob Lake, the group can be divided into two, a western succession including
slate, quartzite, dolomite, and cherty iron-formation very similar to Lake Superior
examples, and an eastern succession consisting mainly of basic to intermediate
volcanic rocks and bands of sedimentary rocks. Probably these two successions
were deposited essentially at the same time, the western succession being deposited
in a shallow basin of restricted circulation while the volcanic material was
accumulating in a deep, geosynclinal trough. The eastern succession is some miles
thick, but the western is not more than a few thousand feet. Both north and south
of Knob Lake the two units are intermingled and the distinction is far from clear
cut. The eastern margin of the trough is marked in places by heavily sheared rocks,
presumably marking a great fault, but there is some evidence to suggest that
granitized gneisses east of the fault may be altered Kaniapiskau rocks. The
Kaniapiskau succession is highly folded and faulted, intruded by many bodies of
basic rocks and, in one place, apparently by granite. In places the Kaniapiskau
rocks appear to be overlain with great unconformity by gently dipping sandstone
or quartzite. These may represent upper Proterozoic strata, for they do not seem
to have been folded. The Kanjapiskau rocks are being intensively prospected for
base metal sulphide deposits as well as for iron ore. Galena from these deposits is
probably nearly 2,000 million years old, certainly early Proterozoic.

North of the Kaniapiskau belt a narrow band of rocks, known as the
Povungnituk range extends westward from Wakeham Bay on Hudson Strait to
Cape Smith on Hudson Bay. These rocks are much like the Kaniapiskau rocks
except that they contain more red beds, but no iron-formation has yet been
reported although boulders of it were found by the writer in 1953. Rocks similar
to these Povungnituk members have been found on the Ottawa Islands in Hudson
Bay.

The Seal Lake group of rocks forms a broad belt extending nearly from the
Labrador coast inland to Michikamau Lake. They consist of clastic sedimentary
rocks, andesitic and basaltic lavas and pyroclastic rocks, and some limy rocks.
They have been folded, intruded by basic and acid rocks, and mineralized. On the
south they arc in fault contact with the Archaan (?) rocks and it has been sug-
gested that this fault marks the eastward extension of the Huron-Mistassini linea-
ment. To the north the Seal Lake rocks lie with great unconformity on gneisses.
These rocks have been intensely prospected for their copper, some of which occurs
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in native form. The general assemblage and the way in which the copper occurs are
similar to the late Proterozoic rocks of the Keweenaw Peninsula and of the
Coppermine River area and these rocks may be of late Proterozoic age also.

The Ramah and the Mugford rocks of the coast of Labrador consist of
interbedded volcanic rocks and argillites, with lesser quartzite and limy beds. The
Ramah is predominantly sedimentary, probably 4,000 feet thick, and is complexly
faulted and folded; the Mugford group is mainly volcanic, dips gently, and is about
3,000 feet thick. A. M. Christie pointed out their similarity to the Kaniapiskau
rocks and tentatively correlated the three.

Grenville Series. Grenville rocks are considered here because it is doubtful if
they can be considered any younger than early Proterozoic, although they could
be much older. Remarks made on lithology and internal structures apply with
equal force to the belt of Kisseynew gneisses that straddles the Manitoba-
Saskatchewan boundary north of Flin Flon.

Grenville is a term applied to a complex of more or less granitized sedi-
mentary gneisses associated with large amounts of crystalline limestone and with a
little lava. They appear to be separated from other Shield rocks to the north by a
zone of faulting, although some geologists consider the contact to be gradational.
By no means has all of the contact been studied. These sheared zones occur along
a moderately straight line that has been termed the Huron-Mistassini lineament
and which extends northeast from Lake Huron an unknown distance beyond Lake
Mistassini, perhaps to the Labrador coast. If this zone marks a major fault, as
many geologists believe, it is one of the remarkable structures of North America.
Evidence here and there along it, where faulting has been found, indicates the
south side has been thrust up.

Various hypotheses concerning the age of the Grenville rocks have been put
forward from time to time, but for many years the general consensus was that they
were Archzan. Later it was suggested by Collins and Quirke that Grenville rocks
were the granitized equivalents of Huronian strata. On this basis, the Grenville
was considered to be a facies of the Huronian and, therefore, of Proterozoic age.
With the postulation of a fault between the two groups, the relationship became
much more obscure. Lately, J. T. Wilson has suggested that the mountains of the
Grenville may have supplied the sediment for the Huronian succession north of
Lake Huron and Sudbury. At any rate, many age determinations made on minerals
from pegmatites that cut the Grenville show that the intrusions range in age from
800 to 1,100 million years. If these pegmatites represent the end phases of the
orogeny that deformed the Grenville and the sedimentary rocks they intrude are
the early phases of the orogenic cycle, then the dates give an approximate age for
the Grenville rocks. On the other hand, they are similar in original composition
and character to the Proterozoic rocks of the western Cordillera. These rocks,
although Precambrian, were not extensively folded and intruded until late in
Mesozoic time. If a similar relation existed with respect to Grenville rocks, the
Grenville could be much older than the age of the pegmatites.
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The Grenville rocks, which extend from Lake Huron for a still undetermined
distance along the north shore of the St. Lawrence River, were originally composed
of sandstone, arkose, shale, limestone, and minor lava flows. However, these rocks
have been so metamorphosed and granitized that they are now schists and gneisses
of high metamorphic rank. Naturally, too, in rocks containing so much easily
deformed limestone, the structures are extraordinarily complex and it is only
possible in a few places to work out structural relations.

North of Anticosti Island on the north shore of the Gulf of St. Lawrence
some quartzite, schist, and crystalline limestone within the extension of the Gren-
ville rocks, have been shown on Map 1045A as lower Proterozoic. Perhaps it
would have been more in keeping with the classification if these rocks had been
considered equivalent to Grenville which, on this map, are shown as a special unit
of the Archzan.

In southern Ontario, particularly in Hastings county, a second series makes
its appearance. This, known as the Hastings series, apparently overlies the Grenville
with erosional unconformity, but with little structural discordance. The series
consists chiefly of grey, blue weathering limestone interstratified with argillite,
except near the base where beds of conglomerate, interstratified with argillite, buff
weathering dolomite, greywacke, and mica schist occur. The conglomerate contains
well-rounded pebbles and boulders of both the igneous and sedimentary members
of the Grenville series. Both series appear to be folded to about the same degree,
and there is no noticeable discordance in dip.

The Grenville and Hastings rocks are intruded by gabbro, anorthosite,
pyroxene diorite, and pyroxene syenite, most of which contain a pink to pale green,
monoclinic pyroxene as their most abundant ferromagnesian constituent. Later
than these are dykes, sills, and batholiths of granite and syenite, and their gneissic
equivalents.

Late Proterozoic

The Animikie, or Upper Huronian rocks, are considered to form the lower
part of the upper Proterozoic in the “classic” concept of Precambrian succession.
Their type succession is in the Port Arthur district where they were named by
Sterry Hunt in 1873. These rocks are not in contact with Cobalt rocks, so the
relative positions are questionable, but, as a type, the Animikie merit description.
They extend from a point about 25 miles northwest of Port Arthur to cross the
International Boundary some 65 miles west-southwest of it. The rocks consist of
a basal conglomerate, 4 feet or less in thickness, followed by cherty iron-formation,
up to 500 feet thick. The iron-formation consists essentially of grey and red banded
and oolitic chert, or some variety of fine-grained or amorphous silica, with which
are intimately associated one or more of the iron-bearing minerals greenalite
(ferrous silicate), siderite, ferruginous dolomite, magnetite, and hematite. Inter-
bedded with the ferruginous cherts are a few small flows of basic lava, and some
shaly members. The iron-formation is characterized by many structures resembling
inverted bowls or thimbles, which have recently been shown to be of organic origin.
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The iron-formation ranges in its iron content from 5 to 40 per cent, and may
average about 25 per cent. It is overlain by a formation of slate and greywacke,
1,300 feet or more thick, part of which may represent volcanic ash or dust. A few
thin beds of limestone are locally present.

The main characteristic of the Animikie is the presence of abundant cherty
iron-formation. As a result, Precambrian units containing such rocks have been
correlated with Animikie regardless of other relationships. The main exceptions
are in the Northwest Territories where the iron-bearing formations are considered
to be early Proterozoic, and the main belt of Proterozoic rocks in Ungava which
contains vast amounts of iron-formation and was described as early Proterozoic.
The rocks in the central part of the Shield that have been shown on the map as
correlative with the Animikie are the Nastapoka series of Belcher Islands and
Richmond Gulf, and the Mistassini series.

On Richmond Gulf and the Belcher Tslands the formations include: thick
beds of limestone and ferruginous carbonate characterized by numerous ‘“algal
structures”; thick flows of basaltic lava; sandstone, shale, and slate; and 400 to 500
feet of iron-formation similar in every way to that of Lake Superior. On Belcher
Islands the total exposed thickness is more than 8,000 feet; on the mainland,
considerably less. The formations have been thrown into fairly gentle folds with
north-trending axes though in places on the flanks of folds dips are steep. Granite
intrudes the rocks of the Richmond group on the shores of Richmond Gulf.

On the other side of the Ungava Peninsula at Lake Melvilie the Double Mer
sandstone lies virtually undisturbed on Archzan gneisses. The sandstone is friable,
and probably is not more than a few hundred feet thick.

In the Lake Mistassini basin the supposedly upper Proterozoic rocks may be
divided lithologically into two formations: the lower, some 600 feet of dolomitic
limestone characterized by numerous ‘“algal structures”; the upper, an iron-
formation 100 to 200 feet thick consisting of ferruginous chert, dark slaty shale,
and jaspilite. The beds have comparatively low dips, except on the southeast where
they are faulted against the older rocks.

Surficial rocks considered of Keweenawan age are found on the Canadian
part of the Shield only on the north shore of Lake Superior. East of Port Arthur
the Sibley series is found overlying the Animikie sediments with slight uncon-
formity. The series also overlaps the Animikie to lie directly on the Archaan
basement for about 100 miles north of Lake Superior, extending north and some-
what west of Lake Nipigon almost as far as the north end of that lake. The rocks
are mainly mudstone, with some sandstone and a little chert and limestone. In
places the mudstone and sandstone have a calcareous cement. Many are red or
purple, and are ripple-marked or exhibit textures indicating mud flowage. West of
Lake Nipigon some beds of dolomite are considered to belong to the Sibley series.

The Osler series directly overlies the Sibley with erosional unconformity. It
consists at the base of a few feet of conglomerate and sandstone, overlain by a
great thickness of lavas and interbedded fragmental rocks, The similarity of these
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rocks to the Middle Keweenawan of the south shore of Lake Superior is rather
pronounced, and the two are commonly correlated. These strata are found only on
the shore and islands of Lake Superior around Black Bay and Nipigon Bay, and
also on Michipicoten Island.

At the east end of Lake Superior about 40 miles north of Sault Ste. Marie,
there is a mass some 18 miles long, extending 4 or 5 miles back from the lake, of
red and white sandstone and conglomerate with amygdaloidal basic flows. These
dip westward at low angles and are generally considered to be of Keweenawan age.

In the Northwest Territories the Bathurst group of rocks includes the Epworth
dolomite, up to 1,800 feet thick and characterized by algal structures, the Kanuyak
formation, only 100 feet or so of conglomerate and ash rock, and the Goulburn
quartzite, perhaps 4,000 feet thick and containing beds of conglomerate that carry
pebbles of rocks similar to those of the Epworth and Kanuyak formations. These
strata are apparently overlain, essentially conformably, by the Coppermine River
series. These rocks, which are gently flexed, consist of about 13,000 to 30,000
feet of basalt with thin interbeds of conglomerate, succeeded by 15,000 feet of
shale, sandstone and minor flows. This belt of combined Bathurst and Coppermine
River strata truncates the trend of the Echo Bay rocks, so is presumably
considerably younger.

In the central part of the Northwest Territories large areas are underlain by
a gently dipping series of varicoloured sandstones and calcareous sandstones. These
are termed the Dubawnt group and were previously considered to be part of the
Athabasca sandstone. It is now known that the two outcrop areas are not continu-
ous and are, therefore, not given the same name. The Dubawnt group is cut by
dykes of massive gabbro (diabase), but otherwise is virtually unaffected by later
activities of the earth’s crust.

Elsewhere in the Northwest Territories smaller areas are underlain by rocks
of presumed late Proterozoic age. The Et-then group of conglomerate and felds-
pathic sandstone outcrops on islands in the east arm of Great Slave Lake. These
rocks are some thousands of feet thick and lie unconformably above rocks of the
Great Slave group and the granitic rocks that intrude the Great Slave. The Hornby
Bay group, on the east side of Great Bear Lake consists of loosely consolidated
conglomerate and varicoloured quartzites that appear to be separated from the
Cameron Bay group by an angular unconformity. The relative extent of these two
groups is unknown and the Proterozoic rocks to the northwest of the bay are
shown on the map as undivided Proterozoic.

End of Precambrian Time. Paleozoic rocks that lie on rocks of the Canadian
Shield are almost everywhere Ordovician or younger, a feature that has led many
authors to state that a tremendous time interval is represented by this unconformity.
Nowhere does the latest Precambrian time appear to have been one of orogeny.
Some of the youngest Proterozoic rocks, such as the Dubawnt, Et-then, and Double
Mer, are only slightly folded or warped, and are intruded by only a few basic dykes.
It is possible that these latest units were deposited in continental basins while

44



Canadian Shield

Paleozoic seas were encroaching on the Precambrian continent and, if so, are
actually Paleozoic in age.

Post-Precambzian History

Much of the Canadian Shield must have been peneplaned by the end of
Precambrian time and the process must have continued through the early part of
the Palazozoic. Probably most, if not all, of the present Shield area had little relief
so that comparatively slight downward movements would result in flooding of
wide areas by the sea, and an equally slight upward movement would cause
correspondingly widespread withdrawals. Throughout Palzozoic time such
advances and retreats were probably common, but their mark, with few exceptions,
has been left only on the margins of the Shield where the Precambrian surface dips
at a gentle angle beneath the younger rocks. Another widespread flooding occurred
in Cretaceous time but this seems to have been the last. We can infer that,
throughout much of post-Precambrian time, the Shield had a protective covering
of younger strata. Inliers of Palzozoic rocks have been found in Manitoba, in
Ontario, in the central Northwest Territories, and in Ungava, and at least some of
these have been preserved in downfaulted blocks. Their occurrence indicates a
widespread cover of limestone and their presence, at least in some instances, shows
that faulting occurred in the “stable” Shield long after Precambrian time.

It is probable that much of the Shield area was above sea-level during the
early part of the Mesozoic era, but Cretaceous time was marked by a great trans-
gression of the sea that probably covered much of the Shield. In a few places
Cretaceous sedimentary rocks extend across the Paleozoic rocks to lie directly on
the Precambrian. The Cretaceous west of Lake Winnipeg rises abruptly above the
Palzozoic rocks as the Manitoba escarpment. Its maximum thickness there is about
1,400 feet but some has presumably been removed by erosion, because well borings
back from its edge show that the Cretaceous is more than 2,000 feet thick. The
rocks dip southwest with a gentle slope in the upper beds of 5 or 6 feet to the mile.
It seems altogether likely, therefore, that they must once have overlapped far on
the Precambrian.

Presumably the land remained stable following the post-Cretaceous uplift and
it is believed by many that the even skylines of the Shield represent the Tertiary
pencplain that followed this uplift. Late in Tertiary time renewed activity along
ancient faults such as the Logan, Ottawa Valley, Saguenay, and Lake Melville,
resulted in uplift and renewed erosion. Following this came the great continental
glacial period with its advances and retreats of enormous thicknesses of ice. The
elastic rebound that followed retreat of the ice is still continuing and the lakes and
streams of the Shield are not yet adjusted to the new conditions; hence the highly
disorganized character of the Shield drainage.

Economic Geology

The mineral resources of the Canadian Shield are numerous, varied, and
abundant. Gold traditionally has been the metal with the greatest dollar value, but
in recent years it has been exceeded in value by both nickel and copper. The value
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of all mineral production from the Canadian Shield in 1955 was estimated to be
nearly $800 million compared with about $285 million in 1939. Nickel was in
the lead with an output in 1955 valued at $216 million, the value of copper being
$210 million, and of gold, $145 million. In addition to these metals, the Canadian
Shield produces important quantities of pitchblende products, zinc, iron ore, silver,
and platinum. The Cobalt camp has been one of the great silver producers in the
world, and some mines are still operating although mining is primarily for cobalt.
Production of iron ore is increasing rapidly, now that the Steep Rock Lake and
Knob Lake deposits are in production, and it may be that the value of iron ore
produced from the Canadian Shield will soon exceed the value of gold, especially
as substantial tonnages of iron ore are being produced from pyrite. The value of
pitchblende products must also increase enormously now that large mines in the
Blind River district in Ontario and the Lake Athabasca district in Saskatchewan
are operating, and that production is being obtained from the Bancroft area in
Ontario and is to commence in 1957 from relatively high-grade deposits in the
Marian River district, Northwest Territories.

In addition to the metallic minerals, asbestos is being mined in large quantities
from the Shield, and deposits of other non-metallic minerals have been or are
being exploited. Deposits of coal and oil are lacking because, of course, animal
and plant life were not abundant in Precambrian time. Nevertheless, deposits of
carbon-rich material have been found in the Proterozoic rocks of central Ungava
and the material has been used in camp stoves to maintain fires overnight.

Most of the known deposits of metallic minerals occur in “islands” of volcanic
and sedimentary rocks that are scattered through the predominantly granitic rocks
of the Shield and it is these islands that have received most attention from
exploration and prospecting organizations. However, minerals commonly found in
pegmatites are being produced at localities far removed from such islands, and no
doubt others will be discovered. The islands, particularly if they are large, may
contain more than one mining camp, each with its own peculiar geological and
structural characteristics. Most of the more accessible islands have been prospected
with some degree of thoroughness by conventional methods, so it is safe to assume
that most of the easily discovered deposits of minerals are now known. Conse-
quently, the discovery of new mines will require increasing use of specialized and
expensive prospecting tools, such as the airborne magnetometer, electromagnetic
gear, and other devices that will no doubt be developed. Exploration costs must,
therefore, increase.

Gold

Gold has been found practically throughout the length and breadth of the
Canadian Shield, although workable deposits have been confined to particular
arcas. Besides the deposits that are mined solely or mainly for their gold, other
ores are important sources of the metal—for example, the nickel-copper ores of
Sudbury, the copper ores of Noranda, and the copper-zinc body of Flin Flon.

All gold orebodies are of the vein or lode type; placers are entirely lacking on
the Shield. In many, the gold occurs in veins or stringers of quartz that cut the
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wall-rock, but in others the gold is disseminated in brittle rocks adjacent to faults
or in rocks crumpled in tight folds.

All the veins are of the deep zone type, but experimental work in the last
decade has suggested that there may be limits to the depths over which gold may
be deposited in veins of this type. However, it is probable that the maximum depth
to which mining will be possible will be conditioned by the physical characteristics
of deep mining rather than by the bottoming of the gold deposit due to physical
and chemical conditions at the time of deposition.

Gold was first discovered in the Shield in southeastern Ontario in 1866, and
continued prospecting revealed veins in Peterborough, Hastings, Addington, and
Frontenac counties. These veins occur in the rocks of the Grenville complex,
commonly in the more granitic facies. The Deloro deposit in Hastings county
contained so much arsenopyrite that it was mined for arsenic as well as gold and
the plant was the forerunner of Deloro Smelting and Refining Company’s plant
now operating. Most of these deposits were rather small and of low to medium
grade, and have not been mined since the early years of the present century.
Attempts were made to operate some of them again between 1935 and 1940, but
with indifferent success.

The next discoveries in the Canadian Shield followed the completion of the
Canadian Pacific Railway in 1886. These deposits were found scattered through
western Ontario between Port Arthur and the Manitoba boundary, and were most
abundant near Lake of the Woods. The field produced more than $2 million in
gold, mainly between 1897 and 1903, although some of the properties have been
operated intermittently since that time. None of the mining was carried on below
a depth of 600 feet.

In 1903-04 the great silver discoveries at Cobalt caused an influx of hundreds
of prospectors into northern Ontario. As the Cobalt field was taken up these men
spread over the surrounding country in search for new deposits. The result was
the discovery in 1909 of the Porcupine field and in 1911-12 of the Kirkland Lake
field. The yield from these two fields made Ontario the leading gold-producing
province and eventually brought Canada into second place as a world gold
producer.

For about 20 years the great mines of the Porcupine and Kirkland Lake
districts were almost the only gold producers of the Shield. Some gold was obtained
from other properties in Ontario and from the Central Manitoba mine, and minor
amounts were also won from a number of properties that were worked for short
periods or at minor intervals. With the onset of the great depression of the early
’30s, however, the price of commodities dropped and the price of gold, expressed
in terms of currency, rose. The gold mines thus benefited doubly—their costs
decreased and their income increased. These changes stimulated gold mining
enormously. Deposits that previously were too low in grade to be of economic
interest became highly valuable; existing mines had large volumes of low-grade
material added to their ore reserves. New mines sprang up on the Shield like
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mushrooms and from only 15 or 16 mines in profitable operation in 1929, the
number rose to 106 in 1942. All the mines in western Quebec, and in the Thunder
Bay and Patricia districts in Ontario and about 25 properties in the old established
Porcupine-Kirkland Lake area were developed during this period.

Twenty-seven of the 106 gold mines operating in the Shield in 1942 were in
western Quebec, 65 in Ontario, 5 in Manitoba, 1 in Saskatchewan, and 8 in the
Northwest Territories. By 1955 the situation had changed greatly. In that year only
54 gold mines were operating in the Canadian Shield: 16 in western Quebec, 32
in Ontario, 3 in Manitoba, and 3 in the Northwest Territories. Much of this decline
in gold producers and gold production was due to the constant price of gold since
the end of World War II compared with the increasing operating costs. Eighteen
of the mines operating in 1942 and 17 of those operating in 1955 treated 1,000
tons a day or more. Most of the others produced from 500 to 1,000 tons a day and
several produced from 100 to 500 tons a day.

The principal features of some of the more important gold camps of ths Shield
are outlined briefly in the following pages.

Western Quebec

The easternmost group of mines lies in Dubuisson, Bourlamaque, Senneville,
Pascalis, and Louvicourt townships, where a mass of granodiorite approximately
14 miles long from east to west with a maximum width of 6} miles, intrudes
Keewatin lavas. The Sullivan Consolidated, Lamaque, Sigma, and Bevcourt mines,
as well as several past producers, lie either within the granodiorite itself, in small
satellitic bodies of it, or in the lavas close to its margins (Figure 5). The vein
materials are mainly quartz and tourmaline, mineralized with pyrite, some chalco-
pyrite, and native gold. The veins fill fractures, which are generally faults, and the
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tension cracks associated with them; in places the walls are replaced by mixtures
of albite, ankerite, and quartz, with more or less pyrite and tourmaline.

To the west of this group of mines, two other groups are closely associated
with a great fault known as the “Cadillac break™ (Figure 6). Along the east part
of this break, Canadian Malartic, Sladen Malartic, Barnat, East Malartic, and
Malartic Goldfields are grouped together because they display certain similarities.
Unlike the mines of the western part of the break, their ores contain neither
arsenopyrite nor tourmaline and rarely any pyrrhotite. Native gold, instead of
being coarse and spectacular, is generally so finely divided as to be invisible to the
unaided eye. Pyrite is the principal sulphide and is accompanied by small amounts
of galena, sphalerite, and chalcopyrite, with at least two tellurides, sylvanite and
petzite. The deposits are typically low grade and adapted to fairly large-scale
mining operations. The bullion from the ores is very high in silver, some of it
carrying approximately half as much silver by weight as gold. The ores of the
Canadian Malartic and Sladen Malartic are silicified and mineralized greywacke;
those of the East Malartic and Malartic Goldfields are in steeply dipping sheets of
rocks locally known as “diorite”. These are mineralized and cut by many small
veins, so that large parts of them constitute ore.

The second group of mines associated with the Cadillac break lies a few miles
to the west in Cadillac township (Figure 6). The O’Brien mine has been the
principal producer; others are the Thompson Cadillac, Central Cadillac, Lapa
Cadillac, Wood Cadillac, and Pandora. The orebodies of this group are quartz
veins mostly less than 4 feet wide, though, in the O’Brien, widths up to 15 feet
were encountered. The productive veins are generally flanked by bands of altered
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rock 1 foot to 10 feet wide; these carry gold and materially increase the mineable
widths. The quartz of the veins is commonly dark grey or bluish grey, and it carries
in places spectacular shoots of coarse gold. The chief other metallic mineral is
arsenopyrite, with lesser amounts of pyrite and pyrrhotite; small amounts of albite
and tourmaline are usually present. The bullion from these mines carries relatively
little silver, averaging roughly about one part by weight of silver to ten parts of
gold.

The orebodies associated with the Cadillac break are not found in the break
itself, which is a wide band of contorted mica-chlorite schist, but in subsidiary
fractures in nearby hard or brittle rocks that fracture rather than shear. Of all the
mines along the Cadillac break, only the Barnat, Canadian Malartic, East Malartic,
Malartic Goldfields, and O’Brien were operated in 1955.

Space does not permit the description of several other, more isolated gold
mines in western Quebec, the Belleterre Quebec, Beattie, Donalda, Elder, Senator
Rouyn, Powell Rouyn, and Stadacona, or the numerous producers of other years.

The chief gold producer of western Quebec, however, is Noranda Mines
Limited, at Noranda, its principal product being copper, and the gold a valuable
by-product. At this property, Keewatin acid lavas and tuffs have been bent and
shattered by intense drag-folding, and then replaced by pyrite, pyrrhotite, and
chalcopyrite. The copper ores thus formed carry gold, up to 0.25 ounce a ton in
places. Other parts of the country rock were silicified, and much of this silicified
material, which is used as a flux in the smelting operations, carries gold up to 0.25
ounce a ton. More than 5,800,000 ounces of gold were produced from this mine
from 1927, when smelting began, to the end of 1955.

Ontario

Larder Lake. At Larder Lake a shear zone about 600 feet wide trends
westerly and dips steeply north; it is believed to be an extension of the Cadillac
break. The orebodies of the Kerr Addison mine, which is now Canada’s largest
producer of gold, are all contained within this shear zone, part of which is charac-
terized by brecciated carbonate cemented by quartz veins and stringers. Some acid
intrusions that occur within the carbonate zone are also fractured. South of the
carbonate zone, Keewatin basic flows occur in the sheared zone, and of the eleven
known orebodies, seven are in the carbonate zone and four in the flows. Gold is
intimately associated with pyrite and late quartz. From May 1938, when the mine
began production at 500 tons a day, to the end of September 1955, when about
4,500 tons a day were being milled, the mine produced 3,486,000 ounces of gold.

Kirkland Lake. Kirkland Lake area comprises a group of seven large mines,
the Macassa, Kirkland Minerals (formerly Kirkland Lake), Teck-Hughes, Lake
Shore, Wright-Hargreaves, Sylvanite, and Toburn (Figure 7). All are in Teck
township. The Lake Shore, Teck-Hughes, and Wright-Hargreaves have been the
largest producers; the Toburn is mined out and the Teck-Hughes now is operating
on a salvage basis. Total production from these mines to the end of 1955 amounted
to $620 million.
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Ficure 7. Generalized geological map of Kirkland Lake area. (After J. E. Thomson.)

These properties occur in steeply dipping conglomerate, greywacke, and tuff
of the Timiskaming group that have been intruded by an elongated composite stock
of syenitic composition. A syenite porphyry differentiate forms a large mass on the
Wright-Hargreaves property and extends almost to the Lake Shore boundary from
where long fingers project into the Lake Shore and Teck-Hughes properties.
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All the properties occur along a main thrust fault that strikes about north
60 degrees east and dips about 85 degrees south, and along which the south side
has been thrust up a maximum of about 2,000 feet. At the west end of the camp
where displacement has been greatest the vein-fracture pattern is closely related to
the main break, but at the east end where displacement is least the vein-fracture
system is weaker and shows the influence of an earlier pattern, probably produced
from the intrusion and/or cooling of the intrusive stock.

Hydrothermal solutions, introduced into the shattered and fissured zone,
resulted in repeated quartz veining as movement recurred. Ore may occur in any
of the rocks along the main ore zone but most comes from veins within or along
contacts of the intrusions where the faulting induced shattering rather than shearing.
Although quartz is locally abundant, the total quantity of quartz is small when
tonnage of ore mined is considered. Gold and gold tellurides are the principal
constituents of value. Altaite is the most abundant telluride, but calaverite, petzite,
coloradoite, tetradymite, joseite, and melonite are also present.

Porcupine District. The Porcupine gold field, discovered in 1909, lies in
Tisdale, Deloro, and Whitney townships. The principal producers are the Hollinger,
MclIntyre, and Dome Mines, all of which began milling operations in 1912.
Numerous other properties were worked for varying periods. The largest of these
was the Vipond mine which operated from 1911 to 1918 and from 1923 to 1936.
After the increase in the price of gold in 1934 made it profitable to mine lower
grade ores, however, 15 new mines were opened and have produced important
amounts of gold. These are: the Aunor, Broulan Reef, Buffalo Ankerite, Coni-
aurum, Delnite, De Santis, Faymar, Hallnor, Hoyle, Hugh-Pam Porcupine, Moneta,
Naybob, Pamour, Paymaster Consolidated and Preston East Dome (Figure 8). To
the end of 1955 the Porcupine camp had produced more than $1,200 million in
gold.

The Keewatin rocks of the Porcupine district appear to consist of three groups
(Figure 8) consisting of altered basic volcanic rocks, some rhyolite and acid
pyroclastic rocks, and banded iron-formation. According to Dunbar the youngest
group, called the Hoyle, appears to have been laid down on the older after a
period of erosion. The Timiskaming conglomerate, slate, and greywacke lie
unconformably on the Keewatin and some geologists consider the Hoyle to be part
of the Timiskaming. All are folded into steeply inclined attitudes and the lavas are
intruded by bodies of grey quartz-feldspar porphyry, and are cut by numerous
faults.

The Hollinger, Mclntyre, and Coniaurum mines lie on a single sheared belt
striking north 60 to 70 degrees east, with an almost vertical dip. The sheared zone
in Keewatin lavas is about 1,600 feet wide on the Hollinger-Mclntyre boundary,
and narrows to about 500 feet on the Coniaurum. The veins on these properties
lie within this zone and cut across it at a small angle. Their average strike is about
north 50 degrees east; most of them dip steeply north. Where the veins run out of
the sheared zone they feather and die out. It is common to find a “vein”, the
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general strike of which cuts the schistosity at a small angle, composed of a
succession of lenses of quartz separated by schist, each lens lying parallel to the
schistosity and the next lens offset to the left en échelon.

Several porphyry masses intrude the lavas on the Hollinger and Mclntyre
properties, and are sheared where they fall within the schistose belt. The principal
mass, the Pearl Lake porphyry, lies in the centre of the zone of shearing and vein
formation. The outcrop is canoe-shaped, and underground work has shown that
the western “prow” of the canoe plunges eastward at about 40 to 45 degrees along
a line striking north 85 degrees east (Figure 9). The porphyry dips south and is
practically parallel with the regional structure.

On the Hollinger the main ore zone, comprising a hundred or more productive
veins, extends on the surface some 3,500 feet southwest of the end of the Pearl
Lake porphyry and rakes east-northeast at about the same angle as the porphyry.
Where the veins run into the porphyry, it has been commonly found that gold
content drops off rapidly and becomes non-commercial, though the porphyry is
becoming more important as host for ore with increasing depth (Figure 10).

On the MclIntyre property northeast of the Hollinger only one vein of
importance and a few of subordinate value outcrop north of the Pearl Lake
porphyry mass. Owing, however, to the southward dip of the porphyry and its
eastward plunge, other members of the Hollinger vein system appear at depth on
Mclntyre ground beneath the porphyry mass. Development of the Mclntyre mine
has been based on the hypothesis that with increasing depth more and more of
such veins would be found. Time has proved the truth of this geological inference,
so that the MclIntyre has become progressively more valuable as exploration at
depth continued (Figure 11).

The ore in the Hollinger and MclIntyre mines consists of quartz and mineral-
ized schist. The quartz is accompanied by ankerite and small amounts of albite,
tourmaline, and scheelite. The metallic minerals are arsenopyrite, pyrite, pyrrhotite,
sphalerite, chalcopyrite, galena, tellurides, and native gold. The schist near the
veins is much altered by addition of silica, carbonate, potash, and auriferous pyrite.
The orebodies, composed of quartz and auriferous schist, range in width from 1
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foot to 75 feet, with an average of about 10 feet. The amount of auriferous schist
mined is considerably greater than the amount of quartz. Some of the ore is highly
spectacular, with gold in coarse plates and cords traversing the quartz and binding
it together. Total production from these two mines to the end of 1955 was
$717,038,000.

The Dome mine was so called because the original stakings were on large
dome-shaped outcrops of quartz. The mine lies near the extreme south edge of the
basin of Hoyle (Timiskaming?) sedimentary rocks, which has a general synclinal
structure, plunging northeast. At the south edge of the main syncline a deep,
narrow, synclinal trough of the sedimentary rocks is infolded or infaulted into the
Keewatin greenstones, and it was within this syncline that the original orebodies of
the Dome lay. These were great lenses of ore, up to 600 feet in length and with
widths ranging from 15 to 150 feet. The depth of some was as great as 800 feet,
that of others less than 100 feet. More than thirty such bodies were found. They
consisted of quartz and mineralized schist, but with the quartz very subordinate in
amount, about 15 per cent.

These ores were completely worked out about the year 1928, and mining has
since been carried on in the greenstones to the north of the infold of sedimentary
rocks. The lavas there are a succession of flows that strike north 75 degrees east,
dip about 70 degrees north, and face north. They range from 60 to 300 feet in
width. These flows have been fractured along vertical east-west zones that average
about 30 feet in width but may attain 100 feet or even more (Figure 12). Where
these fracture zones cut brittle rocks, such as dacite or andesite, they give rise to
important orebodies; but where they pass into softer rocks that shear rather than
fracture, no orebodies are formed. Altogether, about 30 per cent of the volume of
the fracture zones is quartz in the form of complex veins. The quartz veins carry
pyrite, pyrrhotite, and native gold, and are normally selvaged with ankerite. The
rock between the veins is altered and carbonated, and carries about 3 per cent of
the same sulphides.

Another type of orebody is found in tuff beds lying between lava flows. These
beds were apparently cut and altered by an old set of barren veins made up of
quartz, tourmaline, and ankerite. Later movements fractured this material and
permitted the entry of gold-bearing quartz, mineralized with a little pyrite and
pyrrhotite.

A few miles northeast of Timmins the Hallnor, Broulan, and Pamour mines
lie on or close to the north contact of the Timiskaming syncline with the under-
lying volcanic rocks. Differential movements between strata of different competency
caused fracturing of the harder beds and permitted the entry of gold-bearing
solutions, forming large bodies of low-grade ore. The mineral associations are the
same as in other parts of the Porcupine field.

Several other mines in the Porcupine area have produced large amounts of
gold, but space limitations preclude individual descriptions. Preston East Dome
is unusual because a large body of porphyry has been much broken by fault
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in lavas and in tuff beds between flows. (Courtesy of Dome Mines.)
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movements, and ore-bearing solutions entering these fissures have altered and
mineralized the porphyry to form large bodies of replacement ore, especially where
foot-wall folds affect the underside of the porphyry (Figure 13).

Other mines in the region are the Young-Davidson of the Matachewan area,
and the Ross mine of the Ramore area. The grade of ore mined from the Young-
Davidson was very low, the average for 1951 to 1954 inclusive being about $2.80
per ton. Production ceased at the end of 1955 owing to depletion of the ore.

Michipicoten-Goudreau District. Gold was discovered in the Michipicoten
district in 1897 and since then sporadic attempts have been made to mine the
deposits. Most of them are rather narrow quartz veins carrying tourmaline, pyrrho-
tite, albite, and spectacular splashes and pockets of native gold. All are now
closed, but the Renabie mine at the north end of the district came into production
in 1947 and to the end of 1955 had produced about $10,300,000 in gold. The
Renabie is unusual because its orebodies occur in fractures in granitic rocks some
distance from the nearest greenstone.
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Thunder Bay District. Within a belt of lavas and sediments extending from
Lake Nipigon eastward for about 60 miles, eleven mines were opened in the
1934-39 period. These are: Bankfield Consolidated, Hard Rock, Jellico, Leitch,
Little Long Lac, MacLeod-Cockshutt, Magnet Consolidated, Northern Empire,
Sand River, Sturgeon River, and Tombill (Figure 14, localities 21-23). All but the
Leitch and MacLeod-Cockshutt have since closed. This group of mines exhibits a
rather wide variety of types. In some of them, such as Leitch, Sand River, and
Sturgeon River, the orebodies are simple quartz veins, usually less than 4 feet
wide, filling somewhat irregular fissures. The principal constituent of value is native
gold; other minerals are scanty in amount.
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Ficure 14. Index map of Lake of the Woods, Patricia, and Thunder Bay districts, western
Ontario, showing principal known occurrences of gold. 1, Sachigo; 2, Favourable Lake;
3, Red Lake (Gold Eagle, Hasaga, Howey, Madsen Red Lake, McKenzie Red Lake, Starratt
Olson, New Dickenson, Cochenour Willans, Campbell Red Lake, Red Lake Gold Shore);
4, Woman Lake (Hudson Patricia, J.M. Consolidated, Uchi); 5, Argosy (now Jason);
6, Pickle Lake (Central Patricia, Pickle Crow); 7, Fort Hope; 8, Mikado, Duport; 9, Sultana;
10, Regina; 11, Eagle Lake; 12, Manitou Lake; 13, Sakoose; 14, Mine Centre; 15, Harold
Lake; 16, Hammond Reef; 17, Moss mine; 18, Sturgeon Lake (St. Anthony); 19, Tashota;
20, Kowkash; 21, Sturgeon River; 22, Leitch, Sand River, Northern Empire; 23, Bankfield,
Hard Rock, Jellicoe, Little Long Lac, MacLeod-Cockshutt, Magnet, Tombill; 24, Duck Lake;
25, Schreiber; 26, Empress. Only those in italics were producing in 1955.
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On the Little Long Lac property, arkose beds 1,500 to 2,000 feet thick are
folded into an anticline, along the crest of which a number of shear zones strike
east. Quartz injected into these has converted them into lodes that are uniform in
width and continuous over remarkably long distances. The quartz carries a large
amount of native gold and small amounts of arsenopyrite, pyrite, bournonite,
stibnite, and tetrahedrite.

At the MacLeod-Cockshutt mine, about 2 miles southeast of Little Long Lac,
the earlier discoveries were in iron-formation, parts of which were fractured and
the fractures filled with quartz and auriferous pyrite. Mining operations have
proved that beneath these is a mass of feldspar porphyry, the upper surface of
which contains a deep westward-plunging trough or roof pendant of greywacke.
Both the sedimentary rocks and, to a less extent, the porphyry along the contact
are replaced by coarse pyrite, arsenopyrite, and a little native gold. This ore has an
average grade of about 0.15 ounce a ton.

Patricia District. In the Patricia district twenty mines have produced gold. Of
these the Howey came into production in 1930, but none of the others began
milling before 1934, The ores of these mines are for the most part fairly rich. The
controlling factor in their development was not the rise in the price of gold, but the
growth of air transportation. In 1955 only seven of them were still operating
(Figure 14, localities 3 and 6). As in so many places elsewhere in the Shield, the
orebodies have been localized mainly where bodies of hard or brittle rock occur.
Under the stresses of folding or faulting such bodies tend to shatter or fracture
rather than shear, thus permitting the entry of ore-bearing solutions. The following
descriptions of three of the principal mines illustrate this.

At Campbell Red Lake mine, which started production in 1949, the orebodies
occur in two parallel zones of silicified sheared rock that cut across the regional
trend of the enclosing Keewatin lavas at a low angle. The ore occurs in quartz
veins that average 3 feet in width and consists of pyrite with less pyrrhotite and
arsenopyrite, and minor chalcopyrite and sphalerite accompanied by coarse native
gold.

The Central Patricia and Pickle Crow mines are adjoining properties on a
band of iron-formation that strikes northeast. The iron-formation, an interbanded
mixture of cherty silica and iron oxide or carbonate, has been folded into an
overturned syncline that pitches northeast. At Pickle Crow the main orebody has
been the Howell vein, a fracture that crosses the band of iron-formation at a small
angle. The vein minerals are pyrrhotite and arsenopyrite, smaller amounts of
pyrite and chalcopyrite, and native gold. The carbonate and chlorite of the adjacent
iron-formation is partly replaced by auriferous pyrrhotite. The vein is bent into a
series of drag-folds that yield very rich ore, and the iron-formation next the vein
is much fractured and replaced by sulphides to give mineable widths of 8 to 18
feet. Where the vein runs out of the iron-formation into the surrounding green-
stone, which fractured less readily, it narrows to about 3 feet and the wall-rock
ceases to be ore.
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Manitoba and Saskatchewan

Although prospecting for gold began in about 1910, few properties have
made profitable mines. At the end of 1955 only three were in production, the San
Antonio, Forty-Four, and Nor-Acme (Figure 15).

The San Antonio mine, on the north shore of Rice Lake, is in a diabase sill,
200 to 500 feet thick, which strikes southeast and dips about 45 degrees northeast.
Two complementary sets of fissures cut the sill. One trends nearly parallel with the
walls of the sill and dips vertically; the other strikes northeasterly, at a large angle
to the walls, and dips 60 degrees northwest, They narrow and die out as they
approach the edges of the diabase body; only rarely do they extend into the
surrounding schist. They are filled with quartz, patches of iron carbonate, and some
albite and chlorite; the quartz is mineralized with fine pyrite, native gold, and a
little chalcopyrite. The wall-rock is somewhat altered, but contains insignificant
amounts of gold. In places, however, it is cut by so many small veins that the
whole mass can be mined. The average tenor is about 0.3 ounce a ton. The rake
and dip of the ore zone carries it northeast onto the ground of the Forty-Four
mine. The latter came into production on January 1, 1955, the ore being mined
through the San Antonio shaft and treated in the San Antonio mill.

The Nor-Acme deposit occurs at the crest of a northeasterly plunging anticline
where a fault intersects the contact between basic pyroclastic rocks on the hanging-
wall and acid lavas and sedimentary rocks on the foot-wall. The ore is a silicified,
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brecciated rock mineralized with arsenopyrite, pyrite, pyrrhotite, and fine gold. The
gold is associated mainly with arsenopyrite and the grade averages about 0.17
ounce a ton.

Most of the gold of Manitoba and the adjacent part of Saskatchewan has
come, however, not from the gold mines proper but from copper ores of the
Mandy, Flin Flon, Cuprus, and Sherritt Gordon mines (Figure 30). Since the
smelting of ore from these mines began in 1931 the recovery of gold has been
more than double that obtained from the gold mines.

No gold mines are operating in Saskatchewan. At Goldfields, on the north
shore of ILake Athabasca, sill-like bodies of coarse, reddish granite have been
greatly fractured and injected by quartz to form stockworks of small veinlets. The
quartz is sparsely mineralized with coarse auriferous pyrite, a few grains of chalco-
pyrite and sphalerite, and native gold. At the Box mine (Figure 16), the
Consolidated Mining and Smelting Company of Canada Limited attempted mining
one of these bodies on a large scale, but the average grade proved very low, less
than 0.05 ounce a ton. Milling, which began in 1939, ended in August 1942. Some
production of gold was also won from small properties in Saskatchewan near
Flin Flon.

Northwest Territories

Most of the deposits of the Northwest Territories are in the Yellowknife
district, northeast of the north arm of Great Slave Lake, where the volcanic and
sedimentary rocks of the Yellowknife group are intruded by great bodies of granite,
and are more or less metamorphosed near the contacts to knotty schist and
hornfels. The rocks stand on edge in closely spaced isoclinal folds and have been
displaced by two sets of great faults, one striking north 20 degrees west, the other
practically at right angles to this. Rupture on a smaller scale is also common along
the axes of the tight folds.

Gold-bearing veins are found in the lavas and the sedimentary rocks. Those
in the sedimentary rocks are mainly bedded veins, saddle reefs, and veins intro-
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duced along the fractured axes of the folds. Two small mines, the Ptarmigan and
Thompson-Lundmark (Figure 16), commenced milling in the last half of 1941,
but wartime conditions compelled both to close, in 1942 and 1943, respectively.
However, the Consolidated Discovery mine came into production in December,
1949 on a high-grade deposit formed in a drag-folded quartz vein in slightly
metamorphosed but highly contorted greywacke. The orebody occurs near the
crest of the drag-fold, which plunges steeply north and whose limbs dip steeply
west. The orebody is 100 feet or more long and averages 4 to 7 feet wide.

The ores in the lavas are of two types. Those first discovered lie in small
shear zones that parallel the large faults striking north 20 degrees west. The veins
are lenticular bodies of quartz averaging about 5 feet wide, though attaining in
places 15 feet or more. The quartz, moderately mineralized with pyrite, is much
cracked, and the cracks are filled with a great variety of minerals, including various
sulpharsenides, sulphantimonides, and tellurides in small amount. The gold, which
is mostly free, tends to be most abundant in the relatively pure quartz. The veins
are vuggy in places, suggesting that they were developed after the main movements
had been completed.

The Con-Rycon and Negus mines were developed on veins of this type. The
first came into production in September 1938, the second in February 1939. The
ore milled by each had an average tenor of nearly an ounce a ton. These properties
were closed in 1943 and 1944, respectively, but the Con-Rycon resumed operations
in 1946.

The Giant Yellowknife orebodies are of a different type. They are in chloritic
zones, up to 200 feet wide, formed along what are believed to be early thrust faults
that now have fold-like attitudes. The orebodies may occupy any part of the
sheared zone, but occur particularly near the crests of the apparent folds (Figure
17). They are accompanied by sericitic and carbonate alteration and by 30 to 90
per cent quartz. A complex assemblage of metallic minerals includes abundant,
barren, fine-grained pyrite, lesser arsenopyrite, some sphalerite, chalcopyrite, and
several sulphantimonides and sulpharsenides. Gold, either alone in quartz, or asso-
ciated with the sphalerite or the complex sulphides, averages about three-quarters
of an ounce a ton.

Silver

In 1955 mines within the Canadian Shield produced about 9 million ounces of
silver. Most of this output was a by-product from the mining of other metals,
whereas in 1924, by contrast, all but 7.1 per cent of the 10,699,684 ounces of
silver mined from the Shield came from ores worked mainly for their silver. At
that time, of course, the great Cobalt silver camp was not worked out.

Besides the Cobalt camp and its subsidiary districts, which together stretch
75 miles westerly from Lake Timiskaming, a second district around Port Arthur
has produced some silver; also silver is recovered from the Eldorado pitchblende
deposits at Great Bear Lake.
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Ficure 18. Index map showing positions of chief silver-bearing areas in the

Cobalt region, Ontario.

Ontario

Cobalt and Subsidiary Districts. Silver was discovered at Cobalt in 1903 and
shipments commenced in 1904. Up to the end of 1937 the Cobalt camp alone
yielded 383,635,561 ounces of silver, the Gowganda camp 24,647,496 ounces, the
South Lorrain camp 22,867,295 ounces, and the outlying camps of Casey township,
James township, Maple Mountain, Speight, and Whitson townships, 2,831,367
ounces, a grand total of 433,981,719 ounces (Figure 18). In addition to the silver,
the mines yielded in the same period 80 tons of bismuth, 931 tons of copper, 355
tons of lead, 6,230 tons of nickel, 16,328 tons of cobalt, and 72,189 tons of
arsenjc. Since 1937, and particularly since the beginning of the war, the mines
have been operated mainly for their cobalt content, although important amounts of
silver are also being produced. In the last decade some new but small mines have
been discovered and have become producers.
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Most of the productive mines at Cobalt were grouped within an area of about
6 square miles. The rocks are gently dipping strata of the Cobalt series laid down
on an irregular erosion surface of steeply folded Keewatin lava, tuff, and iron-
formation. A sill of Nipissing diabase about 1,000 feet thick intrudes these along a
warped plane that passed in part through the Cobalt series, in part through the
Keewatin rocks. In general the sill dips gently east, and erosion has now removed
parts of it so that the western part of the field is now largely occupied by
Keewatin and Cobalt strata that lie below the sill, whereas the eastern part is
underlain by the sill itself, together with some areas of Keewatin or Cobalt rocks
that overlie the sill.

The silver ores may have emanated from the diabase sill; at any rate no ores
have been found where the diabase sill is absent, and all the ores were found
within a few hundred feet of the contact, either above or below, or within the
diabase itself. A curious feature is that the Keewatin rocks, for some reason, seem
to have been essential to ore formation. No important quantity of pay-ore has been
found where the Keewatin is absent. Nevertheless, veins did not commonly extend
into the Keewatin much below the base of the Cobalt series, and when they did the
silver disappeared.

In general, silver was found in three positions. About 80 per cent of it was
found in the Cobalt series within 100 to 200 feet of the Keewatin contact (Figure
19); the remainder occurred along the upper or lower contact of the sill, mostly
within 200 or 300 feet of either margin. Few veins were found near the middle of
the sill. Pre-ore faults played their part, mainly acting as dams or barriers that
confined deposition to certain areas. In south Lorrain, however, much of the ore
came from the Woods fault or branches of it. In fact, faults are now believed to
have been responsible for localizing most of the ore in the camp.

The high-grade veins were mostly narrow, from an inch to a foot in width,
though in rare instances, and for relatively short lengths, widths attained several
feet. The veins had all directions of strike and usually vertical dips. Some were
followed for several thousand feet, but most of them were much shorter. Besides
the high-grade veins, in places the wall-rocks were broken by innumerable tiny
cracks into which the vein-forming solutions penetrated and deposited silver.
Considerable widths of rock were thereby converted into a low-grade ore, locally
termed mill-rock.

The high-grade veins contained a great variety of minerals, of which the chief
were calcite, smaltite, niccolite, and native silver. Pyrargyrite, proustite, argentite,
millerite, chalcopyrite, sphalerite, galena, and many others were also present. The
silver occurred in films, flakes, wires, and flattened masses, and was usually
accompanied by argentite and native bismuth. Typical high-grade ore averaged
about 10 per cent silver, 9 per cent cobalt, 6 per cent nickel, and 39 per cent
arsenic, but some contained much more silver, up to 7,000 ounces a ton.

In South Lorrain township a diabase sill forms an irregular, elongated dome
a few miles long, whose central part has been completely removed by erosion. The
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productive vziis occurred in the sill and in overlying Keewatin rocks within a small
area, about ;U0 acres, on the western edge of the dome. The main vein occurs in
the Woods tault, a reverse fault with a displacement on the dip of about 30 feet.
The Woaods vein, unlike the narrow fissures of the Cobalt area, is a fractured zone
that attained widths of 5 to 10 feet. The vein material did not extend from wall to
wall, but formed a number of stringers that ramified through the shattered country
ro.k. Also, unlike anything to be seen at Cobalt, the more strongly fractured parts
of the Woods fault displayed intense weathering, due to pre-glacial downward
circulation of ground water, to a depth of at least 560 feet. As a result, secondary
enrichment occurred below the zone of oxidation and immensely rich bonanza
masses of native silver, argentite, and ruby silver were formed. Below the altered
zones the usual Cobalt-type minerals were found.

In the Gowganda area, about 55 miles northwest of Cobalt, the diabase sill is
probably not more than about 500 feet thick. More than one sill may be present.
As at Cobalt, the diabase is injected into Keewatin rocks and gently dipping beds
of the Cobalt series. Most of the veins yet found lie at the upper contact of the sill
in the diabase itself, though one important vein was in Cobalt conglomerate, and a
few in Keewatin greenstone, just above the sill.

At Gowganda the diabase displays a series of differentiation products that
progress to an aplite carrying little feldspar but much calcite and some chalcopyrite.
Some aplite veins carried irregularly distributed masses of calcite accompanied by
native silver, smaltite, and niccolite. These features suggest that the silver veins
themselves may be the result of differentiation of the diabase.

Considerable silver was obtained from Casey township, 15 miles northeast of
Cobalt. The usual calcite veins occurred in Cobalt rocks and were formed
apparently at horizons not far below the base of a diabase sill completely removed
by erosion.

Silver-bearing veins of similar types have also been found near Bay Lake,
10 miles west of Cobalt; in Auld, Cane, Speight, Whitson, and James townships
northwest of Cobalt; and south of Larder Lake. The total production, however, has
not been large.

Port Arthur District. In Port Arthur district Archaan rocks are overlain by
gently dipping Animikie sedimentary rocks, which have been invaded by sills and
dykes of diabase. The assemblage has been faulted, and the fissures thus formed
are filled with calcite, barite, and quartz, mineralized in places with chalcopyrite,
pyrite, argentiferous sphalerite, argentiferous galena, native silver, argentite, and a
great variety of other minerals. The proportions of the different minerals vary
widely, and the veins themselves range in width from a few inches to 20 feet.

Most of the silver from this area was obtained from Silver Islet, an island less
than 80 feet in diameter lying off Thunder Cape. The deposit was discovered in
1868 and was worked for 16 years, in which time silver valued at about $3,250,000
was produced. Silver at that time was worth about $1.30 an ounce. The rocks are
Animikie shales, almost flat lying and cut by diabase dykes that strike northeast
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and dip steeply southeast. These are cut by faults that strike northwest and have
been healed by vein materials. The Silver Islet fault strikes north 35 degrees west
and dips 70 to 80 degrees northeast. It has given the Silver Islet dyke a left-hand
horizontal displacement of about 80 feet. The Silver Islet dyke is 350 feet wide at
the surface, and decreases to 250 feet at a depth of 560 feet, which width is
maintained to the 1,100-foot level. Ore was found only where the fault crossed the
dyke; in the surrounding shales the vein feathered out.

Numerous other discoveries were made throughout the region between the
International Boundary and Nipigon Bay. The more important were in two groups,
one at Rabbit Mountain and the other at Silver Mountain, about 18 and 30 miles,
respectively, west-southwest of Fort William. Since 1892 nearly all of these mines
have lain idle, though from time to time a re-examination or some further develop-
ment has resulted in a little additional production. Total production to the end of
1913 was valued at about $1,500,000.

Northwzst Territories

In 1930 native silver was discovered at the east end of Great Bear Lake, and
the richness of some of the early finds caused many to hope that a new Cobalt had
been found. However, continued exploration did not substantiate the earlier
expectations, and now it does not appear likely that production will be great.

Both the composition of the ores and their history of deposition are complex
and all that can be said is that a complex of Proterozoic rocks, both igneous and
sedimentary, was cut by faults along which repeated movements took place. After
each movement the fractures were healed by deposition of a variety of minerals,
both metallic and non-metallic, so that the ores are now a mineralogist’s paradise.
Pitchblende and silver, both native and in various compounds, were among the last
minerals deposited. In some places the silver minerals were distinctly later than the
pitchblende, and may form bodies from which pitchblende is absent; in others the
silver and pitchblende seem to be contemporaneous, and are found together. The
ores are valuable mainly, however, not for their silver content but for the radium
and uranium present in the pitchblende.

Nickel

Ontario

Sudbury District. Nickel occurs in several places in the Canadian Shield, but
by far the greater part of the production of the metal is derived from the Sudbury
nickel-copper ores. These deposits were first noticed in 1856, but were disregarded
until the completion of the Canadian Pacific Railway in 1885 made transportation
possible. During the first few years the ores were exploited for their copper content
alone; not until 1887 was the presence of nickel determined.

In 1955 these mines furnished approximately 65 per cent of the world
production of the metal. From the start of production in 1889 to the end of 1955
they have supplied about 3,700,000 tons of nickel, together with a roughly
equivalent amount of copper and important amounts of gold, silver, platinum,
palladium and other metals of the platinum group.
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The Sudbury ore deposits (Figure 20) are closely associated with a body of
norite and micropegmatite that outcrops as an oval ring 37 by 17 miles in diameter,
and 1 mile to 3.6 miles broad. The outer part of the ring is norite, and the inner,
micropegmatite, with a fairly rapid gradational change from one to the other.
Inside the oval ring of norite-micropegmatite, the Whitewater series of volcanic
agglomerate, tuff, and sedimentary rocks is complexly faulted and folded. Wide
dykes of olivine diabase cut indiscriminately through norite, Whitewater series, and
other rocks, and small bodies of granite invade the norite in places.

The apparently open synclinal structure of the Whitewater series, the annular
shape of the norite-micropegmatite mass, and the symmetrical disposition of these
acid and basic phases combined to suggest that the igneous mass is a thick sheet
intruded along the contact of the Whitewater series with older rocks. However,
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studies by the Ontario Department of Mines have produced evidence that the
Whitewater series may actually be part of the presumed older rocks outside the
ring and special investigations by J. Howell Williams have produced further
evidence suggesting that the irruptive is actually a ring dyke and, therefore, a
composite intrusion. Although this interpretation is being challenged, it provides
an explanation for the dips of the intrusion, which vary from about 35 degrees
inward to steeply outward.

The orebodies lie either along or close to the outer margin of the norite and
are called “marginal deposits”, or they form dyke-like or irregular bodies in the
older rocks and are known as “offset deposits”. The ore minerals are chiefly
pyrrhotite and chalcopyrite, the former predominating. Nickel is mainly, if not
solely, contained in the mineral pentlandite, and platinum in the mineral sperrylite.
The sulphides apparently replaced the matrix of breccia so that the ore consists of
rock fragments cemented by the sulphides and partly replaced by them. The
fragments vary in size from bodies several hundred feet in length to minute grains,
and may constitute up to 60 per cent of an orebody.

Up to a few years ago it was generally considered that these ores originated
by settling from the presumed sheet-like mass of norite-micropegmatite, but if the
intrusion is a ring dyke, then such an origin for the ores is obviously precluded.
The ore is almost everywhere associated with a so-called quartz diorite that is
considered to be a phase of the norite. The orebodies occur where intensely
brecciated rock, formed by intense faulting, has subsequently been mineralized; the
great Frood orebody is localized along an intensely brecciated zone of quartz
diorite. The pipe-like orebodies near Copper Cliff, of which No. 2 mine is an
example, occurred where a zone of brecciation cuts across the quartz diorite. Some
Creighton ore occurs at the contact between granite and quartz diorite.

The Falconbridge deposit is a continuous and well defined sheet of sulphides
trending roughly east and standing almost vertically, with a steep average dip to
the south, away from the basin. The mine is about a mile long, workings extend
down 4,025 feet, and drills have intersected ore some 5,600 feet below surface
(Figure 21). The ore zone averages about 15 feet in width, but locally exceeds
100 feet. It is apparently a mineralized fault and it has been found that, where
post-basin faults are lacking on the contact in the Falconbridge area, there are no
ore zones.

The relatively late age of some of the ores is indicated by a discovery at the
Garson mine, where a body of ore some 40 feet in width is reported to cut directly
across a dyke of olivine diabase, the youngest Precambrian rock of the region.
Elsewhere, sulphides are reported to cut the latest granitic rocks.

The tenor of the ore is variable. Some years ago the mine average was about
3.5 per cent nickel and 2 per cent copper. Of late years, however, the grade has
gradually fallen, until in 1955 the average tenor was about 2 per cent nickel and
slightly less than that amount of copper. This is due to the inclusion with the
higher grade ores of large amounts of low-grade material, particularly from the
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open pit at the Frood mine. The price of nickel has been high and the demand
strong, so that the Sudbury basin has been the scene of intense exploration. As a
result, several new mines have come into production since 1950 and more are
expected to be in production by 1958. These include East Falconbridge, McKim,
Hardy, Mount Nickel, Fecunis, Boundary, and Longvack, all under control of
Falconbridge Nickel Mines; and Nickel Rim and Nickel Offsets. Some nickel has
been produced from other mines in the basin area, including Crean Hill being
re-examined by International Nickel Company, and the Blezard Mine.

Other Deposits. Some nickel was also produced from the Alexo mine, north-
west of Timmins, where nickel ore occurred at the edge of a body of serpentine
that intrudes Keewatin lavas. The ore was chiefly pyrrhotite, carrying small
amounts of pentlandite, chalcopyrite, and pyrite. Massive ore varied in width from
a few inches to 20 feet; disseminated ore, from 3 to 20 feet. The massive ore
carried 6 to 8 per cent nickel and less than 1 per cent copper. In the years 1912-19,
inclusive, 51,279 tons of ore were mined and shipped to the Mond Nickel
Company’s smelter at Sudbury. No figures are available for the nickel recovered.

Several deposits have been found elsewhere in Ontario, some recently and
others many years ago, but none have become important producers. The Trebor
deposit in the Timagami area is reported to contain 4,780,000 tons of low-grade,
complex nickel-copper material in peridotite. Some production was won prior to
1937, but the operation was not economic. Low-grade deposits of nickel have
recently been reported in association with high-grade copper deposits at Lake
Timagami. About 50 miles west of Port Arthur, south of Shebandowan Lake,
Keewatin lavas are intruded by granite, and 50 or 60 feet from the contact a zone
of sulphides from 1 foot to 35 feet wide has been traced by pits and trenches for
more than a mile. The ore is mainly pyrite, with some chalcopyrite and pyrrhotite.
Values up to 7 per cent in nickel are reported, but these are rare. Some showings
have been discovered in the Kenora district and are being intensively prospected.
They are associated with gabbro and peridotite.

Manitoba

Sherritt Gordon’s Lynn Lake nickel-copper property, about 110 miles north
of its old Sherridon copper mine, came into production late in 1953. Ore reserves
of about 13,820,000 tons, calculated at December 31, 1955, occur in seven ore-
bodies that have been found in two basic plugs. Ore occurs as massive sulphides,
disseminated sulphides, or stockworks of sulphide stringers where faulting has
fractured the intrusions. The sulphides are pyrrhotite, pentlandite, chalcopyrite,
and pyrite. Cobalt, zinc, and gold occur in minor amounts. The orebodies are cut
by post-mineral faults.

The “EL” mine is on the richest orebody, which occurs within an inner core
of a basic plug (Figure 22). Massive sulphides lie adjacent to but separate from
mineralized amphibolite and diorite. Alteration of the basic rock varies from
extreme to negligible. The six other orebodies occur in one basic plug that is about
12,000 feet long and 5,000 feet wide, and they occur where the basic rock has
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been most brecciated by pre-ore faults. The ore itself appears to be displaced by
these west-dipping thrust faults (Figure 23) but actually the amount of post-ore
movement on these faults is minor.

Besides explorations for nickel in the region about Lynn Lake, large areas of
Manitoba have been examined. The International Nickel Company of Canada
Limited announced late in 1956 its intention to proceed with the development of
its Mystery-Moak Lake deposits about 400 air miles north of Winnipeg which
contain enormous tonnages of material. This will involve an expenditure of $175
million and will bring into production two new nickel mines by 1960 with an
anticipated combined output of 8,000 tons of ore a day. Low-grade nickel has been
reported from the Knee Lake area, east of Mystery Lake. In southeastern Manitoba,
small deposits containing more than 1 per cent nickel have been known for many
years at Maskwa and Bird Rivers and they are again being actively explored.

Saskatchewan

At Birch Lake, near the Saskatchewan-Manitoba boundary, lenses ol massive
sulphides occur in a zone of schist mineralized by chalcopyrite and nickel:ferous
pyrrhotite. At Dinty Lake, about 24 miles northeast of Goldfields, a fairly large
body of sulphides carries nearly 1 per cent of nickel. The ore is intersected by
thick dykes of granitic rock dipping at about 45 degrees.

Northwest Territories

On the north shore of Rankin Inlet, west coast of Hudson Bay, a sill of
pyroxenite, largely serpentinized, is 200 to 300 feet thick, strikes east, and dips
50 degrees south. At a point where the base of the sill bulges outward a lens of ore
about 250 feet long displays some 8 feet of massive and 18 feet of disseminated
sulphides. The ore is pyrrhotite with a little chalcopyrite. An extensive program of
diamond drilling in 1952 disclosed 435,000 tons averaging 3.3 per cent nickel and
0.8 per cent copper. Shaft sinking and drifting were undertaken in 1953 and 1954.
Production from the property is scheduled to commence in 1957.

Several years ago, Canadian Nickel Company made a discovery of nickel at
Ferguson Lake, about 150 miles west of Rankin Inlet. An exploration concession
was obtained and much drilling was done.

Copper

Until 1927 almost the only copper producers in the Canadian Shield were the
nickel-copper mines of the Sudbury area, which have already been described.
However, during the years 1917-20 the Mandy mine, Manitoba, shipped some
25,000 tons of copper ore averaging nearly 20 per cent copper. The ore was
teamed 50 miles, carried by barge another 50 miles to The Pas, and then sent
1,200 miles to the Trail Smelter, British Columbia. In 1927 Noranda Mines
Limited in Quebec began to produce copper, and other mines in its vicinity have
since added to the production of the district. In 1930, mining began at the Flin
Flon mine in Manitoba and Saskatchewan; in 1931 the Sherritt Gordon mine,
Sherridon, Manitoba, began shipping concentrates to the Flin Flon smelter. Both
the Quebec and Manitoba-Saskatchewan districts continue to yield large amounts
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of the metal. Although the Sherritt Gordon mine is worked out, new mines are
coming into production in the Flin Flon area.

Ontario

In 1955 the copper production of the Sudbury district was about 146,400
tons, compared with about 154,000 tons in 1942. The total production of Ontario
from 1886, when Sudbury came into production, until the end of 1955 was about
3,636,000 tons. The only other copper producers in Ontario in that period were
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Ficure 24. Map of Manitouwadge Lake area, Ontario. (Generalized after E. G. Pye.)
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Bruce Mines about 40 miles east of Sault Ste. Marie, and two or three smaller
properties. In all, these probably did not yield more than 10,000 tons of metal, so
that the Sudbury production alone was more than 3,500,000 tons.

At Bruce Mines copper mining in North America began in 1846 and mining
continued there, with interruptions, until 1921. Veins that traverse diabase sills in
Huronian sedimentary rocks consist of quartz and chalcopyrite with minor amounts
of calcite and barite. They vary from mere stringers to veins 50 feet wide. A main
vein has been traced 2,000 feet and may extend for at least 8,000 feet; in the
more productive parts it averaged 5 feet in width, and was worked to a depth of
450 feet. The deposit was first worked from 1846 to 1876, then, except for a short
period of operations in 1908-09, it lay idle until purchased by the Mond Nickel
Company, which shipped the ore to Coniston as a flux. Mining was carried on by
Mond from 1915 to 1921, in which time approximately 160,000 tons of ore were
shipped. No figures for the copper recovery are given, but the maximum tenor of
the ore appears to have been about 3% per cent copper.

A number of other copper deposits have been found in Ontario, and attempts
have been made to mine some of them, with production of small amounts of the
metal, but until the discoveries in 1953 in the Manitouwadge Lake area, Thunder
Bay district, all proved too small or too low-grade for profitable operation.

The Geco zone in the Manitouwadge Lake area is being developed for
commercial production in 1957 (Figure 24). The deposits are sulphide replace-
ments in a wide zone of sericite schist at the contact between granitic rocks and
hornblende-biotite gneisses. In general the ore consists of a massive core of pyrrho-
tite and sphalerite enclosed by disseminated chalcopyrite, pyrite, pyrrhotite, and
minor sphalerite in quartz-sericite schist. The Geco orebody, some 2,700 feet long
and as much as 220 feet thick, has been faulted into three segments separated by
a few score feet, the easternmost section being separated from the central by
diabase dykes as well. Other zones with similar minerals are known but all are
shorter, narrower, and lower in grade than the Geco.

In 1955 production of copper began from high-grade zones of chalcopyrite in
islands in Lake Timagami. Timagami Mining Company Limited reports that
50,000 tons of ore averaging 20 per cent copper are indicated, as well as 575,000
tons averaging 3 per cent copper. The orebodies occur in a faulted band of altered
rhyolite, some beneath the lake, and were found by geophysical methods. It is
reported that a mill with a capacity of 2,000 tons a day is to be built to replace a
smaller unit now operating.

Quebec

Noranda mine, in Rouyn township, Quebec, blew in its smelter in 1927
and is one of the great copper mines of Canada. In addition to Noranda, the
Quemont, Waite-Amulet, Aldermac (idle for years), Normetal, and East Sullivan
have produced considerable amounts of copper (Figure 25). Copper from this
group of mines to the end of 1955 amounted to about 1,475,000 tons of which
more than half came from Noranda’s Horne mine. Important amounts of golds
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Ficure 25. Index map showing principal copper deposits in western Quebec.

silver, and zinc have been produced as well. Recently three mines have come into
production in the Chibougamau area, some 250 miles east-northeast of Noranda,
where an important copper camp appears to be in the making (Figure 25).

Noranda District, All the ores of the Noranda district are of the same general
type. They are massive sulphides, mixtures of pyrite, pyrrhotite, and chalcopyrite
in varying proportions; in the Quemont, Waite-Amulet, and Normetal ores there
are also important amounts of sphalerite. The ores have formed by replacement,
usually of rhyolitic agglomerate and tuff, or of rhyolite lava shattered by folding or
fault movements. One of the Amulet orebodies, however, has replaced a shattered
zone in andesite. At their edges the massive ores usually grade rather rapidly, first
into rock thickly spotted with sulphides, and then into rock with little or no
sulphide. Much of this low-grade material is mined, however, because its highly
siliceous composition makes it valuable as a flux in smelting the heavier sulphides.
All the orebodies are associated with faults, which may have served as channels
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enabling the ore-bearing solutions to rise into the permeable horizons where
replacement could take place.

The Noranda orebodies are relatively short, thick masses with long axes
dipping steeply or vertically (Figure 26). The Aldermac bodies, low in copper
content, have much the same shape. The Waite and Amulet orebodies, which
replace certain flow horizons over the top of a broad anticline, are pancake-shaped
masses with low dips. The Normetal mass is a sheet-like body with an 80-degree
dip, apparently developed along a zone of shearing in the rhyolites.
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The Quemont orebodies, which were discovered in 1945 and came into
production in 1949, are also among the largest. Reserves at the end of 1955 were
70,300
tons of copper, 85,200 tons of zinc, and more than 600,000 ounces of gold. Three
main orebodies occur in a rhyolite breccia beneath a capping of porphyritic
rhyolite folded into a dome with flanks dipping north, east, and west. The south
side of the dome is truncated by the Horne Creek fault, on the other side of which
is Noranda’s Horne mine (Figure 27). The deposits are sulphide replacements of

estimated to be 8,440,000 tons, and total production up to that time was
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the breccia beneath the capping of porphyritic rhyolite where flexures of the
contact were suitable for disposition of ore (Figure 28). From top to bottom of
the orebodies the ore is commonly massive sulphides, chloritized breccia with
disseminated sulphides, and shattered breccia with sulphide stringers.

Chibougamau Area. At Chibougamau the copper-gold ore occurs in basic rocks
that intrude Keewatin volcanic rocks. The Opemiska copper mine began producing
in 1954, the Campbell Chibougamau in 1955, and Chibougamau Explorers early
in 1956.

The Opemiska mine is producing from veins along faults near the nose of a
syncline that plunges southeast. The faults trend nearly parallel to the south-dipping
axial plane, but they dip north at high angles (Figure 29). A sharp drag-fold on
the south limb, near the nose of the main fold, does not appsar to bear any specific
structural relation to the main folding but the veins occur on the nose of this
drag-fold. The ore is enclosed in gabbro and is chiefly in veins, although replace-
ment of fracture zones does occur and some disseminated sulphides extend into the
walls of the veins. The ore consists of mixtures of chalcopyrite, pyrite, magnetite,
lesser pyrrhotite, small amounts of galena and sphalerite, and small but significant
quantities of gold and silver. Molybdenite is a common accessory.

The Campbell Chibougamau orebodies occur in anorthositic rocks near Lake
Chibougamau. The orebody being mined is a sulphide replacement deposit within
a shear zone that strikes about west and dips south at angles from 55 degrees at
the surface to near vertical at lower levels. Porphyry dykes have been intruded
essentially parallel to the ore zone. The main sulphides are pyrrhotite, chalcopyrite,
pyrite, and sphalerite. The shear zone varies from 100 to 600 feet wide and the
ore varies from 12 to 80 feet wide, averaging about 40 feet. It has so far been
developed for 600 feet along strike, but its total length is not yet known. Ore
reserves before production were estimated at about 2 million tons grading about
3 per cent copper and about 0.08 ounce of gold a ton.

The deposit being mined by Chibougamau Explorers also occurs in a sheared
zone in a basic intrusion but the mineralized zone is apparently smaller than the
Campbell. Ore reserves before production were estimated at about 550,000 tons
averaging 0.3 ounce of gold a ton and 0.93 per cent copper.

Manitoba-Saskatchewan

Four mines near the Manitoba-Saskatchewan boundary have produced con-
siderable quantities of copper. These are the Flin Flon, Mandy, and Cuprus,
controlled or owned by Hudson Bay Mining and Smelting Company, and the
Sherritt Gordon mine at Sherridon about 40 miles northeast of Flin Flon. The
Mandy, Cuprus, and Sherritt Gordon mines are now worked out, but from the end
of 1930, when the Flin Flon smelter was blown in, these mines contributed large
amounts to the total of about 953,000 tons of copper produced by this group. In
addition to those named, the Schist Lake mine, Manitoba, came into production in
1955; the North Star mine, Manitoba, and the Birch Lake and Coronation mines
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in Saskatchewan were being prepared for production (Figure 30); and two
promising prospects rich in copper are known near Snow Lake.

The Flin Flon deposits, which form much the largest mine, lie in a strong
drag-fold that plunges southeast, across an offset in the interprovincial boundary,
into Saskatchewan. The orebodies follow a sheared quartz porphyry at the contact
between competent basaltic and andesitic lavas above, and more easily sheared
pyroclastic and flow breccias beneath. The ore, a replacement of the sheared rocks,
is mainly localized along or near the northeast limb of the anticlinal part of the
main drag-fold, and ends against its crest (Figure 31). The ore zone is up to 400
feet wide, and has been followed for 6,500 feet down the plunge. The country rock
near the orebodies has been extensively altered, some parts being highly silicified,
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Ficure 30. Index map showing principal copper deposits in western Manitoba
and eastern Saskatchewan.
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other parts converted into chlorite and talc. The chlorite and talc in places are
spotted with sulphides sufficiently to be a low-grade ore. The principal orebodies,
however, are solid masses of sulphides, mainly pyrite with minor amounts of
chalcopyrite and sphalerite. Pyrrhotite is present, but is not a major constituent as
in the Quebec and Sudbury ores. Other minerals include galena, tetrahedrite,
arsenopyrite, and magnetite. Since 1935, cadmium, selenium, and tellurium have
been recovered from the ore.

Ore reserves as of January 1, 1956, mainly on the Flin Flon mine but also
including Schist Lake, North Star, Birch Lake, and Coronation properties, were
given as 16,680,000 tons averaging 3.16 per cent copper, 3.6 per cent zinc, 0.068
ounce of gold and 0.96 ounce of silver a ton. All of these outlying orebodies have
essentially the same mineralogy as the Flin Flon mine but are smaller and tend to
be richer.

The Cuprus mine, about 13 miles southeast of Flin Flon, was operated from
1948 to 1954. It consisted of several small but rather high-grade lenses averaging
about 3.5 per cent copper and 6.5 per cent zinc.

The Mandy mine was a base metal producer from 1917 to 1920 and again
in 1943 and 1944. Altogether some 137,700 tons of ore were mined. The ore was
similar to that at Flin Flon, but higher in grade, averaging about 7.3 per cent
copper, 12.9 per cent zinc, 0.09 ounce gold, and 1.8 ounces silver a ton. Mine
workings extend to the 1,025-foot level. Most of the ore was obtained from a lens
that extended from the surface to a depth of 230 feet, but some was found at
horizons down to 825 feet. The ore lenses were in schistose andesite breccia; they
followed the strike of the formation, and plunged steeply south.

Production at the Sherritt Gordon mine at Sherridon commenced in 1931, but
the mine was inactive from 1932-37. The mine yielded nearly 15,000 tons of
copper annually during the war, but was worked out by 1951. During its life, it
produced 133,122 tons of copper, about 74,500 tons of zinc, 101,026 ounces gold
and 3,218,324 ounces of silver. The ore apparently replaced a pegmatite sill that
followed the contact between a gneiss and quartzite. The pyrrhotite-chalcopyrite-
sphalerite ore formed two long, shallow lenses separated by a gap of 3,600 feet.
The gap is on a cross-anticline and it is presumed that the two lenses were
originally one body, the ore in the gap having been removed by erosion. The
northwestern lens has a vertical extent of 500 to 800 feet; the southeastern, about
250 feet. The combined length of both lenses, including the 3,600-foot gap, is
nearly 16,000 feet. Substantial quantities of copper are being produced from the
company’s Lynn Lake nickel operation which began late in 1953.

Northwest Territories

The few tons of copper produced from this region have been derived from
complex gold ores which have already been described, or from the Eldorado
uranium mine at Great Bear Lake. However, several occurrences of copper are
known in the area about the east arm of Great Slave Lake and in the Coppermine
River area.
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Lead and Zinc

A large part of the zinc produced from the Shield has come from the copper-
zinc mines of Quebec and Manitoba. These are the Waite, Amulet, Normetal, East
Sullivan, and Quemont group of Quebec, and the Flin Flon, Mandy, Cuprus, and
Sherritt Gordon mines of Manitoba and Saskatchewan. The Mandy, Cuprus, and
Sherritt Gordon mines are worked out; the rest together produced about 110,000
tons of zinc in 1954.

Quebec

At the Golden Manitou property in Bourlamaque township a strong fault,
which strikes a little north of east, cuts a body of rhyolite, converting a band of it
into sericite schist. The ores are replacements of this schist, mainly on the north
side of the fault. The main body is 800 feet or more long and ranges from 15 to
65 feet wide. The ore consists of various proportions of medium-grained pyrite and
sphalerite, and contains remnants of unreplaced schist. It carries from 7 to 11 per
cent of zinc, together with small amounts of lead, gold, and silver. By the end of
1955 the mine, which came into production in 1942, had yielded about 192,400
tons of zinc and about 12,300 tons of lead.

The Barvue mine in Barraute township was discovered in September 1950,
and came into production in November 1952 at a rate of 3,000 tons a day, the
rate in 1956 being 5,300 tons a day. The company completed its changeover from
open-pit to underground mining in October 1956, the scheduled milling rate for
underground production being 3,000 tons a day. Up to the end of 1955 the mine
had produced about 107,000 tons zinc, about 2 million ounces silver, as well as
34 tons of lead on a trial basis. Ore reserves at the end of 1955 were given as
5,200,000 tons to the 500-foot level, and averaging 3.6 per cent zinc and 1.3
ounces of silver a ton. The ore occurs as a replacement in sheared rhyolite breccia
that may mark a fault subsidiary to a main northeasterly fault zone. The schistosity
strikes southeast and dips northeast at 70 degrees. The ore consists of pyrite,
pyrrhotite, sphalerite, and galena in a zone about 1,250 feet long and more than
100 feet wide.

Considerable zinc and some lead were obtained from the Tetreault mine,
about 45 miles west of Quebec City. Masses of sphalerite and galena were found
along the foot-wall side of a band of altered Grenville limestone. They varied from
less than a foot to more than 50 feet wide and consisted (a) mainly of sphalerite
with minor amounts of other sulphides, or (b) of a fine-grained intimate mixture
of sphalerite, galena, pyrrhotite, pyrite, and minor amounts of chalcopyrite. The
average run-of-mine ore contained about 9 per cent zinc, 3 per cent lead, 0.1 per
cent copper, 0.09 ounce gold, and 8.3 ounces of silver a ton. Mining was carried
on, with some interruptions, from 1912 to 1929, and again from 1934 to 1937.
Total production in those years was about 60,000 tons of zinc and 20,000 tons of
lead. During the war period, 1942-44, an additional 6,399 tons of zinc and 1,672
tons of lead were obtained. The deposit was re-opened in 1948, and to the end of
1954 had produced about 117,000 tons of zinc, 39,000 tons of lead, several
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million ounces of silver, and several thousand ounces of gold. In 1953 United
Montauban Mines came into production on the north end of the zone but
operations ceased after only 5 months’ production.

The New Calumet mine is on Calumet Island in Ottawa River about 60
miles above Ottawa. The orebody is in a sheet-like mass of biotite-hornblende
gneiss that strikes a little west of north and dips 35 to 40 degrees east. It ranges
in thickness from a few tens of feet to about 300 feet, and is considered to be a
bed of altered impure limestone. The principal ore minerals are sphalerite with
some galena; these are accompanied by small amounts of chalcopyrite, native gold,
and silver compounds. Part of the ore is massive or nearly massive sulphide; other
parts consist of sulphides disseminated through the gangue of rock minerals, mainly
altered feldspar and pyroxenme. A less common type, rich in gold, is a dark-
coloured calcite-tremolite rock carrying crystals of auriferous galena, and veined
by stringers of calcite and coarser galena, also auriferous. Although the property
was discovered in 1893 and sporadic attempts were made at intervals to mine it,
there was no important production until 1943. To the end of 1955 it had yielded
over 132,000 tons of zinc, 36,000 tons of lead, and 6,120,000 ounces of silver.

Ontario

About 25,000 tons of lead have been produced from the Kingdon mine, which
operated from 1914 to 1932. The mine is on Chats Island in the Ottawa River
near Galetta village, 40 miles west of Ottawa. A fault fissure, striking north 65
degrees west through limestone and other rocks of the Grenville series, was filled
with galena and calcite and with minor amounts of other minerals. The vein had
an average width of 5 feet, and was followed for more than 2,700 feet along the
strike and to a depth of more than 1,300 feet.

Towards the west end of the Sudbury basin strong faults cut the Whitewater
series with an east-northeast strike (see Figure 20). Bodies of lead-zinc ore have
been found in these faults, and the Errington mine was operated by the Treadwell
Yukon Company from 1928 to 1932. Several orebodies were found, one with a
length of more than 550 feet and an average width of 12 feet. The ore is massive
pyrite, partly replaced by sphalerite carrying galena, chalcopyrite, and pyrrhotite.
The metal contents of the ore appear to have averaged about 6 per cent zinc, 1 per
cent lead, and the same of copper, with a little gold and silver.

About 20 miles north-northwest of the last locality, the Lake Geneva Mining
Company operated a small property. Work bean in 1928, was suspended in 1930,
resumed in 1941, and was suspended again in 1944. The deposit is a vein that
strikes northwest and at the surface dips about 45 degrees southwest, following in
a general way the strike and dip of the ancient volcanic and sedimentary rocks.
Its width ranges from a few inches to 7 feet, averaging about 4% feet. The ore is
mainly fine-grained sphalerite, carrying a good deal of siliceous gangue and a little
galena, chalcopyrite, and pyrrhotite. The metal content of the ore runs from 9 to
13 per cent zinc and 3 to 6 per cent lead. Official figures on production are not
available, but comparatively small amounts of lead and zinc were produced.
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The Jardun mine, about 20 miles northeast of Sault Ste. Marie, was first
mined at intervals between 1878 and 1904 but records are not available. It finally
came into continuing production in 1954 and in that year it produced about 1,300
tons of lead, 550 tons of zinc, as well as 23,000 ounces of silver. The ore occurs
as sphalerite, galena, pyrite, and chalcopyrite, in a band of greenstone schist
bounded by granite. In 1956 ore reserves were 304,000 tons averaging 3.14 per
cent lead, 3.52 per cent zinc, and 1.65 ounces of silver a ton.

Manitoba :

Early in 1956 a zinc deposit had been discovered by drilling beneath the
waters of Chisel Lake, near Snow Lake. Early reports indicate the possibility of a
major zinc deposit in an easterly trending shear zone. Although most sulphide
deposits in this region are noted for their copper rather than zinc, the Chisel Lake
deposit is reported to contain no copper.

Platinum Group Metals

The metals of the platinum group include platinum, palladium, iridium,
osmium, rhodium, and ruthenium. The first three are utilized in considerable
quantities, but uses of the others are as yet small.

These metals are produced only from the Sudbury ores. Platinum and some
rhodium occur in the mineral sperrylite, a platinum diarsenide that is sparsely
scattered through the sulphides. The source of the palladium and other metals is
unknown, but it is suspected that they occur in some undiscovered compound of
copper, as there is much more of platinum and palladium in the copper-rich parts
of the ore than in the nickel-rich parts. The average content of the metals of this
group in the ore is about 0.08 ounce a ton. In 1929, the last year for which
separate records are reported, the yield was 12,474 ounces platinum, 12,231
ounces palladium, 3,037 ounces rhodium, 1,376 ounces ruthenium, 497 ounces
iridium, and no osmium. These figures give some idea of the relative proportions
in which the various metals occur. From 1920 to 1955 inclusive the Sudbury ores
yielded about 3,622,000 ounces of platinum, and about 3,536,000 ounces of other
platinum metals.

Cadmium

Cadmium is obtained as a by-product from the copper-zinc mines of the Flin
Flon district in Manitoba and Saskatchewan. In 1955 about 95 tons were produced
compared with 66 tons in 1945.

Selenium and Tellurium

Selenium and tellurium are not mined for themselves, but are recovered as
by-products in the electrolytic refining of blister copper. They are thus produced
from the nickel-copper ores of Sudbury, and from the copper ores of Quebec and
Manitoba. Production of selenium from these sources in 1955 totalled about 215
tons; of tellurium about 3 tons. Total production from these mines to the end of
1955 was about 3,930 tons of selenium and about 144 tons of tellurium. The use
of selenium has increased greatly in the last few years.
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Cobalt

Much of the cobalt produced from the Shield is obtained from the old silver
mines at Cobalt, Ontario. Moreover, most of the Canadian output is obtained as
by-products from nickel-copper mines of the Sudbury basin, Ontario and from the
base metal operations at Lynn Lake, Manitoba. In 1955 about 1,500 tons of the
metal were produced, compared with about 55 tons in 1945. When the Cobalt
camp was in full operation large amounts of the metal were obtained and much
was discarded. For many years only salvage operations were carried on by persons
leasing the old mines or picking old dumps. Total value of all ore thus produced in
1942, including the silver, was only $750,000 compared with over $6 million for
cobalt alone in 1955. This increase is largely the result of the action of the Federal
Government in 1951 in raising the price of cobalt contained in cobalt ores and
concentrates to stimulate production and to increase the incentive for operators to
search for, mine, and recover cobalt in the Cobalt-Gowganda area. This premium
price plan was terminated in December, 1956. The principal shippers from the
area in 1956 were Cobalt Consolidated Mining Corporation, Silver Miller Mines
Limited and Silver Crater Mines Limited.

Sulphur

The principal sources of sulphur on the Shield are from pyrite, and from
gases from International Nickel’s smelter at Copper Cliff, Ontario. In 1953 some
290,000 tons of pyrite were produced as a by-product of the copper mines of
Quebec and late in 1954 a plant for treatment of pyrite was put in operation by
Noranda Mines. Total production -of sulphur from the Shield in 1955 had a value
of more than $3 million.

Several pyrite deposits. were mined on the Shield, especially during World
War I. Many are known now, but their development must await the time when
prices and costs will make. it profitable to mine them. All are deposits of essentially
massive pyrite. '

Arsenic

Arsenic in the form of the mineral arsenopyrite is commonly associated with
silver-cobalt ores and all of Canada’s production of refined white arsenic originates
from this source. In western Quebec Beattie-Duquesne Mines, Limited was
recovering crude white arsenic from the treatment of its gold ores prior to discon-
tinuance of its gold mining operations in July 1956. O’Brien Gold Mines, Limited
recovers the material as a by-product at its gold property in Cadillac township.
Quebec.

Canadian production of refined white arsenic in 1955 was 325 tons.

Iron

Iron mining on the Canadian Shield commenced at a very early date. The
first furnace was erected at Furnace Falls (Lyndhurst), Leeds county. Ontario, in
1800, and others were built in the next 20 years in Hastings county and other
places. Bad roads and difficulties  in procuring the charcoal that was used as fuel
hampered these efforts and made most of them unprofitable, and when the St.

92



Canadian Shield

Lawrence canals, completed about 1848, permitted cheap foreign iron to be
brought in most of them ceased operations.

Iron mining continued sporadically until 1939 when the Helen mine of Algoma
Ore Properties Limited in the Michipicoten area, Ontario, began continuous
production. Since then the company has brought other sections of its deposits in
the area into production. Steep Rock Iron Mines at Steep Rock Lake, Ontario,
Iron Ore Company of Canada’s operation in New Quebec and Labrador and the
Marmoraton deposit at Marmora, Ontario, are in steady production and other
deposits are being explored or developed towards production. The deposits at Knob
Lake and those at Steep Rock Lake are of direct-shipping ore; ore from all the
others must be concentrated before it can be marketed.

The deposits in the Shield have been variously classified, but the present
classification is simply a comparative one. The Lake Superior type is exemplified
by Knob Lake; Steep Rock by the Steep Rock mine; the Michipicoten by the
Helen and Victoria mines; the magnetite-skarn, or contact metamorphic (pyro-
metasomatic) by the Marmora, Ontario, and Bristol, Quebec, deposits; and the
magnetite-ilmenite by deposits at Allard Lake on the north shore of the St.
Lawrence River, which are described as titanium deposits.

Lake Superior Type

In terms of tonnage produced, the Knob Lake deposits are the most important,
and this production is the result of one of the most spectacular developments in
Canada’s history. The deposits are in the Ungava wilderness, some 320 miles north
of Sept Isles, Quebec, on the St. Lawrence River. Prospecting for iron there began
in 1936 and as more and more deposits of high-grade iron ore were discovered,
the intensity of geological mapping, prospecting and drilling were increased. By the
autumn of 1950, some 420 million tons of high-grade ore had been indicated by
drilling, a tonnage that was considered large enough to justify the huge capital
expense necessary to get the iron ore to market. Iron Ore Company of Canada was
established and by 1954 a railroad of 360 miles had been built; a docking site,
collecting yards, loading facilities, and repair depots had been prepared at Sept
Isles, marshalling yards and terminal facilities had been built at the Knob Lake
end, and the nearby new town of Schefferville was established. In July, 1954 the
first ore was shipped from Sept Isles, and during the shipping season of 1955 more
than 7 million tons left the port. Production for 1956 was planned at 12 million
tons, which is expected to be the minimum rate in succeeding years.

Forty or more deposits of high-grade ore are known in the area and in
addition there are several occurrences whose dimensions are unknown. All the
orebodies occur in the Ruth and Sokoman formations of the Kaniapiskau group.
These formations are iron-bearing units similar in all respects to the iron-formations
of the Lake Superior district of the United States. The Ruth formation is a
ferruginous, black, highly carbonaceous slate with interbeds of greenish grey chert.
It passes stratigraphically upwards to the Sokoman formation through a zone
where the slate and a magnetite-rich silicate member are interbedded. This banded
silicate member is the basal member of the Sokoman and typically passes upwards
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to a thin-banded jasper, to banded grey chert, to thick-banded jasper, to greenish
chert and carbonate, and finally to slaty iron-formation. Except for the greenish
chert, all these members contain interbeds rich in iron oxides. The greenish chert,
or lean chert, is poor in iron and, locally, contains no iron oxide. In other places
iron carbonate is common and forms yellow-weathering blebs or bands. Company
geologists commonly separate the Sokoman into 3 or 4 units for ease of reference:
the lowest silicate member; the metallic member, which includes banded and
massive jasper and grey or white chert; the lean cherts; and the magnetic slates.
They have found that, on enrichment, the Ruth slate produces a red earthy iron
ore, the banded silicate produces a yellow ore and the metallic iron-formation
produces a blue or reddish blue ore.

Structures are complex and appear to be the result of thrusting from the
northeast. The formations trend northwest and dip northeast, except at the crests
of folds and in a few other localities where special conditions seem to have
prevailed. The typical structure is an overturned anticline that has been shoved
forward and up along a thrust fault (Figure 32). Ore occurs in the hanging-wall
part of such a fault, but at least some of the orebodies are in normal faults
immediately over the thrust. Some faulting is post-ore, for slickensided ore has
been found, and it may be that the ore has been preserved in down-faulted zones.
However, all orebodies are shallow and most bottom within 300 to 350 feet from
surface, although a drill in one orebody was stopped in ore at more than 550 feet.
Company geologists have pointed out that the ore commonly bottoms at the same
distance beneath the surface no matter what is the elevation of the surface of the
particular orebody; that the ore is porous and appears to have the specific gravity
to be expected if it were produced from iron-formation by removal of the silica;
that formations enclosing the ore are deeply weathered; that the ore is in structural
troughs open to the surface; and that specific evidence of hydrothermal activity is
lacking. For these reasons, they suggest that the ore was probably produced by
weathering at some time in the past when tropical conditions prevailed.

Since the start of mining it has been found that crevices more than 300 feet
deep in the ore existed in late Mesozoic or early Tertiary time, for a narrow band
of debris in one orebody consists of blocks of decomposed iron-formation,
quartzite, chert breccia, ore, and plant remains of late Cretaceous or Tertiary age.
Hence, at least some of the ore must have been formed by that time. This feature
also shows that weathering did affect the rocks to depths at which the orebodies
commonly bottom. On the other hand, certain features are difficult to explain by
weathering. These include replacement of such rocks as quartzite and chert
breccia by iron oxide near orebodies; the presence of specularite in the ore;
cementing of breccia by iron oxides; occurrence of veins of iron oxide; and
alteration of Ruth slate, a formation rich in alumina, to iron ore by separation of
iron from the alumina. Tt seems that the same sort of argument will persist about
these deposits as about the similar deposits in Minnesota and Michigan.

Both north and south of Knob Lake in rocks of the Kaniapiskau group there
are huge bodies of lower grade material that are relatively easy to concentrate to
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merchantable grade. Some of the better known of these are at Wabush Lake,
Labrador; Mount Wright, New Quebec; and various bodies near Leaf and Payne
Bays on the west side of Ungava Bay. These appear to be metamorphosed iron-
formation equivalent to the Sokoman of the Knob Lake area. Those near Wabush
Lake average about 35 to 40 per cent iron, which is about 5 to 10 per cent higher
than the others, The Wabush Lake deposits also are a little coarser grained so may
be more easily concentrated. There can be no doubt that all these deposits will be
important sources of iron in years to come.

Similar iron-formations are found in the district running southwest from Port
Arthur to the United States boundary, in the Belcher and Nastapoka Islands of
Hudson Bay, and in the region near Lakes Mistassini and Albanel in Quebec.
None of these has so far been found to contain merchantable ore, but recent
explorations of the Belcher Islands and of the Lake Albanel area have disclosed
promise of concentrating ore.

Steep Rock Type

At Steep Rock Lake a vast body of high-grade iron ore was found, by drilling,
to underlie much of the lake. In order to get at the ore, part of the lake was
diverted from its normal drainage, dammed off from the rest of the lake, and then
pumped out—a remarkable feat of engineering. Production began in 1944, and in
1955 about 2% million tons were shipped. In 1954 operators began to dewater
the southeast arm of the lake so that the presumed continuation of the Steep Rock
orebody can be mined. Originally, it was believed that each of the different ore
zones represented different orebodies, but A. W. Jolliffe has recently presented
convincing evidence that all are faulted segments of the same ore zone (Figure 33).
If so, this is one of the great orebodies of the world for it is several miles long and
varies in width from 100 to 300 feet. The ore is of very good grade except, that it
contains about 10 per cent of water. It is low in silica, phosphorus, and sulphur.

All the orebodies strike about northwest and dip steeply southwest. The foot-
wall, or north side, is the Steeprock limestone, which has been variously ascribed
to metasomatic replacement of some pre-existing rock or to sedimentary origin®.
The latest data strongly favour sedimentary origin, and the “algal structures” in it,
to organic origin. Above the limestone lies the ore zone. It consists of a foot-wall
of manganiferous ‘paint’ rock a few feet thick that rests on an irregular surface
of the limestone. This irregular surface, as pointed out by Jolliffe, strongly
resembles a tipped karst surface, and he suggested that the ‘paint’ rock is at least
partly due to residual accumulation as the limestone was weathered away. Above
this “paint’ rock is the ore, which consists mainly of goethite in angular fragments.
Here and there it is cemented by hematite, or has been converted to it, and the
hematite and goethite are locally cut by veins of pyrite, a paragenesis that is
exactly the reverse of what would be expected if the goethite were of hydrothermal
origin. Jolliffe suggested that the original goethite was locally transformed to
hematite by hydrothermal action associated with the pyrite. The goethite is
associated with a weathered surface and contains pisolitic structures exactly

1T, W. Gruner has recently suggested that the limestone was formed by deposition from hot springs.

96



Canadian Shield

(*apIIOf "M "V I9)Je pozeIousD) "eare ayeT Yooy dooss jo dew [eorSojosn  c¢ TunoLy

|eseq ‘eo0a.q pantiap
@ ‘auoysawy ‘a31wojo(]
w ALINHOINOODSIATVYNOISOd 3
x
O
v suoz 210y
9
9}
x _ $3201 Aspquawipas Joulw [T =
_am /yoos yse ‘sjesswoibbe | . .
w| " g csmoyy pamopg . -
=
o
m\SO\&.
_ 10/pue suoisnizut diseg
. )

B I

7N
>
N
AN ANV AV ne4 P\V
T~ " augaIoys 3w

suoisnpul pue sa¥Ap |\, _ ¥
2iseq !syd0i d1iuels) | A 7 A

ALINGOANOODNN LVvIUD
378(5 ‘3116 ‘a3019UWI0/6U0>

- :
f ﬂ 000Y
J
N

aN3ao3an

Vv
NVIHEGWVYOIHd

T
0002

1924 4O 320

INE]
W

HI¥ON dNYL

T 1
0 0002

!

97



Geology and Economic Minerals

x[!‘

|
|
|

jan

¥

g
SFEstd

Acid volcanics Siderite member Pyrite member Banded sifica Basjc volcanics
below iron-formation member above iron-formation

GS.C

Ficure 34, Diagrammatic vertical cross-sections of an unfolded iron-formation of the Michi-
picoten type, to show stratigraphic arrangements and relationship to adjacent volcanic
formations. A—entire cross-section, with thickness exaggerated about ten times. B—enlarged
and more detailed representation of part of A indicated by the small rectangle.
(After W. H. Collins.)
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analogous to those in bauxite deposits so that it is reasonable to postulate a
sedimentary origin for the deposit. It may be a huge laterite, perhaps reworked by
shallow waters. It was buried beneath a cover of “ash rock” that is most easily
accounted for as an explosive volcanic breccia perhaps nuées ardentes, or glowing
avalanches.

Most of those who examined the area in days before openings were made in
the ore were of the opinion that the ore was due to replacement of the carbonate
rocks and, perhaps, of the ash rock. One of the features difficult to explain by the
sedimentary hypothesis is the occurrence of solid lenses of ore in the “ash rock”,
well away from the main body. No doubt the origin of this ore will remain a subject
of controversy for many years, but the sedimentary or lateritic origin seems to be
the most logical from the data so far obtained.

Michipicoten Type

This type is, of course, exemplified by the ores of the Michipicoten district
where W. H. Collins established a classic concept for the deposits. He summarized
the stratigraphy as (1) a basic lava constitutes the cover of the iron-formation, or
its hanging-wall where the dip is high; (2) in sharp contact beneath this lava is a
banded silica member of the iron-formation; (3) in sharp, partly alternating
contact below the banded silica is a pyrite member; (4) the pyrite member grades
downward into a carbonate member, commonly siderite, although other carbonates
are also present; (5) the carbonate member, in turn, passes gradationally down-
ward into an acid volcanic formation that constitutes the foot-wall of the iron-
formation (Figure 34). Most of the smaller deposit lack one or more of the
members, but most of the larger deposits show the scquence indicated.

The carbonate member is either directly, or by conversion into secondary
ores, the source of all the iron ore deposits of the Michipicoten district. It attains
a maximum thickness of 240 feet at the Helen mine, and in other places ranges in
thickness down to nothing. Even in the same iron range there are wide variations
in thickness within short distances. Collins considered the evidence clear that the
carbonate member had been formed by replacement of the underlying lavas, but
detailed studies have led W. L. Young to conclude that the carbonate is of
sedimentary origin. According to Collins’ hypothesis, deposits like those at the
Helen mine originated through the action of volcanic steam and vapours on newly
extruded lavas. These agents, where poured out on the surface, deposited the
banded silica and iron oxide that constitutes the ordinary iron-formation; but in
places the rock beneath was replaced by pyrite and iron carbonate. According to
Young, however, the iron carbonate is a primary deposit of sedimentary origin. It
appears to be comparable to the large bodies of sedimentary siderite locally found
in the Kaniapiskau rocks of central Ungava.

At the Helen mine (Figure 35) the carbonate member extends from the west
end of Boyer Lake eastward for slightly more than a mile, in which distance the
thickness ranges from 50 to 240 feet. At the east end of Boyer Lake it was
oxidized from the surface downward to form a pocket of brown iron ore 700 feet
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long by 200 feet wide and 650 feet deep. This constituted the old Helen mine,
which was worked from 1899 to 1918, and from which 2,780,236 tons of high-
grade iron ore were extracted. The property then lay idle until 1939, when mining
was resumed on the immense remaining tonnage of carbonate ore. This ore, which
contains considerable pyrite, is roasted to get rid of the sulphur and carbon dioxide,
and the product is shipped mostly to lower lake ports.

The Magpie mine, about 13 miles due north of the Helen, was developed on
a similar carbonate band and about 1,500,000 tons of carbonate were mined
between 1910 and 1921.

The Josephine mine was about 8 miles northeast of the Helen. There the
cherty silica member had been brecciated and cemented by hematite to form an
orebody about 3,200 feet long and varying from 5 to 135 feet thick. Towards the
more intensely brecciated south part of the cherty lenses, some high-grade pockets
of pure hematite were found, but a few years ago the roof of the mine caved in
and allowed the mud and water of Parks Lake to fill the workings. It seems possible
that the hematite there is of hydrothermal origin although, as usual, opinions vary
depending on the weight individuals assign to particular aspects of the relationships.

Magnetite-Skarn

This type of deposit, commonly referred to as pyrometasomatic, is common
in Shield areas of southeastern Ontario and southwestern Quebec. Most of them
contain enough titanium to render them valueless, but several were worked in the
past. E. R. Rose concluded that most, if not all of them, were derived from basic
intrusive rocks and that the closer the deposit is to the source rock, the higher the
percentage of titanium. Some of the deposits are contained within the basic
intrusion and should probably be classed as magmatic segregations, but a few are
far enough from such a source to be free of titanium. The Marmoraton deposit is
one of these; the old Bristol mine is being prepared for production; and some
consideration has been given to the reopening of the Calabogie property. All
require concentration of the iron ore. Deposits richer in titanium and more directly
associated with the basic intrusions are not being seriously considered as potential
sources of iron ore unless the iron might be obtained as a by-product from the
production of titanium.

The deposit at Marmora was discovered beneath about 125 feet of early
Palzozoic limestone in 1950 when an aeromagnetic anomaly was drilled by
Bethlehem Mines Corporation. The deposit is in the Grenville series of Precam-
brian rocks unconformably beneath the limestone, and less than a mile south of the
village of Marmora in Hastings county, Ontario. Mining began in 1955 after
removing about 20 million tons of the overlying limestone. The orebody is about
2,400 feet long, a maximum of 400 feet wide, and dips steeply southwest. It
averages about 37 per cent iron and less than 1 per cent titanium. The ore is fine-
grained magnetite that impregnates meta-gabbro, amphibolite, and a dark green
pyroxene-epidote~-garnet skarn, or tactite. Crystalline limestone forms the foot-wall
of this assemblage, and granitic rocks, the hanging-wall. The deposit seems to be a
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metasomatic replacement of skarn and of amphibolite facies of sedimentary and
igneous rocks. '

The old Bristol mine, which was operated many years ago, is in Pontiac
county, Quebec, about 35 miles north of Ottawa, It has been intensively drilled
and production is planned for 1957 or 1958. Magnetite is the chief ore mineral,
and occurs in foliated amphibolitic rocks at and near their contacts with inter-
banded, impure crystalline dolomitic limestone of the Grenville series. Magnetite
has been altered to martite (hematite pseudomorphous after magnetite) for a depth
of at least 260 feet. Minor sulphides are present in the ore zone, which has been
traced for a length of about 2,500 feet and has a width of about 500 feet. The zone
is parallel to the foliation in the rocks and dips about 60 degrees northeast.

The Calabogie deposit has been known since 1883 but has only recently been
explored by deep drilling. The ore mineral is magnetite in a zone about 3,000 feet
long and, at most, 270 feet thick. The iron ore replaces skarn and amphibolites at
and near the brecciated contacts of intercalated crystalline limestone and meta-
morphic pyroxenite bands.

Miscellaneous Iron Ores

Many small bodies of hematite or limonite have been mined in the district
between Ottawa and Georgian Bay. Some proved to be shallow masses formed by
the oxidation of underlying bodies of pyrite; others were found in fissures and
cavities and many were deposited there after leaching from beds of Palzozoic
rocks that once overlay them.

Noranda Mines Limited is treating some of the barren pyrite found associated
with its copper ore, and International Nickel Company is recovering iron ore from
its nickel-bearing pyrrhotite concentrate. When all units are completed the plant
will have an output of about one million tons a year.

At various places, metamorphic iron-formation, presumably associated with
Keewatin rocks, has been proven to contain large reserves and to be potential
sources of iron. Such deposits are those of Iron Bay Mines Limited, 30 miles south
of Red Lake, Ontario, and a property in Boston township in the Kirkland Lake
area, Ontario, now under option to Jalore Mining Company, Limited.

Titanium

Ilmenite, a titanite of irom, is the principal titanium mineral in the Shield. It
occurs as magmatic segregations in anorthosites of southern Quebec, which are
found here and there from the lower Ottawa River to the North Atlantic coast. The
most important deposits known are those of Quebec Iron and Titanium Corpora-
tion at Allard Lake, near Havre St. Pierre, which contain about 150 million tons of
ore averaging about 35 per cent titanium oxide and 40 per cent iron. The
company’s metallurgical plant at Sorel, Quebec, treated 311,230 tons of ore in
1955 to produce 108,300 tons of pig iron and 145,300 tons of titanium slag.

. Ilmenite has also been mined for many years on a small scale near St. Urban
about 9 miles north of Baie St. Paul on the north shore of the St. Lawrence River
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below Quebec City. At this locality ilmenite forms a number of bodies in massive
anorthosite and they are elongated parallel to an indistinct gneissoid structure in it.
The walls of the ilmenite bodies are sharply defined. The ore is massive, carries
some feldspathic matter, and at one occurrence contains streaks and rude bands so
rich in rutile, the oxide of titanium, that the ore could be mined for the rutile
alone. Ilmenite carries about 30 per cent of titanium, rutile about 60 per cent.

Manganese

Very little manganese has been produced as such in Canada. The deposits of
iron ore near Knob Lake, Quebec, described under iron, contain pods of ore that
assay 10 per cent or more manganese.

Molybdenum

Molybdenum, which is used principally in the making of steels, occurs mainly
as the sulphide molybdenite, which occurs in many places on the Shield.

In the southwest corner of Lacorne township, Quebec, and the adjoining
corner of Malartic township, deposits of molybdenite have been known for many
years and have been worked intermittently since May, 1943. These are the only
deposits now in commercial operation, the sole Canadian producer being Molyb-
denite Corporation of Canada, Limited. From 1943 to the end of 1955, production
was about 3,500 tons of molybdenite. The deposits occur where a biotite schist of
sedimentary origin was invaded by thin sills of granite and then by pegmatitic
quartz veins carrying molybdenite. The assemblage as a whole strikes northeast and
dips northwest at about 60 degrees, though some veins dip southeast. Most of the
veins average 3 to 4 feet in width and the ore, as mined, averages slightly more
than 0.5 per cent molybdenite.

In 1942 a promising find was made in Preissac township, Quebec. The Indian
Molybdenum mine came into production in 1943 on a zone between two faults in
a granite body. The fault block, about 40 feet thick, dips about 45 degrees north-
east and, from the hanging-wall fault, gently dipping quartz veins extend across the
granite to coalesce with the foot-wall fault. Molybdenite occurs in fresh quartz and
on slip surfaces in the quartz. Average grade is about 0.45 per cent molybdenite.
but mining ceased in May 1944.

In Renfrew county, Ontario, bodies apparently of contact-metamorphic origin
were mined for molybdenite during the war of 1914-18 and to a lesser extent
during the last war. Such were the Zenith mine near Renfrew, the Hunt and other
mines in Mount St. Patrick area 20 miles southwest of Renfrew, and the Spain
mine about 30 miles southwest of Renfrew. Bodies of granite, syenite, or pegmatite,
intrusive into the Grenville series, have metamorphosed crystalline limestone along
contacts to pyroxenite heavily mineralized with pyrite, pyrrhotite, and more or less
molybdenite. These bands of ore ranged from a foot or two in width to 30 feet.
Rich pockets of molybdenite were found in them, but on the whole the grade was
low and operations were unprofitable.
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A similar occurrence near Montcerf, 15 miles north of Maniwaki, Quebec,
was mined to some extent during the last war. At the contact with granite, Gren-
ville limestone is converted into a mixture of pyroxene, mica, calcite, and feldspar,
and across a width of about 5 feet this material is mineralized with some pyrite,
pyrrhotite, and molybdenite. Parts of the deposit, it was estimated, ran 1.25 to 1.50
per cent molybdenite, but the general average was much lower.

Much molybdenite was produced from the Moss mine near Quyon, Quebec.
The mine was operated from 1916 to 1919 and produced 382% tons of molyb-
denite from 61,206 tons of rock mined. From 1919 to 1926 it was worked
intermittently, then closed until 1940. The deposits occur in a mass of fine-grained,
pink syenite carrying numerous inclusions of an older, coarser syenite. The syenite
body is about 2 miles long from east to west by 1 mile wide. The principal deposits
lie at the northeastern exposure of this body. At their edges, the pink quartz
syenite passes by a gradual transition into the mineralized zones, which differ from
the ordinary syenite merely in their grey to green colour and in the presence of
finely disseminated molybdenite, pyrite, fluorite, and magnetite. Within the principal
mineralized zone are scattered lenticular masses of high-grade ore consisting of
molybdenite, feldspar, quartz, fluorite, pyrite, and magnetite. The first mass of this
high-grade ore to be mined proved to be approximately 200 feet long, 50 feet
wide, and 75 to 125 feet deep. The general tenor of the ore appears to have been
0.5 to 0.75 per cent molybdenite, though richer parts ran 2 per cent or better. The
general mineralized zone in which this mass lay was about 500 feet long, 60 feet
wide, and at least 250 feet deep. The origin of these deposits is uncertain. Some
geologists believe that they are magmatic segregations or replacements. Others
have advanced the suggestion that they are roof pendants of the older Grenville
series, completely recrystallized and mineralized—a suggestion for which their
manner of pinching out at no great depth seems to offer some support.

Tungsten

The principal ore of tungsten on the Shield is scheelite, the calcium tungstate.
It is found chiefly in gold ores and also in quartz veins in the Yellowknife-
Beaulieu area of the Northwest Territories. No deposit worth mining for tungsten
alone has yet been found, but to fill war requirements Canadian gold mines went
to considerable expense to separate and save the relatively small amounts occurring
in their ores. Hollinger Consolidated Gold Mines Limited, at whose property in
the Porcupine area, Ontario, perhaps the largest bodies of scheelite were found,
erected a mill which treated 135 tons of ore daily. Ore from the other mines in the
Porcupine district was shipped to this mill.

Some tungsten was obtained in the past from a deposit on Outpost Islands,
Great Slave Lake. The ore is a gold-copper-tungsten-tin complex, and difficulty
was encountered in producing a satisfactory tungsten concentrate. The tungsten
mineral there is mainly ferberite, a tungstate of iron, and the ore is said to run
about 1 per cent tungsten.
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Chromite

No chromite is being produced from the Shield. In the years 1934-37 a few
thousand tons were mined from a deposit near Obonga Lake, Thunder Bay district
of Ontario, just northwest of Lake Nipigon. There a mass of “serpentine rock”
composed of serpentine, carbonates, talc, and chlorite in varying proportions
underlies an area about 3% miles long and three-quarter mile wide. Masses of
disseminated chromite were found in several places, particularly towards the
eastern end of the mass, carrying on an average from 3 to 10 per cent chromic
oxide. Attempts made to concentrate this material proved, however, that the best
concentrate carried only about 43 per cent CryO;, and had a chrome-iron ratio of
about 1 to 1. As good commercial concentrates carry 45 to 50 per cent of chromic
oxide and have a chrome-iron ratio of nearly 3 to 1, the product did not prove
satisfactory and mining operations were suspended.

Much interest was aroused by the discovery in 1942 of large low-grade
chromite deposits north of Bird (Oiseau) River, southeastern Manitoba. The
deposits have received intermittent attention but there has been no commercial
production. A great sill-like mass of gabbro intruded into Precambrian rocks has
been differentiated, presumably by gravity, into products ranging from augitite at
the base to feldspathic quartz diorite at the top. Somewhat below the middle of the
sill a band of the rock, paralleling the strike and dip, is filled with small grains of
chromite. The chromiferous material is banded in alternate narrow bands of high-
and low-grade ore. The main zone averages 7 feet in width, and has been traced
for several miles. The run-of-mine ore is said to average between 16 to 20 per
cent CryO4, but the best chrome-iron ratio is about 1.2 to 1.

Pitchblende

Prior to 1955 no figures were released on the value of pitchblende products.
Production that year was valued at $26,032,000. The chief products being uranium
oxides and salts, the others being radium salts, silver and cobalt. The annual value
will increase greatly within the next few years as a result of the mines that have
come.or are coming into production in the Lake Athabasca area in Saskatchewan,
and in the Blind River and Bancroft areas in Ontario,

Northwest Territories

In the spring of 1930 pitchblende was discovered at LaBine Point, at the east
end of Great Bear Lake. This discovery became the Eldorado mine and for
Canada was the forerunner to the so-called atomic age.

The rocks at the mine belong to the Echo Bay group of Proterozoic age and
comprise thinly banded cherty sedimentary material, bedded tuff, and coarser
fragmental rocks, with a little limestone. They strike north and are folded into a
synclinal-like structure that appears to plunge north. A flow or sill of feldspar
porphyry 100 feet or more thick is interbanded with them. Three faults strike
east-northeast across this structure; the northernmost dips vertically, the others
about 55 degrees north. The ores are found in shatter zones of these faults. In the
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Canadian Shield

two northernmost faults the ore is found only in the sedimentary rocks, apparently
because the faults were not strong enough to shatter the porphyry extensively; but
in the southern, which has a shatter zone up to 30 feet wide, ore is found in the
porphyry as well. Due to this peculiarity, the ore in the two northern faults
bottoms on the porphyry syncline, some 800 feet below the surface.

Ore is by no means uniformly distributed throughout the shatter zones, but
occurs in shoots separated by barren sections. Pitchblende is the main constituent
of value, but is only one of a remarkable variety of minerals. At least thirty-four
metallic minerals and five non-metallic gangue minerals have been identified.
These were deposited in recurrent waves of mineralization, separated by periods
of renewed fracturing. The first minerals deposited were pitchblende and quartz,
followed successively by: cobalt and nickel minerals with more quartz; lead, zinc,
and copper sulphides with dolomite; ferruginous rhodochrosite, copper and silver
sulphides, and native silver. The country rocks near orebodies are converted into
fine-grained, hard, red alteration products, consisting of quartz and feldspar
reddened with finely disseminated hematite. A similar but much less intense
alteration is fairly general throughout the district.

Promising discoveries have been made in the Marian River area 50 to 100
miles north of Yellowknife where relatively high-grade deposits have been disclosed
in giant quartz veins. Production by Rayrock Mines Limited is scheduled to
commence in 1957.

Saskatchewan

In the Beaverlodge area, north of Lake Athabasca, sedimentary and grani-
tized rocks of the Tazin group underlic most of the region and are traversed by
red granite and pegmatite. Locally this assemblage is overlain unconformably by
relatively fresh clastic sedimentary and volcanic rocks of the Athabasca series.
Uranium deposits are in rocks of both groups, but the major known deposits are
in those of the Tazin assemblage (Figure 36).

Some structures in the area affect Tazin rocks only, others affect Athabasca
rocks as well. The early folds are more intense and the late folds are reflected in
the northeasterly trending structures of Tazin rocks by minor cross-folds. Early
faults are characterized by zones of brecciation whereas the late faults are clear-cut
fractures. Because the early structures are generally more continuous and larger,
they contain most of the producing mines of the area. It appears also that rocks
rich in mafic minerals had a favourable effect on localizing ore in the Beaverlodge
area. - oo

The Ace-Fay mine of Eldorado Mining and Refining Limited entered produc-
tion in April 1953. This and the company’s Verna deposits occur in banded
quartz-feldspar and epidote-chlorite rocks' in and near the foot-wall of the St. Louis
fault. The fault trends somewhat north of east and dips about 50 degrees south,
making a small angle with the trend of the formations. The formations north of
the fault are on the southeast limb of an anticline; those to the south of the fault
are near the trough of a syncline that plunges southwesterly. In addition, the
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FIGURE 37. Gunnar “A” orebody, Lake Athabasca, Saskatchewan. (After A. W. Jolliffe.)

formations have been drag-folded and partly brecciated along the fault. Pitchblende
occurs in brecciated granitized material and as calcitic veins filling narrow fractures
parallel to or at a low angle to the St. Louis fault. There appears to be a relation
between faulting, brecciation, and drag-folding.

The Gunnar mine, which came into production in 1955, is on the Cracking-
stone Peninsula of Lake Athabasca, about 12 miles south of Beaverlodge Lake.
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The main zone is a well defined, pipe-shaped body of carbonatized albite syenite
that contains disseminated pitchblende and uranophane (Figure 37). The pipe lies
within and near the foot-wall of a sill-like mass of albite granite gneiss that is
bounded by meta-sedimentary rocks of acid composition. Probably the syenite and
granite are metasomatized equivalents of sedimentary rocks also. The rocks are
brecciated and hematitized in places, and are most affected in that part of the
syenite that constitutes the orebody. No reason is yet known for this intense
brecciation, but it may be due to the position, shape, and size of the syenite mass
in relation to faults.

The ore occupies the northeast corner of the triangular-shaped mass of
syenite that measures about 1,200 feet on each side. The ore shoot extends down
from the surface for more than 1,400 feet along a plunge of 45 degrees to the
south. Ore reserves are estimated at more than 3 million tons to that depth. Pitch-
blende is accompanied by hematite, pyrite, chalcopyrite, and galena. Uranophane,
the principal supergene mineral, is associated with barite and persists at least to a
depth of 1,000 feet. Uniform grade of ore from the surface down suggests that
primary pitchblende was altered to uranophane by circulating artesian waters but
with little or no migration of uranium. Conflicting lead-uranium age determinations
make it fruitless to speculate on the source of the pitchblende.

In addition to the Gunnar and the Ace-Fay mines, several other properties
have produced some pitchblende and plans are being laid for more regular and
greater production from them and for new production from others. These
include the Consolidated Nicholson, Lorado, Nesbitt LaBine, Lake Cinch, and
Rix-Athabasca. )

Ontario

Blind River Area. Huge tonnages of uranium ore have been disclosed in the
Blind River area since 1953. Production was started at the Pronto Mine in August
1955. Algom Uranium Mines Limited operates the Quirke Lake mine which was
brought into production in 1956 and the Nordic Lake mine which is scheduled
for production in 1957. Consolidated Denison is also expected to commence
production in 1957. These developments will make the Blind River area one of the
largest uranium camps in the world, if not the largest.

The area is part of the type area for the Bruce series of Proterozoic rocks.
It lies unconformably on the Archzan basement and is overlain by the Cobalt
series, although it is by no means certain that the Cobalt is unconformably above
the Bruce. The Huronian rocks have been folded into a rough Z-shape, the
northern part of the structure being the Quirke Lake syncline plunging west at
about 5 degrees (Figure 38). The southern part of the structure is presumably
anticlinal but is much more irregular.

All the orebodies are contained in quartz-pebble conglomerate in the lower
part of the Mississagi formation, the basal formation of the Bruce series. Knowl-
edge of the stratigraphy and structure thus permits accurate location of drill-holes
to intersect the favourable conglomerate bed. Not all the conglomerate is mineable
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because of thinness of the beds or low-grade or both. The mineable bodies appear
to lie in pronounced depressions on the pre-Huronian surface. The thickest beds
of conglomerate occur in the lowest parts of the depressions, and are underlain
by green schists in contrast to pre-Huronian granitic rocks that underlie the thin
parts of the conglomerate. Thus it appears that the depressions were caused by
differential erosion. However, the main ore-bearing conglomerate is not at the base
of the Mississagi, and at the Quirke and Nordic mines, at least, in addition to a
continuous bed of ore grade, there are other conglomerate beds above and below,
all in the Mississagi.

The ore minerals, named in order of abundance, are brannerite, pitchblende,
uraninite, and monazite. They are associated with detrital minerals of the conglo-
merate, and with several sulphides. Pyrite is the most abundant of these and there
are minor quantities of pyrrhotite, galena, chalcopyrite, sphalerite, molybdenite,
marcasite, and cobaltite. Gold is erratically distributed. At present, the origin of
the ores is debatable. Geologists favouring a sedimentary origin emphasize the
remarkably uniform distribution of uranium in the conglomerate, isolation of
individual grains of radioactive minerals, and the known occurrence of detrital
brannerite. The hydrothermal hypothesis is supported by the abundance of crystal-
line sulphides, high ratio of uranium to thorium, and by the ratio of iron to
titanium.

Bancroft Region. Deposits carrying uranjum in the Bancroft region of Gren-
ville rocks have been known for many years, but because many are small and
irregular in shape and grade, there was no important mining for uranjum until
recently. By late 1955 and early 1956 the Bicroft and Faraday properties,
respectively, had proved enough ore to permit special contracts to be negotiated
for the sale of concentrates. The properties are about 5 miles apart and only a few
miles from Bancroft (Figure 39).

At Bicroft, uraninite and uranothorite occur in a series of lenticular pegmatites
in a northerly trending zone of metamorphic gneisses. The pegmatitic bodies vary
from a few feet to 400 feet long and are as much as 80 feet wide. The uranium
minerals have a tendency to be concentrated near the walls. At Faraday the main
pegmatites have been found in amphibolite and other meta-sedimentary rocks, and
the principal dyke so far explored extends at least 3,000 feet on surface. The
pegmatite is relatively low in uranium minerals except where it contains lenses of
material rich in pyroxene and magnetite.

Miscellanzous Deposits

Radioactive mineral occurrences have been reported from scores of localities
in the Grenville sub-province of Ontario and Quebec. Most of these are in pegma-
tites, but a few are in skarn and in calcite-fluorite veins. Several radioactive
occurrences were discovered in the belt of Proterozoic rocks near Seal Lake,
Labrador, in 1955, and several occurrences were reported from the Northwest
Territories north of Lake Athabasca and south of Great Slave Lake. In recent
years many deposits have been found along the west edge of the Shield from Great
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FiGure 39. Map showing generalized geology of part of Bancroft region, Ontario.
(After A. H. Lang.)

Slave Lake to Great Bear Lake. No doubt other areas of potential importance will
be disclosed as prospecting continues.
_ Lithium
Amblygonite, spodumene, and lepidolite are the chief lithium minerals of

commerce and, when reasonably pure, usually contain, respectively, about 8, 6,
and 4 per cent of lithium oxide.

Except for a few hundred tons, mainly of spodumene, that were shipped in
1937 from southeastern Manitoba, production began with shipments from Quebec
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Lithiom Corporation’s property in the Preissac-Lacorne district, Abitibi county,
Quebec, in 1955. Ore reserves were estimated at 15 million tons averaging 1.2
per cent lithia. The spodumene occurs in a group of parallel pegmatite dykes, the
largest of which is more than 10,000 feet long, and which are remarkably constant
in grade and texture.

Numerous granitic pegmatites and quartz veins are associated genetically and
spatially with the Preissac-Lacorne batholith. The pegmatites are marginal to and
outside the batholith, and three regional zones of pegmatites and quartz veins have
been outlined: (1) pegmatites of the inner zone containing beryl but no lithium
minerals, (2) a central zone containing all of the pegmatites carrying spodumene,
and (3) an outer zone of quartz veins that carry molybdenite. Emplacement of all
appears to have been controlled by fracture systems related to the batholith.

The spodumene pegmatites are zoned. Zones, when ideally developed, are
shells concentric about an innermost core and are marked by differences in mineral
content or texture, or both. Even where not complete, the zones commonly reflect
the shape or structure of the pegmatite. Although the pegmatites at Lacorne are
zoned, some of them can be mined without regard to the zones because the
spodumene-bearing zones greatly exceed the barren zones in bulk. The spodumene
occurs as laths, plates, prismatic crystals, and needles that may be white, buff, or
green. These are as much as 18 inches long, but most of them are less than 4
inches; many are oriented perpendicular to the walls of the pegmatite.

Many pegmatites are known in southeastern Manitoba but those cohtaining
lithtum minerals are found only in meta-volcanic rocks, or in granitic bodies close
to the margins. All the lithium-rich pegmatites that have been examined have
internal structure due to replacement of pre-existing pegmatite. Montebrasite and
spodumene occur in zones or lenticular pods, whereas the lithia micas occur as
replacement bodies or fracture fillings. Spodumene is the most abundant lithium
mineral and large tonnages appear to be present in some dykes. ’

Several spodumene pegmatites occur in quartz diorite near Herb Lake,
Manitoba. One of these is at least 900 feet long, an average of 18 feet wide, and
contains about 13 per cent spodumene in crystals up to 18 inches long.

In the Yellowknife-Beaulieu area of the Northwest Territories, many pegma-
tites are associated with bodies of biotite-muscovite granite and intrude metamor-
phosed rocks of the Yellowknife group. The lithium-bearing pegmatites are
commonly zoned and the lithium occurs near the core. Amblygonite is present in
some but spodumene, in crystals over 4 inches long, is the most common mineral.
Columbite-tantalite and beryl are common accessory minerals in the wall zones of
the pegmatites. Lithium minerals are unevenly distributed but the richest zones
probably contain 20 to 30 per cent spodumene.

Beryllium

Beryl, at present the only commercial source of beryllium, is a silicate of
aluminium and beryllium carrying 4 to 4% per cent of the latter.- The mineral
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occurs in pegmatite dykes, and most of the world production has been as a by-
product from the mining of such dykes for feldspar, mica, and other products.

No commercial production of beryl has yet been made in Canada. In
Lyndoch township, Renfrew county, Ontario, a pegmatite dyke about 45 feet wide
has been quarried experimentally and some 50 tons of beryl are said to have been
recovered. From this figure it has been estimated that the average beryl content
is about 0.25 per cent, or 5 pounds a ton.

Pegmatite dykes carrying beryl are fairly numerous in southeastern Manitoba
in the general district of Pointe du Bois on Winnipeg River, and some of these
carry considerable amounts of beryl. A little beryl has been found in the Preissac-
Lacorne area where pegmatites are being mined for lithium. However, beryl and
lithium minerals do not occur in quantity in the same dyke, so it is unlikely much
beryl will be obtained as a by-product of the lithium mines. In the Yellowknife-
Beaulieu area of the Northwest Territories dykes of pegmatite are numerous and
some have been found to carry beryl in promising quantities.

Tantalum and Niobium

Only a few pounds of tantalum or niobium (columbium) concentrates have
been produced from Canadian occurrences and have resulted from development
or experimental work. In 1943 several pegmatite dykes carrying these elements
were found east of Yellowknife and more recently, potentially productive deposits
were found in complexes of carbonate and alkaline rocks near Manitou Islands,
Lake Nipissing, Ontario, and at Oka, Quebec.

At Lake Nipissing three deposits of niobium are known on the property