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Abstract

Early Precambrian metavolcanic-metasedimentary belts of 

the Superior Province of Northwestern Ontario have the greatest 

potential for new mineral discoveries in that area. Massive 

polymetallic base metal deposits can be expected to be found in 

the felsic metavolcanic and metasedimentary sequences of the 

belts; Cu-Ag deposits in the mafic metavolcanic sequences; 

copper, molybdenum, and gold deposits in or peripheral to epizonal 

felsic, equigranular to porphyritic dikes, sills, and stocks; and 

disseminated to massive Ni-Cu deposits in mafic and ultramafic 

dikes, sills, and stocks. Further detailed exploration of some 

of the known magnetite-chert iron formations may indicate them to 

be amenable to exploitation under favourable market conditions.

Exploration efforts in the Middle and Late Precambrian rocks 

of the Southern Province will be best confined to small Ag-Pb-Zn 

occurrences near the contact of the Rove argillite and the overly 

ing Logan sills, to native copper in basalt on Michipicoten Island, 

and to the search for geological conditions similar to those con 

trolling the Ni-Cu mineralization in Pardee Township.

The Upper Ordovician-Middle Silurian strata of the Hudson 

Bay Lowlands are considered favourable exploration targets for 

Pb-Zn mineralization.
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Widespread occurrences of pegmatites within or near the 

borders of the Quetico and English River belts and the Berens 

River block deserve exploration for lithium, cesium, tantalum, 

beryllium, uranium and tin. Further exploration is warranted 

on the carbonatite-feIdspathoidal alkalic complexes for niobium, 

copper, nickel, iron (titanium), rare earths, fluorite, phos 

phate, and vermiculite.

Major fault zones in or bordering the Quetico and English 

River belts and the Berens River block may contain mafic and 

ultramafic intrusions and associated Cu-Ni mineralization as 

well as other types of base metal mineralization.

Linear magnetic features underneath the Paleozoic, Pleisto 

cene , and Recent cover of the Hudson Bay Lowlands are interpreted 

as major faults with a good, but as yet unknown, potential for 

fault-controlled nickeliferous ultramafic intrusions.

- vi -



MINERAL EXPLORATION TARGETS IN NORTHWESTERN ONTARIO 

By R.A. Riley1 , H.L. King2 , and C.R. Kustra3

INTRODUCTION

Northwestern Ontario, considered for the purposes of this 

paper to be that part of Ontario west of longitude 85 0 (Figure 1), 

covers an area of about 200,000 square miles. The majority of 

the area 1 s 220,000 population is concentrated in the southern 

part of the region near existing railway and highway facilities. 

Transportation over the northern three-quarters of the region is 

confined principally to float- or ski-equipped aircraft, and 

locally to water travel. However, a northerly access highway 

linking the communities of Red Lake and Central Patricia via 

Windigo Lake (Figure 1) is presently under construction and 

upon completion will provide access to the west-central part of 

the area. A recently instigated program of airstrip construction 

at Sandy Lake, Big Trout Lake, and other northern centres 

(Figure 1) under the joint sponsorship of the Federal and 

Provincial governments, will provide better access to the 

northern half of the area in the near future.

Mineral exploration in what is now northwestern Ontario 

has been in progress for over 100 years. Until relatively 

recently most exploration activity was confined to the 

southern part of the area near existing transportation 

facilities and concentrated on a search for gold, a product 

with a ready market at a very favourable fixed price.

^-Resident Geologist, Red Lake District, Ontario Government
Building, Red Lake. 
^Resident Geologist, Kenora District, Provincial Building,
808 Robertson St., Kenora. 
^Resident Geologist, Thunder Bay District, 179 South Algoma St.,
Thunder Bay.

Accepted for publication by Chief, Resident Geologists 1 
Section, 20 August 1971.



-2-

FIGURE l

NORTHWESTERN ONTARIO
LOCATION MAP

55 "OO 1

50 25 O

95"00'

LEGEND 

PALEOZOIC 

PRECAMBRIAN 

EXISTING ROADS 

PROPOSED ROADS 

RAILWAY 

AIRPORTS UNDER FEDERAL - PROVINCIAL " HIGHWAYS IN THE SKY " PROGRAM

^T Constructed ( Big Trout Lake, Winisk ) 

^^ Under construction ( Sandy Lake , Pickle Lake )

CTT' Proposed ( Fort Hope)



- 3 -

World War II and the post war economic boom brought about 

an increase in the demand for metals, resulting in a diver 

sification of exploration in Northwestern Ontario to products 

other than gold. The first tangible results of this program 

were the production of iron ore from the Atikokan property of 

Steep Rock Iron Mines Limited in 1944, and the discovery by 

diamond drilling of the Geco orebody at Manitouwadge in 1953. 

The discovery of the Geco deposit can be considered the begin 

ning of a new phase of exploration in Northwestern Ontario, a 

phase directed primarily toward base metals. This shift in 

emphasis in exploration coupled with more efficient means of 

transportation has to a large part been responsible for the ex 

pansion of exploration from the confines of the southern part of 

the area to cover the whole Northwestern Ontario region.

The increasing use of ground and airborne geophysical tech 

niques has increased the efficiency of reconnaissance exploration 

and new geological and metallogenetic concepts have provided new 

working hypotheses through which the search for mineral deposits 

has been intensified. These intensified efforts have been crowned 

in recent years by the discovery of copper-nickel ore deposits at 

Gordon Lake and Shebandowan, zinc-copper-silver ore deposits at 

Confederation Lake and Sturgeon Lake, and iron ore deposits at 

Bruce Lake and near Melchett Lake north of Nakina.

Similar discoveries will in all probability be made in the
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future, but they will not be easily won. It is estimated by 

the authors that at least 80 percent of Northwestern Ontario 

favourable for exploration is covered by overburden or water. 

Most of the remaining 20 percent, particularly in the south, 

has been subjected to extensive surface prospecting, seriously 

reducing the probability of many major high grade surface dis 

coveries in the future. The exploration industry will therefore 

need increasing assistance in its search for new orebodies. 

Technological advances in exploration geophysics and in the 

mining and milling fields have been of increasing significance 

in the development of new mines over the past few years and should 

continue to be even more important. At the same time there has 

been an increasing fund of geological information made available 

by governments, universities, and industry, expanding our knowledge 

of mineral deposits and the environments in which they are found 0 

Further refinement of existing geological ideas and the development 

of new geological and metallogenetic concepts should provide the 

exploration industry with yet another important tool to be applied 

to the search for ore deposits.

GENERAL GEOLOGY

About three-quarters of Northwestern Ontario is underlain 

by Precambrian rocks and the remainder by Paleozoic strata 

(Figure 2). Most of the Precambrian rocks are of Early Precambrian
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age and are in the Superior Province of the Canadian Shield. 

This part of the Superior Province is characterized by a large 

oval-shaped sialic nucleus (the Berens River block (Wilson, in 

press) Figure 3) and east-trending structures of two distinct 

types: 1) belts composed of linear, supracrustal, predominantly 

metavolcanic, sequences separated by complex granitic batholiths 

(the Gods Lake (Wilson, in press), Uchi (Goodwin 1966), 

Wabigoon (Goodwin 1970) and Wawa (Goodwin 1970) belts in 

Figure 3) and, 2) belts in which the supracrustal sequences are 

almost completely metasedimentary (in part migmatitic) and which 

contain a comparatively smaller amount of granitic rocks than 

the belts containing the metavolcanic sequences (the English 

River and Quetico belts of Figure 3 (Stockwell 1964)).

The sialic Berens River block separates the Gods Lake and 

Uchi volcanic belts at their west ends and is at least in part 

in fault contact with these belts. In Ontario it is composed 

dominantly of intrusive granitic rocks (L. D. Ayres, personal com 

munication) although Ermanovics (1970) has suggested that the 

gneissic granitic rocks of the nucleus in Manitoba may in part 

possibly represent a hybrid assemblage of paragneiss.

The general composition of the supracrustal sequences of the 

major volcanic belts of the Superior Province, including the Gods 

Lake, Uchi, Keewatin, and Wawa belts of Northwestern Ontario, has 

been estimated by Goodwin (1965a) to be 80 percent volcanic, 10
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FIGURE 3
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percent sedimentary, and 10 percent intrusive. Moorhouse (1965) 

estimated the thicknesses of these sequences in northwestern 

Ontario to be up to 55,000 feet.

Volcanic rocks within the sequences range from basalt to 

rhyolite and were deposited in one or more simple to complex 

cycles exhibiting a trend in deposition from an early mafic 

phase to a late felsic phase. The bulk of the metasediments in 

this association is usually at the top of the sequence overlying 

and intertongued with the felsic metavolcanics. Clastic 

metasediments are predominantly greywacke but range from 

argillite to conglomerate; chemical metasediments consist of 

oxide, sulphide and carbonate facies iron formation, chert, and 

locally marble. Early Precambrian dikes, sills, and stocks 

intrusive into the metavolcanic-metasedimentary sequence range 

from equigranular to porphyritic trondhjemite and granodiorite 

through diorite to gabbro and peridotite.

Separating the metavolcanic-metasedimentary sequences in 

the belts are large composite intrusions of granitic rocks 

comprising numerous small discrete batholiths, stocks, and dike 

swarms emplaced during a time span possibly as long as several 

hundred million years (Ayres and Ermanovics, in preparation).

The Wawa, Wabigoon, and Uchi volcanic belts are separated 

respectively by the Quetico and English River belts of gneissic to 

migmatitic metasediments (Figure 3) which are bounded, at least in 

part, by major structural zones. Stratigraphic correlation however
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can be made across the Quetico belt which appears to have been a 

primary sedimentary basin bordered by an older volcanic arc to 

the south and a younger arc to the north (Ayres 197Ob).

Rocks in the belts consist of metasediments, dominantly 

greywacke, metasedimentary migmatite, intrusive granitic plutons, 

and minor metavolcanics. The grade of metamorphism is generally 

amphibolite facies and preliminary studies suggest that it may 

reach granulite facies in the English River belt south of Red Lake 

(Dwibedi 1966). The grade of metamorphism decreases towards the 

margins of the Quetico belt and the north margin of the English 

River belt. The metasediments have been deformed into easterly-and 

southwesterly-trending folds in the Quetico belt whereas in the 

English River belt they are folded about easterly plunging axes 

which are locally distorted by northwest-trending cross-folds.

Middle and Late Precambrian rocks are found along the north 

west shore of Lake Superior (Figure 2) where they unconformably 

overlie rocks of the Superior Province; they dip gently south 

and comprise the northwestern part of the Southern Province. 

These rocks can be divided into two groups - the Middle Pre 

cambrian Animikie sediments and the Late Precambrian Keweenawan 

sediments and volcanics. Animikie rocks were deposited in a 

near-shore shallow-water environment during a period of relative 

tectonic stability and consist of three formations which from 

base to top are the Kakabeka Formation - a thin discontinuous basal 

conglomerate, the Gunflint Formation comprising various phases of
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chert, taconite, argillite, and carbonate and exhibiting very 

rapid facies changes, and the Rove Formation of black argillite 

and minor greywacke and limestone. The overlying Keweenawan 

Sibley Group consists of a lower conglomerate unit succeeded by 

interbedded sandstone, limestone, and shale. Resting discon- 

formably on the Sibley Group is the Osler Group, comprising a 

thin basal unit of conglomerate, sandstone, and mudstone succeeded 

by an upper series of thick basaltic lava flows. Intrusive into 

the Animikie Group are widespread gabbro sills and dikes. The 

intrusives generally vary from a few feet to 200 feet thick but 

in the Lake Nipigon area some sills may be as thick as 1000 feet.

In the Hudson Bay Lowlands, Middle and Late Precambrian rocks 

are exposed as inliers within unconformably overlying Ordovician 

and Silurian strata near the Cape Henrietta Maria Arch (Figure 2) 

The rocks are iron-rich and consist of a lower dolomite unit and 

an upper unit of mixed greywacke, argillite, quartzite, chert, 

carbonate, and conglomerate. They rest unconformably on Early 

Precambrian granitic and gneissic rocks (Sanford et al.1968) and 

are intruded by gabbro sills.

Middle to Late Precambrian rocks intrusive into rocks of 

the Superior Province include several small diorite and quartz 

diorite plutons, several widely scattered alkalic-carbonatite 

complexes, two of which are of late Precambrian age, and northwest- 

and northerly-trending diabase dikes of Middle to Late Precambrian 

age.
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Unconformably overlying Precambrian rocks in the northern 

and northeastern parts of the region is a blanket of lower 

Paleozoic sedimentary rocks, separated into two basins by the 

northeast-trending Cape Henrietta Maria Arch - the northern 

Hudson Basin and the southern Moose River Basin (Figure 7). 

In the Hudson Basin Ordovician, Silurian, and Devonian shallow 

marine facies composed of sandstone, shale, and limestone and 

dolomite, in part of reef origin (Sanford et al. 1968), of 

Ordovician and Silurian age are exposed along the western margin 

of the Moose River Basin. Similar rocks attain a thickness of 

2913 feet near the mouth of the Kaskattama River about 40 miles 

northwest of the Interprovincial boundary (Johnson and Nelson 

1968).

THE DISTRIBUTION OF SOME MINERAL DEPOSITS IN NORTHWESTERN

ONTARIO

The distribution of many mineral deposits is directly re 

lated to lithology, major and minor structures, and depositional 

environments among other features. This paper is an attempt to 

relate some of the mineral deposits in Northwestern Ontario to 

these features and to the geological framework of the area as a 

whole. The following generalizations are based on incomplete 

data and although some major revisions will be needed, this summary 

is presented in the hope that it may be of some assistance to 

those actively engaged in exploration in the area.
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Mineralization Related to Felsic Extrusive Rocks

The relationship between felsic extrusive rocks and strata- 

bound Zn-Cu-Ag massive sulphide deposits has been widely recognized 

over the past decade to the extent that it is now used as a 

reconnaissance prospecting tool for these deposits. The number 

of discoveries in the past few years suggests the relationship 

to be more than fortuitous, and it is now widely believed that 

the relationship is genetic and that the constituents of the 

sulphide minerals were brought into the immediate geological en 

vironment by local volcanic activity.

Three massive Zn-Cu-Ag sulphide deposits in felsic meta- 

volcanics have been discovered in Northwestern Ontario in the past 

three years. These are the 1968 Confederation Lake discovery of 

Selco Exploration Limited (being mined by South Bay Mines Limited), 

the 1969 Sturgeon Lake discovery of Mattagami Lake Mines Limited 

(being mined by Mattabi Mines Limited), and the 1970 Sturgeon 

Lake discovery of Falconbridge Nickel Mines Limited on the New 

Brunswick Uranium Mines Limited property (Figure 1).

Exploration for similar deposits near these recent discoveries 

should be given priority consideration. The Confederation Lake 

orebody of South Bay Mines Limited occurs about midway along a 

narrow zone of electromagnetic conductors and minor Zn-Cu-Ag 

occurrences which trends northeasterly for a distance of about 22 

miles from Copper-Lode Mines Limited property in the south to
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Swain Lake in the north. A similar situation exists in the 

Sturgeon Lake area where the potentially productive zone may 

be as much as 16 miles long. The possibility of locating other 

orebodies along such favourable zones is very good and they 

should be subjected to exhaustive geophysical, geological, and 

diamond drill examination.

The mineral potential of none of the felsic metavolcanic 

units in Northwestern Ontario has been fully tested, and although 

some have certainly been subjected to more investigation than 

others, they can all be recommended as favourable exploration 

targets. On the basis of the number and type of known mineral 

occurrences, the presence of felsic metavolcanic sequences, and, 

in some instances, the apparent lack of concentrated exploration 

the following areas are specifically recommended as favourable 

exploration targets - the Off Lake area near Fort Frances, the 

Kakagi Lake area southeast of Kenora, the Red Lake area, the Bamaji 

Lake area, the area south of Onaman Lake northeast of Beardmore, 

and the Lingman Lake area.

Mineralization Related to Mafic Extrusive Rocks

Although exploration in and bordering felsic metavolcanics 

in Northwestern Ontario has been very successful, the mafic seg 

ments of the volcanic sequence must not be ignored. Several 

occurrences of chalcopyrite, pyrite, pyrrhotite, and locally minor
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gold are found in pillow selvages and associated fractures in 

Early Precambrian pillowed mafic flows. This mineralization is 

probably related to mafic volcanism and was likely emplaced shortly 

after deposition of the flow, filling local tension fractures 

and shear zones and replacing pillow selvages and rims. Deposits 

of this type are known to occur in several areas in Northwestern 

Ontario (Figure 5), the most significant being the deposits of 

Maybrun Mines Limited at Atikwa Lake where surface and under 

ground development has indicated about 2.8 million tons averaging 

1.18 percent Cu and 0.08 oz. Au per ton (Maybrun Mines Ltd., 

Annual Kept., 1965). The possibility of finding other similar 

deposits should not be overlooked when prospecting any area con 

taining mafic metavolcanic flows. Particular attention should 

be given to those areas where pyrite and pyrrhotite are present 

in such a pillowed flow environment as these minerals may reflect 

the presence of chalcopyrite and gold elsewhere within the flow 

sequence.

A second type of occurrence is found in Late Precambrian 

basalt and locally in associated conglomerates, and consists of 

disseminations and small veinlets of native copper in or near 

certain flows. Scattered occurrences in the Osler basalt are known 

from the Thunder Bay region (Figure 5), but the most significant 

deposit in Northwestern Ontario is on Michipicoten Island (Figure 5) 

where minor production was attained before 1875 (Shklanka 1969,
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p. 308). Since then several exploration ventures have been 

carried out on the property, but because of the difficulties 

inherent in assessing disseminated mineralization of this type 

further exploration is warranted.

Mineralization Related to Sedimentary Rocks

Early Precambrian

The most important mineral deposits in sedimentary rocks 

in Northwestern Ontario are the widespread Early Precambrian 

chert-magnetite iron formations (Figure 6). The Griffith Mine 

(Figure 6) south of Red Lake is the only producing property of 

this type but within the region reserves in excess of 4 billion 

tons of proven, probable, and possible ore, at an estimated 

average grade of 27 to 28 percent Fe, have been indicated by 

development work. These reserves are in the Uchi belt at 

Miminiska Lake, along the north edge of the English River belt 

between The Griffith Mine and the Misehkow River, in the English 

River belt near Melchett Lake, in the Wabigoon belt north of 

Onaman Lake, west of Toronto Lake, at Bending Lake, north of Emo, 

and in the Wawa belt near Knife Lake, near Kaministikwia, and in 

Laurie and Duckworth Townships. North of the Uchi belt the only 

proven reserves are at North Spirit Lake (Figure 6).

Most of the major iron formations in and south of the Uchi



-18-

FIGURE 6

SEDIMENTARY ROCKS 

AND

90"00' Hudson

Bay

RELATED MINERALIZATION

95"00'

90=00'li l II PALEOZOIC 

MIDDLE TO LATE PRECAMBRIAN
iv.-.v.v.l GUNFLINT FORMATION, SIBLEY AND OSLER GROUPS 

EARLY PRECAMBRIAN
k\\\\N3 FELSIC METAVOLCANICS

12^-i-:-1 METASEDIMENTS

r/xXXX] MAFIC METAVOLCANICS 50 25

85000'

Cu,2n,Ag,Pb 

Cu



- 19 -

belt have been examined and the larger, higher grade deposits 

are presently held. Some detailed exploration work, primarily 

diamond drilling, could yet be carried out on some of the lower 

grade deposits. The most promising exploration target is the 

relatively inaccessible North Spirit Lake-Setting Net Lake-Sandy 

Lake-Rottenfish River area where prospecting for iron has been 

limited. East and north of this area chert-magnetite iron forma 

tion is present only locally in small amounts.

At Steep Rock Lake (Figure 6) direct-shipping goethite-hematite 

ore, probably derived from a chert-carbonate-pyrite protore by 

surficial weathering (Shklanka 1968; Riley 1970) is being mined 

by Steep Rock Iron Mines Limited and Caland Ore Company Limited. 

This is the only large deposit of its kind in Northwestern Ontario.

Early Precambrian metasedimentary rocks are common hosts for 

Zn-Cu-Ag mineralization which the authors believe to be related 

to volcanism. These metasediments, primarily greywacke, contain 

interbeds of tuff and were deposited on the flanks and at the base 

of the volcanic pile from which they were derived 0 The constituents 

of the sulphide minerals appear to have been derived from volcanic 

exhalations and were deposited either syngenetically by subaqueous 

precipitation or epigenetically from mineralizing solutions passing 

through a favourable host.

This relationship is well illustrated by the Zn-Cu-Ag deposit 

of Copper-Lode Mines Limited in Belanger Township (Figure 6). It
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appears to be in the same narrow (up to 1200 feet wide), con 

cordant zone of electromagnetic conductors and polymetallic 

sulphide showings in which the South Bay Mines Limited orebody 

is located about 11 miles northeast. The South Bay orebody is 

associated with minor amounts of tuff in a sequence of felsic 

flows near the contact of a quartz-feldspar porphyry stock 

(Auston 1969; Pryslak 1970). The Copper-Lode deposit , however, 

lies within a metasedimentary host (Fenwick 1966) but recent 

geological mapping by Pryslak (1970) suggests these metasediments 

to be laterally equivalent to the felsic metavolcanic unit at 

the South Bay Mine. The Cochenour Willans Gold Mines Limited 

massive Zn-Cu-Ag Trout Bay deposit in the Red Lake area (Figure 6) 

is principally in metagreywacke and argillite (Riley 1968) 

derived from the volcanic pile and although it is probably volcano 

genie in origin, this relationship is not readily apparent. Thus 

it must be borne in mind that polymetallic sulphide deposits 

associated with felsic volcanism are deposited not only in the 

felsic volcanic section of the volcanic pile, but in the fringing 

sedimentary rocks some miles from the source.

Minor occurrences of economic sulphide mineralization are 

widespread in Early Precambrian sulphide facies iron formation 

and pyrite-pyrrhotite-rich argillite. Although repetitive un 

successful exploration of such deposits tends to discourage 

further investigation, they should not be overlooked. As pointed
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out by Gross (1970) sulphide iron formation and sulphide-rich 

argillite probably derived their sulphides from the same 

volcanic sources as did polymetallic base metal sulphide deposits 

Such sulphide-rich iron formation and argillite units thus indi 

cate stratigraphic horizons along which economic base metal 

deposits may occur and they should be so considered in the ex 

ploration process.

Disseminated chalcopyrite mineralization associated with 

pyrrhotite is widespread in Early Precambrian conglomerate in 

the North Spirit Lake area (Figure 6) and also occurs near 

Red Lake. Little is yet known about such deposits but their 

potential from the low grade, high tonnage viewpoint may be 

significant in areas such as North Spirit Lake where conglomerate 

is abundant.

Middle Precambrian

Middle Precambrian rocks of the Thunder Bay area contain 

two east-northeast-trending zones of silver-lead-zinc mineraliza 

tion, one through the near shore islands in Lake Superior from 

the International Border to beyond Silver Islet, and the second 

from Whitefish Lake in the south to northeast of Thunder Bay 

(Figure 6). The veins appear to be confined to fault zones prin 

cipally in diabase and Rove pyritic argillite, and consist of an 

assemblage of quartz, calcite, barite and fluorite, and contain 

pyrite, pyrrhotite, galena, chalcopyrite, sphalerite, argentite,
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and native silver (Gja 1967).

The Silver Islet Mine (Figure 6) was the main producer in 

the Island Belt with production valued at about 3.2 million 

dollars coming from an 8-foot thick vein system in a diabase 

dike. On the mainland the Beaver and Silver Mountain Mines 

(Figure 6) were the major producers with production at each 

valued at about a half million dollars. The veins at these mines 

occur in diabase and underlying Rove argillite but although 

present as simple fissure veins up to 4 feet thick (Beaver) and 

6 feet thick (Silver Mountain) in diabase, they form stockworks 

in the underlying argillite which at the Silver Mountain Mine 

locally reach thicknesses of 100 feet (Sergiades 1968, p. 71, 65) 

The metals in the vein systems of both belts are thought to have 

been derived from the Rove argillite (Franklin 1970) .

Exploration for this type of deposit should be confined to 

the known mineralized belts. Gja (1967) indicates that although 

geophysical methods have been unsuccessful in locating the silver- 

bearing veins, they can be detected by soil sampling.

Paleozoic

Although occurrences of Mississippi Valley-type Pb-Zn 

mineralization have not been reported from the Paleozoic strata 

of the Hudson Bay Lowlands, there are several features of these 

strata that suggest they may contain such deposits.
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Ohle (1959) indicated that one of the common characteristics 

of Mississippi Valley-type Pb-Zn deposits was their relationship 

to positive features such as algal reefs or topographic highs in 

the basement. Jackson andBeales (1967) stressed that this type 

of deposit was commonly located near the margins of sedimentary 

basins and major synclines and that ore was commonly found in 

highly porous and permeable host rocks, including reefal associa 

tions and tectonic or sedimentary breccia. Sangster (1971) 

emphasized the occurrence of such mineralization in preferred 

time-rock units in various parts of the world, noting that lower 

Ordovician rocks were the producers in eastern North America and 

that while no producers are found in Silurian strata on a world 

wide scale, extensive scattered mineralization is present in the 

Silurian reefs of southwestern Ontario.

In the Hudson Bay Lowlands (Figure 7) the fucoidal dolomitic 

limestones of the Upper Ordovician Chasm Creek Formation resemble 

the burrowed carbonate strata of the Pb-Zn district of Missouri 

(Cumming 1969). Furthermore, the Middle Silurian Ekwan River 

Formation (Figure 7) is a porous biostromal-bioclastic unit and 

the Middle Silurian Attawapiskat Formation (Figure 7) is biohermal 

and they have been tentatively correlated with the Pb-Zn-bearing 

Amabel and Guelph Formations of southern Ontario (Sanford et al. 

1968). These three formations share the common attributes of 

intraformational topographic highs and good porosity and permea-
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bility due to widespread biolithic deposits. As for irregular 

basement topography, Sanford e^ al^. (1968) comment that throughout 

the Hudson Bay Lowlands primary basinal dips are locally inter 

rupted by gentle undulations and minor reversals that for the 

most part reflect an irregular Precambrian surface. Furthermore, 

bioherms in the Attawapiskat Formation are numerous along both 

margins of the Cape Henrietta Maria Arch, where they form domal 

structures up to 30 feet high (Sanford et^ al.. 1968).

To date only one occurrence of zinc mineralization in Paleo 

zoic rocks in the general area of the Hudson Bay Lowlands is known 

to the writers. This occurrence consists of fist-size cobbles of 

sphalerite-bearing Paleozoic limestone (Innes and Ayres 1971) 

which were found in 1954 by Dr. S. A. Ferguson of the Ontario 

Department of Mines on the Nagagami River about 12 miles north of 

Palmquist. (Located about 20 miles east of the southeast corner 

of Figure 7). The cobbles are presumably from the Hudson Bay 

Lowland as they were found only about 2 miles south of the Paleo 

zoic contact.

In summary, porous, permeable biolithic deposits of dolomitic 

limestone located over positive basement highs along basin edges 

appear to be an ideal environment for lead-zinc deposition. In 

this respect it is suggested that the Chasm Creek, Ekwan River 

and Attawapiskat Formations of the Hudson Bay Lowlands would be 

exploration targets well worth considering, particularly along the
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margin of the Hudson Basin and on the Cape Henrietta Maria Arch.

Mineralization Related to Mafic and Ultramafic

Intrusions

In northwestern Ontario mafic and ultramafic intrusions of 

both Early and Middle to Late Precambrian age contain nickel- 

copper sulphide mineralization but no major occurrences of such 

mineralization are currently known north of the Uchi belt. The 

highest grade deposits are associated with Early Precambrian 

ultramafic rocks. At the producing property of Consolidated 

Canadian Faraday Limited at Werner Lake (Figure 8) Cu-Ni sulphide 

mineralization is in or adjacent to peridotite lenses intruded 

along a prominent fault (Carlson 1957). Near Shebandowan 

(Figure 8) The International Nickel Company of Canada is 

presently preparing for production a Cu-Ni orebody in 

peridotite (Shklanka 1969, p.289-290). Other occurrences of 

Cu-Ni mineralization in ultramafic rocks are known at Toronto 

Lake, Puddy Lake, Denmark Lake, and in a series of small intrusions 

on the north edge of the Quetico belt east of Atikokan.

Early Precambrian mafic rocks of the gabbro-norite clan are 

hosts for several Cu-Ni deposits, the largest known to date being 

the Kenbridge Mines Limited deposits at Populus Lake (Figure 8) 

where diamond drilling has outlined about 3.2 million tons of 

potential ore averaging 1.07 percent Ni and 0.54 percent Cu in a
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brecciated gabbro (Davies 1971). Other occurrences are found 

in Dobie Township near Emo, in Halkirk Township, in the Rowan 

Lake area, near Entwine Lake, along the north edge of the 

Quetico belt east of Atikokan, at the west end of Red Lake,at 

Uchi Lake, at Birch Lake, at Kapkichi Lake, and in the Awkward 

Lake area. Late in 1970 Union Miniere Exploration and Mining 

Corporation Limited announced the discovery of low grade copper- 

nickel mineralization that may be of this type near Kapkichi 

Lake about 10 miles west of Central Patricia (Figure 8).

Exploration for Cu-Ni orebodies associated with Early Pre 

cambrian mafic and ultramafic rocks should first be considered 

in those areas previously mentioned where mineralization is known 

to occur. However, there are many areas of favourable host rocks, 

particularly in the Kenora-Fort Frances area and in the Quetico 

belt which have no known copper-nickel occurrences but have only 

been subjected to cursory examination. These areas must also be 

considered good exploration targets.

Since the peridotites being mined in the Werner Lake area 

are found along prominent faults exploration along the easterly 

extension of these faults and along other known faults and strong 

lineaments in the English River belt is advised. Recent mapping 

along the south boundary of the English River belt by Pryslak 

(1967, 1968) indicated a concentration of small ultramafic bodies, 

some of which carry Cu-Ni mineralization, between Hawk Lake and
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the Wabigoon River and it is suggested that similar bodies may 

exist elsewhere along the boundaries of the belt. A concentra 

tion of small Cu-Ni bearing mafic and ultramafic intrusions 

near the north contact of the Quetico belt between Atikokan and 

Lac des Mille Lacs (Figure 8) (Pye and Fenwick 1965) and the 

presence of unmineralized ultramafic bodies along the north con 

tact of the Berens River belt southwest of Setting Net Lake 

(Ayres 1970a) suggest that the boundaries of these belts are 

also favourable exploration targets.

In Pardee Township southwest of Thunder Bay, Great Lakes 

Nickel Limited (Figure 8) has outlined a deposit of 106 million 

tons of potential Ni-Cu ore grading 0.4 percent Cu and 0.2 per 

cent Ni (Northern Miner June 4, 1970) in a Late Precambrian 

shallow- plunging, canoe-shaped olivine gabbro intrusion that 

postdates the Logan sills (Geul 1970). These are the only Cu-Ni

deposits found to date in non-alkalic mafic Middle to Late Pre-
t 

cambrian rocks in Northwestern Ontario. However, with the

exception of a few small areas, the thick Late Precambrian Logan 

sills of the Lake Nipigon area have been examined only in a 

reconnaissance fashion and it is suggested that detailed explora 

tion in this area may result in the discovery of Cu-Ni 

mineralization similar to that in Pardee Township.
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Mineralization Related to Felsic Intrusions

Porphyry Copper and Molybdenum Deposits

During the past few years copper and molybdenum mineraliza 

tion has been recognized in several porphyritic, epizonal, 

felsic plutons in Early Precambrian rocks of Northwestern Ontario. 

The plutons vary from quartz-feldspar porphyries typical of many 

metavolcanic areas to equigranular to porphyritic medium-grained 

stocks ranging in composition from trondhjemite to quartz monzonite. 

Where mineralized they are usually highly fractured and altered 0 

They are commonly found in or bordering metavolcanic-metasedimentary 

belts, but the presence of unmineralized epizonal stocks in some 

of the major batholithic areas of the Shield as recently reported 

by Ayres et al.(1970) suggests that these areas may also warrant 

prospecting.

Mineralization in the mineralized plutons consists of ubiqui 

tous pyrite, variable amounts of molybdenite and (or) chalcopyrite, 

and in some plutons associated gold, silver, and fluorite. 

Mineralization is concentrated along narrow, closely to widely 

spaced quartz stringers and veins, may be disseminated in the host 

rock between the mineralized stringers, and may be concentrated in 

faults and shear zones. A halo of mineralization was commonly 

formed in the country rocks around the mineralized stocks. There 

is a striking resemblance between these deposits and the porphyry 

copper and molybdenum deposits of the southwestern United States
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and central British Columbia and they are considered to have 

been formed by similar processes.

The largest deposit discovered to date is in altered quartz 

monzonite in an equigranular to porphyritic granodiorite-quartz 

monzonite stock on the east side of Setting Net Lake in the west- 

central part of Northwestern Ontario (Figures 9, 10). Ayres and 

Averill (1971) note that molybdenite and pyrite occur along the 

margins of closely spaced, steeply dipping, east-northeasterly- 

trending quartz veins, generally l to 2 mm thick, in an area 

8000 feet long by 1500 feet wide. Minor molybdenite is also 

disseminated in the quartz monzonite and locally occurs in quartz 

veins of a different trend. Chalcopyrite is confined mainly to 

north-trending shears that postdate molybdenite mineralization. 

Another deposit of this type occurs at Beidleman Bay of Sturgeon 

Lake (Figure 9). According to Trowell (1970) silicification, 

carbonatization, tourmalinization, and copper, molybdenum, and 

gold mineralization appear to be associated with a late porphyr 

itic phase of an elongate granodiorite-trondhjemite-quartz 

porphyry intrusion. Similar deposits in the area include molyb 

denite at Mink Lake in the Birch Lake area (Riley 1969), 

molybdenite near Snakeweed Lake east of Red Lake (Johnston 1968, p. 37) 

chalcopyrite on Pickerel arm of Minnitaki Lake, chalcopyrite and 

molybdenite near High Lake northeast of Kenora (Davies 1965), 

molybdenite at Kewashegamuk Lake southeast of Dinorwic(Johnston 1968, 

p.41), and molybdenite in Elmhirst Township north of Beardmore
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(N. Miner, July 29, 1971).

An important aspect of porphyry copper deposits in the south 

western United States is the fact that economic mineralization is 

not restricted to the plutons but occurs also as a halo of dis 

seminations, stringers, and locally as massive sulphide replacement 

deposits in the surrounding country rock. In some areas economic 

mineralization is almost entirely restricted to the country rocks. 

In this respect it is interesting to note that in the Setting Net 

Lake area Ayres (1970) has mapped a concentration of sulphide de 

posits, many of which contain chalcopyrite and a few molybdenite, 

in the country rock around the mineralized part of the Setting Net 

Lake stock (Figure 10).

The Bochawna Copper Mines Limited low grade copper deposit 

at Lang Lake (Figure 9), now under option to the Hanna Mining 

Company, may be part of the mineralized halo around a porphyritic 

felsic intrusion. This deposit is a more or less circular zone 

about 1/2 mile in diameter and consists of disseminations and 

stringers of pyrite, subordinant chalcopyrite, and minor molyb 

denite in a variety of rock types comprised of metagreywacke and 

argillaceous metasediments; metaconglomerates; intermediate tuff, 

coarse pyroclastic rocks, and flows; feldspar porphyry; and grano 

diorite (N. Hogg, personal communication). The deposit occurs in 

a narrow southwest-trending nose of metavolcanics and meta 

sediment s surrounded on three sides by feldspar porphyry which is
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itself intruded by granodiorite (Fenwick 1970). Mineralized 

and altered feldspar porphyry is not known on surface but has 

been observed in drill core. The deposit appears to be dis 

tinctly zoned with copper values decreasing outward toward 

the margins of the deposit. The total sulphide content of the 

deposit is about 3 percent but the copper-rich central core 

only contains l to 2 percent sulphides (N. Hogg, personal com 

munication). The type, amount, and habit of the mineralization, 

the presence of numerous epidote and quartz-epidote veinlets in 

the mineralized zone, and the presence of a porphyritic, in part 

mineralized and altered felsic intrusion, suggest that this 

deposit is of the porphyry-copper type.

Exploration for porphyry copper deposits in the Early Pre 

cambrian of Northwestern Ontario should be confined to felsic 

plutons within or adjacent to metavolcanic-metasedimentary belts 

and to those epizonal felsic plutons which have been defined in 

the granitic batholiths (Ayres et al. 1970) and others which may 

be defined in the future 0 Fine-to medium-grained, equigranular-to 

porphyritic granodiorite and quartz monzonite are the most favour 

able host rocks although porphyry copper deposits have been found 

in granitic rocks ranging from syenite to diorite in the cordil 

lera of western North America. A late porphyritic phase appears 

to be a prerequisite in most porphyry copper and molybenum de 

posits, particularly in the southwestern United States. The



- 36 -

plutons should be epizonal, lack a well developed pegmatitic 

phase and have well developed fracturing and usually some 

feldspathic alteration. Regional structural control of 

Mesozoic and Tertiary porphyry copper-type felsic intrusions 

in the western United States has been pointed out by Schmitt 

(1966) but to date structural control has not been established 

for similar deposits in the Early Precambrian of Northwestern 

Ontario.

Gold Deposits

The relationship between type of host rock and gold de 

posits in Northwestern Ontario is shown in Table I. These data 

are based on a literature survey of 194 gold deposits selected 

primarily on the basis of underground exploration but including 

a few major surface prospects,, The relative abundance of various 

rock units in metavolcanic-metasedimentary belts is based on 

Goodwin's (1965b; 1967) data for two belts in Northwestern 

Ontario, the Lake of the Woods and the Birch-Uchi belts.

Thirty percent of the gold deposits are in epizonal felsic 

intrusions comprising fine-grained quartz and quartz-feldspar por 

phyry dikes and sills (1370 ) and fine-to medium-grained trondhjemite 

to quartz diorite plutons (177o). Yet these intrusions, occurring 

within or along the margins of the metavolcanic-metasedimentary



- 37 -

Quantitative Relationship of Gold Deposits 
Table I

to Host Rocks, Northwestern Ontario.

Rock Type A (70 ) B (70 ) C

Mafic Metavolcanics 47 55 0.85

Epizonal Felsic Intrusions 30 8 3 0 7

Felsic Metavolcanics 9 18 0.50

Metasediments 9 17 0.53

Mafic and Ultramafic Intrusions 4 2 2.0

Hydrothermal Carbonate 2

A. Percentage (to nearest 17o) of 253 gold occurrences 
found in designated rock types.

B. Average amounts of various rock types present in the 
metavolcanic-metasedimentary sequence in the Lake of 
the Woods-Manitpi Lake-Wabigoon area (Goodwin 1965b) 
and Birch-Uchi lakes area (Goodwin 1967).

C. Ratio A/B.
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belts, form only 8 percent^ ' of the belts and suggest a genetic 

relationship between gold deposits and felsic intrusions.

The relationship between gold deposits and mafic meta- 

volcanics, felsic metavolcanics, and metasediments appears to 

be a function of the relative amounts of these rock types 

present in the metavolcanic-metasedimentary belts. The signifi 

cance of the percentage of gold occurrences in mafic and 

ultramafic rocks is questionable due to the small number of 

deposits involved (9), the fact that some of the mafic intrusions 

may be coarse-grained flows, and the fact that some of the ultra 

mafic bodies may be serpentinized mafic flows.

There does not appear to be any concentration of gold de 

posits in the felsic metavolcanic part of the sequence as 

suggested by Goodwin (1965b; 1967). However, the epizonal felsic 

intrusions to which the gold deposits are suggested to be geneti 

cally related do occur within or along the margins of the 

metavolcanic-metasedimentary belts. These intrusions are probably 

a concomitant intrusive phase of felsic volcanism and represent 

the subvolcanic equivalent of the felsic metavolcanics. The gold 

deposits are thus related to the volcanic process but appear to 

have been concentrated in the magmatic rather than extrusive phase 

of felsic volcanism._____________________________________
(D
Goodwin apparently did not include the larger epizonal felsic 

stocks in or bordering the metavolcanic-metasedimentary belts as 
part of the felsic intrusive phase of these belts. The figure of 
87o could thus be adjusted to 1570 to include these intrusions with 
out seriously affecting the hypothesis being advanced.
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Based on mineral content there appear to be two types of 

gold vein systems in Northwestern Ontario: 1) simple gold-quartz 

veins which may contain small amounts of sulphides and tellur- 

ides, minor silver, and locally carbonate and tourmaline, and 

2) sulphide-rich gold-quartz-arsenic vein structures.

The gold content of the simple gold-quartz veins tends to 

be erratic and generally low although very high-grade veins are 

locally present. They are dominant in the Lake of the Woods- 

Manitou Lake-Wabigoon area, the Fort Frances-Steep Rock area, the 

Schreiber area, the Tashota area, and at Sherman Lake, Sturgeon 

Lake, and Fort Hope (Figure 11). They are also present in the 

Birch-Uchi Lakes, the Red Lake, and the Beardmore areas where 

they have made substantial contributions to production (Figure 11)

Sulphide-rich gold-quartz-arsenic vein structures appear to- 

be generally larger, more continuous, and have a somewhat higher 

and less erratic grade than the simple gold-quartz veins. In 

terms of dollar production in Northwestern Ontario these vein 

structures have been much more important than the simple gold- 

quartz type. They have been the main source of ore in the Pickle 

Lake and Geraldton-Long Lac areas and have made substantial 

contributions to production at Red Lake, at Beardmore, and in the 

Birch-Uchi Lakes area (Figure 11).

 Future exploration for gold deposits is dependent on a 

substantial increase in the price of gold. If such a price in-
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crease does occur the old gold camps, particularly the Red Lake, 

Pickle Lake, and Beardmore-Geraldton camps, are recommended as 

top priority areas for investigation,. Little regional explora 

tion for gold has been carried out since 1950 with most 

exploration confined to producing properties, to extensions of 

known zones, or to a few very interesting prospects. However, 

during the past 15 years, more knowledge of the general geology 

and of the distribution of mineral deposits within the old gold 

camps has become available. Such data, and the ideas derived 

therefrom, can provide the exploration geologist with a refresh 

ing view of an area that had been previously excessively explored 

on the basis of limited geological knowledge and concepts. It 

is difficult indeed to believe that all the high grade gold 

deposits in the gold camps have been located and that another 

round of exploration would not turn up one or two new producers.

One aspect that must be borne in mind when considering gold 

exploration in Northwestern Ontario is the possibility of large 

tonnage, low grade deposits amenable to mining by modern bulk 

handling methods. Several types of such low grade deposits 

should be considered.

1) Numerous small low grade sulphide-type gold occurrences, 

primarily sulphide facies iron formation, are known to be present 

in several metavolcanic-metasedimentary belts. The gold occurs 

either intimately associated with the sulphide minerals or it
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may be present in numerous quartz stringers within the brittle 

iron formation. Attention should be given to low grade gold 

occurrences in iron formations more than 75 feet wide.

2) Stockworks of simple gold-quartz veins in porphyritic 

felsic intrusions or other brittle felsic rocks should be 

thoroughly investigated. Production from one such occurrence 

at the Howey and Hasaga Mines in the Red Lake area by underground 

methods has already been successful (1930-1953) on average grades 

of 0.08 and about 0.14 ounces Au per ton respectively over ore 

widths ranging from 40 to 400 feet.

3) Large high-level breccia, fault, and fracture zones in 

which gold-bearing quartz and (or) sulphides have been deposited 

should be examined for low grade, large tonnage potential. Ex 

ploration for such deposits should be particularly concentrated 

in or along the margins of subvolcanic felsic stocks, dikes, and 

sills.

Pegmatitic Deposits

In Northwestern Ontario pegmatites are known to contain or 

be associated with uranium, lithium, beryllium, tin and cesium 

mineraliza t ion 0

In the Favourable Lake area uranium mineralization occurs 

as sparsely disseminated uraninite and secondary oxides in 

leucocratic, biotite granodiorite and associated pegmatite south 

of, but within two miles, of a major northwest-trending fault
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(Figure 14) which forms the north boundary of the Berens River 

belt (Ayres et al. 1969; Ayres 197Oa). Similar uranium 

mineralization is associated with small, irregular biotite- 

quartz-potassium feldspar pegmatite in the Tustin-Bridges area 

east of Kenora and immediately south of the English River belt 

(Pryslak 1968), (Figure 15), and another occurrence was dis 

covered in pegmatite and gneiss in the Kennedy Lake area in 

1969 (Figure 14). Minor occurrences of uranium mineralization 

are found at Aerobus Lake, on the English River just east of 

Umfreville Lake, in Laval Township southwest of Sioux Lookout, 

and on Mainville Lake north of Fort Frances.

In the Georgia Lake area (Figure 9), investigation of 

several lithium-bearing pegmatites between 1955 and 1958 out 

lined more than 11 million tons of potential lithium ore in the 

form of spodumene (Pye 1965). Other spodumene-bearing pegmatites 

occur in the Crescent Lake area (Pye 1968), (Figure 15), the 

Root Lake area, and near Lilly Pad Lakes east of Fort Hope 

(Thurston and Carter 1970), (Figure 9). Spodumene is also 

found in a quartz-albite-muscovite pegmatite in the Maligne 

River area in Quetico Provincial Park.

Beryl is found in pegmatites in the Georgia Lake (Pye 1965), 

Linklater Lake (Figure 15), and Maligne River areas, north of Eayrs 

Lake, east of Melchett Lake, north of Ear Falls (Riley 1969) and 

in Tustin and Zealand Townships. The Zealand Township occurrence



- 44 -

(Figure 15) also contains cesium and tin, and tin has been 

reported also from Zealand Township north of Dryden and from 

the Linklater Lake (Chisholm 1948; Thurston and Carter 1970) 

and Georgia Lake areas (Pye 1965).

Of all the pegmatite deposits mentioned only two, the 

uranium near Kennedy Lake and the spodumene east of Fort Hope, 

are not known to be associated with major structural zones. 

All of the remaining pegmatite deposits are in or concentrated 

near the edges of the English River and Quetico belts with the 

exception of the Favourable Lake uranium mineralization which 

is near the north boundary of the Berens River block. Future 

exploration for such deposits would be best confined to these 

belts, particularly their margins.

Mineralization Related to Carbonatite-Feldspathoidal

Alkalic Complexes

Satterly (1970) indicated the presence of 13 carbonatite- 

alkalic complexes in northwestern Ontario. One of these complexes, 

the Conifer-Sumach body located about 30 miles south of Red Lake, 

has recently been reported to be mafic to ultramafic in composi 

tion (J.C. Davies, personal communication), and the composition 

of three others, Wapikopa River, Gooseberry Brook, and Niskibi 

River (Figure 12), has not yet been investigated. Of the nine 

remaining complexes (Figure 12), six are known to have carbonatite 

phases (Big Beaver House, Carb Lake, Chipman Lake, Prairie Lake, 

Schryburt Lake, and Sturgeon Lake) while three (Killala Lake,
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Poohbah Lake, and Port Coldwell) are not known to contain car 

bonatite but do have feldspathoidal phases. Detailed studies 

o)f syenite intrusions found in several localities in North 

western Ontario may result in the discovery of associated felds 

pathoidal phases not yet defined.

The carbonatite and feldspathoidal alkalic complexes are 

known to variously contain niobium, copper, nickel, iron, 

titanium, rare earths, vermiculite, apatite and fluorite (Figure 

12). Exploration including diamond drilling has been carried out 

on the Big Beaver House, Carb Lake, Chipman Lake, Killala Lake, 

Port Coldwell, Prairie Lake, and Sturgeon Lake complexes. The 

Port Coldwell complex has received considerable detailed explora 

tion but the other complexes have been subjected to only localized 

diamond drilling and a minimum of geophysical exploration. The 

Schryburt Lake complex is presently undergoing a second round of 

exploration, but to date no exploration of the Poohbah Lake and 

Wapikopa River complexes is known to have taken place.

It is suggested that all complexes warrant re-examination 

for potential niobium and low grade copper or copper-nickel de 

posits and that the iron, fluorite, phosphate, and rare earth 

contents of all complexes be re-evaluated at the same time 0 The 

recognized economic mineralogy of these complexes, their general 

lack of detailed exploration, and the proximity of at least some 

of them to established transportation make these complexes prime
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exploration targets.

Sulphide Mineralization in Breccia and Shear Zones

Many deposits of sulphide mineralization in Northwestern 

Ontario, like many of the gold-silver deposits previously dis 

cussed, are found in breccia or shear zones. Although some 

deposits may be related to the rocks in which they occur, most 

deposits appear to have little genetic relationship to their 

host rocks and the breccia-shear zones have simply provided a 

favourable site for deposition. Alteration in the form of 

silicification, carbonatization, chloritization and sericiti 

zation may be associated with such deposits 0

Although generally relatively small, deposits of this 

type should not be overlooked as several in Northwestern Ontario 

have reached the production stage. The largest of the producers 

are the Zenith Mine of Zenmac Metal Mines Limited northwest of 

Schreiber which between 1966 and 1970 produced zinc and copper 

concentrates worth about 31.5 million dollars from a fracture zone 

in massive gabbro; the Berens River Mine near Favourable Lake 

which between 1939 and 1948 produced gold, silver, lead, and zinc 

concentrates valued at about 9.48 million dollars from quartz 

veins in felsic metavolcanics; and the Wendigo Mine on the east 

side of Lake of the Woods which mainly between 1936 and 1943 pro 

duced gold, copper, and silver valued at about 2.5 million dollars
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from a quartz-sulphide vein in a shear zone in metabasalt 

(Figure 13). Minor production of lead and zinc has come from 

the Dorion and the Enterprise Mines east of Thunder Bay where 

mineralization occurs in breccia zones in or near Middle Pre 

cambrian argillites to which it is thought to be genetically 

related (Franklin 1970). A small amount of copper has been 

produced from a shear zone in metabasalt at the old Port Arthur 

Copper Mine west of Mine Centre.

Deposits of this type can be expected to occur in and near 

high level faults and shear zones in which depositional sites 

for mineralization are readily available, but are unlikely to 

occur in deep-seated faults, many of which are major mylonite 

zones. These major mylonite zones may, however, provide channel- 

ways through which mineralizing fluids originating at depth can 

reach favourable depositional sites in the near-surface environ 

ment. Such a situation is exemplified by the distribution of 

mineral deposits especially silver, along but not in a major 

northwest-trending fault in the Favourable Lake area (Figure 14) 

to which the mineralization may be genetically related (Ayres 

et al. 1969). One of the larger deposits in this area occurs a 

short distance northwest of the fault at the west end of Borland 

Lake where an estimated 238,000 tons of Ag-Pb-Zn-Au mineraliza 

tion averages 9 ounces/ton Ag (Northern Miner, Aug. 18, 1966) and 

contains some values in gold. The mineralization is found as dis



-49-

FIGURE 13

MINERALIZATION ASSOCIATED 

WITH
90"00' Hudson

BRECCIA -SHEAR ZONES
Bay

55000'

95"00'

LEGEND t^-j-r-^^

l l l II PALEOZOIC V^""Xr""~"7
MIDDLE TO LATE PRECAMBRIAN X

l^yyx^l LOGAN DIABASE
l^-VWfl ROVE FORMATION , SIBLEY GROUP 

EARLY PRECAMBRIAN
l 1] GRANITIC ROCKS
ir-r-o-r-l METASEDIMENTS

l\\\NSi FELSIC METAVOLCANICS
V///A MAFIC METAVOLCANICS

* Pb, Zn.Ag (Au, Cu)
m Cu,Au,Ag
A Zn,Cu
t Pb, Zn (Ag)
4- Cu

90"00'

85000'

50 25 O



- 50 - 

seminations and rare stringers in metasediments.

In the Georgia-Dickison Lakes area east of Lake Nipigon 

(Figure 13) deposits of Cu-Pb-Zn-Au mineralization are found in 

relatively late, high-level, northwest, north-northeast, and 

northeast-trending breccia and fault zones (Pye 1970) that cut 

both granitic rocks and high rank metasediments of the Quetico 

belt. Similar mineralization is widespread along the north 

shore of Lake Superior and is thought to be genetically related 

to Keweenawan volcanism.

The genetic relationship between epizonal felsic plutons 

and copper, lead, zinc, molybdenum, and gold mineralization is 

well documented in several areas of western North America, The 

genetic relationship between such plutons and some copper, 

molybdenum, and gold mineralization has been herein advocated 

for Northwestern Ontario and further studies may indicate a simi 

lar relationship for some zinc and lead mineralization as well. 

In this respect it is suggested that high level faults, shears, 

and breccia zones in and near mineralized felsic plutons will 

provide favourable depositional sites for mineralization emanating 

from such granitic bodies. Ayres (1969) reports the presence of 

chalcopyrite in north-trending faults which cut the mineralized 

Setting Net Lake stock (Figure 10).

Faults developed in active volcanic piles would provide 

both the channelways through which mineralizing solutions could
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be transported and the dilation zones in which the minerals could 

be precipitated. The deposits of the Berens River Mine are re 

stricted to a fracture system in the upper portion of a felsic 

pyroclastic sequence and are thought to be of this type 

(L. D. Ayres, personal communication).

Because mineral deposits in breccia and shear zones are 

known from several geological environments, no area in Northwestern 

Ontario can be considered unfavourable for their occurrence. 

Exploration for such deposits should be first considered in those 

areas such as the Georgia-Dickison Lakes area where similar 

deposits are known, in areas such as the northwest-trending fault 

near Favourable Lake where the proper structural conditions are 

known to exist, or near mineralized felsic plutons where a source 

of metals is readily available. It should also be remembered that 

these deposits are rarely single occurrences and that once the 

geological control of a new deposit is ascertained, the possibility 

of finding similar deposits is substantially increased.

Exploration Possibilities of the English River 

and Quetico Belts

Considering the areal extent of the English River and 

Quetico belts in Northwestern Ontario, mineral exploration has 

been limited and in part reflects the scarcity within them of
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metavolcanic rocks toward which most exploration in the Superior 

Province has been directed. Nonetheless, the English River belt 

boasts two producers - the Consolidated Canadian Faraday Limited 

nickel-copper property at Werner Lake in Ontario, and the tantalum- 

cesium producing property of Tantalum Mining Corporation of Canada 

Limited, located in Manitoba about fifteen miles west of the Ontario- 

Manitoba border.

In the English River belt in Ontario only two areas have re 

ceived concentrated detailed exploration: (1) the Rex Lake- 

Werner Lake area as a result of the discovery of the Consolidated 

Canadian Faraday Limited nickel-copper orebody and (2) near Melchett 

Lake (Figure 15) where large tonnages of chert-magnetite iron 

formation have been outlined by diamond drilling. Elsewhere, air 

borne geophysical surveys have been flown over parts of the belt 

south of Red Lake and along its southern margin east of Kenora but 

only limited ground follow-up of these surveys is known to have 

taken place. Limited exploration has also been carried out on a 

lithium deposit in the Root River area and on a Cu-Zn-Ag occurrence 

near Kayedon Lake (Melchett Lake area) . A few minor copper and 

several massive iron sulphide occurrences are reported west of 

Lac Seul and occurrences of beryllium, gold, and uranium are also 

known.

Several mineral occurrences which appear to be related to 

the belt are present along its southern boundary. These include
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the Tustin-Bridges uranium deposits east of Kenora, lithium, 

beryllium, tungsten, tin, and cesium occurrences west of Sioux 

Lookout, beryllium and tin occurrences near Linklater Lake, 

lithium occurrences in the Crescent Lake area and possibly 

several small scattered sulphide occurrences.

The most concentrated exploration in the Quetico belt has 

been near the Georgia Lake lithium deposits (Figures 9 and 15). 

Several beryllium occurrences and one minor occurrence of 

cassiterite were also reported in this area (Pye 1965). South 

of Georgia Lake and in the Dickison Lake area exploration hac 

been carried out since 1968 for occurrences of lead-zinc-copper 

sulphides concentrated within or along well defined fault zones 

(Figures 13 and 15). Elsewhere in the belt are scattered occur- 

ences of lithium, beryllium, copper, and molybdenum. East of 

Atikokan, along the north boundary, but within the belt, are 

several copper-nickel occurrences in small mafic and ultramafic 

intrusions (Figures 8 and 15). Several non-nickeliferous 

sulphide occurrences, including the important Manitouwadge ore 

deposits, are along the boundaries of the belt.

The widespread occurrences of pegmatite, the presence of 

mineralized mafic and ultramafic lenses and dikes associated with 

major fault zones, the presence of fault and breccia-controlled 

Cu-Pb-Zn-Au mineralization, and the potential for metasediments 

deposited in similar environments, in particular the Kisseynew
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gneisses of Manitoba, to host polymetallic base metal mineraliza 

tion, suggests that the English River and Quetico belts can no 

longer be ignored from the mineral exploration standpoint.

AN AEROMAGNETIC INTERPRETATION OF THE WINISK RIVER AREA

Twenty-eight exploratory licences covering about 1.5 

million acres were granted to various exploration companies and 

individuals in the Winisk River area of the Hudson Bay Lowlands 

during 1970. These licences cover or border a major northwest- 

trending negative magnetic anomaly which cuts the easterly 

magnetic trend of the Precambrian basement. The anomaly, esti 

mated to be overlain by 100 to 800 feet of Paleozoic sedimentary 

rocks and Pleistocene and Recent sediments, has been interpreted 

as a fault (Ayres et al. 1969) and named the Winisk River Fault 

(Ayres et al. in press), (Figure 16).

An interpretation of some of the magnetic features of the 

basement under the Hudson Bay Lowlands was made by Ayres et al. 

1969) shortly after the release of partial aeromagnetic coverage 

by the Ontario Department of Mines and the Geological Survey of 

Canada. Some of these features have been reinterpreted by the 

authors.

In a recent paper Bell (1970) defined a large area of granu 

lite and associated amphibole facies gneiss east of Thompson,
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Manitoba,as the Pikwitonei Province. Bell also maintains that 

the Superior Province unconformably overlaps the Pikwitonei 

Province on the southwest but that the boundary between the 

Pikwitonei Province and the Churchill Province on the northwest 

is a major shear zone. The faulted nature of the Churchill- 

Pikwitonei boundary in the Setting Lake-Thompson-Assean Lake area 

has been well documented by several workers and summarized by 

Kornik (1969). Consequent deep tectonic adjustments along the 

Churchill-Pikwitonei boundary released ultramafic magma from the 

mantle which, according to Bell (1970), formed the nickeliferous 

ultramafic lenses and sills of the "Thompson Belt" and the Fox 

River sills.

Magnetically, Pikwitonei rocks are very easily differentiated

by their "bird's-eye maple" pattern and can be traced under the
o 

Paleozoic cover by both magnetics and gravity to about 84 30 W

(Gibb 1968; Bell 1970). These aeromagnetic patterns suggest that 

a large zone of Pikwitonei rocks occurs near the Manitoba-Ontario 

border, several large east-trending zones are on the east side of 

the Winisk River Fault near the Winisk River, and a possible third 

zone occurs on the west side of the Winisk River Fault about 20 

miles north of the Paleozoic boundary (Figure 16).

South and southeast of Winisk several magnetically anomalous 

areas are interpreted as Middle Precambrian sedimentary rocks due 

to the similarities between their magnetic patterns and the
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patterns over exposed Middle Precambrian sedimentary rocks on 

the Winisk River about 20 miles from Hudson Bay and in the Sutton 

Lake area. The presence of a few Early Precambrian metavolcanic- 

metasedimentary belts, Middle to Late Precambrian carbonatite- 

alkalic complexes, and several diabase dikes have also been 

interpreted under the Paleozoic cover from aeromagnetic data 

(Figure 16).

The north boundary of the Pikwitonei Province northeast of 

Thompson is defined by the Assean and Split Faults and then by 

the south edge of the metavolcanic-metasedimentary belt that con 

tains the Fox River sills (Bell 1966; 1970). East of the 

Paleozoic contact this boundary is interpreted by the authors to 

trend east to the Winisk River Fault. The position of the boundary 

east of this fault is uncertain but it may have been offset about 

40 miles southeast from where it is interpreted to follow the 

north side of an elongate easterly-trending magnetic anomaly to 

about 85 15 f (Figure 16). In this area the general trend of the 

boundary changes to south and southeast. The uncertainty in the 

position of the boundary east of the Winisk River Fault may be due 

in part to the presence of retrograded gneisses similar to those 

found near Thompson, Manitoba, and which have only a moderate 

magnetic expression relative to that of the Pikwitonei Province.

Bell's (1970) contention that the boundary between the 

Pikwitonei and Churchill Provinces is defined by the Assean and
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Split Faults and then for 160 miles east by the south edge of 

the metavolcanic-metasedimentary belt that contains the Fox River 

ultramafic sill, shifts the boundary of the Churchill Province 

in this area about 35 miles south of its former position 

(Stockwell 1964; Kornik and MacLaren 1966). That part of Bell's 

boundary in the Split Lake area was considered as a potential 

boundary by Kornik and MacLaren (1966) due to the position of a 

pronounced magnetic low along this trend and the presence of a 

Hudsonian age date a few miles to the north. However, on the basis 

of the general magnetic pattern of the metavolcanic-metasedimentary 

belt (age as yet unknown) which contains the Fox River sill and 

its dissimilarity to either Kenoran or Hudsonian patterns, Kornik 

and MacLaren (1966) chose the more northerly linear magnetic low 

as the south boundary of the Churchill Province.

If the northern boundary of the Pikwitonei Province does 

conform to the Pikwitonei-Churchill boundary (formerly the Superior- 

Churchill boundary) as postulated by Bell (1970) for Northern 

Manitoba, then the northern boundary of the Pikwitonei Province in 

Ontario probably also represented the Pikwitonei-Churchill boundary, 

East of the change of trend of the Pikwitonei boundary at about 

85 15 f West longitude (Figure 16), the Churchill Province is 

bounded on the south by the Superior Province. This mutual bound 

ary is poorly defined by magnetics but is interpreted by the 

authors to trend east to James Bay.
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If the boundary between the Pikwitonei and Churchill 

Provinces in Ontario is a major deep-seated structural zone as 

is the case near Thompson, Manitoba, then ultramafic bodies might 

be expected along this structure in Ontario. Exploration of this 

boundary in Ontario has not yet been undertaken. This is probably 

because (1) overlying Paleozoic rocks are expected to be several 

hundred feet thick along the northwest section of the contact 

and (2) where overlying rocks are relatively thin northwest of 

the Sutton Lake inlier, the boundary is near Polar Bear Provin 

cial Park.

To date, most interest in the Precambrian of the Hudson 

Bay Lowlands has centred along the Winisk River Fault. This 

fault and its subsidiary easterly-trending faults are probably 

deep-seated structures along which mantle material may have 

penetrated the crust. However, aeromagnetic interpretation of 

discrete ultramafic bodies under the Paleozoic rocks of the area 

must be considered highly speculative until more information re 

garding actual basement geology is obtained.

SUMMARY

The mineral potential of Northwestern Ontario is considered 

to be very good and future exploration programs in the region 

should meet with a success ratio as favourable as in any other 

part of the Canadian Shield.
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Metavolcanic-metasedimentary belts will provide the best 

general exploration targets. The felsic metavolcanic sequences 

within these belts deserve the most detailed examination because 

of the association with them, both spatially and genetically, of 

massive polymetallic sulphide deposits. The relationship between 

massive polymetallic sulphide deposits and felsic metavolcanics 

should not, however, be considered to the exclusion of other 

mineralization-rock type relationships in the volcanic sequence. 

Potentially economic occurrences of copper-gold mineralization 

in mafic metavolcanics and massive polymetallic sulphides in 

locally derived metasediments, both thought to be genetically 

related to volcanism, are also found in the metavolcanic-meta- 

sedimentary belts of the region.

Most of the metavoleanic-metasedimentary belts contain 

quartz-feldspar porphyry dikes, sills, or stocks and may contain 

or be bordered by equigranular to porphyritic medium-grained 

epizonal stocks ranging from trondhjemite to quartz monzonite in 

composition. These felsic intrusive bodies are considered to be 

the subvolcanic equivalents of the felsic metavolcanics. Several 

low grade deposits of copper and (or) molybdenum mineralization 

occur in intrusions of this type and there also appears to be a 

direct association between these intrusions and gold mineralization. 

Further, chalcopyrite and molybdenite are sometimes found in the 

intrusions as either low grade disseminations, fracture fillings,
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or small replacement and stockwork deposits. Epizonal felsic 

intrusions are considered to be very important in the genesis 

of base metal and precious metal mineralization in the 

metavolcanic-metasedimentary belts and they should be prospected 

for low grade copper-molybdenum mineralization and both high 

grade and low grade gold deposits. The environs of the epizonal 

felsic intrusions can be considered a favourable environment for 

both low grade and high grade non-nickeliferous base metal and 

gold deposits.

Mafic and ultramafic sills, dikes, and stocks in the 

metavolcanic-metasedimentary belts contain widespread occurrences 

of nickel-copper mineralization. Further exploration should be 

directed toward these intrusions and particular attention should 

be paid to low grade disseminated mineralization in an attempt to 

develop economic tonnages.

There are several exploration targets not directly related 

to the metavolcanic-metasedimentary belts in Northwestern Ontario 

that merit exploration consideration.

Silver, lead, and zinc mineralization probably derived from 

the Middle Precambrian Rove pyritic argillite is found along the 

contact of the Rove argillite and the overlying Middle to Late 

Precambrian Logan diabase sills in the Thunder Bay area. Ex 

ploration for small, high grade deposits which are economically 

amenable to exploitation on a small scale may prove rewarding.
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Upper Ordovician and Middle Silurian sedimentary rocks of 

the Hudson Bay Lowlands are lithologically and structurally 

similar to lead-zinc-bearing sedimentary rocks in other parts 

of North America and it is suggested that the Upper Ordovician 

and Middle Silurian strata of the Hudson Bay Lowlands warrant 

prospecting for such deposits.

Pegmatites are abundant in and near the Quetico and English 

River belts and the Berens River block and economic concentrations 

of tantalum, cesium, and lithium occur in pegmatites in the 

English River belt and potentially economic deposits of lithium 

in pegmatites in the Quetico belt. In addition, pegmatite- 

associated uranium is present in the Berens River block, and English 

River belt and beryllium and tin occur in pegmatite in the English 

River and Quetico belts. Further exploration for such commodities 

will be most successful if confined to these belts.

Twelve carbonatite and(or) feIdspathoidal alkalic complexes 

are present in the area and are variously known to contain sub 

economic amounts of niobium, copper, nickel, iron ('titanium), 

rare earths, flourite, phosphate and vermiculite. Their known 

mineralization, relative lack of detailed exploration, and the prox 

imity of same to major transportation routes makes them exploration 

targets worth some consideration.

Major fault zones along the boundaries of and in the Quetico 

and English River belts and Berens River block contain small mafic
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dikes and lenses, some of which host copper-nickel mineralization. 

Other mineralized mafic and ultramafic intrusions will undoubtedly 

be found when the major fault zones in or along the belts are ex 

plored in detail. Major faults and shear zones interpreted from 

aeromagnetic data underneath Paleozoic sedimentary rocks may also 

have mineralized ultramafic intrusions associated with them. 

Non-nickeliferous base metal and precious metal mineralization 

is likewise associated with major fault zones suggesting that all 

major faults deserve thorough investigation from a multi-mineralic 

point of view.
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