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ABSTRACT
The McGregor Bay-Bay of Islands area on the North Shore of Lake Huron, Ontario, 

comprises approximately 390 square miles (1,020 km2) and is bounded by Latitudes 45 0 52'32"N 
and 46C 07'30"N and Longitudes 81 0 30'W and 820 00'W. The map-area lies within the Southern 
Province immediately northwest of the Grenville Front, the zone of contact between the 
Southern and Grenville Provinces of the Canadian Shield.

Figure 1-Key map showing location 
of the McGregor Bay-Bay of 
Islands Area. Scale 1 inch 
to 50 miles (1:3,168,000).

Precambrian, Proterozoic metasediments and mafic intrusions underlie most of the map- 
area. The clastic metasediments of the Huronian Supergroup attain a maximum total thickness 
of over 25,000 feet (7,600 m) and are divisible into three groups and eight lithostratigraphic 
formations. The mafic intrusions are of three ages; Nipissing Diabase bodies (2,160 million 
years), younger metamorphosed mafic dikes, and late (1,200-1,400 million years), unmeta- 
morphosed diabase dikes.

Proterozoic (Middle to Late Precambrian) felsic intrusive rocks of the Killarney Batholith 
are exposed in the southeastern part of the map-area near Killarney. These rocks were emplaced 
approximately 1,700 million years ago along the Grenville Front zone where they intrude the 
Huronian metasediments of the Southern Province and gneissic rocks of the Grenville Province.

Undeformed Paleozoic, Ordovician sedimentary strata unconformably overlie the Pre 
cambrian rocks in the southern part of the map-area.

The Precambrian rocks have been affected by several deformational-metamorphic events. 
Major folding began before the emplacement of the Nipissing Diabase (2,160 million years) 
and there was later regional metamorphism and deformation (1,700-1,950 million years). Even 
later deformation produced strain-slip cleavage and kink bands. Deformation along the 
Grenville Front is expressed as northeast-trending foliations in the Huronian rocks in a zone 
that is as much as 5 miles (8 km) wide northwest of the Killarney Batholith.

Mineral exploration has revealed the presence of base metals and of major sources of 
silica. Lump silica valued at several tens of millions of dollars (1972) has been produced from 
2 quarries, and silica for glass manufacture is currently being produced at the Indusmin 
Quarry, Badgeley Island. In addition, there are possibilities for production of trap rock, granite, 
and cleaved quartzite for building purposes.

vi i
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Photo 1-View looking north across Frazer Bay toward Frazer and McGregor points (Photo 
graph by J. Fox).
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Geology of the

McGregor Bay - Bay of Islands Area 

Districts of Sudbury and Manitoulin

by 

K.D. Card1

INTRODUCTION

The centre of the McGregor Bay-Bay of Islands area is approximately 50 miles 
(80 km) southwest of Sudbury, Ontario. The map-area is located on the North Shore of 
Lake Huron, and is bounded by Longitudes 81 0 30'W and 82 000'W, and Latitudes 
45 0 52' 32"N and 46007'30"N. It includes the islands and shoreline of Bay of Islands 
and McGregor Bay, the mainland peninsulas and islands extending south of the Killarney 
area, and outcrops of Precambrian rocks on Manitoulin Island and Great La Cloche Island. 
The map-area covers approximately 390 square miles (1,020 km2 ). Over 70 percent of 
this area is covered by the waters of Lake Huron and Paleozoic strata.

The area is accessible by water from the village of Whitefish Falls on Highway 68, 
and from Killarney on Highway 637. Access to points on Manitoulin Island is provided 
by Highway 68 which connects with Highway 17 near Espanola west of Sudbury.

The map-area is located in the eastern part of the Southern Province in the classical 
Huronian terrain of the North Shore of Lake Huron (Collins 1925). Consequently it has 
been a subject of interest to geologists and prospectors for over 100 years. The present 
mapping, on the scale of l inch to 1,320 feet (1:15,840), was done over a period of 
about 7 months in the summers of 1967 and 1968. Map sheets of the Forest Resources 
Inventory series, Surveys and Mapping Branch, Ontario Ministry of Natural Resources 
were used in compiling basemaps for the area. In the field, pace and compass traverses 
were made at irregular intervals depending on geological complexity and the amount of 
outcrop. The maximum traverse interval was approximately 1,320 feet (402m). On 
many of the islands, mapping consisted of following the contacts and gathering struc 
tural and lithological information. Geological data were plotted on perfatrace overlays on 
l inch to 1,320 feet (1:15,840) air photographs and transferred to basemaps of the 
same scale with the aid of a sketchmaster. Preliminary geological maps, published at a

iGeologist, Ontario Department of Mines, Sudbury, Ontario. Manuscript received by the 
Chief Geologist, 14 July, 1969. Publication was delayed pending further work in the region. 
The report was partly revised and updated by the author in 1972; this manuscript was 
approved for publication by the Chief Geologist 27th June, 1972.

1



McGregor Bay-Bay of Islands

scale of l inch to 1,320 feet (1:15,840) of Bay of Islands West (P.440), Bay of 
Islands East (P.441), McGregor Bay West (P.442), McGregor Bay East (P.443), 
McGregor Bay East (Revised) (P.443), Frazer Bay East (P.499), and Frazer Bay West 
(P.500) were issued by the Ontario Department of Mines in 1967 and 1968.

During 1967 the author was assisted in the field by P. Kirst, P. Palonen, Y. Deslau- 
riers, R. Palliser, and P. Maynes, and in 1968 by P. Palonen, J. Fox, R. Palliser, G. Young, 
and B. Young. Kirst, Palonen, and Fox were responsible for some of the mapping. The 
writer wishes to thank the following companies and individuals for assistance and 
information: Stump and Spry Limited, tourist operators at Whitefish Falls; Indusmin 
Limited, a division of Falconbridge Nickel Mines Limited; J.J. Billoki, mining developer; 
W. Walker, consultant geologist; and G.M. Young, University of Western Ontario.

Physiography

The map-area is divisible into three main topographic subdivisions which correspond 
to major geological subdivisions. The northern part of the area, underlain by Precam 
brian rocks of the Huronian Supergroup, is rugged, has an average relief of about 400 
feet (120m) and a maximum relief of over 600 feet (180m). The highest point, 
Leadingmark Hill on Frazer Point, is 1,250 feet (380m) above mean sea level and 
670 feet (200m) above the level of Lake Huron. The topography is strongly controlled 
by bedrock lithology and structure. Sandstones are resistant to erosion and consequently 
form high bare ridges with excellent exposures. The conglomeratic, argillaceous, and 
calcareous units are at lower elevations, but are generally well exposed except in the 
eastern part of the area. Structures such as faults are commonly expressed by narrow, 
steep-walled valleys. Rock exposures are good to excellent; bedrock exposures compose 
over 50 percent of the areas underlain by Huronian rocks.

The southeastern part of the map-area around Killarney is underlain by Precambrian 
granitic rocks which are partly mantled by unconsolidated Cenozoic sand and gravel. 
The topography there consists of low hummocks of bedrock extending through the drift 
cover. The average relief is less than 100 feet (30m), and the maximum relief is 
120 feet (37rn). The highest point, on George Island, is 700 feet (200m) above mean 
sea level. In spite of the low relief, bedrock exposures are abundant and composes over 
50 percent of the area.

Areas underlain by flat-lying Paleozoic rocks are subdued in relief, although erosion- 
resistant formations on Manitoulin Island form scarps several hundred feet high. The 
maximum relief is about 270 feet (80m).

Resources and Development

The area is scenic, and the hills and waters constitute a valuable part of the region's 
natural resources. There are several tourist resorts in the area and many private summer 
cottages. Numerous yachts and pleasure boats visit the area each summer. These sup 
port a thriving tourist industry. The Forest Management Branch has recently carried 
out studies to assess the recreational potential of the area, and it is to be hoped that



these studies will result in a comprehensive plan for development and preservation of 
the region.

Tree species present in the map-area are spruce, balsam, cedar, alder, and tamarack 
in swampy areas; maple, oak, birch, poplar, and pine in rocky upland and sandy areas. The 
high bare hills of McGregor, Frazer, and Badgeley Points are sparsely covered with 
stunted jackpine and oak. Timber resources are of limited value although lumbering was 
once an important industry at Killarney.

Game and fur-bearing animals present in the map-area are deer, bear, moose, ruffed 
grouse, duck, beaver, and mink.

The principal fish species caught in Lake Huron are pike, bass, perch, and whitefish. 
Several commercial fishing boats work out of Killarney.

The Killarney quarry operated intermittently from 1911 to 1966 and during this 
time 4,833,247 tons (4,384,649.2 tonnes) of orthoquartzite were produced (Ontario 
Division of Mines statistician). In 1968, the Killarney quarry was purchased by Indusmin 
Limited, and in 1971 this company brought a new quarry on Badgeley Island into produc 
tion. The Sheguiandah or Trotter quarry on Manitoulin Island was operated by Canadian 
Silica Corporation Limited in the 1950s.

Previous Geological Work

The area as a whole was not geologically mapped before the present work. Logan 
and Murray, in the summer of 1848, made a reconnaissance traverse along the North 
Shore of Lake Huron from Bruce Mines to Killarney (Murray 1847). Barlow (1893, 
p. 3 30) and Bell (1898, p.8) mapped in the area around Killarney. Studies by Collins 
(1925) demonstrated the extent of the Huronian formations in the North Shore region. 
In the Killarney area, examination of the contact between the Grenville and Huronian 
rocks, the Grenville Front, led to Quirke and Collins' (1930) classic paper, 'The Dis 
appearance of the Huronian'. Lawson (1929) and Jones (1930) have also carried out 
studies in the Killarney area.

In 1961 (revised 1968), J.E. Thomson, of the Ontario Department of Mines made 
a reconnaissance study of the McGregor Bay area and the resulting interpretation of the 
geology is shown on Map P.105; the Espanola Sheet. Young (1966) also did reconnais 
sance mapping in McGregor Bay and found that the sequence of formations closely 
resembles that of the Huronian of the Bruce Mines-Blind River area. The area immedi 
ately east of the McGregor Bay-Bay of Islands area was recently mapped by Frarey of 
the Geological Survey of Canada (Frarey 1967a). The area to the north, the Espanola- 
Whitefish Falls area, was mapped by the writer with assistance from C.E. Blackburn 
from 1965-66 (Card 1967c,d,e; Card and Blackburn 1965; Card 1969). During the 
course of mapping, a detailed study of the McGregor Bay Anticline was carried out by 
Palonen. This work resulted in an unpublished B.Sc. thesis at Queen's University (Palonen 
1968).

The Paleozoic rocks of Manitoulin Island and adjacent areas are shown on Canada 
Department of Mines and Resources Map 351 A, Manitoulin Island. More recent map 
ping of these rocks by Liberty is shown on Geological Survey of Canada Map 20-1957, 
Manitoulin Island, and Map 2247, Little Current Area (ODM-GSC 1972).
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Early History

Man has lived and hunted in the region for thousands of years. Lee (1957) 
described tool-working sited around Sheguiandah on Manitoulin Island which are at 
least 9,000, and possibly as much as 30,000 years old. The ancient tool-workers used 
brittle, flint-like orthoquartzite to fashion a variety of tools and weapons. Man may 
have inhabited these sites prior to the last glacial advance as stone artifacts occur in 
material interpreted as glacial till, and consequently, the Sheguiandah site is possibly 
one of the oldest yet discovered on the North American continent.

When white men first visited the North Shore region there were large Indian villages 
on Manitoulin Island and Great La Cloche Island. Several Indian graveyards, one on 
Great La Cloche Island, the other on Wardrope Island in McGregor Bay, have been found 
(Greenman 1951). According to local Indian legend, Indian youths went to Dreamer's 
Rock to spend their period of fasting and contemplation there before entering manhood. 
Several 'bird-track' carvings are deeply incised into the hard quartzite at the summit of 
this scenic hill.

At the east end of the causeway joining Great La Cloche Island and the mainland, a 
plaque marks the "Route of the Voyageurs" and commemorates the passing of men such 
as Laverendrye, Champlain, and Mackenzie. The part of the main transcontinental 
canoe-route within the map-area, used by fur traders and explorers for centuries and by 
the Indian for centuries before, is shown in Figure 2. Trading posts, located to intercept 
customers on this busy trade-route, were operated by the Northwest Company on the 
northwest corner of Great La Cloche Island, and by the Hudson Bay Company directly 
to the north on the mainland.

GENERAL GEOLOGY

The rocks in the map-area are Precambrian and Paleozoic in age, and they are partly 
mantled by unconsolidated Cenozoic deposits (Table 1). This report will deal mainly 
with the Precambrian rocks, and only the basal Paleozoic sedimentary rocks at selected 
localities will be described.

The map-area is located in the Southern Province of the Canadian Shield, but in the 
south includes granitic rocks of the Killarney Batholith that is a felsic pluton emplaced 
along the Grenville Front, the zone of contact between the Southern and Grenville 
Provinces (Stockwell 1965).

The metasediments of the Huronian Supergroup that form most of the terrain can 
be divided into three groups and eight formations. These are; the Mississagi Formation 
of the Hough Lake Group; the Bruce, Espanola, and Serpent Formations of the Quirke 
Lake Group; and the Gowganda, Lorrain, Gordon Lake, and Bar River Formations of the 
Cobalt Group, as defined by the Federal-Provincial Committee on Huronian Stratigraphy 
(Robertson et d. 1968; Robertson, Card and Frarey 1969 and Robertson, Frarey and 
Card 1969), (Table 2). In addition, there are amygdaloidal and porphyritic metavolcanics 
of unknown age in the Killarney area.

The Huronian rocks were folded, faulted, and metamorphosed during several de- 
formational-metamorphic events. Sill-like bodies of gabbro, amphibolite dikes, the 
Killarney Batholith, and late diabase dikes were emplaced during and after these events.
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T . . . TABLE OF FORMATIONS FOR THE McGREGOR BAY-BAY OF 
lame i ISLANDS AREA

PHANEROZOIC 
CENOZOIC

QUATERNARY
PLEISTOCENE AND RECENT 

Sand, gravel, clay 
Unconformity

PRECAMBRIAN
MIDDLE TO LATE PRECAMBRIAN (PROTEROZOIC)

LATE DIABASE INTRUSIONS 
Diabase, olivine diabase 

Intrusive Contact 
FELSIC PLUTONIC ROCKS (KILLARNEY BATHOLITH)

Quartz monzonite, porphyritic granite, gneissic and migmatitic granitic 
rocks, agmatite
Intrusive and Fault Contacts 

AMPHIBOLITE INTRUSIONS
Amphibolite, porphyritic amphibolite

Intrusive Contact 
NIPISSING DIABASE

Gabbro, metagabbro, granophyre 
Relationship Unknown

METAVOLCANICS
Amygdaloidal and porphyritic metabasalt, meta-andesite

Relationship Unknown 
HURONIAN SUPERGROUP 

COBALT GROUP
Bar River Formation

Sandstone, siltstone, argillite
Conformable Contact 

Gordon Lake Formation
Argillite, siltstone, sandstone, hornfels

Conformable Contact 
Lorrain Formation

Sandstone, minor conglomerate, argillite
Conformable Contact 

Gowganda Formation
Conglomerate, argillite, siltstone, sandstone, meta pelite

Conformable to Disconformable Contacts 
QUIRKE LAKE GROUP

Serpent Formation 
Sandstone, argillite, conglomerate calcareous metasediments

Conformable Contact 
Espanola Formation

Limestone, calcareous siltstone, argillite, and sandstone, hornfels, 
skarn, conglomerate 
Conformable Contact 

Bruce Formation
Conglomerate, sandstone, minor calcareous metasediments

Conformable to Disconformable Contacts 
HOUGH LAKE GROUP 

Mbsissagi Formation
Sandstone, minor argillite, siltstone, conglomerate
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The effects of deformation along the Grenville Front Zone are discernible in the Huronian 
rocks for as much as five miles (8.0 km) north of the Killarney granite contact

Paleozoic (Ordovician) limestones and shales unconformably overlap the Precamb 
rian rocks. Pleistocene glaciation scoured and gouged the bedrock, and left behind a 
thin, discontinuous mantle of sand, gravel, and clay.

Table 2 CORRELATION OF THE METASEDIMENTS OF THE HURONIAN 
SUPERGROUP

This Report

North Shore 
Collins (1925)

(Recommended Huronian Stratigraphy 
Robertson ei d. 1968)

Cobalt Series

Upper White and 
Cherty Quartzite 
Banded Cherty Quartzite 
Lorrain Quartzite 
Gowganda Formation

Bruce Series
Serpent Quartzite 
Espanola Limestone ) 
Espanola Greywacke \ 
Bruce Limestone 
Bruce Conglomerate

Huronian Supergroup 

Cobalt Group

Bar River Formation

Gordon Lake Formation 
Lorrain Formation 
Gowganda Formation

Quirke Lake Group 
Serpent Formation
Espanola Formation 

Bruce Formation

Mississagi Quartzite

Hough Lake Group

Mississagi Formation

Definitions

Sandstone—a sedimentary rock composed mainly of sand-size (1/16 to 2mm) fragments.
Orthoquartzite—sandstone composed of more than 95 percent quartz and less than 10 

percent matrix. The matrix consists of silt-size quartz (or quartz and feldspars) and 
phyllosilicate minerals.

Protoquartzite—sandstone composed mainly of quartz, feldspars, with 10 to 20 percent 
matrix.

Subgreywacke—sandstone intermediate in composition between orthoquartzite and grey 
wacke composed mainly of quartz, feldspar, and rock fragments with 20 to 30 
percent matrix.

Greywacke—a sandstone composed of quartz, feldspar, and rock fragments with more 
than 30 percent matrix.
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McGregor Bay-Bay of Islands

Quartz greywacke—greywacke with more than 75 percent quartz in the sand-sized
fraction. 

Feldspathic (Lithic) subgreywacke—subgreywacke with more than 25 percent feldspar
(rock fragments) in the sand-sized fraction. 

Feldspathic quartzite—sandstone with 5 to 25 percent feldspar and less than 10 percent
matrix.

Arkose—sandstone with more than 25 percent feldspar and less than 10 percent matrix. 
Coarse-grained sandstone—sandstone in which most of the sand-sized grains are 1mm

or more in diameter. 
Medium-grained sandstone—sandstone in which most of the sand-sized grains range in

diameter from ^4 to 1mm. 
Fine-grained sandstone—sandstone in which most of the sand-sized grains are less than

i/^mm in diameter.
Thick bedded—bedding over 3 feet (0.9m) thick. 
Medium bedded—bedding l to 3 feet (0.3m to 0.9m) thick. 
Thin bedded—bedding less than l foot (0.3m) thick.
Polymictic conglomerate—conglomerate with pebbles of more than one rock-type. 
Oligomictic conglomerate—conglomerate with pebbles of a single rock-type. 
Paraconglomerate—conglomerate with a disrupted framework (pebbles do not touch

each other). Paraconglomerate generally contains over 50 percent matrix. 
Orthoconglomerate—conglomerate with an intact framework (pebbles touch each other).

Orthoconglomerate generally contains over 70 percent pebbles. 
Pelite—metamorphosed, fine-grained (mudstone, siltstone) clastic sedimentary rock.

Precambrian

MIDDLE TO LATE PRECAMBIAN (PROTEROZOIC) 

Huronian Supergroup

Metamorphosed clastic sedimentary rocks of the Huronian Supergroup occupy most 
of the Southern Province in Ontario in the area extending from Sault Ste. Marie in the 
west, to the Grenville Front near Sudbury in the east, and northeastward to the Cobalt- 
Kirkland Lake area. These supracrustal rocks, which reach a total aggregate thickness of 
over 35,000 feet (10,700m), were deposited unconformably on Early Precambrian 
(Archean) basement rocks of the Superior Province which are at least 2,500 million 
years old (Van Schmus 1965). The Huronian rocks are intruded by Nipissing Diabase 
emplaced about 2,160 million years ago (Van Schmus 1965; Fairbairn and Hurley et al. 
1969; and Fairbairn and Knight et al 1969).

The subdivision of the Huronian sequence in the McGregor Bay-Bay of Islands area 
is compared with that of Collins (1925) for the North Shore of Lake Huron region in 
Table 2.

In the following formational descriptions, emphasis is placed on the original lithology 
and primary structures. These primary features are readily discernible, although they 
are commonly modified to some extent by metamorphism and deformation. Features 
attributable to metamorphism and deformation are described in later sections.
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HOUGH LAKE GROUP

Mississagi Formation

The Mississagi Formation is lithostratigraphically equivalent to the 'Wanapitei 
quartzite' of the Sudbury area (Coleman 1914) and to the 'Upper Mississagi Formation' 
of the Elliot Lake area (Robertson 1967).

The Mississagi Formation, exposed in the axial zone of the McGregor Bay Anticline 
in central Bay of Islands and McGregor Bay, consists of at least 4,000 feet (1,200m) of 
metamorphosed sandstone and pelite with minor conglomerate. The lower half of the 
formation generally contains more pelitic partings and interbeds than the upper half. 
Also the sandstone of the lower half is thin- to medium-bedded protoquartzite and 
subgreywacke whereas the sandstone of the upper half is mainly medium- to thick- 
bedded feldspathic quartzite and arkose. However, feldspathic and pelitic members 
alternate throughout the sequence and apparently rapid facies changes take place along 
strike.

The sandstone comprises fine- to coarse-grained grey protoquartzite and pink or 
green feldspathic protoquartzite with lesser amounts of pink feldspathic quartzite and 
arkose. These sandstones are composed of subangular to subrounded grains of quartz 
(60 to 90 percent), feldspar (5 to 30 percent) and minor rock fragments (O to l 
percent) in a sparse matrix of fine-grained muscovite, chlorite, biotite, quartz, and 
feldspar (l to 20 percent).

Bedding, ranging in thickness from 6 inches (15cm) to more than 12 feet (3.7m), 
is well developed throughout the formation. Bedding in the lower half is on average 
about l V2 feet (0.5m) thick, while it averages 3 feet (0.9m) thick in the upper half 
of the formation. Crossbeds occur throughout the Mississagi Formation but are especially 
common in the upper half of the Mississagi Formation. They are mainly of the planar 
type, although festoon crossbeds are also present. Graded crossbeds, with each foreset 
bed showing grain gradation, are present. Crossbedded and laminated units are commonly 
colour-banded in shades of pink, yellow, green, grey, and white.

Partings, interbeds, and members up to 200 feet (60m) thick of argillite, siltstone, 
and fine-grained greywacke occur throughout the Mississagi Formation, but are most 
common in the lower half of the formation; they constitute as much as 20 percent of 
this part of the Mississagi Formation. These are dark grey to dark green, poorly sorted, 
texturally immature rocks composed of quartz, feldspars, biotite, muscovite, and chlorite, 
with minor sphene, ilmenite, and pyrite. They are thinly bedded, and are commonly 
laminated with alternating light-coloured, relatively coarse-grained, quartz-rich laminae, 
and dark-coloured, finer grained, micaceous laminae.

A few thin oligomictic quartz-pebble conglomerate lenses occur in the Mississagi 
Formation. These are generally less than 6 inches (15cm) thick and seldom extend for 
more than 50 feet (15m) along strike. They consist of rounded pebbles of quartz, 
generally less than l inch (2.5cm) in diameter, in a poorly sorted matrix of quartz, 
feldspar, granitic-rock fragments, muscovite, biotite, and chlorite.

The sedimentary rocks of the Mississagi Formation were probably derived from a 
predominantly granitic terrain to the north, and were deposited in a shallow-water, 
turbulent environment by south-flowing currents. The mineralogical and textural im 
maturity of the sedimentary rocks indicate that they were formed under rigorous 
climatic conditions and were deposited rapidly.
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QUIRKE LAKE GROUP 

Bruce Formation

Conglomeratic rocks of the Bruce Formation overlie Mississagi sandstone in McGregor 
Bay and the Bay of Islands. The contact is generally sharp, with conglomerate lying on 
top of massive, feldspathic sandstone. Nevertheless, there are variations in the contact 
relations. About midway along the south shore of McGregor Island the base of the 
Bruce Formation apparently bevels the bedding of the underlying Mississagi sandstones 
and consequently tie contact here is disconformable. On the other hand, at the contact 
on the north shore of McGregor Bay just east of the village of Birch Island, there is 
interbedding of conglomerate and sandstone over a stratigraphic interval of about 10 
feet (3m) along the contact. Consequently, at this locality the contact is conformable 
and gradational and in mapping was placed arbitrarily at the base of the lowermost 
conglomerate unit.

The thickness of the Bruce Formation varies from less than l foot (0.3m) to about 
450 feet (140m), and averages about 200 feet (60m). The formation generally thins 
from east to west and is not found at several localities in the Bay of Islands.

Ninety percent of the Bruce Formation consists of polymictic paraconglomerate. The 
paraconglomerate consists of about 25 percent megadasts ranging from less than l inch 
to several feet in maximum dimension in an abundant (25 percent) greywacke matrix. 
The megaclasts comprise 60 percent granitic rocks, 25 percent quartz, 10 percent mafic 
igneous and felsic volcanic rocks, and 5 percent metasediments. The poorly sorted matrix 
consists of angular quartz clasts (35 percent), feldspar clasts (3 percent), and rock 
fragment clasts (7 percent) with interstitial (55 percent) fine-grained, detrital quartz, 
feldspar, micas, chlorite, epidote, and opaque minerals. Pyrite is abundant (l to 5 per 
cent) and weathering of this mineral gives the rock its characteristic dark, rusty colour.

Locally at the base of the Bruce Formation polymictic paraconglomerate and ortho 
conglomerate occur with a protoquartzite or subgreywacke matrix. On the north shore 
of McGregor Island, there is a thin 2-foot (0.6m) thick interbed of calcareous siltstone. 
At the top of the Bruce Formation, carbonate is locally abundant in the conglomerate 
matrix.

The conglomerate displays little in the way of primary structures. Bedding is 
generally not present, although locally there are variations in pebble content, pebble size, 
and matrix composition which crudely define thick stratification units.

The sedimentary rocks that constitute the Bruce Formation were probably derived 
from a granitic terrain to the north, and were deposited rapidly, possibly by marine 
glacial agencies.

Espanola Formation

Rocks of the Espanola Formation are exposed in the central part of the Bay of 
Islands, and in McGregor Bay on the north and in south limbs of the McGregor Bay 
Anticline. The Espanola Formation as defined in this report would correspond to 
Collins (1925) 'Bruce Limestone', 'Espanola Greywacke', and 'Espanola Limestone' 
units and in addition includes a thick sequence of calcareous sandstone and siltstone.
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The contact with the underlying Bruce Formation is generally abrupt and con 
formable. On the south side of Moose Point and north of the east end of McGregor Bay, 
interbedding of conglomerate and calcareous metasediments occurs in the basal part of 
the Espanola Formation.

The thickness of the Espanola Formation ranges from 1,000 to 2,000 feet (300m to 
600m) and averages about 1,800 feet (550m). The Espanola Formation is divisible 
into four members; a lower limestone member zero to 100 feet (30m) thick; a middle 
siltstone member 900 feet to 1,200 feet (270m to 370m) thick; a sandstone member 
about 500 feet to 800 feet (150m to 240m) thick; and an upper, discontinuous silt 
stone member which is as much as 50 feet (15m) thick.

Table 3
CHEMICAL AND MODAL ANALYSES OF ROCKS OF THE ESPA 
NOLA FORMATION, CHEMICAL ANALYSIS BY MINERAL RE 
SEARCH BRANCH, ONTARIO DIVISION OF MINES

CHEMICAL ANALYSIS IN PERCENT MODAL ANALYSES IN PERCENT

Analysis No.

Sample No.

ROCK TYPE

SiO2

AlgOg

Fe203
FeO
MgO
CaO
Na2O
K2O
H2O*
H2O-

CO2
TiO2
P2O5
S
MnO
Total
S.G.
Sb
As
Ba

1

BIC-11

MARBLE

4.37

0.76

0.36
0.70
0.59

51.00
0.04
0.30
Nil

0.14
40.50

0.05
0.22
0.06
0.32

99.41
2.72
ND
ND
ND

123

BIC-11 BIC-17 KMB-40

4

BIC-29

MARBLE MARBLE CALCAREOUS CALCAREOUS 
SILTSTONE SANDSTONE

Calcite 
Dolomite
Muscovite
T* 1Talc
Chlorite
Quartz
Feldspar
Apatite
Opaque
minerals
Sphene
Actinolite
Total

[ 92 75.8 77

l 3 6.0 13

2 1.8 10
2 12.6

3.8

100.0 100.0

Abbreviations:
S.G. Specific Gravity
ND Not Determined

Minor amounts detected

4.8

19.2

63.4
13.6

101.0
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ODM9188

Photo 2-Calcareous metasediments of the Espanola Formation. Note the desiccation cracks, 
ripples, and cross-laminations.

The basal member consists of interbedded metamorphosed limestone, silty limestone, 
and calcareous siltstone. The limestone is fine-grained, white to grey, and composed 
mainly of carbonate (calcite with a variable, but generally minor amount of dolomite). 
Minor amounts of quartz, feldspar, biotite, phlogopite, muscovite, chlorite, epidote, iron 
oxides, and sulphides occur in the limestone. Porphyroblasts of amphibole, scapolite, 
grossularite, and idocrase are common. Chemical and modal analyses of a white marble 
from the basal member are given in Table 3. The bedding ranges in thickness from less 
than l inch (2.5cm) to several feet (metres) and averages about 2 inches (5.0cm). 
The bedding is massive, or laminated with alternating light-coloured, calcite-rich laminae, 
and dark, mica-rich laminae about l millimetre thick.

The siltstone member comprises a sequence of calcareous and non-calcareous silt 
stone, argillite, and fine-grained greywacke (70 percent), with interbeds of silty lime 
stone and dolomite (20 percent) and minor calcareous sandstone (10 percent). The 
siltstone, argillite, and greywacke are dark grey to black rocks composed of quartz, 
feldspar, calcite, and dolomite with minor amounts of biotite, phlogopite, muscovite, 
chlorite, scapolite, amphibole, epidote, and iron oxide. There is a complete gradation 
present from silty limestone to siltstone with only minor carbonate. The bedding in this 
member ranges in thickness from less than l inch (2.5cm) to about 2 feet (0.6m) and 
averages 4 inches (10cm). The bedding is commonly laminated and variations in 
composition have resulted in a strongly etched and pitted weathered surface (Photo 2).
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The sandstone member consists of interbedded calcareous and non-calcareous sand 
stone and siltstone. The sandstone is a white- to grey-weathering, medium-bedded, fine- 
to coarse-grained rock composed of subangular to rounded grains of quartz (60 percent) 
and feldspar (12 percent) in a matrix (28 percent) of variable proportions of calcite, 
dolomite, biotite, muscovite, chlorite, epidote, quartz, and feldspar. The sorting is poor 
to fair; the coarser sandstone typically displays a bimodal grain size distribution with 
coarse (up to 1mm in diameter) grains of quartz and feldspar in a fine- to medium- 
grained sandstone matrix. Most of the sandstone samples examined microscopically are 
protoquartzite and subgreywacke although feldspathic quartzite and greywacke are also 
present.

The upper member consists of calcareous siltstone (70 percent) with silty dolomitic 
limestone interbeds (30 percent).

Primary sedimentary structures are well developed. Bedding, laminated bedding, 
small-scale crossbedding, and graded bedding are characteristic of the siltstone, argillite, 
and limestone. Crossbedding of the planar and tangential types is common in the sand 
stone. Ripples, desiccation cracks, ball-and-pillow structures, flame structures, and clastic 
dikes are present in the Espanola Formation (Photo 2).

Paleocurrent determinations show that the sedimentary rocks were deposited by vari 
able, but generally south-flowing currents. The presence of laminated bedding, ripples, 
crossbedding, and desiccation cracks indicate that they were deposited under shallow- 
water conditions, and were periodically exposed. The ball-and-pillow and flame struc 
tures were probably formed by slumping and soft-sediment deformation. The cross- 
bedded sandstone of the upper part of the formation probably represents a return to 
more turbulent depositional conditions, and the bimodal grain-size distribution it exhibits 
is typical of beach sands.

Serpent Formation

The Serpent Formation is exposed in the Bay of Islands and in McGregor Bay on the 
north and south limb of the McGregor Bay Anticline. The boundary between the Serpent 
and the underlying Espanola Formation is generally gradational over stratigraphic intervals 
of about 100 feet (30m). In mapping, the boundary was placed arbitrarily where the 
rocks cease to contain appreciable amounts of calcite.

The formation is 600 to 2,400 feet (180m to 730m) thick and it is possible some of 
this variation in thickness is due to erosion before or during deposition of the over 
lying Gowanda Formation. Two main members comprise the Serpent Formation, a 
basal protoquartzite-argillite sequence about 200 feet (60m) thick and an upper felds 
pathic sandstone member.

The basal sandstone is grey, medium-grained, poorly sorted protoquartzite and sub 
greywacke composed of quartz (60 percent), feldspar (20 percent), and rock fragments, 
with variable amounts of interstitial carbonate, biotite, muscovite, sphene, and iron 
oxides. Pelitic rocks are interbedded with the basal sandstone and include argillite, 
siltstone, and fine-grained greywacke.

The upper feldspathic sandstones are medium- to coarse-grained, pink, grey, or 
greenish rocks composed of quartz (50 percent), feldspar (40 percent), and rock frag 
ments with variable amounts of interstitial muscovite, biotite, chlorite, quartz, feldspar, 
epidote, and carbonate.
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In the upper part of the Serpent Formation are several units as much as 100 feet 
(30m) thick that consist of calcareous siltstone, silty limestone, and impure sandstone. 
These rocks are similar to those of the underlying Espanola Formation. A few thin lenses 
of polymictic granite-pebble conglomerate also are in the Serpent Formation.

Bedding and crossbedding are well developed in the Serpent sandstones. Bedding 
thickness in the lower member ranges from 6 inches to 2 feet (15cm to 0.6m) and 
averages l foot (0.3), while in the upper member it ranges from l foot to 20 feet (0.3m 
to 6m) and averages 3 feet (0.9m). The thicker beds commonly display planar and 
tangential crossbedding. The crossbeds are rarely themselves cross-laminated. Graded 
crossbeds occur in the upper part of the Serpent Formation and normal graded bedding 
occurs in the pelitic rocks. The pelites also show ripples and ripple-drift cross lamination.

Paleocurrent measurements indicate that the sedimentary rocks of the Serpent Forma 
tion were deposited by generally southwest-flowing currents. They were probably de 
rived from a granitic terrain to the north and were deposited under turbulent, shallow- 
water conditions in a marine littoral environment.

COBALT GROUP 

Gowganda Formation

Rocks of the Gowganda Formation occur in the northern part of the Bay of Islands 
and on the north and south limbs of the McGregor Bay Anticline in McGregor Bay. 
The contact between the basal conglomerate of the Gowganda Formation and the under 
lying Serpent sandstone is generally conformable. The contact is generally abrupt. 
However, at several localities, such as on Highway 68 south of Whitefish Falls, there is 
a marked increase in quartz and feldspar content in the basal Gowganda conglomerate as 
the contact is approached with the underlying Serpent sandstone. Apparently uncon 
solidated sand from the underlying Serpent Formation was incorporated in the basal 
sedimentary rocks of the Gowganda Formation. At other localities, the basal Gowganda 
conglomerate channels and bevels bedding in the underlying Serpent sandstone. Marked 
changes in thickness of the Serpent Formation occur, and may be attributable to erosion 
before, or during deposition of the Gowganda Formation. On a small island south of the 
mouth of Whitefish River, there are several dike-like projections of conglomerate which 
extend down into the Serpent sandstone for some 50 feet (15m). These probably rep 
resent clastic dikes derived from the Gowganda Formation and emplaced along fractures 
in the once semi-consolidated Serpent sandstone. However, at most localities, the contact 
is regular or only slightly wavy and appears conformable. Interbedding of sandstone and 
conglomerate at the base of the Gowganda Formation was noted at several localities, for 
example on the west shore of Iroquois Bay. Commonly the sandstone interbeds are very 
irregular and lensoid, and have the appearance of unconsolidated or semi-consolidated 
masses of sandstone which have been caught up and incorporated in the basal sedi 
mentary rocks. If the lower part of the Gowganda is of glacial origin, and there is evi 
dence for this (Coleman 1908), the foregoing phenomena may be caused by the scouring 
action of floating glacial ice.

The thickness of the Gowganda Formation ranges from about 2,500 feet to 4,000 feet 
(760m to 1,200m) and averages 3,000 feet (900m). It is divisible into a number of 
members, and these are, from bottom to top:
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(a) Lower conglomerate: 250 feet to 800 feet (76m to 240m) of polymictic paracon 
glomerate (90 percent) with lenses of orthoconglomerate, argillite, and sandstone 
(10 percent).

(b) Lower argillite: 300 feet to 1,000 feet (90m to 300m) of laminated argillite and 
siltstone with interbedded sandstone (70 percent) and argillite (30 percent) in 
the upper half of the thicker sections.

(c) Middle conglomerate: O to 400 feet (120m) of polymictic paraconglomerate (90 
percent) with lenses of orthoconglomerate, sandstone, and argillite (10 percent).

(d) Middle argillite: O to 600 feet (180m) of argillite, siltstone (80 percent) and sand 
stone (20 percent) (see Photo 3).

(e) Upper conglomerate: O to 250 feet (76m) of polymictic paraconglomerate (80 
percent) with lenses of orthoconglomerate, sandstone, and siltstone (10 percent).

(f) Mixed member: 300 feet to 600 feet (90m to 180m) of interbedded argillite, silt 
stone (60 percent) and sandstone (40 percent). Locally, there are thin lenses of 
conglomerate and calcareous siltstone.

(g) Sandstone member: 300 feet to 1,400 feet (90m to 430m) of interbedded sand 
stone (70 percent) and argillite and siltstone (30 percent), grading, in thicker 
sections, into feldspathic sandstone and biotitic sandstone (90 percent) with minor 
argillite-siltstone (10 percent).

(h) Upper argillite: 100 feet to 400 feet (30m to 120m) of argillite and siltstone (80 
percent) with sandstone interbeds (20 percent) in some localities. The strati 
graphic sequence is portrayed diagrammatically in Figure 3 (Chart A, back pocket). 

Several varieties of conglomerate are present in the Gowganda Formation. The most 
abundant type is polymictic paraconglomerate with a greywacke matrix. The megaclasts 
(pebbles, cobbles, and boulders) range in diameter from less than l inch (2.5cm) to 
as much as 10 feet (300m). The megaclasts form 10 to 30 percent of the polymictic 
paraconglomerate and themselves consist of 70 percent granitic rocks, 15 percent quartz, 
10 percent mafic igneous rocks, and 5 percent metasediments. The poorly sorted matrix 
is composed of 30 percent medium- to coarse-grained angular grains of quartz, 10 per 
cent feldspar grains, 10 percent rock fragments and 50 percent interstitial muscovite, 
biotite, quartz, feldspar, epidote, iron oxide, sulphide, and calcite. The proportion of 
potassic feldspar to plagioclase in the paraconglomerate matrix ranges from 1:1 to 1:4. 
The ratio of interstitial material to sand-sized grains in the conglomerate matrix is 
generally high (1:1 to 1:3) and consequently it is a greywacke. Locally, however, the 
amount of interstitial material decreases and the matrix is a subgreywacke or proto 
quartzite.

Tilloid-type conglomerate, a polymictic paraconglomerate with laminated argillite- 
siltstone matrix, also occurs in the formation. Pebbles, which generally constitute 10 to 
15 percent of this rock, are mainly granitoid types averaging l to 2 inches (2.5 to 5cm) 
in diameter. The laminations of the matrix are commonly distorted, being draped over 
pebbles, indicating that the pebbles were ice-rafted and dropped into an environment in 
which mainly fine silt and mud were being deposited. Glacial ice is a possible rafting 
agent.

Polymictic orthoconglomerate occurs throughout the lower half of the Gowganda 
Formation. The rock consists of 70 to 80 percent grantic, quartzitic, and mafic pebbles 
in a matrix which ranges from greywacke to protoquartzite in composition. The pebbles 
are subangular to subrounded and average a few inches in diameter.

There are several types of pelitic rocks in the Gowganda Formation, including lami 
nated argillite, siltstone, and fine-grained greywacke. Laminated argillite is common in
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Photo 3-Thin-bedded siltstone and sandstone of the Gowganda Formation. Note 
internally cross-laminated sand lenses, here interpreted as "starved ripples."

ODM 9189

the

the bottom half of the Gowganda Formation and is a dark grey to black, fine-grained 
rock composed of silt- and clay-sized grains of quartz, feldspar, biotite, muscovite, 
chlorite, epidote, sulphide, and iron oxides. The chlorite is typically an iron-rich ripido 
lite, and the muscovite, a greenish ferrimuscovite. Magnetite is abundant, notably in the 
lower argillite member, and this unit gives rise to pronounced magnetic anomalies (see 
Geological Survey Canada Aeromagnetic Map 1522G, Whitefish Falls, Ontario). The 
laminae are approximately 0.25 to 1mm thick, consist of alternating, light-coloured 
quartzose layers and dark coloured micaceous layers, and are persistent along strike. The 
grain-size of the light-coloured laminae averages 0.05mm, and of the dark laminae, 
0.01mm.

Units of thin-bedded (average l inch; 2.5cm), siltstone, argillite, and fine-grained 
sandstone are common in the lower part of the Gowganda Formation where they are 
interbedded with the regularly laminated argillite and siltstone. These units have a 
streaky aspect due to the lensoid nature of many of the light-coloured sandy interbeds. 
The sand lenses probably represent 'starved ripples' as they display well-developed 
internal cross-laminations (Photo 3).

Thinly bedded, argillite, siltstone, and fine-grained greywacke are also abundant in 
the upper half of the Gowganda Formation and are commonly interbedded with mica 
ceous sandstone. Bedding in these rocks ranges in thickness from less than l inch (2.5cm)

16



to about 6 inches (15cm), and is commonly graded. These rocks are composed of the 
same minerals as the laminated argillites, but are slightly coarser grained (silt to fine 
sand range) on the average, and generally have a distinct greywacke texture.

Sandstone, which occurs as lenses in the lower part of the Gowganda Formation, and 
as thick persistent members in the upper part, is mainly feldspathic protoquartzite and 
subgreywacke with below normal amounts of micaceous feldspathic greywacke and 
arkose. Modal analyses show that the sandstone contains approximately 60 percent quartz, 
20 percent feldspars, 5 percent rock fragments, and 15 percent detrital matrix.

Bedding in the conglomerate members of the Gowganda Formation may range from 
well defined beds l to 3 feet (0.3 to 0.9m) thick, through poorly defined beds 10 to 20 
feet (3 to 60m) thick, to massive, unbedded conglomerate. Graded beds are common in 
the argillite-sandstone sequences, and crossbeds in the upper sandstones.

Ball-and-pillow structures, contorted bedding, and flame structures are abundant in 
the upper half of the Gowganda Formation. Parallel-laminations, cross-laminations, and 
ripples occur throughout the Gowganda Formation.

Numerous quartz-calcite-chlorite veins cut all the Gowganda members, and locally 
they contain minor amounts of pyrite. There are also localities, notably in the area east 
of the east end of McGregor Bay, where the rocks are extensively replaced by albite and 
carbonates.

The orientation of ripples, crossbeds, and long axes of pebbles indicate that the 
sedimentary rocks were deposited by generally south-flowing currents. They were de 
posited in water, possibly by glacial agencies.

Lorrain Formation

Sandstones of the Lorrain Formation occur along the north shores of the Bay of 
Islands and McGregor Bay, on McGregor Point, on the south half of Fraser Point, on 
Badgeley Point, and as inliers forming monadnocks in Paleozoic terrain on Heywood 
Isknd, Great La Cloche Island, and Manitoulin Island at Sheguiandah.

The Lorrain Formation is approximately 5,000 feet to 6,500 feet (1,500m to 2,000m) 
thick and consists of six lithostratigraphic members (listed from the base to the top):
(a) Grey sandstone member: 200 feet (60m) to possibly 1,300 feet (400m) of grey 

micaceous sandstone, siltstone, and greywacke at the base, grading up to inter 
bedded grey and pink feldspathic sandstone.

(b) Pink feldspathic sandstone member: 300 (90m) to possibly 2,400 feet (730m) of 
feldspathic sandstone with minor siltstone and greywacke.

(c) Green sandstone member: 600 feet to 1,800 feet (180m to 580m) of green, mica 
ceous, feldspathic sandstone with conglomerate lenses.

(d) Ferruginous sandstone member: O to 700 feet (O to 200m) of buff, hematitic, mica 
ceous sandstone with conglomerate lenses.

(e) White sandstone member: 1,200 to 3,600 feet (370m to 1,000m) of white, kaolini 
tic sandstone with minor conglomerate.

(f) Cherty sandstone member: 500 feet to 1,800 feet (150m to 550m) of white and 
red, fine-grained sandstone.
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Contacts between the various members are gradational, especially between the white 
and the cherty sandstone members. Consequently, the placing of contacts is somewhat 
subjective. The subdivision of the Lorrain Formation is of economic importance be 
cause only the uppermost cherty sandstones are pure enough to be utilized for industrial 
purposes.

The basal sandstones are thin- to medium-bedded, light grey rocks composed of 
medium-grained, subangular to subrounded grains of quartz (50 percent), feldspar (25 
percent), and rock fragments (5 percent) in a fine-grained matrix of muscovite, biotite, 
chlorite, quartz, and feldspar (20 percent). The sorting is poor to moderate; the sand 
stones are feldspathic protoquartzite and subgreywacke.

The pink feldspathic sandstone is a medium- to coarse-grained, thick-bedded rock 
composed of quartz (65 percent), feldspars (20 percent) and rock fragments (5 per 
cent) in a matrix (10 percent) of biotite, muscovite, quartz, feldspars, and minor sphene 
and iron oxide minerals. The sorting is poor to moderate and the sandstone is mainly a 
feldspathic protoquartzite with some arkose and feldspathic subgreywacke.

The green sandstone member is a medium-bedded, medium- to coarse-grained rock 
composed of quartz (70 percent), feldspar (8 percent), and rock fragments (2 percent), 
in a matrix (20 percent) of micas, quartz, and feldspar. The mica is green ferri- 
muscovite, although the green chrome mica fuchsite is locally present. Sorting is 
moderate and much of the sandstone is feldspathic protoquartzite with some feldspathic 
subgreywacke and arkose.

The ferruginous sandstone is medium- to thick-bedded, medium-grained, and com 
posed of quartz (85 percent) and muscovite (15 percent) with minor hematite 
staining the quartz grains. The sandstone is a moderately sorted protoquartzite.

The white sandstone is also medium- to thick-bedded and medium-grained and 
consists mainly of quartz with minor interstitial muscovite, kaolinite (or kyanite and 
andalusite), and hematite. The white sandstone is dominantly a micaceous protoquartzite 
and orthoquartzite.

The cherty sandstone is a thin- to medium-bedded, fine-grained rock composed of 
quartz (98 percent) with minor muscovite and hematite. Chemically, the sandstone is 
very pure and consists of over 95 percent silica. The sandstone commonly shows a 
bimodal grain-size distribution consisting of well-sorted quartz grains about 0.2mm in 
diameter set in a mosaic of finer grained quartz. It is probable that the fine-grained quartz 
represents recrystallized chemically precipitated silica cement. The sandstone is an ortho 
quartzite.

Conglomerate lenses in the green, ferruginous, and white sandstone members consist 
of small (Vi to l inch; 12.7mm to 2.5cm), rounded pebbles of quartz, chert, and 
jasperoid in a poorly sorted matrix of quartz, feldspar, muscovite, and iron oxides. 
Pebbles constitute 30 to 70 percent of the lenses which are commonly less than 6 inches 
(15cm) thick and 50 feet (15m) long.
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Photo 4-Graded crossbeds in sandstone of the Lorrain 
Formation.

Primary sedimentary structures present in the Lorrain Formation include bedding, 
crossbedding, graded bedding, and ripple marks. The average bedding thickness gen 
erally decreases from the bottom to the top of the formation. Planar crossbeds, graded 
crossbeds (Photo 4), and graded bedding are common in the pink and green sandstone 
members, while festoon-type crossbeds marked by concentrations of specular hematite 
on foreset surfaces occur in the ferruginous and white sandstone members. Ripples are 
especially common at the top of the upper cherty sandstone member (Photo 5).

Breccia, commonly with a ferruginous matrix, occurs locally in the white sandstones. 
Also there are numerous quartz-kyanite, kyanite-andalusite, and dumortierite-quartz veins 
in the white and ferruginous sandstones.
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ODM9191

Photo 5-Ripples in fine-grained orthoquartzite of the Lorrain Formation.

The sedimentary rocks of the Lorrain Formation were probably deposited in a 
shallow-water, turbulent environment during a series of repeated marine transgressions 
and regressions. The textural and mineralogical maturity of the sedimentary rocks 
increases from the bottom to the top of the formation, indicating increasing maturity of 
detritus supplied or increased reworking of detritus in the depositional environment. The 
Lorrain Formation sands were probably deposited in a littoral environment where they 
were extensively reworked by longshore and onshore currents.

The pure quartz sandstones of the Lorrain Formation were probably derived from 
reworking the pre-existing sedimentary rocks and consequently represent prolonged inter 
vals of erosion and deposition.

Gordon Lake Formation

Rocks of the Gordon Lake Formation occur in Narrow Bay, Killarney Bay, and 
Landsdowne Channel, and on Pine Island, Sheep Island, Badgeley Rocks, Badgeley Island, 
and Heywood Island. In Narrow Bay, these rocks were previously assigned to the Gow 
ganda Formation, and in Killarney Bay, to the Espanola Formation by Quirke and 
Collins (1930). However, it can be demonstrated that they conformably overlie the 
Lorrain Formation and consequently belong to the formation which Collins (1925) 
originally termed 'Banded Cherty Quartzite'. Frarey (1967b) has formally named this 
the Gordon Lake Formation in the Bruce Mines area.
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Photo 6-lnterbedded sandstone and siltstone of the Gordon Lake Formation.

Fine-grained impure sandstone, argillite, and siltstone of the Gordon Lake Formation 
abruptly but conformably overlie orthoquartzite of the Lorrain Formation. The contact 
is well exposed along the north shore of Narrow Bay. The formation varies in thickness 
from about 1,800 feet (550m) to possibly as much as 3,600 feet (1,100m), and it 
apparently thins from east to west (Figure 4, Chart A, back pocket). The Gordon Lake 
Formation is divisible into three intergradational members:
(a) A lower member; sandstone (60 percent)-pelite (40 percent) sequence about 

300 feet (90 m) thick.
(b) A middle member; pelite (70 percent)-sandstone (30 percent) sequence 1,200 to 

3,000 feet (370 to 900m) thick.
(c) An upper member; sandstone (70 percent)-pelite (30 percent) sequence about

300 feet (90m) thick.
The sandstones and pelites are generally thin-bedded and distinctly colour-banded in 

shades of grey, pink, brown, buff, and green (Photo 6). Microscopic examination shows 
that the sandstones are mainly fine-grained protoquartzite and subgreywacke composed 
of quartz and feldspars in a fine-grained matrix of muscovite, biotite, chlorite, quartz, 
and feldspar; calcite, sphene, pyrite, and iron oxides are locally abundant. Argillite and 
siltstone are composed of the same minerals as those listed above. Fine-grained chert-like 
interbeds composed of fine silt-sized quartz, feldspar, and micas arc present. The for 
mation is expressed by a weak linear aeromagnetic anomaly (see Geological Survey 
Canada Aeromagnetic Map 1522G, Whitefish Falls and ODM-GSC Aeromagnetic Map 
2270G, Little Current) indicating the presence of appreciable magnetite.
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Sedimentary structures observed in the Gordon Lake Formation include bedding, 
laminated bedding, graded bedding, convolute bedding, ball-and-pillow structures, des- 
sication cracks, ripple-marks, and ripple-drift cross-lamination. The bedding ranges in 
thickness from less than l inch (2.5cm) to about 2 feet (0.6m), and averages about 2 
inches (5cm). Near the Killarney granite, the rocks are hornfelsed but minor sedi 
mentary structures are generally accentuated rather than obliterated.

Paleocurrent studies show that that the sedimentary rocks of the Gordon Lake Forma 
tion were affected by variable current patterns. The sedimentary structures present indi 
cate relatively non-turbulent, cyclic depositional conditions with periodic subareal 
exposure. Such conditions are found on tidal mud flats.

Bar River Formation

Rocks of the Bar River Formation are exposed on Frazer Point, Pine, Badgeley, 
Centre, Partridge, and Heywood Islands, and on Manitoulin Island near Sheguiandah. 
These rocks were previously correlated with the Lorrain and Mississagi Formations in 
the Killarney area (Quirke and Collins 1930). However, they lie stratigraphically above 
the Lorrain Formation and correspond to Collins' (1925) 'Upper White Quartzite' which 
Frarey (1967b) has formally named the Bar River Formation in the Bruce Mines area.

The Bar River Formation is at least 3,000 feet (900m) thick, consists of approxi 
mately 1,200 feet (370m) of sandstone similar to the upper member of the Lorrain 
Formation, and 1,800 feet (550m) of interbedded sandstone, argillite, and siltstone. The 
lower orthoquartzite member is in conformable and gradational contact with sandstone 
and pelite of the Gordon Lake Formation along the south shore of Narrow Bay.

The lower sandstone is a white and buff, thin- to medium-bedded, fine- to medium- 
grained rock composed mainly of quartz with minor muscovite and very minor amounts 
of chlorite, zircon, tourmaline, and monazite. Hematite is locally present as scattered 
grains which are concentrated on bedding surfaces. At the Sheguiandah quarry on Mani 
toulin Island there are talcose zones and interbeds which contain minor amounts of talc, 
serpentine, and amphibole.

The upper sandstones are thin- to medium-bedded, fine- to medium-grained rocks 
which are commonly coloured in shades of pink, white, black, and purple. They are 
composed essentially of variable amounts of quartz and muscovite. Hematite is locally 
present in amounts up to 5 percent.

Lenses and units up to 100 feet (30m) thick of interbedded argillite, siltstone, and 
fine-grained sandstone are interbedded with the sandstone in the upper member. These 
rocks are commonly iron-rich, and locally contain up to 20 percent iron in the form of 
interstitial hematite (Young 1968). They are thin-bedded and composed of silt- to fine 
sand-sized grains of quartz and minor feldspar in a matrix of muscovite, chlorite, biotite, 
and iron oxide minerals.

Bedding in the lower white sandstone is generally indistinct, but where seen, ranges 
in thickness from 6 to 12 inches (15 to 30cm). Ripples, both symmetrical and asym 
metrical, are locally abundant. Crossbeds are present, but are not well-developed.

Bedding in the upper member is well developed and ranges from less than l inch 
(2.5cm) in the siltstone and argillite to 2 feet (0.6m) in the sandstone. Parallel lamina 
tions and cross-laminations are typical of the pelitic rocks while festoon crossbeds and 
ripples are common in the sandstone.
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Paleocurrent studies indicate that the depositional currents were variable and these 
sedimentary rocks were probably deposited in a shallow-water, turbulent environment 
where they were subjected to the winnowing action of waves and currents over an 
extended period of time.

PALEOGEOGRAPHY AND PROVENANCE

Measurement of the attitude of crossbeds, ripples, and long axes of oriented pebbles 
indicates that the paleocurrents flowed generally from north to south during deposition 
of the Huronian strata. In the upper part of the sequence there is evidence for currents 
from the south and east.

Mean paleocurrent directions for each formation are compared with those deduced 
by Young (1968) in the McGregor Bay area, and by Lindsey (1967) in the Whitefish 
Falls area in Table 4. These data are summarized diagrammatically in Figure 5.

The paleocurrent azimuths are distinctly polymodal. For example, the Espanola and 
Serpent Formations display paleocurrent maxima trending south and east-west. In the 
southern part of the map-area the younger formations display south-trending, and north- 
to northwest-trending maxima. Young (1968) ascribed the polymodal distribution of 
the data to sample bias caused by preferential measurement of the 'end-member' cross- 
bedding classes in the steeply dipping rocks. However, this polymodal distribution also 
appears in the ripple orientation data, which should not be subject to sampling bias. 
Therefore the polymodal distribution of paleocurrent data is probably real. It may be 
caused by longshore (east-west flowing) and onshore (north flowing) currents which 
have merely reworked the sediment originally deposited by south-flowing currents.

The paleocurrent directions show that the main source area for the sedimentary rocks 
lay to the north. The petrography of the sandstone and conglomerate of the lower half 
of the sequence indicates that the main source was plutonic granitoid rocks with sub 
sidiary metavolcanic and metasedimentary sources. The sedimentary rocks of the upper 
half of the sequence, which are generally mature to supermature, were probably formed 
by reworking of pre-existing sedimentary rocks.

ENVIRONMENT OF DEPOSITION

The metasedimentary rocks fall into three main lithological types, sandstone, pelite, 
and conglomerate. The sandstone of the lower parts of the Mississagi, Serpent, and 
Lorrain Formations, and the upper parts of the Espanola and Gowganda Formations 
are generally immature to submature texturally and mineralogically, indicating little 
winnowing action and rapid deposition. The sedimentary rocks of the upper parts of the 
Mississagi and Serpent Formations and the central parts of the Lorrain Formation are 
generally submature to mature. Such sedimentary rocks were probably deposited in 
turbulent environments where winnowing action was moderate to strong. In the case 
of the Mississagi and Serpent Formations, the fine detritus winnowed out was deposited 
locally in the form of argillaceous intercalations and interbeds. These sedimentary rocks 
were probably deposited in a deltaic envkonment.
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Table 4

Formation

Mississagi

Espanola

Serpent

PALEOCURRENT DIRECTIONS FOR CERTAIN HURONIAN
FORMATIONS

Young (1968)
McGregor Bay

Area

1660

149"

1360

Gowganda 175"
Lorrain 1340

Lindsey (1967)
Whitefish Falls

Area

1960

1840

220"

Southeast
Southeast

Gordon Lake — —

Bar River — —

This Report

Polymodal— south and
southwest. Mean-1800
Polymodal— south, east
and west. Mean— 1550
Polymodal— southwest,
west, and east. Mean— 1600
Mean-1700
Polymodal— south and
southwest, minor east,
west, and north
Polymodal— south, west,
northeast
Polymodal— northwes t,
southwest, and southeast

The sandstones of the upper part of the Lorrain Formation and of the Bar River 
Formation are mature to supermature. They were probably derived from pre-existing 
sedimentary rocks and were subjected to the winnowing action of waves and currents 
in a turbulent environment. The fine detritus was winnowed out and was probably 
deposited further down the paleoslope. The paucity of feldspar and the appearance of 
hematite and kaolinite in the upper part of the Lorrain Formation may indicate a change 
from cold, rigorous climatic conditions to tropical conditions. The sedimentary rocks 
were probably deposited in a nearshore, coastal shelf environment.

The pelitic rocks have characteristics such as well developed, commonly laminated 
bedding indicative of deposition in a relatively non-turbulent environment with little 
reworking. They also display features indicating deposition by turbidity currents, includ 
ing graded beds, ripples, and ripple-drift cross-laminations. The Espanola Formation is 
characteristically calcareous and displays abundant desiccation cracks indicating periodic 
subareal exposure. A marine tidal-flat environment is a possibility.

The conglomeratic rocks of the Bruce Formation and the lower part of the Gowganda 
Formation are typically pebbly mudstones or sandstones which are mineralogically and 
texturally immature and have great lateral extent relative to their thickness. Their tex 
tural immaturity indicates transportation by a high density medium, whereas their miner 
alogical and chemical immaturity may indicate rigorous climatic conditions, rapid erosion, 
or both. The rock fragments, some which are 10 feet (3m) or more in maximum dimen 
sion, are mainly of plutonic igneous derivation and have been transported long distances. 
Dropped pebbles in laminated argillite indicate transportation by a high density medium 
which did not disturb the underlying fine-grained sedimentary rocks. The pebbles display 
a regional north-south preferred orientation (Lindsey 1967; Young 1968). Bedding, 
although generally not well developed, is present, indicating deposition in water.
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Mississagi Formation
220 measurements 
40 stations

Espanola Formation
52 measurements 
16 stations

Serpent Formation
30 measurements 
28 stations

Gowganda Formation
15 measurements 
12 stations

Lorrain Formation
86 measurements 
24 stations

Gordon Lake Formation
13 measurements 
4 stations

Bar River Formation
73 measurements 
9 stations

Key

SMC 12777

Figure 5-Paleocurrent Rose Diagrams for Huronian Rocks in the McGregor Bay-Bay of 
Islands Area.
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A marine glacial origin could account for most of the features displayed by the con 
glomeratic rocks of the Bruce and Gowganda Formations; their great lateral extent, till-like 
nature, preferred pebble orientation, and drop stones would support this. However, they 
could also represent the products of large-scale pebbly mudflows in a marine environ 
ment (Dzulynski et al. 1959). The deposits of such flows are typically thick-bedded, 
generally ungraded muddy sandstones with boulders associated with sediments displaying 
evidence of a turbidite origin. Such "debris flows" are high density fluids with a con 
centration of coarse solids which flow in a laminar fashion (Fisher 1971). Because of their 
flow characteristics, they commonly overlie easily eroded materials that display little or 
no features of erosion. Rock fragments dropped from the flows into underlying pelitic 
materials could duplicate the features displayed by ice-rafted drop stones in marine glacial 
deposits. Consequently, the features displayed by the conglomeratic rocks could be 
accounted for by a debris flow mechanism which in addition would account for other 
features of these deposits such as the incorporation of relatively mature, recycled sands, 
and their association with turbidites.

The Huronian sequence can be described as the deposits of several marine cycles. The 
pelitic formations would represent relatively deep-water, transgressive deposits; the 
sandstone formations the regressive, relatively shallow, turbulent water deposits. The 
floods of coarse detritus representing the Bruce and lower Gowganda Formations may be 
attributable to glaciation or to large-scale debris flow.

CORRELATION

According to Stockwell (1964), Huronian rocks of early Proterozoic (Aphebian) age 
extend along the North Shore of Lake Huron from Sault Ste. Marie to Sudbury and north 
eastward to the Ontario-Quebec border. Isotopic age determinations by Van Schmus 
(1965) in the Blind River area indicate that the Huronian rocks are older than 2,155±80 
million years, the age of the Nipissing Diabase which intrudes them, and younger than 
2,500 million years, the age of the pre-Huronian granitic rocks. Recent age determinations 
by Fairbairn and Hurley et al. (1969) in the Gowganda area are in good agreement with 
the above ages, indicating Rb-Sr whole-rock ages of 2,160 million years and 2,280 million 
years for the Nipissing Diabase and Gowganda Formation respectively. Rb-Sr isochron 
ages have also been determined for Huronian metasedimentary rocks in the Espanola- 
Sudbury area (Fairbairn and Knight et al. 1967). These show a great deal of scatter 
in the range 1,800 to 2,200 million years, and have a composite "age" of 1,950±100 
million years which is probably the result of a metamorphic overprint.

Correlation of the rocks in the Sudbury-Espanola area with similar rocks to the east 
and west has been a matter of controversy, and the problems involved have been discussed 
by Collins (1936), Thomson (1957; 1962), Ginn (1965), Card (1965a; 1968), Young 
and Church (1966), Robertson, Card and Frarey (1969), and Robertson, Frarey and 
Card (1969). Field work by Ginn (1965), Frarey (1967a), and the writer (Card 
1965a, b; 1968) in the area between Sudbury and Espanola has demonstrated that there 
is general conformity throughout the sequence and, consequently, its division into a pre- 
Huronian 'Sudbury Series' and a 'Huronian Series' is invalid.

Comparison of the Huronian succession of the McGregor Bay-Bay of Islands area 
(Figures 3 and 4) with that of the Elliot Lake area (Robertson, Card and Frarey 1969, 
p.ll) shows the following differences:
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(a) The McGregor Bay-Bay of Islands section is thicker than the Bruce Mines-Elliot 
Lake section and this thickening occurs abruptly as the Murray Fault zone is crossed.

(b) Individual formations are generally thicker in the McGregor Bay-Bay of Islands 
area than in the Bruce Mines-Elliot Lake area, particularly the pelitic units.

(c) There are numerous disconformities and several unconformities in the Bruce Mines- 
Elliot Lake section while disconformities are rare, and unconformities absent in the 
McGregor Bay-Bay of Islands section.

Nevertheless, the similarity between the sequences of the two areas is most notable. 
The lithostratigraphic units are remarkably persistent along strike and there is relatively 
little facies change especially in the upper formations. This lateral lithologic uniformity, 
plus the fact that the formations have now been mapped continuously from Sudbury to 
Sault Ste. Marie, supports correlation throughout the region where the Huronian occurs.

In 1967, a Federal-Provincial Committee was set up to examine the question of 
correlation of the Huronian rocks in the Sault Ste. Marie-Cobalt region (Robertson et al. 
1968; Robertson, Card and Frarey 1969; Robertson, Frarey and Card 1969). The strati 
graphic subdivisions of the Huronian Supergroup recommended by this committee are 
given in Table 2.

Recently, Young (1966) has correlated the upper part of the Huronian sequence with 
the Animikie rocks of the Port Arthur area, and the Proterozoic rocks of Michigan. He 
bases this correlation on the similarity of the rock sequences and lithologies of the various 
regions, and especially on the presence of "exotic" rock types such as iron formation, 
thick orthoquartzites, and tilloids. This correlation is interesting, but difficult to evaluate.

Metavolcanics

Amygdaloidal and porphyritic mafic metavolcanics (metabasalt and meta-andesite) 
occur mainly on Pine Island and Sheep Island in Killarney Bay. In addition, amphibolitic 
inclusions, which are probably hornfelsed metavolcanics, are abundant in the agmatitic 
border zone of the Killarney Batholith. The contact between the metavolcanics and 
Huronian metasediments was not seen in outcrop because it is masked by a screen of 
Killarney granite on Sheep Island and by drift and granite on Pine Island. However, 
measurement of the attitude of amygdaloidal zones in the metavolcanics indicate that they 
are conformable with the underlying metasediments. Therefore, it is possible that the 
metavolcanics are part of the Huronian Supergroup. The thickness of the metavolcanics 
could not be determined but must be several hundred feet at least.

Both amygdaloidal and porphyritic metavolcanics (metabasalt and meta-andesite) 
are present. The amygdaloidal varieties are dark green to black, and composed of fine- 
grained plagioclase, biotite, quartz, chlorite, epidote, iron oxides, and carbonate. The 
amygdules are commonly zoned and are composed mainly of quartz, chlorite, epidote, and 
carbonate. Porphyritic mafic metavolcanics are dark-grey, and composed of zoned, altered 
plagioclase (andesine-labradorite) crystals about 1mm long set in a fine-grained matrix 
of plagioclase, quartz, biotite, epidote, muscovite, sphene, and iron oxide minerals. A 
chemical analysis of an amygdaloidal metavolcanic rock from Sheep Island is given in 
Table 5- Normative calculations show that it is a calc-alkaline, high alumina meta-andesite.

Primary structures noted in the metavolcanics are amygdules, amygdaloidal zones, and 
poorly denned flow-layering. The Killarney Batholith has invaded, contact metamor 
phosed, and probably obliterated much of this unit.
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ô

CN
o
o

o
o

ON

O

NO

0

ON
o"

LO

o

NO

o

ON

O

9

o
ON
OO

O 
00

o 
o

o
OO
ON

O
NO

o

o
o o

o
0o

o
NO

o o

o t 
ON
ON

S
O
O

o
0
ON 
ON

0

ON 
ON

0

S

o
CN
ON 
ON

"rt

00

CN

NO

O
PC

LO
NO

CN

NO
r-.
CN

ON
CN

LO
NO

CN

NO 
NO

CN

t 
ON

CN

ON
CN

ON 
ON
CN

PC 
ON

CN

o!
CN

CN
ON
CN

dCO*

28



PO

CN

S

O

'x
PH
PH

55 
O
3 oo

atw
PH 
W t-
H
PH
•4!
PH

g

g vo 
CO

•a!

U
UJ

M
O "*

2
H

PO

CN

-

.(fi VH

C 3

O

D
Z

Q 
Z

o

VO

Q
Z

Q
Z

Q

Q
Z

Q

Q

Q 
Z

Q

to

o

VO

Q

Q
Z

Q
Z

S

•o

Q 
Z

o
PO

vo

0

Q 
Z

Q
Z

(A

0

Q
Z

ovo

Q
Z

o
0̂— i

az

Q
Z

s

Q
Z

Q 
Z

Q 
Z

Q 
Z

^

ra

1

Q
Z

CN

CN

Q
Z

-H

•^

Q 
Z

G
Z

Q 
Z

Q 
Z

D 
Z

Q 
Z

0)ra

o
TT

o

Q 
Z

Q
Z

o
CN

O 
CN

Q
Z

o
8

ovo
~

O VO

8
CN

Os

VO

U

-H

O PO

vo

O 
CN

O

o

vo

O VO

O 
CN

O 
PO

oPO

o

0 vo

d

sz

o

vo

IO

0

o

o
CN

g

g

s

o o\

s

g

u

VO

o
CN

o
CN

o

o
CN

0

o

o
CN

o

o

o

o

0 
CN

eao

o

0

o

o

o

o

o

0

0

o

0

o

0

0U

0

0 
CN

o
CN

o
CN

o

0 
CN

o
CN

Qz

o
CN

o
CN

5

o
CN

Qz

3

o o
CN

oo
CN

o o

0

8
CN

o"

o oPO

o
8
CN

o o
CN

8
CN

1
1
CN

e

o

o

o

o

Qz

Qz

VO

vo

ir

o

o

vo

0

o

o

IO

vo

o

0

IO

8
CN

o o

8

oo

oVO

oo
CN

z

o

ovo

o
CN

o
PO

0 
VO

o
CN

o
PO

o oo

ovo

oVO

oVO

oVO

o oo

0

,H

~

^H

,-H

-H

"-1

^H

*""1

•^

~

-*

*

o o
H

o o

o o
H

o o
CN

o
CN

o
CN

ovo

8

8

ĝ
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Nipissing Diabase

Bodies of pyroxene gabbro and metagabbro which intrude the metasediments are 
tentatively correlated with the Nipissing Diabase. Rubidium-strontium whole rock age 
determinations by Van Schmus (1965) in the Blind River area and by Fairbairn and 
Hurley ei d. (1969) in the Gowganda area indicate that these intrusions are about 2,160 
million years old.

The gabbro bodies are up to 1,000 feet (300m) thick and are both sill-like, generally 
paralleling the stratigraphic trends, and dike-like, cutting sharply across the major 
structural-stratigraphic events. The intrusions were apparently emplaced after the initia 
tion of major folding, but before regional metamorphism and subsequent deformation.

The pyroxene gabbro is a brown-weathering medium-grained rock composed of 
plagioclase (labradorite), orthopyroxene (bronzite), and clinopyroxene (augite) with 
minor amounts of quartz, granophyre, biotite, chlorite, amphibole, talc, and ilmenite. The 
pyroxene gabbro is extensively altered to metagabbro, a dark green to black rock con 
sisting of amphiboles, commonly both hornblende and actinolite, plagioclase (albite- 
oligoclase), epidote, talc, chlorite, quartz, muscovite, biotite, sphene, iron-titanium oxides, 
and sulphides. Modal and chemical analyses of gabbroic rocks are given in Table 5. Com 
parison of chemical analyses (No. l with No.6, No.2 with No.3, Table 5) of fresh and 
altered gabbros taken a few inches apart in outcrop indicates that the only consistent 
chemical change which takes place on alteration from gabbro to metagabbro is an in 
crease in H2O content. The chemical data thus fit the petrographic observation that the 
reactions involved in the alteration of gabbro to metagabbro are probably iso-chemical, 
except for addition of water.

Granophyric segregations and dikes are common in upper portions of the thicker 
bodies. The segregations are completely gradational through rocks of intermediate com 
position to gabbro. The granophyre is pink, medium to coarse grained, and composed 
of zoned plagioclase (andesine to albite), granophyric intergrowths of quartz and micro 
cline, and minor carbonate, chlorite, amphibole, apatite, sphene, iron-titanium oxides and 
epidote. Rocks intermediate in composition consist of variable proportions of plagioclase, 
amphibole, and granophyre and probably range in composition from granodiorite to 
quartz diorite. Chemical and modal analyses are given in Table 5.

Northwest to east-west striking amphibolite dikes ranging in thickness from a few 
feet to about 100 feet (30m) sharply transect the major structural-stratigraphic trends of 
the metasediments and also intrude the older Nipissing Diabase. The dikes are meta 
morphosed and deformed, and are consequently older than the regional metamorphism 
and later deformational events. They are apparently older than the Killarney granite.

The amphibolite is a fine-grained, black, equigranular or porphyritic rock composed 
mainly of hornblende and plagioclase, with variable amounts of epidote, biotite, phlogo 
pite, muscovite, chlorite, quartz, iron-titanium oxides, sulphide, carbonate, and sphene. 
Chemical and modal analyses of an amphibolite sample given in Table 5 show that in 
comparison to Nipissing Diabase they are relatively poor in quartz, enriched in mafic 
minerals, enriched in total iron, and poor in CaO.
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Felsic Plutonic Rocks (Killarney Batholith)

Felsic plutonic rocks of the Killarney Batholith were examined only in a limited area 
in the southeast of the map-area where they occur on the mainland around Killarney, on 
George Island, and on a series of islands extending from Pine Island to Badgeley Island.

The Killarney Batholith is a member of a series of felsic plutonic rocks which form 
a belt l mile to 5 miles (1.6km to 8.0km) wide along the Grenville Front Zone between 
Killarney and Sudbury, a distance of about 65 miles (105 km). Rubidium-strontium 
whole rock age determinations indicate that granitic intrusions of two ages, 1,590 million 
years, and 1,730 million years, are present. The Killarney Batholith belongs to the 
younger (1,590 million years) series (Krogh et al. 1968).

The Killarney Batholith intrudes Huronian rocks of the Southern Province on the 
northwest, and post-dates the major deformation and regional metamorphism of the 
Huronian rocks. The contact is discordant with an agmatitic and spotted hornfels border 
zone. The agmatitic border, the general lack of metasomatic effects, and the hornfelsic 
contact metamorphic aureole indicate that the batholith was emplaced at relatively high 
crustal levels (mesozonal-epizonal).

The contact between massive or weakly foliated granitic rocks of the Killarney 
Batholith with gneissic, cataclastically deformed granitic rocks of the Grenville Province 
is exposed around Killarney village and on the south side of George Island. Bell (1898) 
concluded that the Killarney granite intruded the gneiss, Barlow (1893) considered the 
granite and gneiss to be of the same age, and Lawson (1929) described the granitic 
gneiss as intruding the Killarney granite. Quirke and Collins (1930) postulated that the 
granitic gneiss and the granite were derived from Lorrain quartzite by granitization. Jones 
(1930), on the basis of detailed mapping, thin section studies, and chemical analyses 
showed that the Killarney granite and the granitic gneiss are practically identical in 
chemical and mineralogical composition. He concluded that the granitic gneiss was 
intruded only slightly later than the Killarney granite and that the two were derived 
from the same parent magma. Quirke (1940) reinterpreted Jones' data as evidence for 
granitization. More recently, Frarey and Cannon (1969) have mapped the granitic 
gneiss as an intrusive body, younger than the Killarney granite.

The contact between the Killarney granite and the granitic gneiss is gradational for 
the most part, although locally, as on the northeast side of George Island, there is a 
relatively sharp contact between fine-grained gneiss and Killarney granite. Jones (1930) 
considered this to be proof that the gneiss intruded the granite, whereas Quirke (1940) 
thought it could represent a hornfels zone in the gneiss produced by heating from the 
Killarney intrusion. On the rest of George Island, and on the mainland, the contact is 
gradational where seen by the writer, and the gneissosity is parallel to this contact. In 
view of the above observations and the data provided by Jones (1930), it is probable 
that the granitic gneiss on George Island and around Killarney village is actually highly 
deformed Killarney granite, and that the contact between the gneiss and the granite 
represents the northern limit of intense cataclastic deformation within this part of the 
Grenville Front Zone.

The role of granitization in the formation of rocks in the Grenville Province cannot 
be properly evaluated here. However, it is improbable that the Killarney granite or
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even the granitic gneiss were developed by in situ granitization of Lorrain quartzite as 
postulated by Quirke and Collins (1930). On the other hand, much of the quartzo- 
feldspathic gneiss of the northwest Grenville Province may represent modified Aphebian 
metasediments (Lumbers 1968).

GRANITE AND QUARTZ MONZONITE

The Killarney Batholith consists mainly of massive to faintly gneissic, equigranular 
and porphyritic, medium- to coarse-grained red granite composed of plagioclase 
(Anio±5), potassic feldspar, perthite, quartz, biotite, and chlorite with minor muscovite, 
sphene, iron oxides, pyrite, apatite, and zircon. Modal and chemical analyses (Table 6) 
show that the samples studied range in composition from granite to quartz monzonite.

There is a well developed agmatitic zone on Badgeley Island at the contact between 
the Killarney Batholith and the Huronian metasediments. The agmatite consists of 
blocks of country rock in a porphyritic or equigranular granitic matrix. The inclusions 
are mainly highly metamorphosed siltstone and sandstone of the Gordon Lake Forma 
tion, mafic metavolcanics, and sandstone of the Bar River Formation. The inclusions are 
angular to rounded and range from a fraction of an inch (mm) to about 10 feet (3m) 
in diameter and constitute up to 80 percent of the rock mass.

Small pegmatitic zones and dikes occur within the granitic rocks and several intrude 
the Huronian metasediments. A porphyritic felsic dike intrudes rocks of the Bar River 
Formation on Partridge and Heywood Islands. The dike is reddish in colour and consists 
of potassic feldspar phenocrysts set in a matrix of feldspar, quartz, biotite, and iron 
oxides. It is probable, though not proven, that this dike is related to the Killarney 
Batholith. Dikes of typical Killarney granite intrude the metasediments on Pine and 
Sheep Islands.

GNEISSIC AND MIGMATITIC GRANITIC ROCKS

Gneissic granite, which is locally migmatitic, occurs on George Island, Twin Islands, 
and Badgeley Island. The migmatites, representing heterogeneous mixtures of granite 
and quartzite, are gneissic, grey to pink rocks containing a high proportion of quartz 
with variable amounts of potassic feldspar, plagioclase, biotite, muscovite, and iron 
oxides. Feldspar and biotite commonly form long (lcm) phenocrysts. The migmatite 
is probably the result of granitization of Huronian metasediments, but not by the 
Killarney Batholith itself as inclusions of migmatite are present in the batholith, along 
with non-migmatitic inclusions of Huronian metasediments. It is possible that the 
migmatite and the Killarney granite are products of the same processes.

The gneissic granite on George Island and east of Killarney is a greyish red rock 
composed of porphyroblasts of potassic feldspar, plagioclase, and quartz, in a fine 
grained foliated matrix of these minerals along with the minor amounts of biotite and 
muscovite. The minerals have been granulated and the rock generally displays excellent 
gneissosity. Chemical and modal analyses are given in Table 6.
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Table 6

Analysis No.

Sample No.

ROCK TYPE

SiO2
A1203
Fe203
FeO
MgO
CaO
Na2O
K20
H2O*
H2O-
C02
Ti02
P2O5
S
MnO
Total
S.G.

Quartz
Plagioclase
Potassic

feldspar
Biotite
Chlorite
Muscovite
Sphene
Apatite
Zircon
Pyrite

CHEMICAL AND MODAL ANALYSES OF ROCKS OF THE KILLAR 
NEY BATHOLITH, CHEMICAL ANALYSES BY MINERAL RE 
SEARCH BRANCH, ONTARIO DIVISION OF MINES

1*

CK-1

KILLARNEY
GRANITE

68.30

17.00

1.70
0.78
0.26
0.78
3.88
5.95
0.78
0.03
0.35
0.34
0.05
0.01
0.03

100.30
2.65

16.5
37.5
41.9

2.3

f
KILLARNEY

GRANITE

71.36

14.88
0.90
1.22
0.56
1.77
3.23
4.52
0.18
none
none
0.18
0.30

none

99.84
ND

28.30
63.27

5.63

0.96

3-

KILLARNEY
GRANITE

72.14
13.32

1.91
2.31
0.24
1.11
3.41
4.41
0.32
0.04

0.35
0.06

0.11
99.73

ND

40

KILLARNEY
GRANITE

72.39

13.78
1.14
1.28
0.78
0.74
3.74
5.10
0.46

0.16
0.31
0.13

0.09
100.10

ND

5*

GNEISSIC
GRANITE

74.83

12.91
0.98
5.55
0.60
0.32
3.37
5.65
0.44

0.13
0.13
0.06

0.07
100.04

ND

Iron-titanium 1.8
oxides

Plagioclase

Notes

An10±5 Oligoclase-
albite

a. Analysis by Mineral Research Branch, Ontario Division of Mines.
b. From Quirke and Collins (1930). Note the

volume percent as in Analysis No. 1 (Sample
mode is given
No. CK-1).

in weight percent, rather than

c. Average of 7 analyses (Jones, 1930).
d. Average of 7 analyses (Jones, 1930).
Abbreviations :
S.G. Specific Gravity .... Not detected ND Not determined
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Late Diabase Intrusions

Unmetamorphosed diabase dikes striking northwest and east-west intrude all other 
rock units, including the Killarney Batholith, and are consequently the youngest rocks 
in the area. They post-date the regional metamorphism and main deformation within the 
Southern Province, but have apparently been affected by late deformational-metamorphic 
events along the Grenville Front Zone. K-Ar radiometric age determinations indicate 
that some of the dikes of this swarm are approximately 1,100 to 1,200 million years 
(Leech et al. 1963).

The dikes range in width from a few feet (m) to several hundred feet (m), dip 
steeply, and are generally very long in relation to their width. The diabase is dark grey, 
weathered brown, medium grained, and has a subophitic texture. The diabase is com 
posed of zoned plagioclase laths (labradorite) titaniferous augite, magnetite-ilmenite, 
and variable amounts of olivine, apatite, biotite, and chlorite. The magnetite content of 
the diabase accounts for weak to moderate magnetic anomalies. The dikes have been 
displaced by late fault movements. Their constant orientation indicates they were em- 
placed under a regionally imposed tectonic stress system. Possibly they were intruded 
into tensional zones produced by broad, regional flexuring at a high angle to the major 
east-west structural trends of the Southern Province.

Phanerozoic 

PALEOZOIC

Flat-lying Paleozoic sedimentary rocks unconformably overlie Precambrian rocks on 
McGregor and Badgeley Points, Cloche Peninsula, Great La Cloche Island, on the 
Badgeley Island-Heywood Island chain, and on Manitoulin Island at Sheguiandah. 
According to Liberty (1968), these rocks belong to the Middle Ordovician Basal Beds, 
and the Gull River, Bobcaygeon, Verulam, and Lindsay Formations, and the Upper 
Ordovician Collingwood and Sheguiandah Formations. Locally at the base of the Middle 
Ordovician sequence there are thin beds consisting of basal 'sharpstone conglomerate', 
sandstone, and red and green mottled shale. Outcrops of the basal beds can be seen on 
Highway 68 at Birch Island village and on Great La Cloche Island. On the shore of the 
Bay of Islands immediately west of the Birch Island railway station there is an outcrop 
of sandstone composed of well sorted quartz grains with quartz overgrowths and pyrite 
cement.

The overlying Gull River Formation consists of lithographic limestone, dolomite, 
and some shale; these rocks probably represent intertidal mud-flat deposition. The Gull 
River Formation is succeeded by a fossiliferous shallow marine carbonate succession 
(Bobcaygeon, Verulam, and Lindsay Formations). This succession overlaps Precambrian 
rocks on Great La Cloche Island, Badgeley Point, and the Badgeley Island-Heywood 
Island chain. The unconformity is well exposed south of the 'Route of the Voyageurs' 
marker on Highway 68 at Little Current and at the Sheguiandah quarry on Manitoulin 
Island where rubbly conglomerate composed of angular quartzite fragments in a grey 
limestone matrix lies on an irregular erosion surface developed on steeply dipping ortho 
quartzite of the Bar River Formation.
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Black fissile graptolitic shale of the Collingwood Formation lies unconformably on 
Bar River orthoquartzite at the west end of the Sheguiandah quarry. The contact is 
particularly well exposed in the south wall of a deep quarry pit.

Grey and brown shales of the Sheguiandah Formation unconformably overlie Pre 
cambrian orthoquartzite west of Sheguiandah and in a rock cut on Highway 68 at 
Sheguiandah. The basal sedimentary rock of the Sheguiandah Formation is rubbly 
conglomerate consisting of angular blocks of orthoquartzite in a shaly limestone matrix.

Pre-Paleozoic Weathering

The unconformity at the base of the Paleozoic rocks represents an extended period 
of erosion commonly known as the Lipalian Interval. The last orogenic events recorded 
in the nearby Grenville Province occurred about 1,000 million years ago and the final 
uplift of the Southern Province rocks probably occurred at this time. Paleozoic deposition 
began in Middle Ordovician time, less than 500 million years ago, and consequently the 
erosional surface at the base of the Paleozoic represents a time interval of about 500 
million years.

Ancient weathering surfaces are exposed at numerous localities near the Paleozoic- 
Precambrian unconformity. One of the best localities is on the east shore of the channel

Table 7
CHEMICAL ANALYSES OF FRESH AND WEATHERED SANDSTONE 
BELOW THE PALEOZOIC-PRECAMBRIAN UNCONFORMITY, 
CHEMICAL ANALYSES BY MINERAL RESEARCH BRANCH, ON 
TARIO DIVISION OF MINES

Sample No. MBC-11C MBC-11A MBC-11C MBC-11A

ROCK TYPE

Si02
A1203
Fe203
FeO
MgO
CaO
Na2 O
K20
H2O*
H20-
C02
TiO2
P2O2
S
MnO
Total

FRESH 
SANDSTONE

87.80
7.48
0.55
0.28
0.37
0.33
0.09
2.16
0.48
0.07
0.35
0.05
0.01
0.01
0.01

100.04

WEATHERED 
SANDSTONE

83.70
7.87
0.90
0.42
1.14
1.36
0.05
1.92
0.51
0.12
2.20
0.05
0.02
0.03
0.01

100.30

RECALCULATED1

88.70
7.55
0.56
0.28

0.09
2.18
0.48
0.07

0.05
0.01
0.01
0.01

99.99

RECALCULATED1

87.50
8.22
0.94
0.44

0.06
2.02
0.53
0.13

0.05
0.01
0.01
0.01

99.92

Specific Gravity 2.75 2.59 ND ND

1. Recalculated to 100 percent omitting MgO, CaO, and CO2 . See text for explanation. 
Abbreviations:

.... Not detected ND Not determined
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Photo 7-Pre-Paleozoic weathered surface developed on sandstone of the Lorrain Formation. 
Note the hoodoo-like forms.

south of the Great La Cloche Island causeway where the contact between flat-lying, 
fossiliferous, Paleozoic limestone and steeply dipping sandstone of the Lorrain Formation 
is exposed. The Paleozoic rocks lie on an irregular erosion surface with numerous shallow 
depressions filled with fossiliferous limestone. The weathered surface of the Precambrian 
rock, where protected from glaciation by the Paleozoic rocks, is exfoliated. These ancient 
exfoliation rinds are up to one inch (2.5cm) thick and are unlike Post-Pleistocene 
weathering surfaces.

In an attempt to determine the nature of the weathering that produced the exfolia 
tion surfaces, samples of exfoliated sandstone and of underlying fresh sandstone were 
analyzed chemically (Table 7). The main difference between the samples is a four-fold 
increase in CaO, MgO, and CO2 in the weathered material. This is probably due to 
infiltration of calcite and dolomite into the weathered sandstone from the overlying 
Paleozoic rocks and consequently, the analyses were recalculated to eliminate this effect. 
The recalculated analyses show that weathering of the sandstone, originally composed of 
quartz (80 percent), feldspar (10 percent), and muscovite (10 percent), has not 
proceeded far. Nevertheless, a trend is apparent toward depletion in silica and enrich 
ment in alumina and iron.

On a small island midway between the end of McGregor Point and the mainland, 
there is a pre-Paleozoic weathering surface which has recently been exhumed from 
beneath Paleozoic limestone. The surface is developed on steeply dipping beds of green 
micaceous Lorrain sandstone. The sandstone is weathered brown and the surface is 
strongly etched into forms reminiscent of desert hoodoos (Photo 7).
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In summary, the chemical nature of the weathering, the well developed exfoliation 
surfaces, and the 'hoodoo' forms indicate that the climate prior to deposition of the 
Ordovician could have been desert-like.

CENOZOIC 

Quaternary

The map-area has been subjected to glaciation and minor related glacial and glacio 
fluvial deposition during the Pleistocene. Measurements of glacial striae show that the 
last direction of glacial advance was approximately S200W to S30 0W but at several 
localities, older striations striking S40 0W to S500W were measured. The topography 
of the area was probably developed mainly in pre-glacial times and has been only 
slightly modified by glacial activity. Erosional phenomena caused by glaciation include 
shallow striae, grooves up to 3 feet (0.9m) deep, chatter marks, and glacial scouring.

Glacial deposits include a thin, discontinuous veneer of ground moraine and thicker, 
more localized accumulations of glaciofluvial material. The ground moraine consists 
mainly of coarse, unsorted boulder till. The till fragments are mainly of local derivation, 
although boulders from the Onaping Formation of the Sudbury Basin are present, indi 
cating transport of material over distances of at least 50 miles (80km).

Glaciofluvial outwash deposits of bedded sand and gravel are present on Manitoulin 
Island and at Killarney and comprise most of the workable gravel deposits of the area. 
Thin-bedded, commonly varved, deposits of silt and clay up to 50 feet (15m) thick are 
locally present, mainly on Manitoulin Island. These are probably of lacustrine origin.

Numerous, well defined raised beaches are present throughout the area. Excellent 
examples were found on the north shore of McGregor Point, the south shore of Badgeley 
Point, on Badgeley Island, and at Sheguiandah on Manitoulin Island. The highest beach 
found is at an elevation of 650 feet (198m) above mean sea level, and 70 feet (20m) 
above the present level of Lake Huron. Other beaches occur at elevations of approxi 
mately 50 feet, 20 feet, and 2 feet (15m, 6m, and 0.6m) above the present level of Lake 
Huron. All are similar in shape, and consist of low ridges and terraces of water-worn 
pebbles, cobbles, and boulders, mainly of the nearby bedrock. According to Lee (1957) 
the level of glacial Lake Algonquin was lowered by a series of relatively rapid drops 
which are recorded by beaches at various elevations. According to this author, the beach 
at the 70-foot (20m) level corresponds to the glacial Lake Nipissing stage, which has 
been tentatively dated by radiocarbon methods as 3,500 years. The beach at the 20-foot 
(6m) level corresponds to glacial Lake Algoma, which has been dated at 2,619±220 
years. Lee also points out that at its lowest levels, the level of glacial Lake Algonquin 
was 165 feet (50m) below the level of modern Lake Huron.

Recent deposits of sand, gravel, and peat accumulation occur along the streams and 
in the swamps.

STRUCTURAL GEOLOGY

The McGregor Bay-Bay of Islands map-area is located mainly within the Southern 
Structural Province, but includes part of the Grenville Front Zone, the zone of contact 
between the Southern and Grenville Provinces of the Canadian Precambrian Shield. The

38



Grenville Front Zone is here masked to some extent by a granitic intrusion, the 
Killarney Batholith, but the structural, metamorphic, and age discordances between the 
two provinces can be discerned.

The major part of the map-area lies in the Penokean fold-belt of the Southern 
Structural Province and is underlain mainly by Huronian clastic metasediments deposited 
before 2,160 million years ago (Fairbairn and Hurley et d. 1969). The deformation 
and metamorphism which affected the rocks has been assigned to the Hudsonian orogeny 
(Stockwell 1965). Recent studies by Card (1964), Van Schmus (1965), Church 
(1966), and Fakbairn and Hurley et al. (1969) have shown that the region was 
affected by a series of deformational-metamorphic events which began before the 
intrusion of the Nipissing Diabase (2,160±50 million years). The available geological 
and radiometric age data indicate the possibility of two main deformational-meta 
morphic events within this part of the Southern Structural Province. The first began 
before 2,160 million years ago, and possibly culminated about 1,900 to 2,000 million 
years ago. The second event, involving refolding and major regional metamorphism, 
possibly occurred about 1,700 to 1,800 million years ago. The first event is tentatively 
correlated with the Penokean orogeny (Card 1964), the second with the Hudsonian 
orogeny (Stockwell 1964).

The regional structure consists of an en echelon series of doubly plunging synclinoria 
and anticlinoria. Structural analysis shows that these structures are the products of poly 
phase deformation: (l) early deformation produced major folding about east-west axes; 
(2) a second deformation, which varied in intensity from low to moderate, and resulted 
in refolding about east-west to northeast-trending axes; (3) a third minor event pro 
duced strain-slip cleavage, kink bands, and minor refolding about northwest- and north 
east-trending axes; (4) deformation along the Grenville Front Zone produced cataclastic 
foliations which are discernible in the Killarney Batholith and in the Huronian rocks for 
as much as 5 miles (8km) north of the batholith.

Structural Domains

Figure 6 (Chart A, back pocket) shows the area divided into eight structural 
domains, seven of which are located in the Southern Structural Province and one in the 
Grenville Front Zone. Each domain shows a relatively constant orientation of major and 
minor structural elements and commonly has only one or two dominant structural 
elements. The earliest structures trend east-west and mainly plunge to the east at 
shallow angles. Foliations associated with the second deformation strike approximately 
N75 0E and associated lineations plunge east and west. Strain-slip cleavage strikes 
northwest and northeast. Foliations associated with the Grenville Front deformation 
trend northeast parallel to this structure.

Folds and Associated Minor Structures

Domains one, two, three and four are dominated by rocks of the Mississagi Forma 
tion which are exposed in the core of the McGregor Bay Anticline. The axis of the 
McGregor Bay Anticline strikes east-west and plunges about 15 0E. The axial plane dips
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Photo 8-Minor folds in rocks of the Espanola Formation.

about 85 0N, the north limb about 70 0N to 80 0N, and the south limb 80 0N to vertical. 
The fold is subisoclinal, upright to slightly overturned toward the south, and is approxi 
mately cylindrical.

The Bay of Islands Syncline and associated folds in Domain 2 have slightly curved 
axial planes which strike about N85 0E and dip vertically. The axes of these folds plunge 
about 40 0 W. These structures are probably part of the major en echelon fold system 
produced essentially by the first period deformation. Associated foliations (Si), which 
take the form of penetrative schistosity and non-penetrative cleavage, are parallel to the 
axial plane of the fold. Lineations, including congruent minor fold axes, mineral linea- 
tions, and intersection lineations, form a partial east-west girdle and plunge both east 
and west parallel to the major fold axis. In addition, there are numerous slickenside-type 
lineations present on bedding planes. These are presumably 'a' lineations produced by 
interbed slip during folding.

The McGregor Point and Frazer Point Synclines in Domain 5 are presumably parts 
of the same structure which have been displaced by the Narrow Bay Fault. They are 
upright to slightly overturned toward the south, subisoclinal, approximately cylindrical 
folds whose axes trend east-west and plunge 15 0E in the case of the McGregor Point 
Syncline and 45 0E in the case of the Frazer Point Syncline. This difference in plunge is 
probably caused by the juxtaposition of two different segments of the same variably 
plunging fold structure by lateral movement on the Narrow Bay Fault. Early foliations 
in this domain strike east-west and dip vertically to 80 0 north parallel to the fold axial 
planes. Foliations associated with the second deformation strike N800E and dip verti 
cally to 75 0N. In addition, a few foliations striking N45 0E and dipping 80 0N were
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recorded in Domain 5. This attitude is approximately that of the foliations measured 
within the Grenville Front Zone and consequently, the effects of deformational events 
within the zone have penetrated as far as five miles (8km) into the Huronian rocks. 
Lineations associated with the major folds form a partial girdle striking N900E and 
dipping 80 0N, and many plunge eastward at angles of 15 0 to 45 0, approximately 
parallel to major fold axes. Steeply plunging lineations associated with the second 
deformation form a partial girdle which strikes N800E.

Domain 6 occupies the southwestern corner of the area where there are very few 
exposures of Precambrian rocks. The major structure is the Sheguiandah Syncline, whose 
axial plane apparently strikes N800E and dips north. The axis probably plunges 100 
to 15 0E. A few foliations, probably S2, strike N75 0E and dip 75 0N. Associated with 
these are lineations which plunge steeply west. In addition, there are north-trending 
lineations on bedding surfaces which are presumably 'a' lineations formed by interbed 
slip during folding.

Domain 7, which trends northeast parallel to the north contact of the Killarney 
Batholith and to structural trends within the Grenville Province, lies within the Southern 
Province immediately north of the Grenville Front Zone. Three main foliation directions 
were measured; Si foliation which strikes N90 0E and dips vertically; S2 foliation which 
strikes N700E and dips 80 0 north; and Grenville-type foliation which strikes about 
N500E and dips vertically. LI lineations strike N90 0E and plunge 400 east; L2 lineations 
form a partial girdle in the S2 foliation plane and plunge east and west at angles of 
O 0 to 800 .

Massive and gneissic granitic rocks of the Killarney Batholith are in Domain 8 in 
the southeastern corner of the map-area around Killarney. The only structural elements 
discernible are steeply dipping, northeast-trending foliations and weakly developed, 
steeply plunging lineations in the foliation plane.

Faults

Faults in the area strike N40 0E, N45 0W, N90 0E, N600E, and N600W. Some of 
the major faults may mark zones which have been periodically active for about 1,000 
million years. Some were probably active before or during Huronian sedimentation and 
normal movements on these initiated the Huronian depositional basin. Faults commonly 
form the boundaries between structural domains and were active before, during, and 
after the various orogenic events. Movement on faults occurred after the emplacement 
of the Killarney Batholith, the diabase dikes, and late orogenic events in the Grenville 
Province about 1,000 million years ago.

NORTHEAST AND NORTHWEST FAULTS

Faults striking approximately N40 0E and N45 0W form a conjugate set and are 
possibly the oldest faults in the map-area. Examples are the Ishmael Lake, Iroquois 
Island, Wells Island, and Carpmael Island Faults. Apparent horizontal displacements of 
stratigraphic units on these faults range from a few hundred to about 2,000 feet (600m) 
and movement was mainly dip slip.
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EAST-WEST FAULTS

The McGregor Bay and Frazer Point Faults strike approximately east-west and dip 
at high angles to the south and north. They probably belong to the "master" fault system 
of the region, the Murray Fault System. Some Huronian formations display rapid thick 
ness variation across some of the major east-west faults, indicating that these fault zones 
were tectonically active before and during deposition of the Huronian and periodically 
acted as paleogeographic hinge lines.

Later movements connected with compressive tectonic events produced major 
stratigraphic repetitions and omissions in the outcrop pattern of the Huronian sequence. 
Total displacements of several thousands of feet are indicated and there was appreciable 
vertical (south side up), as well as horizontal (south side west) components of move 
ment. These faults are "tectonic slides" in the sense that they were probably active 
during folding, are approximately conformable to the axial surfaces of major folds, and 
have produced major omissions and repetitions of stratigraphic units. Studies of slicken- 
side-type lineations on the fault surfaces indicate that early movements were dominantly 
vertical, while later movements were right lateral strike-slip ones.

WEST-NORTHWEST AND EAST-NORTHEAST FAULTS

Faults striking about N600E and N60 0W apparently form a conjugate set of late 
faults. Examples are the Killarney Bay, and Kirk Creek Faults and the Broad Hill and 
Frazer Point Faults. The age relationships are contradictory, but these faults were 
probably formed after the major east-west faults.

Breccia

Breccias of several types occur in small zones throughout the area, and affect the 
metasediments and the Nipissing Diabase (Speers 1957). Disrupted bedding and breccia 
in the Espanola and Gowganda Formations are probably caused by slumping of un 
consolidated or semi-consolidated sedimentary rocks. Breccias in the Bar River Formation 
on Centre Island consisting of rounded to angular fragments of orthoquartzite in a 
hematite-impregnated matrix may also be sedimentary in origin.

Breccia of tectonic or other origin occurs locally. In McGregor Bay, Nipissing 
Diabase bodies are locally brecciated, the breccia consisting of large blocks of gabbro 
in a fine-grained, gabbroic crush matrix. A large area of breccia is found in metasedi 
ments and metagabbroic rocks along the Iroquois Island fault-zone. Some have crush 
matrices while others have vein-quartz matrices. These breccia bodies cut the early 
formed tectonic structures, are affected by the second and third deformational event, and 
are regionally metamorphosed. Some were probably formed by boudinage during folding 
and faulting. However, many breccias are similar to the Sudbury Breccia (Card 1968), 
and like these breccias, have an enigmatic origin.
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Figure 7-Rose Diagram showing Orientations of 26 Sedimentary Dikes in Huronian Rocks, 
McGregor Bay-Bay of Islands Area.

Clastic Dikes

Clastic dikes occur throughout the area, mainly in the Espanola Formation and to a 
lesser extent in the Mississagi and Serpent Formations. Measurement of the orientation of 
some 26 dikes shows two dominant trends, N80 0E and N20 0W, approximately parallel 
and perpendicular to the average trend of the bedding of the host rocks (Figure 7). Some 
dikes are both concordant and discordant to the host-rock bedding. They range in thick 
ness from about l inch to 4 feet (2.5cm to 1.2m) and generally cannot be traced more 
than 100 feet (30m).

Petrographic studies by the writer and by Young (1968) show that many of the 
dikes are petrographically similar to the conglomeratic rocks of the Bruce Formation, 
because they are composed mainly of a coarse feldspathic greywacke and concentrations 
of pebbles in the central portions of some dikes. Orientation analyses (Young 1968) 
show that there is a strong preferred orientation in the shape of elongate clastic mineral 
grains in a plane parallel to the dike contacts and perpendicular to bedding planes of 
the host rocks. Some dikes were probably derived from the Espanola Formation, others 
from the Gowganda Formation, but most probably originated in the Bruce Formation. 
The strong preferred orientation of mineral grains and the rafting of pebbles into the 
centres of some dikes indicates they were emplaced by forceful injection and laminar 
flow of water-soaked, unconsolidated sediment into consolidated or semi-consolidated 
sediment. The strong control of bedding on dike emplacement and the original un 
consolidated nature of the dike material indicates they were emplaced at some early
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Photo 9-Sedimentary dike cutting across the axial plane of a minor fold in the Espanola 
Formation.

stage after deep burial but before complete lithification. However, in the Bay of Islands, 
a sedimentary dike cuts across the axial plane of a minor fold which may represent 
either a slump fold or an early tectonic structure (Photo 9). If the fold is of tectonic 
origin, major folding must have been initiated at an early stage prior to complete 
lithification of the sediments.

Tectonic Synthesis

The rocks of the map-area have been affected by several superimposed deformational 
events, each weaker than the preceding one so that the older structures are more or less 
preserved. During the early deformation the major east-west folds and related minor 
structures were formed by major compressive stress acting in a north-south direction. The 
northeast and northwest faults were probably formed at this time at angles of about 35 0 
to the major stress. Movement, mainly reverse dip-slip perpendicular to the north-south 
compression axis, also occurred on the major east-west tectonic slides. The second 
deformation structures which trend N75 0E, were formed by major compressive stresses 
acting in a plane striking N15 0W to S15 0E. The late northeast and northwest strain- 
slip cleavages and kink bands were probably formed by major compressive stresses 
striking east-west. Paterson and Weiss (1966) have found experimentally that when a 
foliated rock is compressed by a stress parallel to the foliation, the major stress bisects
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the obtuse angle between the intersecting cleavages formed. Further, they found that 
when the specimen is compressed until shear takes place, shear planes form at acute 
angles to the major stress axis. Consequently, the N600W and N600E fault systems 
were probably also formed by major east-west compression.

The orogenic history of the Grenville Front Zone is long and complex. In the 
Grenville Province, structural trends are northwest to north while within the Grenville 
Front Zone, which in this region is 10 to 15 miles (16 to 24km) wide, the main 
structural elements trend northeast. This change in trend takes place in an area up to l 
mile (1.6km) wide which contains numerous zones of mylonitic gneiss (Lumbers 
1968). The rotation of the Grenville Province Structure was probably accomplished 
partly by compression and flow of the Grenville rocks against the relatively rigid Southern 
Province Block. The effects of these structural events within the Grenville Front Zone 
can be seen in the Huronian for as much as five miles (8km) north of the Killarney 
Batholith.

The Grenville Front Zone has been the locus of faulting and cataclastic flow for a 
long time and also the locus of much igneous activity. A variety of felsic to mafic intru 
sive rocks are present (Lumbers 1968) and the discovery of volcanic rocks near 
Killarney indicates that there was also volcanic activity at some stage before the intrusion 
of the Killarney Batholith. Quartzo-feldspathic gneisses of the northwest Grenville 
Province may be equivalent in age to the Huronian rocks of the Southern Province. 
Consequently, the Grenville and Southern Provinces have probably had a common history 
for much of geological time. Early orogenic history of the Grenville is largely masked 
by later events which are unrecorded or only weakly recorded in the Southern Province 
rocks. Insight into the geological history of the area can only be gained by co-ordinated 
studies of the Southern Province, the Grenville Province, and the contact zone between 
the two.

Interpretation of Precambrian Geology in Areas 

Covered by Water and Paleozoic Rocks

Much of the Precambrian bedrock is covered by Paleozoic rocks and the waters of 
Lake Huron. Speculation on the extensions of the Grenville Front and of the Huronian 
rocks beneath these covered areas was attempted by Nwachukwu et al. (1965) 
utilizing magnetic data. Nwachukwu et al. (1965) extended the Grenville Front south- 
west through the eastern end of Manitoulin Island, postulated that the Huronian ends 
just north of Manitoulin island, and concluded that the island is underlain by horn- 
blendic rocks, volcanic rocks, basic intrusions, and some areas of granite.

The writer does not wholly concur with this interpretation. On the basis of the 
known geology and the magnetic data, the extension of the Grenville Front is placed 
along the east shore of Manitoulin Island, not inland and through South Bay as shown 
by Nwachukwu et al. (1965). The southern boundary of covered Huronian metasedi- 
ments must also be placed farther south as Huronian rocks are exposed at Sheguiandah, 
toward the centre of Manitoulin Island. Unless there are drastic changes in thickness of 
the metasediments or faults of great magnitude, the Huronian rocks must extend at 
least 5 miles (8km) south of Sheguiandah. The magnetically responsive bodies under-
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lying the Paleozoic rocks on Manitoulin Island give rise to anomalies that are similar in 
magnitude and profile to that produced by the Croker Island Complex, a Late Pre 
cambrian zoned granitic-mafic intrusion (Card 1965b). Consequently, the Manitoulin 
Island anomalies are attributed to post-Huronian intrusions rather than to hornblendic 
or volcanic rocks. There may be intrusive and extrusive rocks along the south side of 
Manitoulin Island which could be pre-Huronian or post-Huronian. If these rocks are 
pre-Huronian this demonstrates the dosed nature of the Huronian sedimentary basin. 
If these rocks are post-Huronian, they could represent a Keweenawan-type volcanic 
province.

METAMORPHISM

The rocks of the Southern Province, with the exception of the late diabase dikes, 
have been regionally metamorphosed during Proterozoic orogenic events. Radiometric 
age dating (Fairbairn and Hurley et d. 1969) indicates that there may have been two 
thermal metamorphic culminations in the province, one about 1,950±100 million years, 
the other about 1,800±100 million years ago. The first is tentatively correlated with the 
Penokean orogeny (Card 1964), the second with the Hudsonian orogeny (Stockwell 
1964). In addition, the Southern Province rocks have been contact metamorphosed by 
the Killarney Batholith.

The Grenville Province rocks have been affected by several periods of intrusion, 
deformation, and metamorphism. Recent radiometric age data (Krogh et al. 1968) on 
rocks of the Grenville Front Zone demonstrate that the orogenic history of this zone 
probably extends back at least as far as 1,800 million years ago, and that some orogenic 
events in the eastern Southern and northwestern Grenville Provinces may be broadly 
synchronous.

Metamorphic Zones

The map-area can be divided into 6 zones on the basis of the metamorphic mineral 
assemblages present (Figure 8).

In Zone l, the characteristic metamorphic minerals found are chlorite and biotite in 
the pelitic rocks, tremolite-actinolite, chlorite, epidote, biotite, and phlogopite in the 
calcareous metasediments, and actinolite and hornblende in the mafic meta-igneous rocks. 
These mineral assemblages indicate metamorphic conditions corresponding to the middle 
greenschist facies of regional metamorphism. Locally garnet is present in pelitic meta 
sediments, and scapolite and idocrase in calcareous rocks, possibly indicating local exist 
ence of upper greenschist facies conditions (Winkler 1967).

Zone 2, at the east end of McGregor Bay, is underlain mainly by pelitic meta 
sediments which contain scattered occurrences of altered porphyroblasts which were prob 
ably originally andalusite and staurolite. Unaltered garnets are present at a few localities. 
The presence of these minerals indicates regional metamorphism in the lower amphibo 
lite facies.
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Photo 10-Spotted hornfels of the Gordon Lake Formation developed near the Killarney 

Batholith. Note the variation in amount and size of biotite and chlorite porphyro- 
blasts from bed to bed.

Zone 3, which includes McGregor Point, Frazer Point, and Dreamer's Rock, is 
underlain by sandstones and pelites containing porphyroblasts of chlorite, biotite, and 
rarely, cordierite. Two members of the Lorrain Formation, the white sandstone and fer 
ruginous sandstone, contain kyanite, andalusite, dumortierite, muscovite, kaolinite, dias 
pore, pyrophyllite, talc, and possibly paragonite in addition to quartz. In thin section, 
kyanite, and andalusite are seen to replace kaolinite, and have probably formed by 
reactions involving this mineral. Kyanite and andalusite occur in patches interstitial to 
the quartz grains, in quartz veins, and in layers up to 6 inches (15cm) thick which are 
generally parallel to the bedding. These layers are almost pure kyanite and andalusite, 
and may represent kaolinite-rich sedimentary partings. Dumortierite, a pink aluminum 
borosilicate, occurs only in quartz veins in kaolinitic sandstone.

On the basis of the mineralogy of the sandstones and nearby pelitic metasediments, 
the grade of metamorphism in Zone 3 appears to be upper greenschist facies. The tex 
tural evidence, especially intergrowths of kyanite and andalusite, indicates that the two 
minerals were formed at the same time, and not at different times under different stress 
conditions as postulated by Church (1967). Possibly these minerals owe their formation 
to a combination of highly reactive starting material (kaolinite) and high confining 
pressure.

Rocks of the Lorrain, Gordon Lake, and Bar River Formations in Zone 4 are similar 
to those of Zone 3, except that kyanite and andalusite are present very locally. Kaolinite, 
muscovite, talc, and chlorite do occur, indicating these rocks were regionally meta-

48



morphosed under low greenschist facies conditions for the most part.
Superimposed on the low regional metamorphic grade of Zone 4 is a contact meta 

morphic zone along the northern contact of the Killarney Batholith (Zone 5, Figure 8). 
Contact metamorphic effects of the batholith extend northward for about 1,800 feet 
(550m) into metapelites and sandstones of the Gordon Lake and Bar River Formations. 
Metamorphic-metasomatic effects in the sandstones include recrystallization, formation of 
muscovite, and rarely, of potassic feldspar porphyroblasts. Contact metamorphic effects 
on the pelitic rocks are more spectacular and include development of spotted hornfels 
containing minerals such as chlorite, biotite, and andalusite (Photo 10). These mineral 
assemblages are compatible with the hornblende-hornfels facies of contact metamorphism 
(Winkler 1967).

Zone 6 is underlain by granitic rocks of the Killarney Batholith. These rocks may have 
originated under high-grade metamorphic conditions but they have been subsequently 
affected by low-grade metamorphism in the greenschist facies which has effected altera 
tion of biotite to chlorite and saussuritization of plagioclase.

Temporal Relationships

Study of the relationships between porphyroblasts and minor deformational structures 
shows that each deformational event was accompanied by growth or re-orientation of 
minerals such as muscovite and chlorite. High-grade metamorphism, involving formation 
of porphyroblasts of such minerals as garnet, kyanite, and andalusite, appears to have 
occurred before, during, and possibly after the second deformational event, probably 
during the Hudsonian orogeny.

ECONOMIC GEOLOGY 

Exploration and Mining History

The earliest recorded mineral development in the map-area was at the Killarney 
quarry which was established by A.B. Willmott and Company in 1911 for production of 
lump silica. This quarry was operated intermittently from 1911 to 1966, by Willmott 
and Company (1911-1916), Electro Metals Limited (1917-1922), Dominion Mines and 
Quarries Limited (1923-1952), Electro Metallurgical Company (1953-1959), and Union 
Carbide Canada Limited (1959-1966). In 1968, the Killarney quarry was sold to 
Indusmin Limited who produced some material from the quarry prior to establishing a 
new quarry on neighbouring Badgeley Island in 1971. Indusmin currently produces silica 
from the Badgeley Island quarry for the manufacture of glass. The Sheguiandah or 
Trotter quartzite quarry on Manitoulin Island was operated by Manitoulin Quartzite 
Limited in 1927 and 1945, and by Canadian Silica Corporation Limited in the 1950s. 
Large reserves of suitable material are still readily available at this site.

In 1967, a quantity of cleaved quartzite was quarried on I.R.4 at Birch Island for 
use as flooring tiles in the subway stations of Montreal's Metro.

In 1963, 1964, and 1968, the trap rock deposit on High Island in the Bay of Islands 
was tested by diamond drilling by Walter Eves (Table 8).
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Gold and copper-bearing sulphide mineralization in the Iroquois Island area of 
McGregor Bay has been explored by a number of companies, and these occurrences 
probably warrant further work.

Table 8 lists assessment work data on file as of January, 1972 at the Resident Geolo 
gist's Office, Ontario Ministry of Natural Resources, Sudbury.

Descriptions of Properties and Occurrences

BASE METALS AND GOLD

Dollard Mines Limited (2), and Indian Reserve 4 Occurrence (5)1

Numerous occurrences of sulphides containing copper, gold and other metals on 
Iroquois Island, Island 2198, and adjacent I.R.4 have been explored by Sylvanite Gold 
Mines Limited in 1954, by Evenlode Gold Mines in 1954 and by Dollard Mines Limited 
in 1969. Work by Sylvanite Gold Mines included surface trenching, sampling, and 
according to a company plus, assays of 1.45 percent to 4.75 percent copper and 0.01 to 
0.06 ounce of gold per ton (0.34 to 2.06 g/t) over a length of about 40 feet (12m) 
and an average width of 3 feet (0.9m) were obtained from one mineralized zone on the 
Indian Reserve. Sampling of a large pit on Island 2198 yielded an average gold value of 
0.03 ounce per ton (1.02 g/t) over a length of about 200 feet (60m) and an average 
width of about 4 feet (1.2m). A pit on Iroquois Island yielded an average of about 0.05 
ounce of gold (1.56g) over a length of approximately 60 feet (18m) and an average 
width of 4 feet (1.2m).

Evenlode Gold Mines Limited carried out trenching and bulk sampling. Assays of 
samples taken by this company, by J.E. Thomson, and by the writer are as follows:

COLLECTOR

Sample 
Type

Copper 
Cobalt
Nickel
Silver
Gold
Lead
Zinc

EVENLODE

Bulk 
Island 

No. 2198
l.lSVo 
G.15%
Q.20%
i.eor*

—
—
—

J. E. THOMSON

Chip-105 ft. 
Island 

No. 2198

G.36% 
Q.09%
Tr.
Tr.
0.01 oz.

—
—

J.E. THOMSON

Chip— 30ft 
Mand 

No. 2198

G.16%
G.03%
Tr.
Tr.
0.01 oz.

—
—

J.E. THOMSON

Chip-25 ft. 
Mand 

No. 2198

Q.05% 
G.02%
Tr.
Tr.
Tr.

—
—

K.D. CARD

Grab 
Island 

No. 2198
S.98% 
Q.32%

—
—

0.07 oz.
Tr.
None

K.D. CARD

Grab 
Indian 

Reserve 4

S.97%

—
_
—
—
-

Dollard Mines Limited drilled two short diamond-drill holes totalling 180 feet 
(55m) to intersect the mineralization beneath the main trench on Island 2198. Accord 
ing to the diamond-drill logs, only minor amounts of sulphides were encountered.

number in brackets refers to property number on Geological Maps 2316, 2317 and 
2318, back pocket.
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Sulphide minerals, including pyrrhotite, pyrite, chalcopyrite, arsenopyrite, and minor 
galena and cobaltite occur as disseminations, fracture fillings, and as small pods in 
sheared, brecciated, silicified calcareous metasediments of the Espanola Formation and 
in quartz veins. The mineralization is spatially related to the Iroquois Island and 
McGregor Bay Faults. The main sulphide occurrence on Island 2198 consists of dis 
seminations (5 percent to 10 percent) and pods of sulphides over an area about 200 feet 
(60m) long and up to 20 feet (6m) wide. Other occurrences of interest are located on 
a small point on Iroquois Island to the east, and on I.R.4 to the west.

McGregor Island Sulphide Occurrences (8)

Five small areas of sulphide mineralization were found around the perimeter of 
McGregor Island, two of which have been tested by shallow pits. Mineralization is 
located in Nipissing Diabase or in the country rocks near gabbro contacts, and consists 
of generally less than 5 percent disseminated sulphides over areas of a few square feet. 
The main sulphides are pyrrhotite and pyrite with minor amounts of chalcopyrite.

TRAP ROCK 

Walter W. Eves (3)

The possibility of developing a trap rock deposit in Nipissing Diabase on High 
Island in Bay of Islands has been investigated by J.R. Stirrett and Walter W. Eves. In 
1968, Eves held five claims covering High Island and carried out drilling around the 
perimeter of the island in 1963, 1964, and 1968. Ten diamond-drill holes totalling 
1,021 feet (311.2m) indicated that the rock was relatively uniform and free of quartz 
veins, sulphides, and other impurities to a depth of about 100 feet (30m). Depth sound 
ings showed that docking facilities for large lake freighters could be established. During 
the present mapping, numerous country-rock inclusions were noted in the southeastern 
and west-central parts of the island. These areas would have to be avoided during any 
quarry operation.

CLEAVED QUARTZITE 

Birch Island Quarry (1)

In 1967, several tons of cleaved quartzite were removed from numerous small pits 
on I.R.4 south of Highway 68 and east of Birch Island village. This material was used 
as flooring tiles in the subway of Montreal's Metro. In addition, panels and polished slabs 
of the material were prepared by Terra Tile of Canada, a Montreal stone dealer.

Rocks of the Mississagi Formation located in the axial zone of the McGregor Bay 
Anticline at Birch Island are impure, micaceous quartzites with an excellent fracture 
cleavage. The rock is composed of quartz (80 percent), feldspar (10 percent), and
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micas (10 percent) and the cleavage planes are spaced at intervals of about H inch 
(3.0mm) to about l foot (0.3m). Oriented micas are concentrated along the cleavage 
planes, and consequently the rock splits easily into thin, flat sheets which are relatively 
strong and hard, and have even, though rough, surfaces. The surfaces are somewhat 
shiny owing to the mica, and are generally mottled by iron-staining. These properties 
yield a tile which is strong, durable, easily worked, and pleasing to the eye. Uses include 
ceiling, floor, and wall tiles, patio and walk flagstones, and ornamental architectural panels.

SILICA 

Foote Mineral Company (4)

Foote Mineral Company holds three patented mining claims on Badgeley Point. The 
property is underlain by pure orthoquartzite of the Lorrain Formation, but no other 
information is available.

Indusmin Limited, Killarney Quarry (7), and Indusmin Limited (6)

From 1911 to 1971, lump silica (orthoquartzite) valued at over ten million dollars 
has been produced from quarry operations established in orthoquartzite units of the 
Lorrain and Bar River Formations in the Killarney area. This material is used for the 
manufacture of ferrosilicon, silicon carbide, silica-brick, and glass.

Indusmin Limited purchased the Killarney quarry in 1968, and opened a second 
quarry on Badgeley Island in 1971. Establishment of this quarry involved relocation of 
the plant from the Killarney quarry and construction of new docking facilities.

The Killarney quarry is located in steeply dipping, fine-grained orthoquartzite of the 
upper part of the Lorrain Formation on Badgeley Point about 4 miles (6.4km) west of 
the village of Killarney. Access is by water. The orthoquartzite is intruded by several 
mafic dikes up to 25 feet (7.6m) wide which trend northeast-southwest and east-west. 
Micaceous shear zones, hematite staining, and minor amounts of the refractory mineral 
kyanite are present locally.

The working faces are up to 1,000 feet (300m) long and 100 feet (30m) high, and 
the production from 1911 to 1966 amounted to 4,833,247 tons (4,384,649 tonnes) 
Chemical analyses of chip, stockpile, and muck samples taken by Hewitt (1963, p-13) 
give the following compositional ranges: SiCv97.72 percent to 99-05 percent; Al2Os-0.49 
percent to 1.01 percent; Fe2O3-0.04 percent to 0.76 percent; MgO-0.01 percent to 0.07 
percent; CaO-0.02 percent to 0.04 percent; TiO2-0.04 percent to 0.06 percent; Na2O-0.04 
percent to 0.07 percent; K2O-0.50 percent.

Indusmin Limited holds 38 claims covering Badgeley Island, and in 1967 diamond 
drilled 19 holes totalling 8,559 feet (2,608.8m) to test the steeply dipping orthoquart 
zite of the Bar River Formation over a strike length of about 2,500 feet (760m), a 
width of 500 feet (150m), and to depths of about 300 feet (90m) below surface. 
Diamond drilling showed the presence of pure orthoquartzite with only minor amounts 
of argillaceous material, mafic dikes, sericitic shear zones, pyrite, and iron staining. 
According to news releases, the company has proven reserves amounting to 9,071,847
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tons (8,229,844 tonnes) of orthoquartzite grading 99-5 percent SiO2 and less than 0.02 
percent fezOs on Badgeley Island. Indusmin Limited also carried out drilling on Badgeley 
Point west of the Killarney quarry in 1968. Two diamond-drill holes totalling 759 feet 
(231.3m) were diamond drilled to test the deposit over a length of 500 feet (150m), 
width of 300 to 500 feet (90 to 150m), and depth of 200 to 300 feet (60 to 90m).

Preston C. Mitchell (9)

Preston C. Mitchell holds three patented mining claims on the south side of 
McGregor Point. The claims are underlain by pure orthoquartzite of the Lorrain Forma 
tion but no other information is available.

Sheguiandah Quarry (10)

The Sheguiandah or Trotter quarry is located in lot 2, concession II, Howland Town 
ship, about l mile (1.6km) north of Sheguiandah village on Manitoulin Island. The 
quarry is located on a ridge which trends N75 0E and rises to 180 feet (55m) above the 
level of Lake Huron. The centre of the ridge is steeply dipping orthoquartzite of the 
Bar River Formation, one of eight monadnocks of Precambrian rocks which extend 
through the flat-lying Paleozoic strata in northern Sheguiandah and southern Howland 
Townships. The orthoquartzite is light-grey, medium-bedded, and well jointed. Numer 
ous sericitic and talcose shear zones are present, along with a few highly sheared mafic 
dikes.

The quarry, which is developed in a series of benches over an area about 300 feet 
(90m) wide and 4,200 feet (1,300m) long, was operated by Manitoulin Quartzite 
Limited in 1927 and 1945, producing 62,128 tons (56,365 tonnes) of lump silica 
(Statistician, Ontario Department of Mines) and by Canadian Silica Corp. Limited in the 
1950s, producing several million dollars worth of silica.

Chemical analyses of chip, and stockpile samples taken by Hewitt (1963, p-14) show 
the following compositional ranges: SiO2-98.46 percent to 99-27 percent; A12O3-0.26 
percent to 0.97 percent; Fe2Oa-0.05 percent to 0.32 percent; MgO-0.02 percent to 
0.12 percent; CaO-0.02 percent to 0.09 percent; TiCV0.03 percent to 0.10 percent; 
Na2O-0.04 percent to 0.05 percent; K2O-0.50 percent.

SUGGESTIONS FOR FUTURE EXPLORATION

The possibility of establishing more quarries for silica production, for finding mar 
kets for the cleaved quartzite, for utilizing the Killarney granite, and for establishing 
trap rock quarries should be investigated. In addition, sulphide mineralization around 
Iroquois Island and especially on Indian Reserve No. 4, should be explored further. To 
the writer's knowledge, very little diamond drilling was carried out, and no geophysical 
work was done. The sulphide occurrence is interesting geologically. Much of the area is 
water covered, and mineralization, although low-grade, is widespread.
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Orthoquartzite bodies of sufficient purity and dimensions for lump silica production 
can probably be found at several localities, including Frazer Point, McGregor Point, and 
Centre Island. However, with the huge reserves available at Killarney quarry, Sheguiandah 
quarry, and Badgeley Island, other occurrences will probably not be developed in the 
near future.

There are numerous occurrences of trap-rock in the map-area, many of which are 
located on the water where establishment of docking facilities for lake freighters would 
be feasible. Examples are High Island and Wells Island in Bay of Islands, Jumbo Island 
in McGregor Bay, and the north shore of Badgeley Point.

At many localities, the Killarney granite is a massive, medium-grained, pink rock 
with a low mafic mineral content and would probably be useful for ornamental stone 
purposes. There are several low hills a short distance inland on George Island which 
would be suitable sites for establishing quarry faces.

Cleaved quartzite at Birch Island can be quarried at many localities near Highway 68 
and McGregor Bay. Material of various sizes should be stockpiled during quarrying and 
an attempt made to keep waste to a minimum. The major problems are transportation 
and finding markets. A large market probably exists for such material in North America 
but would have to be actively sought. In recent years rail transportation rates for stone 
products in this region have been increased approximately 100 percent to 600 percent 
depending on the size of the shipment (Hanes 1968). Such large increases very 
adversely affect the utilization of mineral deposits. However, in the case of the Birch 
Island material, it would probably be feasible to ship by water if markets could be 
secured.
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Geological Survey of Canada; Maps 351A and 20-1957, 
Manitoulin Island.

Aeromagnetic maps; 
1522G, Little Current, G.S.C. 
2270G, Manitoulin, O. D. M.-G. S, C.

Preliminary maps; 
P440, Bay of Islands West. 
P441, Bay of Islands East. 
P442, McGregor Bay West. 
P443, McGregor Bay East. 
Scale 1 inch to yt mile issued 1967. 
P499, Frazer Bay East. 
P500, Frazer Bay West. 
Scale 1 inch to yt mile, issued 1968. 
P105, Espanola. 
Scale 1 inch to 'A mile, issued 1961.

Cartography by D. Laroche and assistants, Surveys 
and Mapping Branch, 1974.

Base map derived from maps of the Forest Resources 
Inventory, Surveys and Mapping Branch.

Magnetic declination in the area was approximately 
6 040' W, 1968.
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BAY OF ISLANDS
North Channel of Lake Huron

SUDBURY AND MANITOULIN DISTRICTS 

Scale 1:31,680 or l Inch to V2 Mile
Chains 80 2 Miles

Metres 1000 3 Kilometres

Feel 1000 O
B" M M

5,000 10,000 Feet

Scale, l inch to 50 miles 

N.T.S. reference 41 1/4

J3YMBOLS ,,..,. 

Glacial striae. 

Small bedrock outcrop. -

Area of bedrock outcrop.

Bedding, top unknown; (inclined, 
vertical).

Bedding, top (arrow) from grain 
gradation; (inclined, vertical, 
overturned).
Bedding, top (arrow) from cross 
bedding; (inclined, vertical, 
overturned).

Gneissosity, (horizontal, inclined, 
vertical).

Foliation; (horizontal, inclined, vertical). 

Lineation with plunge.

Geological boundary, observed.

Geological boundary, position 
interpreted.

Fault; (observed, assumed). Spot 
indicates down throw side, arrows 
indicate horizontal movement.

Jointing; (horizontal, inclined, vertical).

Drag folds with plunge.

Anticline, syncline, with plunge.

Drill hole; (vertical, inclined).

Vein, vein network.

Magnetic attraction.

Altitude in feet above mean sea level.

Swamp.

Motor mad. Provincial highway 
number encircled where applicable.

Other road.

Trail, portage, winter road.

Building. . . .

District boundary, approximate 
position only.

Township boundary with mile post, 
approximate position only.

Mining property, surveyed.

Mineral deposit; mining property, 
un surveyed.

Surveyed line, approximate position 
only.

Index to the adjoining maps of the McGregor Bay 
Bay of Islands Area

PROPERTIES, MINERAL DEPOSITS

/. Birch Island quarry,
2. Do/lard Mines Ltd.f
3. Eves, Walter W.
4. Foote Mineral Co.f
5. Indian Reserve 4 occurrence.f
6. Indusmin Ltd.f
7. Indusmin Ltd. Killarney quarry.f
8. McGregor Island occurrences.^
9. Mitchell. Preston C.f

10. Sheguiandah quarry.f

Information current to 31 December, 1968. 
For further information see report.

f Occurs on adjoining maps of the McGregor Bay 
Bay of Islands Area.
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Map 2317
McGregor Bay
North Channel Lake Huron

l
LEGEND 

CENOZOIC"
QUARTENARY 

PLEISTOCENE AND RECENT

Sand, gravel, clay.

UNCONFORMITY

PALEOZOIC6 
ORDOVICIAN

MIDDLE AND UPPER ORDOVICIAN 
14 Basal beds. Gull River, Bobcaygeon, 

Lindsay, Whitby and Georgian Bay 
Formations,

UNCONFORMITY

PRECAMBRIAN"
MIDDLE TO LATE 

PRECAMBRIAN
LATE DIABASE INTRUSIONS

13 Diabase, olivine diabase.

INTRUSIVE CONTACT ,

FELSIC PLUTONIC ROCKS 
(KILLARNEY BATHOLITH)

12a Gneissic and migmatitic granitic 
rocks, agmatite.?

12b Killarney granite; porphyritic gran 
ite and quartz monzonite,

INTRUSIVE CONTACT

AMPHIBOLITE INTRUSIONS

11 Amphibolite, porphyritic amphibo 
lite.

INTRUSIVE CONTACT 

NIPISSING DIABASE

10a Metagabbro. 
1Qb Gabbro. 
We Granophyre.

RELATIONSHIP UNKNOWN

METAVOLCANICSrf

9a Amygdaloidal metabasalt and meta-
andesite. 

9b Porphyritic metabasalt and meta-
andesite.f

RELATIONSHIP UNKNOWN

HURONIAN SUPERGROUP 
COBALT GROUP

BAR RIVER FORMATION 
8a Sandstone (orthoquartzite, feld 

spathic quartzite). 
8b Siltstone, argillite.

CONFORMABLE CONTACT

GORDON LAKE FORMATION
7a Siltstone, argillite. 
7b Sandstone (protoquartzite, sub 

greywacke).
7c Biotite-chlorite hornfels.f 
7d Andalusite hornfels.

CONFORMABLE CONTACT

LORRAIN FORMATION
6a Fine-grained, cherty sandstone (or 

thoquartzite).
6b White, medium-grained sandstone 

(aluminous, orthoquartzite, proto 
quartzite).

6c Ferruginous sandstone (aluminous 
orthoquartzite, protoquartzite).

6d Green, feldspathic micaceous sand 
stone (feldspathic protoquartzite, 
arkose).

6e Pink, feldspathic sandstone (feld 
spathic protoquartzite, arkose).

6f Grey sandstone (feldspathic proto 
quartzite, subgreywacke).

6g Argillite, siltstone.
6ti Quartz and jasper pebble con 

glomerate.
CONFORMABLE CONTACT

GOWGANDA FORMATION
5a Polymictic paraconglomerate, pro 

toquartzite matrix.
5b Polymictic paraconglomerate, grey- 

wacke matrix.
5c Polymictic paraconglomerate, lami 

nated argillite matrix.
5d Polymictic orthoconglomerate.
5e Argillite, siltstone, fine-grained 

greywacke.
51 Biotitic sandstone (protoquartzite, 

subgreywacke).
Sg Feldspathic sandstone (feldspathic 

protoquartzite, arkose).
5h Muscovitic, chloritic, biotitic meta- 

pelite.
5j Garnet, andalusite metapelite.

CONFORMABLE TO DISCONFORMABLE CONTACT

QUIRKE LAKE GROUP
SERPENT FORMATION 

4a Feldspathic sandstone (feldspathic
protoquartzite, arkose). 

4b Biotitic sandstone (protoquartzite,
subgreywacke). 

4c Argillite, siltstone. 
4d Calcareous siltstone, limestone. 
4e Conglomerate.

CONFORMABLE CONTACT

ESPANOLA FORMATION
3a Limestone, silty limestone, dolo 

mite.
3b Calcareous siltstone, argillite.
3c Calcareous sandstone, (protoquart 

zite).
3d Chloritic, phologopitlc, biotitic mar 

ble, hornfels.f
3e Scapolitic marble, hornfels.
3f Amphibolite.
3g Idocrase skarn.f
3h Conglomerate.

CONFORMABLE CONTACT

BRUCE FORMATION 
2a Polymictic paraconglomerate, grey 

wacke matrix.
2b Calcareous siltstone, limestone. 
2c Sandstone (feldspathic protoquart 

zite).
CONFORMABLE TO DISCONFORMABLE CONTACT

HOUGH LAKE GROUP
MISSISSAGI FORMATION 

1a Feldspathic sandstone (feldspathic
protoquartzite, arkose). 

1b Biotitic sandstone (protoquartzite
subgreywacke). 

1c Argillite, siltstone, greywacke.

Breccia.

Co Cobalt.

Cu Copper.
Icy Kyanite.
m Nickel.

w Pyrite.f
q Quartz.
S Sulphide mineralization.
si Silica.

'Unconsolidated deposits. Cenozoic deposits are rep 
resented by the lighter coloured parts of the map.

^Distribution of Paleozoic formations given on Map 
2247, Little Current Area, scale 1 inch to 1 mile, 
issued 1972.

cBedrock geology. Outcrops and inferred extensions of 
each rock map unit are shown respectively in deep and 
light tones of the same colour. Where in places a for 
mation is too narrow to show colour and must be rep 
resented in black, a short black bar appears in the 
appropriate block.
aAge relative to Huronian Supergroup and mafic in 
trusive rocks unknown. Intruded by the Killarney 
Batholith. Age unknown relative to rocks older than 
the Killarney Batholith.

fOccurs on adjoining maps of the McGregor Bay 
Bay of Islands Area.
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SOURCES OF INFORMATION

Geology by K. D. Card and assistants, Geological 
Branch, 1967, 1968.

Geology is not tied to surveyed lines.

Geological Survey of Canada; Maps 351A and 20-1957, 
Manitoulin Island.

Aeromagnetic maps; 
1522G, Little Current, G.S.C. 
2270G, Manitoulin, O. D. M.-G. S. C.

Preliminary maps; 
P440, Bay o} Islands West, 
P441, Bay of Islands East. 
P442, McGregor Bay West, 
P443, McGregor Bay East. 
Scale 1 inch to y4 mile issued 1967. 
P499, Frazer Bay East. 
P500, Frazer Bay West. 
Scale 1 inch to X mile, issued 1968. 
P105, Espanola. 
Scale 1 inch to yt mile, issued 1961.

Cartography by D, Laroche and assistants. Surveys 
and Mapping Branch, 1974.

Base map derived from maps of the Forest Resources 
Inventory, Surveys and Mapping Branch.

Magnetic declination in the area was approximately 
eP4Q' W, 1968.

Map 2317

MCGREGOR BAY
North Channel of Lake Huron

SUDBURY AND MANITOULIN DISTRICTS 

Scale 1:31,680 or l Inch to V2 Mile
Chains 80

Metres 1000 3 Kilometres

Feet 1000 O 5,000
l——

10,000 Feet

Scale, l indi to 50 miles 

N.T.S. reference 41 1/4

- — Geological boundary, position 
interpreted.

Jointing; (horizontal, inclined, vertical). 

Drag folds with plunge. 

-w Anticline, syncline, with plunge.

iDH^x" Drm hole; (vertical, inclined). 

Vein, vein network.

MA

SYMBOLS

Glacial striae. -' ' 

Small bedrock outcrop.

Area of bedrock outcrop.

Bedding, top unknown; (inclined, 
vertical).

Bedding, top (arrow) from grain 
gradation; (inclined, vertical, 
overturned).
Bedding, top (arrow) from cross 
bedding; (inclined, vertical, 
overturned).

Gneissosity, (horizontal, inclined, 
vertical).

Foliation; (horizontal, inclined, vertical). 

Lineation with plunge. 

Geological boundary, observed.

Fault; (observed, assumed). Spot 
indicates down throw side, arrows 
indicate horizontal movement.

Magnetic attraction.

Altitude in feet above mean sea level.

Swamp.

Motor road. Provincial highway 
number encircled where applicable.

Other road.

Trail, portage, winter road.

Building,

District boundary, approximate 
position only.

Township boundary with mile post, 
approximate position only.

Mining property, surveyed.

Mineral deposit; mining property, 
unsurveyed.

Surveyed line, approximate position 
only.

Index to the adjoining maps of the McGregor Bay 
Bay of Islands Area

PROPERTIES. MINERAL DEPOSITS

1. Birch Island quarry.f
2. Dol/ard Mines Ltd.
3. Eves, Walter W.f
4. Foote Mineral Co.f . .
5. Indian Reserve 4 occurrence. ' .. .
6. Indusmin Ltd.f
7. Indusmin Ltd. Killarney quarry.f
8. McGregor Island occurrences.
9. Mitchell. Preston C. 

10. Sheguiandah quarry.f

Information current to 31 December, 1969. 
For further information see report.

fQccurs on adjoining maps of the McGregor Bay 
Bay of Islands Area.
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SYMBOLS

Glacial striae.

Small bedrock outcrop.

Area of bedrock outcrop.

Bedding, top (arrow) from grain 
gradation; (inclined, vertical, 
overturned).
Bedding, top (arrow) from cross 
bedding; (inclined, vertical, 
overturned).

Gneissosity, (horizontal, inclined, 
vertical).

Foliation; (horizontal, inclined, vertical). 

Lineation with plunge.

Geological boundary, observed.

Geological boundary, position 
interpreted.

Fault; (observed, assumed). Spot 
indicates down throw side, arrows 
indicate horizontal movement.

Jointing; (horizontal, inclined, vertical).

Drag folds with plunge.

Anticline, syncline, with plunge.

Drill hole; (vertical, inclined).

Vein, vein network.

Magnetic attraction.

Altitude in feet above mean sea level.

Swamp,

Motor road, Provincial highway 
number encircled where applicable.

Other road.

Trail, portage, winter road.

Building.

District boundary, approximate 
position only.

Township boundary with mile post, 
approximate position only.

Mining property, surveyed.

Mineral deposit; mining property, 
unsurveyed.

Surveyed line, approximate position 
only.
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SOURCES OF INFORMATION

Geology by K. D. Card and assistants. Geological 
Branch, 1967, 1968.

Geology is not tied to surveyed lines.

Geological Survey of Canada; Maps 351A and 20-1957, 
Manitoulin Island.

Aeromagnetic maps; 
1522G, Little Current, G.S.C, 
227QG, Manitoulin, O. D. M.-G. S. C.

Preliminary maps; 
P440, Bay of Islands West, 
P441, Bay of Islands East. 
P442, McGregor Bay West, 
P443, McGregor Bay East. 
Scale 1 inch to X mile issued 1967. 
P499, Frazer Bay East. 
P500, Frazer Bay West. 
Scale 1 inch to X mile, issued 1968. 
P105, Espanola. 
Scale 1 inch to Yi mile, issued 1961.

Cartography by D. Laroche and assistants, Surveys 
and Mapping Branch, 1974.

Base map derived from maps of the Forest Resources 
Inventory, Surveys and Mapping Branch.

Magnetic declination in the area was approximately 
6*40' W, 1968.

PROPERTIES, MINERAL DEPOSITS

1. Birch Island quarry.f
2. Dol/ard Mines Ltd.f
3. Eves, Walter W.f
4. Foote Mineral Co, ~
5. Indian Reserve 4 occurrence./-
6. indusmin Ltd. ' -
7. Indusmin Ltd. Killarney quarry.
8. McGregor Island occurrences.^
9. Mitchell. Preston C.f

10. Sheguiandah quarry.

Information current to 31 December, 1968. 
For further information see report.

f Occurs on adjoining maps of the McGregor Bay 
Bay of Islands Area.

Map 2318

BADGELEY POINT
MANITOULIN DISTRICT

Scale l: 31,680 or l Inch to V2 Mile
Chains 80 40 2 Miles

Metres 1000 3 Kilometres

Feet 1000 O 5,000 10,000 Feet

,A \

LEGEND 

CENOZOIC" -.
QUARTENARY 

PLEISTOCENE AND RECENT

Sand, gravel, clay,

UNCONFORMITY

PALEOZOIC6
ORDOVICIAN

MIDDLE AND UPPER ORDOVICIAN

14 Basa! beds, Gull River, Bobcaygeon, 
Lindsay, Whitby and Georgian Bay 
Formations.

UNCONFORMITY

PRECAMBRIAN0 ~^~

MIDDLE TO LATE 
PRECAMBRIAN

LATE DIABASE INTRUSIONS

13 Diabase, olivine diabase.

INTRUSIVE CONTACT

FELSIC PLUTONIC ROCKS 
(KILLARNEY BATHOLITH)

12a Gneissic and migmatitic. granitic 
rocks, agmatite,

12b Killarney granite; porphyritic gran 
ite and quartz monzonite,

INTRUSIVE CONTACT

AMPHIBOLITE INTRUSIONS

11 Amphibolite, porphyritic amphibo 
lite.

INTRUSIVE CONTACT

NIPISSING DIABASE
10a Metagabbro. 
1Qb Gabbro.f 
1Qc Granophyre.

RELATIONSHIP UNKNOWN

METAVOLCANlCSd

9a Amygdaloidal metabasalt and meta-
an de s ile. 

9b Porphyritic metabasalt and meta-
andesite.

RELATIONSHIP UNKNOWN

HURONIAN SUPERGROUP 
COBALT GROUP

BAR RIVER FORMATION

8a Sandstone (orthoquartzite, feld 
spathic quartzite). 

8b Siltstone, argillite.
CONFORMABLE CONTACT

GORDON LAKE FORMATION

t Siltstone, argillite.f 
Sandstone (protoquartzite, sub- 
greywacke).

7c Biotite-chlorite hornfels. 
7d Andalusite hornfels.f

CONFORMABLE CONTACT

LORRAIN FORMATION
6a Fine-grained, cherty sandstone (or 

thoquartzite).
6b White, medium-grained sandstone 

(aluminous orthoquartzite, proto 
quartzite).

6c Ferruginous sandstone (aluminous 
orthoquartzite, protoquartzite)^

6d Green, feldspalhic micaceous sand 
stone (feldspathic protoquartzite, 
arkose),

6e Pink, feldspathic sandstone (feld 
spathic protoquartzite, arkose).f

6f Grey sandstone (feldspathic proto 
quartzite, subgreywacke),

6g Argillite, siltstone.!
6h Quartz and jasper pebble con 

glomerate.
CONFORMABLE CONTACT

GOWGANDA FORMATION^

5a Polymictic paraconglomerate, pro 
toquartzite matrix.

5b Polymictic paraconglomerate, grey 
wacke matrix.

5c Polymictic paraconglomerate, lami 
nated argillite matrix. 

-j 5d Polymictic orthoconglomerate.
5e Argillite, siltstone, fine-grained 

greywacke.
5f Biotitic sandstone (protoquartzite, 

subgraywacke).
5g Feldspathic sandstone (feldspathic 

protoquartzite, arkose).
5h Muscovitic, chloritic, biotitic meta- 

pelite.
5j Garnet, andalusite metape/ite.

CONFORMABLE TO DISCONFORMABLE CONTACT

QUIRKE LAKE GROUP
SERPENT FORMATION/-

4a Feldspathic sandstone (feldspathic 
protoquartzite, arkose).

4b Biotitic sandstone (protoquartzite, 
subgreywacke).

4c Argillite, siltstone.
4d Calcareous siltstone, limestone.
4e Conglomerate.

CONFORMABLE CONTACT

ESPANOLA FORMATION/
3a Limestone, silty limestone, dolo 

mite.
3b Calcareous siltstone, argillite.
3c Calcareous sandstone, (protoquart 

zite).
3d Chloritic, phologopitic, biotitic mar 

ble, hornfels.
3e Scapolitic marble, hornfels.
3f Amphibolite.
3g Idocrase skarn. . V '
3h Conglomerate.

CONFORMABLE CONTACT

BRUCE FORMATION/-

2a Polymictic paraconglomerate, grey 
wacke matrix.

2b Calcareous siltstone, limestone.
2c Sandstone (feldspathic protoquart 

zite).
CONFORMABLE TO DISCONFORMABLE CONTACT

HOUGH LAKE GROUP
MISSISSAGl FORMATION/-

1a Feldspathic sandstone (feldspathic 
protoquartzite, arkose).

1b Biotitic sandstone (protoquartzite 
subgreywacke).

1c Argillite, siltstone, greywacke.

i , Breccia.

Co 

Cu 

hy 

Ni

py
q 

S 

si

Cobalt. f 

Copper.} 

Kyanite. 

Nickel, f 

Pyrite. 

Quartz, 

Sulphide mineralization. 

Silica.

Index to the adjoining maps of the McGregor Bay 
Bay of Islands Area

a Unconsolidated deposits. Cenozoic deposits are rep- 
resented by the lighter coloured parts of the map.

^Distribution of Paleozoic formations given on Map 
2247, Little Current Area, scale 1 inch to 1 mite, 
issued 1972.

cBedrock geology. Outcrops and inferred extensions of 
each rock map unit are shown respectively in deep and 
light tones of the same colour. Where in places a for 
mation is too narrow to show colour and must be rep 
resented in black, a short black bar appears in the 
appropriate block.

d Age relative to Huronian Supergroup and mafic in 
trusive rocks unknown. Intruded by the Killarney 
Batholith. Age unknown relative to rocks older than 
the Killarney Batholith,

fOccurs on adjoining maps of the McGregor Bay 
Bay of Islands Area.


