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Foreword

In the Spring of 1993, a Mines and minerals Division reorganization again changed 
the face of the Ontario Geological Survey. As it is currently organized, the OGS 
includes all head office and regional geoscientists in the Ministry. The publications 
function, the data services function and the geoscience laboratories are now part of 
the Client Services Branch of the Division. "Call on Us", a pamphlet which is 
available from any office of the Mines and Minerals Division, outlines the current 
organization. For out-of-province customers, a copy is available from the Mines and 
Minerals Information Centre, whose address can be found on page ii of this volume.

During the 1993 field season, the Ontario Geological Survey carried out a variety 
of detailed regional and province-wide studies. Some projects were also undertaken 
in co-operation with other branches of the Division, other government agencies, 
universities and the private sector. A number of special geoscience projects were 
undertaken under the Canada-Ontario Northern Ontario Development Agreement 
(NODA).

The maps at the beginning of the volume indicate 1) the locations of the Resident 
Geologists' offices, Mining Recorders offices and Drill Core libraries and 2) the 
locations of field projects carried out with base funding, and 3) the locations of 
NODA field projects.

Highlights of field work and other activities including those of the resident 
Geologists, are summarized by each Section Chief; more extensive reports of each 
project follow. The wide spectrum of research presented should be of interest to the 
geoscience community at large, and particularly to those in mineral exploration and 
land-use co-ordination.

More detailed maps and reports on this summer's field program will be made 
available in open file format as soon as possible. Notification of these releases is via 
the Division's "Publication Release Notice", which is sent free of charge to all 
persons or organizations on a mailing list maintained by the Client Services Branch. 
Publications may be purchased at Regional Offices of the Division, or at the locations 
given on page ii.

It is hoped that the information in this volume will be of benefit to our customers. 
Should you require more information, or wish to discuss any project, please feel free 
to contact the appropriate author(s).

John Wood

Director
Ontario Geological Survey
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Precambrian Geoscience Section



1. Summary of Activities, 
Precambrian Geoscience Section

B.O. Dressler
Section Chief, Precambrian Geoscience Section, Ontario Geological Survey

INTRODUCTION

The Precambrian Geoscience Section consists of 19 
Sudbury-based geoscientists and support staff, and the 
staff of 4 Resident Geologist offices located in Sud 
bury, Sault Ste. Marie, Cobalt and Tweed. The section 
reports on 11 mapping surveys and 6 thematic investi 
gations in 1993.

As in past years, detailed and regional mapping in 
areas of significant mineral potential were empha 
sized. Of the 7 base program-funded mapping projects,
2 were in the northwestern and 5 in the northeastern 
parts of the province. Four detailed mapping projects 
3 in the Shebandowan greenstone belt and l west of 
Timmins and 2 thematic projects were funded under 
the Northern Ontario Development Agreement 
(NOD A), a subsidiary agreement to the Economic and 
Regional Development Agreement signed by the gov 
ernments of Canada and Ontario.

MAPPING PROGRAMS 
Northwestern Ontario

D. Stone completed a multiyear regional reconnais 
sance mapping program of the Berens River 
Subprovince. In this sixth and final year, Stone inves 
tigated the western Berens River area, which is largely 
underlain by felsic plutonic rocks. Concurrently with 
the mapping, approximately 130 soil samples were 
collected which will be investigated for the presence of 
kimberlite indicator minerals.

J. Devaney mapped the Colpitts-Bury lakes area 
north of Nakina, in the eastern English River 
Subprovince. The area has very good potential for base 
metal mineralization associated with pyroclastic felsic 
and intermediate metavolcanic rocks. These rocks un 
derlie a larger area than previously known.

In the Shebandowan greenstone belt west of Thun 
der Bay, 3 NODA-funded detailed mapping projects 
were carried out. H. Brown mapped Ware Township, I. 
Osmani mapped Begin, Lamport and parts of Haines 
and Hagey townships, and M. Rogers mapped Aldina, 
Duckworth and Sackville townships. The 1993 projects 
constitute the completion of a successful three-year

program of geological surveys in a greenstone belt that 
has excellent potential for base and precious metal 
mineralization, for amethyst and for building stone.

Northeastern Ontario

B. Berger and T. Muir investigated Evelyn, Hoyle, 
German and Dundonald townships in the Abitibi 
Subprovince northeast of Timmins. All 4 townships 
are characterized by very little outcrop. The project 
leaders employed a mapping methodology atypical of 
standard Ontario Geological Survey mapping. The 
projects relied on the examination of the existing 
outcrops, the investigation of diamond-drill cores stored 
at the Drill Core Library (Ministry of Northern Devel 
opment and Mines, Timmins) and of cores made 
available by the mineral exploration industry, the study 
of assessment files, and the interpretation of geophysi 
cal data. According to the project leaders, the 4 
townships have a high potential for precious and base 
metal mineralization.

L. Jensen continued detailed mapping, at 
a scale of 1:15 000, of an area near Matachewan. 
He investigated Cleaver and Hincks townships. 
According to Jensen, rocks encountered in the project 
area may contain base and precious metal mineraliza 
tion.

In the Nova and Strachan townships area 65 km 
west of Timmins, a NODA-funded, 1:20 000 scale 
mapping project was carried out by A. MacTavish. The 
area investigated has potential for base and precious 
metal deposits and MacTavish recommends explora 
tion for copper-nickel-platinum group element (PGE) 
mineralization in the pegmatoid patches and layers at 
the newly recognized Strachan gabbroic complex. Sev 
eral previously unknown sulphide occurrences were 
discovered by the field crew.

J. Ayer completed a three-year detailed and recon 
naissance mapping project of the northern Swayze 
greenstone belt, an area characterized by approxi 
mately 100 years of exploration and mining. Economic 
interest in the area is for gold, base metals, PGE and 
industrial minerals.
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S. Jackson mapped in detail May Township and 
parts of several neighbouring townships north of the 
North Channel of Lake Huron. The objective of this 
study is to investigate a section across the eastern 
Penokean Fold Belt to come to a better understanding 
of the stratigraphy, paleoenvironment and mineral 
potential of the Huronian Supergroup in this area, and 
eventually of the entire fold belt in Ontario.

THEMATIC INVESTIGATIONS

Of the 6 thematic investigations carried out or initiated 
by the Precambrian Geoscience Section, 2 constitute 
joint OGS-university research projects, l is an indus 
try-government cooperative project and l an 
OGS-funded project contracted to industry.

As part of a multiyear investigation of 
Temiskaming-type supracrustal rocks and their miner 
alization potential, M. Carter studied the geochemistry 
of alkalic sequences in several parts of Ontario. Pre 
liminary, but well-established, evidence shows that 
neodymium isotope systematics of Keewatin-type vol 
canic rocks are distinctly different from those of 
Temiskaming-type volcanic sequences, and that some 
Keewatin-type volcanic sequences apparently evolved 
to an alkalic composition.

M. Lange, a graduate student at the University of 
Muenster, Germany, and a 1991 and 1992 volunteer 
field assistant to D. Stone of the Precambrian Geoscience 
Section, investigated the Frame Lake intrusion in the 
Berens River Subprovince, 140 km northeast of Red 
Lake. He identified 3 distinct zoned units in the intru 
sion and stated that the mineralogy and geochemistry 
of the rocks are comparable with characteristics of 
sanukitoid intrusions. The intrusion is the youngest 
known pluton in the Berens River Subprovince.

K.J. Tomlinson, R.P. Hull, DJ. Hughes and P.C. 
Thurston present preliminary geochemical results of a 
multiyear, joint research project of the Department of 
Geology of the University of Portsmouth, United King 
dom, and the Precambrian Geoscience Section of the 
OGS. The objective of this co-operative effort is to 
determine if geochemical differences relate to specific 
volcanic facies and if greenstone belts of different ages 
are characterized by specific geochemical signatures. 
Presently, 3 areas are being studied: the Archean 
Beardmore-Geraldton and Steep Rock greenstone belts 
and the Proterozoic Thessalon greenstone belt.

A NODA-funded project to evaluate the industrial 
mineral potential of Manitoulin Island commenced in 
1992. In 1992 and 1993, B. Gates investigated Paleozoic 
rocks, ranging in age from Middle Ordovician to Mid 
dle Silurian, as possible sources of pure 
limestone, raw material for the manufacture of cement, 
and aggregate. He proposed the drilling of several 
exploratory holes in the southwestern part of the 
island.

In early 1992, the OGS contracted Geopak 
Systems of Toronto to develop a user-friendly, PC- 
based geophysical data distribution system. The digital 
data set for the entire Single Master Aeromagnetic Grid 
for Ontario was released in April of 1993, and can be 
obtained on a single compact disk or in portions on 
floppy diskettes.

There will be 2 downhole geophysical probes 
developed in a project jointly funded by NOD A and the 
Mining Industry Technology Council of Canada 
(MITEC). This endeavour constitutes an example of 
government-industry cooperation. One of the probes 
will measure conductivity and magnetic susceptibility, 
the other is a borehole orientation probe.



2. Project Unit 88-34. Geology of the 
Western Berens River Area

D. Stone1 and J. Crawford2
Precambrian Geoscience Section, Ontario Geological Survey 
^Department of Geology, Queen's University, Kingston

INTRODUCTION

Greenstone belts are interspaced with vast felsic plu 
tonic domains through most of the western Superior 
Province. High potential for economic mineral depos 
its provides incentive for detailed geologic investigation 
of the greenstone belts; however, plutonic areas have 
been largely unmapped in the past.

In 1988, the Berens River Project was initiated to 
study a large felsic plutonic domain lying mainly north 
of Red Lake, Ontario. The present survey of 12 000 
km2 of land between long. 940W and the Manitoba 
border marks the completion of mapping in the Berens 
River area. The goals of field work in this and previous 
years are to record the stages of felsic plutonism and to 
reduce the disparity in geologic data between plutonic 
and supracrustal areas. This relatively balanced geo 
logic data base may help to refine models for Archean 
magmatic and structural evolution, including the for 
mation of mineral deposits in the western Superior 
Province.

PREVIOUS WORK AND 
MINERAL EXPLORATION

Geologic mapping in the present area was initiated by 
Dowling (1896), who examined rocks exposed along 
the Berens River. In recent decades, the western 
Berens River area has had several regional geologic 
surveys including those of Kirwan (1958), Chown 
(1958), Ayres et al. (1972) and Breaks et al. (1974). 
Ermanovics (1969,1970) mapped the west edge of the 
present area and the adjacent parts of Manitoba.

Detailed geologic mapping and mineral explora 
tion are concentrated in the Red Lake greenstone belt 
in the southeast corner of the area and have been 
described previously (Stone 1990 and references 
therein). In the past, several mines produced small 
amounts of gold from the western Red Lake greenstone 
belt. Little exploration work is recorded in the felsic 
plutonic areas, although claims have been staked at 
Spoonbill Lake and McCusker Lake.

SOIL SAMPLING

Approximately 130 soil samples ranging from 2 to 30 
kg were collected in the study area (Figure 2.1). Sam 
pled materials include modern beach and river sand, 
rare raised beaches and glacial till and glaciofluvial 
deposits. Till obtained from pits 0.5 to l m in depth is 
typically red to grey and unconsolidated showing local 
evidence of reworking and intercalation with 
glaciolacustrine silt. Glaciofluvial deposits include 
eskers, moraines and outwash.

Figure 2.1. Location map, western Berens River area, scale 1:1 584 000.
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These samples can be processed to separate 
kimberlite indicator minerals from sand-sized parti 
cles and to help to evaluate whether or not kimberlite 
pipes are present within or near the study area.

REGIONAL SETTING AND 
GENERAL GEOLOGY

The western Berens River area spans the south central, 
predominantly plutonic part of the North Caribou 
terrane. Thurston et al. (1991) defined the North 
Caribou terrane on the basis of supracrustal rocks 
greater than 2800 Ma in age; these contrast with typi 
cally post-2740 million-year-old greenstone sequences 
elsewhere such as in the Uchi Subprovince, which lies 
immediately south of the present area.

With the exception of the Red Lake greenstone 
belt, the western Berens River area is underlain almost 
exclusively by felsic plutonic rocks (Figures 2.2, 2.3 
and 2.4). The southeast quarter of Figure 2.2, which 
includes the Red Lake greenstone belt, was mapped 
and compiled in 1990 and is described by Stone (1990). 
Small enclaves of migmatized metasedimentary rocks 
and amphibole gneisses of probable mafic volcanic 
origin occur with biotite tonalite to granodiorite and 
gneisses. These enclaves are the only remnants of 
supracrustal rocks beyond the margins of the Red Lake 
greenstone belt.

Felsic plutonic rocks are typical of those mapped 
in other parts of the Berens River area and consist 
mainly of early biotite tonalite to granodiorite and 
tonalitic gneisses intruded consecutively by hornblende 
tonalite to granodiorite, potassium feldspar megacrystic 
hornblende granodiorite to granite and leucocratic 
biotite granodiorite to granite. Rock descriptions are 
given by Stone (1992) and are not repeated here.

Examples of biotite tonalite to granodiorite bodies 
occur at Knox Lake and southwest of Sabourin Lake 
(see Figure 2.2) and east of Namiwan Lake (see Figure 
2.4). In general, these older plutonic rocks are strongly 
foliated, recrystallized and occur in irregular curved, 
bifurcated and belt-like bodies invaded by lobes of 
younger intrusions.

Hornblende tonalite to granodiorite is widespread, 
typically occurring in northwesterly elongated units 
locally gradational to megacrystic hornblende 
granodiorite to granite. Megacrystic rocks are concen 
trated mainly in the centre of the area; bodies of 
batholithic proportions occur at Bigshell Lake (see 
Figure 2.2) and northeast of Cairns Lake (see Figure 
2.3).

Biotite granodiorite to granite is relatively evenly 
distributed through the western Berens River area and

occurs in forms ranging from oval intrusions such as 
south of Lams Lake (see Figure 2.2) to large, lobate 
batholiths such as at Apps Lake (see Figure 2.4). The 
latter is part of the Deer Lake batholith (Stone 1991) 
and is one of the largest intrusions in the Berens River 
area.

In general, areas underlain by tonalitic and granitic 
rocks correspond approximately with domains of low 
and high intensity of magnetic total field, respectively 
(ODM-GSC 1967a, 1967b).

STRUCTURE

Granitic rocks show weak, probably magmatic foliations 
defined by the alignment of igneous feldspars. These 
contrast with strongly elongate quartz and aggregates 
of biotite and hornblende that give rise to intense 
foliations in tonalitic rocks. Structural trends defined 
by foliations, gneissosity and schlieren in all rocks 
follow broadly curved and variable trajectories in the 
south (see Figure 2.2) becoming aligned northwesterly 
in the north (see Figures 2.3 and 2.4). Most lithologic 
units are also elongate northwesterly.

Three, broad northwest-striking zones of strongly 
foliated and protomylonitic rocks are defined in the 
Stout Lake area (see Figure 2.4). The amount and the 
sense of displacement on these ductile fault zones is 
unknown.

Easterly striking brittle faults occur at Donald 
Lake and west of Red Lake (see Figure 2.2). The 
structure at Donald Lake is marked by a 0.5 m wide, 
subvertical zone of cataclastically deformed granite in 
a matrix of quartz, epidote and chlorite. This central 
slip surface of the fault is locally enveloped by a 100 m 
wide stockwork of quartz- and epidote-filled fractures.

DISCUSSION

The western Berens River area records voluminous 
Archean magmatic activity. Crosscutting relations 
show that biotite tonalite to granodiorite and tonalitic 
gneisses are among the oldest intrusions, possibly 
correlative with the 2838 million-year-old Trout Lake 
batholith in the eastern Berens River area (Noble 
1989). These and pre-2925 million-year-old volcanic 
rocks of the western Red Lake greenstone belt (Corfu 
and Wallace 1986) are probable remnants of early 
mixed plutonic and supracrustal sequences into which 
a younger generation of intrusions, including horn 
blende tonalite to granodiorite and granitic rocks, were 
emplaced. By analogy with rocks dated elsewhere in 
the Berens River area (Corfu and Ayres 1984; Corfu 
and Andrews 1987; Corfu and Wood 1986), the younger 
generation of plutonic rocks appears to have been
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Figure 2.2. Geology of the Bloodvein River area.
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Figure 2.3. Geology of the Keeper River area. See legend of Figure 2.2.

Figure 2.4. Geology of the Stout Lake area. See legend of Figure 2.2.
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emplaced in a relatively short period of time from 2744 
to 2696 Ma. Thus, although the western Berens River 
area contains remnants of pre-2800 million-year-old 
sequences characteristic of the North Caribou terrane, 
approximately 909& of presently exposed rocks were 
emplaced during a protracted, Neoarchean magmatic 
event.

ACKNOWLEDGMENTS

Capable field assistance was given by I. Boyle, S. 
Buckles and P. Pufahl and B. Biggers the pilot.

REFERENCES
Ayres, L.D., Raudsepp, M., Averill, S.A. and Edwards, G.R. 1972. Favour 

able Lake-Poplar Hill area, Poplar Hill-Pikangikum sheet, District of 
Kenora (Patricia Portion); Ontario Division of Mines, Preliminary 
Map P.770, scale 1:126 720.

Breaks, F.W., Sage, R.P. and d'Appolonia, S.J. 1974. Bulging Lake- 
Embryo Lake, District of Kenora (Patricia Portion); Ontario Division 
of Mines, Preliminary Map P.950, scale 1:63 360.

Chown, E.H. 1958. Carroll Lake (east half), Kenora District, Ontario; 
Geological Survey of Canada, Map 25-1958, scale 1:253 440.

Corfu, F. and Andrews, A.J. 1987. Geochronological constraints on the 
timing of magmatism, deformation, and gold mineralization in the 
Red Lake greenstone belt, northwestern Ontario; Canadian Journal of 
Earth Sciences, v.24, p.1302-1320.

Corfu, F. and Ayres, L.D. 1984. U-Pb age and genetic significance of 
heterogeneous zircon populations in rocks from the Favourable Lake 
area, northwestern Ontario; Contributions to Mineralogy and Petrol 
ogy, v.88, p.86-101.

Corfu, F. and Wallace, H. 1986. U-Pb zircon ages for magmatism in the Red 
Lake greenstone belt, northwestern Ontario; Canadian Journal of 
Earth Sciences, v.23, p.27-42.

Corfu, F. and Wood, J. 1986. U-Pb zircon ages in supracrustal and plutonic 
rocks, North Spirit Lake area, northwestern Ontario; Canadian Jour 
nal of Earth Sciences, v.23, p. 967-977.

Dowling, D.B. 1896. Report on the country in the vicinity of Red Lake and 
part of the basin of Berens River, Keewatin; Geological Survey of 
Canada, v.7, pt.F, 54p.

Ermanovics, I.F. 1969. Precambrian geology of Hecla-Carroll Lake map 
area, Manitoba-Ontario; Geological Survey of Canada, Paper 69-42, 
33p.

    1970. Geology of Berens River-Deer Lake map area, Manitoba and 
Ontario and a preliminary analysis of tectonic variations in the area; 
Geological Survey of Canada, Paper 70-29, 24p.

Kirwan, L.D. 1958. Deer Lake (east half), Kenora District, Ontario; 
Geological Survey of Canada, Map 26-1958, scale 1:253 440.

Noble, S.R. 1989. Geology, geochemistry and isotope geology of the Trout 
Lake batholith and the Uchi-Confederation lakes greenstone belt, 
northwestern Ontario; unpublished PhD thesis, University of To 
ronto, Toronto, Ontario, 289p.

Ontario Department of Mines-Geological Survey of Canada. 1967a. Carroll 
Lake, Manitoba-Ontario; Ontario Department of Mines-Geological 
Survey of Canada, Map 7266G, scale 1:253 440.

     1967b. Deer Lake, Manitoba-Ontario; Ontario Department of 
Mines-Geological Survey of Canada, Map 7267G, scale 1:253 440.

Stone, D. 1990. Geology of the Red Lake and Varveclay-Favourable- 
Whiteloon areas, northwestern Ontario; in Summary of Field Work 
and Other Activities 1990, Ontario Geological Survey, Miscellane 
ous Paper 151, p.5-17.

   1991. Geology of the Berens Lake-Deer Lake area, northwestern 
Ontario; in Summary of Field Work and Other Activities 1991, 
Ontario Geological Survey, Miscellaneous Paper 157, p.6-12.

     1992. Geology of the MacDowell Lake-Trout Lake area, northwest 
Ontario; in Summary of Field Work and Other Activities 1992, 
Ontario Geological Survey, Miscellaneous Paper 160, p.4-12.

Thurston, P.C., Osmani, LA. and Stone, D. 1991. Northwestern Superior 
Province: Review and terrane analysis; in Geology of Ontario, Spe 
cial Volume 4, Part l, p.81-142.

8



3. Project Unit 88-34. Geology and Petrography of the 
Frame Lake Pluton in the Berens River Subprovince, 
Northwestern Ontario

M. Lange
Geologisches Institut, Universitat Munster Correnstr, Munster, Federal Republic of Germany

INTRODUCTION

This report summarizes the results of field mapping 
and laboratory analysis of the Frame Lake pluton in 
northwestern Ontario. The research comprises part of 
diploma work (MSc thesis) at the University of 
Muenster, Germany. Objectives of this work are as 
follows: 1) to produce a Isostructural map of the 
Frame Lake pluton; 2) to describe petrography of the 
rocks; and 3) to study the genesis and evolution of the 
magma.

The study area is situated in the Berens River 
Subprovince of Card and Ciesielski (1986), which 
extends east from Lake Winnipeg, Manitoba to Pickle 
Lake, Ontario and attains a maximum width of 240 km 
at the Manitoba border. This Subprovince consists of 
Archean felsic plutonic and gneissic rocks and small 
and minor greenstone belts. The Frame Lake pluton is 
located 140 km north of Red Lake, Ontario (Figure 3.1) 
and was mapped in 1992. Access is by float-equipped 
aircraft or helicopter.

The Frame Lake pluton is enveloped by felsic plutonic 
rocks and a narrow, south-trending arm of the Hornby 
Lake greenstone belt on the west side (Figure 3.2). 
Felsic plutonic rocks consist of early biotite and horn 
blende tonalite to granodiorite (tonalitic suite) intruded 
by megacrystic hornblende granodiorite to granite and 
leucocratic biotite granodiorite to granite (granitic suite; 
Stone 1991,1992). The latter granitic rocks are exten 
sive south of the present area. The southern arm of the 
Hornby Lake greenstone belt is made up of migmatized 
wacke interbedded with quartz arenite (Atkinson et al. 
1991). Small units of mafic and intermediate to felsic 
metavolcanic rocks are also present.

The Frame Lake pluton is broadly oval and distin 
guished by a prominent aeromagnetic pattern 
(ODM-GSC 1963). Compared with plutonic country 
rocks, the Frame Lake pluton is remarkably heteroge 
neous ranging in composition from diorite through 
granodiorite to granite (Figure 3.3). Dated at 2696 2

Figure 3.1. Location map, Frame Lake pluton, scale 1:1 584 000.
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Figure 3.2. Geology of the Frame Lake pluton.

Figure 33. Quartz-alkali feldspar-plagioclase diagram of Streckeisen 
(1976) showing compositions of rocks from the Frame Lake pluton. 
Circles 14a rocks; triangles 14b rocks; and quadrangles 14c rocks 
(see legend of Figure 3.2 for further explanation).

Ma (Corfu and Ayres 1984), the Frame Lake pluton is 
a young plutonic body emplaced at the end of extensive 
tonalitic and granitic magmatism from 2744 to 2697 
Ma in the Berens River Subprovince (see Stone, this 
volume).

Three major lithologic subdivisions of the intru 
sion are recognized. Diorite, quartz diorite and tonalite 
form the outer rim of the intrusion in most places and 
a south-trending arm on the west side (see Figure 3.2). 
These rocks are mainly fine to medium grained, locally 
coarse grained and grey to dark grey, and made up 
of quartz, potassium feldspar, plagioclase (mainly 
andesine and labradorite), biotite, amphibole (green 
hornblende), pyroxene (salite and augite as cores 
of amphibole) and accessory titanite (up to 1096), 
epidote, opaques (magnetite, ilmenite, pyrite and 
hematite), apatite, sericite, zircon and minor chlorite 
and carbonate.

Monzodiorite, quartz monzodiorite and grano 
diorite are fine- to medium-grained and show a spectrum 
of colours ranging from light grey to pink-grey. 
Feldspars tend to be aligned defining a foliation. Potas 
sium feldspar is mainly orthoclase and microcline. 
Plagioclase ranges from oligoclase to andesine, and 
quartz is found interstitial to feldspars. Mafic minerals
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compose 5 to 3096 of the rock and include biotite, 
amphibole and clinopyroxene as cores of amphibole 
grains. Accessory minerals are titanite, epidote, opaque 
minerals, apatite, zircon and minor chlorite and sericite.

The core and some outer lobes of the intrusion 
consist of monzonite, quartz monzonite, syenite, quartz 
syenite and granite. These rocks are conspicuous in 
outcrop because of their pink to red colour. Granite is 
the most common phase and is typically coarse grained 
with potassium feldspar megacrysts. A widespread 
mineral assemblage is quartz * potassium feldspar 
(microcline and orthoclase) 4- plagioclase (mainly 
oligoclase and andesine) -l- biotite + amphibole and 
accessory titanite, opaque minerals, apatite, zircon, 
sericite and chlorite.

West of Frame Lake (see Figure 3.2), a gneissic 
mafic to ultramafic inclusion of 50 to 200 m width 
occurs in quartz diorite. This inclusion is made up of 
clinopyroxene, minor orthopyroxene, amphibole, which 
forms ragged rims on pyroxene grains, plagioclase, 
quartz and opaque minerals.

All lithologic units of the Frame Lake pluton are 
cut by red aplite dikes.

ORIGIN OF THE MAGMA

Although relatively rare in comparison with other 
felsic plutonic rocks, compositionally zoned intrusions 
occur in the southwestern Superior Province and are 
commonly included with the sanukitoid suite of Shirey 
and Hanson (1984) and Stern et al. (1989) and the mafic 
suite of Sutcliffe et al. (1990), Thurston et al. (1991) 
and Beakhouse (1991). Shirey and Hanson (1984) and 
Stern et al. (1989) noted chemical and isotopic simi 
larities between these intrusions and the mantle-derived 
"sanukitoid" volcanic rocks of the Setouchi belt of 
Japan (Koto 1916; Tatsumi and Ishizaka 1982a, 1982b) 
and determined that mesocratic phases of the intru 
sions could have been derived by hydrous melting of 
large ion lithophile element- (LILE) enriched mantle 
peridotite at pressures of 100 to 150 MPa. Partial 
melting or fractionation of the mantle-derived magma 
within the crust was proposed as a mechanism for 
production of the more evolved granodiorite to granite 
that is typically found at cores of the intrusions. In 
contrast, older and more widespread tonalitic and gra 
nitic rocks in the southwestern Superior Province are 
thought to have originated by partial melting of crustal 
materials including metabasalt and tonalite, respec 
tively (Beakhouse and McNutt 1991).

Lange (1993) noted that field relations, mineral 
ogy and chemistry of the Frame Lake pluton are 
comparable with the characteristics of sanukitoid rocks

reviewed by Stern et al. (1989). The Frame Lake 
pluton is probably a rare example of a pluton that 
originated from a mantle source among voluminous 
crustal-derived intrusive rocks in the Berens River 
Subprovince.

EVOLUTION AND EMPLACEMENT 
OF THE FRAME LAKE PLUTON

The Frame Lake pluton consists of 3 major lithologic 
units arranged in an imperfect zoned pattern. Contacts 
between the units are sharp, and crosscutting relations 
show that quartz dioritic phases were followed by 
granodiorite and granite.

The Frame Lake pluton is characteristic of zoned 
plutons whose diverse lithologic components are 
thought to have originated from the same magmatic 
source (Stephans and Halliday 1979; Best 1982; 
Brinkmann 1984).

Shirey and Hanson (1984) proposed that rocks 
equivalent to quartz diorite of the Frame Lake pluton 
could have originated by direct partial melting of the 
mantle peridotite. In this context, the ultramafic inclu 
sion within quartz diorite of the Frame Lake pluton 
could represent mantle residuum or else a fragment of 
deep country rock through which the magma moved. 
In either case, the pyroxene-bearing mineral assem 
blage implies that the inclusion originated at depths 
corresponding to granulite facies (Winkler 1979).

Clinopyroxene grains rimmed by hornblende im 
ply increasing hydration during crystallization of the 
quartz diorite. The water could have been introduced 
at crustal levels during ascent of the magma. Partial 
melting of the quartz diorite or fractionation and 
unmixing of a mafic restite, probably within chambers 
at the intermediate crustal levels, are a likely source of 
granodiorite to granitic magma. Application of the 
hornblende barometer of Johnson and Rutherford (1989) 
indicates crystallization of the hornblende-bearing 
granodiorite at depths of about 14 km (Lange 1993); 
the magma could have originated at a greater depth.

Granodioritic and granitic magmas migrated up 
ward more or less through the same conduits formed by 
quartz diorite and eventually crystallized in the core 
and locally at the margins of the intrusion. Emplace 
ment of the massive granitic phases flattened and 
imparted a strong foliation to the older quartz dioritic 
rocks.

CONCLUSIONS

The Frame Lake pluton is the youngest known and the 
most compositionally heterogeneous of the felsic
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plutons in the Berens River Subprovince. Rock com 
positions range from diorite and quartz diorite in the 
rim areas to granodiorite and granite at the core of the 
body. The lithologic and chemical characteristics of 
the Frame Lake pluton are compatible with those of 
zoned plutons whose mesocratic and typically quartz 
dioritic components are thought to have originated by 
partial melting of LILE-enriched mantle material.

The Frame Lake pluton was emplaced after volu 
minous tonalitic and granitic magmatism that implies 
widespread crustal melting in the Berens River 
Subprovince from 2744 to 2697 Ma. Evidently, ther 
mal and tectonic upheaval of this segment of the crust 
had ceased sufficiently by 2696 Ma for the mantle- 
derived magmas to intrude and evolve in the crust and 
to be preserved as little-deformed and zoned bodies. 
The Frame Lake pluton, thus, marks an important final 
stage in the magmatic evolution of the Berens River 
Subprovince.
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4. Project Units 87-16, 91-11 and 92-08.
The Geochemical Characteristics of Neoarchean Alkalic
Magmatism in Central Superior Province, Ontario

M.W. Carter
Precambrian Geoscience Section, Ontario Geological Survey

INTRODUCTION

The purpose of the Thunder Bay Alkalic Rocks project 
is to study the geology and geochemistry of the alkalic 
metavolcanic rocks occurring in the Keewatin-type 
Burchell and the Timiskaming-type Shedandowan as 
semblages (Williams et al. 1991), which were mapped 
during the period 1984-1986 and which were reported 
onby Carter(1987b, 1988,1989,1990a, 1990b, 1990c). 
The Keewatin-type metavolcanic-metasedimentary 
sequence comprises an older subaqueous to shallow 
water ultramafic to felsic rock sequence, comprising 
komatiitic, tholiitic, calc-alkalic and alkalic magmatic 
suites and associated sediments in the map area similar 
to other non-Timiskaming-type volcanic sequences in 
other parts of the Superior Province, and which range 
in age from 2775 to 2700 Ma. They are referred to as 
mafic to felsic volcanic cycles (Thurston and Chivers 
1990). The Timiskaming-type metavolcanic- 
metasedimentary sequence comprises a younger 
alluvial-fluvial metasedimentary suite containing in 
tercalated calc-alkalic to alkalic metavolcanic rocks, 
which unconformably overlie the Keewatin-type rocks 
and is situated near major tectonic boundaries in pull- 
apart basins, and are less than 2700 million years old 
(Thurston and Chivers 1990).

As Timiskaming-type metavolcanic rocks occur in 
the Kenogami-Kirkland Lake-Larder Lake and 
Timmins-Abitibi Lake areas (Carter 1993), the former 
area subsequently became, by consensus, the type-area 
for such alkalic metavolcanic rocks. The Timiskaming 
Metavolcanics Geochemical Compilation project was 
initiated to obtain, compile and compare analytical 
data on the geochemistry and isotopic characteristics 
of such rocks with those from other areas in the Supe 
rior Province. Rocks were collected from the North 
Spirit Lake area (Wood 1977), the Shining Tree area 
(Carter 1987b and references therein) and from the 
Timmins-Abitibi Lake and Kenogami-Kirkland Lake- 
Larder Lake area (Carter 1993). Smith and Longstaffe 
(1974) had reported the occurrence of alkalic 
(shoshonitic) rocks from the plutonic Bijou Point com 
plex (Wood 1977) and from what is now named the 
Hewitt assemblage (Thurston et al. 1991) of the North 
Spirit Lake greenstone belt (Corfu and Wood 1986;

Thurston et al. 1991). For this study, rocks were 
analyzed only from the Hewitt assemblage, which is an 
approximately 2700 million-year-old arc volcanic-sedi 
mentary sequence (Corfu and Wood 1986; Thurston et 
al. 1991) lithologically similar to arc sequences else 
where in the Superior Province. It is to be noted that the 
Hewitt assemblage is not a Timiskaming-type sequence. 
Likewise, alkalic volcanic rocks from the Shining Tree 
area (Carter 1987b) were collected from a Keewatin- 
type volcanic sequence dated at 2714   145 Ma on the 
Sm-Nd whole rock system (Ben Othman et al. 1990).

During the mapping of Forbes and Conmee town 
ships in 1985 (Carter 1990b) in the Shebandowan belt 
of the Wawa Subprovince, a Tower Syenite subvolcanic 
stock was mapped, which comprises diorite, 
monzodiorite and quartz monzonite. Concurrently 
with this work, the stock and its adjacent contact zones 
were undergoing mineral exploration and parts of the 
stock was found to be auriferous (Dal Bello and Carriere 
1985; Mooney 1988; Brown 1990). The stock is 
intrusive into the Burchell assemblage and, therefore, 
could be of Timiskaming age and, thus, would repre 
sent a plutonic facies of the Timiskaming-type 
metavolcanic-metasedimentary rocks. The relation 
ship of the stock to Timiskaming-type rocks was not 
known as the rocks were not found to be in contact, but 
Timiskaming-type conglomerates contained clasts simi 
lar to the porphyritic and massive monzodioritic to 
syenitic rocks of the pluton. Therefore, the rocks were 
considered to be pre-Timiskaming (Carter 1990b). In 
1992, a more detailed mapping of the stock was carried 
out and rocks were collected for petrographic and 
geochemical study (Carter 1992), and U-Pb zircon 
radiometric age-dating.

The writer assisted in the analysis of rare earth 
elements (REE); 143Nd7144Nd determinations; and ma 
jor and trace element analysis of rocks collected for the 
Thunder Bay Alkalic Rocks project (Carter 1987a); the 
Timiskaming Metavolcanics Geochemical Compila 
tion project (Carter 1991); and the Tower Syenite 
Stock project (Carter 1992). Figure 4. l shows the areas 
described. The work was carried out in the geochemical 
laboratories of Royal Holloway College, University of 
London, under the supervision of Dr. M.F. Thirlwall
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and Dr. G. Marriner. The REE analyses were carried 
out by the isotope dilution mass spectrometry (ID-MS) 
technique (Thirlwall 1982; Thirlwall and Ingram 1992) 
and 143Nd7144Nd isotope ratio analyses were done si 
multaneously by a modification of this method 
(Thirlwall and Ingram 1992). Major and trace element 
analyses were carried out by the X-ray fluorescence 
(XRF) method following the technique of Thirlwall 
and Marriner (1986).

Twelve samples of alkalic volcanic rocks from 
Thunder Bay (Shebandowan-Kaministiquia area) were 
analyzed: 6 from the Keewatin-type Burchell assem 
blage, and 6 from the Timiskaming-type Shebandowan 
assemblage for REE and 143Nd7144Nd ratio 
determinations as part of the Thunder Bay Alkalic 
Rocks project. For the Timiskaming Metavolcanics 
Geochemical Compilation project, 6 samples were 
analyzed for REE, and 19 samples for major and trace 
elements. For the Tower Syenite Stock project, 9

samples were analyzed for REE, and 40 samples for 
major and trace elements. Preliminary results for some 
samples are plotted on Figures 4.2A to 4.2L.

VOLCANIC ROCKS
Thunder Bay Alkalic Rocks Project
For the Keewatin-type volcanic rocks, the 6 samples 
analyzed for REE ranged from basic to intermediate in 
composition (see Figure 4.2A). These samples show 
strong enrichment in the light rare earth elements 
(LREE), suggesting derivation by small degrees of 
partial melting or derivation from a LREE-enriched 
source, and that residual garnet was not present in the 
source as the heavy rare earth elements (HREE) are not 
strongly depleted. Europium anomalies are either 
absent or poorly developed. The absence of europium 
anomalies could indicate absence of high-level 
plagioclase fractionation or magmatic oxidation; the
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Figure 4.1. Location map showing sampled areas of Archean alkalic rocks in the Superior Province of Ontario.
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weak negative anomaly could indicate high-level 
plagioclase fractionation; and the positive anomaly 
can indicate plagioclase accumulation. Figure 4.2B 
shows that these rocks are subalkalic and alkalic. In 
Figure 4.2C, a measured (present day) 143Nd7144Nd 
versus Sm-Nd plot (M.F.T. Thirlwall, Royal Holloway 
College, University of London, personal communica 

tion, 1993) for Nd isotopes so far obtained suggest that 
Keewatin-type rocks belong to a comagmatic suite. 
This plot uses the present-day 143Nd7144Nd ratios as 
measured and the Sm and Nd values obtained from 
isotope dilution REE analysis to determine whether the 
2 suites of comagmatic rocks are derived from the same 
magma.
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Figure 4.2. Geochemical and isotope plots (A to L) of volcanic and subvolcanic-plutonic alkalic rocks from some subprovinces of the Superior 
Province, Ontario.
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Figures 4.2D, 4.2E, 4.2F and 4.2G are plots for the 
Timiskaming-type volcanic rocks, which also range 
from basic to intermediate. The REE plot (see Figure 
4.2D) is similar characteristics to the Keewatin-type 
rocks, except for the lowermost plot (a medium-potas 
sium dacite, the least basic sample), which shows 
strong depletion in the HREE suggesting a garnetiferous 
source region. Figure 4.2E has been used to classify 
these samples, but, although the rocks show petro 
graphic characteristics of the alkalic rocks, they plot in 
the subalkalic field, close to the subalkalic-alkalic 
boundary. They were also plotted on the total alkalis- 
silica diagram of LeMaitre (1989) (see Figure 4.2F) on 
which the rocks plot as subalkalic and alkalic, the 
subalkalic samples plotting near the boundary of the 2 
main groups. The rocks plot in the fields: basaltic 
andesite (Oj), andesite (O2), dacite (O3) and basaltic 
trachyandesite (Sj). This implies that either the Win 
chester and Floyd (1977) plot does not accurately 
indicate the alkalic nature of these rocks, or that some 
of these rocks have an excess of alkalis. The marked 
enrichment of the rocks in LREE, shown in Figure 
4.2D, suggests that the rocks are likely alkalic. In 
Figure 4.2G, showing the Nd isotopic results, these 
rocks plot on a common straight line, suggesting that 
they are comagmatic. A comparison of Figure 4.2C 
(Keewatin-type rocks) with Figure 4.2G (Timiskaming- 
type rocks) shows that the rocks of the 2 suites are not 
co-linear, although their trends are parallel, suggesting 
that the 2 groups are not comagmatic.

Timiskaming Metavolcanics 
Geochemical Compilation Project
For this project, volcanic rocks from the Kirkland 
Lake, Timmins-Abitibi Lake, Shining Tree, and North 
Spirit Lake areas were analyzed for comparative pur 
poses. Shoshonitic rocks from North Spirit Lake were 
reported at Bijou Point (Smith and Longstaffe 1974). 
The rocks have lithologic characteristics similar to the 
black and dark grey Keewatin-type tholeiitic rocks of 
the Hewitt assemblage (Wood 1977; Carter 1991). The 
REE plots for the 6 rocks analyzed are shown in Figure 
4.2H. These rocks are all highly LREE enriched, the 
highest enrichment is shown by the Kirkland Lake 
rocks and the lowest by the Timmins-Abitibi Lake and 
Shining Tree rocks. The rock from North Spirit Lake 
plots in an intermediate position, but shares the LREE- 
enrichment trend. In Figure 4.21, only the rocks from 
Kirkland Lake plot in the alkalic field, the others plot 
in the subalkalic field, but close to the boundary of the 
two fields. Zircon values for these rocks were interpo 
lated from spider diagrams as zircon results are not yet 
available, possibly explaining the discrepancies.

Figure 4.2J shows all the rocks from these areas 
plotted on the total alkalis-silica plot of LeMaitre

(1989) and shows the alkalic nature of the rocks except 
for 2 of the 5 rocks from the North Spirit Lake area.

Geochemical Relationships with 
Kirkland Lake Timiskaming-type 
Volcanics
Rare earth element analyses on Timiskaming-type 
alkalic volcanic rocks at Kirkland Lake were carried 
out by Capdevila et al. (1982) and Ujike (1985). 
Capdevila et al. (1982) concluded that their samples 
showed highly fractionated REE patterns without euro 
pium anomalies, which is similar to the case for both 
the Keewatin-type and Timiskaming-type rocks at 
Thunder Bay (see Figures 4.2A and 4.2D), North Spirit 
Lake, Timmins-Abitibi Lake and Shining Tree (see 
Figure 4.2H). They further concluded that the rocks 
were derived from partial melting at great depth of a 
enriched mantle. The Kirkland Lake rocks shows 
highly fractionated patterns and Ujike (1985) con 
cluded that the magmas were generated at great depth 
in incompatible-element-enriched mantle where gar 
net remained in the residue (see Figure 4.2D). Ujike 
(1985) also concluded that Timiskaming-type volcanics 
represented the last stage of island arc volcanism.

The lower than bulk earth, present-day 143Nd7144Nd 
ratios for alkalic volcanics from both Keewatin-type 
and Timiskaming-type rocks in this study (see Figures 
4.2C and 4.2G) indicate that LREE enrichment of the 
source occurred or that the magmas were affected by 
crustal or sediment contamination and that they are 
close to arc volcanics values. The LREE-enriched 
nature of the rocks supports the enrichment possibility. 
Calculation of eNd 143Nd7144Nd (initial) awaits precise 
age determinations of the Keewatin-type and 
Timiskaming-type rocks, which are in progress. A Sm- 
Nd study of Timiskaming-type volcanic rocks at 
Kirkland Lake by Basu et al. (1984) yielded an initial 
eNd of 41.9   l.6 and they concluded that the small, but 
positive, initial eNd indicated that the Timiskaming- 
type alkalic volcanics were derived from a depleted 
mantle source. Ben Othman et al. (1990) in a similar 
Sm-Nd study on the Kirkland Lake Timiskaming-type 
alkalic volcanics obtained a high initial eNd of +2.S ± 
1.5 and concluded that this indicated long-term iso 
topic depletion of the source rocks.

The similarities between the Timiskaming-type 
rocks at Kirkland Lake, the type area, and the 
Timiskaming-type and Keewatin-type rocks at Thun 
der Bay indicated that alkalic volcanism occurs both in 
a pull-apart basin setting as well as late in the evolution 
of Keewatin-type volcanism in areas not related to 
pull-apart basins.
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PLUTONIC ROCKS
Tower Syenite Stock Project
Rocks collected from the Tower Syenite stock repre 
sented the whole compositional range from ultrabasic 
hornblende lamprophyre and basic gabbro to interme 
diate diorite and syenite.

Six rocks representing the mafic to intermediate 
rocks, except the lamprophyre, were analyzed by iso 
tope dilution mass spectrometry for REE. The results 
are plotted in Figure 4.2K. The plots show a close 
parallelism for the suite, with the most basic rocks 
forming the uppermost trends. The rocks show strong 
enrichment in LREE and sufficient HREE to indicate 
that residual garnet is absent from the source material. 
The plots indicate a coherent, comagmatic, differenti 
ated suite. Comparison with the Keewatin-type alkalic 
metavolcanic rocks (see Figure 4.2A) suggests that 
these 2 rock suites are both mantle derived and both 
indicating an absence of garnet in the source rocks. 
Other trace-element data for the plutonic rocks are not 
yet available, but a plot major element data (see Figure 
4.2L) for these rocks, shows that the suite comprises 
monzodiorite (field 9) quartz monzonite (field 8), 
syenite (field 4), quartz syenite (field 5) and granite 
(field 6), confirming the classification using petrogra 
phy (Carter 1990b). Some samples which fall outside 
the diagram boundaries are hornblende lamprophyre 
(which does not occur as a dike, but as part of the mafic 
unit) and dioritic and gabbroic rocks. Together, these 
may be part of the appinite suite (Holmes 1971; Joplin 
1964, p. 173-185) snowing geochemical resemblances 
to sanukitoids in the Superior Province (Stern et al. 
1989). All these rocks may form a differentiation 
series derived in a subvolcanic magma chamber and 
comprise a sanukitoid suite (Shirey and Hanson 1984), 
the mafic rocks comprising an alkalic parental 
lamprophyric magma to the syenide rocks. This possi 
bility, together with the occurrence of gold in the 
oxidized monzodioritic to syenitic rocks (Mooney 
1988), suggest that this porphyry-type gold occurrence 
(Carter 1992) could be an example of the gold- 
lamprophyre-porphyry association (Rock et al. 1989). 
The lithologic and chemical nature of this stock, which 
comprises a central part of lamprophyre-gabbro-diorite 
surrounded by pink to red, oxidized, massive, and 
porphyritic monzodiorite to syenite associated with 
disseminated gold-pyrite mineralization, could serve 
as an exploration model for selecting other high-level 
subvolcanic porphyritic stocks with mafic cores as 
gold mineralization targets, e.g., the stock centred 0.8 
km northwest of Annex on Highway 11, west-central 
Blackwell Township (Carter 1990a). The dissemi 
nated style of the gold-pyrite mineralization in these 
alkalic rocks could indicate a syngenetic gold origin

derived from a metasomatized mantle wedge overly 
ing a north-dipping subduction zone to the south of the 
Wawa Subprovince of which the Shebandowan belt is 
a part. This is considered to be so as alkalic rocks are 
considered to be derived from such a metasomitized 
mantle wedge in an island arc subduction-zone envi 
ronment. Such a north-dipping subduction zone had 
been proposed by Stern (1984, Figure 53.4).

SUMMARY AND CONCLUSIONS

Geochemical and Nd isotopic data indicate that alkalic 
metavolcanic rocks occur both in the Keewatin-type 
and Timiskaming-type rocks of the Shebandowan, 
Shining Tree and North Spirit Lake areas, and that the 
Timiskaming-type Shebandowan assemblage in the 
Shebandowan area resembles those in the type area of 
Kirkland Lake. The Tower Syenite stock is alkalic, 
resembles rocks of the appinite and sanukitoid suite, 
and is younger than the Keewatin-type rocks in the 
Shebandowan area. The occurrence of alkalic volcanic 
rocks in both the Keewatin-type Burchell assemblage 
and the Shebandowan assemblage suggests that alkalic 
volcanism can occur in both a compressional and 
tensional setting.
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5. Project Unit 93-01. Archean Geology of the 
Colpitts-Bury Lakes Area (Eastern Melchett Lake 
Belt), Eastern English River Subprovince

J.R. Devaney1 and S. Nacha2
Precambrian Geoscience Section, Ontario Geological Survey 
2University of Guelph, Guelph

INTRODUCTION

This report presents the preliminary results of a one- 
summer bedrock-mapping project in the eastern part of 
the Melchett Lake supracrustal belt, situated north of 
Nakina (Figure 5.1) and within the eastern English 
River Subprovince. Despite high-grade metamorphism, 
primary features in metavolcanic and metasedimentary 
rocks are commonly well preserved in the study area. 
Volcanogenic massive sulphide deposits in the area 
have been of interest to the mining industry.

MINERAL EXPLORATION HISTORY

The early stage (1954-1961) of mineral exploration in 
the Melchett Lake belt concerned the magnetite iron 
formation deposit immediately south and west of the 
present study area. Anaconda Company (Canada) Ltd. 
carried out extensive work, including drilling and test 
milling, on the deposit (see Thurston and Carter 1970).

A second stage (1962-1978) saw a shift to explo 
ration (bedrock mapping, assays, soil sampling,

Figure 5.1. Location of the Colpitts-Bury lakes area, scale 1: l 584 000
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geophysics and drilling) for metallic sulphide deposits 
and any associated gold and silver. During the third 
stage (1979 to present), large companies such as 
Cominco Ltd., Kerr Addison Mines Ltd., Placer Dome 
Inc. and Noranda Exploration Co. Ltd. have searched 
for volcanogenic massive sulphide deposits (iron-cop 
per-zinc-lead) in the map area and to the west (see 
Bond 1979; Bond and Foster 1981a, 1981b). Despite 
favourable alteration, such as chloritization and the 
sodium depletion of intermediate to felsic metavolcanic 
rocks, drilling and assaying of thin sulphide-bearing 
layers have not outlined any economic deposits.

PREVIOUS WORK

The Melchett Lake belt was mapped as part of recon 
naissance studies by Kindle (1932) and Thurston and 
Carter (1969, 1970). Bond (1979), and Bond and

J.R. Devaney and S. Nacha

Foster (1981a, 1981b) performed more detailed map 
ping of the western portion of the belt, outlining several 
formational units, abundant intermediate pyroclastic 
rocks, migmatites, and iron-copper-zinc-lead sulphide 
horizons in felsic and intermediate metavolcanic rocks. 
Card (1983) provided brief descriptions of the eastern 
part of the belt and a map including the surrounding 
region. Wahl (1985,1987) presented geochemical data 
and an interpretation of the volcanogenic massive 
sulphide mineralization in the area. Breaks (1991) 
recently summarized the geology of the entire English 
River Subprovince.

GENERAL GEOLOGY

Figure 5.2 shows the distribution of the major Archean 
lithologic units in the study area. Most of the 
metasedimentary rocks are wackes metamorphosed to
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Figure 5.2. Simplified lilhological map of the eastern Melchett Lake supracrustal belt. The boundaries of diatexite intrusions have not been distin 
guished. West of Burnaby Lake, there may be a lateral facies change from metavolcanic to metasedimentary rocks.
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protometatexite (for migmatite terminology, see Breaks 
1991, Table 7.1), with minor interbedded pelite and 
iron formation (the latter is exposed mostly to the 
south; see Thurston and Carter 1969), and largely 
intrusive granitic diatexite derived from the partial 
melting of the wacke and pelite. The metavolcanic 
units are predominantly intermediate tuffs to tuff 
breccias. The supracrustal rocks are amphibolite facies 
schists; garnet porphyroblasts occur in most rock types. 
Northwest-trending Proterozoic diabase dikes are un 
common in the map area.

The map area has been subdivided into lithological 
assemblages and units (see Figure 5.2), described be 
low in a south to north order. Wacke exposures to the 
east and north are treated separately from those to the 
south because of their distinct characteristics and the 
possibility that they represent different formation-scale 
units. There may be lateral facies changes from vol 
canic (west) to sedimentary rocks (east), and/or complex 
structural relationships in the area. The formation- 
scale units in Figure 5.2 extend westward into the area 
mapped by Bond (1979), and Bond and Foster (1981a, 
1981b).

Figure 5.2 differs from the map of Thurston and 
Carter (1969) in that: 1) for simplicity, iron formation 
units are not shown; 2) a small granitic stock is shown 
in the southern part of the map area; 3) the mafic 
metavolcanic unit has been extended 8 km to the east 
of its previously known extent; and, 4) most of the 
northern intermediate metavolcanic unit was previ 
ously erroneously mapped as metasedimentary.

Readers shoud note that the Wentworth scale is 
used herein to describe (meta)sedimentary and 
pyroclastic rocks (e.g., "medium-grained" refers to a 
size range of 0.25 to 0.5 mm), versus a different scale 
for igneous and metamorphic rocks (for which "me 
dium-grained" is l to 5 mm). The prefix "meta-" will 
be omitted in the following descriptions.

Southern Wacke-lron Formation- 
Diatexite Assemblage

This assemblage in the southern part of the map area is 
predominantly composed of fine-grained, thinly bed 
ded wacke with a relatively minor amount of thinner 
pelitic interbeds and laminae. Garnet porphyroblasts 
(up to 0.5 cm in size) are common in both wacke and 
pelite. Some beds contain andalusite or sillimanite 
porphyroblasts (3 to 5 mm in size).

Graded beds and laminae are locally present, with 
most top indications to the north. Because the 
porphyroblastically recrystallized pelitic layers are 
slightly coarser than the wackes, top determinations

were made via wacke to pelite transitions. East-strik 
ing pelitic laminae and beds with sharp north margins 
and less sharp south margins represent the muddy tops 
of graded strata.

Magnetite microbands (laminae), and less com 
mon mesobands (5 to 20 cm thick) and macrobands 
(horizons metres thick), plus associated recrystallized 
chert laminae, make up a very low percentage (less 
than 59fc) of the outcrop sections, thus constituting lean 
iron formation layers.

Within the wacke-dominant assemblage are nu 
merous, white-weathering, garnetiferous, granitic to 
pegmatitic, inhomogeneous to homogeneous diatexite 
bodies. The ratio of wacke to diatexite varies from 
wacke with few pegmatitic diatexite sills (up to 2 m 
thick) to large areas of pegmatitic diatexite containing 
a very minor amount (less than 196) of wacke enclaves 
or inclusions.

Mafic Volcanic Unit
This formation-scale unit correlates with "Formation" 
F of Bond (1979), and consists of fine- to medium- 
grained amphibolite (hornblende-plagioclase) schist 
which is typically massive and finely veined. Where 
the rock is not too highly deformed, pillows vary from 
well to subtly defined. Small-scale deformational fea 
tures such as transposed layering (laterally 
discontinuous lenses and "shreds"), lenticular shear 
bands, unusually well-developed and planar foliation 
planes, tight Z-folds, isoclinally folded veinlets, augen 
shapes and veining (both foliation-parallel and ob 
lique) are locally common.

Intermediate to Felsic 
Volcanic Assemblage
This assemblage, which correlates with "Formation" E 
of Bond (1979), contains a variety of volcanic rocks. A 
cut-line grid offers easy access to much of the outcrop.

Recognizable textures in intermediate volcanic 
rocks vary from fine-grained (0.125 to 0.25 mm) tuff to 
tuff breccia. Tuff breccias are clast-supported and 
oligomict to slightly polymict (2 or 3 similar clast 
types). At more metamorphosed sites, the rock is 
medium grained (l to 2 mm) and resembles a diorite. 
Centimetre-scale segregations into mafic and felsic 
bands may be present, but the rock remains more 
schistose than gneissic.

Felsic volcanic rocks are similar in appearance to 
greenschist-facies equivalents in other supracrustal 
belts. Tuff breccia beds are up to metres thick, with rare 
examples of well-developed grading shown by the
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fining north of clasts, and rare evidence of the density 
grading of recessively weathered pumiceous clasts 
suggested by their concentration in the north (upper) 
parts of some beds. These breccias generally have 
clast-supported, oligomict to polymict frameworks.

Commonly, primary lithologic details have been 
destroyed by intense shearing, and the rocks appear as 
a rusty weathering, pyritic, quartz-sericite schist. Be 
cause of the typically poor, lichen-covered exposures 
and the high degree of metamorphism and deforma 
tion, porphyritic felsic volcanic flows and intrusive 
feldspathic porphyries usually could not be reliably 
distinguished.

Minor magnetite iron formation layers (up to me 
tres thick) are present, including a marker unit along a 
linear deformation zone about 300 m north of the 
sulphide horizon in Figure 5.2.

The major outcropping sulphide-bearing horizon, 
which is about 100 to 200 m thick, is shown in Figure 
5.2. Intermediate and felsic volcanic rocks, particu 
larly the latter, may contain up to a few percent of 
metallic sulphide minerals. Pyrite is the most common 
of these, disseminated or concentrated in veinlets along 
foliation planes or along the boundaries of small shear 
"slices". Chalcopyrite, sphalerite, pyrrhotite and 
galena are rare.

"FELSIC-IN-MAFIC" (FIM) BRECCIAS

This interesting rock type is common within the inter 
mediate to felsic volcanic units described in this study, 
and in similar volcanic rocks in the western part of the 
Melchett Lake belt (Bond 1979; Bond and Foster 
1981a, 1981b).

This breccia consists of sharply defined, white- 
weathering, deformed (flattened), felsic to intermediate 
clasts set in a black, garnetiferous amphibolite matrix. 
The foliation-parallel layers are thin (10 cm) horizons 
to "units" tens of metres thick.

Layers of FIM breccia may be either primary tuff 
breccia or tectonic breccia, but local outcrop evidence 
is usually equivocal. Crude bedding and polymict 
(heterolithic) clast populations suggest a primary ori 
gin for some layers. In obviously tectonic FIM breccias, 
the clasts are oligomict, the mafic "matrix" consists of 
thin dikes and veins, and some of the fragments (tec 
tonic clasts up to tens of centimetres long) can be fitted 
back together like puzzle pieces.

For the primary FIM breccias, it is thought that 
early (premetamorphic) hydrothermal alteration 
chloritized the permeable tuffaceous matrices; this was 
followed by metamorphic recrystallization to horn 

blende and plagioclase (plus garnet and some 
anthophyllite) under amphibolite-facies conditions. It 
is suspected that many of the FIM breccias of ambigu 
ous origin are also hydrothermally altered tuff breccias, 
based on their similarity to the local felsic and interme 
diate tuff breccias.

Northern Intermediate 
Volcanic Unit

This unit is a monotonous succession of intermediate 
volcanic rocks which correlates with "formations" A, 
B and C of Bond (1979). These rocks are typically 
medium grained (l to 2 mm, with l to 5 mm hornblende 
grains) and are massive and homogeneous as a result of 
shearing and metamorphism, with an almost dioritic 
appearance in some places. Where clasts are recogniz 
able, lapilli tuff, lapillistone, and tuff breccia can be 
identified. As in the similar intermediate tuff breccias 
to the south (described above), clasts are normally 
oligomict to slightly polymict, up to tens of centimetres 
long and 10 cm thick, and form clast- to matrix- 
supported frameworks with rare crude bedding. Layers 
of FIM breccia are also present.

Euhedral to subhedral feldspar phenocrysts up to 
0.5 cm in size may indicate the presence of lava flows 
or intrusive phases, although some of these 
"phenocrysts" could actually be porphyroblasts.

Intercalated felsic volcanic rocks include tuff 
breccias and lapillistones that are oligomict or polymict, 
clast-supported and contain pyrite, pyrrhotite and 
chalcopyrite.

Garnetiferous amphibolite layers, possibly repre 
senting intrusions, flows or altered layers, are 
centimetres to metres thick and contain rare 
anthophyllite.

Eastern and Northern Sedimentary 
Rocks
Wackes with minor pelitic interbeds are exposed to the 
east of the largely intermediate volcanic rocks and 
north of the mafic volcanic unit (see Figure 5.2).

The protometatexitic wacke is fine to medium 
grained (0.125 to 0.5 mm), with beds up to 10 cm thick 
(a few 20 cm thick graded beds are present). Pelite beds 
up to centimetres thick may contain garnet or white 
andalusite porphyroblasts. In east-striking graded beds 
top indications are both to the north and south, but the 
latter are associated with more deformed zones, with S- 
folds, while the former are associated with less deformed 
areas and Z-folds. Pegmatite (diatexite) sills are rare.
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One unusual small outcrop area, northeast of 
Burnaby Lake, contains graded beds and abundant, 
well-preserved sedimentary structures such as scours, 
cross-beds and ripples, with all stratigraphic top indi 
cations to the north.

Wackes to the north of the northern intermediate 
volcanic unit are similar to those farther south, except 
for the presence of rare interbeds of intermediate tuff.

GRANITOIDS

Foliated tonalite outcrops in the northwest corner of the 
map area (see Figure 5.2). The S t fabric shows that this 
is an early pluton.

In the south part of the map area, a stock of 
potassium-feldspar phenocrystic, medium-grained 
granodiorite to tonalite or diorite does not appear to be 
related to the local diatexite bodies, and may be a "late" 
pluton.

STRUCTURAL GEOLOGY

Bedding and foliation are generally east-striking, with 
moderate dips (35 0 to 65 0) to the north in the southern 
half of the map area versus steep to vertical dips in the 
northern half of the map area. Most of the top indica 
tions are to the north. A well-developed foliation and 
moderate to intense layer-parallel shearing are typical. 
The main, early foliation (Sj) is usually east-striking 
and parallel to bedding, and both are in some places 
cross-cut by a northeast-striking S2 foliation. Z-folds of 
various scales and apparent dextral offsets appear to be 
related to this second structural phase. North-trending 
fractures and veins form an S3 fabric. (In the northwest 
part of the map area all 3 structural fabrics, St , S2 and 
S3, can be seen together in individual outcrops.)

Small-scale folds, generally seen in thinly bedded 
sedimentary rocks, plunge shallowly (200 to 400) to the 
east and northeast; axial plane foliations (S2) were 
noted. Lineations plunge moderately to steeply to the 
northeast, north and northwest.

Quartz veins are abundant in all supracrustal 
lithologies, as are northeast-trending fracture-filling 
veins. Veins may be folded or boudinaged.

Due to a lack of suitable exposure in the map area, 
little information regarding any major deformation 
zones was obtained.

STRATIGRAPHIC AND REGIONAL 
TECTONIC INTERPRETATION

The Melchett Lake belt shows southward proximal to 
distal facies changes, including a southward increase

in the abundance of chemical sediments. The 
subaqueously deposited supracrustal rocks vary from: 
1) northern coarse to fine pyroclastic deposits with rare 
thin magnetite interbeds, to 2) epiclastic wackes, with 
locally common magnetite laminae that can form thick 
units, which are transitional southward to 3) a major, 
thick magnetite iron formation deposit spatially asso 
ciated with wacke and wacke-pelite-derived diatexite. 
Within the study area (see Figure 5.2), the wackes are 
in part coarser and more thickly bedded north of the 
mafic volcanic unit than to the south of it, further 
evidence of more proximal sedimentation to the north.

Due to limited exposure, the northern margin of the 
eastern Melchett Lake belt (the wacke-diatexite con 
tact?) is presently not well defined. Also, the relationship 
of the northern wackes to the adjacent intermediate 
volcanic unit to the south is unclear.

The structural observations, including the many 
moderate dips to the north and the predominance of 
north top indications, particularly in less deformed 
strata, together with the distribution of rock types and 
their proximal-distal relationships, suggest that the 
original depositional basin has been foreshortened by 
a north-south compression.

The composition, orientation and distribution of 
strata in this tectonized succession suggest that the 
Melchett Lake belt could be the remnant of a north- 
dipping imbricate thrust stack of forearc to island 
arc-type volcanic and sedimentary rocks, modified by 
later dextral motions. However, the magnitude and 
degree of any thrusting and/or large-scale folding is 
presently not well known. Large-scale antiforms and 
synforms, such as the apparently west-plunging folds 
in the Bury Lake area (see Figure 5.2) and the Z-folded 
iron formation units along the southern margin of the 
Melchett Lake belt (Thurston and Carter 1969), appear 
to have been superimposed on the north-dipping, 
tectonized succession.
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6. Project Unit 93-03. Geology of Dundonald and 
German Townships, District of Cochrane

T.L. Muir
Precambrian Geoscience Section, Ontario Geological Survey

INTRODUCTION

Dundonald and German townships, centred 39 km 
east-northeast of Timmins, Ontario (Figure 6.1) are 
accessed by highways 101, 67 and 610, as well as 
subsidiary roads. Frederick House Lake, Frederick 
House River and Nighthawk Lake, provide water ac 
cess to parts of the map area.

Initial exploration for gold resulted in the discov 
ery, in Dundonald Township, of the Alexo nickel 
deposit in 1907. The Stock Township (gold) Mine 
(Luhta et al. 1992) lies in Stock Township, immedi 
ately east of German Township. Exploration within the 
map area has been directed mainly towards mafic- 
ultramafic associated nickel-copper mineralization, and 
gold mineralization.

Although there are a few well-exposed areas and 
several isolated outcrops within Dundonald and Ger 
man townships, large areas lying between these are 
completely overlain by moderately thick to very thick 
Quaternary deposits. This field project is to combine 
traditional 1:20 000 scale mapping in areas of known 
exposure, with a compilation of assessment file infor 
mation and examination of available drill core for

unexposed areas. In addition, aeromagnetic data, in the 
form of Total Field (Ontario Geological Survey 1988a, 
1988b) and First Vertical Derivative maps, provide 
further support. A similar mapping project was under 
taken for the area immediately to the west by B. Berger 
this field season (see Berger, this volume).

GENERAL GEOLOGY 
Introduction

Earlier geological reports and/or maps were published 
by Burrows (1911), Baker (1917) and Laird (1931), 
followed by compilation maps by Satterly (1960) and 
Carlson (1965). A regional compilation map was pub 
lished in 1973 (Pyke et al. 1973).

The map area is underlain by Neoarchean 
metavolcanic and metasedimentary rocks cut by 
Paleoproterozoic diabase dikes. The widespread units 
of metasedimentary rocks, lying mostly in German 
Township, and the diabase dikes are not exposed in the 
map area.

The volcano-sedimentary rocks within the map 
area have been tentatively subdivided by Jackson and

Figure 6.1. Location of Dundonald and German Townships, scale 1:1 584 000.
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Fyon (1991) into 4 assemblages, from north to south, 
as follows:
1. the Kidd-Munro assemblage, which consists pre 

dominantly of ultramafic, mafic, and intermediate 
flows and intrusions

2. the Hoyle assemblage, which consists of turbiditic 
wacke and minor conglomerate

3. the Three Nations assemblage, which consists 
largely of fluvial(?) arenite and conglomerate

4. the Bowman assemblage, which consists of mafic 
metavolcanic rocks and lesser ultramafic flows or 
intrusions.

Kidd-Munro Assemblage
The Kidd-Munro assemblage underlies virtually all of 
Dundonald Township and the northeastern corner of 
German Township. The assemblage consists of 
metavolcanic flows and intrusive equivalents of the 
komatiitic, tholeiitic and calc-alkalic suites.

Komatiitic flows consist of: peridotitic flows with 
or without olivine spinifex and related textures; 
pyroxenitic flows with or without pyroxene spinifex 
and related textures; and basaltic^?) flows with acicular 
and "quench"-related textures. Some flows may have 
ponded and the resultant slow cooling has given rise to 
coarse-grained rocks that are similar in appearance to 
peridotite, pyroxenite, and gabbro. Sills are also present.

Tholeiitic flows consist of massive and pillowed, 
mafic and possibly intermediate varieties, some of 
which are amygdaloidal and/or plagioclase phyric. 
Aphanitic rocks (flows?) are commonly shattered and 
generally have a small component of very dark grey to 
black matrix, likely consisting, in part, of graphitic 
material. The Dundonald Sill (Green and MacEachern 
1990), which is a large, layered peridotite-pyroxenite- 
gabbro body, intruded into komatiitic and tholeiitic 
flows and occurs in southeastern Dundonald Town 
ship.

Calc-alkalic rocks consist of: massive and pillowed 
flows that commonly display amygdules, spherulites, 
and hyaloclastite; and plagioclase- and quartz- 
plagioclase-phyric fragmental rocks ranging from 
tuffaceous to heterolithic and pyroclastic breccia-like 
in appearance. Brecciated aphanitic flows with graphitic 
matrixes are common.

Interflow units consist of: argillite and/or graphitic 
material, locally displaying pyrite concretions; vol 
canic-related breccias with lapilli-size clasts and 
commonly a graphitic matrix; and massive, stringer, 
and disseminated sulphides consisting most commonly 
of pyrite and/or pyrrhotite. The sulphides are also 
commonly within the matrix of shattered aphanitic 
rocks.

Hoyle Assemblage
The Hoyle assemblage underlies the southwestern cor 
ner of Dundonald Township and virtually all of German 
Township, except for the northeasternmost part and a 
thin strip along the southern margin of the township. 
Rocks comprising the assemblage are wacke, siltstone, 
and conglomerate in decreasing order of abundance. 
The following descriptions are based solely on dia 
mond- and sonic-drill core specimens.

Wacke is generally medium to dark grey, fine to 
very fine grained and moderately thickly bedded. Fine- 
to medium-grained and light grey feldspathic wacke 
and lithic wacke occur locally. Reliable grading is 
evident in some holes. Rip-up clasts are uncommon.

Siltstone and lesser amounts of claystone are gen 
erally medium to dark gray, although various graphitic 
contents locally produce black layers. Locally, siltstone 
and claystone display thin laminations.

Granule to pebble conglomerate is rare and forms 
thin ill-defined units containing less than 209& matrix- 
supported clasts that are greater than 2 mm across. 
These rocks are interpreted to be wacke that is locally 
"overcharged" with rip-up or foreign clasts.

Three Nations Assemblage
Rocks comprising the Three Nations assemblage un 
derlie a strip across much of the southernmost part of 
German Township. The assemblage consists of feld 
spathic and quartzose arenite with lesser conglomerate; 
all forming what is generally considered to be 
"Timiskaming" or "Timiskaming-like" deposits (e.g., 
Jackson and Fyon 1991). Three outcrops and several 
diamond-drill cores provided material for the follow 
ing descriptions.

The conglomerates are polymictic and character 
ized by a quartzofeldspathic matrix, as well as various 
amounts of green-mica-bearing clasts and rare granitoid 
clasts. Other clast types include plagioclase-phyric, 
hypabyssal rocks unlike any observed within the Kidd- 
Munro assemblage, buff mudstone, quartz, chert(?), 
and wacke and siltstone. Rare green-mica-bearing clasts 
displaying olivine spinifex textures were observed in 
the single outcrop along Highway 101, near the High 
way 67 turnoff.

Arenites are commonly feldspathic and medium 
grained, with subordinate coarse- and fine-grained 
varieties. Clasts are similar to those found within 
conglomerate beds. Quartzose arenite is locally abun 
dant and contains similar clasts. Cross-bedding was 
clearly evident in the Highway 101 outcrop and pro 
vided evidence for overturned, south-facing bedding.
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In a few cases, diamond-drill core reveals Hoyle- 
assemblage-like rocks within Three Nations assemblage 
rocks and vice versa. Diamond-drill core from one hole 
intersected 28 m of ultramafic rocks. No clear evidence 
of fault-bound blocks was detected.

Bowman Assemblage
Within the map area, the Bowman assemblage is in 
ferred to underlie the southernmost strip along the 
southeastern part of German Township. Little is known 
about the rocks in this area as the only information 
available is from Pyke et al. (1973) and assessment file 
reverse-circulation drilling results. The rocks are de 
scribed as chlorite   talc ± carbonate schist and "gouge" 
in the drill logs and are shown on the compilation map 
(Pyke et al. 1973) as mafic and intermediate 
metavolcanic rocks and ultramafic intrusive rocks. The 
schists intersected by drilling may have had extrusive 
ultramafic precursors.

STRUCTURAL GEOLOGY

Considerable differences in structural style exist be 
tween some of the assemblages, although structural 
relationships between assemblages within the map 
area are not clear. Drill core provides mostly qualita 
tive observations regarding structural features. The 
following are brief summaries of the main structural 
features.

The relationship between the southern boundary of 
the Kidd-Munro assemblage and the adjacent Hoyle 
assemblage is unknown, but possibly faulted (Jackson 
and Fyon 1991). The Kidd-Munro assemblage is openly 
to tightly folded about northeast- to southeast-striking 
axes. The Dundonald Sill, for instance, outlines a 
southwest-closing anticline. Penetrative fabrics have 
not developed in most units. Some steeply dipping and 
possibly overturned units are noteworthy for the occur 
rence of spherical amygdules and spherulites. In many 
cases, other primary features such as volcanic breccias 
show very little evidence of strain.

However, evidence of considerable ductile strain 
is locally evident in restricted zones ranging from a few 
millimetres to a few metres thick. This strain may post 
date much or all of the folding. Interflow 
metasedimentary units and contacts between flows 
and/or intrusions have been the most susceptible to 
accommodating this strain. Displacement along these 
contacts prevents confident inferences regarding 
paleotopography in many cases. Kinematic indicators 
are rare. Brittle strain is also common in some areas and 
is manifest as sets of north-northwest- to north-north 
east-striking fractures. The fracturing is locally intense, 
and minor displacement along most fractures is 
common.

The relationship between the Hoyle assemblage 
and the adjacent Three Nations assemblage may be 
depositional and/or faulted (Jackson and Fyon 1991). 
The Three Nations assemblage is likely tightly folded 
but evidence is not well constrained. Grading observed 
within diamond-drill core cannot here be used to infer 
younging directions.

A weakly to moderately developed penetrative 
foliation, generally within 200 of bedding is commonly 
present. Broad zones of moderate to strongly devel 
oped strain were intersected within some holes and 
indicate the presence of deformation zones such as the 
Pipestone Fault, in northeastern German Township, 
and subsidiary zones elsewhere. In the more highly 
strained zones, the folds are very tight to isoclinal and 
have a well-developed cleavage accompanied by trans 
position of layering. A penetrative fine to coarse 
crenulation cleavage is generally evident in these zones. 
Faint evidence for this fabric is present in less-strained 
metasedimentary rocks.

The Three Nations assemblage and the Bowman 
assemblage appear to be fault-bound (Jackson and 
Fyon 1991). Limited information from reverse-circu 
lation drilling suggests that significant strain has been 
recorded by the Bowman assemblage rocks near this 
boundary (see rock description above). Rocks within 
the Three Nations assemblage locally display a faint 
foliation.

MINERALIZATION, ALTERATION 
ANDVEINING

Alteration within the Kidd-Munro assemblage 
consists of local, finely disseminated carbonate, and 
possible local silicification and/or feldspathization 
within some intermediate to felsic metavolcanic rocks. 
Quartz and/or quartz-carbonate veins and stringers are 
common. Sulphide mineralization is commonly pyrite 
and/or pyrrhotite rich, although nickeliferous sulphide 
deposits have been outlined in 3 locations in Dundonald 
Township (Green and MacEachern 1990): the Alexo 
deposit (past-producing mine); the Dundonald occur 
rence; and the Frederick House Lake occurrence. A 
fourth deposit, the "Dundeal nickel zone", was re 
cently outlined (Falconbridge Limited, Annual Report, 
1990).

Hoyle assemblage rocks display bleaching involv 
ing some sericitization in many cases. This alteration is 
commonly spatially associated with quartz-carbonate 
veining. Carbonate alteration ranges from weakly to 
moderately pervasive and finely disseminated. Quartz 
and quartz-carbonate veins and stringers are common 
overall, and particularly in locally developed, well- 
strained zones. Carbonate porphyroblasts are
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widespread and locally abundant. Mineralization within 
quartz   carbonate veins locally consists of minor 
amounts, in various combinations, of pyrite, sphalerite, 
chalcopyrite and galena.

Primary and secondary carbonate is a common 
component of the matrix of the Three Nations assem 
blage metasedimentary rocks. The rocks display locally 
developed bleaching with or without sericitization. 
Local mineralization within the arenaceous and 
conglomeratic rocks consists of various combinations 
of pyrite, chalcopyrite, and reportedly, molybdenite.
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7. Project Unit 93-04. Geology of Matheson and Evelyn 
townships, District of Cochrane

B.R. Berger
Precambrian Geoscience Section, Ontario Geological Survey

INTRODUCTION

Matheson and Evelyn townships, 25 km east of Timmins 
(Figure 7.1), are accessed by paved highways 101 and 
610 and by numerous unpaved roads. The Frederick 
House River, Frederick House Lake and Porcupine 
River are major water access routes.

GENERAL GEOLOGY 
Introduction

There are only 25 outcrops in the map area, therefore, 
the mapping relies upon examination of these outcrop, 
diamond-drill core stored at the Drill Core Library, 
Ministry of Northern Development and Mines, Timmins 
and mining and exploration company diamond-drill 
core. Thin sections of bedrock chips from reverse- 
circulation overburden drilling were made available to 
the author by Cominco Limited. These data together 
with synthesis of assessment work data and magnetic 
and electromagnetic surveys (OGS 1988a, 1988b)were 
used to interpret the rock types, contacts and structures 
within the map area.

The map area is underlain by Neoarchean ultramafic 
and mafic metavolcanic rocks, related ultramafic and 
mafic intrusive rocks, felsic subvolcanic intrusive rocks 
of the Tisdale and Kidd-Munro assemblages, and 
metasedimentary rocks of the Hoyle assemblage and 
the Three Nations assemblage also referred to as 
"Timiskaming-type". These rocks were intruded by 
Paleoproterozoic diabase dikes. Previous mapping was 
by Berry (1939).

Metavolcanic Rocks
Ultramafic and mafic metavolcanic rocks form sev 
eral, discontinous, easterly striking units up to l km 
wide in Matheson Township. The best known of these 
units underlies southwestern Matheson Township (Fig- 
ure 7.2) and is composed of massive- and 
spinifex-textured ultramafic and basaltic komatiitic 
flows, massive, pillowed and pillow brecciated iron 
and magnesium tholeiitic flows and their carbonate 
altered equivalents. Variolitic and amygdaloidal vari 
eties of mafic flows are common. The unit, correlated 
with the Tisdale assemblage (Jackson and Fyon 1991),

Figure 7.1. Location of Matheson and Evelyn townships, scale 1:1 584 000
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Figure 7.2. General geology of Matheson and Evelyn townships.
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extends west into Hoyle Township where it hosts the 
Hoyle Pond, Owl Creek and Bell Creek gold deposits 
(Berger 1992).

The ultramafic and mafic metavolcanic units to the 
north are less well known. They are similar to the unit 
in southwestern Matheson Township, however, 
ultramafic intrusions appear to be more common than 
ultramafic and mafic metavolcanic rocks. Variolitic 
and amygdaloidal mafic flows appear to become less 
abundant to the north.

In Evelyn Township (see Figure 7.2) massive and 
pillowed mafic flows occur around the periphery of an 
ultramafic intrusion and as narrow, discontinuous units 
within the Hoyle assemblage. Spinifex-textured 
ultramafic flows are reported to occur locally adjacent 
to the ultramafic intrusion.

Northwest of the Buskegau River Fault (see Figure 
7.2) spinifex-textured ultramafic flows are reported 
from diamond drill and reverse circulation data and are 
spatially associated with coarse-grained peridotite and 
gabbro. Mafic metavolcanic flows are exposed near 
the Little-Evelyn townships boundary (see Figure 7.2) 
and are reported in overburden drill holes. These rocks 
are massive flows with subordinate pillowed and pil 
low brecciated flows and are unlike the mafic 
metavolcanic rocks in southern Matheson Township in 
that they are much darker green and devoid of variolites. 
Jackson and Fyon (1991) included these flows in the 
Kidd-Munro assemblage.

Metasedimentary Rocks

There are 2 distinct metasedimentary assemblages in 
the map area. The Hoyle assemblage (Jackson and 
Fyon 1991) which is the older and more widespread 
unit, is composed of wacke, siltstone, mudstone and 
graphitic mudstone. Primary features such as grain 
gradation, load casts, small-scale scour marks and 
rarely small-scale cross-bedding indicate deposition 
by turbidity currents. Wacke beds are 15 to 50 cm thick 
but beds up to l m thick are common. Siltstone and 
mudstone commonly comprise less than SVo of the 
sequence. The Hoyle assemblage appears to have been 
deposited in deep, quiet water.

Graphitic and pyritic mudstone, exposed only in 
drill core, occurs near the contacts with ultramafic and 
mafic units in Matheson and western Evelyn town 
ships. These units produce airborne electromagnetic 
anomalies (OGS 1988a, 1988b) forming geophysical 
marker horizons. Remobilized carbon derived from 
these mudstone units may play a role in localization of 
gold mineralization (Downes et al. 1984) and these 
units have been explored extensively in southern 
Matheson Township.

The Three Nation assemblage (Jackson and Fyon 
1991) underlies the southern part of Matheson Town 
ship. It is characterized by massive and trough 
cross-bedded lithic and quartz-rich arenite, clast-sup- 
ported cobble conglomerate and matrix- to 
clast-supported pebble conglomerate which is rarely 
graded. The assemblage is consistently south younging 
and disconformably overlies the Hoyle assemblage 
with apparent minimal tectonic modification, as ob 
served in 2 diamond-drill holes in southeastern 
Matheson Township.

Jackson and Fyon (1991) indicated that the Three 
Nation assemblage is "Timiskaming-like" and con 
tains detrital zircons dated at 2679 4 Ma. P. Born (Rice 
et al. 1992) indicated that the Three Nations assem 
blage represents a stable, marine shelf sequence 
overlying channel fill and alluvial conglomerates.

Ultramafic and Mafic 
Intrusive Rocks

In Matheson Township massive, sill-like peridotite 
and iron-carbonate altered intrusions are spatially as 
sociated with ultramafic and mafic metavolcanic rocks 
(see Figure 7.2). The peridotite resembles komatiitic 
flows but is generally more massive and has imparted 
a thermal contact metamorphic aureole on the Hoyle 
assemblage. Locally, lamprophyric dikes intrude the 
metasedimentary rocks.

Along the western boundary of Evelyn Township 
are units of talc-carbonate schist, peridotite, diorite and 
minor lamprophyre. These rocks extend west into 
Gowan Township to form a large ultramafic and felsic 
intrusive complex (Berger 1992). Peridotite and gabbro 
in northeastern Evelyn Township form northwest- 
trending sills and small stocks cutting the Hoyle and 
Kidd-Munro assemblages. These intrusions are clus 
tered along the Buskegau River fault and under 
Frederick House Lake. They extend into Dundonald 
and German townships (see Muir, this volume).

Paleoproterozoic diabase dikes of the Matachewan 
and Hearst swarms (Osmani 1991) cut all rock types in 
the map area and are characterized by up to 5 9fr white 
to green plagioclase phenocrysts. The dikes have pro 
nounced positive aeromagnetic signatures (Ontario 
Geological Survey 1988a, 1988b).

Felsic Intrusive Rocks

Felsic intrusive rocks include quartz-feldpsar porphyry, 
feldspar porphyry, tonalitic and aplitic dikes and de 
rived quartz-sericite schist. These rocks, commonly 
with green mica stringers and fragments, occur as 
narrow dikes and stocks most commonly intruded
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between the contacts of the metavolcanic units de 
scribed above and the Hoyle assemblage. Less 
commonly feldspar porphyry and tonalite are in sheared 
or gradational contact with ultramafic intrusive rocks 
in northern Matheson Township. Sphalerite, 
molybdenite and galena occur in veins, fractures and 
carbonate-dominated alteration zones within the felsic 
rocks in this area.

STRUCTURE AND 
METAMORPHISM

Throughout the map area a foliation (Sj) semi-parallel 
to bedding and lithological contacts is developed. This 
foliation varies from very weak intensity in most 
metavolcanic rocks to locally intense in some graphitic 
mudstone units.

In most outcrops a northeasterly to easterly folia 
tion occurs and is commonly the only foliation apparent. 
This fabric is inferred to result from a second deforma 
tion as determined by observations made by the author 
in Hoyle Township (Berger 1992). Gold mineraliza 
tion is preferentially associated with this fabric at the 
Hoyle Pond mine (Berger 1992).

Younging directions indicate that the Hoyle as 
semblage is folded about easterly trending axes and 
generally becomes younger away from the mafic and 
ultramafic metavolcanic units. The contacts of the 
metasedimentary and metavolcanic rocks are com 
monly tectonically modified, especially in the northern 
part of the map area, hampering interpretation. The 
Three Nations assemblage disconformably overlies 
the Hoyle assemblage and is known to unconformably 
overlie the Tisdale and Hoyle assemblages to the west 
(Rice et al. 1992).

Late northwest-trending faults with apparent 
sinistral movement affected all rock types in the map 
area. The Buskegau River fault (see Figure 7.2) is the 
most prominent of this set and there is a pronounced 
change in aeromagnetic intensity across this structure.

Late north- to north-northeast-trending brittle faults 
are most common in southern Matheson Township. 
Across these faults there are abrupt changes in 
stratigraphic thicknesses and in many places 
metavolcanic units are apparently terminated at these 
faults. This pattern is most consistent with vertical 
movement; a similar pattern is inferred to exist in 
adjacent Hoyle Township (Berger 1992).

Rocks in the map area are characterized by low- 
grade metamorphism. Chlorite, epidote and carbonate 
are characteristic of the mafic metavolcanic rocks 
throughout the map area. Chlorite and white mica with

very little epidote characterize much of the Hoyle and 
Three Nations assemblages. In northwestern Matheson 
Township and western Evelyn Township biotite is 
common in the metasedimentary rocks and garnet has 
been reported in diamond-drill holes. The author at 
tributes this increase in metamorphic grade to contact 
metamorphism associated with the ultramafic and felsic 
intrusive rocks in this area.

ECONOMIC GEOLOGY

Gold, commonly with values up to 3 g/t Au, occurs 
within carbonatized, silicified and sericitized mafic 
metavolcanic rocks in Matheson Township. Most of 
the exploration has concentrated on trying to locate 
graphitic and carbonaceous gold-bearing alteration 
zones similar to the "grey zones" known to host gold at 
the Hoyle Pond mine (Berger 1992). Most conductors 
proved to be graphitic mudstone units at the contact 
with altered mafic or ultramafic metavolcanic rocks. 
No economic concentrations of gold were found.

On the east bank of the Frederick House River 
approximately 2 km north of Highway 101 an outcrop 
of highly altered mafic metavolcanic rocks was exam 
ined by the author. An old shaft approximately 3 m 
square with a muck pile 2.5 m in diameter and 1.2 m 
high was discovered adjacent to some filled-in trenches. 
Milky white quartz-veins hosted in carbonate breccia 
with green mica, pyrite and arsenopyrite were the 
apparent objects of the work. This occurrence does not 
appear to have been explored since World War II. 
Assays from 3 samples of this material each returned 
less than 0.01 ounce Au per ton.

Disseminated sphalerite with zinc values up to 
0.5 96 over 0,7 m accompanied by lead and molyb 
denum mineralization and hosted by carbonate breccia 
within quartz-feldspar porphyries are reported from 
diamond-drill holes in northern Matheson Township. 
Disseminated nickel and zinc with minor copper min 
eralization in altered felsic, ultramafic and mafic 
extrusive rocks is reported from diamond-drill holes in 
northeastern Evelyn Township. Disseminated copper, 
zinc and nickel mineralization at the contact between 
felsic and ultramafic rocks occurs approximately 
6.5 km northwest in Gowan Township (Berger 1992). 
There is good potential for similar styles of mineraliza 
tion throughout the northern part of the map area.

Disseminated and vein-hosted copper, zinc and 
lead occurs in chloritized, sericitized and carbonatized 
lithic arenite and conglomerate of the Three Nations 
assemblage in southeastern Matheson Township. As 
say values up to 18 000 ppm Cu and 3400 ppm Zn over 
0.4 m are reported. This mineralized area is poorly 
explored and is open to the east and south.
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8. Project Unit 93-05. Geology of the Northeastern 
Swayze Greenstone Belt

J.A. Ayer
Precambrian Geoscience Section, Ontario Geological Survey

INTRODUCTION

Penhorwood, Reeves, Kenogaming and Sewell town 
ships were investigated during the 1993 field season. A 
project to update the geological database of the north 
ern Swayze greenstone belt (NSGB) commenced with 
detailed mapping of 4 townships in the western part of 
the area (Ayer and Theriault 1992; Ayer 1993). The 
current phase will provide 1:50 000 synoptic geologi 
cal maps and an accompanying report covering 8 
townships across the NSGB.

Access to the area is provided by Highway 101 
(Figure 8.1). Considerable recent logging, scarifica 
tion and mineral exploration has provided an extensive 
network of roads, trails and numerous new bedrock 
exposures.

GENERAL GEOLOGY

Except for Proterozic diabase dikes, all rocks are of 
Neoarchean age within the Abitibi Subprovince. Al 
though largely separated from the Abitibi greenstone 
belt (AGB) by the Kenogamissi Batholith, the Swayze 
greenstone belt (SGB) is considered to be roughly 
equivalent in age (Jackson and Fyon 1991).

Supracrustal Rocks
The supracrustal rocks are bound to the south and east 
by the Kenogamissi Batholith, and to the north by the 
Nat River granitoid complex. Structural features and 
stratigraphy dip steeply and generally trend easterly. 
Supracrustal rocks are metamorphosed to greenschist- 
facies rank or to amphibolite-f acies rank adjacent to the 
large intrusions. Jackson and Fyon (1991) have subdi 
vided the supracrustal rocks within the map area into 2 
assemblages: 1) the Muskego-Reeves assemblage 
(MRA); and 2) the Hanrahan assemblage (HNA). The 
MRA is composed predominantly of mafic 
metavolcanic rocks with lesser ultramafic, intermedi 
ate and felsic metavolcanic units, and clastic and 
chemical metasedimentary units. The HNA is restricted 
to the southeastern part of the map area within a 
westerly closing anticlinal structure (Figure 8.2). Within 
the HNA, felsic metavolcanic units predominate, inter 
mixed with ultramafic and gabbroic units. A unit of 
iron formation caps the HNA and serves as the bound 
ary between the HNA and the MRA.

The ultramafic rocks, subdivided into 2 map units 
(see Figure 8.2), constitute about 1096 of the supracrustal 
rocks. Komatiitic ultramafic flows occur in 5 units up

Figure 8.1. Location of the study area, scale 1:1 584 000.
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to 10 km in length and hundreds of meters wide. They 
typically feel talcose when powdered and have a wide 
variety of weathered surface colours ranging from 
green to orange-brown. The units range texturally from 
fine-grained massive and polysutured to spinifex tex- 
tured. In deformation zones the ultramafic rocks are 
altered to chlorite-talc-carbonate schists with or with 
out a bright green fuchsitic mica. The close spatial 
relationship of the komatiite flows with massive, me 
dium-grained serpentinite bodies of more enigmatic 
origin suggests a eogenetic relationship.

Massive medium-grained ultramafic rocks are in 
dicated separately on Figure 8.2 and are given the 
non-genetic classification of cumulate-textured 
serpentinites. The units consist of largely serpentinized, 
medium-grained adcumulate- and mesocumulate-tex- 
tured dunites to orthocumulate-textured peridotites. 
On weathered surfaces the rocks are light-green to 
white. Magnetite is ubiquitous whereas the spinifex- 
textured komatiites range from moderately magnetic 
to non-magnetic. Where present, polyhedral jointing is 
wider spaced and appears to be related to 
serpentinization rather than to rapid cooling as in the 
finer-grained komatiitic flows.

An extensive cumulate-textured body, hosting both 
the Reeves asbestos mine and the Penhorwood talc 
mine, occurs in northern Penhorwood and southern 
Reeves townships. The unit has an unusual northerly 
trend and is disrupted by numerous faults. Associated 
gabbroic units in many places have unusual 
disequilibrium textures, perhaps suggesting an extru 
sive rather than an intrusive origin (discussed further 
below). There is also a spatial association of this 
cumulate-textured serpentine unit with 2 spinifex-tex- 
tured komatiite units. One occurs as a thin unit of 
spinifex-textured and brecciated massive komatiites 
along the northwest margin of the serpentinite and a 
second more extensive unit of spinifex-textured and 
polyhedral-jointed komatiites lies in fault-contact to 
the south (see Figure 8.2).

Cumulate-textured serpentinites were also noted 
in Keith Township, where a number of these bodies 
appear to grade laterally into spinifex-textured flows 
(Ayer and Theriault 1992). These observation lead to 
the suggestion that the cumulate serpentinites may 
represent proximal-facies komatiitic flows analogous 
to those associated with komatiite-hosted nickel de 
posits in other Archean sequences (Lesher 1989). This 
may be of some economic significance as a number of 
the cumulate-textured ultramafic bodies have docu 
mented nickel occurrences.

Gabbroic units occur in both the MRA and HNA. 
Some of these are probably intrusive (Milne 1972),

others may be ponded and locally differentiated flows. 
As mentioned above, some of these gabbroic bodies 
are closely associated with the cumulate-textured 
ultramafic units and are probably eogenetic. For exam 
ple, compositional gradation was observed over a 
width of 3 m from the ultramafic unit hosting the 
Reeves mine into a gabbroic unit to the east. Differen 
tiation was also observed in the serpentinite unit 
overlying the Nat River iron formation in northern 
Kenogaming Township. The unit is about 250 m thick 
at the eastern end where it consists of olivine 
orthocumulates grading upwards into grabbroic zones 
and spinifex-textured pyroxenites. Locally, the gabbroic 
parts of these differentiated bodies have random 
spinifex-like textures consisting of elongate, branch 
ing pyroxenes in a groundmass of fine-grained 
plagioclase. These textures are similar to the gabbroic 
central zones of large, differentiated, komatiite flows 
such as the Boston Creek flow in the Kirkland Lake 
area of the Abitibi greenstone belt (Stone et al. 1987).

Mafic metavolcanic rocks represent about 7096 of 
the MRA and were not observed within the HNA. The 
mafic metavolcanic rocks are dark green to grey and 
are predominantly aphyric. Fine-grained, aphyric, 
massive and pillowed flows are the most common 
mafic flow type within the map area, along with less 
abundant amygdaloidal flows, variolitic flows and 
flow breccias. Lighter green flows of probable inter 
mediate composition are intimately interstratified with 
the mafic flows in Reeves Township (not shown on 
Figure 2). These intermediate flows are typically 
amygdaloidal and locally contain fine-grained 
plagioclase phenocryts.

Felsic metavolcanic rocks constitute about 596 of 
the MRA and 7096 of the HNA. Felsic metavolcanic 
units are light gray and are typically feldspar phyric 
with or without minor quartz crystals. Fragmental 
felsic units consist of lapilli tuff and tuff breccia and 
minor fine-grained tuffs. Fragments are typically mono 
lithic with angular fragments occurring in a fine-grained 
matrix. With a few exceptions, the felsic fragmental 
units are poorly sorted without any visible bedding or 
grading. Rare interbeds of finely laminated siltstone 
and normal grading occur in the northern margin of the 
HNA. Massive to laminated, amygdaloidal, felsic flows 
and flow breccias were also observed in a number of 
localities within the HNA.

Clastic and chemical metasedimentary rocks rep 
resent about 1096 of the MRA and are a very minor 
component of the HNA. Clastic metasedimentary rocks 
consisting of conglomerate, sandstone, siltstone and 
mudstone are poorly exposed in a unit up to 3 km wide 
extending across the west-central part of the map area. 
The conglomerates are composed of well-rounded to
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angular clasts of felsic porphyry, mafic to felsic 
metavolcanic rocks, and quartzose clasts. A second 
clastic unit of thickly bedded wacke up to about l km 
thick lies about 2 km south of the main unit.

The Radio Hill iron formation, in northwestern 
Penhorwood Township, has a strike length of about 
5 km with a maximum thickness (probably fold re 
lated) of about 500 m. It extends 5 km west into Keith 
Township and it is overlain to the north by ultramafic 
flows. The iron formation unit consist of magnetite, 
siderite, sulphide and graphite ironstone typically inter 
bedded with chert.

The Nat River iron formation marks much of the 
boundary between the HNA and the MRA. It extends 
for a strike length of about 20 km and ranges from 30 
to 60 m thick. The iron formation consists of magnetite, 
sulphide and graphite ironstone interbedded with chert.

Granitic Rocks

Early foliated, and late massive granitic rocks occur in 
both the external granitic batholiths and as smaller 
intrusions within the supracrustal rocks. The Nat River 
granitoid complex is poorly exposed. Typical units 
consist of: foliated, hornblende-biotite tonalite to 
granodiorite; massive to weakly foliated, biotite 
granodiorite; weakly foliated, pegmatite and aplite 
dikes; and massive, granite dikes (Heather 1993). Early, 
foliated, medium-grained hornblende gabbro and diorite 
occurs locally.

The Kenogamissi Batholith is a large, elliptical, 
granitoid complex that separates the SGB from the 
AGE. Reconnaissance mapping (Heather 1993) has 
documented a complex yet systematic sequence of at 
least 6 intrusive phases which range from early foliated 
to late massive granitic phases. Marginal phases within 
the map area range from hornblende-biotite tonalite to 
biotite granodiorite and biotite granite.

Internal intrusions include small stocks and dikes 
of porphyry and medium-grained granitic rocks. The 
largest body is the Kukatush pluton in southeastern 
Penhorwood Township. Phases observed along the 
south margin of the Kukatush pluton are strongly 
foliated with gentle northwesterly dips in sheared con 
tact with the supracrustal rocks to the south. This 
suggests that southeasterly directed thrusting along 
this southern contact may have created the structural 
site of the veins hosting the quartz and barite open pit 
mines in this area.

STRUCTURAL GEOLOGY

Several generations of fabric indicate that a number of 
phases of deformation have affected the northern

Swayze greenstone belt in a complex interplay of 
polyphase folding, transposition and faulting. An early 
strata-parallel fabric is evident in most supracrustal 
rocks. In a few localities rootless F, isoclinal folds and 
a penetrative axial planar S j cleavage were observed as 
refolded folds in tight to isoclinal F2 folds. As the axial 
planar S2 foliation is subparallel to S j (with the rare 
exception of the fold closures) it is, therefore, difficult 
to distinguish the Sj and S2 fabrics. Crosscutting fabrics 
S3, S4 and S5 were only observed in fine-grained 
metasedimentary units and schists within ductile de 
formation zones.

The only clearly defined regional fold is the west- 
closing structure delineated by the Nat River iron 
formation in the southeastern part of the map area. A 
few top indicators facing to the north on the northern 
limb suggests that the structure is an F} anticline. 
However, if it is an Fj anticline, the Z-shaped fold on 
the north limb (see Figure 8.2) has the wrong sense of 
vergence for an anticline (i.e., it should be S-shaped), 
and thus it may have resulted from folding related to a 
later deformation event, perhaps D2. In the western part 
of the map area, S1 and S2 foliations generally trend 
easterly, but change to northerly in the vicinity of the 
ultramafic to gabbroic unit hosting the Reeves and 
Penhorwood mines. An early schistosity (Sj?) follows 
the trend of the contact around the northern part of the 
cumulate-textured sepentinite unit suggesting it is 
tightly folded about an (F2?) antiformal axis. Talc- 
chlorite schists along the northwestern margin of the 
ultramafic unit suggests the contact follows a north 
east-trending ductile deformation zone (see Figure 
8.2).

Numerous east-northeast-trending ductile defor 
mation zones transect large parts of the map area (see 
Figure 8.2). The widest known deformation zone oc 
curs along Highway 101 and is the strike-extension of 
the Slate Rock deformation zone (SRDZ) identified to 
the west (Ayer and Theriault 1992). The SRDZ is 
interpreted to link-up with the Deerfoot Lake deforma 
tion zone (DFDZ) in the east. An abrupt change from 
southerly facing north of the DFDZ to northerly facing 
south of the zone suggests the possibility of thrusting 
along the DFDZ.

Many of the ductile deformation zones are locally 
auriferous and have been the focus of gold exploration. 
It has been suggested (Milne 1972; Jackson and Fyon 
1991) that the extension of the Porcupine-Destor de 
formation zone may strike into the NSGB. If this is so, 
it is probable that the DFDZ and SRDZ are its manifes 
tation in the area.

Later north-trending faults (see Figure 8.2) cross 
cut and truncate major rock units. These structures are 
most likely to be high-level brittle faults.
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ECONOMIC GEOLOGY

The area has a long history of exploration dating back 
to the late 1900s and includes a number of mines. 
Mineralized localities discussed below are indicated 
on Figure 8.2. The names of the listed mines and 
occurrences are historical and do not necessarily re 
flect the current ownership. More detailed information 
is available in the assessment files and mineral inven 
tory files on file at the Resident Geologist's Office in 
Timmins and is also available in a summarized format 
in Geological Data Inventory Folios (GDIF) for the 8 
townships across the NSGB.

Gold occurs in epigenetic vein systems spatially 
associated with ductile deformation zones. Minerali 
zation occurs in quartz-carbonate veins in highly 
schistose and carbonatized mafic metavolcanic rocks, 
commonly with disseminated iron sulphides at the 
Arkell (number 1), Johnson Wright (number 7) and 
Kalbrook (number 9) occurrences. At the Bromley 
occurrence (number 2) a number of mineralized quartz 
veins and stockworks with argentite and galena were 
delineated. Diamond drilling indicated assay values of 
up to 0.13 ounce Au per ton and 3 ounces Ag per ton 
over 60 cm in sheared and carbonatized mafic 
metavolcanic rocks cut by tonalite dikes. The Card 
Lake occurrence (number 3) is situated in a 2 m wide 
shear zone. Quartz veinlets and the schistose mafic 
rock of the shear zone have variable concentrations of 
disseminated stibnite, arsenopyrite, pyrrhotite, pyrite 
and chalcopyrite. Assay values indicated up to 1.8 
ounces Au per ton, 7.496 Sb and 2.196 As.

The Mining Corp. deposit (number 11) consists of 
mineralized quartz veins in diorite on the western 
margin of the Kenogamissi Batholith. The main vein is 
exposed on surface for a length of 120 m and is from 0.3 
to 2 m thick. The vein occurs in a narrow, east- 
northeast-trending deformation zone parallel in trend 
to the DFDZ located several hundred meters to the 
south. The vein consists of milky quartz and minor 
calcite cut by fractures infilled with pyrite and minor 
chalcopyrite. Reported assays from diamond drilling 
range up to 0.48 ounce Au per ton over 2.2 m and 0.28 
ounce Au per ton over 2.3 m in 2 separate holes.

The mineralization at the Nib Yellowknife deposit 
(number 13) occurs in quartz veins with disseminated 
pyrite and arsenopyrite within gabbro on the western 
margin of the ultramafic body hosting the Reeves and 
Penhorwood mines. Reported grab sample assay val 
ues are up to 0.2 ounce Au per ton.

Nickel and platinum-group elements occur within 
the cumulate-textured ultramafic rocks. The Ireland 
occurrence (number 6) consists of cumulate-textured

dunites differentiating northwards into gabbro, suc 
ceeded to the north by The Nat River iron formation 
and felsic tuffs of the HNA. Stripping and diamond 
drilling indicate the mineralization consists of l to 296 
disseminated pyrrhotite and lesser pentlandite which 
locally forms a poorly developed net-texture with up to 
1096 sulphides. Grab samples assayed up to G.94% Ni, 
0.1096 Cu, 0.27 g/t Pt and 0.2 g/t Pd. Diamond drilling 
at the Mcintyre Johnson occurrence (number 10) indi 
cated millerite in aggregates and along joint surfaces 
within a differentiated mafic intrusion. Reported as 
says were up to Q.2% Ni over 2.4 m within peridotite. 
Stripping and diamond drilling at the Norduna deposit 
(number 14) indicated the mineralization consists of up 
to 596 disseminated sulphides in cumulate-textured 
ultramafic rocks in close proximity to the sheared 
contact with felsic fragmental rocks. The best reported 
intersection was Q.88% Ni and 0.15696 Cu over 7.6 m. 
These occurrences and the presence of numerous, 
large, ultramafic bodies suggests that there may be 
good potential for komatiite-hosted nickel deposits in 
the area similar to that in the Timmins area and in the 
Kambalda area of Australia (Lesher 1989).

Base-metal mineralization at the Jonsmith deposit 
(number 8) occurs within schistose felsic metavolcanic 
rocks of the HNA. It consists of pyritic, sericitized, and 
silicified fragmental rocks with thin sphalerite string 
ers locally cut by quartz veins with pyrite and 
chalcopyrite. Diamond drilling returned assay values 
of up to 1.0396 Zn, 0.55 ounce Ag per ton and 0.01 
ounce Au per ton over 4.3 m. The disseminated nature, 
associated rock types and alteration might indicate that 
the mineralization is of a volcanogenic massive sul 
phide type modified by later deformation, or 
alternatively the mineralization could be epigenetic 
and related to the deformation.

The Nat River iron deposit (number 12) contains 
an estimated 27 million tons of 2996 total iron. The 
Radio Hill deposit (number 16) has indicated approxi 
mately 158 million tons of potential magnetic iron-ore 
grading 27.896 acid-soluable iron. The deposit has a 
strike length of 5000 m and a thickness of up to 180 m.

The Reeves mine (number 17) produced a total of 
about 146 000 tonnes of asbestos. The ore body is 
situated in the northern fold nose of a cumulate-tex 
tured ultramafic body cut by east-trending faults. 
Production was divided between a large western pit 
and a smaller eastern pit by a north-trending diabase 
dike. The asbestos in these ore zones occurs in a 
complex network of veins of various ages. The average 
grade of the ore ranges from 2.5 to 496, with fibres from 
less than 5 mm up to 15 mm.
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The Penhorwood talc mine (number 15) is cur 
rently operated by Luzenac Incorporated. The open pit 
deposit is located near the western margin of an exten 
sive, north-trending, cumulate-textured, serpentinite 
body cut by east-trending deformation zones. The ore 
consists of highly altered ultramafic rock. It is a mas 
sive, medium-grained, light grey rock consisting of 
talc and carbonate with disseminated magnetite. The 
massive rock is cut by recrystallized talc and magnesite 
veins in a number of different fracture orientations.

About 110 000 tonnes of silica used for decorative 
stone and smelter flux was produced from a number of 
open pits on large quartz veins in the vicinity of the 
Horwood mine (number 5). The veins occur along the 
southeast margin of the Horwood pluton in relatively 
thin deformation zones which parallel the contact.

The Cryderman deposit (number 4) has received a 
considerable amount of exploration including a 450 m 
decline. A total of 673 tonnes of barite were produced 
from small operations prior to 1940. Reserve calcula 
tions indicate a probable reserve of 90 000 tonnes of 
95 96 barite. The barite occurs in a northeast-trending 
vein structure which has been traced over a strike 
length of 500 m at the contact between strongly foliated 
granodiorite and massive granite in the southern mar 

gin of the Kukatush pluton. Individual veins pinch and 
swell from stringers to up to 5 m thick and have been 
traced for 30 m.

REFERENCES
Ayer, J.A. 1993. Geology of Foleyet and Ivanhoe townships; Ontario 

Geological Survey, Open File Report 5851,42p.

Ayer, J.A. and Theriault, R. 1992. Geology of Keith and Muskego town 
ships, northern Swayze greenstone belt; in Summary of Field Work 
and Other Activities 1992, Ontario Geological Survey, Miscellane 
ous Paper 160, p.196-202.

Heather, K.B. 1993. Regional geology, structure and mineral deposits of the 
Archean Swayze greenstone belt, southern Superior Province, On 
tario; Geological Survey of Canada, Paper 93-lC, p.295-305.

Jackson, S.L. and Fyon, A.J. 1991. The western Abitibi Subprovince in 
Ontario; in Geology of Ontario, Ontario Geological Survey, Special 
Volume 4, pt.l, p.404-482.

Lesher, C.M. 1989. Komatiite-associated nickel sulfide deposits; in Ore 
Deposition Associated with Magmas. Reviews in Economic Geol 
ogy. v.4, p.45-101.

Milne, V.G. 1972. Geology of the Kukatush-Sewell Lake area, District of 
Sudbury; Ontario Division of Mines, Geological Report 97,116p.

Stone, W.E., Jensen, L.S. and Church, W.R. 1987. Petrography and 
geochemistry of an unusual Fe-rich basaltic komatiite from Boston 
Township, northeastern Ontario; Canadian Journal of Earth Science, 
v.24, p.2537-2550.

40



9. Project Unit 93-06. Geology of Cleaver and Hincks 
Townships, District of Timiskaming

L.S. Jensen
Precambrian Geoscience Section, Ontario Geological Survey

INTRODUCTION

This investigation is the third year of a multiyear study 
of the Abitibi greenstone belt in the Matachewan area. 
In 1991 and 1992, the adjoining townships to the west 
were mapped by D. Kresz (1991) and L.S. Jensen 
(1992). In 1990, a copper-zinc discovery in Robertson 
Township prompted the mapping of this block of 
previously unmapped, adjoining townships.

Cleaver and Hincks townships form a 220 km2 area 
bounded by latitudes 48001'N and 480 10'N and by 
longitudes 80056'W and 81 004'W. The center of the 
area is located approximately 50 km south of Timmins 
and 80 km west of Kirkland Lake (Figure 9.1). The 
Papakomeka Road extends south from Timmins (South 
Porcupine) to provide access to Cleaver Township via 
a system of maintained logging roads. Access to the 
central part of Hincks Township is via the extension of 
Highway 66.

Mineral exploration of the area began in the 1800s 
(Bell 1876). In 1916, a gold discovery was made in 
Powell Township (Young-Davidson Mine) near 
Matachewan. During the 1920s and 1930s, prospectors 
discovered several surface occurrences of precious and 
base metals (Hopkins 1924; Dyer 1936; Holley 1988).

During the 1980s, renewed interest in many of these 
mineral occurrences led to the initiation of several 
exploration programs throughout the area including 
Hincks and Cleaver townships. Previous mapping in 
the Matachewan area includes that of Burrows (1918, 
1920), Cooke (1920), Hopkins (1924), Rickaby (1932), 
Dyer (1936), Lovell (1967) and Pyke (1978).

MINERAL EXPLORATION

Evidence of early prospecting in the area can still be 
seen in the form of pits, trenches and shallow shafts, 
now largely obscured by vegetation. Recent explora 
tion has involved the use of heavy equipment, diamond 
drilling and airborne geophysics. The results of this 
more recent exploration are contained in 45 files avail 
able from the Assessment Files Research Of fice, Ontario 
Geological Survey, and the Resident Geologist's of 
fice in Kirkland Lake.

Much of the recent exploration has focussed on 
sulphide-bearing bedrock geophysical conductors in 
the north and northwest parts of Cleaver Township and 
the southwest part of Hincks Township (ODM 1975a, 
1975b; ODM-GSC 1970), in search of copper, zinc, 
lead and nickel deposits with possible associated gold, 
silver and platinum group elements (PGE). Elsewhere

Figure 9.1. Location of Cleaver and Hincks townships, scale 1:1 584 000.
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in Cleaver and Hincks townships, exploration has 
focussed on possible gold mineralization associated 
with sulphide-bearing quartz stockworks, carbonatized 
and silicified zones, felsic dikes and shear zones that 
cut the metavolcanic and interflow metasedimentary 
rocks. Some of the exploration effort has also been 
directed to Proterozoic rocks in search of economic 
placer gold deposits.

Among the reported results from exploration work 
on geophysical conductors is a 1965 report by Noranda 
Mines Exploration Limited of a 10 m wide diamond- 
drill intersection of massive pyrite and pyrrhotite with 
minor amounts of galena, in the southwest part of 
Hincks Township. Most other diamond-drilling pro 
grams nearby report lesser amounts of massive to 
disseminated sulphide mineralization associated with 
graphite.

In the northwest part of Cleaver Township, where 
other geophysical conductors occur, no massive sul 
phide mineralization has been intersected by diamond 
drilling. However, assay results for one surface vein 
0.5 m wide were reported to be 16.196 Pb, S.7% Zn and 
1.94 ounce Ag per ton. Low values of Cu and Au have 
also been reported in assays of surface and diamond- 
drill samples from this area. In north-central Cleaver 
Township, and in southeast and central Hincks Town 
ship, low-grade, discontinuous gold mineralization 
(up to 300 ppb) is present in alteration zones associated 
with quartz veins and granitoid dikes. Thin pyrite- 
bearing layers in the Proterozoic sedimentary rocks 
were also reported to contain up to 18 ppb Au (Resident 
Geologist's files, Kirkland Lake).

GENERAL GEOLOGY

Cleaver and Hincks townships are underlain by rocks 
of the Abitibi greenstone belt. The Archean bedrock 
consists of metavolcanic rocks intruded by ultramafic 
to felsic rocks (Figure 9.2). Numerous north-trending 
Matachewan diabase dikes cut all other Archean rock. 
In the central parts of Cleaver and Hincks townships, 
the Archean rocks are unconformably overlain by 
shallow-dipping clastic sedimentary rocks of the 
Gowganda Formation of the Proterozoic Huronian 
Supergroup. A few east-northeast-trending Proterozoic 
Abitibi diabase dikes (not shown on Figure 9.2) cut 
both the Archean and Proterozoic rocks.

The metamorphic grade of the Archean volcanic 
rocks ranges from lower greenschist to middle 
amphibolite facies. Penetrative deformation as well as 
the intensity of metamorphism of the metavolcanic 
rocks range from very low in most parts of Hincks and 
Cleaver townships to very strong near the margins of 
the largest felsic granitoid stocks.

A west-trending fault extends from the granodiorite 
stock in the west part of Cleaver Township to the 
granodiorite stock in the northeast part of McNeil 
Township (Jensen 1992). This fault divides the area 
into 2 distinct geological terranes. In the southern 
geological terrane (SGT), the Archean metavolcanic 
rocks in Hincks and the south half of Cleaver town 
ships have been folded about a large syncline, the axis 
of which trends and plunges steeply east-southeast. In 
the northern geological terrane (NGT), the calc-alkalic 
metavolcanic rocks strike north to northwest. East of 
the area underlain by rocks of the Gowganda Forma 
tion, the metavolcanic rocks have a northeast to 
southeast strike.

Metavolcanic Rocks
There are 4 distinct sequences of metavolcanic rock 
that occur in Hincks and Cleaver townships (see Figure 
9.2). The lowest sequence consists of fragmental calc- 
alkalic metavolcanic rocks overlain by a sequence of 
magnesium-rich tholeiitic basalts that include peridot! tic 
and basaltic komatiites. These 2 groups are overlain in 
turn by a sequence of iron-rich tholeiitic basalts and a 
sequence of calc-alkalic metavolcanic rocks.

The lower calc-alkalic metavolcanic rocks consist 
of andesitic, dacitic and rhyolitic pyroclastic units 
locally overlain by a zone of carbonaceous to calcare 
ous cherty tuffs and siltstones metres thick. These units 
are found in the northwest and north parts of Cleaver 
Township and in the southwest part of Hincks Town 
ship. In the northwest part of Cleaver Township, they 
occur in the NGT and strike north to northwest and 
young east. As well, they occur unexposed east of the 
Gowganda Formation in the north-central part of 
Cleaver Township. They are cut at their base by a 
granodiorite stock and are buried toward their top by 
Proterozoic sedimentary rocks. At their southern ex 
tent, they are juxtaposed against east-striking iron-rich 
basalts along the west-trending fault found at the 
boundary of the 2 geological terranes (see Figure 9.2). 
In the southwest part of Hincks Township the older 
group of calc-alkalic rocks strike southeast and face 
northwest on the south limb of the syncline, in the south 
fault block (Figure 9.2).

The second sequence consists of magnesium-rich 
tholeiitic basalts (MGTB), and occurs within the north 
part of Cleaver Township within the NGT and in 
southwest Hincks Township within the SGT. In both 
terranes, this group of metavolcanic rocks contains 
spinifex-textured komatiites and interflow units of 
felsic tuff and metasedimentary rock. In the NGT 
(north Cleaver Township), the sequence occurs east of 
the Gowganda Formation and extends east into north 
ern McNeil Township (Jensen 1992). The lower part of
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Figure 9.2. Generalized geology of Cleaver and Hincks townships.
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the sequence is obscured by Proterozoic sedimentary 
rocks and glacial deposits. In the SGT (southwest 
Hincks Township), the sequence is about 2 km thick, 
and conformably overlies the calc-alkalic volcanic 
rocks on the southern arm of the syncline.

The third sequence consists of iron-rich tholeiitic 
basalts (FETB) within the SGT (see Figure 9.2). These 
rocks consist of massive, diabase-textured flow units 
that alternate with pillowed, variolitic flow units and 
hyaloclastite. The uppermost flow units within the 
sequence strike west across southern Hincks Township 
and then change strike at the nose of the syncline to 
strike southeast into Hincks Township. In Hincks Town 
ship the FETB overlie the MGTB on the south limb of 
the syncline.

The fourth sequence consists of calc-alkalic basalts 
and andesites and occurs in the core of the syncline in 
Hincks Township and in southern Cleaver Township. 
These rocks consist mainly of hornblende and 
plagioclase-phyric flows and pyroclastic rocks, locally 
cut by porphyritic subvolcanic sills and plutons that 
may have been feeders for the extrusive rocks.

Intrusive Rocks
Except for the diabase dikes, the only mafic subalkalic 
plutonic rocks are small peridotite plugs that cut the 
calc-alkalic metavolcanic rocks in the southwest part 
of Hincks Township, and 2 gabbro plugs in north- 
central Cleaver and central Hincks townships. These 
plugs are less than 500 m across.

The main plutonic rocks in the area are stocks of 
granodiorite in western Cleaver and central Hincks 
townships. Small plugs of monzonite, quartz monzonite 
and granite less than 100 m across occur throughout 
Hincks and Cleaver townships. These intrusions are 
homogeneous, with a grain size of 2 to 3 mm, and 
contain up to 25 96 feldspar phenocrysts from 0.5 to l 
cm in size, and scattered, rounded mafic xenoliths from 
l cm to l m in size. A 20 to 100 m wide zone of 
migmatized metavolcanic rock occurs at the margins 
of the stocks.

Metre-wide dikes that range in composition from 
lamprophyre to intermediate and felsic syenite and 
syenite porphyry intrude all the Archean rocks except 
the Matachewan diabase. In many places, where these 
dikes cut the FETB, they are closely associated with 
carbonate alteration and quartz veining.

Proterozoic Rocks
A l to 3 km wide zone of clastic sedimentary rocks of 
the Gowganda Formation extends north through both

Hincks and Cleaver townships. The rocks consist largely 
of massive arkosic sandstone and wacke underlain by 
thin zones of mudstone and siltstone and a basal 
conglomerate. Dips of the rocks range from 450 to 30 
toward the median of the l to 3 km wide zone. Dips are 
steepest on the west side of the zone in the lowest rocks 
of the succession, suggesting that the succession was 
deposited along a north-trending graben. On the east 
side, the upper arkosic rocks directly overlie the Archean 
rocks and thus overlap the underlying siltstone and 
basal conglomerate.

Structural Geology
A west-trending fault zone in central Cleaver Town 
ship divides the map area into a northern and a southern 
geological terrane (SGT and NGT). The lower se 
quence of south-striking calc-alkalic rocks and the 
MGTB are truncated by this fault. In turn, the fault is 
truncated by the large granodiorite stock in western 
Cleaver Township and by a similar stock in the east part 
of McNeil Township, thus predating the granitic intru 
sions of the area (Jensen 1992). Syenite dikes and 
quartz veins cut the shear zone.

In the SGT, the volcanic succession is folded about 
a large syncline, the axis of which trends east-southeast 
(ODM 1975a, 1975b; ODM-GSC1970). In the NGT of 
northern Cleaver Township, structural information is 
limited because of poor bedrock exposure. Foliations 
in the volcanic rocks are weakly developed except near 
the axis of the syncline in Hincks Township. The 
weakly developed foliations farther from the axis of the 
syncline are overprinted by foliations developed dur 
ing the emplacement of the granitic stocks.

The late structural events are represented by north- 
trending faults between which the Proterozoic 
sedimentary rocks were deposited and preserved, and 
by northeast-trending faults that offset the Proterozoic 
rocks as well as the Archean rocks in Hincks Town 
ship.

ECONOMIC GEOLOGY AND 
RECOMMENDATIONS FOR 
EXPLORATION

Both Hincks and Cleaver townships are favourable 
areas for the exploration of nickel, copper, zinc, lead, 
molybdenum, gold, silver and platinum. Geophysical 
conductors throughout the area, in particular those near 
the contact between the lower calc-alkalic volcanic 
rocks and the MGTB, in northwest and northern Cleaver 
and southeast Hincks townships, remain to be more 
fully explored for massive copper, zinc and lead depos 
its. The presence of peridotitic komatiite suggests the
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added potential of nickel and PGE. The contact be 
tween the 2 groups of volcanic rocks is largely located 
under the Proterozoic sedimentary rocks in the north 
fault block in Cleaver Township; new work could 
concentrate on locating additional conductors extend 
ing under the Proterozoic rocks.

The faulted boundary between the 2 geological 
terranes contains lead-, copper-, zinc-, silver- and 
gold-bearing quartz-carbonate veins. Near this miner 
alization, the rocks have been strongly altered and 
intruded by pyritic syenite dikes and quartz veins. The 
fault may be similar to the Destor-Porcupine Break or 
the Kirkland Lake-Larder Lake Break and should be 
explored westward into McNeil Township (Jensen 
1992).

Gold mineralization occurs in carbonatized FETB 
in McNeil Township as described by Jensen (1992). 
The largest, most intense of these carbonatized zones 
are in south-central Cleaver and southeast Hincks 
townships. Smaller carbonate zones were noted along 
the length of the FETB sequence. Minor amounts of 
molybdenum were also noted in the altered contact 
zones of some granitoid intrusives.
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10. Project Unit 93-07. Precambrian Geology of May 
Township and Parts of McKinnon, Harrow and Hallam 
Townships, District of Sudbury, With an Emphasis on 
the McKim Formation
S.L. Jackson1 and l. Henderson2
1 Precambrian Geoscience Section, Ontario Geological Survey
2 Department of Earth Sciences, Carleton University, Ottawa

LOCATION AND SCOPE 
OF SURVEY

May Township (Figure 10.1) is located north of the 
North Channel of Lake Huron, west of Massey and east 
of Webwood. Highway 17 (the Trans-Canada High 
way) transects the southern portion of May Township. 
Numerous well-maintained gravel roads are present 
within the township.

The present survey was concentrated principally 
within May Township and parts of adjacent Hallam, 
Harrow and McKinnon townships. A general bedrock 
survey of the rock formations, structures, and minerali 
zation was conducted. Samples were collected to further 
study aspects of mineralization, metamorphism and 
structure. During fieldwork it was recognized that 
some aspects of the structural history of the Huronian 
Supergroup have not been fully recognized. Since the 
structural geology of many mineralized regions plays 
an important role either in siting a deposit, or modify 

ing the original geometry of a deposit, this brief sum 
mary will emphasize the structural geology of the 
McKim Formation.

PREVIOUS WORK AND 
SOURCES OF INFORMATION

Robertson et al. (1971) mapped the distribution of units 
and general structure of May, Harrow, McKinnon and 
Hallam townships. General descriptions of the Huronian 
Supergroup formations can be found in Young (1991) 
and references therein. Cape (1973) presented a 
detailed description of the May Township gabbro- 
anorthosite. General aspects of the regional structure 
and metamorphism have been addressed by Card (1964, 
1878), Blackburn (1967) and Robertson et al. (1971). 
Regional metallogeny and descriptions of mineralized 
zones can be found in Innes and Colvine (1984), 
Pearson (1980), Pearson et al. (1985) and Roscoe and 
Card (1992).

Figure 10.1. Location of May Township, scale 1:1 584 000.
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GENERAL GEOLOGY AND 
MINERALIZATION

The map area is underlain by Archean granitoid rocks 
to the north, and Paleoproterozoic, metamorphosed, 
metavolcanic and siliciclastic metasedimentary rocks 
of the Huronian Supergroup to the south (Figure 10.2). 
The Huronian Supergroup consists predominantly of 
regionally extensive marine, fluvial, and glaciogenic 
metasedimentary units (see Figure 10.2) which are 
subdivided into 4 groups. Three of the groups display 
cyclic sedimentation with a lower unit of diamictite, a 
middle fine-grained unit and an upper, cross-bedded 
coarse-grained sandstone unit (see Young 1991 and 
references therein). Paleoproterozoic Nipissing 
metagabbroic rocks intrude both Archean and

Proterozoic units and form a significant portion of the 
map area. The Murray Fault Zone transects the north 
ern portion of the map area and separates a northern 
region of low metamorphic grade (greenschist to 
subgreenschist facies) from a southern region that 
increases in metamorphic grade from south to north 
from biotite zone to garnet-staurolite zone in metapelitic 
units.

Northern May Township contains numerous sul 
phide-rich showings of the "Massey Copper Belt" 
(e.g., the Alexander deposit, Pearson et al. 1985; 
Robertson et al. 1971). Most of these showings occur 
within units designated by Robertson et al. (1971) as 
Salmay Lake Formation mafic metavolcanic rocks and 
metawacke units. Pyrite and chalcopyrite are common
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Figure 102. Simplified geology of May Township modified from Robertson et al. (1971). Salmay Lake Formation: mafic to felsic metavolcanic 
rocks. Matinenda Formation: cross-bedded arkosic sandstone, quartz-pebble conglomerate including uraniferous units. McKim Formation: see de 
scription of stratigraphic section below. Ramsey Lake Formation: diamicitite, matrix-supported conglomerate. Pecors Formation: subarkose-arkosic 
sandstone, siltstone. Mississagi Formation: cross-bedded arkosic sandstone.

Schematic stratigraphic section of McKim Formation shown on right. Location of section shown on sketch map. Note the numerous 
different lithofacies assemblages present within a relatively small section. This is typical of the McKim Formation. Note also the fining and thinning 
upwards nature of lithofacies assemblage "l" and the repetition of lithofacies in vertical sequence starting approximately halfway up the section. 
Note that this section does not contain the subarkose to quartz-arenite lithofacies assemblage (see text). Lithofacies descriptions are as follows: (1) 
Grey to brown weathering wacke-siltstone interbeds displaying: a) ripple cross-laminations that decrease in abundance upwards; b) graded beds that 
increase in abundance upwards; c) decreasing bedset and bed thickness upwards; and d) upward increase in proportion of fine-grained units. (2) 
White to grey weathering arkose displaying: a) sharp erosional bases and gradational to sharp tops; b) beds on the order of 10 to 100 cm thick; c) 
abundant climbing ripples; and d) silty interbeds. (3) Interbedded metapelite and metawacke. (4) White to pink weathering thick-bedded arkose dis 
playing: a) a decrease in thickness from ISO to 300 cm at base to less than 40 cm at top; b) an upward increase in abundance and thickness of silty to 
pelitic interbeds; c) an upward increase in the presence of laminations and low-angle cross-beds. (5) Cross-bedded, thick-bedded, white wdathering 
arkosic sandstone.

Location of Figure 10.3 shown in left of Figure 10.2.
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within the sulphide zones, and locally bornite and 
malachite are present. Although the sulphide concen 
trations may have an origin linked to the depositional 
setting of the host volcanic and sedimentary rocks 
(e.g., some are labelled as "volcanic exhalative" by 
Pearson 1980, Pearson et al. 1985), all showings inves 
tigated in this study are highly deformed. Consequently, 
either a syndeformational origin of the mineralized 
zones or structural modification of the zones cannot be 
ruled out.

Several sulphide-bearing, highly deformed, 
silicified and quartz-vein rich, zones are present within 
the Matinenda and Salmay Lake formations (Robertson 
et al. 1971). Preliminary analysis indicates that these 
zones are contained within relatively late, dextral, 
northeast-side-up shear zones.

Drill hole information is available for several of 
the copper mineralized zones (assessment files, Sud 
bury Resident Geologist's Office). Claim-scale, ground 
electromagnetic and magnetometer surveys are avail 
able for some claims north of Salmay Lake and between 
Salmay Lake and Whitson Lake. One scintillometer 
survey is available for a group of 8 claims located north 
of Salmay Lake. Some whole-rock geochemical analy 
ses and gold fire-assay results are available from the 
silica zone associated with the northwesternmost fault 
in May Township. For additional information on ex 
ploration activity, see marginal notes of Roberston et 
al. (1971) and files on May Township in the Sudbury 
Resident Geologist's Office.

MCKIM FORMATION

The McKim Formation outcrops between Sudbury and 
Elliott Lake, principally in the hanging wall of the 
Murray Fault zone (e.g., Zolnai et al. 1984) in the 
present map area. The formation contains garnet- 
staurolite grade metamorphic rocks and abundant 
evidence of multiple deformation "events" (e.g., 
Blackburn 1967). The formation includes metawacke, 
meta-arenite, and metapelitic units and is variably 
interpreted as representing deep marine basin deposits 
to deltaic deposits (e.g., Fralick and Miall 1989).

The McKim Formation in May Township consists 
predominantly of the following lithofacies assemblages 
in order of decreasing abundance:
1. interbedded wacke and pelite beds, commonly 

showing grain-size gradation and ripple cross- 
lamination with beds generally less than 100 cm 
thick

2. pelitic muscovite schists commonly containing 
biotite, garnet, chloritoid, and/or staurolite 
porphyroblasts; bedding is generally several, to

tens of centimetres thick
3. arkosic beds, commonly with massive to low- 

angle cross bedding; bed thickness ranges from 
tens to hundreds of centimetres

4. subarkose to quartz arenite beds, commonly mas 
sive to low-angle cross bedded; beds on the order 
of tens to hundreds of centimetres thick.

A schematic section of a portion of the McKim 
Formation is shown in Figure 10.2. An important 
feature illustrated in the section is the presence of 
fining and thinning upwards lithofacies assemblages. 
Climbing ripple sets are abundant in the McKim For 
mation. Further work is in progress to determine the 
potential depositional settings of the McKim lithofacies 
assemblages.

STRUCTURAL GEOLOGY

A near layer-parallel mica foliation is commonly present 
in McKim Formation units (Figure 10.3). Both bed 
ding and this foliation are folded by west of 
northwest-striking and east of northeast-striking folds. 
Crenulation cleavage and crenulation lineation are 
associated with the later folding.

The early mica foliation is locally axial-planar to 
mesoscopic, isoclinal, recumbent folds and tight out 
crop-scale folds (see Figure 10.3). The mica foliation 
is commonly oriented at a low-angle to bedding. The 
angular relationship of bedding with respect to folia 
tion is commonly consistent over a large region (e.g., 
bedding clockwise with respect to foliation in the 
western portion of Figure 10.3). These observations 
indicate that large-scale recumbent folds or nappes 
may have formed early in the deformational history of 
the McKim Formation and were accompanied by the 
formation of the penetrative mica foliation. Both quartz 
veins and metagabbroic intrusions are boudinaged in 
the plane of the early mica foliation, reflecting high 
extensional strain with the foliation plane. Early folds, 
penetrative foliation, and metagabbro units were sub 
sequently folded about west of northwest- and east of 
northeast-striking axial surfaces. These later folds are 
associated with the crenulations and are the generally 
recognized large-scale folds within the McKim For 
mation (e.g., Card et al. 1972).

Fault sets within the area can be generally grouped 
into one of 2 orientations; an early set of east of 
northeast-striking faults and/or shear zones and a later 
set of west of northwest-striking faults and/or shear 
zones. The east of northeast-striking faults include the 
Murray Fault zone which disrupts the regional meta 
morphic gradient, juxtaposing greenschist- to 
subgreenschist-facies rocks to the north against
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amphibolite-facies rocks to the south. The Murray 
Fault zone and other east of northeast-striking faults 
are commonly offset by west of northwest-striking 
faults, which include some of the "silica zones" of 
Robertson et al. (1971). Preliminary analysis of the 
west of northwest-striking faults indicates that they 
contain a component of dextral, northeast-side-up dis 
placement.

METAMORPHISM

Metamorphic porphyroblasts in pelitic schists include 
biotite, chloritoid, garnet and staurolite. Work is cur 
rently in progress to define mineral assemblages and 
reaction isograds. Examination (by handlens) of garnet 
and staurolite porphyroblasts indicates that they, at 
least locally, both overgrow the early penetrative mica 
foliation and are rotated within the mica foliation. The 
mica foliation is also deflected around the porphyroblast. 
These field observations are tentatively interpreted as 
indicating that porphyroblast formation and the meta 
morphic thermal peak were approximately synchronous 
with the development of the mica foliation and the 
formation of the interpreted recumbent folds and/or 
nappes (see Structural Geology section above). 
Crenulations of the penetrative mica foliation post 
date garnet and staurolite formation and therefore 
post-date the thermal metamorphic peak. Card (1964) 
noted the elliptical pattern of metamorphic mineral 
zones in the Agnew Lake area located to the west of the 
present survey. Rather than attribute the elliptical zonal 
pattern to a buried heat source (Card 1964), the pattern 
could, alternatively, be explained by folding of rela 
tively flat metamorphic zone boundaries about 
shallowly plunging axes during the late folding events 
described above.

SUMMARY AND DISCUSSION

Observations of the structure and metamorphism of the 
McKim Formation and preliminary examination of 
mineral deposits lying to the immediate north of the 
formation indicates the followhng potential metamor- 
phic-structural-mineralization history:
1. early formation of large-scale recumbent folds to 

nappes
2. establishment of a thermal metamorphic high and 

crystallization of metamorphic porphyroblasts 
approximately synchronous with fold and/or nappe 
development

3. folding and faulting and/or shearing of the struc- 
tural-metamorphic package about both east of 
northeast- and later west of northwest-striking 
structures, and final siting of mineralized zones

and alteration zones within the east of northeast- 
and west of northwest-striking shear zones.
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11. Distribution of Digital Data from the Single Master 
Aeromagnetic Data Set for Ontario

V.K. Gupta
Precambrian Geoscience Section, Ontario Geological Survey

INTRODUCTION

Aeromagnetic data for Ontario have been systemati 
cally collected since 1948 by the Ontario Department 
of Mines, now Ontario Geological Survey (OGS), and 
the Geological Survey of Canada through provincial 
and federal agreements. The distribution of data was 
limited to aeromagnetic contour maps and more re 
cently as 812.8 m digital data sets. In 1991, as part of 
the "Geology of Ontario" initiative, these 812.8 m data 
were brought to a common 300 m altitude and levelled 
to result in a seamless fit at mutual boundaries of all 
aeromagnetic surveys. Final levelled profile data were 
then used to create a 200 m Single Master Aeromagnetic 
grid for Ontario to improve the resolution for use in 
exploration. A set of colour-shaded total magnetic 
field and vertical gradient maps was published (Gupta 
1991a, 1991b) to show the effectiveness of the new 
grid interval.

With the explosion in the availability and use of the 
personal computer (PC), and the advent of low cost, 
widely available Real Time Imaging software, there 
has been an ever increasing demand for access to 
digital geophysical data in a format suitable for PCs.

THE GEOPHYSICAL 
DATA SYSTEM

In early 1992, the OGS contracted Geopak Systems of 
Toronto to develop a personal computer-based geo 
physical data distribution system with data manipulation 
and imaging software. The objective was to create a 
automated, state-of-the-art, personal computer-based 
system for data storage, custom retrieval, display, 
manipulation and imaging of the data. This system, 
known as the Geophysical Data Distribution System 
with Client Software (GDDS), was released by the 
Ontario Geological Survey in April 1993. The system 
provides an user friendly method of extracting and 
transforming aeromagnetic data. The entire Single 
Master Aeromagnetic digital data set was released on 
a single compact disk (CD). The menu driven client 
software is easy to use, with, or without, mouse opera 
tion and provides imaging interpretation aids for 
prospectors and geoscientists.

THE CLIENT SOFTWARE

The OGS client software, provided free of charge on a 
diskette with the purchase of any data from the GDDS, 
has an install procedure (install, bat) to create the 
required directories on the client's hard drive and to 
copy the software modules (FLPY2HRD, CONVERT, 
VIEWPRNT, and VP-SETUP) and ancillary files to 
the appropriate directories. For efficient storage and 
fast access, the aeromagnetic data are organized in a 
special binary format and are accessible only by using 
the OGS GDDS. All of the elements in the software are 
easily controlled via mouse actions or through simple 
keyboard commands. The 4 modules of the client 
software are:
1. FLPY2HRD is a data retrieval program which 

unarchives and retrieves Ontario Magnetic Grid 
(OMG) and Ontario Magnetic Profile (OMP) for 
mat data from the supplied data diskette(s) or 
compact disc read-only memory (CD-ROM) onto 
a hard drive.

2. VIEWPRINT is an imaging program with full 
zooming capability. It provides equal area or 
linear colour images with shadowing angles (both 
inclination and declination) which are user defin 
able and unlimited, that is, from the horizon to 
overhead and throughout 3600 on the compass. A 
single magnetic profile or a profile map (stacked 
profiles) may also be displayed concurrently with 
either a colour image or shadow grid display. 
Colour palettes used in displaying grids are user 
selectable, as are pen colours for displaying pro 
files. The program also has screen dump capability 
for hard copy generation to various colour (raster) 
printers. The resolution and colour palettes are 
dependent on the users hardware having a video 
adapter up to a SVGA standard.

3. CONVERT is a data manipulation program which 
provides subwindowing and translation of grids 
and profiles to standard mapping projections. The 
software also includes a regridding capability that 
allows the OMG grid to be regridded to any cell 
size in either latitude-longitude, Lambert or Uni 
versal Transverse Mercator (UTM) projection. 
Data for specific windows or areas of interest may 
be specified by the client and are selectable by
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4.

National Topographic System (NTS), International 
Map of the World Numbers, Townships, or user- 
defined rectangular or irregular windows. The 
program is capable of reformatting OMG grids and 
outputting them to 7 different industry-standard 
formats, namely, Aerodat, ASCII, Binary, Geopak, 
Geosoft, GXF, and I-Power. The OMP profile data 
may also be reformatted and outputted to 5 com 
mon x, y, z formats, which are 1) line, station, x, y, 
z; 2) line x, y, z; 3) x, y, z; 4) Geosoft x,y,z multiline 
format; and 5) a variable format, that is, any input 
channel to any output channel. 
VPJSETUP is the video and printer set-up pro 
gram that enables the user to select a variety of 
video and printer types and resolution or modes.

On-disk documentation for the software is pro 
vided. Help pop-ups provides on-line information for 
many of the options simply by clicking the mouse help 
button on any field on the screen.

The Data
The Ontario Single Master Aeromagnetic digital data 
set, referred to as ERLIS Data Set l (Figure 11.1, OGS 
1993), covers the entire province of Ontario and in 
cludes data in latitude-longitude and Lambert conformal 
projections. The entire data set occupies a total of 576 
MB: 
1. a 200 m total magnetic field grid in 2 projections,

namely: 
la. the Lambert conformal projection grid consisting

of 8401 columns and 8477 rows; the size of this
grid is 64.6 MB

ERLI8 Oat* S* 1
Single Master
Aeromagnetic
Data:
Grids and Profiles

Figure 11.1. Front of the compact disc released by the Ontario 
Geological Survey in April 1993.

lb. the latitude-longitude grid having a cell size of 
0.001850 latitude and 0.00240 longitude, which 
are approximately equal to 200 ground meters at 
lat. 410N; this grid contains 9013 columns and 
8455 rows and occupies 72.8 MB of space

2. a 200 m vertical magnetic gradient grid in 2 projec 
tions:

2a. the Lambert conformal projection grid
2b. the latitude-longitude grid

The grid dimensions and data size are the same as 
for the total magnetic field grid.

3. the magnetic values from the digitized (from the 
contour map) profile data are available both in 
latitude-longitude and Lambert x and y; the profile 
data contain 5 706 358 points of data, which occu 
pies 164 MB of space

4. the magnetic values from the digital profile data 
are available both in latitude-longitude or Lambert 
x, y; this file contains 57 244 752 points of data, 
which occupies 137 MB of space

The entire data set is available on a single CD- 
ROM. The data is also available individually on diskettes 
as user specified windows (areas).

DATA FORMAT

The Ontario Magnetic data are available on a CD 
containing the entire data set or on floppy disks at the 
choice of the client, that is, containing only parts of the 
data. The grid data are in OMG format and are acces 
sible only through GDDS. The data are stored in a 
modified Tagged Image File Format (TIFF) 5.0 struc 
ture, which is designed specifically for the storage of 
image files and to ensure speedy and efficient extrac 
tion of data subsets. Geopak Systems has added 
several tags to the TIFF standard so that the structure is 
useable particularly for the storage of geophysical 
grids and defining mapping projections. This new 
structure is named "GTP" for Geopak-TIFF format.

The Ontario Magnetic profile data are in OMP 
format, and the data's structure employs 2 types of 
custom binary files in a random access data base: 1) an 
index or header file that includes a line index; and 2) a 
description of the data channels, keyed to a secondary 
data file.

HARDWARE AND 
SOFTWARE REQUIRED

1. IBM PC or compatible computer running under 
either MS-DOS (5.0) or Windows (3.1)

2. 570 K of free random-access memory (RAM)
3. a hard disk drive with 2 MB for the software, plus 

sufficient free space for the data files (An OMG
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grid of a l :50 000 map sheet is about 61 k bytes, the 
digitized profiles less than 160 k bytes and digital 
profiles about 500 k bytes)

4. one5.25inch(360Kor 1.2M)crone3.5inch(720 
K or 1.4 M) floppy disk drive

5. CGA, EGA, VGA, SVGA (ATI Wonder) and 
8514/A video display adapters are supported

6. a mouse is highly recommended along with a VGA 
video adapter

7. a copy of the client software from the Geophysical 
Data Distribution System is available FREE OF 
CHARGE with the purchase of any amount of data

The Price
For those of our clients who are interested in large areas 
of the province, the entire data set is available on a 
single CD-ROM for only S1000, plus applicable taxes. 
A discount of 5096 is given to second and subsequent 
copies of the CD-ROM acquired by the same pur 
chaser. The data are also available on diskettes, for the 
exact area of interest. User-specified windows or areas 
may be referred to in terms of NTS map numbers, 
rectangular or irregular windows defined by boundary 
latitudes and longitudes, UTM coordinates or town 

ship names. The pricing within a specified window or 
area is done on a per grid point or per magnetic profile 
point basis. For example, a total magnetic field grid or 
a vertical gradient grid for a typical 1:50 000 NTS sheet 
costs approximately S42. The digital magnetic profile 
data for a typical 1:50 000 NTS sheet will cost between 
S25 to 335. The client software is always provided free 
of charge with the purchase of any data from the 
GDDS.

The Single Master Aeromagnetic digital data can 
be obtained from the Client Services Branch of the 
Ministry of Northern Development and Mines, Level 
B4, 933 Ramsey Lake Road, Sudbury, Ontario, P3E 
6B5, Tel: (705) 670-5691, Fax: (705) 670-5770.
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12. Mafic Metavolcanic Rocks of the Beardmore- 
Geraldton Greenstone Belt: Preliminary Geochemical 
Findings

K.Y. Tomlinson1 , R.P. Hall 1 , D.J. Hughes1 and P.C. Thurston2
1 Department of Geology, University of Portsmouth, Portsmouth, U.K.
2 Precambrian Geoscience Section, Ontario Geological Survey

INTRODUCTION

The Archean, approximately 2.7 Ga (Thurston et al. 
1991), Beardmore-Geraldton greenstone belt is one of 
a number of greenstone belts in Ontario which are 
currently being examined in a joint project involving 
the Ontario Geological Survey and the University of 
Portsmouth, U.K. The principal objective is to deter 
mine whether geochemical differences in the mafic 
metavolcanic rocks relate in any systematic way to 
observed facies variation in different types (Thurston 
and Chivers 1990) and different ages of greenstone 
belts (Hall and Hughes 1990). The present work on the 
Beardmore-Geraldton greenstone belt will continue 
with comparative geochemical studies of the Archean 
Steeprock greenstone belt near Atikokan and the

Neoproterozoic Thessalon greenstone belt on the north 
west shore of Lake Huron (Figure 12.1).

The Beardmore-Geraldton greenstone belt 
(BGGB) covers an area of approximately 450 km2 and 
is located towards the southern margin of the Wabigoon 
Subprovince to the east of Lake Nipigon (Figure 12.2). 
To the north of the belt is the Onaman-Tashota terrane 
(OTT) which is considered to represent an arc se 
quence (Devaney and Williams 1989). The southern 
margin of the belt is defined by the Wabigoon-Quetico 
Subprovince boundary, with slightly younger 
metasediments occurring to the south. The Beardmore- 
Geraldton greenstone belt itself has been considered to 
be part of an accretionary prism (Devaney and Williams 
1989) produced during one of the subduction-accre-

Lake 
Nipigon

i
\ Steep Bock 
^greenstone belt

Beardaore-Geraldton 
greenstone belt

4t0

-440

Figure 12.1. Location of the Beardmore-Geraldton, Steep Rock and Thessalon 
greenstone belts in Ontario.
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Figure 12.2. Simplified geological map of the Beardmore-Geraldton greenstone belt.

tion events that built the Superior Province of the 
Canadian Shield (Hoffman 1989).

The Beardmore-Geraldton supracrustal sequence 
consists of fault-bounded series of west-trending, 
steeply north-dipping, mafic metavolcanic and 
metasedimentary rocks (see Figure 12.2). Primary 
structures demonstrate that the metasedimentary units 
young to the north and have an overall coarsening 
upward trend (Devaney and Williams 1989). Those in 
the north are interpreted as fluvial fan deposits (Devaney 
and Fralick 1985) while the most southerly ones are 
considered to be submarine fan deposits (Barrett and 
Fralick 1985). The mafic metavolcanic rocks com 
prise 3 units which are referred to as the Northern, 
Central and Southern Volcanic Units (NVU, CVU, 
SVU, Figure 12.2). Each comprises a series of pillow 
lavas, massive lava flows and mafic intrusives with 
occasional intercalated, argillaceous, banded iron 
formation.

All of the rocks have been regionally metamor 
phosed to greenschist facies. The metavolcanic rocks 
range in composition from metamorphosed basalts to 
andesites and their mineralogy comprises typical 
greenschist-facies assemblages of chlorite, tremolite, 
actinolite, epidote, albite, quartz and calcite. Contacts 
between the metavolcanic units and adjacent 
metasedimentary rocks are sheared and the units have 
been thought to represent a simple series of thrust 
slices, the metasedimentary units once having been

laterally equivalent and having originally overlain the 
metavolcanic units (Devaney and Williams 1989).

One of the aims of the present investigation is to 
test whether the metavolcanic units represent the dis 
rupted members of an originally coherent unit or 
segments of different types of basaltic crust brought 
into juxtaposition by subsequent tectonism (cf. Thurston 
and Chivers 1990).

PREVIOUS GEOCHEMICAL WORK
Soo (1988) presented analyses of 55 samples from the 
Northern, Central and Southern Volcanic Units for 
major and trace elements. Of these, 14 samples were 
also analyzed for rare earth elements (REE). His 
interpretation treated the 3 separate metavolcanic units 
collectively, so any differences between them are not 
apparent. The samples were classified as mainly 
tholeiitic basalts and derivatives using an AFM dia 
gram. From the 14 REE analyses 2 groups were 
recognised. Group I (12 samples) is tholeiitic and 
shows light REE depletion and a flat heavy REE 
pattern. Group II (2 samples, both from the NVU) is 
calc-alkaline and shows light REE enrichment and 
more highly fractionated heavy REE.

Various incompatable element discrimination dia 
grams in Soo's work indicate the tectonic setting of the 
samples. In summary these show that about three 
quarters of the samples have ocean-floor basalt char-
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acteristics and the remainder are calc-alkali basalts. 
Spidergrams also show that the samples have MORB 
affinities and the conclusion drawn by Soo (1988) is 
that the mafic metavolcanic rocks of the Beardmore- 
Geraldton greenstone belt represent remnants of oceanic 
crust. The minor calc-alkaline component was con 
cluded to represent: "post accretionary intrusions 
emplaced along an existing fault system in the wedge 
complex" (Soo 1988).

PRELIMINARY GEOCHEMISTRY 
FROM THIS STUDY

FeO*

Na2O * K2O

* NVU

MgO

SVU

FeO'

Na2O MgO

A total of 116 samples have been collected for 
geochemical analysis from the 3 metavolcanic units of 
the Beardmore-Geraldton greenstone belt. For 
comparision, 19 samples were also collected from the 
mafic metavolcanic rocks within the Onaman-Tashota 
terrane to the north. Preliminary major and trace 
element analysis by X-ray fluoresence spectrometry 
(XRF) at the Department of Geology, University of 
Portsmouth, have so far been obtained for 53 of these 
135 samples.

From the initial data it has become clear that not 
only are there significant geochemical differences be 
tween the 4 major units of metavolcanic rocks (SVU, 
CVU, NVU and OTT) but there are more than 4 groups 
of rocks present in terms of their geochemical charac 
teristics. Geochemical classification of the samples 
using a plot of alkalis, MgO, and FeO* (AFM dia 
grams, Figure 12.3) indicates that the SVU and NVU 
metavolcanic rocks are tholeiitic whereas the samples 
from the CVU and OTT can be subdivided into calc- 
alkaline and tholeiitic groups. It is also possible to 
distinguish these various groups in terms of numerous 
other elements. For example, Figure 12.4 shows 
weight9fc MgO plotted against weight96 SiO2. Samples 
from both the CVB and OTT can easily be split into 
groups with low weigl^ SiO2 and much higher 
weight96 SiO2. Although there are only a small number 
of data points the CVU appears to comprise 2 groups of 
rocks of which the majority are more evolved with a 
calc-alkaline trend and a smaller proportion are less 
evolved and tholeiitic in character. The OTT also 
comprises a group of tholeiitic-basaltic rocks and a 
group of more evolved andesitic rocks with a calc- 
alkaline nature.

10
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5
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Figure 12 J. AFM diagrams showing the classification of rocks from Figure 12.4. Plot of Mgo versus SiO2 for samples fromithe Central
the Beardmore-Geraldton greenstone belt (BGGB) and Onaman- Volcanic Unit (CVU) and Onaman-Tashota terrane (OTT) (after anhy-
Tashota terrane (OTT) metavolcanic rocks. drous recalculation of data).

56



Tomlinson et al.

The groups of samples from the SVU and NVU 
which are both generally less evolved can be distin 
guished by their nickel (Ni) and chromium (Cr) contents. 
For example in a plot of Ni ppm against Mg# (Mg/ 
Mg+Fe), samples from the SVU, in general, contain 
higher amounts of nickel than samples from the NVU 
with the same Mg# (Figure 12.5). This suggests that 
the metavolcanic rocks in these 2 units are not consan 
guineous and presumably reflects a control by olivine 
fractionation from parental magmas with slightly dif 
ferent compositions.

Other differences in the major- and trace-element 
geochemistry of the metavolcanic units are very 
apparant. A study of the REE geochemistry is also 
expected to reveal differences. Figure 12.6 is a plot of 
chondrite normalized ceriumryttrium (Ce:Y) ratio ver 
sus cerium. Yttrium behaves in a very similar way to 
one of the heavier REE (Holmium). Chondrite normal 
ised Ce:Y ratios therefore reflect the slope of a REE 
distribution profile.

The calk-alkaline samples from the CVU cluster in 
the top right hand corner of the graph, having high 
cerium values and high (Ce7Y)N ratio. Samples from 
the SVU have low to intermediate cerium values and 
(Ce7Y)N ratios while the NVU and CVU tholeiite 
samples have an intermediate cerium value and inter 
mediate (Ce7Y)N ratios. Each of the metavolcanic units 
would thus have a fairly distinct REE pattern with 
some overlap in places. The REE geochemistry of 
these units is presently under investigation.

In summary, a preliminary study of the major- and 
trace-element geochemistry has revealed that 6 sub 
groups exist within the BGGB and OTT metavolcanic 
rocks, namely:

1. SVU tholeiites
2. CVU tholeiites
3. CVU calc-alkaline rocks
4. NVU tholeiites
5. OTT tholeiites
6. OTT calc-alkaline rocks

Table 12.1 shows representative analyses from 
each of these groups.

These findings would seem to differ quite substan 
tially from those of Soo (1988), but closer examination 
reveals that Soo's group I samples probably represent 
the tholeiites of the SVU, CVU and NVU wheras the 
calc-alkaline group II samples which Soo found in the 
NVU may represent an as yet unsampled (in this 
project) calc-alkaline component from the NVU.

FURTHER WORK

In the light of these data the concept that the BGGB 
metavolcanic rocks represent a single unit derived 
from oceanic crust needs refining. In addition a number 
of important questions need to be answered:
1. Does the present arrangement of the BGGB repre 

sent the juxtaposition of slices of unrelated 
greenstone belts?

2. Are the metavolcanic units even of the same age?
3. Are any of the units related in some way in terms 

of tectonic setting, processes involving the source 
region, degrees of partial melting or segregation by 
fractional crystallization?

It should be possible to answer some of these 
questions once further analyses (including REE data) 
from the samples already collected have been ob-
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Figure 12.5. Plot of Ni ppm versus Mg/Mg+Fe (Mg#) for samples from Figure 12.6. Chondrite normalized plot of Ce/Y versus Ce. 
the Southern Volcanic Unit (SVU) and Northern Volcanic Unit (NVU) 
(after anhydrous recalculation of data).
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Table 12.1. Representative analyses from each of the 6 groups that exist within the Beardmore-Geraldton greenstone belt and Onaman-Tashota 
terrane (OTT) metavolcanic rocks.

Unit SVU 
Sample KYT40

SVU CVU-Th CVU-Th CVU-CA CVU-CA NVU 
KYT54 KYT285 KYT62 KYT76 KYT122 KYT2W

NVU OTT-Th OTT-Th OTT-CA OTT-CA 
KYT87 KYT30 KYT108 KYT95 KYT97

wt**.

SiO2
ALO-
Fe203 *
MgO
CaO
Na20
K.O
Ti02
MnO
P O5
L.O.I.

47.69
14.89
13.65
6.42

12.05
1.34
0.08
1.01
0.25
0.07
2.83

49.42
13.78
12.86
7.89
7.46
2.69
0.61
1.10
0.36
0.10
3.25

48.03
14.17
12.76
6.95
8.31
3.11
0.00
1.11
0.18
0.08
5.76

49.00
16.21
10.56
6.99

11.40
1.35
0.04
0.77
0.19
0.06
3.46

53.67
15.52
8.75
4.44
5.20
3.72
0.51
0.81
0.12
0.20
7.43

54.78
12.97
8.43
4.44
6.52
1.88
1.17
0.87
0.16
0.25
8.82

50.68
14.84
13.68
7.03
6.77
2.58
1.04
1.45
0.22
0.12
1.99

48.81
14.50
12.84
6.23
3.79
3.71
0.32
0.90
0.21
0.07
7.89

46.44
14.50
13.56
6.23
9.29
2.47
0.52
1.28
0.20
0.09
4.29

48.73
15.13
14.63
6.49
9.54
1.90
0.36
1.23
0.24
0.11
1.51

64.30
16.25
4.72
2.95
2.76
5.30
0.64
0.42
0.07
0.10
2.49

60.01
16.00
6.53
3.75
5.96
3.51
0.97
0.58
0.09
0.13
2.54

ppm

Se
V
Cr
Ni
Cu
Zn
Rb
Sr
Y
Zr
Nb
Ba
La
Ce
Nd
Th
U

42
289
206
125
95

114
2

181
19
68

3
31
5
9
4
2
1

47
265
333
115
80
79
21

385
27

103
5

750
12
10
5
1
0

29
261
159
119
99

107
0

254
21
74

4
40
4

12
6
0
1

35
220
178
179
103

85
1

136
15
55

4
46
11
14
8
0
1

20
143
156
102
32
99
22

138
22

135
10

108
13
27
11
0
0

23
136
295
136
42

110
33
99
23

161
11

176
14
41
21

2
1

42
344
163
90
78

142
54

109
26
91

5
124

10
17
9
0
0

44
273
100
76
48

123
12
70
23
76

5
78
10
18
8
1
1

33
301
186
76
68

113
21

152
21
71
4

83
2

13
8
0
1

35
304
126
99

100
132

10
138
23
80
4

88
6

16
9
1
0

9
71
43
32
84
54
26

168
9

99
6

125
12
29
12
4
2

15
94

120
67
6

81
41

349
10

121
6

19
17
32
13
2
1

*Total Fe expressed as Fef)3

tained. A program of further sampling of the 
metavolcanic rocks is to begin in September 1993.

The senior author gratefully acknowledges the 
invaluable assistance provided in the field by P. Turner 
during September 1992.
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13. Mineral Deposits and Field Services Section

J.W. Newsome
Section Chief, Mineral Deposits and Field Services Section, Ontario Geological Survey

INTRODUCTION

The Mineral Deposits and Field Services Section was 
created as part of the reorganization of the Mines and 
Minerals Division and the Ontario Geological Survey 
(OGS) during the Spring of 1993. The section consists 
of 2 main components or subsections   the Mineral 
Deposits Subsection and the Field Services Subsec 
tion.

The Field Services component primarily involves 
the co-ordination and delivery of the Resident Geolo 
gist Program (RGP) throughout the province, and the 
direct supervision of the RGP in the Timmins and 
Kirkland Lake Resident Geologist districts.

The Mineral Deposits Subsection is dedicated to 
the investigation of various mineral and elemental 
commodities (e.g., rare earth elements, platinmum 
group elements, diamond, base and precious metals), 
and their geological settings.

The studies conducted by the staff of the Mineral 
Deposits Subsection are designed to augment those 
data produced by other sections of the OGS, (e.g., 
Precambrian and Sedimentary and Environmental 
Geoscience sections), as well as other agencies (e.g., 
Geological Survey of Canada) and educational institu 
tions (e.g., Laurentian University).

The Mineral Deposits Subsection has embarked on 
several very interesting and challenging projects this 
past field season. They range from regional multi- 
disciplinary studies in conjunction with colleagues 
from the other sections within the OGS (e.g., 
Shebandowan base metal mineralization), to multi- 
year, province-wide investigations on several 
commodity types within selected geological environ 
ments, including sediment-hosted base metal deposits, 
granite-related ecomonic mineralization, and prov 
ince-wide diamond potential. In addition, 2 theses have 
been initiated at Laurentian University under the aus 
pices of the OGS-Laurentian University Mapping 
School.

The following briefly summarizes the various 
projects reported in this volume that are currently being 
conducted by, or in association with, the Mineral 
Deposits Subsection, as well as brief reports on the 
activities within the Timmins and Kirkland Lake Resi 
dent Geologist districts.

Provincial Kimberlite Study
R.P. Sage commenced a study on kimberlite in On 
tario, designed to provide an accessible data base for 
the minerals industry on which to build its future 
exploration efforts. The first phase of this project, 
focussed in northern Ontario, involves collecting as 
much data on the subject as possible, including 
kimberlite samples for geochemical evaluation and the 
establishment of a reference material collection.

Shebandowan Greenstone Belt
C.E.C. Farrow began the first year of a two-year project 
that focusses on base metal sulphide and precious 
metal mineralization within the Shebandowan 
greenstone belt in northwestern Ontario. The study 
will investigate and document the characteristics of 
statigraphically controlled and intrusion-hosted min 
eralization.

Umfreville-Separation Lakes Area
The Umfreville-Separation lakes area is the focus of a 
multi-year, comprehensive geoscientific study that 
includes surficial and bedrock mapping of the 
greenstone belt(s) and surrounding granitoid com 
plexes, gravity profile surveys, and rare-element 
pegmatite and metasedimentary-hosted sulphide min 
eralization investigations.

During the 1993 field season, C.E. Blackburn and 
J.B. Young completed the final year of a two-year, 
1:15 840 scale bedrock mapping project of the Separa 
tion Lake greenstone belt. This year, their efforts 
concentrated on the belt's eastern portion.

G.P. Beakhouse conducted 1:50 000 scale bed 
rock mapping of the dominantly granitoid and 
high-grade, migmatite gneissic terrain within the 
Werner-Bug lakes area, located approximately 80 km 
north-northwest of Kenora and adjacent to the Mani 
toba-Ontario border. This geological environment hosts 
a variety of metallogenically diverse sulphide occur 
rences and past producing mines.

Metasediment-hosted Base Metal 
Mineralization

J.R. Parker investigated the Bug Lake copper occur 
rence (English River) as part of a five-year study on
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Archean sediment-hosted base metal mineralization in 
the metasedimentary subprovinces of Ontario. During 
the inaugural year of this project, Mr. Parker also 
examined zinc occurrences in Hurdman (Opatica) and 
Pense (Pontiac) townships in northeastern Ontario, 
reporting on the mineralization, rock-type association, 
alteration and structural considerations at each 
location.

Granite-related Mineralization
F. W. Breaks commenced a study designed to examine 
and evaluate the economic possibilities of various 
types of granite-related mineralization within the Su 
perior craton of Ontario. The first year of this five-year 
initiative focussed on the Raleigh Lake and Separation 
Lake areas, where 2 new rare-element pegmatite fields 
were found to host interesting, and possibly signifi 
cant, lithium, tantalum and tin mineralization.

Abitibi Greenstone Belt
G.M. Siragusa continued his documentation of prop 
erty-scale descriptive features of gold occurrences 
and/or deposits in the Timmins area. This year, his 
investigations focussed on the Clavos and Montclerg 
deposits and St. Andrew Goldfields Ltd. Stock Town 
ship Mine in Stock and Taylor townships.

S.L. Fumerton completed the second year of a 
three-year Canada-Ontario Northern Ontario Devel 
opment Agreement (NODA) project designed to 
document mineral occurrences and deposits within the 
Swayze greenstone belt, the data of which are to be 
released in a digital format. The study area encom 
passes 78 townships southwest of Timmins. 
Approximately 194 of an estimated 300 occurrences 
and/or deposits have been documented as of the end of 
August, 1993.

L.E. Luhta, P.J Sangster and D.M. Draper report 
on the exploration and mining activities within the the 
Timmins Resident Geologist's District. Highlights in 
clude the activities of Placer Dome Inc. at their Dome, 
Paymaster and Detour Lake mines, the exploration for 
gold beneath the City of Timmins by the TimGinn 
Syndicate, the discovery of significant zinc minerali 
zation in Godfrey Township by Moneta Porcupine 
Mines Inc., and the diamond exploration activity within 
the James Bay lowlands, spearheaded by KWG Re 
sources Inc. and Blue Falcon Mines Ltd.

G. Meyer and D. Guindon report on the explora 
tion and mining activities within the Kirkland Lake

Resident Geologist District. Highlights include the 
mine development work currently being conducted by 
Hemlo Gold Mines Inc. at their joint-ventured Light 
ning Zone gold property in Holloway Township with 
partners Freewest Resources Inc. and Teddy Bear 
Valley Mines Limited, and the mine development of a 
recently discovered gold zone at American Barrick 
Resources Corporation's Holt-McDermott Mine. An 
Ontario Prospectors Assistance Program assisted new 
gold discovery in Carr Township by prospector G.E. 
Parsons is the focus for recommendations for gold 
exploration in the Matheson area.

Sudbury Igneous Complex
Investigations on the geology and geochemistry of the 
sublayer rocks of the Sudbury Igneous Complex (SIC) 
were initiated during the 1993 field season by staff of 
the Ontario Geological Survey (OGS), and through co 
operative efforts between the OGS and graduate students 
and staff from Laurentian University (LU).

P.C. Lightfoot (OGS), assisted by K.P. Farrell 
(LU), began a geochemical study on the inclusion-rich 
sublayer rocks associated with the copper-nickel sul 
phide ores of the Sudbury basin. The 1993 field work 
concentrated on 1) an embayment environment at the 
base of the Sudbury Irruptive (Whistle Mine), 2) a 
radial offset (the Parkin Offset), 3) a concentric offset 
(the Manchester Offset), and 4) a regional study of the 
variation in sublayer and inclusion geology.

M. More (LU), with assistance from P.C. Lightfoot 
(OGS) and R.R. Keays (LU), commenced a graduate 
thesis investigation on the footwall pyroxenite- 
peridotite body at Falconbridge Limited's Fraser Mine. 
This study is designed to expand on the ultramafic 
body's petrological and geochemical data base, and to 
test whether the ultramafic inclusions in the (SIC) 
sublayer were derived from an older footwall ultramafic 
source.

K.P. Farrell (LU), with assistance from P.C. 
Lightfoot (OGS) and R.R. Keays (LU), began a gradu 
ate thesis study on ultramafic inclusions in the SIC 
sublayer at Inco Limited's Whistle Mine. The project 
is designed to determine the source of the inclusions 
relative to the source for the copper-nickel sulphide 
mineralization, and to test for a genetic relationship 
between the inclusions and the SIC sublayer and/or 
Main Mass.
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14. Project Unit 92-03. Werner-Bug Lakes Area: 
Base Metal Mineralization in a High-grade 
Metasedimentary Terrane

G.P. Beakhouse
Mineral Deposits and Field Services Section, Ontario Geological Survey

INTRODUCTION

The Werner-Bug lakes area is located approximately 
80 km north-northwest of the town of Kenora and is 
adjacent to the Manitoba-Ontario provincial boundary 
(Figure 14.1). Work carried out during the summer of 
1993 represents the second year of a multiyear, 
multidisciplinary project designed to re-evaluate the 
geology and mineral potential of the Werner-Separa- 
tion lakes area. The results reported here are based on 
1:50 000 scale bedrock mapping of a portion of the 
project area that is dominantly underlain by granitoid 
and high-grade, migmatitic gneisses that enclose an

assortment of metallogenetically diverse sulphide oc 
currences. Other projects constituting part of this 
exercise include: detailed mapping of the Precambrian 
bedrock of the Separation Lake greenstone belt 
(Blackburn et al. 1992; Blackburn and Young, this 
volume), a detailed investigation of mineralization at 
Bug Lake (Parker, this volume), evaluation of rare 
metal pegmatite mineralization (Breaks, this volume) 
and mapping of Quaternary deposits (Morris 1992, this 
volume).

High-grade migmatitic terranes of the type de 
scribed here have received far less attention, both in

Granitoid rocks (unsubdivided) Metasedimentary rocks 
and derived migmatites

Figure 14.1. Location map of study area.
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terms of geological investigation and mineral explora 
tion, than lower-grade greenstone terranes. The 
Werner-Bug lakes area represents something of an 
anomaly in terms of the extent and significance of 
sulphide mineralization in such a terrane. Past produc 
tion from the area includes that from the Gordon Lake 
Mine (l 632 216 tons milled with a recovery grade of 
0.7896 Ni, 0.4196 Cu and 0.026 ounce Pd per ton) and 
the Werner Lake cobalt mine (143 386 pounds Co, 
mostly from high-grade hand-cobbed ore). In addition, 
reserves of approximately l 000 000 tons grading l .296 
Ni and 0.5 96 Cu are reported for the Norpax occurrence 
(Parker et al. 1992). The sulphide mineralization is also 
somewhat unusual in terms of diversity and associa 
tions of metals; nickel, copper, platinum group elements 
(PGE), cobalt, zinc, lead, vanadium, molybdenum, 
gold and silver are all reported to be present in various 
combinations in the known occurrences. The area also 
has a potential to host rare metal and uraniferous 
pegmatite deposits.

Objectives
The aim of this project is twofold. Firstly, to decipher 
the geology of the map area in order to provide a 
framework within which the occurrences can be evalu 
ated and, secondly, to consider the implications for 
mineral exploration both within the map area and in 
other areas perceived to have limited mineral potential 
and representing similar geological environments.

GENERAL GEOLOGY

The area examined in 1993 lies within and along the 
southern margin of the English River Subprovince. A 
narrow mafic metavolcanic unit occurring in the south 
western part of the area (Figure 14.2) represents the 
attenuated eastward extension of the Bird River 
greenstone belt and may represent part of a narrow 
septum that connects it with the Separation Lake 
greenstone belt.

Migmatite Assemblage
The migmatite assemblage is comprised of a number of 
components that can, with varying degrees of confi 
dence, be identified as having originated as bedded 
(sedimentary or tuffaceous) rocks as well as a 
peraluminous granitoid component that is interpreted 
to originate through the in situ partial melting of the 
metasedimentary component. These components are 
described individually.

"NORMAL" GNEISS

The dominant supracrustal component of the gneissic

assemblage (hereafter informally referred to as normal 
gneiss), both within the map area and regionally through 
out the English River Subprovince (Breaks 1991), is a 
feldspar * quartz + biotite   garnet   cordierite gneiss. 
Commonly, this variety has alternating layers of finer 
grained (0.5 to l mm) granoblastic material and coarser 
grained (l to 2 mm) porphyroblastic material, with the 
latter having a higher proportion of garnet and biotite. 
These layers are interpreted to reflect primary 
interbedding of wacke and finer grained, more clay- 
rich siltstone/shale deposits. The reversal of grain size 
is a consequence of differential metamorphic 
recrystallization.

MAFIC GNEISS

Mafic gneiss is composed of plagioclase 4- amphibole 
± biotite   quartz, with colour index ranging from 20 to 
50. This component is widespread as a minor compo 
nent in normal gneiss where it occurs as thin (less than 
20 cm thick) layers within original wacke-siltstone 
and, in these cases, can be interpreted to represent 
original beds of mafic sediment or tuff. Elsewhere it 
occurs as thin (less than 100 m thick), mappable units 
that may, or may not, have preserved bedding or minor 
interlayered normal gneiss. In the absence of these 
features, the origin of the mafic gneiss is problematical.

QUARTZ-MICROCLINE GNEISS

Quartz-microcline gneiss was originally distinguished 
from normal gneiss on the basis of higher quartz 
content and lower colour index (Blackburn et al. 1992). 
Subsequent thin section examination has revealed these 
rocks to be composed of quartz and microcline with 
very little plagioclase feldspar. These rocks are a local, 
minor component of the gneissic assemblage in the 
area investigated in 1993.

POLYMICTIC CONGLOMERATE

Polymictic conglomerate, composed of pebbles and 
cobbles (medium-grained, granodioritic to tonalitic 
plutonic, mafic to felsic volcanic, and vein quartz 
clasts) in a pelitic matrix and interbedded with minor 
sandy beds, occurs in several outcrops on the west 
shore of Ryerson Lake and several hundred metres 
north of the mafic metavolcanic unit. A second prob 
able conglomerate occurs on the point on the west 
shore of Gordon Lake but is strongly deformed.

PERALUMINOUS GRANITOID ROCKS

Medium-grained, equigranular to coarsely pegmatitic, 
peraluminous granodiorite to granite is a widespread
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and abundant component of the gneissic complex. The 
peraluminous character is inferred from the wide 
spread occurrence of garnet and cordierite, biotitic 
schlieren and variously digested pelitic 
metasedimentary inclusions. These rocks typically 
occur as stromatite veins parallel to foliation and 
primary bedding and often have mafic (biotite   gar 
net) selvages. These rocks are interpreted to originate 
through the partial melting of the metasedimentary 
gneiss components of the migmatite assemblage.

Metavolcanic Rocks
Mafic metavolcanic rocks are a very minor component 
of the map area and are restricted to the southwestern 
part of the area investigated, where they occur in a 
narrow septum that represents the eastward extension 
of the Bird River greenstone belt in Manitoba. South of 
Ryerson Lake, this unit includes massive and banded 
amphibolite; on several outcrops the banding in the 
latter is interpreted to represent highly flattened pillow 
structures. A small metasedimentary gneiss unit illus 
trated as lying to the south of the mafic unit on earlier 
compilation maps (Ferguson et al. 1970) is reinter 
preted here as mylonitized felsic plutonic rock.

Granitoid Rocks
Granitoid rocks, in addition to the peraluminous 
granitoid rocks that are a component of the migmatite 
assemblage, are abundant. Medium-grained, 
equigranular to microcline-megacrystic biotite 
granodiorite occurs as relatively homogeneous, sill- 
like units up to l km thick within the migmatite 
assemblage and may be transitional into the 
peraluminous granites. The southern part of the area 
mapped in 1993 is predominantly underlain by a large 
granitoid complex that has been referred to as the 
Maryjane Lake batholith (Cerny et al. 1981). The 
northern portion of this batholith is heterogeneous with 
foliated granodiorite to tonalite phases dominant and 
locally abundant granitic and quartz dioritic phases. 
Textures range from massive to gneissic and locally (at 
the northern contact with the migmatite assemblage) 
mylonitic. The southern part of the batholith is more 
uniform, with a massive to weakly foliated, relatively 
homogeneous biotite granodiorite to granite predomi 
nant. Foliated tonalite to granodiorite at Wilson Lake, 
in the northern part of the map area, is similar to rocks 
occurring in the northern part of the Maryjane Lake 
batholith.

Pegmatitic rocks are associated with most of the 
plutonic suites discussed above and, with the exception 
of the aluminous minerals associated with the 
peraluminous suite, exhibit simple mineralogies.

Uraniferous pegmatites reported along the north shore 
of Davidson Lake were found to be not particularly 
radioactive, but contain up to 196 molybdenite and 
pyrite. A granitic pegmatite intruding the Ryerson 
Lake conglomerate occurrence described above con 
tains abundant, large biotite books, tourmaline and 
minor amounts of a blue-green mineral suspected to be 
apatite.

Ultramafic Rocks
Ultramafic rocks are a volumetrically minor but eco 
nomically significant rock type in the Werner-Bug 
lakes area. Numerous small ultramafic pods occur 
along a linear, easterly trending fault zone extending 
from near the Manitoba border to the Rex Lake area. 
These units weather recessively and are generally 
unexposed or very poorly exposed. The largest of these 
ultramafic bodies is a variously altered peridotite that 
hosts a significant nickel-copper-PGE deposit at Gordon 
Lake (Scoates 1972). Many of the small ultramafic 
pods that are exposed are highly altered and have the 
form of tectonic inclusions. Ultramafic rocks also 
occur as small (less than 4 m2) tectonic inclusions 
within the migmatite assemblage. These occurrences 
do not have any apparent relationships to major faults 
and none are known to contain significant sulphide 
mineral concentrations. The relationship of these 
ultramafic units to those associated with the fault zone 
is unknown.

Anorthosite is restricted to the Bug Lake area, 
where it occurs as a narrow (less than 100 m thick) unit 
that can be traced for several kilometres along the 
western contact of the mafic gneiss unit.

STRUCTURE

The structure of the area is dominated by relatively 
massive granitoid batholiths with east-trending long 
axes enveloped by prominently anisotropic rocks of 
the migmatite assemblage. The strongly anisotropic 
nature of the migmatite assemblage is due to the 
concordance of 1) primary bedding, 2) stromatitic, 
pegmatitic granitoid layers, and 3) mineral foliation. 
Throughout most of the area, the migmatite assem 
blage is characterized by easterly strikes, moderate to 
steep (600 to 850) dips to the north and, locally, north 
west-plunging elongation and mineral lineations. Tops 
from graded bedding in one outcrop indicate younging 
to the north but it is not possible to evaluate the possible 
repetition of stratigraphy by isoclinal folding or 
faulting.

Numerous prominent lineaments in the area may 
represent faults but these are, for the most part, parallel 
to layering and there is no apparent offset. Two linea-
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ments are interpreted as faults based on the presence of 
mylonitic textures. The northern contact of the Maryj ane 
Lake batholith with the gneissic assemblage has lo 
cally developed mylonitic textures over narrow widths 
in the vicinity of Reynar Lake. The documentation of 
a fault has implications for mineral exploration, since 
the lineament reflecting this fault is coincident with a 
number of sulphide occurrences lying to the east. 
Mylonitic textures are also present at the southern 
contact of the mafic volcanic septum, suggesting a 
possible faulted contact between the Bird River and 
Winnipeg River subprovinces.

ALTERATION

The local development of unusually abundant garnet 
and/or cordierite, sometimes with associated biotite or

amphibole, is interpreted to represent metamorphosed 
alteration zones that may have relevance to mineral 
exploration. Most of the occurrences of this type of 
alteration occur along the northern contact of the mafic 
gneiss unit that hosts most of the sulphide occurrences 
and some appear to be spatially associated with the 
mineralization itself. Although minor amounts of gar 
net and cordierite are present regionally as a 
consequence of the metamorphism of pelitic 
metasedimentary rocks, their abundance in these zones 
(locally approaching 10096) suggests that they must 
represent either a very unusual primary composition or 
that they have undergone extensive alteration. The 
occurrence of abundant garnet and/or cordierite in both 
normal and mafic gneiss and local discordance with 
respect to stratigraphy suggests that the latter is the 
preferred interpretation. Estimated modes of alteration

Table 14.1. Summary of lithologic associations, alteration and metallogeny of sulphide occurrences in the Werner-Bug lakes area. Information on 
metals present is compiled from the Resident Geologist's files, Kenora, with minor changes based on observations made by the author.

Occurrence Associated Lithologieskc Metals'

Almo Lake area
Norpax (A)1 mafic gneiss, pegmatite, ultramafic, qv Ni,Cu

Western Werner Lake area
Werner Lake cobalt-west (B)' 
Werner Lake cobalt mine (C)1 
Au Werner Lake cobalt-east (D)'

mafic gneiss, ultramafic, gt-bio schist, pegmatite, qv {gt} Co, Cu
normal gneiss, mafic gneiss, gt-bio schist, pegmatite, qv {gt} Co, Cu, Mo, Mi?,
gt-bio schist, ultramafic, granodiorite, pegmatite, mafic gneiss {gt} Co, Cu, Ni, Pd, Pt

Gordon - eastern Werner Lakes area
Gordon Lake Mine (E)8

Rexora-Small Lake (F)1

Rexora no.5 (G)1

Werner Lake nickel prospect (H)*

mafic gneiss, ultramafic, pegmatite {gt-ct} 

mafic gneiss, ultramafic (poorly exposed) 

mafic gneiss, ultramafic, bio schist (poorly exposed) 

ultramafic (poorly exposed)

Ni, Cu, Pd, Pt, Rh, Ir, 
Au, Ag, Co, Cr 
Ni, Cu, Cr, Pd, Pt

Ni, Cu, Pd, Pt 

Cr, Zn, V, Ni

Rex Lake area
Dome no.4 (I)'

unnamed (K)'
Fortune Lake (L)"
Quebec Nickel-Rex Lake (M)'
Eastern Mining-Rex Lake (N)'
Fredrick Mining no.2 (O)'

not examined 
not examined 
not examined 
not examined 
not examined 
not examined 
not examined

V, Pb, AgDome no.l (J)'
Cu, V, Pb, Zn, Ag, Au
Cu
Cu, Ni
Cu, precious metals, Pb
Cu, precious metals, Ni
Au

Bug Lake area
North (P)' 
Perkins (Q)' 
Bug Lake (R)' 
unnamed (S)'

mafic gneiss, bio schist, pegmatite {gt-ct} 
mafic gneiss, pegmatite {gt-ct-mag, gt-amp} 
mafic gneiss {gt-ct-amp} 
mafic gneiss, pegmatite {ct-gt}

Cu, Mo 
Cu 
Cu 
Cu

Abbreviations: gt * garnet, ct * cordierite, bio - biotite, mag * magnetite, amp - amphibole, qv * quartz veins.

1 letters are keyed to locations in Figure 14.2 
b lithologies in bold type have been observed to host mineralization 
c alteration assemblages at or near the occurrence are bracketed in italics 
" elements in bold are predominant or abundant
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zones vary considerably from location to location and 
even within individual alteration systems. For exam 
ple, a large alteration zone exposed on the east shore of 
the bay along the south shore of Reynar Lake is 
comparatively uniform (70 to 9096 garnet, O to 1096 
cordierite), whereas that at Bug Lake displays consid 
erable modal diversity (10 to 7096 garnet, 10 to 10096 
cordierite, O to 4096 amphibole, O to 2596 biotite).

MINERALIZATION

Numerous base and precious metal occurrences occur 
in a linear zone(s) extending from near the provincial 
border, through the Werner-Gordon lakes area and 
into the Rex-Bug lakes area (Resident Geologist's 
files, Kenora). Occurrences at the western and eastern 
ends of this zone were examined as part of the regional 
mapping program. The lithologic associations, associ 
ated alteration and metals present in selected mineral 
occurrences are summarized in Table 14.1. The fol 
lowing points may be relevant to the genesis of these 
sulphide occurrences:
1. The sulphide occurrences define a linear zone that 

is approximately parallel to stratigraphy.
2. At the western end of the zone, the occurrences are 

within a fault zone. Further investigations will 
address the eastward extension and possible bifur 
cation of this fault zone.

3. All of the occurrences examined to date occur 
within a mafic gneiss unit.

4. Some of the occurrences exhibit a close spatial 
association with ultramafic rocks, but ultramafic 
rocks occur in very minor quantities or are not 
evident at other occurrences, even in some cases 
where metal ratios are suggestive of such an 
association.

5. Distinctive garnet-cordierite alteration assemblages 
occur along the north side of the mafic gneiss unit 
and are associated with many of the sulphide 
occurrences.

6. Although there is a general trend from nickel- 
copper-PGE dominated mineralization in the west 
to copper-dominated mineralization in the east, as 
a group, these occurrences display a remarkable 
diversity of metal associations. Some of the metal

associations reported (e.g., cobalt-molybdenum, 
vanadium-lead-zinc-silver) are unusual and re 
quire further investigation.

7. Mineralization occurs in a wide variety of rock 
types including ultramafic rocks, garnet-biotite 
schist, mafic gneiss, pegmatite and quartz veins.

These observations suggest that there may be more 
than one type of sulphide deposit within a geographi 
cally restricted zone that displays a general geological 
similarity along its length. The presence of nickel- 
copper-PGE mineralization in pegmatites and quartz 
veins adjacent to ultramafic bodies and the coexistence 
of cobalt and molybdenum in other deposits suggest 
that individual deposits may have a complex history 
involving remobilization and multiple episodes of 
mineralization. Exploration for new occurrences in 
this and similar terranes must apply simple mineral 
deposits models with caution and consider these poten 
tial complexities.
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INTRODUCTION

During the summer of 1993, field work continued on 
the second and final y ear of the 1:15 840 scale mapping 
of the Separation Lake greenstone belt. The mapping 
of this area (Figure 15.1), bounded by long. 94008' and 
94046'W and lat. 500 11' and 50022'N, is part of a 
multiyear project, commenced in 1992 (Blackburn et 
al. 1992), to map the broader Umfreville-Separation 
lakes area at scales from 1:15 840 to 1:50 000.

In 1992, mapping was carried out over the western 
part of the belt only, from the west end of Separation

Lake to Umfreville Lake (Figure 15.2). Mapping was 
extended eastward to Helder Lake in 1993, and further 
mapping was conducted over the area west of Separa 
tion Lake.

Descriptions of means of access, regional geologic 
setting and mineral exploration previously conducted 
in the Separation Lake greenstone belt and adjacent 
granitic and migmatitic rocks were presented in the 
1992 summary statement (Blackburn et al. 1992). No 
further exploration has been conducted in the greenstone 
belt.

5)':.: UCHI : ; : :: :: : ; 

 : SU8PROVINCE

Granitoid rocks (unsubdivided) Metasedimentary rocks 
and derived migmatites

Figure 15.1. Location map of the study area.
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GENERAL GEOLOGY

Metavolcanic rocks occur discontinuously along the 
English River-Winnipeg River subprovincial bound 
ary from the Ontario-Manitoba border in the west to 
western Lac Seul in the east, a distance of about 100 
km. They may represent the eastern extension of the 
Bird River greenstone belt in Manitoba. The Separa 
tion Lake greenstone belt is the largest segment, 
extending from the east shore of Umfreville Lake to 
Helder Lake, a distance of 45 km, with a maximum 
width of 5 km.

In the following accounts of lithologic units, em 
phasis is placed on augmenting or revising observations 
made in 1992 (Blackburn et al. 1992), and the reader is 
referred to that report for further details.

Metavolcanic Rocks

All metavolcanic rocks are metamorphosed to at least 
lower amphibolite facies. The bimodal sequence com 
prising predominant mafic flows and subordinate felsic 
pyroclastic rocks is confined to the western part of the 
greenstone belt: the felsic tuffs and lapilli-tuffs that 
overlie mafic pillowed and massive flows west of 
Separation Lake pinch out to the east along the English 
River Road.

Between Separation Lake and Helder Lake, 
pillowed flows, typical of the mafic metavolcanic 
sequence, are mostly intensely deformed, such that top 
determinations are not possible. To the east, the belt 
becomes increasingly fragmented by granitoid intru 
sions, but in the absence of evidence to the contrary, it 
is assumed that the sequence faces homoclinally north, 
as in the western part of the belt. This conclusion is 
supported by the distribution of iron formation only 
along the south side of the belt in the vicinity of Helder 
Lake.

The abundant garnet found in mafic metavolcanic 
rocks west of the English River, suggestive of 
hydrothermal alteration prior to metamorphism, was 
not found between Separation Lake and Helder Lake.

Gabbroic rocks that may be synvolcanic intrusions 
or more likely thick parts of mafic flows occur discon 
tinuously along the length of the greenstone belt, from 
the Separation Narrows anticline in the west to Helder 
Lake in the east, and may define l stratigraphic level. 
They also occur in the mafic enclave east of Fiord Bay, 
suggesting correlation of the enclave with the main part 
of the Separation Lake greenstone belt. Their close 
association with iron formation units is further dis 
cussed below.

Metasedimentary Rocks

Chemical metasedimentary rocks, in the form of mag 
netite-bearing iron formation, occur discontinuously 
within mafic metavolcanic rocks in the eastern exten 
sion of the Separation Lake greenstone belt. There is, 
however, a pattern to their distribution that suggests 
their continuity with iron formations that occur at 2 
stratigraphic levels west of Separation Lake: a lower 
unit in the core of the Separation Narrows anticline and
2 upper units that lie below and above a conformable 
gabbro. The lower unit, although within rather than at 
the base of the mafic sequence, may be correctable 
with iron formation members that lie discontinuously 
along, or close to, the base of the mafic metavolcanic 
sequence from Separation Lake to Helder Lake in the 
east. Abundant amphibolide rafts and hybrid dioritic 
rocks indicate that the base of the mafic sequence has 
been invaded by granitoid rocks of the Winnipeg River 
Subprovince eastward from Separation Lake. The 2 
upper units may be correctable with similarly dis 
posed remnants within the mafic sequence, in that they 
are separated by either mafic flows or, in l case, by 
gabbro. Two iron formation units separated by gabbro 
also occur in the mafic enclave east of Fiord Bay, thus 
suggesting their correlation with the 2 upper units in 
the main part of the belt.

The polymictic conglomerate that directly overlies 
the metavolcanic sequence extends eastward from the 
English River a distance of 12 km, where it pinches out 
along the English River Road. Facing directions ob 
tained from cross-bedded sandstone beds confirm that 
the conglomerate overlies the metavolcanic sequence. 
Remnants of polymictic conglomerate occur in at least
3 places within the mafic metavolcanic rocks east of 
the northeast bay of Separation Lake. Other remnants 
of polymictic conglomerate occur in at least 4 places 
within the migmatites to the north of the belt.

The narrow unit of feldspathic arenite and wacke 
toward the top of the mafic metavolcanic rocks that 
was mapped over a possible, but discontinuous, strike 
length of 12 km in the western part of the belt does not 
extend eastward more than 1.5 km of the English River 
Road. It may be at the same stratigraphic level as the 
conglomerate remnants within the mafic metavolcanic 
rocks discussed above and, if so, could indicate a hiatus 
in mafic volcanism at that level.

Migmatites and Granitoid Rocks 
of the English River Subprovince
Continued mapping of migmatites and associated gra 
nitic rocks north of the greenstone belt has better 
defined the spatial relationship between the two and the
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Figure 15.2. Western Separation Lake greenstone belt: general geology and mineral occurrences.

derivation of the granites by melting of predominantly 
sedimentary rocks. The granitic component of the 
migmatites ranges from 5 to more than 75 96 and 
commonly contains garnet. Where the remnant sedi 
mentary component is low, the granitic component 
commonly is characterized by l to 5 cm clots of biotite 
and quartz, plus or minus garnet. Mappable bodies of 
resultant "clotty" granite occur marginal to the 
greenstone belt and in elliptical masses like the one east 
of the Umfreville Road.

The pegmatitic granites that intrude the Separation 
Lake greenstone belt along the English River are de 
rived from the fractionation of magmas produced by 
the melting of English River Subprovince sediments 
and, as such, may be considered part of that subprovince. 
Beryl has long been known to occur in these pegmatites,

but other rare-element-bearing minerals have recently 
been recognized in these rocks (Breaks, this volume).

Granitoid Rocks of the 
Winnipeg River Subprovince
Continued mapping of granitic rocks south of the 
greenstone belt has better delineated 2 areas, west and 
east of Fiord Bay. The western area is characterized by 
a single phase of medium- to coarse-grained to 
megacrystic granite; whereas, the eastern area is com 
posed of at least 2 and probably more granitic phases, 
and abundant amphibolitic rafts and hybrid dioritic 
rocks. The lithologic complexity of the latter area is 
indicative of the invasion of the greenstone belt by 
granitic magma and the partial assimilation of mafic 
metavolcanic rocks. The large (4 by l km) mafic
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Mafic metavolcanic rock* 
(pillowed and massive flows)

Felsic metavolcanic rocks
(tuff, lapilli tuff) 

Chemical metasedimentary rocks
(magnetite iron formation, chert) 

Metasedimentary rocks
feldspathic arenite and wacke

garnet— staurolite— bearing member
polymictic conglomerate 

Gabbro

Granitic intrusive rocks
7 a garnet-bearing "clotty" granite

8 Migmatites

Mineral symbols
Au-gold
Cu-copper
gf-graphlte

s-sulpnide zones
U-uranium 

Zn-zinc 
Be-Beryl

S.N.A.-Separation Narrows anticline

Figure 15.2. Western Separation Lake greenstone belt: general geology and mineral occurrences.

enclave east of Fiord Bay is the largest of a number of 
remnants of the greenstone belt in this area.

STRUCTURAL GEOLOGY
Mapping in 1992 suggested that an east-trending line 
ament, which is in part defined by the Selwyn Lake 
fault, conveniently divided the mapped area in two. To 
the south of the lineament, supracrustal sequences 
were found to face homoclinally northward, except at 
Separation Lake, where broad folding about the Sepa 
ration Narrows anticline was defined by 
magnetite-bearing iron formation units. To the north 
of the lineament, mafic amphibolites interpreted to be 
derived predominantly from mafic volcanic rocks were 
found to be folded about the broad, steeply to moder 
ately westerly plunging Paterson Lake antiform.

Mapping in 1993 indicates that the general pattern 
of a homoclinal supracrustal sequence south of the 
lineament probably holds true in the extension of the 
greenstone belt east-northeastward to Helder Lake, 
and that no other broad folds were delineated east of the 
Separation Narrows anticline. However, the large 
mafic enclave east of Fiord Bay is a remnant of the 
Separation Lake greenstone belt and, as such, provides 
important clues to the tectonic history of the belt: the 
presence of a conformable gabbro body, margined by 
iron formation on both sides, suggests correlation with 
the similar gabbro-iron formation association in the 
Separation Narrows anticline. A pronounced north 
east-trending lineament, extending along Fiord Bay, 
across Separation Lake and into the northeast bay of 
the lake, may be the trace of a fault which would lie 
along, and possibly attenuate, the common limb of a

71



Mineral Deposits and Field Services Section (15)

fold couple that would include the south limb of the 
Separation Narrows anticline and the mafic enclave.

Within the main part of the greenstone belt, defor 
mation intensity increases from south to north across 
the width of the belt (see Blackburn et al. 1992), 
culminating at the contact of the belt with 
metasedimentary migmatites ascribed to the English 
River Subprovince. This migmatite-greenstone belt 
contact is abrupt, suggesting a fundamental structural 
break: nonmigmatized polymictic conglomerates im 
mediately overlying the metavolcanic rocks are in 
sharp contact with metasedimentary migmatites that 
lie to the north. However, this distinction between 
migmatized and nonmigmatized rocks becomes less 
evident as the belt is traced eastward to Helder Lake.

The English River-Winnipeg River 
Subprovincial Boundary
It has generally been recognized that the Separation 
Lake greenstone belt lies along the boundary between 
the English River and Winnipeg River subprovinces, 
although it has been included within both subprovinces 
by different workers (Sanborn-Barrie 1988; Breaks 
and Bond 1993). A number of observations lead to the 
conclusion that the greenstone belt lies mostly within 
the Winnipeg River, but that the part north of the 
Selwyn Lake fault is within the English River 
Subprovince:
1. The English River Subprovince is characterized by 

a sedimentary assemblage that has undergone high- 
grade metamorphism up to granulite facies and 
migmatization, with the consequent production of 
anatectic granites.

2. The Winnipeg River Subprovince is characterized 
by plutonic rocks of 2 suites, a sodic and a potassic 
granitoid suite, and greenstone slivers that are 
subordinate but significant in the present context, 
mostly internal to the Subprovince.

3. Migmatization in the Separation Lake area is con 
fined to metasedimentary rocks that lie north of the 
greenstone belt, except in the Paterson Lake 
antiform where mafic metavolcanic rocks have 
been migmatized.

The nature of the Subprovince boundary is thus two 
fold: a primary lithologic difference, and a superposed 
metamorphic and probably structural difference re 
flected in the tectonic history of the 2 subprovinces.

MINERALIZATION
Potential mineral deposits of economic interest in the 
Separation Lake map area include the following: 
l. base metals and gold in sulphide zones of 3 types:

brecciated zones, silicified shear zones and re 
placement zones in iron formation. A fourth pos 
sibility for base metals lies in syngenetic volcanic- 
associated, massive, base metal sulphide (VMS) 
deposits

2. rare metals in alkali granite pegmatites
3. graphite concentrations in metasedimentary 

migmatites
4. uranium in granitic pegmatites

The first 2 commodity types present the most potential, 
and uranium is only of academic interest. The potential 
for rare metals is discussed elsewhere in this volume 
(Breaks, this volume).

The characteristics of the 3 types of sulphide zones 
were discussed in Blackburn et al. (1992) and are 
summarized as follows:
1. brecciated zones: may be unique to the Gauthier 

occurrence at Umfreville Lake, where gold, zinc 
and copper occur in an arsenopyrite-rich zone of 
brecciation within an amphibolite enclave at the 
west end of the greenstone belt

2. silicified shear zones: characteristically near the 
top of the mafic metavolcanic sequence, close to or 
at the transition into felsic metavolcanic rocks, but 
also lower in the same sequence; zinc and copper 
and very low gold concentrations are present

3. replacement zones in iron formation: zinc and 
copper and mostly low gold concentrations occur 
with pyrite and pyrrhotite in magnetite-bearing 
layers in chert-magnetite iron formation

Extensive drilling by Champion Bear Resources 
Limited in the period 1988 to 1991 and subsequent 
detailed assaying of all 3 sulphide zone types showed 
Zn to be common in the range 1000 to 5000 ppm, Cu 
to rarely exceed 1000 ppm and Au to be in the trace to 
tens of parts per billion range, except at the Gauthier 
occurrence where Au was found to be erratically dis 
tributed, but commonly in the tens to hundreds of parts 
per billion range and occasionally up to the 4000 ppb 
range over narrow (l to 2 feet) widths. At the Helder 
Lake occurrence, a replacement zone in chert-rich iron 
formation, base metals are low, while Au assays from 
grab samples were in the tens to hundreds of parts per 
billion range and a few in the thousands of parts per 
billion (6430 ppb, maximum).

The possibility for VMS deposits in the Separation
Lake greenstone belt is most favourable in that part
between Selwyn Lake and the English River, where:
1. The local abundance of garnet in mafic

metavolcanic rocks, and garnet and staurolite in
metasedimentary rocks (see Blackburn et al. 1992)
suggests hydrothermal alteration, possibly
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subseafloor. REFERENCES
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covered to date enhances rather than precludes the Geological Survey, Miscellaneous Paper HI, P.i2-i7. 
possibility of discovery of VMS deposits, since a 
source of these metals was needed. A potential source 
for this epigenetic mineralization may have been a 
syngenetic sulphide concentration.
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16. Project Unit 92-11. Gold Mineralization in the 
Stock and Taylor Townships Area of the Abitibi 
Greenstone Belt

G.M. Siragusa
Mineral Deposits and Field Services Section, Ontario Geological Survey

INTRODUCTION
The 1993 field season marked the second year of a 
three-year study on the description of gold mineraliza 
tion and settings within the Porcupine Gold Camp. 
Figure 16.1 shows the area covered in 1993, as follow- 
up to the project initiated and defined last year (Siragusa 
and Sangster 1992). In addition to Highways 101,577, 
and 11, access within the study area includes a network 
of secondary roads, as well as the Driftwood and Black 
river systems. These roads and waterways were cov 
ered by reconnaissance field work inclusive of traverses 
through localities accessible from roads and rivers. 
Outcrop areas, mapped at the scale of l to 20 000, were 
found only at the localities indicated by the letters A to 
K (Figure 16.2). All of the gold deposits and occur 
rences mentioned here are unexposed due to thick 
Quaternary sedimentary cover. Except for the St. 
Andrew Goldfields Ltd. Stock Township Mine, an 
active gold producer, no exploration work was appar 
ently being carried out in the area during the 1993 field 
season. Malczak (1986) described the St. Andrew 
Goldfields Ltd. Stock Township Mine, the Clavos 
Deposit, and the Montclerg Deposit. Data on all the

deposits and occurrences in Figure 16.2, were com 
piled by Bath (1990), more recently, data on history, 
underground development, geology, and production of 
the St. Andrew Goldfields Ltd. Stock Township Mine 
were summarized by Luhta et al. (1993). For the 
purpose of this Summary, an overview of the gold 
potential of the area as a whole is presented, and field 
observations are integrated with essential data on the 
deposits in an interpretive tectonic context.

GEOLOGICAL MAPPING
The rocks in areas A to F and H (see Figure 16.2) 
comprise: pillowed tholeiites, with pillows that can be 
exceptionally well-preserved (e.g., area C); subordi 
nate cherty rhyodacite and mafic sills (part of area D); 
gabbroic and peridotitic intrusions (area B, and part of 
area A); and dominantly north-trending diabase dikes. 
The facing directions of the pillowed flows in areas C, 
D, and F define a tight syncline with an east-trending 
subvertical axial plane. The flows on the north limb of 
this structure show a moderate gossan (hematite, 
ankerite, minor pyrrhotite) primarily confined to the 
selvage margins of the pillows. The gossan has an

Figure 16.1. Location of the Stock and Taylor townships area, scale 1:1 584 000.
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north, Driftwood

Creek STOCK TWP.

BOND TWP.

KEY 

Approximate outline of outcrop area

' G K Small outcrop single; double

A;B Gold occurrence or deposit; gold mine

s* Study Area

1 CLAVOS DEPOSIT
2 BIRD OCCURRENCES
3 SURVEYMIN OCCURRENCE
4 MONTCLERG DEPOSIT
5 HOLLINGER ARGUS OCCURRENCE

6 ST. ANDREW GOLDFIELDS 
 STOCK TOWNSHIP MINE

7 SHOOT ZONE DEPOSIT

8 PORPHYRY ZONE MINE
9 GLEN AUDEN/ADOLA OCCURRENCE

Figure 16.2. Sketch map showing the area examined in 1993 (inside dashed line). The trace of the Destor-Porcupine Fault Zone (DPFZ) is based on 
unpublished company data, and the trace of the Pipestone Fault Zone (PFZ) is based on Ontario Department of Mines Map 2205 (Pyke et al. 1973). 
The names of the occurrences, deposits, and mines are taken from Bath (1990).

exposed cross-strike width of up to 45 m, and appears 
to intensify close to the contact with an east-trending 
gabbroic sill.

The only metasedimentary rocks of the Porcupine 
Group (Pyke 1982) found in the area occur on the east 
bank of the Driftwood River at the site of the Montclerg 
Deposit (G in Figure 16.2). Here, matrix-supported 
conglomerate is exposed in a main outcrop and smaller 
outcrops north and south of it. The conglomerate south 
of the main outcrop is intruded by fine-grained, weakly 
gossanous, felsic feldspar porphyry; the total exposed 
length of conglomerate and porphyry is about 33 m, the 
southernmost 7 m comprising porphyry only. The 
arenitic matrix of the conglomerate consists of feldspars, 
quartz, white mica, epidote, lesser biotite, and local 
chlorite-rich wispy mottling. The clasts consist of 
felsic intrusive rocks which have an oval to virtually 
circular shape and are up to 60 cm in size, and

(plagioclase) porphyritic andesite which are mainly 
subangular and centimetre- to decimeter-sized. The 
conglomerate and the porphyry are foliated (700 strike, 
700S dip), and their contact is marked by a curviplanar 
array of decimeter-sized convolute plications. The 
north side of the main outcrop is offset by a small fault 
striking 840 and dipping 600N. A metre-thick cherty 
unit occurs in the hanging wall of the fault, adjacent to 
the fault plane. This unit, which may represent a relic 
of chemical sediment interbedded with the conglomer 
ate, or a clast of unusually large size, is deformed by 
east-trending, Z-type plications plunging eastward at 
120 to 160 . These shallow plunges indicate that the 
displacement was almost entirely vertical and north- 
side up, or, in other words, that the fault is a reverse 
fault. A thin layer of fault breccia occurs in the footwall 
of the fault, and north-trending tension-fractures filled 
by (unmineralized) quartz occur on both sides of it.

75



Mineral Deposits and Field Services Section (16)

DRILL LOGS
Records examined at the time of writing include logs of 
diamond drilling on the Clavos Deposit, and logs of 
reverse-circulation (RC) drilling in various localities 
of Stock Township. The logs of the Clavos drilling are 
consistent with a published cross-section of the deposit 
(Malczak 1986, Figure 082-3). The bedrock data 
found in the RC logs suggest that fine-grained 
metasedimentary rocks (greywacke, argillite, slate) 
may be the dominant rock types between the Pipestone 
Fault Zone (PFZ) and the Destor-Porcupine Fault 
Zone (DPFZ), with metavolcanic rocks also being 
present.

SALIENT ECONOMIC DATA
In the area of the Clavos Deposit (Stock and German 
townships) the "...total inferred geological reserves of 
mineralization in all zones, except the original Clavos 
discovery...[were]... 584,000 tonnes at 7.6 gm Au/ 
tonne using a cutoff grade of 3.5 gm Au/tonne over a 
minimum thickness of 2 metres. By using a cutoff of 
2.7 gm Au/tonne over 2 metres and including the 
original Clavos discovery the mineralization increased 
to 1,064,000 tonnes at 5.1 gm Au/tonne." (Canada 
Tungsten Inc. 1993). One of 5 holes (drilling com 
pleted in 1949) on the Bird Occurrences intersected a 
5-foot section averaging 0.18 ounce Au per ton, and 
one of 3 holes (drilling completed in 1981) on the 
Surveymin Occurrence intersected a 14-foot section 
averaging 0.04 ounce Au per ton (Bath 1990, p.1703, 
1704). The reported reserves of the Montclerg Deposit 
are 371008 tons at 0.132 ounce Au per ton (Bath 1990, 
p. 1079). Salient results of drilling (1987) on the 
Hollinger Argus Occurrence comprise a 0.25 m section 
of one hole (STK87-1) averaging l .2 ounce Au per ton, 
and a 0.5 m section of another hole (STK87-3) which 
consisted of quartz containing visible gold, and aver 
aged 1.81 ounce Au per ton (Bath 1990, p.1614; see 
also Timmins Assessment File T-1960). For brevity, 
the St. Andrew Goldfields Ltd. properties at locations 
6,7, and 8 in Figure 16.2, are henceforth referred to as 
the Stock Mine, Shoot Zone, and Taylor Mine, respec 
tively. As of last year, approximately 94 500 ounces of 
gold have been produced from 6 ore zones of the Stock 
Mine (Luhta et al. 1983, Table on p.251). The total 
reserve of the mine is l 255 691 tons grading 0.152 
ounce Au per ton (St. Andrew Goldfields Ltd., 1992 
Annual Report, p.4). The indicated total reserve of the 
Shoot Zone is 2 100 000 tons grading 0.112 ounce Au 
per ton (St. Andrew Goldfields Ltd., 1992 Annual 
Report). In the Taylor Mine area, there is an ore zone, 
known as West Porphyry Zone, which is not currently 
accessed by the present underground workings of the 
mine. The reserves of the Taylor Mine, and West

Porphyry Zone are 316 823 tons grading 0.080 ounce 
Au per ton, and 274 000 tons grading 0.210 ounce Au 
per ton, respectively (St. Andrew Goldfields Ltd., 1992 
Annual Report). Drilling (1986 ?) of the Glen Auden/ 
Adola Occurrence "...intersected anomalous gold ten 
ors (0.06 ounce of gold per ton from a 5 foot core 
section) within green carbonate." (Bath 1990, p. 1432).

TECTONISM AND 
MINERALIZATION
The area includes 3 main unexposed features; the 
DPFZ, the PFZ, and the metasedimentary belt between 
the 2 fault zones (see Pyke et al. 1973). The linear 
distributions of the deposits and occurrences along the 
DPFZ and PFZ indicate that these deep crustal frac 
tures were avenues for transport of gold to the surface. 
The metasedimentary belt is regarded by the author as 
a graben delimited by the 2 structures which were 
originally normal (gravity) faults and, due to subse 
quent tectonism, evolved into the relatively complex 
fracture-systems now represented by the DPFZ and the 
PFZ. The signature of late tectonism is the north-south 
orientation of compressive strain registered by: the 
east-trend of the tight syncline in southern Clergue 
Township; the east-trend and reverse nature of the 
small fault on the Driftwood River; and the east- 
northeast-trend of 3 high-strain subzones (or "breaks") 
of the DPFZ at the Stock Mine. The deposits are 
similar in that they are focused on the fault zones, but 
the nature and setting of the mineralization vary con 
siderably from locality to locality. The 3 settings 
mentioned below appear to represent favourable mod 
els applicable to exploration.

Felsic Relics Setting
This most recurrent setting is typified by the presence 
of the variably deformed felsic relics that, whether 
porphyritic or not, are commonly known as 
"porphyries". These rocks occur along the PFZ (Clavos 
and Montclerg deposits), the DPFZ (Stock and Taylor 
Mines, Shoot Zone) and along the splay of the DPFZ 
known as Night Hawk Break (Siragusa and Sangster
1992). In the N2 Zone of the Stock Mine, large 
volumes of "pyritic porphyry" relics are hosted by 
carbonatized komatiite, and the best ore from this zone 
is in the porphyry itself; non-pyritic phases of this rock, 
which are also present, are not ore (O. Zavesiczky, St 
Andrew Goldfields Ltd., personal communication,
1993). The author's observations (from just below the 
701 sublevel of the mine) indicate that a main asset of 
this rock is a moderate strain-state (i.e., crude foliation, 
fractures) which, where present, enhanced the rock's 
ability to retain mineralizing fluids. This resulted in the
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crystallization of pyrite, which is a good substrate for 
gold precipitation (Puddephatt et al. 1989), and in the 
deposition of free gold along microfractures (sample 
GMS93-15). The carbonatized komatiite hosting the 
felsic relics of the N2 Zone defines a domain which in 
plan is lens-shaped (300 by 100 m) and, as a whole, also 
shows relatively moderate strain; this domain is en 
closed by high-strain anastomosing subzones of the 
DPFZ. The lithologic setting and "porphyry"-hosted 
gold mineralization of the N2 Zone are larger-scale 
equivalents of those of the Night Hawk Break at 
Deadman Island (Siragusa 1992). A key point indi 
cated by the gold distributions in both localities is that 
exploration within this type of setting may be more 
rewarding if aimed at locating domains that are be 
tween, not focused on, high-strain zones.

Quartz Vein Setting
As represented by the West Zone of the Stock Mine, 
this setting comprises abundant quartz veins, some of 
which are straight, southwest-trending, up to approxi 
mately l foot thick, and contain visible gold (Siragusa 
and Sangster 1992). The West Zone is at the contact of 
tholeiitic and komatiitic metavolcanic rocks, and the 
auriferous quartz veins found here constitute the higher 
grade ore produced thus far at the Stock Mine (i.e., 
30 845 tons grading 0.366 ounce Au per ton, Luhta et 
al. 1993). The abundance of quartz veins and the better 
grade of the ore may primarily reflect a localized 
increase in crustal permeability due to the proximity of 
the West Zone to the area where the (southwest- 
trending) Night Hawk Break splays off the DPFZ. 
Other comparable areas where the permeability of the 
crust increased due to fracture-systems (of any trend) 
splicing off or intersecting the DPFZ and PFZ, are 
justifiable exploration targets. Aeromagnetic data 
(OGS 1984a, 1984b) suggest that (former) north- 
trending and west-northwest-trending fracture-systems 
were the loci for intrusion of diabase dikes. At some 
distance from the diabase dikes, however, favourable 
conditions for gold mineralization may still be present.

Sedimentary Setting
Presently available company data on the Shoot Zone 
indicate that: 1) the deposit is adjacent to, and south of 
the DPFZ which strikes 700 and dips to the south at 35 0 
to 450; and 2) the ore consists of a relatively well- 
defined, lens-shaped, unit of siliceous to argillaceous 
sediments which parallels the DPFZ, and in plan, is 
about 1000 by 50 feet in size and was traced to a vertical 
depth of 835 feet. The ore could represent a wedge of 
auriferous sediments that was formerly part of the 
graben, and was subsequently displaced (above the 
graben) by the late tectonism. Such interpretation

implies that the DPFZ is, at least locally, a reverse or a 
thrust fault, an interpretation consistent with the shal 
low dip of the DPFZ in the area of the Shoot Zone. If 
this interpretation is valid, then metasedimentary gold 
mineralization may be present between the PFZ and the 
DPFZ. It should also be noted that, if such mineraliza 
tion exists, it is likely to be less deformed than the ores 
found along the 2 fault zones, as part of the compressive 
strain would almost certainly have been absorbed by 
the strike-slip movement along the 2 fault zones, with 
consequent reduction of the strain propagated across 
the zones.

SYNTHESIS
The Stock and Taylor townships area is attractive for 
gold exploration and development in that it includes: 
1) reasonably well-located segments of Destor-Porcu- 
pine Fault Zone and Pipestone Fault Zone; 2) an active 
gold producer; and 3) ore reserves at different localities 
along the 2 fault zones. Two favourable lithotectonic 
settings include the dominant "porphyry"-komatiite 
association, and auriferous quartz-veins (hosted by 
tholeiitic and komatiitic metavolcanic rocks), the fre 
quency and gold content of which could primarily 
reflect relatively high crustal permeability where the 
Night Hawk Break splays off the DPFZ. A third setting 
consists of auriferous metasedimentary rocks which, 
contrary to what one would expect, occur south of the 
DPFZ and suggests that the DPFZ could, at least 
locally, be a reverse fault. Gathering of Industry- 
contributed information (still in progress at the time of 
writing) includes mining data which give a good in 
sight into the lithologies, structures, strain, and alteration 
that explorationists may expect to encounter along the 
overburden-covered DPFZ and Night Hawk Break.
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INTRODUCTION
The copper-nickel sulphide ores of the Sudbury Basin 
are associated with inclusion-rich Sublayer rocks along 
the outer margin of, and as concentric and outward- 
radiating offset dikes from, the main Sudbury Igneous 
Complex (SIC; Pattison 1979). The silicate rocks of the 
Sublayer provide an unparalleled opportunity to exam 
ine the geochemical signatures of the magma directly 
associated with the mineralization. This summary is a 
report on field studies of the following: 1) an embayment 
environment at the base of the Sudbury Igneous Com 
plex (Whistle Mine), 2) a radial offset (the Parkin 
Offset), 3) a concentric offset (the Manchester Offset) 
and 4) a regional study of the variation in Sublayer and 
inclusion geology.

The primary goal of this project is to identify 
different magmatic facies of the Sublayer based on 
their silicate and sulphide mineralogy and texture and 
inclusion populations. The aim is to understand how 
their compositions are related to each other, the inclu 
sions and the rocks of the main Sudbury Igneous 
Complex. At issue is whether the geochemical signa 
ture of Sublayer rocks and inclusions can be used in 
exploration for mineralization, whether the inclusion 
suites represent eogenetic mafic and/or ultramafic rocks 
and the extent to which disseminated sulphides within 
different Sublayer rocks show fractionation of nickel, 
copper and the platinum group elements (PGE).

The geochemical data collected as part of this 
study may provide a record of Sublayer environments 
which are more likely to host mineralization. Further 
more, nickel, copper and PGE variations in the 
disseminated sulphides are particularly useful in un 
derstanding the predifferentiation composition of the 
magmatic sulphides and may provide an ultimate test 
for the fractionation of the immiscible sulphide liquid 
into dry pyrrhotite 4- pentlandite-rich contact ores and 
wet chalcopyrite-rich footwall ores (Naldrett et al., in 
press). If validated, this will provide a potentially 
powerful tool in exploration, of not only the Sublayer 
environment, but, potentially, of other mafic 
intrusions.

An investigation of the petrology and geochemistry 
of the ultramafic inclusions at Whistle Mine is being 
undertaken by K. Farrell (Farrell et al., this volume), 
and a study of the ultramafic intrusive rocks of the 
footwall Levack Gneiss at Fraser Mine is being under 
taken by M. Moore (Moore et al., this volume). Both 
studies are underway as theses under the umbrella of 
the Ontario Geological Survey-Laurentian University 
Mapping School and will assist in better understanding 
the mineral potential of the footwall environment.

THE WHISTLE MINE EMBAYMENT 
AND PARKIN AND MANCHESTER 
OFFSETS
Two major variants of Sublayer are recognized: igne- 
ous-textured gabbronorites and metamorphic-textured 
leucocratic breccias (Naldrett et al. 1972; Pattison 
1979). Two varieties of Contact Sublayer have been 
distinguished: the xenolithic two-pyroxene 
gabbronorites of the marginal Sublayer and North 
Range offsets and the hornblende-biotite quartz diorites 
of the South Range offsets. These types are recognized 
in the 3 areas which were selected for case studies.

The Whistle Mine (INCO Ltd.) is located in an 
embayment at the northeastern margin of the Sudbury 
Igneous Complex (Figure 17.1) where the Whistle 
Offset and the Main Mass of the SIC join. The 
embayment is about 400 m wide and 300 m deep.

The Sublayer facies include marginal inclusion- 
free basic norite grading into inclusion-rich basic norite 
(Figure 17.2). The basic norite contains segregations 
and/or inclusions of mafic norite; these may be sweat 
pods of coarse-grained Sublayer or inclusions of Main 
Mass mafic norite entrained within the basic norite. At 
the margin of the embayment, there is a fine-grained 
hornfels facies which grades into a very fine-grained 
norite that bears a textural resemblance to the matrix of 
the basic norite. It is not clear whether the hornfels is 
preemptive in age or a fine-grained chilled margin 
facies of the Sublayer. However, it is evident that there 
is considerable variation in grain size within the basic 
norite, and the grain size generally increases away
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Figure 17.1. Sketch map of the Sudbury Igneous Complex showing the distribution of the Contact Sublayer and offsets (after Souch el al. 1969).

from the contact with the Levack Gneiss. Inclusions of 
the finer-grained facies are frequently found within the 
inclusion basic norite. Inclusion basic norite contains 
disseminated to globular sulphides rich in pyrrhotite 
with lesser pentlandite and chalcopyrite.

The main zones of mineralization consist of a 
matrix of either granite breccia or massive pyrrhotite ± 
pentlandite with minor chalcopyrite. These zones are 
rich in inclusions (about 5096 of the rock type), which 
include a range of ultramafic inclusion types (Farrell et 
al., this volume), basic norite inclusions (which in turn 
contain inclusions of hornfels, Levack Gneiss and 
irregular veins of the matrix granite of the granite 
breccia) and fine- to coarse-grained leucocratic norite. 
The sulphide-rich zones are irregular in shape, tend to 
be concentrated close to the margins of the embayment 
(see Figure 17.2), but also within the core of the 
embayment, and are elongated, dipping roughly paral 

lel to the contact of the Main Mass (250 to 300 to the 
southwest).

The Whistle Offset Dike strikes north-northeast of 
the Main Mass, originating in the Whistle Embayment 
at the northeastern corner of the Main Mass. The offset 
narrows rapidly to the north-northeast of the embayment 
to a 10 to 30 m wide zone of breccia containing 
inclusion-rich quartz diorite. The Whistle Offset is 
believed to have been displaced 2 km to the northwest, 
and then extends as a 10 km long basic norite to quartz 
diorite dike (the Parkin Offset). The Parkin Offset is 10 
to 50 m wide and consists of a well-developed basic 
norite with blebby sulphide and a collinear brecciated 
zone of country rock. Massive sulphide and granite 
breccia occur along a 4.5 km length of the offset. 
Massive sulphides carry ultramafic inclusions, inclu 
sions of hornfels and basic norite and crosscut the basic 
norite and breccia.
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Figure 17.2. Simplified geologic relationships found in the Whistle 
Embayment based on mapping conducted during this study. See also 
Farrell et al. (this volume) for a preliminary map of the Whistle 
Embayment. Abbreviations: cp chalcopyrite; ph pentlandite; 
po pyrrhotite. For location, see Figure 17.1.

The Manchester Offset Dike is located approxi 
mately 5 km south of the Main Mass in Falconbridge 
Township (see Figure 17.1). The dike consists of l 
continuous section 5 km long and 7 discontinuous 
segments of quartz diorite enclosed within a collinear 
zone of Sudbury Breccia (Grant and Bite 1984). The 
quartz diorite occurs as a massive dike 10 to 30 m wide 
and as quartz diorite to amphibolite pods within Sud 
bury Breccia. The dike has no known connection to the 
Main Mass. Textures range from coarse quartz diorite 
at the core with blebby to disseminated sulphide to 
granophyric-rich variants with stronger massive to 
disseminated mineralization.

REGIONAL STUDY OF SUBLAYER 
COMPOSITIONAL VARIATION
Regional sampling of the following offset environ 
ments was completed: Copper Cliff Offset, 
Vermilion-Worthington Offset, Ministic Offset and 
Foy Offset (see Figure 17.1). Rocks from Copper Cliff 
and Ministic of f sets are hornblende-rich quartz diorites; 
samples from the Foy Offset are two-pyroxene norites, 
and samples from the Worthington Offset and Vermil 

ion Offset include coarse basic norite and quartz diorite. 
Regional sampling of Sublayer basic norite and Main 
Mass mafic norite was completed at the following: 
Fraser Mine, Levack West Mine, McCreedy West 
Mine, Crein Hill Mine and Little Stobie Mine (see 
Figure 17.1). Samples were controlled for location 
within the basic norite and selected to be free of 
inclusions and massive sulphide mineralization.

SAMPLING AND ANALYSIS 
PROTOCOL
It is extremely difficult to define the whole-rock chem 
istry of the Sublayer magma because of the almost 
ubiquitous inclusions (Pattison 1979). Assimilation of 
material from the mafic and ultramafic exotic inclu 
sions, earlier crystallized phases of the SIC and basic to 
felsic footwall rocks has further obscured the chemis 
try of any primary igneous matrix and created highly 
variable compositions (Pattison 1979; Naldrett et al. 
1984). Careful selection of samples from facies of the 
Sublayer that are devoid of inclusions or contain large 
inclusions that can be removed during sample prepara 
tion provides an approach to circumventing the sampling 
problem.

Samples of greater than 3 kg were collected; weath 
ered material was removed by sawing, and the samples 
were serially broken and slabbed to ensure that the final 
subsample of greater than l kg was inclusion-free and 
representative of the rock type. Samples will be analyzed 
for major element oxides, trace elements and Sr-Nd 
isotope composition.
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INTRODUCTION
The nearly ubiquitous association of sulphide miner 
alization with mafic and ultramafic inclusions in the 
sublayer of the Sudbury Igneous Complex (SIC) is well 
known (e.g., Naldrett et al. 1984). A detailed 
geochemical sampling program, in conjunction with 
surface mapping, has been undertaken in order to 
address the following questions: 1) are the inclusions 
derived from rocks which acted as the source for the 
sulphides (perhaps a hidden mineralized layered igne 
ous complex buried beneath the rocks of the SIC)?, and 
2) are the inclusions related to the formation of the SIC 
sublayer and/or Main Mass? This thesis is being con 
ducted under the joint auspices of the Ontario Geological 
Survey-Laurentian University Mapping School.

A suite of mafic and ultramafic rocks occurring as 
inclusions in SIC sublayer are exposed at Whistle Mine 
(INCO Limited) and form the basis for this study. They 
occur as rounded to subrounded inclusions (size of the 
inclusions ranges from a few millimetres (Hewins 
1971) to several metres) in the sulphide-bearing late 
granite-breccia zones within the sublayer.

PREVIOUS LITERATURE
The association of the ultramafic inclusions with the 
major sulphide-bearing zones has been previously noted 
(Naldrett et al. 1984). Scribbins (1978) and Rae (1975) 
proposed that the inclusions were part of a hidden 
layered ultramafic zone of the SIC. Scribbins et al. 
(1984) studied the various types of rocks that occur as 
inclusions throughout the SIC sublayer, and a sum 
mary of the most abundant types is provided (Table 
18.1). The majority of the inclusions contain some 
combination of olivine, plagioclase, orthopyroxene 
and clinopyroxene; hornblende and biotite are also 
common. Because of the instability of plagioclase at 
high pressure (Green and Hibberson 1970), the pres 
ence of plagioclase in the inclusions may indicate an 
upper crustal source rather than a mantle source.

PRESENT WORK
The major area of sampling is Whistle Mine, with 
additional samples having been collected along the 
length of the Parkin Offset Dike (Lightfoot et al., this 
volume, Figure 17.1) for the purposes of comparison. 
Samples were collected in Whistle Mine from several 
locations (Figure 18.1) in order to obtain representa 
tive suites of the various inclusion types from different 
zones of sublayer, and to allow for the identification of 
any physical and/or geochemical changes along strike 
or between different ore zones. Due to the large grain 
size (greater than 3 mm) of most inclusion types, large 
representative samples of greater than 5 kg were col 
lected. A particularly large inclusion (approximately l 
m) found in Whistle Mine was selected as the basis for 
a geochemical and petrographic case study, with 5 
samples collected at regular intervals across its width 
(Photo 18.1). The results should provide answers 
relating to the remobilization of elements within an 
inclusion and the effects of alteration. Field observa 
tions indicate cumulus textures and extensive alteration

Table 18.1. Summary of major inclusion types 
(after Scribbins et al. 1984).

Harzburgite

Wehrlite

Websterite

Melanorite

Augite 
Melanorite

anhedral olivine; resorbed olivine poikilitically en 
closed by orthopyroxene and plagioclase.

large equant to anhedral olivine and smaller 
clinopyroxene with interstitial plagioclase.

anhedral clinopyroxene and orthopyroxene 
poikilitically enclosing minor resorbed olivine; 
interstitial plagioclase.

interstitial plagioclase grains; subophitic plagioclase 
laths within tabular orthopyroxene; minor olivine.

ragged orthopyroxene intergrown with clinopyroxene; 
interstitial grains and subophitic laths of plagioclase 
within orthopyroxene; minor olivine.
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Figure 18.1. Geological sketch map of the Whistle Mine showing the distribution of the basic norite and massive sulphide-granite breccia zones. 
Note the association of ultramafic inclusions with the massive sulphide-late granite breccia zones.

of inclusions. Initial petrographic studies of thin sec 
tions reveal a lack of fresh mineralogy, particularly in 
the alteration of pyroxene to amphibole, and the pres 
ence of abundant (altered) plagioclase.

Surface mapping was performed by the authors in 
order to provide a frame of reference for the samples 
and to compare the different rock types associated with 
the inclusions. Petrographic studies and whole-rock 
geochemical studies (see Lightfoot et al., this volume) 
will be conducted as part of this study.
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19. Project Unit 93-08. Geology and Geochemistry of 
Footwall Ultramafic Rocks, Sudbury Igneous Complex, 
Fraser Mine, Sudbury, Ontario.

M. Moore1 , P.C. Lightfoot2 and R.R. Keays3
department of Geology, Laurentian University, Sudbury
2Mineral Deposits and Field Services Section, Ontario Geological Survey
3Dean of Science, Laurentian University, Sudbury

INTRODUCTION
Investigation of the pyroxenite-peridotite body at the 
Fraser Mine (Falconbridge Ltd.) began in 1993 to 
expand the petrological and geochemical data base on 
a footwall ultramafic body. The purpose of this study 
is to test whether the ultramafic inclusions of the 
Sudbury Igneous Complex (SIC) Sublayer were de 
rived from an older footwall ultramafic body. This 
study will focus on the geology and geochemistry of 
the Fraser Mine footwall ultramafic complex, and 
information derived from this study will be compared 
to that of the Sublayer mafic and ultramafic inclusions 
(see Farrell et al., this volume). This study will assist in 
determining whether this footwall ultramafic body 
and/or other similar intrusions can be sources of the 
SIC ultramafic inclusions. These possibilities must be 
explored before we can question whether the precursor 
source of the SIC ultramafics is an older hidden 
ultramafic complex at depth or whether the inclusions 
are genetically linked to the Sublayer magma compo 
sitions. Insight into the character of the mantle and 
crust underlying the SIC and the role each played in the 
formation of the SIC will be gained by comparing the 
composition, mineralogy, geochemistry and isotopic 
systematics of the footwall ultramafic complexes and 
Sublayer inclusions. This will hopefully shed new light 
on questions about the source, segregation processes 
and concentration of nickel, copper and platinum group 
elements in sulphide deposits. This thesis is being 
conducted under the joint auspices of the Ontario 
Geological Survey-Laurentian University Mapping 
School.

GEOLOGICAL SETTING
The ultramafic body is located in the North Range 
footwall Levack Gneiss of the SIC in Levack Town 
ship (see Figure 17.1 In Lightfoot and Farrell, this 
volume). Access to the body is along the 4600 foot 
level of Fraser Mine. The intrusion is approximately

150 m at its widest point and has a volume of approxi 
mately 5 x 106 m3; it is situated below the Late Granite 
Breccia. The mineralized zone is between the SIC and 
the ultramafic complex mostly within the Late Granite 
Breccia and follows the strike and dip of the SIC except 
where the ultramafic complex disappears (Figure 19.1.).

Previous studies (Szuwalski 1984; Hewins 1971) 
of the ultramafic complex indicate that it is composed 
predominantly of pyroxenite with significant amounts 
of peridotite. It is thought to be an adcumulate com 
posed principally of cumulus pyroxene and olivine. 
The primary minerals are olivine (Fo = 76 to 81), 
orthopyroxene (Wo = 2, En = 80, Fs = 18) and augite 
(Wo = 44, En = 47, Fs s 9). The major oxide is 
magnetite, and accessory sulphides are pyrrhotite, 
pentlandite and chalcopyrite. Plagioclase is present 
only as segregations. The fine- to medium-grained 
rocks are holocrystalline, recrystallized granular, and 
almost all show some alteration. Studies of drill core 
material have hinted that this may be a rhythmically 
layered ultramafic body. When modal mineralogy and 
mineral chemistry are plotted as a function of depth, 
there is some sign of layering such as centimetre-scale 
phase layering (Szuwalski 1984). Cryptic variation of 
massive augite shows a typical iron-enrichment trend 
with height and a decrease in nickel and chromium. 
Drill core studies also suggest that the complex may 
show a rhythmic-layering sequence of wehrlite, olivine 
clinopyroxenite and clinopyroxenite repeated up to 5 
times.

The body has a finer grained texture at the upper 
and lower contacts than in the main part of the intru 
sion. It appears to be isolated in the gneiss with no clear 
late stage differentiates of the ultramafics represented. 
Szuwalski (1984) suggests that the body crystallized 
from a tholeiitic magma with the more evolved differ 
entiates somehow removed. However, there is gabbro 
present which may or may not be a late stage 
differentiate.
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Figure 19.1. a) Sketch section showing the distribution of rock types in the Sudbury Igneous Complex (SIC) footwall environment at Fraser Mine, 
b) Plan of the 4600 foot level showing the drifts along which samples were taken.

METHODOLOGY
Samples have been collected across strike through the 
46-240 drift and along strike through the 46-570 drift 
(see Figure 18.1). It is hoped that the author can collect 
a vertical section through the 46-0-570 ramp. Pre 
cisely located samples were taken from the walls of the 
drifts at roughly 5 m intervals. Sample size is deter 
mined by the grain size and texture (Lightfoot and 
Riddle 1990). The average grain is about 2 mm; there 
fore, the minimum sample size is l kg. One large 
coarse-grained sample from the central part of the 
intrusion was collected for a possible zircon-baddelyite 
suite.

The study will include whole-rock major and trace 
element geochemistry (following methods presented 
in Geoscience Laboratories 1990), petrographic stud 
ies, mineral chemistry and Sr-Nd isotope systematics 
and U-Pb geochronology.
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20. Project Unit 93-09. Base Metal Sulphide 
Mineralization, Shebandowan Greenstone Belt

C.E.G. Farrow
Mineral Deposits and Field Services Section, Ontario Geological Survey

INTRODUCTION
Two base metal mines, the North Coldstream Mine 
(1957-1958,1960-1967) and the Shebandowan Mine 
(1970-1992) have been in past production in the 
Shebandowan greenstone belt. Base metal occur 
rences with varying rock associations within the belt 
are represented by 2 geologic settings:
1. stratigraphically controlled
2. intrusion-hosted

This project, initiated by the OGS in the summer of 
1993 and to be continued through 1994, will document 
the characteristics of base metal mineralization by the 
compilation of exploration data, detailed mapping and 
sampling, and integration with on-going regional bed 
rock mapping and synthesis (Berger 1992; Brown 
1992, this volume; Osmani 1993, this volume; Rogers, 
this volume). This provides an opportunity to docu 
ment controls on different types of deposits and settings 
of base metal mineralization within the region. The 
resultant observations will enhance mineral explora 
tion in the Shebandowan greenstone belt, contribute to 
a provincial descriptive data base (Mineral Deposit 
Inventory, MDI) and provide data necessary to under 

take land use planning and resource evaluation in the 
belt and provincially.

Field work completed during the summer of 1993 
consisted of property examinations, detailed mapping 
and sampling of base metal occurrences in both 
stratigraphically controlled (Mud Lake, Vanguard East 
and West, Hermia Lake) and intrusion-hosted (Haines 
Gabbro-Anorthosite complex, Copper Island) settings 
(Figure 20.1). Detailed maps were produced at scales 
of 1:100 and 1:500 to identify specific attributes of 
each occurrence. These were integrated with industry- 
produced, property-scale geologic investigations and 
with OGS regional mapping. The characteristics of the 
deposits within each setting are summarized in Tables 
20.1 and 20.2.

STRATIGRAPHICALLY
CONTROLLED BASE METAL
OCCURRENCES
Mud Lake Zinc-Copper Occurrence
Regional mapping of the Mud Lake area was 
completed during the 1993 field season as part of the

Figure 20.1. Location map of study area, scale 1:1 584 000.
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Table 20.1. Stratigraphically controlled base metal occurrences in the Shebandowan greenstone belt.

Occurrence Rock Association

Property Base Metal 
Mineralization

Structure Alteration

Structural Footwall A 
Hanging wall

Mud Lake Zn-Cu - q- A/or fel-phyric flows 
Si lapilli tuff.

- eh -f s   mag 
horizon.

- E-W -trending shears 
with moderate to steep

- patches of dark green 
chloritization A buff- 
coloured sericitization.

Vanguard East
A West Cu-Zn-Au-Ag

- cbl -f carb ± ser schist, 
anorthositic gabbro.

- eh Si silica-rich 
(possible replace 
ment) zones, 
chl-rich stockwork

-D, foliation W to WSW 
(dips620 to900 N)at 
East prospect, ENE (dips 
760 to900 S)atWest 
prospect.

conjugate E-W set of 
shears A fractures with 
minor offset.

- variable amounts of 
pervasive sil, chl, carb, 
Fe-carb in mafic 
metavolcanics.

Hermia Lake 
Cu-Au

- chl schist A q -f ser   
chl schist. Diorite A q
* fei porphyry as 
concordant intrusions.

- patches of intense 
silification A chl * 
amp -f mag   ep 
schist.

- foliation E-NE, dipping 
560 to 900 S, parallel to 
lithologic contacts.
- all rock types cut by 
E- A NE-trending shears.

- pods A veinlets of pink 
K-fel A minor ep X-cut 
dominant fabric in chl * 
amp   mag schist. 
Silification minor as 
envelopes to q veining 
in same unit.
- pervasive silification in q 
ser   chl schist.
- carb alteration in sheared 
porphyry.

Abbreviations: amp * amphibole; az * azurite; bx * breccia; calc s calcite; carb * carbonate; eh * chert; chl a chlorite; cp - chalcopyrite; ep * epidote;
f-g s fine-grained; fei s feldspar; m-g * medium-grained; mag = magnetite; me ^ malachite; py s pyrite; q - quartz; s s sulphide mineralization; ser * sericite;
sil s silification; sp B sphalerite; Ir. * trace, x-cut s crosscut.

Ware Township-Dawson Road Lots OGS-NODA 
(Northern Ontario Development Agreement) project 
(Brown, this volume). The area is within a thick 
package of felsic massive flows, fragmental rocks and 
lapilli tuffs. Occurrence exposure is limited to a 200 m 
long roadcut on Highway 102 near Mud Lake.

ROCK ASSOCIATION

The Mud Lake zinc-copper occurrence is part of a 50 
to 70 cm wide banded chert * sulphide   magnetite 
horizon. Top directions from mafic pillowed flows 
400 m southeast of the occurrence indicate that the 
metavolcanic rocks young to the northwest (H. Brown, 
OGS, personal communication, 1993). Assuming this 
stratigraphic orientation, the footwall succession to 
the occurrence is an approximately 100 m thick suc 
cession of quartz   feldspar-phyric felsic flows and 
rare lapilli tuffs. Quartz and feldspar phenocrysts are 
commonly between l and 7 mm long. Stratigraphically 
below the quartz   feldspar-phyric flows and above the

chert * sulphide   magnetite horizon are felsic to 
intermediate feldspar-phyric fragmental rocks and 
minor massive flows. Fragment and matrix composi 
tions are similar in the fragmental unit and suggest an 
origin by autobrecciation of the pile. They are locally 
cut by brecciated zones up to l m wide with chlorite- 
rich matrices.

STRUCTURE

Shears and brittle fracture zones from 10 to 50 cm wide 
occur in both footwall and hanging wall units. They 
most commonly trend between 2450 and 2750 and have 
moderate to steep dips.

ALTERATION

Alteration is characterized by chlorite- (dark green) 
and sericite- (buff-coloured) rich patches in both flows 
and fragmental rocks. A 20 to 30 cm wide chlorite 
alteration envelope occurs around the chert 4 sulphide
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Base Metal Mineralization 
Host Rock

Base Metal Mineralization

Minerals Abundance Habit Si Textural 
Relationships

- chloritization within, 
Si as envelope to eh

pyrite
sphalerite
chalcopyrite

- py 5 to 20*36
- sp l to 15*lb
- tr. cp.

- in f-g to m-g 
bands with eh 
Si as blebs.

- silica remobilization 
in eh and/or sil Si eh bx.
- chl in stockwork zones.

pyrite
chalcopyrite
sphalerite

-1 to 50% s 
with up to 25% 
cp Si 296 sp in 
eh and/or l to 
IQ/% s with up 
to 5% cp in eh bx, 
l to 2(Wfc s with 
up to 796 cp in 
stockwork.

- disseminations, 
blebs, stringers 
Si veinlets that 
commonly X-cut 
original textures.

- K-fel, ep Si calc in chl * 
amp schist.
- silification in chl * amp 
schist Si q -t- ser   chl 
schist is dominant host to s.
- me Si trace az developed 
on weathered surfaces in 
areas of highest s content.
- carb Si chl alteration of 
sheared porphyry.
- q veining in chl-rich schists.

pyrite 
chalcopyrite

- py 3 to 7% in 
silicified zones, 
trace to 3^o in chl
 f amp schist, O to 
196 in q -t- ser   chl 
schist.
- cp O to 39o in chl
 f amp schist.

- py as f-g to m-g 
disseminations, 
blebsA stringers.
- cp as f-g 
disseminations Si 
elongate blebs 
oriented subparallel 
to dominant 
schistoity.

Abbreviations: amp * amphibole; az = azurite; bx s breccia; calc s calcite; carb s carbonate; eh s chert; chl s chlorite; cp * chalcopyrite; ep * epidote;
f-g * fine-grained; fei - feldspar; m-g * medium-grained; mag ^ magnetite; me * malachite; py = pyrite; q * quartz; s = sulphide mineralization; ser s sericite;
sil s silification; sp = sphalerite; tr. = trace, x-cut s crosscut.

  magnetite horizon and as patches within the horizon 
itself.

SULPHIDE MINERALIZATION

Sulphide mineralization in the banded chert * sulphide 
  magnetite horizon is dominated by pyrite with less 
abundant sphalerite and traces of chalcopyrite. 
Recrystallization of the pyrite and sphalerite has re 
sulted in grain sizes greater than l mm. Up to 1096 
blebby pyrite with minor chalcopyrite occurs in shear 
zones within the footwall to the chert -l- sulphide   
magnetite horizon.

Vanguard East and West Copper- 
Zinc-Gold-Silver Prospects
The Vanguard East and West prospects are part of 2 
patented claims (Z71 and K56) located approximately 
l .5 km south of the village of Kashabowie. Combined, 
they represent 300 000 tons of ore at 1.296 Cu, 0.02 
ounce Au per ton and appreciable Zn and Ag (D.

Petrunka, prospector, personal communication, 1993). 
The area was last mapped and reported on by the 
Ontario Department of Mines in 1968 (Hodgkinson 
1968).

ROCK ASSOCIATION

Yardley (1947) and Hodgkinson (1968) reported that 
the Vanguard prospects were part of a package of 
silicified greenstones. A more recent property-scale 
and regional study by Minnova Inc. between 1987 and 
1990 suggested that the Vanguard sulphide minerali 
zation was located within a silicified, variolitic mafic 
flow package that had undergone later iron-carbonate 
alteration (Flanagan et al. 1990). Mapping completed 
as part of this study indicates that a sequence of altered 
mafic to intermediate metavolcanic rocks with a strong 
development of ovoid devitrification textures enve 
lopes the base metal mineralized horizons. Younging 
directions are inferred to be dominantly to the south 
from regional mapping by Hodgkinson (1968) and by
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Table 20.2. Intrusion-hosted base metal occurances in the Shebandowan greenstone belt.

Occurrence

A Zone (Haines
Gabbro-Anorthosite
Complex)

Rock Association

Property

- in order of abundance: 
mesocratic gabbro, 
melanocratic gabbro, 
anorthosite.

Base Metal 
Mineralization

- cbl -t- amp schist A 
mag t chl schist.

Structure

- roughly N-S A E-W 
shearing St fracturing 
correspond to occurance 
of chl-bearing schists 
A base metal 
mineralization.

Alteration

Intrusion

-locally weak, patchy 
saussuritization of fei, 
more intense in vicinity of 
s. Local chloritization of 
primary mafic minerals in 
gabbro. Chl -i- amp * mag 
schist associated with 
shearing.

B Zone (Haines
Gabbro-Anorthosite
Complex)

- amp pegmatoid, chl
 H amp schist A 
sheared gabbro.

- 066 "-trending ridge 
(possible lineament within 
intrusion), ENE - trending 
folliation.

C Zone (Haines
Gabbro-Anorthosite
Complex)

- chl -i- amp schist. - shear-controlled base 
metal mineralization 
in chl * amp schist.

D&E Zones (Haines
Gabbro-Anorthosite
Complex)

- chl -f amp schist 
Si mag -f chl schist.

- along NE-SW-trending 
ridge (possible lineament 
within intrusion).

Pegmatite Zone (Haines
Gabbro-Anorthosite
Complex)

- amp-rich pegmatoid, 
mag * chl schist,

- NW-SE shearing on 
W-side of showing, 
sheared gabbro.

Magnetite Zone (Haines
Gabbro-Anorthosite
Complex)

- mag -t- chl f amp 
schist,

- NW-SE-trending 
faulting.

NW Peninsula (Haines
Gabbro-Anorthosite
Complex)

Copper Island

- m-g mesocratic gabbro, 
weakly porphyritic 
leucocratic gabbro, m-g 
melanocratic gabbro.

- m-g mesocratic gabbro, 
(locally foliated) A pale, 
m-g gabbro and/or diorite.

- chl schist.

- chl schist with local 
silica flooding.

- NW-trending shears A 
fractures up to 40 cm 
wide.

- ENE-trending shears up 
up to SO cm wide.

- local chloritization of 
primary mafic minerals.
- strong clay development 
in fei on weathered 
surfaces.

- chloritization of primary 
mafic minerals is pale 
green-grey in colour 
yielding leucocratic 
appearance.
- clay development in fei 
on weathered surfaces.

Abbreviations as in Table 20.1. 
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Sulphide Mineralization

Base Metal Mineralization 
Host Lithology

- cbl, amp Si mag 
alteration most 
commonly associated 
with base metal 
mineralization.

variably silicified ser 
schist halo to cbl -t- 
amp schist and amp 
pegmatoid.

Mineral

pyrite 
chalcopyrite

pyrite 
chalcopyrite

- chl- A amp-rich 
alteration of sheared 
gabbro.

pyrite
chalcopyrite 
^ in m-g,

- chl-, amp- A mag- 
rich alteration of 
gabbro.

pyrite
chalcopyrite
pyrrhotite?

- me on weathered 
surfaces.
- weak, patchy 
saussuritization of fei.

- mag-, chl-, amp-rich 
alteration of gabbro.
- me Si az on weathered 
surfaces.

- chl schist.
- local silica flooding.
- me on weathered 
surfaces.

pyrite 
chalcopyrite

pyrite 
chalcopyrite

pyrite 
chalcopyrite

Abundance

- py l to ISifa in chl
-f amp schist, 
5 to 20*8) in mag -t- 
chl schist.
- cp O to 5% in chl -t 
amp schist, l to 1596 
in mag -f chl schist.

 pyOto209fcinchl
-t- amp schist, 
O to 1596 in amp 
pegmatoid.
-cpOto5%inchl
 t- amp schist, 
O to 2096 in amp 
pegmatoid.

- py tr. to 1096 in 
chl * amp schist,

mesocratic gabbro.
-cp tr. to 596 in chl
-f amp schist.

- py 3 to 1096 in chl-, 
amp- A mag- bearing 
schists, A O to 196 
in gabbro.
- cp O to 1096 in 
chl-, amp- Si mag- 
bearing schists.

•py l to 1096.
 cpOto396.

- py l to 2096.
- cp tr. to 596.

 py 5 to 2096.
- cp 5 to 25%.

Habit A Textural 
Relationships

- py as < l mm to 
3 mm wide cubes 
as individual grains, 
or in stringers or 
aggregates subparallel 
to dominant folliation.
- cp as very f-g halos 
surrounding concen 
trations of py cubes.

- py as f-g dissemin 
ations and cubes 
< l mm wide in 

aggregates subparallel 
to dominant foliation.
- cp as f-g aggregates 
subparallel to dominant 
foliation, along cleavage 
palnes in amp, A in 
stringers perpendicular 
to amp cleavage.

- py as disseminated 
cubes up to 2 mm wide 
Si in aggregates sub 
parallel to dominant 
foliation.
-as very f-g concentrations 
not necessarily associated 
with py.

- py asf-g masses A 
disseminated cubes < l mm 
wide in chl-, amp- A mag- 
bearing schists, A as f-g 
blebs A disseminations in 
gabbro.
- cp as f-g to m-g masses, 
commonly associated with 
py in chl-, amp- A mag- 
bearing schists.

- disseminations A blebs 
along amp cleavage.

- py as f-g to m-g bands 
subparallel to mag-, cbl-, 
A amp-rich bands in host 
rock.
- cp as blebs associated 
with py.

- s in elongate blebs up to 
l cm wide oriented 
subparallel to foliation 
within shear.

- chl schist with silica 
flooding.
- local carb in shear zones.

pyrite 
chalcopyrite

- py tr. to 796.
- cp tr. to 1096.

- disseminations and 
elongate blebs oriented 
subparallel to foliation 
within shear.
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Flanagan et al. (1990) and from graded bedding in tuffs 
identified in this study.

ALTERATION

Footwall rocks to the sulphide mineralized zones are 
characterized by panels of silicified and chloritized 
mafic metavolcanic rocks and chlorite + carbonate   
sericite schist. Silicification is less well developed in 
hanging wall metavolcanic rocks. Despite the strong 
deformation, primary volcanic lithologic relationships 
are visible. Ovoid devitrification textures, flow-top 
breccia with tectonically disrupted chert fragments and 
hyaloclastite are visible at both Vanguard East and 
West. The presence of chert and silicification repre 
sent the most intensely sulphide-mineralized horizons.

Many generations of alteration have overprinted 
the primary compositions of the metavolcanic rocks at 
both Vanguard prospects. Timing relationships sug 
gest that silicification of the mafic rocks was closely 
associated with chloritization, followed by sericitization 
and iron-carbonate alteration. A final period of chlorite 
remobilization is represented along north-northeast- 
trending joint surfaces. Alteration most closely 
associated with base metal sulphide mineralization 
includes chloritization in sulphide stockworks devel 
oped in devitrified flows and intense silica and 
iron-carbonate remobilization and replacement along 
primary chert-sulphide horizons.

STRUCTURE

The dominant (Dj) foliation in both locations is 
subparallel to lithologic contacts, but varies slightly 
from west to west-southwest, with northerly dips (620 
to 900) at the Vanguard East prospect, and to the east- 
northeast, with steep southerly dips (760 to 900) at the 
Vanguard West prospect. Lineations range from 560 to 
720 with westerly plunges. Locally, tight isoclinal 
folding, axial planar to the foliation, is visible. D2 is 
represented by northwest-southeast and conjugate east- 
west sets of shears and fractures with minor, 
predominantly dextral, offsets between 5 and 100 cm.

SULPHIDE MINERALIZATION

Sulphide mineralization, dominated by pyrite, is con 
centrated in chert-silicification horizons, including 
breccias, and in chloritized stringer stockworks devel 
oped in devitrified flows. In the chert-silicification 
horizons, sulphide minerals occur locally as massive 
pods up to 50 cm in diameter. Rarely do they contain 
more than 2096 chalcopyrite. Magnetite is typically 
associated with chalcopyrite. More commonly, sul 
phide concentrations occur as stringers, veins and 
blebs and, in the clast-supported breccias, as the matrix 
to silica-rich clasts. Stockwork zones contain the

highest proportion of chalcopyrite, but a lower total 
sulphide content. Sphalerite occurs as blebs and 
disseminations..

Hermia Lake Copper-Gold 
Showing
The Hermia Lake area was mapped most recently by 
Osmani (1993). Due to thick Recent and Pleistocene 
deposits, outcrop in the area is limited to trenches at, 
and to areas south and southeast of, the showing. The 
trenches, located approximately 300 m east of the 
junction of Little Hermia and Hermia lakes, were 
excavated in 1990 as part of Noranda Exploration 
Company Limited's Broad Horizons exploration project 
(Duess 1990).

ROCK ASSOCIATION

Osmani (1993) reported that the bedrock geology in the 
Hermia Lake area is composed of mafic, intermediate 
and felsic metavolcanic and minor chemical 
metasedimentary rocks. All have been intruded con- 
cordantly by equigranular to plagioclase-phyric gabbro 
to diorite and quartz-feldspar porphyry bodies. How 
ever, because of the intense deformation and related 
metamorphism of the rocks, protolith rock types can 
only be inferred from regional bedrock mapping as 
being metavolcanic in origin. Mafic rocks are charac 
terized by dark green chlorite and chlorite 4- amphibole 
  magnetite schists. Felsic to intermediate metavolcanic 
rocks include sericite + quartz 4- chlorite and sericite 4 
quartz schists. The contact between the mafic and 
felsic units has been intruded by quartz-feldspar 
porphyry.

STRUCTURE

The dominant foliation exposed in the Hermia Lake 
showing trends east-northeast and is subparallel to 
major lithologic contacts. Dips are commonly moder 
ate to steep (560 to 900S). This study confirms the 
measurements of Osmani (1993) that all the rock types 
at the showing are cut by east- and northeast-trending 
shear zones. The sense of movement in these shear 
zones is difficult to ascertain.

ALTERATION

Pervasive silica replacement is the dominant alteration 
style at the Hermia Lake showing. It is most commonly 
developed in felsic to intermediate metavolcanic rocks. 
Contacts with the host units are diffuse and between 5 
and 10 cm wide. The exact shape of these zones of 
replacement is uncertain due to limited outcrop, but it 
is assumed that they are pod-like where not fault-
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bounded. Epidote can occur as part of the silica 
replacement assemblage. Although magnetite is a 
major constituent of chlorite * amphibole 4- magnetite 
schist, its patchy development suggests that magnetite 
may be part of, or the result of, alteration processes. 
Carbonate alteration is concentrated in sheared 
porphyritic intrusive rocks along foliation planes and 
may be pervasive.

SULPHIDE MINERALIZATION

In accordance with Osmani (1993), sulphide minerals 
were identified in all trench rock types. Up to 3 96 pyrite 
and 396 chalcopyrite occur as disseminations and elon 
gate blebs oriented parallel to the schistosity in chlorite 
+ amphibole + magnetite schist. Anomalous Cu, Ni, Cr CODDGr Island 
and Mo (up to 6210, 765, 902 and 510 ppm, respec 
tively) occur in the chlorite-rich schist (Osmani 1993). 
The most intense sulphide mineralization occurs in a 
zone of silicification and consists of up to 796 pyrite 
and 396 chalcopyrite and contains up to 10 500 ppm Cu 
(Osmani 1993). Other alteration minerals within this 
zone include epidote, magnetite and carbonate.

southeast of the mouth of the Kashabowie River. It 
represents the western extension of the main mass of 
the Haines Gabbro-Anorthosite complex. Originally 
trenched in 1967 by Shawmin Explorations Limited, 
the showing is represented by northwest-trending shear- 
and fracture-hosted pyrite and chalcopyrite. Host rock 
types within the complex include medium-grained, 
inequigranular, mesocratic gabbro, weakly porphyritic 
leucogabbro and medium-grained melanocratic gabbro. 
Chlorite schist contains sulphide mineralization within 
the shears. Silica flooding is locally visible. Blebby to 
semi-massive sulphide minerals occur in elongate blebs 
up to l cm wide and are oriented subparallel to the 
foliation developed within the host shear zones.

INTRUSION-HOSTED 
BASE METAL OCCURRENCES 
Haines Gabbro-Anorthosite 
Complex
The main mass of the Haines Gabbro-Anorthosite 
complex is located along the southwest shore of Mid 
dle Shebandowan Lake and the east shore of Upper 
Shebandowan Lake. It is composed of medium-grained 
mesocratic gabbro, with less abundant melanocratic 
gabbro and anorthosite phases. Property-scale recon 
naissance mapping by INCO Exploration and Technical 
Services Inc. showed a roughly north-northeast-trending 
layering of these phases (Hackl 1993).

Two styles of base metal mineralization exist within 
the main mass. The dominant style is characterized by 
variable concentrations of pyrite and chalcopyrite in 
chlorite * amphibole and magnetite * chlorite   
amphibole schists associated with shearing; whereas, 
the other consists of the same sulphide assemblage in 
amphibole-rich pegmatoids. Examples of the former 
include the A, C, D, E and Magnetite zones (see Table 
20.2). The A Zone (known as the Milkie Showing in 
historical exploration reports) has received the most 
exploration attention of these showings. Pegmatoid- 
associated showings are the B and Pegmatite zones.

NW Peninsula (Haines 
Gabbro-Anorthosite Complex)
The NW Peninsula showing occurs at the west end of 
a peninsula that extends into Upper Shebandowan

Copper Island is located in west-central Upper 
Shebandowan Lake. The most detailed exploration on 
the island and its "Showing A" was completed by 
Jellicoe Mines (1939) Ltd. in 1956 and 1957. The main 
showing is represented by a series of small pits and 
trenches in the central part of the island that consist of 
sheared gabbro and/or diorite and chlorite-rich schist 
in a medium-grained, mesocratic gabbro and/or diorite. 
However, the host gabbro and/or diorite of the Copper 
Island showings is different from the dominant me 
dium-grained mesocratic gabbro of the main mass of 
the Haines Gabbro-Anorthosite complex, in that pale 
grey-green chloritization of the primary mafic miner 
als has resulted in a false leucocratic appearance to the 
gabbro and/or diorite. Silica flooding is common 
within the 10 to 50 cm wide, east-northeast-trending, 
sulphide-mineralized shear zones.

PRELIMINARY SYNTHESIS 
StratigraphJcally Controlled 
Deposits
Three different footwall and hanging wall lithologic 
relationships exist for the different stratigraphically 
controlled deposits studied as part of this investigation 
(Figure 20.2):
1. The Mud Lake occurrence represents a chert * 

sulphide   magnetite horizon formed along a con 
tact between felsic flows and fragmental units.

2. The Vanguard prospects are hosted within a pack 
age of mafic to intermediate flows.

3. The Hermia Lake showing is located at the contact 
between mafic and felsic to intermediate rocks that 
can be traced in a large S-fold pattern to the North 
Coldstream Mine on the northwest shore of Burchell 
Lake (Osmani 1993). However, at the Hermia 
Lake showing, any field evidence of original vol 
canic-associated sulphide mineralization, if it ever 
existed, has been obliterated by shearing and de 
formation associated with a regional-scale shear
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Figure 202. Schematic sections of stratigraphically controlled base metal sulphide mineralization.
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zone that cuts the area (cf. Osmani 1993).

Zones of silica remobilization and replacement 
associated with base metal sulphide mineralization 
have been identified at both Vanguard prospects and at 
the Hermia Lake showing. On a much larger scale, the 
bulk of the 2.7 million tons of ore (296 Cu, 0.22 ounce 
Ag per ton, 0.012 ounce Au per ton) produced from the 
North Coldstream Mine primarily between 1960 and

C.E.G. Farrow

1967 was mined from a large zone of titanium-bearing 
silica replacement, or silicalite (Lavigne and Scott 
1993), formerly referred to as chert (Giblin 1964). 
Because each location displays different host rock 
lithologies to the silica-rich pods, it is inferred that the 
silica remobilization and/or replacement reflects 
hydrothermal processes active late in the life of each 
volcanic-hydrothermal system or, at the latest, during 
the development of east-northeast to west-southwest

HAINES GABBRO-ANORTHOSITE COMPLEX
Chlorite ± amphibole ± magnetite 
schist—associated base metal 
sulphide showings.

LEGEND
Magnetite+chlorite ± amphibole schist

vvN
vVsj Chlorite + amphibole schist 

^jj Sheared gabbro

l^| Fine-grained,silicified Se. sericitied schist
11 i
]\ J Mesocratic gabbro pegmatoid

, 11 Melanocratic gabbro pegmatoid

Amphibole pegmatoid—associated 
base metal sulphide showings.

'VVVVVVVVVV
vvvvvvvvvvv 
vvvvvvvvvvv 

3-2C^cp V v v v v V
^ ' V V V V V V V

tr-5%cp v v v v v 
vvvvvvvv
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V V V

Amphibole pegmatoid

Medium—grained, leucocratic gabbro 

Leucocratic, porphyritic gabbro

| [ Medium—grained, mesocratic gabbro

Medium-grained, melanocratic gabbro 

Mottled anorthosite—anorthositic gabbro

Figure 203. Schematic plan of rock associations in 2 settings of base metal sulphide mineralization in the Haines Gabbro-Anorthosite complex. 
Heavy squiggles represent shears; cp-chalcopyrite, py-pyrite, tr-trace.
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shearing within the belt, and that the composition of the 
host volcanic pile had limited control on the silica-rich 
mobilization on a property-scale. However, within the 
belt, the location of other silica-rich zones could lead to 
the identification of other significant showings.

The discontinuity of the stratigraphically control 
led base metal mineralized horizons in the 
Kashabowie-Burchell Lake area may be related to 
structural complexities characteristic of the 
Shebandowan greenstone belt. Preliminary results of 
this study suggest that mineral exploration interests 
should be encouraged to continue to focus mapping 
efforts on property-scale mapping in order to recon 
struct the original stratigraphy in the central region of 
the belt and to potentially connect some of these 
economically small deposits.

Intrusion-Hosted Deposits
Base metal mineralization within the main mass of the 
Haines Gabbro-Anorthosite complex and at Copper 
Island is most commonly related to postemplacement 
shearing within the intrusions (Figure 20.3a). The 
shear and fracture zones formed the loci for the 
hydrothermally scavenged metals, sulphur, iron and 
silica. It is possible that platinum group elements 
(PGEs) were concentrated in these sulphide-bearing 
shear zones by the same mechanism. The pegmatoid 
phases within the Haines Gabbro-Anorthosite com 
plex also have the potential to host PGE deposits in 
addition to base metal (copper-nickel) deposits (see 
Figure 20.3b). To date, PGE potential within the 
complex has been largely untested.

ACKNOWLEDGMENTS
M. Lavigne (Resident Geologist, Thunder Bay), J. 
Scott (Staff Geologist, Thunder Bay), D. Petrunka

(Prospector), J. Hackl (Prospector), C. Larouche (Oval 
Bay Resources Ltd.), D. Parker (Prospector), and J. 
Ternowesky (JET Mining Exploration Inc.) are thanked 
for their support and enlightening discussions. T. 
Kelly is acknowledged for her assistance during the 
1993 field season.

REFERENCES
Berger, B.R. 1992. Geology of Marks and Adrian townships, District of 

Thunder Bay; in Summary of Field Work and Other Activities, 
Ontario Geological Survey, Miscellaneous Paper 160, p.229-236.

Brown, G.H. 1992. Geology and mineral potential of Oliver Township, 
District of Thunder Bay; in Summary of Field Work and Other 
Activities, Ontario Geological Survey, Miscellaneous Paper 160, 
p.237-241.

Duess, R. 1990. Report of work, Broad Horizons, Northwestern Ontario 
Division; unpublished report, Noranda Exploration Company Lim 
ited, 6p.

Flanagan, M., Goutier, F., Glenn, G. and Durose, M. 1990. Summary of 
geology on the Minnova-Kashabowie Project; unpublished report, 
Minnova Inc., 23p.

Giblin, P.E. 1964. Burchell Lake area; Ontario Department of Mines, 
Geological Report 19, 39p.

Hackl, J. 1993. The Hackl Narrows and Big Onion properties; Resident 
Geologist's files, Thunder Bay District, Thunder Bay, 119p.

Hodgkinson, J.M. 1968. Geology of the Kashabowie area; Ontario Depart 
ment of Mines, Geological Report 53, 35p.

Lavigne, M.L. and Scott, J.F. 1993. The North Coldstream Mine, Burchell 
Lake, Northwestern Ontario (abstract); in Institute on Lake Superior 
Geology Proceedings Volume 39, 39* Annual Meeting, Eveleth, 
Minnesota, May 5-8, p.51.

Osmani, LA. 1993. Geology and mineral potential of the Burebel 1- 
Greenwater lakes area, District of Thunder Bay, Ontario; Ontario 
Geological Survey, Open File Report 5866, 81 p.

Yardley, D.H. 1947. The geology of an area of Kashabowie Lake, Ontario 
and the Coutchiching problem; unpublished MSc thesis, Queen's 
University, Kingston, Ontario, 47p.

96



21. Project Unit 93-10. Sediment-Hosted Sulphide 
Mineralization in Metasedimentary Subprovinces

J.R. Parker
Mineral Deposits and Field Services Section, Ontario Geological Survey

INTRODUCTION
This summary presents the results of field work on 3 
selected sulphide occurrences located within 
metasedimentary subprovinces of the Superior Prov 
ince, (Figure 21.1): 1) the Hurdman Township zinc 
occurrence, 29 km north-northwest of Smooth Rock 
Falls (NTS 42H/12SW), Opatica Subprovince; 2) the 
Pense Township zinc occurrence, 25.7 km east of 
Englehart (NTS 32M/13E), Pontiac Subprovince; and

3) the Bug Lake copper occurrence, 46 km north of 
Kenora (NTS 52L/7NE), English River Subprovince.

The field work provides initial data (Table 21.1) on 
the associated rocks, structures, alteration, style and 
type of mineralization at each occurrence. These data 
will be used to better characterize deposit settings, 
characteristics and types for a little known style of 
mineralization found within Archean metasedimentary 
subprovinces.

HUDSON BAY

ARCHEAN 
l l Volconlc-plutonlc subprovinces

[MM Metasedimentory suprovlnces
Plutonic subprovinces 

PROTEROZOIC 
O Southern Province 
3 Grenville Province

PHANEROZOIC
Paleozoic -f Mesozoic 
basin sequences

SUBPROVINCES 
(X) Sachigo

Berens River
Uchi
English River
Bird River 

F) Winnipeg River

Wabigoon
Nipigon Embayment 

Q Qgetlco

Wawa
Opatica

Abitibi
Pontiac

Grenville front 
Tectonic Zone

Figure 21.1. Location of the Hurdman Township (1), Pense Township (2) and Bug Lake (3) occurrences.
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PROPERTY DESCRIPTIONS 
Hurdman Township 
Zinc Occurrence
Exploration for zinc-copper has been conducted in 
Hurdman Township since 1965 when diamond drilling 
by the International Nickel Company of Canada Ltd. 
intersected zinc-silver-copper mineralization in 
siliceous amphibolitized metasedimentary rocks (As 
sessment File T.1006, Resident Geologist's Office, 
Timmins). Diamond drilling conducted in the vicinity 
of the Inco drill holes during 1991-1992, by Noront 
Resources Ltd. and Calico Resources Ltd., intersected 
mineralized sections assaying 2.4196 Zn across 44.3 
feet, and 4.6496 Zn across 22.6 feet (Noront Resources 
Limited, News Release, January 9,1992). The miner 
alized zone has been interpreted by Noront Resources 
Ltd. to be approximately 250 m long and 30 m wide 
(Assessment FileT.3178, Resident Geologist's Office, 
Timmins). Due to poor bedrock exposure, the majority 
of geological observations made by the author were 
from the Noront and Galico diamond-drill core, stored 
at the Drill Core Library, Timmins.

ROCK ASSOCIATION

The most common rock type at the occurrence is fine- 
to medium-grained, dark grey, biotite-feldspar-quartz 
gneiss interlayered with garnet-, amphibole-, or gar- 
net-amphibole-rich sections of variable thickness 
(Figure 21.2). The gneisses are derived from clastic 
and chemical metasedimentary rocks and minor 
metavolcanic rocks. General characteristics of the 
gneisses are:

1. 10 to 4096 biotite throughout
2. up to 5096 red-pink garnets that are less than l cm 

in size
3. up to 2096 dark green to black amphibole
4. up to 1096 fine-grained disseminated magnetite or 

narrow magnetite-rich layers
5. well-developed gneissic banding where the bands 

are less than l to 6 cm wide
6. thick, massive sections of gneiss with minor gneissic 

banding

The gneisses are intruded by pegmatites composed 
of grey-white quartz, pink, emerald green and white 
potassium-feldspars ± biotite that occur as narrow, 
discontinuous bands with gradational contacts and 
thick, massive, intrusive bodies with intrusive 
contacts.

Mineralization is hosted by biotite-feldspar-quartz 
gneiss ± garnet ± sillimanite ± sericite and abundant 
pegmatitic sections within the gneiss (see Figure 21.2). 
The mineralized gneiss is highly strained, folded, frac 
tured and contains abundant quartz veins.

ALTERATION

Alteration is more pronounced "above" or up-hole 
from the mineralization and is characterized by:
1. abundant garnet
2. less than 196 white, fibrous sillimanite that is 

commonly developed about 10 to 15 m from min 
eralization

3. an abrupt increase in sillimanite content (to 10 or 
1596) less than l m from mineralization

10 m Mineralized 
— zone——

7 N

biotite-feldspar- 
quartz gneiss*/- amphibole pegmatite ball textured sulphides

212
Figure 212, Schematic cross-section through the rock succession at Hurdman Township (from diamond-drill holes). Abbreviations: gt-garnet, 
mag-magnetite, sill-sillimanite.
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4. less than 196 disseminated pyrrhotite and pyrite a 
few metres from mineralization

Alteration within the mineralized zone is 
characterized by:
1. silicification and alteration of mafic minerals to 

sericite resulting in "bleaching" of the host rock to 
pale green-grey

2. apparent obliteration of gneissic banding
3. the presence of garnet and felted clusters of pale 

green amphibole

Alteration terminates abruptly, down-hole from 
the mineralized zone, although "bleaching" persists a 
few metres below the zone. Mineralization and altera 
tion is commonly terminated by a thick pegmatite.

MINERALIZATION

Mineralization consists dominantly of pyrrhotite and 
pyrite with sphalerite, gahnite (zinc spinel) and very 
minor galena and chalcopyrite. The sulphide minerals 
occur in abundances up to 1096 with local concentra 
tions as high as 9096. Sulphide minerals are 
disseminated throughout the mineralized zone and 
concentrated in layers, up to 3 cm thick, that are parallel 
to gneissosity. Sulphide minerals in the pegmatitic 
phases are net-textured and interstitial to the silicate 
minerals. Less than 396 gahnite occurs as dark emerald 
green, euhedral crystals disseminated in narrow quartz- 
rich, pegmatitic sections of the mineralized zones.

The mineralized zone also contains about l m of 
semi-massive, ball-textured sulphide minerals situated 
at the interface between the lower contact of the miner 

alized zone and massive pegmatite (see Figure 21.2). 
The ball-texture consists of rounded fragments, up to l 
cm in size, of quartz, feldspar and pyrite embedded in 
a groundmass of massive pyrrhotite. This texture is 
indicative of solid-state sulphide remobilization that 
results from the detachment, fragmentation, rolling 
and grinding of wall rock and brittle sulphide minerals 
in a ductile sulphide groundmass (Plimer 1987).

Pense Township Zinc Occurrence
The Pense Township zinc occurrence was discovered 
in 1969 when a diamond-drill program conducted by 
Wabi River Mining Syndicate intersected 1.9396 Zn 
across 28.9 feet (DDK No.5) in a siliceous mineralized 
zone (Assessment File 2.12129, Resident Geologist's 
Office, Cobalt). Subsequent diamond drilling in 1970 
intersected mineralized sections assaying 1.8896 Zn 
across 29.7 feet and 1.4296 Zn across 43 feet (DDK 
No. l O, Assessment File 2.12129, Resident Geologist's 
Office, Cobalt). Diamond drilling by Tyranex Gold 
Inc. in 1993 intersected a siliceous mineralized zone 
(DDK T-l-93) assaying 1.596 Zn across 5.4 feet with 
anomalous Co, Cu, Ni and Ag (W. Whymark, Tyranex 
Gold Inc., written and personal communication, 1993).

ROCK ASSOCIATION

The occurrence is situated within an east-striking, 
south-dipping sequence of tholeiitic to komatiitic 
metabasalt flows interlayered with fine-grained 
turbiditic metasedimentary rocks, mafic tuff and 
carbonaceous interflow metasedimentary rocks (Fig 
ure 21.3). All rock units are metamorphosed to upper 
greenschist or amphibolite grade.

40 m

eh!
\

talc-chl—from schist

N

Metasediments Metavolcanics Mineralized zone Metasediments and
Mafic Tuff

Figure 21 J. Schematic cross-section through the rock succession at Pense Township (from diamond-drill holes). Abbreviations: chl-chlorite, 
bio-biotite, gt-garnet, trem-tremolite.
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Tholeiitic basalts are pillowed and massive with a 
variety of breccias that may represent hyaloclastite. 
Some breccias are the locus of chlorite and albite 
alteration. Basaltic komatiites are deeply weathered 
and contain polygonal jointing and fine- to coarse- 
grained asbestosform tremolite. In diamond-drill core, 
these rocks are strongly altered to talc-chlorite-tremolite 
schist.

Metasedimentary rocks consist of dark grey-green, 
thickly bedded to thinly laminated, fine-grained wackes, 
mafic tuffs and silica-rich rocks composed of biotite 
and/or muscovite, feldspar and quartz ± amphibole ± 
andalusite retrograded to white mica. Carbonaceous 
interflow metasedimentary rocks are black, fine 
grained, graphitic and host disseminated and 
semi-massive layers of sulphide minerals.

ALTERATION

Alteration is subtle and appears to dominantly consist 
of albitization and chloritization of the mafic 
metavolcanic rocks. Two periods of albitization have 
affected these rocks: the first period formed "pseudo- 
varioles" and altered pre-existing breccias deformed 
by an early foliation (SJ; and the second period occurs 
along late joints and fractures. Chloritization, which 
may be an effect of retrogressive metamorphism, is 
variably pervasive throughout the metavolcanic and 
metasedimentary rocks, but also occurs along late 
fractures. Weak biotitization, l to 396 disseminated 
sulphide minerals and small clusters of red-pink garnet 
occur in mafic metavolcanic rocks in diamond-drill 
core, down-hole from mineralization.

MINERALIZATION

Two types of mineralization were observed in old 
trenches on the property:
1. disseminated to semi-massive pyrrhotite and py 

rite (5 to 3096) in coarse-grained black amphibolite
2. disseminated to semi-massive pyrrhotite and py 

rite (5 to 2596) with minor chalcopyrite and 
sphalerite (less than 196) in carbonaceous 
metasedimentary rocks interlayered with 
amphibolitized mafic flows.

The third and most significant type of mineraliza 
tion, only observed in diamond-drill core, occurs within 
moderately strained, silica-rich, biotitic, fine-grained 
and thinly laminated metasedimentary rocks situated 
at a contact between clastic metasedimentary rocks 
(up-hole from mineralization) and chloritic, weakly 
biotitic and garnetiferous mafic flows (see Figure 21.3) 
or talc-chlorite-tremolite schist (down-hole from min 
eralization). The exact stratigraphic relationship

between this and the other styles of mineralization is 
uncertain. The mineralization consists of 2 to 5096 
combined sulphides consisting of pyrrhotite, pyrite, 
sphalerite, chalcopyrite and minor galena distributed 
along layers and disseminated along foliation within 
the host rocks. Preliminary observations suggest that 
there may be an angular discordance between the 
silica-rich mineralized zone and large-scale layering in 
the metavolcanic rocks.

Bug Lake Copper Occurrence
Exploration for copper mineralization at Bug Lake was 
initiated in 1958 when a prospector discovered 
chalcopyrite north of the lake. The Bug Lake area was 
subsequently explored by Steep Rock Iron Mines Ltd. 
and diamond drilled by Rio Tinto Canadian Explora 
tion Ltd. in 1964. Numerous mineralized sections were 
intersected in diamond-drill core including: 0.6196 Cu 
across 11.5 feet; 1.3796 Cu across 17.7 feet; 2.0996 Cu 
across 7.7 feet; and 1.4496 Cu across 22.5 feet (Assess 
ment File 52L/7NE, G-1, Resident Geologist's Office, 
Kenora). Grab samples taken from trenches by Noranda 
Exploration Ltd. in 1985 assayed up to 1296 Cu and 
0.97 ounce Ag per ton while a chip sample assayed 
1.9896 Cu across 17 feet (Assessment File 52L/7NE, 
0-1, Resident Geologist's Office, Kenora).

ROCK ASSOCIATION

The Bug Lake occurrence is situated within a narrow 
(150 to 200 m wide) assemblage of metasedimentary 
and igneous rocks that extend south-southeast from the 
Werner-Rex lakes area. The rocks are metamorphosed 
to amphibolite-granulite grade.

The rock succession at Bug Lake (Figure 21.4) is 
remarkably consistent and comprised, from west to 
east, of the following rock types:
1. granitoid rocks of the Gone Lake Pluton
2. an anorthosite-gabbro body, 20 to 50 m thick, 

intruded by the Gone Lake Pluton and highly 
strained and epidotized along the contact

3. a granulite-grade gneiss containing orthopyroxene 
and clinopyroxene, biotite, amphibole and feld 
spar

4. a "mafic gneiss" comprised of an assemblage of 
fine- to coarse-grained, highly strained, intermedi 
ate to mafic metavolcanic rocks composed of vari 
able proportions of magnetite, amphibole, biotite 
and feldspar ± quartz ± cordierite ± garnet, possi 
bly derived from mafic igneous and sedimentary 
rocks

5. the mafic gneiss is intruded by numerous quartz- 
feldspar ± biotite pegmatites

6. a migmatite assemblage of biotite-feldspar-quartz
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gneiss ± garnet and minor calc-silicate rocks, de 
rived from turbiditic metasedimentary rocks and 
intruded by garnetiferous pegmatite and granitoid 
rocks.

ALTERATION

Mineralized host rocks within the "mafic gneiss" are 
coarse-grained, mafic to ultramafic and consist of: up 
to 45 96 feldspar; less than 10 to 5096 black amphibole; 
less than 5 to 5096 biotite; and 5 to 1596 disseminated 
magnetite. The rocks are altered and contain up to 9096 
cordierite and 8096 garnet. The cordierite occurs as 
subhedral, unaltered, indigo blue crystals up to 4 cm in 
size, while garnet occurs as red, poikiolitic, subhedral 
crystals up to 3 cm in size. The cordierite-garnet 
alteration is accompanied by very coarse-grained black 
amphibole and biotite. In the metasedimentary rocks 
of the migmatite assemblage, east of the "mafic gneiss", 
garnet occurs in discontinuously distributed, metre- 
scale patches. A patch may consist of up to 95 96 garnet.

The cordierite, garnet, some amphibole, biotite 
and the first foliation (S j) are deformed by the second 
foliation (S^ which indicates that some alteration is 
pre- or syn-Sj. Some biotite-amphibole alteration is 
also associated with late pegmatite dikes intruded 
along S2 structures. Cordierite-garnet alteration also 
occurs within highly strained granitoid rocks at the 
west margin of the Gone Lake Pluton indicating that 
some alteration is post-intrusion and may also be syn- 
or post-peak metamorphism. Collectively, these ob 
servations indicate that the formation of some secondary 
minerals was protracted.

MINERALIZATION

The majority of mineralization consists of chalcopyrite 
and pyrite with minor molybdenite and pyrrhotite. The 
mineralized zones are intensely weathered and contain 
hematite and/or limonite staining. The sulphide min 
erals occur: disseminated throughout the host rocks; in 
l to 2 cm wide veins parallel to and intersecting 
foliation; and interstitial to silicate minerals in 
pegmatites within the "mafic gneiss". Samples of 
sulphide-rich material from dumps at the trenches 
display ball-textured sulphides, described previously, 
that are indicative of solid-state sulphide remobilization. 
Numerous magnetite veins, up to 2 cm thick, intersect 
foliation in the vicinity of copper mineralization at 
trenches southeast of Bug Lake.

PROPERTY COMPARISONS
There are several differences and similarities between 
the 3 occurrences that were studied, these are:
1. All 3 occurrences are hosted by variably metamor 

phosed and altered metasedimentary rocks with a 
minor component of mafic igneous or sedimentary 
rocks.

2. Ball-textured sulphides, indicative of solid-state 
remobilization, occur at Hurdman Township and 
Bug Lake.

3. Aluminosilicate alteration is spatially associated 
with mineralization at Hurdman Township and 
Bug Lake, however, alteration at Pense Township 
is subtle and may not yet be identified.

4. Disseminated magnetite, up to 1596, occurs within 
the rocks at Hurdman Township and Bug Lake.

Mafic Gneiss

ct-amp-bio cf- 
V-gt \

Gone Lake Pluton 

Anorthosite
Granulite Gneiss 

Mafic gneiss

Mineralized zone 

Metasedlments

Figure 21.4. Schematic cross-section through the rock succession at Bug Lake. Abbreviations: amp-amphibole, bio-biotite, cs-calc-silicate, 
ci- cordierite, gt-garnet, HSZ-high strain zone.
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5 . At Hurdman Township, silicification, alteration of 
mafic minerals and apparent obliteration of gneissic 
banding in the mineralized zone indicates that 
some of the alteration may post-date peak meta 
morphism, and may be associated with solid-state 
sulphide remobilization. At Pense Township, sul 
phide mineralization and the silica-rich host rocks 
are conformable with layering in metasedimentary 
rocks which indicates that mineralization may 
have been deposited at the same time as the 
metasedimentary rocks. At Bug Lake, cordierite- 
garnet alteration is pre- or syn-S1} but also occurs 
within the Gone Lake Pluton, while some biotite- 
amphibole alteration is post-S2 suggesting that 
there was a long and protracted sequence of rock 
alteration and that some alteration may be syn- or 
post-peak metamorphism.

6. The occurrences at Hurdman and Pense townships 
are zinc-rich with an assemblage of sulphide min 
erals that is typical of volcanogenic or sedimen- 
tary-exhalative mineralization, however, the Bug 
Lake occurrence is copper-silver-rich with an as 
semblage of sulphide minerals more closely asso 
ciated with intermediate to felsic igneous 
intrusions.

EXPLORATION GUIDELINES
At Hurdman Township, abundant garnet and sillimanite 
spatially associated with zinc mineralization appears 
to be a good indicator of mineralization. Garnet and 
sillimanite associated with sulphide minerals and 
gahnite have been reported in diamond-drill logs from 
exploration programs in adjacent townships. Ball- 
textures within the sulphides, highly strained host 
rocks, quartz veins and silicification are indicative of 
solid-state sulphide remobilization, deformation of the 
mineralized zone and possible late alteration over 
printing mineralization. These features indicate that 
sulphide mineralization in Hurdman Township may be 
partially or completely disseminated and/or remobilized 
into late structures.

At Pense Township, sulphide mineralization is 
hosted by silica-rich metasedimentary rocks at a con 
tact between clastic metasedimentary rocks and mafic 
to ultramafic metavolcanic rocks. Other metasediment- 
metavolcanic contacts in the area should be explored 
for similar mineralization. A possible angular discord 
ance between the silica-rich metasedimentary rocks 
and layering in the metavolcanic rocks suggests that 
diamond-drill targets oblique to contacts should also 
be considered.

At Bug Lake, sulphide mineralization hosted by 
"mafic gneiss" and associated with cordierite-garnet 
alteration is almost identical to the host rocks, and style 
of mineralization and alteration in the Werner-Rex 
lakes area, 26 km west-northwest of Bug Lake 
(Beakhouse, this volume). Previous exploration in the 
area was directed at magmatic sulphides hosted by 
mafic to ultramafic rocks, however, field work at Bug 
Lake and Werner-Rex lakes suggests that: 1) not all the 
mineralization is magmatic; and 2) that there is a close 
spatial relationship between mineralization and in 
tense garnet and cordierite-garnet hydrothermal 
alteration. These observations indicate that the Bug 
Lake area should be reassessed for its base-metal 
potential.
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22. Project Unit 93-11. Granite-Related Mineralization 
in northwestern Ontario: l. Raleigh Lake and Separation 
Rapids (English River) Rare-Element Pegmatite Fields

F.W. Breaks
Mineral Deposit and Field Services Section, Ontario Geological Survey

INTRODUCTION
This report comprises the initial results of a project 
designed to evaluate the economic possibilities of 
various types of granite-related mineralization in the 
Superior craton of Ontario. Work during the 1993 field 
season was focussed in northwestern Ontario (Figure 
22.1). The results documented below are encouraging 
as 2 new rare-element pegmatite fields with potential 
lithium, tantalum and tin mineral deposits have been 
delineated. In total, the following numbers of new 
minerals have been validated: 13 beryl, 5 cassiterite, 19 
columbite-tantalite and 6 spodumene-petalite group

minerals. All mineral species mentioned in the ensuing 
text have been confirmed by a Philips X-ray 
diffractometer; some of the oxide phases have been 
analyzed by a Cameca Camebax SX-50 electron 
microprobe (Table 22.1). Pegmatite terminology is 
after Cerny and Meintzer (1988, p.178-180).

RALEIGH LAKE RARE-ELEMENT 
PEGMATITE FIELD
Spodumene-bearing pegmatite was first discovered in 
the area by prospector Stan Johnson in 1966, however, 
the mineralization was not disclosed until recently.

S* UCHI

:::SUBPROVINCE

Granitoid rocks (unsubdivided) Metasedimentary rocks 
and derived migmatftes

Figure 22.1. Location of study areas.
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Table 22.1. Preliminary microprobe analyses of oxide phases 1 from the Raleigh Lake Pegmatite Field.

Sample # 93-57 93-59 93-69A 93-69B 93-69C 93-99 93-122A 93-122B 93-122C 93-79A 93-79B 93-79C

TaO
Nb20s 
MnOFeO*
TiO2 
SnOz 
PbO
UO, 
Na2O 
CaO
MgO

45.92
34.35 
12.88
4.17
0.23

-

-

24.73
54.42 

7.66
10.73
0.63 
0.1

-

-

54.60
24.81 

6.75
8.25
1.30 
0.1

-

0.13

30.80
46.84 

6.79
10.44

1.63 
0.73 
2.99
7.09 
0.87 

13.83
-

57.93
6.46 
0.49
0.21
4.91 
0.10

-

-

22.81
54.76 
11.54
6.84
1.16

-

-

43.42
36.51 

9.87
6.86
0.51

-

-

33.66
45.49 
12.60
4.96
0.37

1.25
15.72

66.30
9.44 
0.27
0.07
0.64 
0.25

-

-

36.65
42.77 
13.46
3.78
0.86 
0.1

0.71 
10.82
-

68.98
8.19 
1.27
0.29
2.11

-

-

50.99
29.42 
13.46
3.78
0.86

-

-

TOTAL 97.55 98.20 96.33 96.76 95.50 97.21 97.19 97.12 95.03 97.52 92.62 97.62

SAMPLE DESCRIPTION FOR TABLE 1:
93-57: Manganocolumbite from 30 m thick,muscovite potassic pegmatite (local beryl).
93-59: Ferrocolumbite from 0.6 m thick, garnet-muscovite potassic pegmatite dike.
93-69: Intergrowth of managanotantalite (69-A), ferrocolumbite (69-B), and uranomicrolite (69-C) in 0.3 m thick dike of muscovite-quartz-

cleavelandite.
93-99: Manganocolumbite in garnet-muscovite-albite replacement patch in l to 2 meter-thick, potassic pegmatite dike. 
93-122: Intergrowth of managanotantalite (122-A), manganotantalite (122-B) and microlite (122-C), from spodumene-muscovite-quartz-

cleavelandite zone of Johnson Pegmatite. 
93-79: Intergrowth of manganotantalite (79-A), microlite (79-B)and manganocolumbite (79-C), from Pegmatite #1.

'Analytical Conditions: Oxide standards were used where possible. Silicate and metal standards were also used in the calibration routine. As a natu 
ral standard representative of the columbite-tantalite mineral group is not currently available at the Ontario Geological Survey, the accuracy of some 
of the reported data may be suspect due to the software correction routine (in this case PAP). The data may therefore be considered preliminary. 
Count times are 20 seconds for peaks and backgrounds or G.3% precision, whichever is reached first at conditions of 15Kv, 20Na and a beam diam 
eter of 10 to 15 microns.

Geological Setting
The pegmatite field is hosted by highly deformed mafic 
and intermediate metavolcanic rocks of the Raleigh 
Lake belt (Tanton 1938; Sage et al. 1974) and to a lesser 
extent by a small, massive granite pluton (Crocker Bay 
stock, Figure 22.2).

The Pegmatite Field
Numerous new occurrences of rare-element minerali 
zation were discovered by the writer in a 
south-southeast-striking zone, approximately 1.5 km 
wide and at least 4 km in length (see Figure 22.2). The 
southern limits of the field, which is the mineralogically 
most evolved part, have not been fully delineated.

BERYL-COLUMBITE ZONE
This zone is mainly exposed along, and proximal to, 
the eastern part of Crocker Bay (Raleigh Lake). The 
mineralization occurs in shallow to moderately dip 
ping (200 to 45 0) pegmatite dikes which vary in thickness 
from 0.6 to 30 m and are dominated by muscovite 
potassic pegmatite. Beryl as faint green, milky to 
locally translucent euhedral crystals up to 3.5 cm 
diameter, occurs locally in metre-size patches but in 
amounts less than 19fe. The 5 to 8 m thick dike at

locality 100 (see Figure 22.2) is a transitional pegmatite 
type in that it contains rare crystals of green spodumene 
and ixiolite, minerals more typical of the beryl-tantalite- 
spodumene zone.

Narrow (less than 0.6 m) cleavelandite-rich dikes 
occur locally in the beryl-columbite zone and contain 
sporadic aggregates of oxide minerals marked by a 
complex intergrowth of ferrotantalite and subordinate 
ferrocolumbite, uranmicrolite and tantalum (Ta) greater 
than niobium (Nb) rutile (see Table 22.1).

TANTALITE-BERYL-SPODUMENE 
ZONE
This zone comprises 4 pegmatites of the albite- 
spodumene type of the rare-element class of Cerny 
(1989) which are possibly transitional into the miarolitic 
class. These bodies are distributed over at least a 2 km2 
area.

Johnson Pegmatite
This 8 by greater than 83 m spodumene pegmatite, 
located in Figure 22.2, consists of: 
l. muscovite-spodumene-quartz-potassium-feldspar 

core zone (3096)
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spod,be,ixl,/ 
Mrt-tant,mic,mQ

Mafic metavolcanic rocks

Biotiie granite and quartz monzonite 
Equigranular to K-feldspar megacrystic

Approximate limits of 

Raleigh Lake Pegmatite Field

Rare-element mineral occurrence 

l————i be = beryl

bis = bismuthinite 

col-tant = columbite-tantalite group

Fe—col = ferrocolumbite 

Fe-tant ^ ferrotantalite 

holm — holmquistite

ixl = ixiolite 

mie = microlite 

mo = molybdenite 

Mn—col = manganocolumbite 

Mn-tant - manganotantalite 

spod = spodumene

Figure 22.2. General geology and location of rare-element mineral occurrences of the Raleigh Lake Pegmatite Field.

2. blocky potassium-feldspar-quartz-spodumene in 
termediate zone (1096)

3. spodumene-muscovite-quartz-cleavelandite border 
zone (6096).

The coarser, central core-zone is composed of 
inhomogeneously distributed blocky perthitic potas 
sium-feldspar (up to 65 by 80 cm), lime-green 
spodumene up to 5 cm in diameter, grey quartz-masses 
and sporadic tantalite. The intermediate zone is rich in 
fine-grained spodumene (40 to 5096) which commonly 
reveal a strong subvertical lineation. The border zone 
is characterized by radiating masses of cleavelandite, 
only a few percent spodumene and 0.5 to 196 oxide 
phases (homogeneous and oscillatory zoned 
manganotantalite to manganocolumbite, replaced by 
microlite, see Table 22.1). Other accessory minerals 
include faint green to white beryl (up to 6 by 11 cm) and 
molybdenite. Very subtle, purple holmquistite occurs 
up to 2 m from the pegmatite contacts.

Pegmatites #1,2 and 3
These spodumene pegmatites (see Figure 22.2), dis 
covered by the author, lie south of the Johnson 
claim-group and comprise flat-lying sheets 0.6 to 5 m 
in thickness. Pegmatites l and 3 are characterized by 
a strong crescumulate texture (Photo 22.la) with slen 
der, light green to tan spodumene crystals up to 1.5 by 
75 cm oriented normal to pegmatite contacts. These 
spodumene-rich masses commonly form the matrix to 
isolated elongate potassium-feldspar crystals up to 30 
by 60 cm, the long axis of which also comprises part of 
the lineation. The largest pegmatite has a minimum 
length of 200 m. Accessory minerals include beryl, 
manganotantalite, ixiolite, microlite (see Table 22.1), 
molybdenite, bismuthinite (and alteration phases 
bismite and bismutite) and garnet. Metasomatic reac 
tion with mafic metavolcanic host-rocks is commonly 
evident within l m of the pegmatite contact and is 
marked by significant biotite and holmquistite, the
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Photo 22.1a. Well-developed crescumulate texture in Pegmatite l, 
Raleigh Lake Pegmatite Field, marked by needle-like spodumene crys 
tals oriented normal to pegmatite layering (outside of photograph).

Photo 22.1b. Euhedral crystal of cordierite (below 2.6 cm diameter 
coin), now completely replaced by biotite, muscovite and minor beryl, 
which projects into a small mass of quartz in potassic pegmatite within 
the Separation Rapids pluton.

Photo 22.1c. Interstitial masses of petalite (P) which lie between an 
aggregate of coarse blocky potassium-feldspar crystals (marked by ham 
mer) in Marko's Pegmatite.

latter in veins or randomly oriented needles. Pegmatite 
2, in particular, is enveloped in an intense holmquistite- 
rich metasomatic zone at least 2 m thick. Local

miarolitic cavities, lined with quartz and cleavelandite, 
occur in Pegmatites 2 and 3.

SEPARATION RAPIDS RARE- 
ELEMENT PEGMATITE FIELD
Rare-element mineralization, present as beryl-bearing 
granitic pegmatites, was first discovered in this area by 
Stockwell (1932). Further beryl occurrences were 
encountered in 1991 by A. Pryslak during an explora 
tion program conducted by Champion Bear Resources 
Limited (L. Chatsko, consulting geologist, 1992, per 
sonal communication to C.E. Blackburn), and in 1992 
by C.E. Blackburn as a result of a 1:15 840 scale, 
Ontario Geological Survey, mapping program.

Geological Setting
This pegmatite field and its parental granite lie within 
the Separation Lake metavolcanic belt of Blackburn et 
al. (1992) which forms part of the boundary zone 
between the English River and Winnipeg River 
Subprovinces (Beakhouse 1991; Breaks 1991).

Separation Rapids Pluton
This 3 km2 pluton, dominated by several distinct 
pegmatitic granite units, has generated a 700 striking, 
zoned rare-element pegmatite field (minimum dimen 
sions 0.5 by 3.5 km, Figure 22.3). The pluton is 
comparable in size and constituent granitic units to the 
fertile, peraluminous Greer Lake pegmatitic granite 
pluton, situated 55 km west-northwest in the Winnipeg 
River Pegmatite District of southeast Manitoba (Cerny 
et al. 1981, p.79-81). Striking similarities include the 
presence of cordierite, beryl, cassiterite and 
ferrocolumbite, and the commoness of primary layer 
ing and mineralogy of the exocontact pegmatite swarm, 
some dikes of which contain petalite.

Salient petrographic features of the Separation 
Rapids pluton include:
1. widespread layering between pegmatitic 

leucogranite, sodic aplite, potassic pegmatite and 
coarse-grained granite units

2. beryl-garnet-muscovite-biotite pseudomorphs af 
ter cordierite megacrysts (Photo 22. Ib)

3. metasomatic reaction with widespread amphibolite 
enclaves

4. sporadic ferrocolumbite and beryl in potassic 
pegmatite units.

Separation Rapids Rare-Element 
Pegmatite Field
The most significant discovery, from the standpoint of
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mineral exploration potential, is that of petalite 
(LiAlSi4O 10) which forms the primary lithium 
aluminosilicate phase in 2 pegmatites. These pegmatites 
comprise the most mineralogically evolved part of the 
field. These occurrences, described below, constitute 
the second and third localities of known petalite occur 
rences in Ontario, a mineral confined to low 
pressure-high temperature pegmatite fields. Petalite- 
bearing pegmatites are of the complex, petalite subtype 
of the rare-element pegmatite class (Cerny 1989). 
Elsewhere in the world, this pegmatite subtype is host 
to "giant" rare-element pegmatites such as the Tanco, 
Bikita and Harding (Cerny 1992). The first petalite 
locality of Ontario was documented by Breaks (1980).

1. interior beryl-ferrocolumbite zone
2. exocontact ferrocolumbite-cassiterite-beryl zone
3. exocontact cassiterite-beryl-petalite zone.

INTERIOR BERYL- 
FERROCOLUMBITE ZONE
Accessory beryl occurs at 5 localities within the paren 
tal pluton and mainly in the southeastern portion (see 
Figure 22.3). Two associations of beryl are evident: 1) 
as a primary phase in potassic pegmatite; and 2) as 
secondary, relatively small, euhedral crystals 
intergrown with other phases that have replaced 
cordierite.

Several zones of rare-element mineralization have The secondary association of beryl, marked by 
been provisionally delineated: light blue crystals up to 7 mm by 4 cm that compose 10

- ENGLISH RIVER SUBPROVINCE-

j: Lou
Peg motile 
if ^ Audrey's 

b*.cos* Pegmatite

arko's Pegmatite

SEPARATION LAKE
SEPARATION GREENSTONE BELT

RAPiDS PLUTON

WINNIPEG
4/ 4- 4-

SUBPROVINCE
1-4-4-4-4-4-4- 
4-4-4-4-4-4-4-

2 km

Mafic metavolcanic rocks; 
subordinate felsic metavolcanic 
rocks and banded iron formation

Migmatized metasedimentary rocks 

Biotite granite and granodiorite

Pegmatitic granite (Separation 

Rapids pluton)

Geology modified after Blackburn ( in preparation ) 

Rare-element mineral occurrences

be p beryl 
cass = cassiterite

col-tant ^ columbite-
tantalite group

elb = elbaite
lep = lepidolite
pet = petalite
sp = spodumene

Figure 223. General geology and location of rare-element mineral occurrences of the Separation Rapids Pegmatite Field.

108



F.W. Breaks

to 209& of the former cordierite crystal, is probably a 
subsolidus phenomenon.

FERROCOLUMBITE- 
CASSITERITE -BERYL ZONE
Several exocontact pegmatite dikes, situated very near 
the southeasternmost part of the Separation Rapids 
pluton, contain quantities of cassiterite-ferrocolumbite 
intergrowths. At Locality 264 (see Figure 22.3), an 8 
m thick, vertical pegmatite dike contains about 19& 
disseminated cassiterite (minor ferrocolumbite 
intergrowth) in an apatite-beryl-quartz-albite rock. 
Pearly white, fine-grained ephesite (2Mj) occurs as 
pseudomorphs, possibly after a former lithium 
aluminosilicate phase such as spodumene or petalite. 
A nearby and probably related 6 m thick potassic 
pegmatite dike (Locality 265, see Figure 22.3) contains 
a l by 5 m, central pod of a blocky potassium-feldspar- 
muscovite-quartz-cleavelandite assemblage, 
accompanied by scant, faint purple, lithian muscovite 
as a marginal replacement of muscovite books, milky 
white beryl, green apatite and rare ferrocolumbite. 
Local dark green tourmaline (elbaite) occurs outside 
the cleavelandite-rich mass.

Audrey's Pegmatite
This 0.7 to 1.2 m thick, steeply dipping dike (see Figure 
22.3) is exposed for 50 m and consists mostly of coarse- 
grained garnet-muscovite-biotite granite with local 
areas of potassic pegmatite. It contains local white to 
sea-green, commonly translucent, euhedral beryl crys 
tals typically between 5 to 8 mm diameter and deep 
brown, euhedral cassiterite up to 3 by 9 mm in sections 
parallel to the c-axis.

CASSITERITE-BERYL- 
PETALITE ZONE 
Marko's Pegmatite
This 8 m thick pegmatite dike (see Figure 22.3) has a 
minimum length of 175 m and contains the greatest 
amount of petalite of any in the area, which is estimated 
to be 409& of the core zone. The white to grey, locally 
translucent petalite is variably replaced by 10 to 95*25? 
veins of white spodumene, low albite of a conspicuous 
orange colour, and veins of faint purple (2Mj) and 
lime-green muscovite (2Mj). Most large petalite 
masses, which infill between l to 2 m diameter blocky 
potassium-feldspar crystals (Photo 22. l c), reveal only 
local conversion into spodumene-quartz intergrowths.

Cassiterite occurs locally in flat-lying veins up to 
l cm thick that are composed of fine-grained, lime- 
green sericite and saccharoidal albite.

Several zones are obvious:
1. a central, very coarse blocky potassium-felds 

par-petalite zone
2. intermediate petalite-muscovite-albite zone
3. marginal muscovite-albite-quartz zone which 

possibly grades into local quartz-rich masses.

Lou's Pegmatite
The second petalite occurrence is confined to a smaller, 
0.6 to 1.4 m thick pegmatite exposed for 50 m (see 
Figure 22.3). This body is marked by conspicuous, 
partly translucent white, light blue or sea-green beryl 
up to 3 by 6.5 cm in a section roughly parallel to the c- 
axis. One small area of the pegmatite contains petalite 
megacrysts, up to 32 by 67 cm which have commonly 
coalesced and are rimmed by a fine-grained mass rich 
in milky albite and accessory fine-grained lime-green 
muscovite. Other minerals include red-brown garnet, 
yellow-brown muscovite books up to l cm thick, black 
tourmaline especially prominent in masses near the 
upper contact, columbite-tantalite and cassiterite.

Contact metasomatism of the mafic metavolcanic 
host-rocks is marked by a 30 cm thick zone of con 
spicuous biotite, tourmaline and holmquistite, the latter 
occurring as randomly oriented dark purple needles up 
to 3 mm by 4 cm.

RECOMMENDATIONS FOR 
FUTURE MINERAL EXPLORATION
Petalite globally occurs in only 29fc of all lithium-rich 
rare-element pegmatites (Cerny 1989). In the Winni 
peg River Pegmatite District of Manitoba, most 
occurrences of petalite are found in the Bernic Lake 
Pegmatite Field which hosts the world famous Tanco 
Pegmatite (Cerny et al. 1981). The discovery of 
petalite in the Separation Lake metavolcanic belt, 
therefore, has greatly increased the potential for find 
ing rare-element deposits of the Tanco type in this area. 
Furthermore, it may be possible, subject to field work 
validation in 1994, that the Separation Rapids Pegmatite 
Field represents the extreme eastward extension of the 
Winnipeg River Pegmatite District. Therefore all 
ground proximal and within the Separation Lake 
metavolcanic belt in its westward extension to Ryerson 
Lake (on the Ontario-Manitoba interprovincial bound 
ary) should be closely examined for further petalite and 
other rare-element mineral occurrences.

In the Raleigh Lake Pegmatite Field, large boul 
ders of spodumene pegmatite (maximum size 1.8 by 2 
by 2.5 m) occur sporadically immediately south of 
Pegmatites l, 2 and 3. This observation, coupled with 
the shallow cover of glacial till, suggests that explora 
tion which utilizes a combination of boulder tracing
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and heavy-mineral analysis may effectively delineate 
further rare-element mineralization.
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23. Project Unit 93-12. Kimberlites of Ontario

R.P. Sage
Mineral Deposits and Field Services Section, Ontario Geological Survey

PROJECT DEFINITION
In response to renewed exploration for diamond-bear 
ing kimberlite in Ontario, the OGS initiated a study of 
kimberlite in the province. The kimberlite project of 
the OGS is restricted to bedrock geology and known 
kimberlite occurrences. It is designed to provide a data 
base on which industry can build its future exploration 
efforts. The project has 5 parts:

1. Collect existing exploration records on each oc 
currence. This involves drill logs, plan maps and 
geophysical data.

2. Collect relevant unpublished geological reports, 
maps and memorandums that deal with kimberlite 
geology in Ontario.

3. Collect kimberlite samples and related material to 
establish a reference collection.

4. Collect unpublished, uninterpreted results of 
kimberlite indicator mineral geochemical analy 
ses on each occurrence, to establish a data base for 
such information on Ontario kimberlites.

5. Assist the Geoscience Laboratories in developing 
analytical techniques for the identification and 
evaluation of kimberlite occurrences.

PROJECT STATUS
Since May of 1993, a literature search on kimberlite 
topics and the contacting of many individuals involved 
in kimberlite exploration in Ontario has taken place. 
Since kimberlites lack any surface expression and 
generally are deeply eroded, the project is completely 
dependent on the material and information provided by 
the exploration industry.

HISTORICAL PERSPECTIVE
The possibility of diamond being present in Ontario 
was recognized as early as 1906, when reports ap 
peared in Montreal newspapers of a diamond being 
found in the area between Lake Nipissing and Lake 
Timiskaming. Prior to 1906, the presence of diamond 
in Ontario was only the subject of speculation (Hobbs 
1899; Blue 1900). Later in 1914, a microdiamond was 
reported to have been identified in mafic to ultramafic 
rocks found in Reaume Township, north of Porcupine, 
Ontario (Gibson 1914). The reported Reaume Town 

ship discovery was later discounted by Szetu (1954). 
The source of the Lake Nipissing diamond was never 
identified. Kimberlite, the source rock for diamond, 
was not identified in Ontario until 1948, when Satterly 
(1949) recognized a small kimberlite dike in diamond- 
drill core obtained from a gold prospect in Michaud 
Township, in the Kirkland Lake area. The source of 
diamonds found in glacial drift deposits of southern 
Ontario and states in the north-central part of the 
United States, however, remained elusive (Gunn 1968).

By following dispersal trains of kimberlite indica 
tor minerals in the Munro Esker near Kirkland Lake, a 
kimberlite dike without diamond was found in the 
Upper Canada mine in 1968 (Lee 1965,1968; Lee and 
Lawrence 1968). Brown et al. (1967) described 
kimberlite indicator minerals found in the James Bay 
Lowland, and Satterly (1971) prepared a summary of 
all of the then known data on the possibility of kimberlite 
and diamond in Ontario and concluded that the 
kimberlite-diamond potential was good. The source 
for the drift diamonds remained elusive and Brummer 
(1978) summarized what was known at that time 
regarding possible sources for these diamonds. 
Brummer (1978) provided a description of the 0.255 
carat Jarvi diamond found near Timmins, and briefly 
mentioned work by Selco Exploration Company Ltd. 
and Canadian Rock Company Ltd. to locate the sources 
of kimberlite indicator minerals found in overburden 
sampling in northern Ontario. A study of the kimberlite 
indicator minerals found in the James Bay Lowland of 
northern Ontario was completed by Wolfe et al. (1975).

Studies of surficial deposits and drift diamonds up 
to this time indicated 2 areas of possible kimberlite 
emplacement; the Kirkland Lake area and the James 
Bay Lowland. Additional studies of heavy mineral 
concentrations in surficial deposits in the Kirkland 
Lake area were undertaken by the Ontario Geological 
Survey in 1978 (Averill and Fortescue 1983); this work 
has been briefly summarized by Brummer et al. (1992a). 
The presence of kimberlite in the Kirkland Lake area 
other than the dike found at the Upper Canada mine 
received considerable support when Baker (1982) un 
covered kimberlite boulders in a gravel pit on an esker 
west of the town. These boulders are not resistant to 
weathering and thus could not have been transported 
far. The first kimberlite pipe discovered may have been 
"B-30" or "Nikila Lake" in Bisley Township, which

111



Mineral Deposits and Field Services Section (23)

was drilled by Monopros Ltd. in 1984. Both Monopros 
Ltd. and Lac Minerals Ltd. were actively seeking 
kimberlite pipes in the Kirkland Lake area at this time, 
and these efforts ultimately resulted in the identifica 
tion of a number of pipes. These exploration efforts 
were recently summarized in the excellent paper by 
Brummer et al. (1992b). Of the discoveries made 
during this period, the C-14 kimberlite pipe discovered 
in 1984 by Lac Minerals Ltd. proved most interesting 
by producing 2 macrodiamonds of gem quality. Most 
of the Kirkland Lake kimberlite pipes have produced 
microdiamonds and these have been described in some 
detail by Brummer et al. (1992b).

Exploration activity directed towards kimberlite 
and diamond is currently under way in the Kirkland 
Lake area by a number of junior mining companies. 
The Geological Survey of Canada is currently under 
taking an extensive investigation of the surficial geology 
of the Kirkland Lake area, for base metals and 
kimberlite, supported by limited core drilling of 
kimberlite (Mcclenaghan 1991, 1992; Mcclenaghan 
and DiLabio 1993).

Extensive work in the James Bay Lowland by 
Selco Exploration Company Ltd. and Esso Minerals 
Canada, starting in 1979, identified alkalic diatremes, 
carbonatite and alnoite, but was unsuccessful in locat 
ing kimberlite and diamond (Janse et al. 1989; Reed 
and Sinclair 1991). True kimberlite is reported (The 
Northern Miner, August 31,1992, p.l) to occur in the 
vicinity of Attawapiskat in the James Bay Lowland; 
however, data concerning the potential of this occur 
rence is unavailable. Exploration for kimberlite in the 
James Bay region is currently in progress.

Whether any of the kimberlite pipes found to date 
are the source for the diamonds found in southern 
Ontario and in the north-central states of the United 
States remains to be established. The stones found in 
the north-central United States may have their source 
in northern Michigan, where a number of kimberlite 
pipes have been found (Jarvis 1993). The early finds of 
diamond in the north-central United States resulted in 
most workers within the industry proposing a Cana 
dian source, and this has ultimately stimulated 
kimberlite exploration in Ontario, even if the stones 
found in the United States ultimately prove to have a 
non-Canadian source.
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24. Timmins Resident Geologist's District—1993

LE. Luhta, P.J. Sangster and D.M. Draper
Timmins Resident Geologist's Office, Mineral Deposits and Field Services Section, 
Ontario Geological Survey

MINING ACTIVITY
In 1993, the level of mining activity in the Timmins 
Resident Geologist's District held steady with 6 gold 
mines, l base metal mine and l industrial mineral 
producer in operation.

Placer Dome Inc. focussed its attention on explor 
ing for additional gold ore at the Detour Lake Mine and

the Dome Mine. The company reported record produc 
tion levels at the Dome Mine and announced intentions 
to proceed with the proposed superpit on the Dome 
Mine property. Surface drilling east of the Dome 
Number 8 shaft continued in 1993. A surface diamond- 
drill program is planned for late 1993 on the Paymaster 
property, adjacent to the Dome Mine, and plans to 
return the property to production status by late 1994 
have been announced.

Figure 24.1. Location of the Timmins Resident Geologist's District.
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Surface diamond drilling at the Detour Lake Mine 
has confirmed an extension in the ore zone westward at 
depth. A small surface diamond-drill program was also 
completed at McAlpine Lake, west of the Detour Lake 
Mine (Placer Dome Inc., personal communication, 
1993).

Falconbridge Gold Corporation continued gold 
mining operations at the Hoyle Pond and Bell Creek 
mines.

The St. Andrew Goldfields Ltd. Stock Township 
Mine completed its fourth year of production.

The Timmins operations of Royal Oak Mines Inc. 
included the Pamour No. l Mine and adj acent open pits. 
The acquisition of separately worked former producers 
adjacent to the Pamour No. l Mine will allow the 
company to proceed with plans to mine the under 
ground boundary pillars of the Hallnor and Bonetal 
deposits.

Falconbridge Limited announced significant addi 
tions to the ore reserves of the Kidd Creek Number 3 
Mine. The increased reserves will result in another 2 
years of mine operation. The north ore body has now 
been defined to a depth of 7000 feet below surface.

The Penhorwood talc mine, owned by Luzenac 
Incorporated, remained the sole industrial mineral pro 
ducer in the district.

Great White Minerals Limited continued the evalu 
ation of a silica deposit in Fripp Township.

INCENTIVE PROGRAMS
The Ontario Prospector's Assistance Program (OPAP) 
provided funding to 28 prospecting and exploration 
programs based in the Timmins Resident Geologist's 
District. The Timmins district also received the highest 
number of Ontario Mineral Incentives Program (OMIP) 
grants, with over S309 000 designated for 6 projects in 
1993. Also, the Canada-Ontario Northern Ontario 
Development Agreement (NOD A) program sponsored 
8 geoscience research projects that were conducted in 
the Timmins Resident Geologist's area.

RESIDENT GEOLOGIST'S 
OFFICE—CLIENT SERVICES
From January to August 1993,1850 client visits to the 
Timmins Resident Geologist's Office were recorded. 
The Resident's Geologist's Office is now also respon 
sible for providing access to the Timmins Drill Core 
Library facility.

1993 EXPLORATION HIGHLIGHTS
The TimGinn Syndicate drilled 4 deep diamond-drill 
holes in the heart of Timmins during the course of a 
gold exploration program, on properties adjacent to the 
former Hollinger Mine. A new program is being 
planned, possibly to be initiated in late 1993 (Robert 
M. Ginn, TimGinn Syndicate, personal communica 
tion, 1993).

Formosa Environmental Aggregates Ltd. com 
pleted 10 surface diamond-drill holes in Canfield and 
Carroll townships with the assistance of an OMIP 
grant. These holes were drilled to evaluate the gypsum 
deposit located on their property (Robin Coad, For 
mosa Environmental Aggregates Ltd., personal 
communication, 1993).

The Mountjoy Syndicate, managed by L. 
Bonhomme, completed a surface diamond-drill explo 
ration program for base metals on their 4 Corners 
property, at the intersection of Mountjoy, Godfrey, 
Jamieson and Jessop Townships (L. Bonhomme, 
Mountjoy Syndicate, personal communication, 1993).

Cameco Corporation optioned a gold property in 
Huff man Township from E. Kirkwood and W. Brereton. 
The property, located along strike from the past-pro 
ducing Jerome Mine, was subsequently enlarged by 
Cameco. In the last few years, work done by the 
vendors has defined the geology of the property and 
identified significant soil geochemical anomalies (W. 
Brereton, personal communication, 1993).

Phelps Dodge Corp. of Canada Ltd. completed 
1300 m of surface diamond drilling on the Shunsby 
base metal property in Cunningham Township, optioned 
from Kirkton Resources. The option was subsequently 
dropped (Phelps Dodge Corp. of Canada Ltd., personal 
communication, 1993).

Kennecott Canada Inc. carried out surface dia 
mond drilling in Tooms Township in early 1993, as 
part of a nickel exploration project (MPH Consulting 
Ltd., personal communication, 1993).

Moneta Porcupine Mines Inc. intersected eco 
nomically significant zinc mineralization in a surface 
diamond-drill hole in Godfrey Township, while fol 
lowing up a gold intersection obtained in 1991 by 
Falconbridge Limited Exploration Division. Seven 
additional diamond-drill holes were completed on the 
property. Moneta also completed one surface dia 
mond-drill hole in Deloro Township (Moneta Porcupine 
Mines Inc., personal communication, 1993).

Asarco Exploration Co. of Canada Ltd. completed 
19 exploratory surface diamond-drill holes in 2 pro-
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grams, near their Aquarius deposit in Macklem Town 
ship to explore for the possible extension of the deposit's 
ore-hosting horizon. Surface diamond drilling was also 
carried out in Deloro, Nova and Garnet townships 
(Asarco Exploration Co. of Canada Ltd., personal 
communication, 1993).

Noranda Exploration Company Ltd. intersected 
disseminated sphalerite mineralization during a sur 
face diamond-drill program in Fox and Stimson 
townships. Two small surface diamond-drill programs 
were also completed in Foleyet Township in search of 
base metals. A surface diamond-drilling program to 
explore for gold mineralization was completed in 
Penhorwood and Sewell townships, on property 
optioned from Glen Auden Resources Limited. A four- 
hole surface diamond-drill program was completed in 
Denton Township, on ground optioned from GoWest 
Amalgamated Resources Ltd. A previously unknown 
zone containing gold mineralization was intersected. 
Follow-up exploration on a 1992 program was done in 
Denyes Township on a gold property optioned from J. 
Patrie (Noranda Exploration Company Limited, per 
sonal communication, 1993).

Falconbridge Limited Exploration Division worked 
on 2 major base metal exploration projects. The com 
pany completed surface diamond drilling on their 
Exploratory Licence of Occupation on the old Kam 
Kotia Mine site in Robb Township, along with airborne 
geophysical surveys, surface electromagnetic (EM) 
surveys and borehole EM surveys. Surface diamond 
drilling was also completed on other targets in the 
Kamiskotia area.

A large surface diamond-drill program was com 
pleted by Falconbridge Limited on the White Star 
property, adjacent to the Kidd Creek Mine (Falcon 
bridge Limited Exploration Division, personal 
communication, 1993).

The exploration department of Royal Oak Mines 
Ltd. conducted a small surface diamond-drill program 
on the North Peninsula of Night Hawk Lake, in Cody 
Township. The department also completed surface 
diamond-drill programs on the Hoyle and Hallnor 
properties in Whitney Township (Royal Oak Mines 
Ltd., personal communication, 1993).

Inco Exploration and Technical Services Inc. com 
pleted 2 surface diamond-drill holes in Hutt Township. 
The drill program was to test 2 areas on their claims for 
base metal mineralization (Inco Exploration and Tech 
nical Services Inc., personal communication, 1993).

BHP Minerals completed ground geophysical sur 
veys and diamond-drilled one hole on a base metal

prospect in Carscallen Township (BHP Minerals, per 
sonal communication, 1993).

Westminer Canada Limited has been actively study 
ing the western Abitibi greenstone belt area for its 
mineral potential. The company is presently acquiring 
a ground position in the Timmins area (Westminer 
Canada Limited, personal communication, 1993).

Outokumpu Mines Ltd. carried out a seven-hole 
diamond-drill program on the Montcalm Township 
nickel deposit. Outokumpu Mines Ltd. has a two and a 
half-year option on the property. Outokumpu Mines 
Ltd. also sponsored a study of komatiitic rocks in the 
western part of the Abitibi greenstone belt.

DIAMOND EXPLORATION 
HIGHLIGHTS

Re-evaluation of the results of the Monopros Lim 
ited 1988-89 drill program prompted a joint venture 
between KWG Resources Inc. and Blue Falcon Mines 
Ltd. to conduct a diamond exploration program in the 
Attawapiskat River area in mid-1992. In excess of 
150 000 acres, covering 280 potential diamond-drill 
targets, was staked and airborne geophysical surveys 
completed by the end of 1992. Called the Spider l 
project, the exploration program is now 7096 control 
led by KWG Resources Inc. and 3096 by Spider 
Resources Inc. A total of 37.4 million was raised by 
KWG Resources Inc. to work on the Spider l and 
Spider 2 projects in the Kirkland Lake area. Twelve 
high-priority diamond-drill targets were identified in 
early 1993, and diamond drilling was started in late 
March to test these targets. In April, the company 
drilled 2 holes in the Attawapiskat area, on property 
optioned from Continental Precious Minerals Inc. Drill 
ing intersected a 60-foot bed of gypsum but failed to 
penetrate the Paleozoic cover. Operations were post 
poned due to ground and weather conditions (Blue 
Falcon Mines Ltd., personal communication, 1992- 
1993; Spider Resources Inc., personal communication, 
1992-1993; The Northern Miner, January 18,1993).

In late 1992 and early 1993, Alcanex Ltd., a private 
Ontario company, staked 40 000 acres of land in the 
Coral Rapids and Otter Rapids area, along the Abitibi 
River in the James Bay Lowland, for its diamond 
potential.

The following companies have acquired proper 
ties from the ground staked by Alcanex (Alcanex Ltd., 
personal communication, 1993):

1. Valeric Gold Resources Ltd.—5800 acres in Val 
entine and Hobson townships
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2. Emperor Gold Corp.—1600 acres in Heath Town 
ship

3. Sultan Minerals Inc.—2200 acres in Ophir and 
Hobson townships

4. Wealth Resources Ltd.
5. Arbor Resources Inc.
6. Pacific Mariner Exploration Ltd.

In January, 1992, Noront Resources Ltd. acquired 
126 claim units in Hobson and Hogg townships, 11 
miles north of Coral Rapids on the Abitibi River. The 
company has obtained a geological report on the prop 
erty, known as the "Ranoke Diamond property", which 
has recommended the diamond drilling of 8 magnetic 
features which may indicate kimberlite pipes (Noront 
Resources Ltd., personal communication, 1993; Noront 
Resources Ltd., news releases, January 28, 1993 and 
February 17, 1993).

In November, 1992, Southern Arizona Mining and 
Smelting Corp. announced it had signed an agreement 
with Blue Falcon Mines Ltd. to fund an exploration 
program designed to locate the source kimberlite of the 
"Jarvi diamond" found in Sheraton Township in 1971. 
Reinterpretation and enhancement of Ontario Geo 
logical Survey airborne survey geophysical data and 
the examination of geophysical data from assessment 
files was carried out for the area of the "Jarvi diamond" 
discovery. A line-cutting program and a ground 
magnetometer survey were completed on the claims in 
Sheraton Township. Diamond drilling was carried out 
to test 3 targets during early 1993. It was found that the 
anomalies were caused by magnetite bands within 
andesitic rocks (Gordon Leliever, Blue Falcon Mines 
Ltd., personal communication, 1993; Southern Ari 
zona Mining and Smelting Corp. news releases, 
November 9,1992 and January 22,1993).

East West Resource Corporation has reported it 
has claims covering 25 kimberlite targets on the 
Timiskaming Rift zone, north of Kirkland Lake, and 
some properties in Reaume, Duff and Dundonald town 
ships (East West Resources, personal communication, 
1993; The Northern Miner, January 18, 1993).

In March, 1993, Inter-Rock Gold Inc. acquired 222 
16 ha units in the James Bay Lowland, to the south of 
the Albany River in the Jaab Lake area and south and 
east of Jaab Lake. Magnetic responses, which could 
indicate kimberlite pipes, were targeted for the staking 
program (Inter-Rock Gold Inc., personal communica 
tion, 1993).

Pure Gold Resources Inc. staked several block 
claims in the west of Burstall Township and in the 
South Ridge Lake areas in mid-February, 1993, as part 
of a diamond exploration program. In April, a program 
of overburden drilling to test several targets, estab 
lished using airborne magnetic survey data and aerial 
photography interpretation, was started. Analyses are 
to be done at the laboratories of Ashton Mining (I. 
Mason, Pure Gold Resources Inc., personal communi 
cation, April, 1993).

In mid-April, Trade Winds Resources Ltd. began a 
reverse circulation drilling program over a "bull's- 
eye" airborne magnetic survey anomaly thought to 
indicate kimberlite, in Tully Township (Trade Winds 
Resources Ltd., personal communication, 1993).

W. Kerr initiated an OPAP-funded prospecting 
program within the Kapuskasing structure near 
Chapleau in 1991, approximately one year before the 
current diamond rush started. He has discovered a 
well-defined indicator train and has staked 8 claim 
groups on aeromagnetic survey anomalies. Microprobe 
work has confirmed the presence of both eclogitic (G- 
3 and G-5) and peridotite (G-9) pyrope garnet grains, 
as well as abundant chrome diopside and ilmenite 
grains. One esker sample analyzed in late 1992 re 
turned 25 chrome diopside and 26 pyrope garnet grains 
immediately down-ice from one of the staked claims. 
During 1993, Mr. Kerr continued work on his property, 
including diamond drilling, and received support from 
an exploration company to further develop his dia 
mond exploration theories (W. Kerr, personal 
communication, 1992-1993).
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25. Kirkland Lake Resident Geologist's District—1993

G. Meyer and D. Guindon
Kirkland Lake Resident Geologist's Office, Mineral Deposits and Field Services Section, 
Ontario Geological Survey

INTRODUCTION
Two positions at the Drill Core Library were declared 
surplus and the remaining staff at the Resident Geolo 
gist's office in Kirkland Lake has absorbed some of the 
services previously offered. Drill logs and township 
location maps are now stored at the Resident Geolo 
gist's office and photocopy services are no longer 
offered at the core library. Core viewing is currently by 
appointment only on Thursdays. In the near future, 
access will be by appointment only, and on any day of 
the normal government work-week. Requests to view 
core should be made at least a week in advance.

Expenditures of S3 063 334 filed for assessment 
work for the first eight months of 1993 are down 3196 
from the same period in 1992. Active claim units are up 
T.5% to 27 440 since January l, 1993.

Hemlo Gold Mines Inc. has completed the under 
ground exploration phase on the Lightning Zone 
property in Holloway Township. American Barrick 
Resources Corporation is deepening its shaft at their 
Holt-McDermott Mine. Two new gold discoveries, a 
narrow high-grade diamond-drill hole intersection in 
Carr Township and a chalcopyrite-pyrite mineralized 
exposure in Skead Township, may prove significant in 
the future.

Thirty-two Ontario Prospectors Assistance Pro 
gram (OPAP) projects received funding within the 
Kirkland Lake Resident Geologist's District, for a total 
of S307 593. Four projects received Ontario Mineral 
Assistance Program (OMIP) grants totalling 3370 167.

The Northern Ontario Development Agreement 
(NODA) Minerals Project funded an airborne geo 
physical survey of the Blake River Syncline. This 
survey was released on March 17,1993.

The first phase of a NODA-funded rotosonic over 
burden drill project was completed in February. 
Thirty-one overburden holes, testing known kimberlite 
pipes and their down-ice dispersion, were drilled.

MINING AND 
EXPLORATION ACTIVITY
A 312 million underground exploration program at the 
Hemlo Gold Mines Inc.-Freewest Resources Inc.- 
Teddy Bear Valley Mines Ltd. joint venture Lightning 
Zone property in Holloway Township is complete. 
Work included the sinking of a 441.4 m shaft, 
11 000 m of drifting, 25 000 m of diamond drilling and 
the collection of an 8000 tonne bulk sample from the 
upper portion of the ore zone. The partners are optimis 
tic that the results will justify the development and

Xx (SAULT STE. MARIE 
t Ste. Merit

Figure 25.1. Location of the Kirkland Lake Resident Geologist District.
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production of the ore zone at a rate of 1500 tonnes per 
day. It is estimated that the ore zone, as delineated to 
date, contains reserves of 5 million tonnes grading 0.27 
ounce Au per tonne (The Northern Miner, April 12, 
1993, p.2, September 6, 1993, p.l).

American Barrick Resources Corporation will 
deepen the Holt-McDermott Mine shaft by 300 m. 
Thus far, a new ore zone containing 750 000 tons of 
0.20 ounce Au per ton has been outlined south of and 
below the present workings. The work, including the 
establishment and lateral development of 2 or 3 levels, 
ore and waste passes, loading pockets, crusher stations 
etc. will cost an estimated S8.7 million. The ore zone, 
below and south of the present workings, has a strike 
length of 260 m and is located between the -650 and - 
800 m horizons. The new zone is expected to come on 
stream in 1995 and extend the mine life by 2 or 3 years 
(NorthernDailyNews, June 7,1993, p.l, The Northern 
Miner, June 21,1993, p.l, 2).

Other gold highlights include:
* St. Andrew Goldfields Ltd. plans to reopen the 

Hislop East deposit. Ore will be shipped to its 
Stock Township mill (Northern Daily News, April 
17,1993, p.l).

* Glimmer Resources Inc. and joint venture partner 
Hemlo Gold Mines Inc. announced a 31-hole, 
4600 m diamond drilling program on their Beatty- 
Hislop townships property (The Northern Miner, 
July 26,1993, p. 3).

* Cyprus Canada Ltd. optioned Queenston Mining 
Inc. 's Amalgamated Kirkland Lake property, Teck 
Township. In August it began an 8 hole, 10 000- 
foot drill program (The Northern Miner, May 24, 
1993, p.3, August 23,1993, p. 11).

* Hemlo Gold Mines completed a second drill pro 
gram on Greater Lenora Resources' Omega prop 
erty in McVittie Township (The Northern Miner, 
July 26,1993, p.3).

* G. Kosy and D. Zabudsky discovered a gold- 
bearing zone south of Benson Lake in Skead Town 
ship. The gold appears to be associated with pyrite 
and chalcopyrite mineralization and several grab 
samples taken by them ranged from more than 0.2 
to several ounces Au per ton (G. Kosy, personal 
communication).

Falconbridge Ltd. completed a 3500 m diamond- 
drill program on the Robertson Township 135-claim 
base metal property owned 609& by Queenston Mining 
and 409fr by Strike Minerals. (The Northern Miner, 
March 8, 1993, p. 14). The option was subsequently 
dropped.

Granges Inc. drilling contained several encourag 
ing base metal intersections immediately north of the 
Potterdoal Mine in Munro Township.

Much of the exploration in the area has focussed on
the search for kimberlite pipes and diamonds. Areas of
search have expanded both north and south of the
known pipes with success to the north. A summary of
the significant results follows (numbers refer to the list
published in Meyer et.al., 1993, p.292):
" KWG Resources Inc. and Regal Goldfields Ltd.

extracted a 123 tonne bulk sample from the C-14 in
Clifford Township pipe and recovered 7
macrodiamonds. They have agreed to extract
another bulk sample at an estimated cost of
5500000 (P2, UTM Zone-17 E-589200 N-
5347800) (The Northern Miner, January 25,1993,
p.2, June 21, 1993, p.6; Northern Daily News,
March 19,1993, p.6A, June 15,1993, p.l).

* Goldhunter Explorations Inc. and Regal Gold 
fields Ltd. collected a 47 tonne bulk sample on the 
A-4 pipe in Arnold Township. Four macro dia 
monds, 2 gem-quality 0.135 and 0.074 karat, were 
recovered (P4, UTM Zone-17 E-583100 N- 
5341250) (NorthernDailyNews, January 22,1993, 
p.l, The Northern Miner, May, 10,1993, p.3).

* Sudbury Contact Mines Limited completed a 73- 
hole reverse-circulation (RC) overburden drill pro 
gram on about 30 targets to the southeast of its 2 
pipes (P6). An additional 20 reverse-circulation 
drill hole follow-up program was planned (North 
ernDailyNews, February 5,1993, p.l, March 19, 
1993, p.!7A, June 7,1993, p.6).

* Partners Trade Winds Resources, East West Re 
sources and Glen Auden Resources completed 10 
reverse-circulation holes on their properties west 
of Lake Abitibi. Pyrope garnets were recovered 
(The Northern Miner, May 17,1993, p.6, June 28, 
1993, p.6).

CARR TOWNSHIP-CONCESSION 
2, LOT 4 — G.E. PARSONS
In July, G. Meyer and D. Guindon were invited to view 
drill core through the Destor-Porcupine Fault Zone 
(DPFZ) in Carr Township (UTM Zone 17, Easting 
539300, Northing 5378350). The core is part of an 
OPAP-supported drill program of G.E. Parsons.

Carr Township was mapped in 1945 by Prest 
(1951). Mafic volcanic rocks and ultramafic rocks 
south of the Destor-Porcupine Fault Zone are part of 
the Bowman tectonic assemblage (Jackson and Fyon 
1991). Rocks north of the fault, consisting of wackes 
and argillites, are part of the Hoyle assemblage (Jackson
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and Fyon 1991). The area is heavily drift-covered with 
no bedrock exposure.

Over the years, several mining and exploration 
companies and individuals have diamond drilled the 
fault zone in search of gold mineralization similar to 
that found in showings located along or near the fault 
zone to the east and west. Until recently, the explora 
tory drilling has resulted in intersecting only 
encouraging alteration in the hanging wall volcanic 
rocks above and in the fault zone, but with low gold 
values.

The core examined during the property visit is 
from diamond drill hole 92-1 collared 1000 feet east 
and 400 feet south of the northwest corner of the south 
half of Lot 4, Concession 2. The hole was collared on 
a due north azimuth and inclined at 700 . Based on the 
intersection of a second hole to the north, the DPFZ has 
an apparent dip of 470 to the south in this area.

The geology of the hole, as logged by Parsons and 
observed by the authors, (272 feet to the end of the 
hole) is as follows: above the fault zone, the core is 
composed of either fine grain andesite (possibly mag 
nesium-rich, tholeiitic basalt) or diorite porphyry 
composed of small, white, feldspar phenocrysts and 
greenish-black hornblende phenocrysts in a fine green- 
grey matrix. The fault zone begins abruptly with the 
development of shearing, a strong foliation and quartz- 
healed brecciation. The fault zone comprises brecciated, 
purplish, siliceous zones containing up to 296 fine grain 
subhedral disseminated pyrite and Kerr-type "green 
carbonate" rock, alternately banded with chloritic bands 
or a quartz-healed breccia. The bottom of the hole, still 
within the fault zone, consists of talc-chlorite schist cut 
by a foliated, dark red-brown syenite dike.

The core was unsplit but sludge samples were 
collected and analysed on 10-foot intervals. Results 
were low with the best analysis of 0.01 ounce Au per 
ton in the siliceous zone being recorded. Due to re 
moval of light material, there is a tendency for sludge 
samples to have increased gold values as compared 
with equivalent drill core intercepts.

Subsequent to viewing of this core, G.E. Parsons 
brought to our attention a drill core log for DDK 93-1. 
This hole, located 450 feet west and 200 feet north of 
DDH 92-1, was drilled due north at 700 . The bottom of 
the hole penetrated 30 feet beyond the DPFZ and 
intersected ultramafic talc-chlorite-serpentine schist. 
A 2-foot section from this zone, containing visible gold 
within fractures and narrow quartz veinlets, returned 
an assay of 4.6 ounces Au per ton.

A preliminary review of some geological data in 
this area suggests an alignment of high gold values in

Asarco's reverse-circulation holes CR-9 and CR-10 in 
Carr Township (Assessment File) with OGS rotosonic 
drill holes 84-24, 84-26 and 84-28 in Currie Town 
ship (Baker et al. 1984). The reverse- circulation holes 
returned up to 6640 ppb and greater than 15 000 ppb 
gold, respectively, in -10 mesh material and the rotosonic 
core had high gold grain counts in the tills. These holes 
align with G.E. Parsons' DDH 93-1 in a down-ice 
direction along an azimuth of approximately 2400. 
This is the same azimuth as has been determined for the 
older regional ice flow direction (Baker et al. 1984). 
The holes are scattered along a total distance of 16 km. 
As Parsons' diamond drill hole is in an up-ice direction 
from these holes, the high gold values recorded in the 
overburden drill holes may be part of a "glacial disper 
sion fan", hence the source of the gold in the overburden 
may have been discovered.

RECOMMENDATIONS 
FOR EXPLORATION IN 
THE MATHESON AREA
From Stock to Guibord townships, the Destor-Porcu- 
pine Fault Zone is a shear zone up to several tens of 
metres wide, consisting of altered mafic and ultramafic 
rocks. From Carr Township westward, the northern 
branch of the fault zone is in contact with greywackes 
and argillites of the Hoyle assemblage. East of, and 
partly including Carr Township, a wedge of mafic and 
ultramafic volcanic rocks separates these sediments 
from the DPFZ. The extreme western extension of this 
wedge was tested by G.E. Parsons in OPAP-funded 
DDH 93-1 and a high-grade, narrow, gold mineralized 
zone was intersected. There are no known local out 
crops and the diamond-drill hole was designed to test 
essentially unexplored geology. The preliminary re 
sults of this drilling suggest that another significant 
gold mineralized zone may have been discovered proxi 
mal to the DPFZ. Some significant gold deposits and 
drill holes with encouraging results, spatially related to 
within the DPFZ and the mafic-ultramafic wedge, 
from west to east are as follows: St. Andrews Gold 
Mine, Stock Township; Shoot and Porphyry Zones, 
Taylor Township; Asarco's reverse-circulation holes 
CR-9 and CR-10, Carr Township; G.E. Parsons DDH 
93-1, Carr Township; and, the Hemlo Gold Mines 
Inc.-Glimmer Resources Inc. gold deposit at the Hislop 
and Beatty townships boundary. The zone, with appar 
ent high gold potential, has a strike length of at least 40 
km and has only been subjected to extensive explora 
tion in limited areas.

If anomalous gold values in rotosonic and reverse- 
circulation holes are part of a 16 km-long "glacial 
gold-bearing dispersion fan", then the magnitude of 
this fan may indicate significant subcropping gold
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mineralization in the up-ice direction. The Parsons' 
DDK 93-1, with a narrow high grade gold intersection, 
is located in the up-ice direction from these overburden 
drill holes, and for this reason as well as its proximity 
to the DPFZ, makes it an attractive target for further 
follow-up diamond drilling.

Extensive clay cover and widespread patented 
land holdings are major handicaps to exploration along 
the DPFZ in the Matheson area. However, the sonic 
drill tests conducted locally in 1984 and 1987 as part of 
the Black River Matheson (BRIM) project record in 
teresting gold grain counts in several locations. The 
highest gold grain counts are in the basal till and a linear 
anomalous correlation of the three aforementioned 
holes is suggested in at least one location. The BRIM 
sonic holes are widely spaced; however, additional fill-

in sonic holes could be considered close to and south of 
the DPFZ.
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26. Field Services Section, Northwestern Ontario: 
Introduction

K.G. Fenwick
Manager, Field Services Section (Northwest), Ontario Geological Survey

The Field Services Section, northwestern Ontario, of 
the Ontario Geological Survey is made up of 6 Resi 
dent Geologists' districts and covers 4 Mining Divisions: 
the Thunder Bay, Red Lake, Patricia and Kenora min 
ing divisions. The area is approximately 700 by 700 km 
in size.

The goal of the Field Services Section (Northwest) 
is to stimulate and monitor exploration, development 
and production of the mineral resources in northwest 
ern Ontario. This is done through the 6 Resident 
Geologists' programs which cover the Red Lake, Sioux 
Lookout, Kenora, Thunder Bay, Beardmore-Geraldton 
and Schreiber-Hemlo Resident Geologists' districts; 
the Canada-Ontario Northern Ontario Development 
Industrial Minerals project and the Manitouwadge 
Mineral Occurrence Inventory project; the 1990-1991 
Employment Equity Fund which provided funding for 
a native lecturer to give prospecting classes to the far 
north First Nation reserves and a Park Geologist to 
work with the Ministry of Natural Resources Park 
planners describing geological features within the park 
system; and 2 Drill Core libraries—one in Kenora and 
the other in Thunder Bay.

The Resident Geologists' programs provide a pro 
fessional consultative service and advice both in the 
office and in the field. These services are made avail 
able to prospectors, exploration companies and the 
public on matters related to the geology, the mineral 
deposits and the exploration and mining activities 
conducted in northwestern Ontario. The Resident Ge 
ologists' general duties also included the provision of 
agencies (i.e., Ontario Ministry of Natural Resources,

Ontario Ministry of the Environment, Ontario Ministry 
of Labour) on land-use matters.

Basic prospecting courses were conducted in north 
western Ontario. Posters depicting the exploration and 
mining activities in the 6 Resident Geologists' district, 
.the Manitouwadge Mineral Occurrence Inventory 
project and the Industrial Minerals in northwestern 
Ontario were put on display at the 2 Mines and Miner 
als Symposia in Toronto and Thunder Bay.

Reports were either started or continued on both 
research into and field visits to the mineral occurrences 
in the Fort Hope-Miminiska lake area, the Nipigon- 
Marathon area, the Sturgeon Lake area, the 
Onaman-Tashota area and the central Uchi meta vol 
canic belt. Satellite summertime field offices were 
maintained in Beardmore, Geraldton and Marathon.

It has been another excellent year for the produc 
tion of gold in northwestern Ontario. The combined 
production from the 7 operations—the Golden Giant, 
the David Bell, the Williams, the Golden Patricia, the 
Campbell Red Lake, the Arthur W. White and the Dona 
Lake mines—was over 1.6 million ounces of gold.

Two base-metal mines—the Winston Lake and the 
Geco—were in production during the year.

Two granite dimension-stone quarries were in 
production. Active mining at 10 amethyst deposits, 
northeast of Thunder Bay, continued on a seasonal 
basis. Other industrial minerals produced in the area 
include white quartz, peat moss, soapstone and crushed 
granitic material.
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27. Beardmore-Geraldton Resident Geologist's 
District—1993

J.K. Mason and G.D. White
Thunder Bay Resident Geologist's Office, Field Services Section (Northwest), 
Ontario Geological Survey

The Beardmore-Geraldton Resident Geologist's Of 
fice operates within the Thunder Bay Mining Division. 
The communities of Beardmore, Jellicoe, Geraldton, 
Longlac, Nakina, Fort Hope, Lansdowne House, Sum 
mer Beaver and Webequie are located within the district.

The Ontario Prospectors Assistance Program 
(OPAP) funded 30 programs in the Beardmore- 
Geraldton District totalling 3300 000 and representing 
149& of the provincial total. The Beardmore-Geraldton 
District received the largest award of Ontario Mineral 
Incentive Program (OMIP) funds in the province total 
ling S450 342.

Approximately 40 property visits were conducted 
in 1993.

EXPLORATION ACTIVITY
Exploration was conducted by prospectors, junior com 
panies and major companies for gold, copper, zinc, 
nickel, diamonds and building stone. Table 27.1 lists 
the exploration programs in the district in 1993.

Metalore Resources Limited has regained the right 
to earn a 1009& interest in the Brookbank gold property, 
Irwin Township from Ontex Resources Ltd. on a 
reversal of a previous decision rendered by the Ontario 
Supreme Court. The Brookbank deposit has a 
geological reserve of 1.3 million tons grading 0.26 
ounce Au per ton (Canadian Mines Handbook, 1992- 
93, p.267).

Figure 27.1. Location of Beardmore-Geraldton Resident Geologist's District.
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Table 27.1. Exploration programs in the Beardmore-Geraldton district 1993.

Abbreviations

AEM.. 
AM.... 
ARA.. 
DDH.. 
GEM.. 
GC..... 
GL..... 
GM.... 
GRA..

. Airborne Electromagnetic Survey HLEM.....
...............Airborne Magnetic Survey IP.............
........Airborne Radiometric Survey RES.........
....................Diamond Drill Hole(s) SP............
.....Ground Electromagnetic Survey Str............
.......................Geochemical Survey Tr.............
..........................Geological Survey UG...........
...............Ground Magnetic Survey VLEM.....
..........Ground Radiometric Survey VLF-EM.

..........Horizontal Loop Electromagnetic Survey

..............................Induced Polarization Survey

..............................................Resistivity Survey

..........................................Self Potential Survey
............................................................Stripping
..........................................................Trenching
...............................Underground Development
..............Vertical Loop Electromagnetic Survey
.Very Low Frequency Electromagnetic Survey

Company/Individual 
(Property Name)

Township/Area 
(Commodity)

Exploration 
Activity

1. Asarco Exploration Company 
of Canada Limited

2. Auger, T.
3. Bain, H.
4. Barino Construction Limited
5. Brinklow, R. and B.
6. Bumbu, C.
7. Burns, R.
8. Challenger Minerals Ltd.
9. Checkley, F. and Nelson, B.

10. Clark, G. and Eveleigh, A.
11. Cote, R.
12. Cowan, M. and B.
13. Cox, N.
14. Dmitrovic, D.
15. Douglas, A.
16. Founder Resources Inc.
17. Founder Resources Inc.
18. Freewest Resources Inc.
19. Gagnon, F.
20. Goodman, F.
21. Goodman, F.
22. Goodman, H.
23. Greenland, H.
24. Head, T.
25. Hogg, V.
26. Holt, L.
27. Houghton, F. and Lassila, P.
28. Houghton, F. and MacAdam, R.
29. Houghton, P.
30. Johansen, T.
31. Kindla, D.
32. Lafontaine, A.
33. MacAdam, R.
34. Maki, N.
35. McKinnon, D.
36. McKinnon, D.
37. McMahon, J.
38. Milks, G.
39. Nelson, M.
40. Noranda Exploration Company Ltd.
41. Parent, S.
42. Petit, C.
43. Phelps Dodge Corp. of Canada Ltd.
44. Rentz, M.
45. Roxmark Mines Limited
46. Royer, G.
47. SEG Exploration Inc.
48. Shields, J. and Swereda, M.
49. Smith, M.
50. Swereda, M.
51. Swereda, M.
52. Tenango Explorations Inc.
53. W.N.W. Prospecting Syndicate
54. Yzerdraat, W.

Ashmore/Errington townships (Au)

Leduc Township (Au, Cu, Zn)
Colter Township
Longlac (stone)
Coltham Township (Au,Cu,Zn)
Briarcliffe Lake (Au)
Geraldton (building stone)
Marshall Lake (Cu,Zn)
Legault Township (Au)
Muriel Lake (Cu,Zn,Au)
Conglomerate Lake (Cu,Zn,Au)
Irwin Township (Au)
Onaman Lake (Au,Cu,Zn)
Marshall Lake (Cu,Zn,Au)
Gzowski Township (Au,Cu,Zn)
Conglomerate Lake
Leduc Township (Zn,Au)
Walters Township (Au)
O'sullivan Lake (Au.Cu)
Gripp Lake (Cu)
Tashota (Au)
Eva Township (Au)
Geraldton (Au)
Fernow Township (Au)
Long Lake
Irwin and Pifher townships (Au)
Irwin Township (Au)
Walters Township (Au)
Rickaby Township (Au)
Errington Township (Au)
Lapierre Lake (Cu)
Summers Township (Au)
Walters Township (Au)
Vincent Township (Au)
Boyce Township (Cu,Zn,Au)
Klotz Lake
Eva Township (Au)
Gzowski Township (Zn,Au)
Legault Township (Au.Cu)
Fort Hope (Au)
Kawitos Lake (Cu.Zn)
McComber Township (Au)
Metcalfe Lake (Cu.Zn)
Colter Township (Au)
Errington Township (Au)
O'Meara Township (Au,Cu,Nb)
Elmhirst Township (Cu,Ni,Pt,Pd,Au)
Klotz Lake (Au)
O'sullivan Lake (Au.Cu)
Ashmore Township
Ashmore/Croll townships (Au)
Errington Township (Au)
Fulford Township (Au)
Metcalfe Lake

DDH

Str, GEM, prospecting
Str, GM, GEM
Str
Str, GC, prospecting
prospecting
GL, prospecting
Str, Tr, GL, GC, GM, GEM, DDH
GC, GL, Str, prospecting
GL,Str
Str, Tr, prospecting
Str, DDH
Str, GEM, prospecting
GEM, prospecting
GEM, prospecting
GL, GM, GEM
GC
GM, GEM
Str, prospecting
Str, prospecting
prospecting
prospecting
prospecting
Str, Tr, prospecting
DDH
prospecting
Str, GEM, prospecting
Str, prospecting
Str, GEM, prospecting
DDH
GL, Str, prospecting
Str, GL, prospecting
Str, GEM, prospecting
Str, Tr, prospecting
DDH, GM, GEM, GC
GL
GEM, GM, prospecting
Str, Tr
GEM, GL, Str, prospecting
GEM, GM
Str, GEM, GL, prospecting
DDH
GL.GC
GEM, GM, Str, prospecting
DDH, Str
GL, GEM, DDH, prospecting
DDH
Str, DDH, prospecting
GL, GEM, GM
DDH
DDH
DDH, GM, GEM
Str, prospecting
GM, GEM, GRA
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Asarco Exploration of Canada Ltd. completed a 
major reverse circulation program consisting of 100 
holes and a diamond drill program of 11 000 feet on the 
former MacLeod-Cockshutt, Mosher-Longlac and 
Hard Rock gold mines located at Geraldton.

Challenger Minerals Ltd. undertook ground geo 
physics, a lithogeochemical survey and geologic 
mapping on the Marshall Lake copper-zinc property. 
The property is composed of 90 leased and 20 staked 
claims and is located 68 km northwest of Nakina. 
"Previous work has outlined geological reserves of 2.2 
million tons of 1.296 copper, 4.296 zinc, 2.45 ounces 
silver per ton and 0.012 ounce gold per ton in the Main 
Zone..." (Challenger Minerals Ltd., press release, Au 
gust 17,1992)

PROPERTY EXAMINATIONS 
General Geology and Structure
The geology of the Beardmore-Geraldton area, the 
east part of the Wabigoon Subprovince, has been 
divided into 2 belts: 1) the Beardmore-Geraldton Belt; 
and 2) the Onaman-Tashota metavolcanic belt. The 
belts are separated by the Paint Lake fault, a major 
dextral transcurrent fault (Mason and White 1986, 
Mason, Hine et al. 1988, and Mason, White et al. 1989).

The Beardmore-Geraldton Belt is situated within 
an east-trending, isoclinally folded, metavolcanic- 
metasedimentary sequence. Lithologic units have been 
transposed into a series of alternating slices or inter 
leaves of metavolcanic and metasedimentary rocks 
within a wrench fault or megashear zone.

The Beardmore-Geraldton Belt has been subdi 
vided lithologically into 1) the Southern metavolcanic 
subbelt and 2) the Southern metasedimentary subbelt.

The Onaman-Tashota metavolcanic belt is a felsic 
to mafic, calc-alkalic and tholeiitic metavolcanic se 
quence bounded to the south by the Paint Lake fault.

The following are summaries of 2 property exami 
nations conducted in 1993.

MURIEL LAKE PROPERTY
The Muriel Lake copper-zinc property is located ap 
proximately 35 km north-northwest of Nakina, Ontario 
and approximately 6 km northeast of O'sullivan Lake. 
The property comprises 2 mining claim groups: a west 
block of 5 claims (67 claim units) and an east block of 
2 claims (23 claim units) held in joint partnership by G. 
Clark and A. Eveleigh (both of Thunder Bay). Access 
to the south portion of the claims can be gained by 
travelling north on Highway 643 and the Anaconda

Road a distance of 30.7 km from the intersection with 
Highway 584 (Nakina) to the Maun Lake Road (a 
Kimberly-Clark forest access road). From the Ana 
conda Road and Maun Lake Road intersection, travel 
northeast on the Maun Lake Road for 24.0 km to a 
skidder trail, which accesses the mineralized occur 
rences, a distance of 0.5 km to the north.

Mining claims in the west block are numbered TB 
1183 794 to TB l 183 798 and claims in the east block 
are numbered TB l 183 799 and TB 1183 800. Strip 
ping, trenching, prospecting and lithogeochemical 
programs were conducted on the property in 1992 and 
1993 with aid from the Ontario Prospectors Assistance 
Program.

Exploration activity in the Muriel Lake area com 
menced in 1929. E. J. Holland and C. Chellew discovered 
chalcopyrite and pyrrhotite south of Muriel Lake on 
what is now termed the north zone. On mining claim 
KK1895, Kindle (1932) of the Ontario Department of 
Mines reported a channel sample of 1.2 m assaying 
1296 Cu, 5.4 ounces Ag per ton and 0.05 ounce Au per 
ton. Goldhar Resources in 1950 drilled 7 short "winkie" 
diamond drill holes. Three holes were drilled on the 
south zone while the other 4 drill locations are un 
known. Texasgulf Inc. in 1976 conducted an airborne 
geophysical survey south of Muriel Lake. Amax Min 
erals Exploration Limited in 1980 contracted Questor 
Limited to fly an airborne geophysical survey over the 
metavolcanic belt from O'sullivan Lake east and in 
cluding the Muriel Lake area. Also in 1980, Amax 
Minerals Exploration Limited staked and geologically 
mapped 54 claims at Muriel Lake.

The Muriel Lake area is located in the Onaman- 
Tashota metavolcanic belt. Kindle (1932) mapped the 
Muriel Lake area as being underlain predominantly by 
a 4 to 6 km wide easterly trending unit of metavolcanic 
rocks extending east of O'sullivan Lake and consisting 
of mafic massive and pillowed mafic flows intruded by 
diorite and diabase. Kindle noted rhyolite and "quartz 
biotite and garnetiferous schists" within the 
metavolcanic rocks. Regional foliation is 800 to 900 .

G. Clark and A. Eveleigh have conducted explora 
tion in 1992 and 1993 on the J. J. Perry occurrence, the 
Galena Vein trench and the Kindle copper-zinc occur 
rence which are located on claim TB l 183 797 and 
comprise the south zone, and the Holland-Chellew 
copper-zinc occurrence (north zone) located on claims 
TB l 183 795 and TB l 183 796 to the northeast. The 
J. J. Perry occurrence is hosted by a limestone (marble) 
unit striking 850 and dipping 860 north in contact with 
mafic to felsic metavolcanic rocks and gabbro. The 
limestone unit is recrystallized and up to 2 m wide. 
Chalcopyrite occurs as massive patches and fracture
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fillings within the limestone and proximal to the lime 
stone in gabbro and metavolcanic rocks. Assay values 
up to 3.996 Cu and 576 ppb Zn were encountered by G. 
Clark and A. Eveleigh (Resident Geologist's files, 
Beardmore-Geraldton District, Thunder Bay).

The Galena Vein trench occurs northwest of the 
JJ. Perry occurrence. Mineralization at the Galena 
Vein trench is comprised of massive to disseminated 
pyrite, sphalerite and galena associated with a cherty 
exhalative unit hosted in metavolcanics. The mineral 
ized zone is intensely folded, approximately 20 m 
wide, strikes 0650 and dips vertically. Plunge of minor 
folds is vertical to 400 W. Pillowed mafic metavolcanic 
rocks are in contact to the north and suggest younging 
to the south. Pillow selvages display silicification, 
carbonatization and pyrite. Felsic metavolcanic rocks 
represented as tuffs, lapilli tuffs and felsic breccia 
occur hosting the chert unit in the Galena Vein trench 
and to the west of the occurrence. Assays up to 5.896 Zn 
and 0.8696 Cu from grab samples were realized by the 
property owners (Resident Geologist's files, 
Beardmore-Geraldton District, Thunder Bay).

Old trenches and pits known as the Kindle occur 
rence occur commencing in a trench 60 m to the west 
of the Galena Vein trench. It is believed that it is one of 
the trenches that Kindle (1932) sampled and obtained 
an assay of 1296 Cu over 1.2 m. The heavily overgrown 
location remained without work from 1929 to 1993 
when it was rediscovered. Banded massive sulphides 
including chalcopyrite, pyrite, pyrrhotite, magnetite 
and sphalerite occur associated with felsic lapilli tuff 
and breccia rocks and a limestone unit. Assay values 
from grab samples submitted by property owners range 
up to 6.096 Cu (Resident Geologist's files, Beardmore- 
Geraldton District, Thunder Bay).

The original Holland-Chellew occurrence is lo 
cated 1.0 km northeast of the J.J. Perry occurrence and 
on a northern zone of easterly trending formational 
conductors. Felsic tuff and/or rhyolite and mafic rocks/ 
metavolcanic are intercalated on the property. The 
shear contact of the 2 rock types is the location of 
quartz-biotite schist, quartz veins, chalcopyrite and 
pyrrhotite (Kindle 1932). Assays of up to G.24% Zn 
and Q.22% Cu from grab samples have been recorded 
by G. Clark and A. Eveleigh (Resident Geologist's 
files, Beardmore-Geraldton District, Thunder Bay).

Proximal to the eastern portion of the west block of 
claims, garnet and staurolite potentially related to 
hydrothermal volcanogenic massive sulphides have 
been noted in the matrix of felsic breccia rocks. A 
number of airborne geophysical conductors identified 
from the OGS-Aerodat airborne geophysical survey

(OGS1989) and occurring as isolated conductors or in 
clusters will be prospected in 1994.

MISSING LINK EXTENSION 
OCCURRENCE
The Missing Link Extension property is located in the 
extreme northwest corner of Legault Township ap 
proximately 8.5 km northeast of Jellicoe. The property 
is accessible by travelling 7 km east of Jellicoe on 
Highway 11 to the Kinghora Road and north for 
approximately 6.5 km. The main trench lies along the 
west side of the Kinghorn Road (claim TB 815 364) 
just north of the Namewaminikan (Sturgeon) River and 
l km west of Jory Lake. The occurrence falls within the 
southern influence of the Paint Lake fault which hosts 
the Brookbank deposit in Irwin Township to the west. 
Originally discovered in 1989 by Beardmore prospec 
tor Myron Nelson, the occurrence has seen a limited 
amount of work under 1990 and 1993 OPAP grants.

There is no record of exploration activity over the 
present day property prior to 1986 when Canadian 
Gold Resources conducted an airborne magnetic and 
radiometric survey over 2 selected portions of the 
claim group. From 1987 to 1992, junior companies 
Founder Resources Inc., Blue Falcon Mines Ltd. and 
Jamie Frontier Inc. completed geological mapping, 
ground magnetic and electromagnetic surveys and 
drilling on properties to the immediate south and 
southwest of the Missing Link Extension ground. Fol 
lowing the initial discovery and development of the 
main trench by prospector Myron Nelson, the 18-claim 
group was optioned by Freewest Resources Inc. in 
1990. An exploration program consisting of ground 
magnetic and electromagnetic (VLF-EM) surveys, 
stripping, trenching and detailed mapping was com 
pleted. Both channel and grab samples were collected 
(Fekete 1990). Further trenching and prospecting by 
the property owner Myron Nelson is ongoing under a 
1993 OPAP grant.

The Missing Link Extension occurrence lies within 
the extreme north central portion of the main 
Beardmore-Geraldton belt just south of the eastern 
trace of the Paint Lake fault. It has been suggested by 
both Fekete (1990) of Freewest Resources Inc. and the 
authors that an east northeasterly splay of this promi 
nent fault traverses the property. Mapping of Legault 
Township by Mackasey et al. (1976) and the Lapierre 
Lake area by Kresz (1991) and detailed ground work 
by Freewest Resources Inc. personnel (Fekete 1990) 
indicate that the fault contact separates the property 
into 2 basic rock types: metasedimentary rocks to the 
south and intermediate metavolcanic rocks to the north. 
The metasedimentary rocks exposed in the southern

128



J.K. Mason and G.D. White

area of the claim group generally consist of poorly 
sorted polymictic conglomerates. The intermediate 
metavolcanic rocks underlying the northern part of the 
property are described by Fekete (1990) of Freewest 
Resources Inc.:

Generally they are massive to pillowed, pale green andesite 
flows with weak but pervasive chlorite and carbonate altera 
tion. Zones of intense shearing, isoclinal folding, alteration 
and mineralization (exposed by stripping) parallel to the 
metasedimentary contact occur within the metavolcanics.

A description of the alteration and mineralization 
within the main shear zone exposed in a 12 m by 40 m 
long trench adjacent to the Kinghorn Road is given by 
Fekete (1990) as follows:

Variations in the degree and type of alteration and minerali 
zation give this shear zone a banded appearance. Four 
distinct sub-zones were recognized: la, Ib, le and Id. 
Sub-zone la consists of weakly sheared, resistant andesite 
with weak to moderate chlorite/carbonate alteration. It is 
generally a pale green colour. The best result obtained from 
this sub-zone is .013 opt Au/0.9 m. 
Sub-zone Ib consists of moderately sheared andesite with 
weak to moderate chlorite/carbonate/silica alteration which 
gives the rock a banded, bleached to rusty appearance. It 
averages about 4.0 metres wide. The best assay for this sub 
zone unit is .11 opt Au/1.0 m. This value is unusually high 
and is probably related to the fault that cross-cuts the shear 
zone.
Sub-zone le is very similar to Ib in regard to alteration and 
appearance but is characterized by occasional quartz string 
ers with a general strike of 0600, conjugate to the direction 
of shearing. These stringers never exceed a width of 5.0 cm 
and are often pitted where ankerite or other carbonates have 
weathered out. Minor disseminated sulphides were noted in 
this sub-zone. Up to 0.52 opt Au/0.4 m was obtained from 
this sub-zone.
Sub-zone Id consists of a stockwork of quartz veinlets in a 
very sheared, altered and mineralized andesite. Knobs of 
intense silica alteration containing up to 209& sulphide poke 
through at very rusty, weathered intervals. Fine, dissemi 
nated arsenopyrite, pyrite and chalcopyrite are the main 
sulphide minerals. Intense sericite alteration and oxidation 
occur in the rusty intervals. The quartz veins within this sub 
zone are contorted into minor drag-folds. The abundance of 
quartz increases towards the fold hinge where it occurs in 
knobs bearing up to 159& chalcopyrite in coarse blebs. The 
best assays from this sub-zone are from grab samples of the 
silica/sulphide, 0.144 opt Au, and quartz/chalcopyrite, 0.2 
opt Au, knobs in the fold hinge.

This altered, sulphide-rich shear zone is also ex 
posed in a smaller 3 m by 20 m long "north trench" 
approximately 120 m northeast of the main trench. The 
highest assay was obtained over the most intensely 
gossaned area and returned a value of 0.018 ounce Au 
per ton across 1.3 m (Fekete 1990).

The ground magnetometer survey conducted by 
Freewest Resources Inc. in 1990 indicates a coincident 
anomaly with the main trench that trends roughly 800 
into the centre portion of the property. This may 
indicate the possible extension of the main shear zone

and locate the contact of the metasedimentary- 
metavolcanic rocks. Further detailed prospecting, 
stripping and trenching in this area just north of the 
Sturgeon River should enhance the property. Addi 
tional significant anomalies were also detected by the 
company survey (Fekete 1990) in the extreme west and 
northwestern sections of the claim group.

Selected grab samples collected by the authors 
from the main trench along the Kinghorn Road ranged 
from 0.02 to 0.11 ounce Au per ton (Resident Geolo 
gist's files, Beardmore-Geraldton District, Thunder 
Bay).

RECOMMENDATIONS 
FOR EXPLORATION
Felsic metavolcanic terrains in the Onaman-Tashota 
metavolcanic belt should be re-examined for 
volcanogenic massive sulphides (VMS) including the 
following areas: Marshall-Toronto lakes, Metcalfe- 
Oboshkegan lakes, Melchett-Colpitts lakes, 
Elmhirst-Rickaby-Lapierre townships and 
O'Sullivan-Muriel lakes. Stratigraphy should be care 
fully mapped with any interflow marker horizons 
identified and the rocks should be prospected out for 
sulphides. Units immediately above and below interflow 
metasedimentary units may host VMS alteration and 
mineralization. Felsic intrusions should be re-exam 
ined to determine if they are subvolcanic (hypabyssal 
intrusions). Berger (1992) identified the Summit Lake 
batholith as a subvolcanic intrusion and likely source 
of magma for the intermediate to felsic metavolcanic 
rocks in the Toronto-Marshall lakes area.

A re-evaluation of the OGS-Aerodat airborne geo 
physical survey (OGS 1989) is recommended for 
potential VMS targets.

Recent exploration has included diamond drilling 
the eastern extensions of the Paint Lake fault in the 
Wildgoose Lake area for gold deposits. The fault has 
been intersected in areas of extensive overburden, but 
little mineralization has been encountered to date. 
Further detailed prospecting for gold is recommended 
between Geraldton and the Kinghorn Road on the Paint 
Lake fault and subsidiary faults and/or lineaments.

Feldspar and gabbro porphyry intrusions should be 
prospected for in fault zone and/or lineament environ 
ments. Gold mineralization can be associated with 
pyrite and/or arsenopyrite. Sulphide minerals are dis 
seminated or occur with quartz carbonate veining and/ 
or stockworks within the intrusions or at contacts with 
metasedimentary and metavolcanic rocks.
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Further research, staking and exploration for dia 
mond targets (kimberlite pipes, lamproites) are 
recommended using the OGS-Aerodat airborne geo 
physical survey (OGS 1989) in conjunction with the 
1993 GSC publication, Memoir 435, "Quaternary 
Geology and Drift Prospecting, Beardmore Geraldton 
Area, Ontario" (Thoreleifson and Kristjansson 1993).

The potential for dimension stone exists in younger 
felsic intrusions in the Beardmore-Geraldton area. 
Followup is warranted, but transportation costs may 
suggest exploration should be focussed south of the 
CNR main line.
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28. Schreiber-Hemlo Resident Geologist's District— 
1993

B.R. Schnieders and M.C. Smyk
Thunder Bay Resident Geologist's Office, Field Services Section (Northwest), 
Ontario Geological Survey

INTRODUCTION
The Schreiber-Hemlo District covers an area from the 
Nipigon River east to White River, and from the United 
States-Canada border north to Upper Rosyln Lake and 
Kagiano Lake (Figure 28.1). The area includes the 
communities of Rossport, Schreiber, Terrace Bay, 
Marathon, Heron Bay, Manitouwadge, as well as Pic 
Heron Reserve #50, Pic Mobert Reserve #82, Pays Plat 
Reserve #51 and Lake Helen Reserve #53A. The

district is adjacent to the communities of Nipigon and 
White River.
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Producing Mines 1993:1. David Bell Mine, 
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Division, Noranda Inc., 3. Golden Giant Mine, 
Hemlo Gold Mines Inc., 4. Williams Mine, 
Williams Operating Corporation, 5. Winston 
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Figure 28.1. Location of the Schreiber-Hemlo Resident Geologist's District.
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As always, numerous prospectors, geologists and 
individuals from the exploration and mining sector 
provided valuable information and discussion through 
out 1993, and many are referred to throughout the text.

MINING ACTIVITY
There are presently 5 producing mines in the district. 
The 3 gold mines at Hemlo include the David Bell 
Mine of Teck-Corona Operating Corporation, Golden 
Giant Mine of Hemlo Gold Mines Inc. and Williams 
Mine of Williams Operating Corporation. The base 
metal mines include the Geco Division of Noranda Inc. 
at Manitouwadge and the Winston Lake Division of 
Metall Mining Corporation located northwest of 
Schreiber.

Gold production from the 3 Hemlo mines will 
likely top one million ounces (greater than 30 tons) in 
1993, and represents approximately 2596 of the gold 
production in Canada. The Williams and Golden Giant 
mines represented the first and second largest gold 
producers in Canada respectively in 1992, while the 
David Bell Mine was the sixth largest. Reserves based 
on 1992 figures (Schnieders et al. 1993) indicate in 
excess of 50 million tons of ore, good for a life 
expectancy of between 13 and 17 years, for the Hemlo 
mines. Since 1985 the Hemlo mines have produced 
7 273 664 ounces of gold (greater than 226 tons).

Base metal production continued at both the Geco 
Division Mine of Noranda Inc. and the Winston Lake 
Division Mine of Metall Mining Corporation. De 
pressed metal prices have forced layoffs at the Geco 
Division, however, the company hopes to operate until 
the summer of 1996. The Winston Lake Division 
continued mining zinc and copper ore, and production 
is slated to continue into 1996.

EXPLORATION ACTIVITY
Gold exploration highlights for the Schreiber-Hemlo 
District include renewed exploration activity or a sec 
ond or third pulse in the Hemlo camp with major 
companies such as Hemlo Gold Mines Inc., Homestake 
Canada Inc. and Placer Dome Inc., all active in the area. 
In addition, exploration in the White River- 
Dayohessarah Lake area has created an overlap of 
staking activity and exploration in the Hemlo area. The 
Hemlo mines, namely the Williams, Golden Giant and 
David Bell mines, continue to conduct active explora 
tion on and around the mine properties. Several junior 
companies are also active in the area. Exploration for 
gold continued in the Big Duck Lake area by Big Duck 
Lake Resources. Numerous prospectors were active

throughout the Schreiber-Hemlo District for gold, 
base metals and industrial minerals.

Base metal exploration highlights include advanced 
exploration by Metall Mining Corporation involved in 
2.2 km of underground drifting from the Winston Lake 
shaft to the Pick Lake deposit. Economic evaluation 
will test the geological inventory of the 1.6 million ton 
deposit which grades 1.196 Cu and 17.796 Zn (The 
Northern Miner, November 18, 1991, p.3). Geco 
Division of Noranda Inc. plans to diamond drill a deep 
hole (8000 feet or approximately 2400 m) to test for 
down-plunge extensions of base metal mineralization 
within the Manitouwadge synform and mine series. In 
addition, Geco Division and Noranda Exploration 
Company Ltd. are involved in several exploration 
projects throughout the area. Recently, prospectors 
B. Fowler and M. Shuman have discovered several 
new sulphide and zinc occurrences in the Spruce Bay- 
White Lake area. Several of these occurrences were 
discovered by the use of a Beep Mat geophysical 
instrument.

Table 28.1. Property Examinations in 1993 (numbers keyed to Figure 28.1).

1. Aguasabon Gorge
2. Armand Lake
3. Banana Grid
4. Big Nama Mine
5. Black Fox Lake
6. Cache Lake
7. Cosgrave Lake
8. Dayohessarah Lake Recon
9. Dead Horse Creek North
10. Dead Horse Creek South
11. Dead Horse Road Recon
12. Dotted Lake
13. Dunlop
14. Geco Mine
15. Golden Giant Mine
16. Guag Lake
17. Hemlo Highway Section
18. Hemlo West (Black River)
19. Jackfish Pillows
20. Johnston-McKenna
21. Kabamichigama
22. Limestone Lake Recon
23. Little Steel
24. McKenn-McCann
25. Muir
26. Northern Eagle
27. North Shores Mine
28. Rideau
29. Shack Lake
30. Simard-Swetz
31. Steel River Komatiite
32. Vos Amethyst
33. Wabikoba Road Recon
34. White River Recon
35. Willroy Mine
36. Willecho Mine
37. Williams Mine
38. Winston Lake Mine
39. Wowun Lake
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RESIDENT GEOLOGIST'S 
STAFF ACTIVITIES
Staff of the Schreiber-Hemlo Resident Geologist Pro 
gram conducted 46 property visits to 39 separate 
properties (Table 28.1) to the end of September 1993. 
Fifteen field trips to various mining camps and areas 
were given or attended in the Schreiber-Hemlo Dis 
trict. Additional activities included 2 prospecting 
courses-information sessions in Terrace Bay and Heron 
Bay and a Beep Mat course and demonstration in 
Marathon. Assistance and displays were provided at 
various functions including the Mining Week display 
in the Marathon mall, the Mines and Mineral Symposia 
in Toronto and Thunder Bay, and the Hemlo '93 Trade 
Show in Manitouwadge. Nine technical talks were 
presented throughout the district. Support and assist 
ance was provided to several Geological Survey of 
Canada field parties, as well as various university 
personnel. M.C. Smyk along with R.P. Taylor, P.C. 
Jones and D.M. Kingston published a paper on "Geol 
ogy and geochemistry of the West Dead Horse Creek 
rare-metal occurrence, northwestern Ontario" (Smyk 
et al. 1993).

PROPERTY VISITS
North Shores (Worthington Bay)
Gold Mine
The North Shores gold mine or Worthington Bay 
property is located near the shore of Lake Superior on 
Worthington Bay, approximately 6 km south of 
Schreiber. Approximately 2440 ounces of gold were 
produced during intermittent production between 1923 
and 1941. The average gold grade was 0.64 ounce Au 
per ton produced from narrow, high-grade quartz veins.

The property is underlain by felsic metavolcanic 
rocks which have been intruded by high level quartz 
and feldspar porphyry, as well as syenite. The property 
is near the western margin of the Terrace Bay Batholith. 
Historically, gold production came from narrow quartz 
veins ranging from 2.5 to 35 cm wide and traced along 
strike for up to 490 m in length. The veins strike 1000 
and dip 55 0 south. Development work consisted of
2 adits, 275 m and 290 m long respectively, a 40 m 
inclined winze and 2 working levels. Additionally,
3 smaller adits and several shafts and pits were also 
developed.

During the past decade, exploration targets and 
models have been recommended by Schnieders in 
Patterson et al. (1987) which included the North Shore 
and Worthington Bay area. This author stated: "This 
exploration model proposes targets which are substan 
tially larger in size and tonnage potential than the

individual quartz veins proposed by previous work 
ers". Additional recommendations described a proposed 
exploration program (Patterson et al. 1987). Explora 
tion conducted by Hemlo Gold Mines Inc. during a 
period from 1989 to 1992 discovered targets and zones 
representing the potential for developing a low grade 
(2.0to3.0gAAu),hightonnage(greaterthanlO 000 000 
tons) deposit or a narrower, higher grade (greater than 
10 g/t Au) deposit (Londry 1992).

Hemlo Gold Mines Inc. conducted humus 
geochemical surveys, trenching, sampling, line cut 
ting, magnetometer, induced polarization (IP) and very 
low frequency electromagnetic (VLF-EM) geophysi 
cal surveys, prospecting, geological mapping and 
diamond drilling. Exploration by Hemlo Gold Mines 
Inc. discovered a new gold mineralized zone known as 
the Afric Zone. The 25 m wide zone has been followed 
along strike for approximately 250 m, to a depth of 75 
m, and is open in all directions (Londry 1992). A 
preliminary reserve of approximately 2 million tons of 
2.2 g/t Au has been suggested within the Afric zone 
(Londry 1992).

Gold mineralization is associated with pyrite- 
chlorite haloes and alteration around and within quartz 
veins that fill fractures in high level, intrusive rocks 
such as brecciated and fractured quartz porphyry, feld 
spar porphyry, syenite, as well as felsic metavolcanic 
rocks. The gold mineralization is structurally control 
led by 2 prominent (conjugate?) fracture systems: an 
early set striking 900 to 1100 and a later, crosscutting 
set striking 400 to 600 .

Assay results from diamond drilling have indi 
cated the following results: drill hole NR-8 (Afric 
Zone, strike extension) 3.5 g/t Au across 42.4 m.; drill 
hole NR-9 (Afric Zone, strike extension) 2.4 g/t Au 
across 11.6 m; NR-11 (Afric Zone, down-dip exten 
sion) 1.3 g/t Au across 64 m; and NR-3 (No. 5 Zone) 
8.1 g/t Au across 6.1 m. Surface trenching on the No. 
3,4 and 5 zones revealed encouraging results including 
19.9 g/t Au across 5 m, 13.03 g/t Au across l m and 
7.75 g/t Au across 5 m respectively. Of these zones, 
only the No. 3 zone has been drill tested by a single hole 
(Londry 1992).

Exploration on adjoining properties such as the 
Rooster Canyon property located immediately north of 
the North Shores property and owned by D. Skalesky 
and L. Lundstrom has indicated economic gold values 
in quartz veins (up to 1.8 ounces Au per ton) and 
anomalous values in altered syenite and porphyry (up 
to 0.04 ounce Au per ton) (Schnieders et al. 1991). 
Exploration by prospectors J. Courtney and G. Daniels 
on their Worthington Bay property located immedi 
ately east of the North Shores property indicated
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economic gold values of up to 4.2 ounces Au per ton in 
pyrite-rich stringer zones with porphyry and 0.22 ounce 
Au per ton in mineralized porphyry (J. Courtney, 
Prospector, personal communication, 1993).

RECOMMENDATIONS 
FOR EXPLORATION

Gold
PORPHYRY-TYPE MODELS

Numerous previous workers in the Schreiber-Hemlo 
District have noted an association between high level, 
felsic intrusions (quartz porphyry ± feldspar porphyry 
and syenite) and gold mineralization. The "porphyry- 
gold" association appears to be gaining in both 
popularity and importance in many regions including 
the Schreiber-Hemlo District. "Porphyry-type" mod 
els and gold exploration recommendations have been 
put forth for the North Shores-Worthington Bay area 
(Patterson etal. 1984,1985,1986,1987; Londry 1992; 
Schnieders et al. 1993), Terrace Bay Batholith 
(Marmont 1983, 1984; Patterson et al. 1984, 1985, 
1986; Schnieders et al. 1993), Big Duck Lake area (Pye 
1964; Patterson et al. 1984, 1985; Schnieders et al. 
1993), Heron Bay area (Hartwick et al. 1985; Patterson 
1986; Schnieders and Smyk 1989) and the Hemlo area 
(Page 1948; Patterson 1984; Kuhns 1986; Kuhns et al. 
1986; Walford et al. 1986; Schnieders and Smyk 1989; 
Johnston and Smyk 1992; Johnston et al. 1992; 
Schnieders et al. 1993).

In addition to the areas recommended above, the 
following areas should be considered for "porphyry- 
type" gold exploration targets: 1) Pukatawagon 
Lake-Budall Lake-Cirrus Lake area located approxi 
mately 20 km northeast of Marathon; 2) Jackfish 
Lake-Noslo Lake-Empress Mine-Ursa Major area 
located 15 km northeast of Terrace Bay; 3) Little 
Santoy Lake-Santoy Lake-Spider Lake area located 
15 km east of Terrace Bay; 4) Manitouwadge area; and 
5) Dayohessarah Lake area located 25 km northeast of 
White River.

The files and data bases of the Ontario Resident 
Geologists' offices represent excellent exploration 
opportunities and the potential for as yet, undiscovered 
mines already described by previous workers in the 
literature. These virtual "gold mines" of information 
are preserved within assessment files, mineral deposit 
files, historical files, theses, library journals, annual 
reports, geological reports, maps, etc. When consider 
ing historical or literature research for "porphyry-type" 
models, one should pay particular attention to rock 
descriptions such as quartz or feldspar porphyry, syenite,

biotite granite, quartzite, crystal tuff, quartz-eye arkose, 
sulphide bearing quartz-eye arkose, quartz ± feldspar- 
phyric rock as well as similar type descriptions.

Caution and a fair amount of patience must also be 
taken when assessing showings and occurrences in 
higher grade metamorphic terrains such as amphibolite- 
facies (or higher) terrains. Often the showings are 
"dry" looking and not very spectacular in nature. The 
"Hemlo Sampling Exercise" (Schnieders et al. 1988) 
demonstrated how reconnaissance sampling of 18 rusty 
gossans along a section of Highway 17, which included 
the surface expression of the Hemlo deposit, could 
easily miss or produce no encouraging exploration 
results. Even a Hemlo-sized deposit (80 to 100 million 
tons) can be considered a "needle in a haystack". 
Greenschist-facies terrains can contain numerous gold 
showings in localized areas, yet having no major de 
posit ever being discovered within it. This is exemplified 
by the Schreiber area where well over 25 gold occur 
rences exist within a 25 km radius. Analogies such as 
"lots of smoke, but no fire" are commonly used to 
describe such areas. High-grade metamorphic terrains 
such as the Hemlo and Manitouwadge (f or base metals) 
areas, however, have produced large-scale deposits 
with few showings, comparatively. These areas could 
be described as "all fire and no smoke". Interestingly 
enough, these high-grade metamorphic terrains are 
commonly down-played for their economic potential 
due to the lack of mineralized showings. A re-exami 
nation and further prospecting are warranted and 
recommended for many such areas.

Base Metals
Calc-alkalic intermediate to felsic metavolcanic rocks 
in the Schreiber-Hemlo District have high exploration 
potential for base metals. Intense hydrothermal altera 
tion with subsequent metamorphism can produce 
mineral assemblages and/or lithologies which are dif 
ficult to recognize as potential host rocks for sulphide 
(volcanogenic massive sulphide) deposits. Mineral 
assemblages that you should be looking for include 
sericite, chlorite, garnet, biotite, chloritoid and ankerite 
which are common in greenschist-facies metamorphic 
terrains while sericite, muscovite, biotite, garnet, 
anthophyllite, sillimanite, staurolite, cordierite and 
andalusite are common in higher grade, amphibolite- 
facies metamorphic terrains. Lithogeochemical surveys 
to detect sodium and calcium depletion and magne 
sium, potassium, zinc and copper enrichment are 
valuable exploration tools for identifying hydrothermal 
alteration zones associated with volcanogenic massive 
sulphide (VMS) base metal deposits.
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VMS base metal deposits are commonly associ 
ated with volcanic fragmental rocks or "mill rock". 
The presence of felsic pyroclastic rocks, while a start 
ing point, is not enough however. Explorationists 
should concentrate on "pregnant" fragmental units 
which include weathered fragments of sulphides in the 
matrix (S. Scott, University of Toronto, personal com 
munication, 1992). The Spider Lake area 10 km east of 
Jackfish represents one such area where potentially 
"pregnant" fragmental rocks are present. When ex 
ploring metavolcanic terrains for VMS base metal 
deposits, care must be taken to explore exhalative 
horizons. Rocks such as tuff, cherty tuff, ash horizons 
and iron formation, especially sulphide-facies iron 
formation, must be thoroughly explored. In addition, 
the presence of a subvolcanic intrusion which may 
have acted as a heat source in the formation of massive 
sulphide deposits is also a consideration. Generally the 
deposits are within 2 to 3 km from the intrusion.

The metavolcanic rocks in the Prairie River- 
Marlhill area host numerous copper-zinc occurrences 
and warrant further prospecting and exploration activ 
ity. Additional areas to consider for VMS base metal 
deposits include the Victoria Lake area located 10 km 
north of Schreiber, the Santoy Lake-Fishnet Lake area 
located 15 km north-northeast of Terrace Bay, the 
Manitouwadge area and the Theresa Lake-Dotted Lake 
area located 30 km south of Manitouwadge. The 
Dayohessarah Lake area located 25 km northeast of 
White River consists of a metamorphosed and de 
formed supracrustal sequence, as well as numerous 
metavolcanic and metasedimentary rafts and enclaves 
(Bennett et al. 1987). The Danny Lake, Kwinkwaga 
Lake and Tocheri Lake areas are also worth prospect 
ing for both base metals and gold.
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29. Recommended Areas for Volcanogenic Massive 
Sulphide and Gold Exploration in the Kenora Resident 
Geologist's District—1993

D.G. Laderoute
Kenora Resident Geologist's Office, Field Services Section (Northwest), Ontario Geological Survey

INTRODUCTION
Dimension and monument stone, crushed stone and 
peat were the commodities produced in the Kenora 
Resident Geologist's District (Figure 29.1) in 1993. In 
addition, by the end of August, 1993, there were 2 
advanced exploration projects and 23 exploration 
projects in the Kenora District. As a result of visits to 
many of these projects and other research by the staff 
of the Kenora Resident Geologist's Office, the areas 
described below are suggested to have significant 
potential to host economic deposits of various mineral 
commodities. Note that unless otherwise specified, all 
references to past work in the following sections are 
taken from the various files in the Kenora Resident 
Geologist's Office.

BENDING LAKE 
COPPER-ZINC OCCURRENCE
The Bending Lake copper-zinc occurrence is located in 
the Bending Lake area (NTS 52 F/8SE), 73 km south- 
east of Dryden (Figure 29.2, inset). Copper and zinc 
were discovered here by Alex Glatz in 1993. The 
occurrence is traversed by Highway 622, at a point 23.3 
km south of Highway 17.

The occurrence was originally staked by A. Glatz 
of Dryden in 1992, on the basis of the apparent indus 
trial mineral potential of abundant garnet mineralization 
noted to occur in several large outcrops along Highway 
622. No work was recorded in this area prior to this. 
The rocks in the vicinity were subsequently examined

Hudson Bay
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Figure 29.1. Location of the Kenora Resident Geologist's District.
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for their potential to host volcanogenic massive sul 
phide mineralization. At the time of writing, A. Glatz 
holds claims covering the occurrence and the immedi 
ately surrounding area. However, the ground along 
strike in both directions is largely open for staking.

The property is underlain by supracrustal rocks of 
the Manitou-Stormy lakes greenstone belt. These rocks 
include mafic to felsic metavolcanic rocks of the 
Wapageisi Group, close to their contact with the over 
lying clastic and chemical sedimentary rocks of the 
Stormy Lake Group (Blackburn et al. 1991). A major 
centre of volcanism is located 12 to 20 km to the west 
in the vicinity of Stormy Lake and Snake Bay, where 
chlorite and chloritoid alteration has been observed to 
occur in felsic metavolcanic rocks (Parker et al. 1993). 
However, large (up to 30 cm), finely laminated, ex 
tremely siliceous felsic fragments are observed to 
occur in fine- to medium-grained felsic tuff adjacent to 
Highway 622, suggesting that this area represents a 
proximal volcanic environment as well. According to 
Blackburn et al. (1982), the stratigraphic top is to the 
north, and the area is on the south limb of a major, 
northwest-trending synform. The general strike of the 
stratigraphy is 1000 ; dips are generally sub-vertical.

The Bending Lake iron formation lies at the top of 
the sequence of interest (see Figure 29.2). Where it is 
exposed on Highway 622, this unit is approximately 
50 m thick, and is composed of a brecciated, chert- 
pyrite-pyrrhotite lower portion, and a well-laminated, 
chert-magnetite upper portion. South of, and therefore 
stratigraphically beneath the iron formation is a se 
quence of predominantly intermediate to felsic 
pyroclastic rocks, which includes fine- to medium- 
grained tuffs, quartz-crystal tuff and rare tuff breccia; 
minor mafic to intermediate flows are included in this 
sequence as well. These metavolcanic rocks are com 
monly serialized, locally chloritized, and contain minor 
actinolite and garnet. Within these metavolcanic rocks 
are units of actinolite-garnet-magnetite-chlorite-quartz 
schist. In previous reports of Jalore Mining Company 
Ltd., regarding the iron ore potential of the Bending 
Lake iron formation, it was suggested that these repre 
sent interbedded metasedimentary rocks. However, 
since actinolite and garnet are both observed to occur 
in the felsic pyroclastics, and since no textures indica 
tive of sedimentary rocks are observed, it is suggested 
that these schists represent metamorphosed iron-en 
riched and alkali-depleted alteration zones in the 
metavolcanic rocks. A unit of feldspar-biotite schist 
occurs further down in the stratigraphy. Feldspar grains 
in this unit are large (3 to 5 mm in size) and rounded, 
and are distinct from a schistose feldspar-biotite ma 
trix. This, together with a lack of features such as 
bedding, suggest that this unit may be a feldspar-

porphyritic, intermediate, subvolcanic intrusive. Such 
a unit could have acted as a heat source for mineralizing 
hydrothermal systems in the overlying metavolcanic 
rocks. Note that the northern portion of this unit also 
contains minor actinolite.

Pyrite occurs in all units, generally as fine-grained 
disseminated grains comprising up to l % of the rock. 
Chalcopyrite and sphalerite occur in the felsic 
metavolcanic rocks underlying the iron formation, 
approximately 500 m stratigraphically below the con 
tact between the 2 units. Both minerals occur as 
fine-grained fracture fillings and wispy aggregates. 
According to A. Glatz (Prospector, personal communi 
cation, 1993), samples from this zone analyzed from 
500 ppm to 900 ppm Cu and 500 ppm to 1200 ppm Zn. 
Although the mineralization is observed sporadically 
over a 50 m width, the zone is open in all dimensions.

This occurrence of copper and zinc mineralization 
in hydrothermally-altered felsic metavolcanic rocks 
underlying a chemical sedimentary horizon (Bending 
Lake iron formation) suggests that there is significant 
potential in this area for volcanogenic massive sul 
phide (VMS) deposits of base metals. Several distinct, 
non-formational, low-frequency airborne electromag 
netic geophysical anomalies occur in this area, and 
along strike to the northwest and southeast (OGS 
1980). At the time of writing, these anomalies remain 
untested.
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Figure 29.2. Bending Lake copper-zinc occurrence.
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LANGTON-WILDRICE 
LAKES GREENSTONE BELT
The Langton-Wildrice lakes greenstone belt is a previ 
ously unmapped belt of supracrustal rocks occurring in 
Langton, Wabigoon, Colenso and Mutrie Townships 
(NTS 52 F714NW,SW), in the vicinity of Vermilion 
Bay. This belt is the eastern strike extension of 
supracrustal rocks in Docker Township, which were 
mapped by Pryslak (1976). At the time of writing, this 
latter area is being evaluated by Noranda Exploration 
Company Ltd. for its gold and base metal potential. As 
part of the 1993 Kenora District Resident Geologist's 
program, the Langton-Wildrice lakes belt was exam 
ined by the writer. This section describes the results of 
that examination; reference should be made to 
Figure 29.3.

General Geology
The Langton-Wildrice lakes greenstone belt is com 
posed of volcanic and sedimentary assemblages, 
regionally metamorphosed under amphibolite facies 
conditions. It is an east-northeast trending belt that 
varies from 1.6 to 3.6 km in width. The portion of the 
belt examined extends for 18 km from the eastern 
boundary of Docker Township in the west, to the 
vicinity of the Colenso Township Forest Access Road 
in the east. The belt may extend another 1.5 to 2.0 km 
to the east, to Soma Lake, but not beyond (Blackburn 
1981). The belt is bordered to the north by the granitic 
and gneissic suites of the Winnipeg River Subprovince,

and to the south by the granitoid rocks of the Dryberry 
Batholith, and the metasedimentary and metavolcanic 
rocks of the Warclub Assemblage, both of the Wabigoon 
Subprovince (OGS 1991).

Lithologic Units
Metavolcanic rocks comprise more than 9096 of the 
belt. To maintain consistency with Pryslak (1976), 
they are subdivided on the basis of colour index into 
mafic metavolcanic rocks, with more than 35 96 mafic 
minerals, and intermediate to felsic metavolcanic rocks, 
with 10 to 3596 mafic minerals.

West of Highway 105, mafic metavolcanic rocks 
generally form narrow (less than 600 m wide) septa on 
the northern and southern edges of the belt, enclosing 
a sequence of intermediate to felsic metavolcanic rocks 
up to 3000 m thick.

Eastward from Highway 105 to the Wildrice Lake 
area, mafic metavolcanic rocks become predominant 
across the belt. Eastward from the Wildrice Lake area 
to the eastern edge of the area examined, mafic 
metavolcanic rocks again form septa enclosing inter 
mediate to felsic metavolcanic rocks and a small inlier 
of granitic gneiss. Mafic metavolcanic rocks include 
massive and pillowed flows, which are generally meta 
morphosed to a dark grey-green schist containing, in 
order of abundance, hornblende * feldspar * biotite * 
epidote. Pillowed flows are distinguished by black 
selvages up to 2 cm wide. In some cases, most notably
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Figure 293. Langton-Wildrice lakes greenstone belt.
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along Highway 105, coarse hornblende porphyroblasts 
up to 3 cm in size comprise more than 3096 of the rock. 
Mafic metavolcanic rocks in the belt also commonly 
contain wispy, leucocratic segregations of quartz 4- 
garnet 4- tremolite * epidote * muscovite up to 5 cm 
wide that parallel the schistosity.

Intermediate to felsic metavolcanic rocks, which 
occur in 2 lenses in the western and eastern portions of 
the area examined respectively, are generally meta 
morphosed to a medium to light grey schist which 
contains, in order of abundance, feldspar + quartz * 
biotite + hornblende -f muscovite. This agrees closely 
with the composition given for intermediate to felsic 
metavolcanic rocks west of Langton Township by 
Pryslak (1976). Intermediate to felsic metavolcanic 
rocks are commonly feldspar-phyric, sometimes lami 
nated, and may contain relict fragments ranging from 
lapilli- to bomb-sized. These features suggest that 
these metavolcanic rocks are typically pyroclastic in 
origin.

The occurrence of metasedimentary rocks in the 
belt is problematic. Biotite- and quartz-rich schists 
with possible metasedimentary protoliths are observed 
to be interbedded with intermediate to felsic 
metavolcanic rocks along Highway 17, west of Ver 
milion Bay. Similar rocks in the vicinity of the Hansson 
sulphide occurrence have been identified as being 
metasedimentary (Burchell 1984). Note, however, that 
no clear features suggestive of metasedimentary rocks, 
such as bedding, were observed in these units.

Minor felsic intrusive units, such as dikes and sills 
of granite and granitic pegmatite, are widespread. A 
single, hornblende-rich mafic dike occurs in interme 
diate to felsic metavolcanic rocks adjacent to Highway 
17, just east of Nixon Lake. A small inlier of granitic 
gneiss occurs in the easternmost portion of the belt, 
enclosed by mafic metavolcanic rocks.

Structural Geology
All metavolcanic rocks exhibit a prominent schistosity 
which strikes between 600 and 1000, and generally dips 
north between 400 and 800 . The exception to this is in 
the extreme western portion of the belt, where consid 
erable variation in strike is noted; a pronounced linear 
fabric, oriented at 020/42N, also occurs in intermediate 
to felsic metavolcanic rocks in this area. This area also 
coincides with an abrupt increase in the thickness of the 
belt from that determined by Pryslak (1976) in Docker 
Township, and an abrupt change from predominantly 
metasedimentary (Pryslak 1976) to predominantly 
metavolcanic rocks. This suggests that a cryptic struc 

tural feature, such as a system of faults and/or folds, 
occurs in this area. Note that the Hansson sulphide 
occurrence is located in this area. A significant stretch 
ing and flattening parallel to the schistosity is recorded 
by pillow selvages in outcrops along Highway 105, 
resulting in aspect ratios of 10:1 or more.

Economic Geology
Few occurrences of economically interesting minerali 
zation have been located in the belt, as a result of the 
relatively limited exploration conducted to date. Sev 
eral low-grade occurrences of uranium (as uranophane) 
are associated with granitic pegmatite dikes; this is also 
common throughout the portion of the belt mapped by 
Pryslak (1976). The Hansson sulphide occurrence, 
which is traversed by the Langton Township Forest 
Access Road in the western portion of the belt, consists 
of locally abundant pyrite and pyrrhotite mineraliza 
tion over an approximately 200 m width in sheared 
intermediate to felsic metavolcanic rocks and possible 
interbedded metasedimentary rocks. Trace chalcopyrite 
is locally observed in this material. The apparent struc 
tural disruption in this portion of the belt, together with 
the widespread occurrence of iron sulphide minerali 
zation, suggests that a favourable environment for the 
occurrence of gold mineralization exists here. In the 
easternmost portion of the belt, intermediate to felsic 
metavolcanic rocks along the Colenso Township For 
est Access Road locally contain up to 1096 fine- to 
medium-grained garnet, suggesting that they have un 
dergone a low to moderate degree of hydrothermal 
alteration. This type of alteration is sometimes associ 
ated with VMS deposits. Intermediate to felsic 
metavolcanic rocks elsewhere in the belt contain lapilli 
te bomb-sized fragments, suggesting a proximal vol 
canic environment. This can also be a favourable 
environment for the formation of VMS deposits.

RECOMMENDATIONS 
FOR EXPLORATION
The areas of the Kenora Resident Geologist's District 
described above are suggested to have significant eco 
nomic potential, as are areas described by Blackburn, 
Beakhouse and Parker (this volume). The following 
areas are also suggested to have significant economic 
potential:
1. The Warclub metavolcanic-metasedimentary as 

semblage, in the Wabigoon-Eagle-Populus lakes 
area (NTS 52 F/l 1,12,14,15), which is described 
by Parker et al. (1993). This area has the potential 
to host deposits of gold and zinc, in association 
with quartz- and feldspar-porphyritic metavolcanic 
rocks. Examples of this are the Thunder Lake gold-

139



Field Services Section (Northwest) (29)

zinc prospect in Zealand Township, east of Dryden, 
and the Plomp zinc-copper-gold occurrence in 
Aubrey Township, in the vicinity of Eagle River 

2. The Tannis Lake area (NTS 52 E/14SE), approxi 
mately 48 km west of Kenora, where copper min 
eralization, consisting of up to 596 chalcopyrite 
locally, and trace covellite, has been discovered in 
a pyritic, graphitic argillite by prospector B. 
Etherington. This unit, which strikes at approxi 
mately 1000, occurs as an interflow sedimentary 
horizon, enclosed by fine-grained pillowed mafic 
metavolcanic rocks to the north and medium- 
grained massive mafic metavolcanic rocks to the 
south. The dimensions and configuration of this 
argillite unit are currently unknown, because of 
limited exposure. Values of up to 1330 ppm Cu and 
5140 ppm Zn have been detected from limited grab 
samples of this unit (B. Etherington, Prospector, 
personal communication, 1993). The only previ 
ous work recorded in this area are airborne electro 
magnetic, magnetic and radiometric geophysical 
surveys by Canadian Nickel Company Ltd. in 
1974. Note that the airborne electromagnetic geo 
physical survey failed to detect this argillite unit 
because of an approximately coincident electric 
power line.
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30. Summary of Field Work Sedimentary and 
Environmental Geoscience Section—1993

C.L. Baker
Section Chief, Sedimentary and Environmental Geoscience Section, Ontario Geological Survey

INTRODUCTION
As with many units within the Ministry of Northern 
Development and Mines, the organization and struc 
ture of the Sedimentary and Environmental Geoscience 
Section (SEGS) changed significantly during the past 
year. The Section now consists of the Sudbury based 
geoscientists and support staff, the Toronto based 
Mines and Minerals Information Centre and the South- 
west Resident Geologist's Office in London.

The result is an integrated Section whose focus 
ranges from the gathering and interpretation of data, to 
client services and end user assistance. These functions 
operate within, and are consistent with the aims of the 
Ontario Geological Survey.

Mapping and Field Studies
The mandate of the Sudbury based geoscience group is 
to investigate Phanerozoic age materials and sediments 
within the province. Activities include the mapping of 
Paleozoic age rocks and Quaternary sediments; assess 
ment of the mineral resource potential contained therein 
(such as sand and gravel, limestone, salt gypsum, 
etc...); investigation of past and current geological 
processes which affect the occupation and use of the 
land; and defining the physical properties or 
geochemical signature of the landscape.

The Sudbury group is organized into 2 subsec 
tions, each headed by a supervisor. These are the 
Environmental Subsection, lead by R.P. Milligan, and 
the exploration oriented Mineral Appraisal Subsection 
under C.A. Kaszycki. In recognition of the fact that 
programs undertaken by either group require a range of 
skills, staff trained in a variety of disciplines are repre 
sented within each subsection.

The adoption of this Section structure has created 
a degree of flexibility which allows the formation of 
multidisciplinary work groups or project teams. Staff 
from the Environmental Subsection, a Quaternary 
geologist for example, can be assigned to exploration 
type projects should the need arise.

It should be made clear, however, that the line 
between environmental and exploration projects is, in

a number of cases, some what artificial. It may be 
strongly argued that the results of studies detailed in the 
SEGS' portion of this volume yield data of use to both 
disciplines; those interested in evaluating the resource 
potential of the land and those whose concerns are on 
identifying and protecting ecologically sensitive as 
pects of the landscape and subsurface. In short, we are 
producing baseline information with wide ranging 
benefits.

The geochemical programs of the Section are an 
excellent example of this. The survey results are of 
interest to exploration, as regional trends and anoma 
lies may define the setting or presence of mineralization. 
The same database, however, can be used to character 
ize the natural environment and assess either past or 
future anthropogenetic affects.

In the articles which follow the authors describe 
the goals of their projects and detail the methodologies 
and findings determined to date. As work is continuing 
on most projects, readers are encouraged to contact the 
individual researchers for additional detail and up 
dated information.

Southwestern Resident 
Geologist's Office
The Southwest Resident Geologist Office, headed by 
B.H. Feenstra, assists an eclectic client group by sup 
plying geological information on the area's extensive 
glacial (Quaternary) deposits and Paleozoic bedrock. 
The duties of the office, however, go well beyond the 
distribution of OGS maps and reports. The office is 
charged with: cultivating client relations; promoting 
mineral resource development; expanding the geologi 
cal database of the area; and commenting on land use 
issues.

To accomplish these duties the staff of the London 
Resident Geologist's Office are engaged in the follow 
ing activities: gathering field data, often to satisfy 
pressing client demands; conducting field trips for 
environmental and industrial groups as well as aca 
demic institutions; fulfilling a public education role 
with regard to geological materials and processes; and 
providing input to municipal Official Plans.
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Mines and Minerals 
Information Centre
The Mines and Minerals Information Centre (MMIC), 
located on the 2nd Floor of the Macdonald Block, 
Queen's Park, was established to serve southern On 
tario based clients requiring geoscience information. 
The MMIC offers customers a one-stop outlet for 
Mines and Minerals Division services.

The staff of the MMIC is headed by 2 senior 
geologists. These individuals answer enquiries and 
handle a variety of other duties including public educa 
tion, leading field trips and representing the Ministry at 
various functions and committees. The MMIC's cli 
ents are also served by staff solely responsible for 
publication sales and providing general information on 
the Mines and Minerals Division program.

Another aspect of the Toronto office is a reference 
library. The library receives over 65 journals and a 
wide selection of texts, catalogues and special vol 
umes. The library provides searches of the GeoRef 
CD-ROM and GEOSCAN databases for in-person 
inquires.

The newest and perhaps most exciting service 
available at the MMIC is access to a digital version of 
the provincial assessment files. This database, termed 
AFRI, contains the equivalent of over l million pages 
of text. The set-up and search capabilities of the system 
will revolutionize the manner in which information is 
sought. The system is due to be operational in late 
1993.
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31. Project Unit 90-22. Progress Report on the 
Mobile Laboratory Unit (MLU) Concept and Design

J.A.C. Fortescue
Sedimentary and Environmental Geoscience Section, Ontario Geological Survey

INTRODUCTION
Several organizations are now exploring the scientific 
(and cost) benefits of mobile laboratories in support of 
geochemical investigations. For example, Beeman 
(1992) described a 36-foot "mobile analysis labora 
tory" built recently for the United States Department 
of Energy (DOE). Earlier, D'Silva and Zamzow (1992) 
discussed the robot-mounted ICP-OES (with a remote 
laser ablation source) being developed for this DOE 
laboratory. The idea is, when the DOE mobile labora 
tory is parked at a hazardous waste site the robot 
ICP-OES will determine 22 elements simultaneously 
in samples which are too toxic for direct sampling.

This report outlines progress in the Ontario Geo 
logical Survey Mobile Laboratory Unit (MLU) project 
between October 1992 and April 1993. Three other 
reports of the evolution of the OGS-MLU concept 
have been previously reported (Fortescue 1990,1991, 
1992).

THE PREPARATION OF 
PLANS FOR THE MLU
In mid-February 1993, the Ontario Ministry of North 
ern Development and Mines let a contract to Equipment 
Planning Associates (EPA) (of Richmond Hill, On 
tario) to prepare detailed specifications and layout 
drawings for an MLU. By March 31,1993, EPA had 
completed 2 MLU documents. One is a plan and draft 
detailed specifications list for the MLU laboratory 
trailer shell. The other lists modifications needed for 
routine operation of the MLU in the "Holding Bay" in 
the headquarters of the Ontario Geological Survey at 
933 Ramsey Lake Road, Sudbury. During the EPA 
contract, close liaison was maintained between the 
writer (representing the Ministry) and contractor's 
staff.

THE MLU DESIGN CONCEPT
The MLU plan and specifications combine: 1) func 
tional requirements for the operation of the MLU in 
Sudbury and under field conditions with, 2) opera 
tional requirements designed to meet scientific 
objectives of the unit.

The MLU is designed to be fully functional in the 
following locations:
1. in the field in support of geochemical programs;
2. in the Sudbury Holding Bay in support of 

geochemical programs not needing field support;
3. at environmental emergency sites in support of 

pollution studies, year round.

The laboratory is designed to carry out the following 
activities at any of the 3 locations just described:
1. The MLU will have a throughput of at least 100 

samples per day continuously for periods of up to 
15 days.

2. In the field, the MLU will be equipped to carry out 
routine pre-treatment, preparation and chemical 
analysis of samples for the following sample types:

Sample Media Planned Time Frame

i) natural waters soon after MLU is commissioned

ii) lake sediments soon after MLU is commissioned

iii) organic soils later on, as required

iv) plants later on, as required

v) peats later on, as required

vi) mineral soils later on, as required

3. When fully operational, the MLU Instrumental 
Analysis Laboratory will determine some, or all, 
of the following 50 elements in the 6 sample media 
listed above:

MAJOR ELEMENTS

MINOR ELEMENTS

TRACE ELEMENTS

RARE EARTHS

Si, Al, Fe, Mg, Ca, Na, K, 
Mn, Ti, and P

Cu, Pb, Zn, Cr, Ni, Co, V, 
Sr, Ba, Se, Y, La, Nb, S, Th, 
Rb, U, andZn

As, Sb, Cd, Au, Ag, Be, Sn, 
W, Mo, B, Li, Be and Se

La, Ce, Nd, Eu, Dy, Yb, Lu, 
andPd
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4. The MLU computers will have software to inte 
grate data obtained during: 1) pre-planning, 2) 
fieldwork, 3) MLU chemical analysis, and 4) MLU 
word processing into geochemical maps, reports 
and databases which may not require editing prior 
to release to the public.

MLU TECHNICAL SUMMARY 
The Trailer Shell
The MLU trailer laboratory is planned as a custom- 
built, metal van which will be towed into the field by a 
modified, l ton, diesel, pickup truck. If a generator 
capable of running the entire unit is included, a larger 
truck will be required. The truck is not needed to 
operate the MLU in the Sudbury Holding Bay.

Figure 31.1 is a generalized floor plan of the MLU 
trailer laboratory. The metal van is of the fifth wheel 
type, 35-feet- long, with a flat floor. When it is commis 
sioned, the trailer shell will be divided into 6 work 
areas. Each of these is designed to play a role in 
processing water samples and/or lake sediments. Later 
on, the MLU may be re-configured (with additional 
instrumentation mounted in other vehicles) to process 
sample media in addition to the 6 types listed above.

Two work areas are planned for the Computer 
Room and 2 for the Instrument Analysis Laboratory in 
the trailer (see Figure 31.1). Sample preparation opera 
tions are to be completed in the rear half of the trailer. 
The flexibility of these operations is ensured by install 
ing pairs of pocket doors which can be opened (to 
reduce) or closed (to enlarge) the size of work areas as 
required.

When operating in the field (or at an emergency 
site) the MLU will be accompanied by a cube van. This 
will transport geochemical sampling equipment and 
bulky sample pre-treatment equipment (e.g., a large

fridge, a freezer, unused sample containers, etc.) to, 
and from, the field. In the field, the cube van will be 
used for sample pre-treatment operations which do not 
require strict environmental controls. These include 
cooling of fresh, filtered, water samples, freezing of 
lake sediments and assembly of the geochemical sam 
ple archive material. At the end of each field program, 
the cube van will be used to transport archived samples 
to Sudbury.

Routine Operation of the MLU
In the field, operator access to the MLU will be through 
an "awning tent" at the rear of the trailer (see Figure 
31.1). The tent will have canvas walls and a floor and 
act as a "mud room". The tent may store field clothes 
and footwear and, if required, house a portable toilet.

The back door of the trailer will have a window to 
enable visitors to see if the furnace room is in use prior 
to entry from the tent (see Figure 31.1). In the field, the 
other exit doors are used in emergency only. The small 
rooms in the rear of the trailer (see Figure 31.1) are 
designed to act as environmental buffers and vestibules 
to maintain an "environmental gradient" from the back 
to the front of the trailer. This gradient has 4 compo 
nents: filtered air, fresh air ventilation, heated air and 
cooled air. In this way the environment of the Instru 
ment Analysis Laboratory and Computer Room should 
always be clean and uniform.

MLU Service Systems
To maintain the MLU as a safe and clean laboratory 
environment for a planned life of 10 to 20 years, dust 
contamination and metal corrosion must be kept to a 
minimum. Consequently, chemical methods selected 
for routine use in the vehicle were chosen to use a 
minimum of: 1) toxic chemicals, 2) organic solvents, 
and 3) flammable gases.

FRONT REAR

ELECTRICAL CONNECTIONS 
UNDER

PLAN VIEW

35'-

Figure 31.1. Layout Plan of the Mobile Laboratory Unit trailer.
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In the field, gases required for operating the MLU 
in the field (e.g., argon, nitrogen, propane, etc.) will be 
supplied in bulk and stored outside the trailer. When 
the laboratory is moved, the only flammable gas to be 
stored inside the trailer is a small quantity of propane 
required for emergency winter heating. The trailer will 
also be equipped with an air compressor and vacuum 
pump for use in sample preparation.

Water tanks in the trailer are to be serviced using a 
water pump and hose carried in the trailer. The trailer 
has a built-in water treatment facility installed in the 
Chemistry Laboratory (see Figure 31.1). This is to 
provide filtered, deionized, water for general use, and 
double distilled (i.e., conductivity) water for use in 
trace element chemical analysis.

Where possible, disposable sample containers will 
be used for processing samples in the trailer obviating 
the need for washing containers. Acidified water 
samples and lake sediment extracts will be archived 
after analysis in the MLU and then transported to 
Sudbury. The disposal of grey water (plus the small 
volume of toxic wastes generated by the MLU) will be 
carried out according to government regulations.

During field operations, electricity will normally 
be supplied to the MLU from a temporary utility 
service pole. During MLU operation in the Sudbury 
Holding Bay, the laboratory will operate from "shore 
power". In an environmental emergency situation, 
electric power would be supplied by a generator al 
though design consideration has been given to the 
installation of a generator in the MLU tow truck if 
required.

EQUIPMENT INSTALLED 
IN THE MLU
It is anticipated that, once installed and operating, 
instruments and equipment in the Computer Room and 
Instrument Analysis Laboratory (see Figure 31.1) will 
not be changed for some years after the MLU is 
commissioned. Additional equipment required for the 
analysis of other sample matrices would be transported 
in other vehicles.

The Computer Room
Initially, the Computer Room is to have 2 CAD Station 
PCs plus a laser printer, a thermal printer and an 
Uninterruptable Power Source (UPS) (see Figure 31.1). 
The computers will be at the hub of a data collecting 
network reaching most instruments and environmental 
controls in the MLU. A telephone input centre and a 
FAX machine will also be installed in the Computer 
Room. Two notebook computers, both designed for

use in the cube van, will normally be stored in the 
Computer Room. In addition to processing geochemical 
map data, the MLU computers are designed to:

1. monitor and record the day-to-day performance of 
MLU scientific instruments and the environment;

2. record all QC data generated in the MLU daily;

3. log routine operation of MLU systems (electric, 
gas, water, etc.);

4. keep an inventory of supplies and spare parts.

The Instrument 
Analysis Laboratory
Two automated spectrometers (with attached X-Y-Z 
sample changers) are installed in the instrument analy 
sis laboratory (see Figure 31.1). One instrument is a 
Spectroflame P (R) Inductively Coupled Plasma Opti 
cal Emission Spectrometer (ICP-OES). This instrument 
is designed for the simultaneous determination of up to 
50 elements in liquid samples and is fitted with an 
ultrasonic nebulizer for lowering detection limits in 
water samples. This spectrometer was ordered with a 
built-in monochromator with a wavelength range of 
210 to 480 nm. The monochromator will be particu 
larly useful in setting up special methods for the 
determination of large amounts of trace elements in 
complex matrices (e.g., during an environmental emer 
gency).

The other instrument is a Varian SPECTRAA- 
400P(R) Atomic Absorption spectrometer. This has an 
automated graphite furnace (GF-AAS) and a hydride 
generator. This instrument is required to determine 12 
elements (Au, Ag, Pd, Ba, Cr, As, Sb, Se, Sn, Pb, Cd 
and Tl) at "ultra-trace" (i.e., low parts per trillion) 
levels. The AA spectrometer may also be used for 
flame excitation in the MLU if required. The chillers 
required for the operation of the spectrometers in hot 
weather are installed below the floor of the instrument 
analysis laboratory. The instrument laboratory will 
also include 2 automated, Tracecon (R) flow injection 
units for "off line" pre-processing of liquid samples.

The Chemistry Laboratory
The Chemistry Laboratory is separated from the In 
strument Analysis Laboratory by a pocket door (see 
Figure 31.1). The water purification unit is installed on 
the off-side wall of this laboratory. A cart-mounted, 
automated RADIOMETER DTS 893 Titra Lab II (R) 
Water Analysis System will also be installed in the 
Chemistry Laboratory. Initially, this instrument will be
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used for the determination of pH, conductivity and 
fluorine in lakewaters.

The Balance, Freeze Drier 
and Furnace Rooms
At the rear of the chemistry laboratory, pocket doors 
provide access to a small balance room. The balance 
room has provision for several balances. Further back 
in the trailer, another pair of pocket doors provides 
access to the freeze drier room and a small furnace 
room (see Figure 31.1). These small rooms are required 
for the pre-processing of lake sediment or other organic 
samples. All instruments in these 2 rooms will be 
mounted on custom-built carts for ease of servicing and 
flexibility in an emergency.

On the near side of the freeze drier room will be a 
Heto (R) FD-FD8-2 Freeze Drier capable of drying 
100 frozen lake sediments samples in 24 hours. Oppo 
site the freeze drier is an automated LECO (R) TGA-501 
540 Thermal Loss on Ignition furnace for processing 
freeze-dried samples.

At the rear of the trailer is a small furnace room 
with 2 Carbolite (R) GSM programmable muffle fur 
naces installed on carts. One furnace is silica-lined for 
ashing organic samples. The other furnace is for 
sintering ashed samples. Beneath the sintering furnace 
is installed a NESLAB (R) EX-700 shaking water 
bath. This will be used for preparing aqueous extracts 
from sintered residues.

A HYPOTHETICAL PROTOCOL 
FOR WATERS ANALYSIS
Supposing that the MLU is parked at a field location 
during a summer geochemical mapping project based 
on lakewaters only, the daily routine operation of the 
mobile laboratory might be carried out as follows.

DAY II 

Step III

DAY I

Step I

Step II

During the evening 75 filtered lakewater 
samples are delivered by helicopter to the 
MLU plus a data disc including 
sample GPS positional data and field notes 
(e.g., water depth, water colour, etc.)

The lakewater samples are stored over 
night in the cube van fridge. The disc data 
is checked and downloaded into MLU 
computers during the evening.

Step IV

StepV

The lakewater samples are transferred to 
the MLU. They are then sequenced with 
25 Quality Control (QC) samples 
(duplicates,standards, re-runs, etc.) in a 
pre-arranged, random order. The sample 
sequence of the batch of samples is en 
tered into the MLU computer network.

All the samples in the batch are split into 
2 parts. One part (circa 65 g) is weighed 
into disposable plastic containers, divided 
into sub-batches of 20 samples, and run 
through the automated pH meter for the 
determination of pH, conductivity and 
fluorine. This data is entered on a disc, 
and the performance of the QC samples 
checked prior to downloading into the 
MLU computer network.

Two small volumes (20 mL) of each 
sample in the batch are weighed for 
element determinations. When the 
element determinations are completed in 
the Instrument Room, samples remain 
ing in the field containers are acidified 
(with a small volume of pure nitric acid) 
and transferred to the sample archive in 
the cube van.

Outline of the Element Determination 
Routine Major elements, minor elements 
and some trace elements will be detemined 
directly and automatically in an entire 
batch of lakewater sub-samples using the 
ICP-OES spectrometer equipped with the 
ultrasonic nebulizer. Ultra-trace elements 
(Au, As, Se, etc.) will be determined in 
the same water sub-samples using the 
graphite furnace AA.

After the batch run, the chemical data for 
unknown lakewaters will be separated 
from the QC data. The QC data will then 
be checked for instrument performance. 
If this is acceptable, the batch chemical 
data will be downloaded into the MLU 
computer network.

Some days later

Step VII At the end of each geochemical mapping 
project, the completed geochemical data 
base is processed by the MLU computers

Step VI
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(using standard formats) to provide draft REFERENC ES 
figures, tables, maps and graphs required 
for the published geochemical map and/ 
or report.

D'Silva and Zamzow, D. 1992. Mobile Inductively Coupled Plasma-

Step VIII -IHeMLUwordprocessingfacilityisthen Ê ^^2^u,^^l"^^:
Utilized tO Write a draft geochemical map San Diego, California Jan 6-ll, 1992, p.61-62.
report which is combined with the draft
artwnrt nr^nar^H in ^fpn V Fortescue, J.A.C. 1990. Design considerations for a Mobile Laboratory 
driWOIK prcpdrcu m aiep V . Uit U o suort eochemical main in Ontario i/i ummarUnit (MLU) to support geochemical mapping in Ontario; i/i Summary 

of Fieldwork and Other Activities 1990, Ontario Geological Survey, 
STAFF AND OPERATION Miscellaneous Paper 151, p.185-190.

r'iu i * r A. iL **T TT u - ———— 1991. Progress in planning a mobile laboratory unit (MLU) to 
For the analysis Of Waters, the MLU WOUld require a supporl gejemical mappin| and environmental geochemistry; in
Staff including a geochemist and party chief, 2 Staff Summary of Fieldwork and Other Activities 1991, Ontario Geologi-
chemists and 6 summer students. The students would cal Survey' Miscellaneous Paper 157, P.i79-i82.
work in pairs: 1) in the helicopter sampling the first ——— 1992 p^^ Report on the Mobile Uboratory Unit Develop.
day , 2) assisting With the preparation and processing of ment; in Summary of Fieldwork and Other Activities 1992, Ontario 
their Samples On the Second day, and 3) processing the Geological Survey, Miscellaneous Paper 160, p,128-130.

geochemical data obtained from their samples on the 
third day.
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32. Project Unit 90-30. Paleozoic Mapping and 
Alkali-Reactive Aggregate Studies in the Lake Simcoe 
Area: Preliminary Mapping Results for Fenelon Falls 
and Penetanguishene Map Sheets

O.K. Armstrong1 and P. Rheaume2
1 Sedimentary and Environmental Geoscience Section, Ontario Geological Survey
2 Department of Geology, University of Ottawa, Ottawa

INTRODUCTION
Middle Ordovician limestones of the Lake Simcoe area 
are a major source of aggregate in southern Ontario. 
The Ontario Geological Survey (OGS) has initiated a 
multi-year project to map the Paleozoic geology of the 
Lake Simcoe area at a scale of 1:50 000. This project 
is designed to use lithostratigraphic mapping, new 
depositional models and subsurface data to determine 
geological controls on bedrock resources, especially 
with respect to alkali-carbonate reactivity. Detailed 
field investigations began in 1992 with mapping of the 
Orillia 1:50 000 map sheet (NTS 31 D/ll) and parts of 
the Gravenhurst (NTS 31 D/14), Fenelon Falls (31 D/ 
10) and Minden (NTS 31D/15) map sheets (Armstrong 
and Anastas 1992).

During the summer of 1993, 1:50 000 scale geo 
logic mapping was conducted in 2 areas: 1) east of 
Lake Simcoe in the area covered by the Fenelon Falls 
map sheet (NTS 31 D/10) and the southern part of the 
Minden map sheet (NTS 31 D/15); and 2) northwest of 
Lake Simcoe in the area covered by the Elmvale map

sheet (NTS 31D/12) and parts of the Penetanguishene 
(NTS 31 D/13), Christian Island (NTS 41 A/16) and 
Nottawasaga (NTS 41 A/9) map sheets (Figure 32.1). 
For the purpose of this report, these 2 areas are referred 
to as the Fenelon Falls and Elmvale-Penetanguishene 
map areas, respectively. During the spring of 1993, the 
OGS conducted an extensive drilling program in sup 
port of this project.

GENERAL GEOLOGY
Igneous and metamorphic Precambrian rocks of the 
Grenville Province form the basement beneath 
Paleozoic strata and outcrop in the northern part of the 
2 map areas (Ontario Geological Survey 1991; Easton 
1992). In this region, the Grenville basement com 
prises parts of the Central Gneiss Belt in the west and 
the Central Metasedimentary Belt in the east. These 2 
belts are separated by a highly sheared, deformation 
zone called the Central Metasedimentary Belt Bound 
ary Zone, which trends north-northeast beneath the 
central part of the Fenelon Falls map area.

Figure 32.1. Location map of the 1993 Lake Simcoe map area, scale 1:1 584 000.
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The Precambrian basement is unconformably 
overlain by a succession of Middle Ordovician carbon 
ate and minor clastic sedimentary rocks, which are the 
focus of this project. The Paleozoic succession in the 
map area is subdivided into 4 formations. In ascending 
order, these are the Shadow Lake, Gull River, 
Bobcaygeon, and Verulam formations (Figure 32.2;

Liberty (1969)
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Figure 32.2. Comparison of stratigraphic nomenclature of Liberty 
(1969) and that proposed by this study, for the Middle Ordovician of the 
Lake Simcoe area.

Liberty 1969). The type sections for all of these 
formations occur in, or immediately adjacent to, the 
Fenelon Falls map area (Okulitch 1939; Liberty 1969). 
The lithologic characteristics of these units and tenta 
tive revisions to the stratigraphic nomenclature were 
recently presented by Armstrong and Anastas (1992).

In the Fenelon Falls area, Quaternary drift cover is 
thin and the Paleozoic bedrock is generally well ex 
posed. Drift cover is thicker and more extensive, 
however, in the southern third of the map area and in 
the area between Fenelon Falls and Bobcaygeon. In the 
Elmvale-Penetanguishene area, the Quaternary cover 
is generally much thicker and more extensive. Expo 
sure of Paleozoic strata is limited to a narrow outcrop 
belt, along the main erosional edge of the Paleozoic, 
from Uhthoff to Port McNicoll on Georgian Bay, and 
to a number of isolated outliers.

Paleozoic Geology
SHADOW LAKE FORMATION

The oldest Paleozoic strata in the Lake Simcoe area 
consist of shales and sandstones of the Shadow Lake 
Formation. These strata lie unconformably on 
Precambrian basement, although this contact is rarely 
exposed.

In the Fenelon Falls area, the Shadow Lake Forma 
tion consists mainly of red shales, with minor argil 
laceous sandstone. The thickest exposure (5.75 m) of 
this unit in the area is located on the northwest side of 
Head Lake, where it is sharply overlain by impure 
carbonates of the Gull River Formation.

In the Elmvale-Penetanguishene area, the Shadow 
Lake Formation consists primarily of green shales, 
with minor argillaceous sandstones and dolosiltites. A 
complete section (7 m) of this unit is exposed in the 
sump at the Cook Quarry. The thickest natural expo 
sure (approximately 5 m) is located on the northwest 
shore of Quarry Island, an outlier located 11 km north 
east of Midland.

GULL RIVER FORMATION
Throughout the Lake Simcoe area, carbonate strata of 
the Gull River Formation conformably overlie the 
shales of the Shadow Lake Formation. Armstrong and 
Anastas (1992) tentatively subdivided the Gull River 
Formation into 2 informal members, the lower and 
upper, which approximately correspond to the lower 
and middle members of Liberty (1969) (see Figure 
32.2).

In the Fenelon Falls area, the lower member of the 
Gull River Formation is composed of mainly
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argillaceous dolosiltite and dolomitic calcisiltite, and 
lime mudstone (calcilutite or micrite). Sparse fossils 
consist mainly ol ostracods and minor trilobites. Crys 
tal casts, in the shape of blades, rosettes and prisms are 
common. In the eastern half of this map area (east of 
Four Mile Lake), red argillaceous calcisiltites occur in 
the lower part of this member.

In the Elmvale-Penetanguishene area, the lower 
member of the Gull River Formation consists of 
argillaceous dolosiltite and dolomitic calcisiltite, bio- 
intraclastic peloidal packstone to grainstone, 
calcisiltite-burrow-mottled fossiliferous wackestone, 
and lesser amounts of lime mudstones and fossiliferous 
wackestone and packstone. Fossils include ostracods, 
brachiopods, pelecypods, trilobites, gastropods and 
crinoids. Thick intervals (up to 4.5 m) of the brown 
burrow-mottled beds commonly form escarpments 
and plateaus. These beds cap the three main outliers in 
this area: 2 north of Waubaushene and l on Quarry 
Island. A thin (20 to 30 cm) bed of brown burrow- 
mottled limestone, occurring near the top of the lower 
member in the Fenelon Falls area, north of Coboconk 
and west of Shadow Lake, may be the furthest eastern 
extent of this bed.

In the Elmvale-Penetanguishene area, the lower 
member of the Gull River Formation is well exposed in 
the Cook, Port McNicol and Uhthoff quarries, in out 
crops on Quarry Island, and in the new roadcut on 
Highway 400 (formerly Highway 69) approximately 
2.5 km north of Waubaushene. In the Fenelon Falls 
area, the lower part of this unit is well exposed overly 
ing the Shadow Lake Formation at outcrops immediately 
northwest of Head Lake and southwest of Beech Lake.

The upper member of the Gull River Formation is 
composed of lime mudstone (lithographic and 
sublithographic limestone of Liberty (1969)), with 
minor sparsely fossiliferous wackestone, intraclastic 
packstone to grainstone and shaley partings. The lime 
mudstone commonly exhibits microbial(?) lamination 
and fenestrae (birds-eye texture). Shaley partings 
commonly exhibit polygonal cracks. The upper mem 
ber is relatively consistent in character across both map 
areas. The most significant lateral variation is an 
increased shale content in the lower few metres of this 
unit in the eastern part of the Fenelon Falls map area.

In the Elmvale-Penetanguishene area, the upper 
member of the Gull River Formation is completely 
exposed in the Medonte and Uhthoff quarries. In the 
Fenelon Falls area, this unit is best exposed in the Burnt 
River (Dudman) Quarry and in the large roadcut on

Highway 649, approximately 15 km north of 
Bobcaygeon.

BOBCAYGEON FORMATION

The Gull River Formation is overlain by the generally 
coarser grained, more fossiliferous and darker brown 
limestones of the Bobcaygeon Formation. Liberty 
(1969) subdivided the Bobcaygeon Formation into 3 
members; lower, middle and upper (see Figure 32.2). 
As discussed by Armstrong and Anastas (1992), most 
of Liberty's (1969) upper member of the Gull River 
Formation is tentatively included within the lower 
member of the Bobcaygeon Formation. This interval, 
informally referred to as the Moore Hill beds (a term 
originally introduced by Okulitch (1939)), is transi 
tional in nature between the lime mudstones of the 
upper Gull River Formation and the fossiliferous 
wackestones-packstones-grainstones of the lower 
Bobcaygeon Formation. Locally, as exposed in the 
Coboconk roadcut, these beds have a sharp basal 
contact with the upper member of the Gull River 
Formation and grade upward into the remainder of the 
lower Bobcaygeon Formation. Elsewhere, dark brown, 
peloidal packstone-grainstone, Moore Hill-like beds 
are interbedded with beds exhibiting upper Gull River 
Formation lithologic characteristics, as observed in the 
large roadcut on Highway 649, approximately 15.5 km 
north of Bobcaygeon, in the roadcut on Highway 36, 
approximately 3.5 km northeast of Bobcaygeon, and at 
the Uhthoff Quarry.

The lower member of the Bobcaygeon Formation 
can be subdivided into 2 parts: 1) a lower part (i.e., 
Moore Hill beds), which is transitional in character 
with the underlying Gull River Formation; and 2) an 
upper part (Liberty's (1969) lower member), which is 
more fossiliferous and contains coarser bioclastic beds. 
Abundant stromatoporoids and tabulate corals occur in 
this upper interval, especially in a roadcut along High 
way 503, southeast of Head Lake, in the roadcut and 
quarries at Coboconk, and at the Uhthoff Quarry. A 
wavy to psuedo-nodular parting is a common charac 
teristic of both parts of the lower member.

Locally, a third lithofacies is developed at the top 
of the lower member, consisting of tan to buff col 
oured, fine-grained, bioclastic grainstone, termed the 
"C2 calcarenite" by Liberty (1969). It is well devel 
oped in the uppermost part of this member in the 
vicinity of Coboconk, and may be present in a new 
exposure at the Uhthoff Quarry.

The middle member of the Bobcaygeon Forma 
tion, which is characterized by interbedded shales and 
tabular-bedded limestones (Armstrong and Anastas
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1992), is exposed in a single outcrop in the Elmvale- 
Penetanguishene area, located less than 2.5 km 
southwest of the Uhthoff Quarry. Although generally 
observed as bedding plane exposures and low sections 
in the Fenelon Falls area, good exposures of this 
member occur at the Kirkfield Liftlocks and along the 
north shore of Grand Island in Balsam Lake. Near 
complete sections of the middle member are exposed in 
the abandoned Little Bob Quarry on the south side of 
Bobcaygeon (its type section) and in the new Kirkfield 
Quarry, located less than 1.5 km north of the liftlocks.

The upper member of the Bobcaygeon Formation 
is characterized by fossiliferous, calcisiltite- 
wackestones to grainstones with shale partings. 
Contacts with both the underlying middle member and 
the overlying Verulam Formation are gradational. The 
upper member of the Bobcaygeon Formation is cov 
ered by Quaternary sediments in the Elmvale- 
Penetanguishene area and, generally, is not well ex 
posed in the Fenelon Falls map area. The best exposure 
of this member in the map area occurs along the 
Fenelon River gorge, immediately southeast of the 
falls in Fenelon Falls. It is also well exposed near the 
top of the new Kirkfield Quarry.

VERULAM FORMATION

Conformably overlying the Bobcaygeon Formation 
are the interbedded limestones and shales of the lower 
member of the Verulam Formation. This unit is poorly 
exposed in the Fenelon Falls map area and is covered 
by Quaternary sediments in the Elmvale-Pene- 
tanguishene area. Notable outcrops include those 
along the shore of South Bay on Balsam Lake, on the 
east side of the town of Fenelon Falls, and south of 
Ancona Point approximately 6 km southwest of 
Bobcaygeon.

The upper member of the Verulam Formation 
consists of buff to tan, cross-bedded, bioclastic 
grainstone. This erosion-resistant unit forms small 
escarpments and caps plateaus in the southwest corner 
of the Fenelon Falls map area.

Precambrian-Paleozoic 
Unconformity
The Precambrian basement surface, upon which 
Paleozoic sediments were deposited, generally exhib 
its a gently undulatory relief. The basal contact of the 
Shadow Lake Formation with the Precambrian base 
ment is not exposed in any natural outcrops in the Lake 
Simcoe area. Paleo-topographic basement highs ex 
isted in this area during the Middle Ordovician, as 
evidenced by inliers that extend into the Verulam 
Formation.

Two paleo-topographic Precambrian basement 
highs, that are not inliers, extend upward to the 
stratigraphic level of the lower member of the Gull 
River Formation. These are located at the south end of 
Head Lake and along the southwest shore of Talbot 
Lake; in both cases, the Precambrian-Paleozoic 
unconformity is not exposed. At Talbot Lake, how 
ever, abundant Precambrian pebbles occur in an outcrop 
of argillaceous limestone, located just a few metres 
away from a topographically higher outcrop of 
Precambrian gneiss.

Three Precambrian inliers are known to extend up 
into the Bobcaygeon and Verulam formations in the 
Lake Simcoe area: the Rohallion, the Cameron Lake 
and the Red Rock inliers. The latter 2 are located less 
than 0.5 km west and approximately 7 km east of 
Fenelon Falls, respectively. The Rohallion inlier is 
located north of Canal Lake in the Orillia map area. 
These Precambrian inliers indicate that paleo-topo 
graphic highs may have stood a few tens of metres 
above sea level during the Middle Ordovician trans 
gression.

In a recent excavation at Cameron Lake inlier, the 
contact between the Bobcaygeon Formation and the 
Precambrian gneissic basement was exposed. The 
upper l m or so of the Precambrian surface is weath 
ered (bleached appearance), below which a hematitic 
staining is developed. Small irregular depressions on 
the top of the Precambrian surface are filled fossiliferous 
wackestone and chert. Overlying this surface is a 
crudely graded polymictic conglomerate. Clasts con 
sist of rounded Precambrian gneiss (up to l m in 
diameter), limestone intraclasts, and a variety of 
bioclasts. Interbedded and overlying the conglomerate 
are bioclastic and peloidal grainstones and rudstones.

STRUCTURAL GEOLOGY
Fractures, faults and fracture-related mineralization 
were identified in the Fenelon Falls map area. None 
were observed in the Elmvale-Penetanguishene area. 
Small-scale normal faults (less than 0.5 m vertical 
displacement), and fractures with and without calcite ± 
pyrite infilling, occur at a number of localities in the 
Fenelon Falls map area. Normal faults with larger 
offsets were identified in the Fenelon River gorge less 
than l km east of the falls, and in the outlier at Dongola.

A few faults exhibiting a strike-slip component 
(typically a few centimetres displacement where meas 
urable) were identified. Typically, these are mineralized 
with barite ± calcite ± pyrite, as observed in roadcuts 
along Highway 649 approximately 15.5 km north of 
Bobcaygeon, and in an outcrop just north of Corben 
Creek approximately 1.5 km southwest of Four Mile
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Table 32.1. Summary of 1993 Paleozoic drilling program in the Lake Simcoe area.

Location
Hole*

OGS-93-1
OGS-93-2
OGS-93-3
OGS-93-4
OGS-93-5
OGS-93-7
OGS-93-8
OGS-93-9
OGS-93-10
OGS-93-1 1
OGS-93-1 2
OGS-93-1 3

Name

Burys Green
Balsam Lake
Glenarm
McGinnis Point
Moonstone
Nogies Creek
Four Mile Lake
Dongola
Head Lake
Bexley
Carden
Udney

UTMN

4941650
4934700
4928200
4936600
4943900
4944150
4947000
4953575
4954240
4948400
4944700
4944550

UTME

686950
672000
663350
636840
606825
699025
679250
677230
666950
666425
659100
641300

Collar
Elevation
(m asl)

294.18
265.52
284.21
219.9
204.3
300.6
279.9
306.4
298.25
282.9
275.63
244.29

Total
Depth
(metres)

54.15
73.86
104.03
53.87
46.94
32.69
40.99
38.05
39.16
48.61
60.65
39.06

Top
Formation

Bobcaygeon Fm
Verulam Fm
Lindsay Fm
Bobcaygeon Fm
Gull River Fm
Bobcaygeon Fm
Bobcaygeon Fm
Bobcaygeon Fm
Bobcaygeon Fm
Bobcaygeon Fm
Bobcaygeon Fm
Bobcaygeon Fm

Lake. At another locality, less than 1.5 km west of 
Balsam Lake and approximately 5 km east of Kirkfield, 
the host rock (upper member of the Bobcaygeon For 
mation) is silicified and pervasively dolomitized. A 
larger (kilometre scale), similarly dolomitized and 
silicified zone occurs on the west and north side of 
Duck Lake, approximately 6 km southwest of Head 
Lake. This alteration is associated with a significant 
topographic lineament that trends northwest, although 
faults or fractures have not been identified in this area. 
All of the structural features with strike-slip compo 
nents and/or associated dolomitization and silicification 
are oriented approximately northwest-southeast (rang 
ing from 3000 to 3200).

1993 DRILLING PROGRAM
During the month of March 1993,12 drill holes were 
continuously cored through the Paleozoic succession 
in the Lake Simcoe area. Table 32.1 lists drill hole 
locations, depth drilled, and youngest unit encoun 

tered. In all cases, the holes were cored into Precambrian 
basement. The cores are stored presently at the Willet 
Green Miller Centre in Sudbury, where they will be 
logged in detail and sampled for geochemical and 
aggregate analysis.
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33. Project Unit 92-16. Quaternary Geology of the 
Separation Lake Area, Northwestern Ontario

T.F. Morris
Sedimentary and Environmental Geoscience Section, Ontario Geological Survey

INTRODUCTION
Quaternary geologic mapping and till sampling contin 
ued over the Separation greenstone belt in the areas 
adjacent to the region mapped last summer (Morris 
1992). The area covered in 1993 included the eastern 
third of the Ryerson Lake map sheet (NTS 52 L/6; 
bounded by longitudes 95 000'W and 95 009'10"W and 
latitudes 500 15'N and 50030'N), the northern third of 
the Whitedog Lake and Lount Lake map sheets (NTS 
52 L/2; 52 L/l; bounded by longitudes 94045'25"W 
and 940 15'40" W and latitudes 500 10'37"N and 500 15'N) 
and the Lennan Lake map sheet (NTS 52 L/8; bounded 
by longitudes 94030'W and 94000'W and latitudes 
500 15'N and 50030'N) (Figure 33.1).

The surficial geology within the region has been 
mapped by Zoltai (1965) at a scale of 1:500000. 
Additional regional-scale studies have identified the 
distribution of surficial materials in adjacent areas to 
the south (Minning and Sharpe 1991) and west (Nielsen 
1980) of the present map area.

Glacial landforms and their distribution were ini 
tially defined by remotely sensed imagery (black and 
white aerial photographs and Landsat imagery). Field 
work was then carried out to define materials associ 

ated with various landforms. Sediment-landform as 
semblages were determined by examining the 
sedimentology, stratigraphy and distribution of sedi 
ment in man-made and natural exposures.

PHYSIOGRAPHY
The study area comprises part of the Severn Uplands 
subdivision of the James Physiographic Region as 
defined by Bostock (1981). The map area consists of 
broad rolling surfaces mantled by a thin cover of till, 
broken only by a few sharp, fault-controlled scarps. 
Glaciolacustrine deposition in low-lying areas has cre 
ated localized regions of flat terrain.

Local relief in the Separation Lake map area ranges 
up to 142 m: elevations range from a low of 318 m 
above sea level (asl) along the shores of Umfreville and 
Separation lakes in the south and southwest to a high of 
460 m asl in the northeast. Most drainage systems 
within the map area channel surface water south to 
Umfreville and Separation lakes, which, in turn, drain 
southwest into the Winnipeg River. A small drainage 
basin in the northwest part of the map area drains west 
into Manitoba through the Bird River and into the 
Winnipeg River drainage system.

Figure 33.1. Location of study area, scale 1:1 584 000.
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The orientation of several lakes, such as Werner 
and Rex lakes, are fault controlled. A dam, located at 
Caribou Falls in the extreme southwest corner of the 
map area, controls water level in Umfreville and Sepa 
ration lakes, maintaining water level at approximately 
318 m asl.

BEDROCK GEOLOGY
The map area is located within the Superior Province 
of the Canadian Shield and straddles both the English 
River and the Winnipeg River subprovinces. Bedrock 
mapping within this region was initiated last summer 
(see Blackburn et al. (1992) and Beakhouse (this vol 
ume) for more detail).

Both the English River and the Winnipeg River 
subprovinces are east-trending linear belts. The Eng 
lish River Subprovince is 800 km long with a maximum 
width of 50 km and extends over the northern two- 
thirds of the map area. It is characterized by highly 
metamorphosed and migmatized sedimentary rocks. 
Strongly peraluminous granitoid rocks are associated 
with migmatization (Breaks et al. 1978). Other plu 
tonic rocks, which form stocks and batholiths, are 
unrelated to the migmatization process (Blackburn et 
al. 1992).

The Winnipeg River Subprovince is 300 km long 
with a maximum width of 50 km, and covers the 
southern third of the map area. Rock types in this 
region consist primarily of massive granodioritic to 
granite plutons. These plutons intrude highly meta 
morphosed and deformed tonolite to granodiorite with 
subordinate inclusions of metavolcanic rocks 
(Beakhouse 1991). Granitic pegmatitic dikes are lo 
cally abundant and locally uraniferous (Blackburn et 
al. 1992).

The English River and Winnipeg River 
subprovinces are separated by a segment of mafic 
metavolcanic rocks known as the Separation Lake 
greenstone belt. Prior to the 1992 field season, bedrock 
geology of the greenstone belt had been mapped at a 
reconnaissance scale (Breaks et al. 1978; Sanborn- 
Barrie 1988). More detailed bedrock mapping is being 
carried out as part of a current multidisciplinary pro 
gram to evaluate the geologic or mineral potential of 
the belt (Blackburn et al. 1992; Blackburn and Young, 
this volume; Breaks, this volume).

In the study area, the Separation Lake greenstone 
belt is approximately 5 km in width and extends from 
west to east over a distance of 45 km. This segment 
comprises part of a belt that extends discontinuously 
from the Manitoba-Ontario border eastward to Lac 
Seul, a distance of over 100 km. This belt is composed

of metavolcanic rocks and, to a lesser extent, 
metasedimentary rocks metamorphosed to amphibolite 
grade. The metavolcanic rocks are predominantly 
mafic flows with some felsic pyroclastic rocks. Mafic 
volcanic rocks are dominated by massive and pillowed 
flows. The felsic metavolcanic rocks are primarily tuff 
and lapilli tuff.

Metasedimentary rocks comprise a minor compo 
nent of the Separation Lake greenstone belt. These 
rocks consist of chemical metasedimentary and clastic 
metasedimentary (including polymictic conglomer 
ate) rocks. The chemical metasedimentary unit is a 
magnetite-bearing ironstone, found at 2 stratigraphic 
levels within the metavolcanic rocks. In addition, 
clastic metasedimentary rocks, composed of feldspathic 
arenite to wacke, are found at 2 stratigraphic levels 
within the belt. The polymictic conglomerate contains 
mafic to felsic volcanic, medium-grained granitoid and 
quartzose clasts. This unit overlies the mafic and felsic 
metavolcanic rocks at the eastern end of the belt.

OBSERVATIONS ON THE 
GLACIAL GEOLOGY
Ice flow indicators illustrate that flow varied between 
2020 and 2400 , with a mean orientation of 2240 . Striae 
are most commonly observed on the south shore of 
lakes or on the up-ice side of fresh bedrock surfaces. 
Chattermarks, small grooves and whalebacks are less 
pervasive.

Significant deposits of glacial sediment are un 
common within the map area. Till occurs most 
commonly as a thin veneer (less than l m thick) draping 
the bedrock surface. Thick till deposits masking the 
bedrock surface are rare, but do occur as localized 
patches found on the lee side of bedrock highs or within 
bedrock depressions.

Till in the region is characterized by a silty sand 
matrix that is slightly sticky when moist. Subangular 
to angular clasts are common and angular clasts are 
often striated. Fresh till effervesces slightly with 1096 
HC1, suggesting a minor amount of carbonate is present 
in the matrix.

Till may be massive or exhibit internal structures 
ranging from thin, platy beds (fissility) to flow struc 
tures. Till exposures, which are massive, and those 
which exhibit thin platy beds have been observed only 
on the stoss side of bedrock highs. Till exposures 
exhibiting flow structures most commonly occur on 
the down-ice or lee side of bedrock highs.

Thick glaciolacustrine deposits have been observed 
around the perimeter of large lakes, within some bed-
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rock-controlled valleys and in isolated patches associ 
ated with minor moraine segments. This material 
varies in thickness, ranging up to 53 m (OGS 1988). 
These deposits are likely associated with glacial Lake 
Agassiz, which abutted the ice margin during glacial 
retreat (Fenton et al. 1983). Excepting the extreme 
northeast portion, the entire area was covered by gla 
cial Lake Agassiz.

Valley-fill deposits range from ice-contact strati 
fied drift to laminated silt and clay. Ice-contact stratified 
drift comprises interbedded flow till, gravel, coarse- 
and fine-grained sand. This material occurs at the 
northern end of several bedrock-controlled valleys, 
around the perimeter of lake basins or as short moraine 
segments.

Within bedrock-controlled valleys, ice-contact 
sediments commonly grade into course-grained 
glaciolacustrine deposits. This material is composed 
of moderately to well-sorted sand, occasionally draped 
or covered by silt and/or clay. Coarse-grained 
glaciolacustrine sediments occur at the terminus of 
some valleys, where well-defined fans have been ob 
served.

Most fine-grained glaciolacustrine sediment con 
sists of grey, laminated silt and clay. Freshly exposed 
silt laminae react freely with 1096 HC1, suggesting 
carbonate was derived from sediment transported within 
the ice sheet. Fine-grained deposits are usually greater 
than l m thick and can overlie other glacial materials.

A thin, reddish brown to brown, laminated silt and 
clay occurs about l m below the ground surface and is 
enveloped within the grey material. The distribution of 
this darker fine-grained material is restricted to the 
northeastern part of the map area. Similar red brown 
clays have been used as marker beds in the Fort 
Frances-Rainy River area (Bajc 1991).

ECONOMIC GEOLOGY
A major thrust of this study involves the geochemical 
and lithological characterization of various types of 
surficial sediments. This will provide baseline infor 
mation for environmental purposes as well as provide 
a guideline for mineral exploration using glacial drift. 
Till sampling was carried out at both regional and 
detailed scales. At a regional scale, sample sites were 
predetermined from a 5 by 5 km grid placed over the 
map area. At each site, samples of "B" horizon till, "C" 
horizon till and humus were collected. As many grid 
squares as was possible were sampled. At selected 
sites, larger samples of the "C" horizon till were 
collected for heavy mineral analysis.

Detailed sampling was carried out over several 
different types of mineralization in order to 1) deter 
mine the geochemical signature of till associated with 
specific types of mineralization, and 2) characterize 
the scale and form of dispersal associated with various 
types of deposits. Detailed sampling was carried out at 
4 sites; 2 volcanic massive sulphide deposits; l cobalt 
occurrence within the Werner Lake ultramafic belt; 
and l pegmatite site. At each station, the types of 
samples noted above were collected for geochemical 
analysis. A larger sample of "C" horizon material was 
also collected for heavy mineral analysis.

Coarse-grained glaciolacustrine sediments (sand 
and gravel, ice-contact stratified drift) have a number 
of potential uses, including road construction and 
backfill. Bulk samples were taken to characterize the 
grain size and clast lithologies of these sediments.

Glaciolacustrine sediments have a number of po 
tential uses for engineering purposes. Fine-grained 
glaciolacustrine sediments can be used for landfill site 
liners or for dam construction. Samples were taken to 
determine grain size and geochemical properties of this 
sediment.
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34. Project Unit 92-19. Geological Investigations in the 
Oak Ridges Moraine Area, Parts of Scugog, Manvers 
and Newcastle Township Municipalities and Oshawa 
City Municipality, Ontario
P.J. Barnett
Sedimentary and Environmental Geoscience Section, Ontario Geological Survey

INTRODUCTION
Investigations into the sediments composing the Oak 
Ridges moraine and their distribution continued during 
the spring and summer of 1993. During a three-week 
period in the spring, 6 boreholes were drilled in 
Whitchurch-Stouffville and Uxbridge township mu 
nicipalities. This drilling provided information on 
sediment distribution with depth to supplement last 
summer's geological mapping (Barnett 1992). The 
drilling program was done jointly with Mr. K.G. Steele, 
Mines and Minerals Information Centre, Ontario Min 
istry of Northern Development and Mines.

This summer, geological mapping continued to the 
east of the 1992 work; in parts of Scugog, Manvers and 
Newcastle township municipalities and Oshawa City 
Municipality (Figure 34.1). The glacial geology of part 
of this area was previously mapped at a scale of 
1:63 360 by Dr. C.P. Gravenor and published in 1954 
as a preliminary map (Gravenor 1954,1957).

The writer was ably assisted in the field by L.A. 
Henderson, who made independent geological investi 

gations in the western part of the area, J. Dodge and D. 
Gesink. I would like to thank area residents who kindly 
provided access to their lands.

FINDINGS
Several interesting findings resulted from the drilling 
and mapping programs carried out this year. A few of 
the more interesting ones are discussed below.

Based on the drill results and surface mapping, the 
Oak Ridges moraine appears to be floored by a sandy 
to silty till deposited by a glacier advancing from the 
north. This till is exposed at the surface in drumlins 
north of the moraine and it also occurs in drumlins 
south of the moraine, near Kirby. The till probably 
represents glacial ice cover over the study area during 
most of the Late Wisconsinan from about 25 000 to 
15 500 years BP.

The till layer is variable in thickness, in part, as a 
result of its drumlinized nature. In places, however, it 
is absent. It was probably eroded during the cata 
strophic subglacial release of meltwater that formed

Figure 34.1. Location map of the study area, scale 1:1 584 000.
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the tunnel valleys; the dominant landforms in the 
landscape north of the moraine (Barnett 1990,1992). 
Where the till is absent, i.e., eroded completely along 
some of the tunnel valleys, a direct hydrological con 
nection of surface aquifers associated with 
coarse-grained sediments of the moraine to older (pre- 
Late Wisconsinan), permeable beds may occur.

The Oak Ridges moraine in the study area mapped 
this summer is a narrow solitary ridge south of Lake 
Scugog and broadens substantially south of Pontypool. 
The broad section of the moraine south of Pontypool 
appears to have been constructed in much the same 
way as the moraine west of Uxbridge, however, at a 
slightly later time.

The oldest part recognized forms the high ridge in 
the central part of the moraine south of Pontypool. It 
was probably deposited as a laterally confined, ice- 
supported, subaqueous fan. Ice support was probably 
present on both the north and south sides with domi 
nant meltwater flow generally westward and parallel to 
the 2 ice margins. The confined setting during deposi 
tion of the fan produced more laterally consistent strata 
and paleoflow directions than more typical ice-mar 
ginal subaqueous fan sediments. However, the overall 
fining-upward trend in sediment grain size associated 
with subaqueous fan deposits occurs.

With the recession of both ice margins, water 
levels dropped and deltaic sediments were deposited 
along the ice margins and around the older central core 
of the moraine. This is particularly evident on the north 
side of the moraine, where large deltas prograded 
northwestward into a proglacial lake dammed between 
the 2 ice margins and higher existing moraine 
fragments.

The lake, initially located in the south end of the 
Lake Scugog basin, eventually expanded westward to 
coalesce with glacial Lake Schomberg. Previously 
unrecognized shoreline features mark the extent of this 
lake in the vicinity of Uxbridge and Port Perry. Addi 
tional shoreline features were brought to my attention 
by Dr. Lyman Chapman.

Several levels of the lake are recorded by the 
abandoned shore bluffs, beaches and spits in these 
areas. The deltaic deposits southwest of Pontypool, 
described above, were built up to similar elevations. 
Water levels of the lake exceeded 330 m in elevation.

The narrow portion of the Oak Ridges moraine 
south of Port Perry is not an interlobate moraine in the 
strict sense of the term. It appears to be an end moraine 
formed solely along the margin of the Ontario lobe 
(northward flowing ice), consisting of flowtills (Halton 
Till) and ice-marginal subaqueous fans containing 
paleocurrent indicators of northward to northeastward

flow. This part of the Oak Ridges moraine was depos 
ited into the previously mentioned proglacial lake in 
the Lake Scugog basin. During the formation of the end 
moraine, the northern ice was several kilometres to the 
north, forming the northern shoreline of the lake.

Proglacial lakes (glacial lakes Peel and Iroquois) 
formed along the margin of the receeding Ontario lobe 
as well. Deltas in the Kendal area and abandoned 
shoreline features and deposits in the northern part of 
the Oshawa (30 M/15) NTS map sheet record pre-main 
Iroquois levels of ancestral Lake Ontario. Deltaic 
sediments and shoreline features have been recognized 
at elevations of up to 230 m.

Large landslides occurred along some of the higher 
ancestral Lake Ontario shorelines, particularly in the 
Kendal area. Discharge of groundwater (springs) from 
aquifers in the moraine sediments has caused extensive 
gullying along the southern slope off the moraine. 
"Box-shaped" gullies have formed here, where piping 
of sand and silt buried beneath the fine-grained Halton 
Till has occurred.

FUTURE WORK
Quaternary geological mapping will continue next 
summer in the Oak Ridges moraine area. Several 
research investigations havedeveloped from this work. 
These include: an MSc thesis project on the 
sedimentology and paleohydrology of a large sand and 
gravel deposit near Bloomington by J. Paterson, Brock 
University; a BSc thesis on the geomorphology and 
sedimentology study of abandoned shoreline features 
in the Lake Scugog basin by J. Dodge at Laurentian 
University; a project by the author involving the evalu 
ation of radar imagery for Quaternary mapping and 
hydrogeology, in co-operation with Dr. V. Singhroy, 
Canada Centre for Remote Sensing; and, the writer is 
also involved with Dr. D.R. Sharpe and his associates 
of the Geological Survey of Canada in their 
hydrogeological study of the Oak Ridges moraine and 
Natmap programs.
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35. Project Unit 92-31. Facies and Geochemical 
Analysis and Evaluation of Carbonate Resources from 
Lucas Formation Cores in the Subsurface, 
Southwestern Ontario

M.A. Rutka1 and M.C. Birchard2
1 Sedimentary and Environmental Geoscience Section, Ontario Geological Survey
2 Unocal Canada Exploration Limited, Calgary, Alberta

INTRODUCTION
In response to the demand for local sources of high- 
purity and/or dense carbonate rock, the Ontario Ministry 
of Northern Development and Mines initiated a re 
gional study of various stratigraphic units to delineate 
potential new limestone and dolostone resources in 
southwestern Ontario. This study examines the Mid 
dle Devonian Lucas Formation (Detroit River Group), 
which is a current source of high-purity limestone in 
the Woodstock-Ingersoll and Amherstburg areas of 
southwestern Ontario. At these localities, near-surface 
resources are restricted in their lateral extent, and as a 
result, alternatives to conventional extraction practices 
need to be considered. The establishment of under 
ground mines that supply a variety of raw materials

from a number of stratigraphic levels is one possibility 
that is currently under review.

STUDY OBJECTIVES 
AND METHOD
This two-year project, now in its final year, comprises 
a facies and geochemical analysis of the Lucas Forma 
tion and an evaluation of its potential as a high-purity 
and/or dense carbonate rock resource in the subsurface 
of southwestern Ontario (Figure 35.1). The main 
objective of this study was to identify any possible 
correlation between depositional facies and high-pu 
rity carbonate zones. Such a correlation would greatly 
simplify the regional, as well as stratigraphic delinea 
tion of these zones. With this in mind, 37 drill cores,

Figure 35.1. Location map of study area, scale 1:2 455 000.
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most having good penetration through the Lucas For 
mation, and 4 suites of core chips were selected for 
lithological examination (Figure 35.2). Sediment facies 
representative of a variety of depositional environ 
ments were defined and the degree of dolomitization 
was estimated for each unit. A total of 66 samples from 
10 drill cores (see Figure 35.2) were taken for whole 
rock major-oxide and trace-element analysis.

GEOLOGIC AND 
STRATIGRAPHIC SETTING
The Devonian rocks in southwestern Ontario occur 
within and between the Michigan and Appalachian 
basins, on the flanks of 2 major northeast-trending 
structural highs in the Precambrian basement (the 
Algonquin and Findlay arches). The 2 arches are 
separated by a structural low termed the Chatham Sag. 
Together, these 3 structures had a significant effect 
upon the distribution of depositional and diagenetic 
facies within the Detroit River Group in southwestern 
Ontario.

In southwestern Ontario, the Lower to Middle 
Devonian Detroit River Group consists of 3 forma 
tions: the basal Sylvania Formation; the middle 
Amherstburg Formation; and the upper Lucas Forma 
tion. The Sylvania Formation is a well-sorted, fine- to 
medium-grained orthoquartzitic sandstone. The 
formational status of this unit has been a matter of 
debate, some preferring to include it as a member of the
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Amherstburg Formation (Sanford 1968; Derry 
Michener Booth and Wahl and Ontario Geological 
Survey 1989), while others treat it as a separate forma 
tion within the Detroit River Group (Fagerstrom 1966; 
Johnson et al. 1992; Russell 1993).

The Amherstburg Formation typically comprises a 
light to dark brown, fine- to coarse-grained, slightly 
cherty, bituminous, coral-stromatoporoid bioclastic 
limestone (Uyeno et al. 1982). A localized reefal 
development, informally known as the "Formosa Reef 
Limestone", occurs in the upper part of the formation 
and currently is being considered as a high-purity 
limestone source.

The Lucas Formation conformably overlies the 
Amherstburg Formation and is a complex unit consist 
ing of a variety of depositional and diagenetic facies. 
Uyeno et al. (1982) documented 3 units within the 
Lucas Formation:
1. Lucas Formation undifferentiated, is a thin- to 

medium-bedded, tan, fine- crystalline, poorly 
fossiliferous dolostone with dark bituminous lami 
nations and minor chert

2. Anderdon Member, forming the upper part of the 
formation in the Amherstburg area and the entire 
Lucas Formation in the Ingersoll area, consists of 
alternating zones of brown, sparsely fossiliferous, 
micritic limestone and thick-bedded, coarse- 
grained, very fossiliferous, bioclastic limestone

3. sandy limestone facies of the Anderdon Member,

Sampled drill ear* (22 Luoa* fn\. lubfop

ctlon A - A 1

Figure 35.2. Map of southwestern Ontario showing drill core locations, location of cross-section A-A', and subcrop area of the Lucas Formation. 
Geochemical vertical profile of drill hole #18 is shown in Figure 35.5.
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is characterized by buff-coloured, thick- to mas 
sive-bedded, medium- to coarse-grained, fossil- 
iferous, sandy limestones and lenses of 
orthoquartzitic sandstones.

In much of southwestern Ontario, the Detroit River 
Group is disconformably overlain by the Dundee For 
mation, a fossiliferous, argillaceous, cherty, bioclastic 
mudstone-wackestone-packstone-grainstone. In the 
southern part of Essex and Kent counties, however, the 
tan to grey, very fossiliferous, bioclastic, dolomitic 
lime wackestones-packstones-grainstones of the 
Columbus Formation lie between the Dundee Forma 
tion and the Detroit River Group.

The Lucas Formation subcrops in a narrow belt 
extending northwestward from the vicinity of Simcoe 
to Lake Huron (see Figure 35.2). It is also present in 
Essex County and forms small inliers in the Goderich 
and Grand Bend areas (Sanford 1969; Uyeno et al. 
1982).

LUCAS FORMATION 
FACIES AND DISTRIBUTION
Although the 3 lithologic units comprising the Lucas 
Formation can be mapped regionally, complications 
arise in the application of these terms in areas where 
there is an interfingering of the limestone and dolostone 
rock types of the Anderdon Member and the 
undifferentiated Lucas Formation. Abetter stratigraphic

scheme was considered necessary for the detailed 
nature of this subsurface study.

A total of 9 depositional facies were defined during 
lithological examination of Lucas Formation cores. 
These have been subdivided into 2 distinct basinal 
systems, reflecting the fact that the Michigan and 
Appalachian basins were characterized by different 
depositional environments at the time the Lucas For 
mation was deposited (Eifelian). Generally, the 
Michigan Basin is identified as a low energy, shallow 
water evaporitic environment. The higher salinity in 
this basin is evidenced by the nonfossiliferous nature of 
its sediments compared to the more diverse and abun 
dant faunal assemblage found in the Appalachian Basin. 
Four depositional facies have been defined for the 
Michigan Basin system: upper sabkha mud flat evaporite 
(M 1); lower sabkha mud flat evaporite (M2); supratidal/ 
shallow intertidal (M3); and subtidal (M4) facies. The 
Appalachian Basin, on the other hand, was a slightly 
deeper, higher energy, normal marine depositional 
environment. Five depositional facies have been de 
fined for this system: supratidal/intertidal (Al); 
marginal marine (A2); subtidal (A3); biostromal (A4); 
and restricted lagoonal (A5) facies. Detailed lithologic 
descriptions of these facies will not be presented here, 
but will be included in a forthcoming Open File Report.

In the northwestern part of the study area (Michi 
gan Basin), the Lucas Formation thickens from 25 m in 
the southeastern part of Lambton County to approxi 
mately 100 m in the Sarnia area (Figure 35.3). In this
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Figure 35.3. Stratigraphic cross-section A-A' (see Figure 35.2) illustrating the change in the thickness of the Lucas Formation and variations in 
depositional and diagenetic facies from the Michigan Basin to the Appalachian Basin.
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region, Lucas Formation lithofacies are typically 
microcrystalline to very fine-grained dolostones. 
Anhydrite and anhydritic dolostone interbeds are com 
mon in deeper parts of the basin, pinching out 
southeastward towards the margin of the Michigan 
Basin (see Figure 35.3). In this area, the upper few 
metres of the Lucas Formation is generally limestone 
with dolomitic limestone interbeds and is more 
fossiliferous than the underlying high-purity dolostones. 
Orthoquartzitic sandstone and sandy limestone beds 
commonly found in the Lucas Formation of the Appa 
lachian Basin are absent here, suggesting that transport 
of terrigenous elastics was predominantly to the south- 
east, into the Appalachian Basin. However, sandy 
intervals do occur near the top of the Lucas Formation 
in shallower parts of the Michigan depositional basin 
(Essex County), where there is an interfingering of 
Appalachian and Michigan Basin depositional and 
diagenetic facies.

The Lucas Formation on the northwest flank of the 
Appalachian Basin is generally 20 to 30 m thick. 
Lithofacies vary considerably in gross lithology and 
fossil content and reflect near-normal marine 
depositional conditions. In contrast to the Michigan 
Basin, carbonate sediments are predominantly lime 
stones, coarser grained and representative of higher

energy environments. Coarse packstone and rudstone 
interbeds are common and thin biostromal lenses 
(boundstone, floatstone and bafflestone textures) fre 
quently occur (see Figure 35.3). The marginal marine 
lithofacies (A2) consists of thick orthoquartzitic sand 
stone and sandy limestone beds interbedded with coarse 
fossiliferous biostromal to bioclastic interbeds. This 
facies is interpreted as being characteristic of a broad 
tidal-flat environment (Figure 35.4), with the nearby 
Algonquin Arch possibly providing the source of 
terrigenous clastic sediments. This tidal flat graded 
northward into shallow intertidal and supratidal envi 
ronments, interfingering with Michigan Basin 
depositional environments.

In the southeasternmost part of the study area, 
surface exposures and subsurface cores in the vicinity 
of Port Stanley and Woodstock-Ingersoll show the 
Lucas Formation to consist almost exclusively of a 20 
to 30 m thick section of brown, medium- to thick- 
bedded, moderately fossiliferous, dense, micritic lime 
mudstones and wackestones. This limestone unit, 
included in the Appalachian Basin subtidal facies 
(A3), is of high purity and is currently being extracted 
in the Ingersoll-Woodstock area. This facies is inter 
preted as representing deposition deeper within the 
Appalachian Basin, in a broad, shallow subtidal

approximate
baslnal
boundary
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Figure 35.4. Depositional environments of the Lucas Formation in southwestern Ontario. Areas labelled Zl to Z5 indicate various resource 
potential zones in the Lucas Formation (see "Resource Potential" in text).
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lagoonal-platform setting (see Figure 35.4) that may 
have existed behind a reef complex to the southeast 
(Birchard 1990).

DOLOSTONE AND 
LIMESTONE DISTRIBUTION
Previous workers have mapped the gross dolostone- 
limestone diagenetic facies boundaries of the Lucas 
Formation as being roughly coincident with the transi 
tion from the southeast margin of the Michigan Basin 
to the northern margin of the Appalachian Basin (Best 
1953; Sanford 1968). This interpretation is supported 
in this study. In Lambton County, Lucas Formation 
dolostones and calcareous dolostones of the Michigan 
Basin pinch out southeastward near the boundary be 
tween Enniskillen and Dawn townships. These give 
way to the predominantly limestone lithologies of the 
Lucas Formation in the Appalachian Basin (see Figure 
35.3). The change in diagenetic, as well as depositional, 
facies in this area is roughly coincident with the loca 
tion of the east-trending Dawn structure. This suggests 
that the fault may delineate the boundary of lateral 
movement of diagenetic fluids in the Appalachian and 
Michigan Basins, such that dolomitizing fluids affect 
ing the Lucas Formation were essentially restricted to 
the Michigan Basin north of this location. Limestones 
do occur, however, in the upper few metres of the 
Lucas Formation in this area. A similar situation 
occurs to the south, in Essex County, where there is an 
interfingering of Michigan and Appalachian Basin 
depositional and diagenetic facies. Here the Lucas 
Formation is predominantly dolostone with sandy lime 
stone intervals occurring near the top; this gives way 
eastward to predominantly high-purity limestones in 
Kent County.

GEOCHEMICAL ANALYSIS
A geochemical analysis of the Lucas Formation was 
conducted to provide a quantitative basis for determin 
ing whether a correlation exists between depositional 
facies and high-purity carbonate zones. Should such a 
correlation exist, regional and stratigraphic delineation 
of high-purity limestone and dolostone zones in the 
subsurface and surface would be greatly simplified.

Prior to this study, the geochemical data base for 
the Lucas Formation was limited to channel samples 
from quarries near St. Marys, Ingersoll and Amherstburg 
(Derry Michener Booth and Wahl and OGS 1989) and 
to a few drill cores from Elgin, Essex, Kent and Oxford 
counties. The geochemical information obtained dur 
ing this study will augment the existing geochemical 
data base of the Lucas Formation and will make a 
substantial contribution to the data base existing for 
carbonate strata in southwestern Ontario.

Sampling and 
Analytical Methodology
Ten drill cores, 5 representative of Appalachian Basin 
depositional facies and 5 of Michigan Basin facies, 
were selected for sampling (see Figure 35.2). Vertical 
sampling intervals were regular but varied from hole to 
hole depending on length of core available. The 
number of samples per drill hole ranged from 5 to 11. 
Predominantly sandy and argillaceous intervals were 
avoided. A total of 71 (20 g) samples were selected, 66 
from the Lucas Formation, 4 from the Amherstburg 
Formation, and l from the Columbus Formation. Of 
the Lucas Formation samples, 32 were representative 
of Appalachian Basin depositional facies, and 34 were 
representative of the Michigan Basin facies.

Samples were analyzed for 10 major element ox 
ides (SiO2, TiO2, A12O3, Fe2O3, MnO, MgO, CaO, ^O, 
Na2O and P2O5) and 5 trace elements (Pb, Zn, Cu, Ni 
and Cr). Lead (Pb) and zinc (Zn) were included be 
cause anomalous amounts may indicate the presence of 
Mississippi Valley-type ore deposits.

Statistical summaries and a series of histograms 
and X-Y line and scatterplots were utilized as an aid to 
drawing preliminary conclusions regarding regional, 
local and vertical geochemical trends. Statistical tech 
niques also aided identification of relationships between 
depositional facies and high-purity carbonate zones 
within the Lucas Formation. Pre-existing geochemical 
data were not included in this analysis due to possible 
discrepancies in sample preparation and analytical 
techniques followed by other labs. This information 
did, however, contribute to the overall understanding 
and interpretation of the regional geochemical charac 
ter of the formation.

Discussion of Results
GENERAL GEOCHEMICAL CHARACTER 
OF THE LUCAS FORMATION

Results of the geochemical analysis show the Lucas 
Formation to vary widely with respect to CaO and 
MgO content. This reflects the 2 predominant rock 
types (limestones and dolostones) present in the forma 
tion, and emphasizes the need to examine the data with 
respect to depositional basin. Samples obtained from 
the 2 basins contain similar ranges in MgO contents, 
0.4196 to 19.4196 (296 to 8996 dolomite) for Appala 
chian Basin samples, and 0.7896 to 21.596 (496 to 9896 
dolomite) for Michigan Basin samples. The distribu 
tion of values, however, varies between basins. MgO 
values in the Appalachian Basin are positively skewed, 
with a median of 2.2196 (1096 dolomite), while those in
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the Michigan Basin are negatively skewed, with a 
median of 19.4896 (8996 dolomite). The amount of 
total impurities (SiO24Al2O^Fe2O3, silica being the 
primary component) present in the carbonate intervals 
sampled is approximately the same for both depositional 
basins (median of 0.6896). The majority of the samples 
(9396) contain total impurities of less than 396.

Of the remaining major elements analyzed (TiO2, 
MnO, KjO, Na2O and P2O5) only MnO was present in 
concentrations greater than detection limits. In all 
cases the MnO concentration was less than 0.0296.

Most of the trace elements analyzed were found to 
be present in amounts less than 5 ppm. Extremely high 
Zn concentrations (l 183 and 2671 ppm) were recorded 
in 2 of the Amherstburg Formation samples, one from 
a drill hole located in Moore Township, Lambton 
County, and the other from a drill hole offshore of 
Southwold Township, Elgin County.

FACIES AND CARBONATE PURITY

Intrabasinal geochemical analysis of facies failed to 
detect any marked differences in the geochemistry of 
the various facies. This is not surprising considering 
that the geochemistry of any one facies can vary 
considerably, even vertically within the same facies 
unit. Within the Appalachian Basin, facies Al had the 
greatest limestone purity, with a 96MgO median value 
of l .55 96 (796 dolomite), followed by facies A3 (2.2196; 
1096 dolomite) and facies A4 (4.6896; 2196 dolomite). 
Facies A5 was not included in this comparison due to 
a limited data base. With respect to total impurities, 
however, the situation is reversed. Facies A4 exhibits 
a total impurities median value of 0.5696, followed by 
A3 with 0.6596 and facies Al with 1.1296. In contrast 
to the findings of the facies analysis, the results of the 
geochemical analysis do not show conclusively that 
facies A3 is the purest of the Appalachian Basin facies 
nor that it is, on average, a high-purity limestone. More 
sampling to increase the size of the data base is neces 
sary to clarify the relationship between depositional 
facies and high-purity limestone. When existing 
geochemical data from a proven high-purity limestone 
source is incorporated into the data base, the median 
value of 96MgO for facies A3 decreases considerably 
to 1.2896 (696 dolomite), below that of facies Al.

In the Michigan Basin, again little difference exists 
in the geochemistry of the depositional facies. Facies 
M3 and M4 are both near high-purity dolostones with 
similar 96MgO median values of approximately 19.496. 
However, facies M3 has nearly twice the amount of 
total impurities (0.7896) as facies M4 (0.4296).

VERTICAL AND REGIONAL TRENDS

Apart from the obvious interbasinal regional differ 
ences in gross lithology, analysis of the data suggests 
that there may be intrabasinal regional, as well as 
vertical, trends in the Lucas Formation, particularly 
within the Appalachian Basin. Comparison of the 
median values for each drill core indicates that the 
Lucas Formation in the eastern part of the study area 
(Elgin County) is of higher limestone purity and less 
lithologically variable with depth than limestone 
lithologies further westward, in Kent County, closer to 
the Appalachian Basin margin (Figures 35.5 and 35.2). 
This eastward decrease in median MgO content (from 
5.7796 in western Kent County, to 1.0896 in central 
Elgin County) with increasing distance from the basin 
margin is accompanied by a decrease in the amount of 
total impurities. Total impurities range from a peak of 
1.496 in western Kent County, to 0.396 in central Elgin 
County. Proximity to the Algonquin Arch may ac 
count for the higher silica values obtained from the 
cores in Kent County.

In the Michigan Basin, the Lucas Formation (ex 
cluding the limestone cap) appears to be fairly consistent 
vertically and regionally with respect to MgO and CaO 
content. The amount of total impurities varies little 
vertically. Regionally, however, the area south of Lake 
St. Clair tends to be higher in total impurities, particu 
larly SiO2, possibly reflecting proximity to the Findlay 
Arch and the interfingering of depositional facies in 
this area.

RESOURCE POTENTIAL
Results of this study indicate that there appears to be a 
relationship between depositional facies and the loca 
tion of high-purity zones in the Lucas Formation. The 
Lucas Formation can be subdivided into 5 zones based 
on resource potential. Figure 35.4 shows the approxi 
mate location of these zones, including: Zl) high-purity, 
dense micritic lime mudstones of subtidal lagoonal 
origin, similar to those quarried at Ingersoll, in the 
southeasternmost portion of the study area; Z2) sparsely 
sandy, fine-crystalline, coarse bioclastic limestones 
with biostromal and microcrystalline, massive lime 
stone interbeds, in the central part of the study area 
(Kent and Middlesex counties). Dolomite is virtually 
absent from these shallow shelf to tidal-flat lagoonal 
deposits; Z3) thick orthoquartzitic sandstones and sandy 
limestones interbedded with a total of about 10 to 15 m 
of high-purity limestone, in a narrow band paralleling 
the trend of the Algonquin Arch in parts of Lambton, 
Middlesex and Kent counties; Z4) interbedded, fine- 
crystalline limestone and dolostone of poor resource
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Figure 35.5. Geochemical vertical profile of the Lucas Formation in the southeasternmost part of the study area, illustrating the high limestone 
purity and consistent lithology (mostly facies A3) typical of the formation in this area. Location of drill hole shown on Figure 35.2.

potential, in the southeastern half of Lambton County; 
and Z5) dense, micro- to fine-crystalline dolomudstones 
consisting of approximately 75 m of net dolostone, 
17 m of net anhydrite and anhydritic dolostone, and 7 
to 8 m of limestone or dolomitic limestone cap, in the 
northwesternmost part of the study area. These may 
prove to be a potential source of aggregate.
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36. Project Unit 93-21. Aggregate Resources Inventory 
of Rama and Mara Townships, Simcoe County

D. Rowell
Sedimentary and Environmental Geoscience Section, Ontario Geological Survey

INTRODUCTION
During the summer of 1993, an aggregate assessment 
study of Rama and Mara townships was undertaken. 
The study area covers 42 400 ha in northeastern Simcoe 
County and encompasses parts of the Gravenhurst (31 
D/14), Orillia (31 D/ll) and Beaverton (31 D/6) 
1:50 000 scale map sheets of the National Topographic 
System (Figure 36.1).

The purpose of the investigation was to delineate 
aggregate deposits within the study area and to assess 
the quality and quantity of both sand and gravel and 
bedrock resources. This information is required for 
road building and general construction applications, as 
well as for land use planning.

Field investigations included a detailed examina 
tion of all active and abandoned pits and quarries, and 
natural and man-made exposures. At each site, general 
observations were made, including the following: the 
face height; the percentage of sand and gravel; the 
presence of deleterious materials; and the size and 
nature of the deposit. At quarry locations, the height of 
the quarry face, general bedrock geology and 
stratigraphy, and presence of deleterious material (e.g., 
chert) were observed. Representative aggregate sam 

ples were obtained and submitted to the Ministry of 
Transportation of Ontario (MTO) for analysis and 
testing. In areas of limited exposure, test pitting, soil 
probing and hand augering were used to assess subsur 
face materials.

Field observations were used to confirm and sup 
plement the information gathered from various sources, 
such as existing geologic reports and maps, data from 
the files of the MTO and water well data from the 
Ontario Ministry of Environment and Energy.

Previous geologic studies in the area include the 
following: the Pleistocene geology of the Lake Simcoe 
District by Deane (1950); a preliminary Quaternary 
geology map by Finamore and Bajc (1984); the 
Paleozoic geology of the Lake Simcoe area by Liberty 
(1969); and an alkali-reactivity study of the Paleozoic 
bedrock by D.K. Armstrong (this volume).

GLACIAL HISTORY
During the Pleistocene Epoch, all of Ontario was 
covered by a succession of ice sheets. There were 
definitely 2 and probably 4 major ice advances, each 
separated by interglacial periods. The latest advance, 
known as the Late or Classical Wisconsinan, began

Figure 36.1. Location map of study area, scale l: l 584 000.
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approximately 23 000 years BP (Barnett 1992). Gla 
cial ice moved across the map area in a generally south 
to southwesterly direction, as suggested by glacial 
striae and the orientation of the drumlins (Finamore 
1985).

During partial retreat of the ice sheet, the ice 
margin split into 4 glacial lobes that behaved semi- 
independently. The map area was affected by the 
Simcoe Lobe, also referred to as the Northern Lobe. As 
it retreated, the glacier left deposits of ground moraine, 
drumlins and eskers. Glacial deposits, such as terminal 
moraines, kame deposits, ice-contact deposits and 
outwash, were left to mark the existence of the glacier 
(Deane 1950). A readvance of the Simcoe Lobe across 
at least the southern part of the study area produced 
fluted and drumlinized till overlying sand and gravel.

Following this readvance of the Simcoe Lobe, the 
margin of the ice sheet melted and retreated to the 
northeast. Large amounts of meltwater, dammed against 
the ice margin, formed glacial Lake Algonquin. This 
glacial lake was centred in the Lake Huron basin and 
covered a large area of southern Ontario near the end of 
the glacial period, approximately 12 500 to 10 500 
years BP.

Southern Ontario has been free of ice for approxi 
mately the last 10 000 years. In this time, postglacial 
erosional and depositional processes have been of 
relatively little importance in modifying the physiog 
raphy of Rama and Mara townships. Poor drainage in 
the thinly drift-covered central part of the township has 
led to the development of extensive marsh areas. This 
swamp muck represents the only deposits of the Recent 
Epoch and is of little economic importance.

PHYSIOGRAPHY OF 
THE STUDY AREA

Three distinct physiographic regions have been identi 
fied within the map area (Chapman and Putnam 1966).

Rock-knob Lowlands
The rock-knob lowland comprises a strip of land ap 
proximately 6 to 16 km wide across the most northerly 
part of the map area, bounded to the south by the 
Precambrian-Paleozoic contact (Deane 1950). The 
area is characterized by numerous outcrops of 
Precambrian granite, granitic gneisses and migmatite. 
These outcrops impart a rugged appearance to the 
landscape, although it is actually a plain with a relief of 
approximately 6 to 9 m above intervening flats.

The low-lying areas between outcrops are covered 
by a thin layer of glacial till or ground moraine com 

posed of a loose, sandy, reddish till derived from the 
Precambrian bedrock. The area was subsequently 
inundated by glacial Lake Algonquin. During lower 
stages of this lake, Precambrian outcrops were swept 
clear of drift by wave action, and the ground moraine 
was covered by glaciolacustrine sediments deposited 
in the lake.

Limestone Plain
The Carden Limestone Plain is located in the eastern 
part of the map area, just south of the rock-knob 
lowlands. Named for the township of Carden, situated 
in the central part of the area, the limestone plain is a 
narrow east-trending band which increases in width 
from approximately 13 km just east of Orillia to 32 km 
farther east. The landscape is generally flat with small 
escarpments rising l to 8 m.

In general, Paleozoic bedrock in this region is 
covered by a thin veneer of glaciolacustrine deposits 
and till. Glacial drift increases in thickness from north 
to south. The till is a stony sandy till containing a large 
proportion of Precambrian material. The Precambrian 
clast content decreases to the south.

Simcoe Lowlands 
and Drumlin Field
The Simcoe Lowlands (Chapman and Putnam 1966) 
comprises a relatively low-lying clay plain interspersed 
with a drumlinized till plain. Drumlins in this area tend 
to form low-lying ridges rather than the classical tear 
drop and oval shapes associated with these landforms. 
Drumlins are moderately steep-sided, and the western 
exposures of some have been further steepened by 
wave action (Deane 1950). Many are wave-marked 
and the tops and sides are strewn with boulders. In the 
Lake Simcoe area, drumlin orientation ranges from 
approximately 2000 to 2400 (Chapman and Putnam 
1966).

The surface till in this region ranges in texture from 
a stony and gritty, very fine-grained sand to a sandy 
silty till. The swales between drumlins are floored with 
glaciolacustrine clay deposited in glacial Lake 
Algonquin (Deane 1950).

SAND AND GRAVEL RESOURCES

The distribution of sand and gravel in Rama and Mara 
townships is concentrated in 3 relatively small systems 
and/or areas.

The first area, located just north of Sebright, repre 
sents the southwestern end of an esker system that 
trends northeastward into Dalton Township, County of
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Victoria. The deposit is mainly a silty sand to medium 
sand, with an average depth of just over 6 m. Gravel is 
present at depth but is generally at or near the water 
table. A small amount of gravel was also concentrated 
on the southwestern flank of the deposit.

The second system is an esker-kame complex 
located in central Rama Township. It trends southwest 
in a direction roughly subparallel to the movement of 
the ice sheet. It is bounded to the north by higher 
elevation Precambrian rocks and appears to be con 
fined in the south by the Black River and parts of the 
Lake Simcoe moraine. The esker ridge is discontinu 
ous and morphologically variable. Relief ranges from 
approximately 4 m in the north to approximately 8 m in 
the south where the esker becomes kamic in form. The 
deposit, in general, is composed of silty to fine sand 
grading to medium sand. Gravel is present at depth 
usually at or near the water table.

The third esker system is located in Mara Town 
ship, intersecting Highway 12 in a southwesterly 
direction. The esker ridge is discontinuous exhibiting 
variable relief ranging up to approximately 8 m. 
Sediments composing the esker appear to be mainly 
sand with pockets of more coarse material. The 
sedimentology of these eskers reflects deposition in an 
ice-marginal lake, resulting in a fining upward 
depositional sequence, characterized by gravel at depth 
and grading upward to silty fine sand. The surface of 
these features may also have been reworked by wave 
action in glacial Lake Algonquin.

In addition to these deposits, there are a few small 
beach deposits located in the south end of Mara Town 
ship. These are shallow and have been essentially 
depleted. Any material still present is at or near the 
water table.

Expanses of sandy glaciolacustrine plain also oc 
cur in Rama and Mara townships. Unfortunately, these 
are composed predominantly of fine sand and are 
limited in depth.

The Lake Simcoe moraine is located just east of 
Lake St. John, extending in a southeasterly direction. 
This moraine is composed predominantly of till; how 
ever, pockets of sand and gravel material do occur 
(e.g., Lot XX of Concession V). Some drumlins in the 
drumlin field are also believed to contain pockets or 
lenses of sand and gravel material. It has been sug 
gested that these drumlins may be remnants of esker 
systems that have been modified and reworked into 
drumlinoid shapes (Gravenor 1957).

In general, the sand and gravel resources in Rama 
and Mara townships are limited. Earlier work by

Proctor and Redfern (1974) estimated the sand and 
gravel reserves for Rama and Mara townships to be 
approximately 200 000 tons for each township. Re 
vised figures will be available at the end of this project.

BEDROCK GEOLOGY AND 
RESOURCE POTENTIAL

The northern part of the map area is underlain by 
igneous and metamorphic rocks of the Grenville Prov 
ince of the Canadian Shield. These Precambrian 
granites, granitic gneisses and migmatites lie at or near 
the surface. Outcrops are usually low and smooth and 
tend to be rounded near the Precambrian-Paleozoic 
contact. The outcrops become more rugged farther 
north and east (Deane and Pollitt 1950).

The Precambrian basement is overlain uncon- 
formably by a succession of Middle Ordovician, 
carbonate and clastic sedimentary rocks. The Paleozoic 
succession, in the map area, is divided into 4 forma 
tions: Shadow Lake, Gull River, Bobcaygeon and 
Verulam. The Ordovician strata have a regional dip of 
approximately 5 m/km to the southwest (Liberty 1969).

The oldest Paleozoic unit, in the map area, is the 
Shadow Lake Formation. This unit lies unconformably 
on the Precambrian basement and consists of 
nonfossiliferous, greenish-grey, medium- to coarse- 
grained, calcareous arkose, shaly sandstone or 
quartz-pebble conglomerate; overlain by red and green 
arenaceous shales (Liberty 1969). The Shadow Lake 
Formation is overlain by microcrystalline, sparsely 
fossiliferous limestones, dolomitic limestones and 
dolostones of the Gull River Formation (Simcoe Group).

The Gull River Formation is generally tabular 
bedded, faintly laminated and contains small calcite 
blebs. The lower member of the Gull River Formation 
is capped by a light green-grey argillaceous calcisiltite 
or dolosiltite layer, informally known as the "upper 
green marker" (Armstrong and Anastas 1992). The 
upper member of the Gull River Formation consists of 
a very light grey to light grey-brown, laminated, 
microcrystalline, sparsely fossiliferous limestone and 
dolomitic limestone (Armstrong and Anastas 1992).

The Gull River Formation is conformably overlain 
by the generally darker coloured, more fossiliferous, 
coarser grained limestones of the Bobcaygeon Forma 
tion. The Bobcaygeon Formation is also characterized 
by undulatory stylolites, dark brown- to black-col 
oured nodular to pseudonodular shales (Armstrong 
and Anastas 1992).

The Bobcaygeon Formation is subdivided into 
lower, middle and upper members and is generally
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composed of homogeneous, massive to thin-bedded, 
fine crystalline limestones with numerous shaly part 
ings in the middle member.

Interbedded limestones and shales of the Verulam 
Formation crop out in the southern part of the study 
area. This formation conformably overlies the 
Bobcaygeon Formation and has an upper and lower 
member. The lower member consists of interbedded 
dark grey to grey, fossiliferous, fine- to coarse-grained 
limestone and green shale. The upper formation is a 
medium- to coarse-grained, buff- to tan-coloured, cross- 
bedded, bioclastic limestone from 2 to 9 m thick. The 
contact between the Bobcaygeon and Verulam forma 
tions is gradational and is defined by an upward increase 
in fossil and shale content (Armstrong and Anastas 
1992).

Shallow drift cover over most of the limestone 
plain provides a favourable setting for extraction of 
underlying bedrock resources. The Gull River Forma 
tion is an important source of crushed aggregate 
material. Certain beds of the Gull River Formation are 
alkali-reactive (alkali-carbonate reactive) when used 
in Portland cement, and selective extractive proce 
dures must be used in the development of this resource 
for concrete usage. The Bobcaygeon Formation is 
suitable for use as granular base aggregates. Rock from 
some layers are alkali-silica reactive. The Verulam 
Formation can also be used in aggregate products, 
although the high shale content of this formation limits 
its versatility. Large quarry operations currently exist 
along the western shore of Lake St. John and in the 
southern end of Mara Township. Other quarry appli 
cations are currently awaiting approval.

The Middle Ordovician limestones of Rama and 
Mara townships could provide a major source of aggre 
gate for southern Ontario. Proctor and Redfern (1974)

estimated the crushed bedrock resources of Rama and 
Mara townships at 300 and 600 million tons, respec 
tively. It is important to recognize, however, that 
problems with alkali reactivity may limit the range of 
aggregate application of these materials (Rogers 1985).
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37. Project Unit 93-22. Aggregate Resources Inventory 
of Southern Bruce County, Southwestern Ontario

R. l. Kelly
Sedimentary and Environmental Geoscience Section, Ontario Geological Survey

INTRODUCTION
During the summer of 1993 a regional aggregate re 
sources assessment of southern Bruce County, 
southwestern Ontario (Figure 37.1) was initiated by 
the Sedimentary and Environmental Geoscience Sec 
tion of the Ontario Geological Survey. The study area 
covers approximately 260 000 ha and includes por 
tions of the Lucknow (40 P/13), Wingham (40 P/14), 
Palmerston (40 P/15), Kincardine (41 A/4), Walkerton 
(41A/3), Tiverton (41 A/5), Port Elgin (41 A/6), and 
Wiarton (41 A/11) 1:50 000 scale map sheets of the 
National Topographic System. The geographic town 
ships encompassed by the study include: Saugeen, 
Arran, Bruce, Elderslie, Kincardine, Greenock, Brant, 
Huron, Kinloss, Culross and Carrick.

The purpose of this study is to provide an inventory 
and evaluation of the sand, gravel and bedrock re 
sources within the project area. The results of this study 
will be used to outline aggregate resources and deter 
mine the quality and quantity of aggregate supply. This 
information is required for the evaluation of resource 
potential and land use planning decisions.

Field investigation involved detailed examination 
of all potential aggregate deposits using both natural

and man-made exposures. Observations made at pit 
and quarry sites included: estimation of face height, 
percentage of sand and gravel, and determination of 
objectionable materials and amount present. In areas of 
limited exposure, soil probing, augering and test- pit 
ting techniques were employed to provide additional 
subsurface data. Bedrock outcrops were examined in 
detail to provide information on compositional quality. 
Representative samples of sand, gravel and bedrock 
were collected and sent to the laboratories of the 
Ontario Ministry of Transportation for analysis and 
aggregate quality testing.

BEDROCK GEOLOGY AND 
AGGREGATE POTENTIAL
The study area is underlain by Paleozoic bedrock of 
Late Middle Silurian to Middle Devonian age (Liberty 
and Bolton 1971). The strata are composed largely of 
dolostone and limestone with lesser amounts of shale. 
Strata dip gently to the southwest toward the centre of 
the Michigan Basin. The bedrock was most recently 
mapped by Liberty (1966), and Liberty and Bolton 
(1971).

The oldest strata within the study area are the buff- 
to-brown, fine-to-medium crystalline, saccharoidal

Figure 37.1. Location map of study area, scale 1:1 584 000.
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dolostones of the Late Middle Silurian, Guelph Forma 
tion. Outcrop of this formation is restricted to the 
extreme northeastern part of the area, east of Allenford. 
Utilization of these strata for aggregate has been mini 
mal due to the extensive porous, reefal facies present 
within the formation. However, recent testing of the 
Guelph Formation from localities within the Bruce 
Peninsula by the Ontario Ministry of Transportation 
has indicated potential applications for Portland ce 
ment concrete and hot mix (except surface paving on 
roads of high traffic volume) (D. Williams, personal 
communication, 1993).

Overlying the Guelph Formation are the buff, fine 
crystalline dolostones, and greenish-grey and reddish 
shales of the Upper Silurian, Salina Formation. Out 
crops of the Salina Formation are restricted to the 
valleys of the South Saugeen River at Neustadt, the 
Saugeen River north of Walkerton, and the Teeswater 
River south of Paisley. In this region the Salina Forma 
tion has not been utilized for aggregate due to high 
shale content (Keele 1924) and poor accessibility.

The Upper Silurian Bass Islands Formation con 
formably overlies the Salina Formation. The lithology 
of the Bass Islands strata consists of buff and brown, 
fine-grained dolostone in even, vertically-jointed, thin- 
to-medium beds. Locally, thick beds up to 60 cm are 
present. The formation is relatively non-fossiliferous 
(Winder and Sanford 1972). Outcrop areas are limited 
to the valley of the Saugeen River, north and south of 
Walkerton, along the Teeswater River north of Pinkerton 
and in a small stream east of Bradley.

The Bass Islands Formation has not been utilized 
for aggregate in the study area, however, some strata 
have seen historical use for the manufacture of lime 
(Williams 1919). Field examination indicates that this 
unit may have utility for aggregate production. Testing 
to determine quality and the range of products which 
might be produced is currently in progress. In the 
Walkerton area the unit is relatively accessible under 
drift cover of a few metres in thickness.

The lowermost Devonian strata in the area are the 
grey-to-brownish-grey, fine- to medium-grained lime 
stones and dolomitized limestones of the Middle 
Devonian Bois Blanc Formation. The unit is locally 
very fossiliferous. Perhaps most characteristic of this 
unit is the presence of abundant nodular and lensitic 
white weathering chert. Exposures of the formation are 
limited to l to 2 m sections along a tributary of the 
Saugeen River north of Walkerton, along the Teeswater 
River between Chepstow and Pinkerton, and along the 
Lake Huron shoreline south of Port Elgin. A good 
section of approximately 5.5 m occurs along the 
Teeswater River, immediately north of Cargill.

The Bois Blanc Formation is quarried at 
Hagersville, Cayuga and Port Colborne in the Niagara 
Peninsula for crushed stone suitable for base course. 
The high chert content of this unit makes it unsuitable 
for concrete aggregate. If quarried in the study area, the 
unit would be most accessible in the Cargill area where 
drift cover is thinnest.

The youngest strata in the study area belong to the 
Middle Devonian Detroit River Group. The Detroit 
River Group comprises, in ascending order, the 
Sylvania, Amherstburg and Lucas formations. The 
Sylvania Formation, an orthoquartzitic sandstone, is 
restricted to the subsurface of the Windsor-Sarnia area 
(Uyeno et al. 1982). In southern Bruce County, divi 
sion of the Detroit River Group into formations has 
been problematic. In this region, some workers simply 
discuss lithological units as facies within the Detroit 
River Group (Uyeno et al. 1982). In the Ingersoll area 
of southern Ontario, the Amherstburg Formation con 
sists of bioclastic, cherty and bituminous limestone, 
whereas in the Windsor area it is more typically a more 
massive, bedded, bituminous dolostone (Johnson et al. 
1992). In the Teeswater-Formosa area of southern 
Bruce County, biohermal limestones and dolostones 
are considered to belong to the Amherstburg Forma 
tion (Uyeno et al. 1982). This biohermal facies, known 
as the Formosa Reef Limestone, forms an oval-shaped 
outcrop area about 9 km wide, extending southward 
from Chepstow to just northeast of Wingham 
(Fagerstrom 1961). Most outcrops occur near Formosa 
and the type section is located approximately 4 km 
north of the village. The unit is composed of grey or 
bluish-grey, fine- grained, massive, fossiliferous, very 
high-purity limestone. Historically, the main utility of 
the strata has been for the production of cement, 
metallurgical flux and chemical stone. Use of the stone 
for aggregate is less likely, due to the porous and 
sometimes soft nature of the rock (Hewitt 1960). Expo 
sures of non-biohermal strata which might belong to 
the Amherstburg Formation were not observed in the 
study area.

Uyeno et al. (1982) indicate that the boundary 
between the Amherstburg and Lucas formations was 
observed in an excavation opened during construction 
of the Bruce (Douglas Point) Nuclear Power Develop 
ment facility. Outcrops along the Lake Huron shoreline 
between Douglas Point and Kincardine, and along the 
Penetangore River southeast of Kincardine, are con 
sidered to belong to the Lucas Formation. This formation 
consists of brownish-grey, brown and cream, thin-to- 
thick bedded, fine-crystalline dolostone. Minor 
interbeds of limestone occur in association with small 
bioherms and brecciated beds. Locally, the strata con 
tains chert nodules, bituminous streaks and algal 
laminae. Historically, the Lucas Formation has been
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used for a variety of chemical and metallurgical stone 
purposes, especially in the Ingersoll area of southern 
Ontario. Within the study area historical usage of this 
unit includes lime production and aggregate for road 
construction. Current field investigations indicate that 
the strata may be suitable for a variety of aggregate 
products, although quality testing is required to con 
firm this. Access to resources may also be restricted by 
cultural constraints.

SURFICIAL GEOLOGY AND 
AGGREGATE POTENTIAL
The 11 townships under investigation exhibit a wide 
variety of glacial landforms and deposits. Quaternary 
mapping of the study area, at a scale of 1:50 000, has 
been completed by Cowan (1979), Sharpe and Edwards 
(1979), Sharpe and Jamieson (1982), Cowan and Pinch 
(1986), and Cowan et al. (1986).

Surficial deposits in the region are thought to 
postdate approximately 25 000 years BP (Cowan and 
Pinch 1986). A number of tills have been identified by 
previous workers and include, from oldest to youngest, 
the: Elma, Rannoch, Dunkeld, and St. Joseph. An 
enigmatic till, referred to as the "lower stony till", was 
identified by Cowan et al. (1986) along the shoreline of 
Lake Huron. This till occurs beneath the St. Joseph Till, 
however, its stratigraphic relation to other tills in the 
area is somewhat unclear.

TILL
Tills within the region were deposited by glacial ice 
that flowed out of either the Lake Huron or Georgian 
Bay basins. The oldest surface till, the Elma Till 
(Cowan et al. 1986), is characterized by a silty and 
sandy-silt matrix containing a high total carbonate 
content that is strongly dolomitic (Cowan and Pinch 
1986). This till occurs in the southeastern and north 
eastern parts of the study area as ground moraine, in 
drumlins of the Teeswater and Arran drumlin fields, 
and in association with the Singhampton moraine. Till 
fabric analysis indicates deposition by glacial ice of the 
Georgian Bay lobe, which advanced in a south to 
southwesterly direction across the study area (Cowan 
et al. 1986).

The next oldest surface till, the Rannoch Till (Cowan 
et al. 1986), was deposited by ice of the Huron lobe. It 
is characterized by a strongly calcareous, silt-to-silty- 
clay matrix, except when deposited over sand, where 
the matrix may be quite loose and exhibit a sandy silt 
texture. Surface outcrops occur in Kinloss and Culross 
townships, often in association with ice-contact strati 
fied drift deposits.

A stony, silt-to-sandy-silt till occurring low in 
sections along the Lake Huron shoreline is 
stratigraphically somewhat enigmatic. It has been cor 
related with various tills, including: the Catfish Creek 
Till (Cowan et al. 1975), an Elma-Catfish Creek com 
plex in the Tiverton area (Sharpe and Edwards 1979), 
and Rannoch Till south of Kincardine (Cowan et al. 
1986). Striations on bedrock indicate this till was 
deposited by ice flowing out of the Lake Huron basin 
to the southeast (Cowan et al. 1986).

The next oldest till, the Dunkeld Till, is a strongly 
calcareous silt till (Cowan and Pinch 1986). It is found 
in association with the Walkerton moraine and as 
ground moraine within the Saugeen River valley. 
Dunkeld Till represents a minor southward readvance 
over glaciolacustrine sediments that were deposited in 
a glacial lake fronting the northward-retreating ice that 
deposited Elma Till (Cowan and Pinch 1986).

The youngest till in the area is the St. Joseph Till. 
It is strongly calcareous, has a low stone content and a 
clayey-silt-to-silt texture (Sharpe and Edwards 1979; 
Cowan and Pinch 1986). This till is found in the 
Wyoming moraine which parallels the shore of Lake 
Huron, in the Banks and Williscroft moraines of the 
Georgian Bay lobe and large areas of ground moraine 
in the west and southwest parts of the study area 
(Sharpe and Edwards 1979).

Till is usually not well suited for aggregate use, as 
it often contains excess fines and oversize clasts. In 
some cases, till may be suitable for fill materials. 
Locally, in southern Bruce County, the Elma Till has 
been utilized for such applications.

GLACIOFLUVIAL DEPOSITS
Deposits of ice-contact stratified drift are common 
throughout the southern part of the study area. Large 
sand and gravel-rich deposits occur in the Mildmay- 
Neustadt and Lucknow-Teeswater areas. These occur 
in association with both the Elma and Rannoch tills. 
Smaller and more scattered ice-contact deposits occur 
in the northern and western parts of the area. Some of 
these are buried by St. Joseph Till and may represent 
subaquatic deposition during ice advance.

Ice-contact deposits are important sources of ag 
gregate within the region and, for the most part, the 
resource potential of these deposits is rated as good. In 
some instances, constraints such as lithology (i.e., 
Precambrian quartzites and argillites, and excess chert 
and shale clasts) and excess of fines or oversize mate 
rial may limit the range of applications. In addition, 
some of the sands and gravels exhibit localized cemen 
tation which also restricts usage. This problem appears
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to be most severe where sand and gravel deposits are 
buried by the finer-textured Rannoch and St. Joseph 
tills.

Numerous north-trending eskers occur in the vi 
cinity of the Singhampton Moraine in Kinloss, Culross 
and Carrick townships. Materials are generally clean 
and range from sand to gravel size. The potential for 
extraction from many of these deposits is good, al 
though lithological constraints similar to those described 
for ice-contact sediments, noted above, may limit us 
age.

Glaciofluvial outwash deposits occur as meltwater 
channel fill, outwash plain and deltaic deposits through 
out much of the area. Gravel and sand-rich channel fill 
and terrace deposits occur south of Walkerton, extend 
ing southwesterly to Lucknow. Principal deposits occur 
north of Lucknow. Many of these are limited in size or 
lack desirable gradation for major operations. Sand- 
rich deltaic deposits occur north of Walkerton, however, 
lack of crushable material limits the desirability of 
these deposits.

GLACIOLACUSTRINE DEPOSITS
Within the study area, glacial and postglacial lacustrine 
deposits are common. Generally, these deposits are 
thin and comprise fine textured sediments (sands, silts 
and clays); materials that have limited usage as aggre 
gate. Beach deposits represent a suite of proglacial and 
postglacial lake levels ranging from glacial Lake War 
ren to present day Lake Huron (Cowan and Pinch 
1986). From an aggregate perspective, beach deposits 
of Lake Algonquin are most important. Near Port 
Elgin, the Lake Algonquin beach is well-developed, 
comprising up to 10 m of well- sorted sands and pebbly 
gravels. This material is rapidly being depleted through 
extraction and sterilization by urbanization. At Kincar 
dine, a large barrier bar constructed in Lake Algonquin 
has been worked extensively for a range of products. 
This deposit, however, is being depleted rapidly and is 
also limited by a lack of coarse material.

Eolian, alluvial and organic sediments within the 
study area have extremely limited potential as aggre 
gate resources.

In general, resources within the study area have the 
potential to supply a range of aggregate products. 
Materials range from sandy aggregate suitable for road

sub-base to coarse aggregate suitable for crushing. 
Large apparent reserves exist in the southern and 
southeastern parts of the area. In the southwest, how 
ever, some townships may have only limited resources 
remaining. In these areas, aggregate suitable for spe 
cific construction requirements may have to be 
transported from some distance.
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INTRODUCTION
An inventory and evaluation of sand and gravel re 
sources and a preliminary assessment of bedrock 
aggregate potential for the Bruce Mines to Blind River 
area along the north shore of Lake Huron was com 
pleted during 1992 and 1993. The investigation was 
conducted to delineate and determine the quantity and 
quality of aggregate resources. This information will 
help ensure that sufficient aggregate resources are 
available locally for future use and determine if large 
scale export of resources is possible.

The study area occupies approximately 60 000 ha 
along the north shore area of Lake Huron (Figure 38.1), 
encompassing parts of the Bruce Mines (41 J/5), 
St.Joseph Island (41 J/4), Iron Bridge (41 J/6), Dean 
Lake (41J/3) and Algoma (41J/2) 1:50 000 scale map 
sheets of the National Topographic System (NTS). The 
report area includes Thessalon, Day and Bright Addi 
tional townships, the village of Iron Bridge, and parts 
of Gladstone geographic township, Bright geographic 
township, Patton geographic township, Thompson 
Township, Scarfe geographic township and Cobden 
geographic township.

BEDROCK GEOLOGY AND 
RESOURCE POTENTIAL

The bedrock in the report area forms a part of the 
Southern Province of the Canadian Shield and is rep 
resented by Precambrian rocks of Archean and 
Proterozoic (Aphebian) age. The Archean rocks con 
sist mainly of granitic rocks and migmatites, overlain 
by the Aphebian sedimentary and volcanic rocks of the 
Huronian Supergroup. The Huronian and Archean 
rocks have been intruded by dikes, sills and sheets of 
the Nipissing diabase-gabbro. Geological reports and 
mapping by Card (1970,1972,1980), Collins (1925), 
Frarey (1961a, 1961b, 1962,1977), Frarey and Roscoe 
(1970), Reinecke (1916), Robertson (1963, 1964), 
Robertson et al. (1969), Symons (1971), and Giblin 
and Leahy (1979) cover the report area.

The report area is divided by the southeast-trending 
Murray Fault, a prominent geological feature in the 
region. South of the Murray Fault, Archean granitic 
rocks consist mainly of pink to grey granite to diorite 
gneiss, and pink, more massive granite, quartz 
monzonite or syenite. The granitic rocks in the report 
area are potential sources of quality aggregate. These

Figure 38.1. Location map of study area, scale 1:1 584 000.
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rocks are usually massive, hard and durable and appear 
to be suitable for a variety of aggregate uses. However, 
rock types containing high mica, feldspar and quartz 
contents may have bonding problems. The smooth 
cleavage and fracture surfaces of these minerals can 
affect the adhesion of asphalt and cement mixes. This 
problem can be circumvented by weathering the rocks 
in stockpiles for a period of time, or by adding chemi 
cals that erode the smooth surfaces thereby allowing 
better adhesion. In addition, Rogers (1985) reports that 
silica from some granitic rocks can react slowly with 
the alkalies from Portland cement, resulting in con 
crete deterioration.

Bedrock of the Huronian Supergroup underlies the 
area north of the Murray Fault and flanks the south and 
west sides of the granitic rocks south of the fault. The 
Huronian Supergroup consists of a succession of meta 
morphosed sedimentary rocks that comprise 4 groups: 
the Elliot Lake Group, the Hough Lake Group, the 
Quirke Lake Group, and the Cobalt Group. The rocks 
in these groups range in texture and composition from 
conglomerates, sandstones and argillites, to limestones 
and dolostones. Of these rocks, the clastic metasedi- 
mentary rocks are the most common. The quartzites, 
greywackes and argillites of the Huronian Supergroup 
are known to be alkali-reactive in Portland cement 
concrete (Rogers 1985).

Metavolcanic rocks from the base of the Huronian 
Supergroup occur in the Thessalon area, characterized 
by an assemblage of basalt, andesite and rhyolite flows 
and minor pyroclastic rocks with intercalated sedimen 
tary rocks. These metavolcanic rocks contain material 
of varying quality for aggregate useage.

The Nipissing diabase-gabbro intrudes Archean 
and Huronian Supergroup rocks. In Archean terrains 
intrusions occur as numerous thin dikes. Intrusions 
into the Huronian metasedimentary rocks, however, 
occur as extensive sills and sheets that occupy an 
appreciable portion of the report area. The Nipissing 
intrusions are predominantly quartz gabbro and diabase, 
herein referred to as the Nipissing diabase-gabbro. The 
diabase-gabbro is generally massive but varies greatly 
in texture, from very fine- to coarse-grained pegmatite, 
depending on the size of the dike or sill in which it 
occurs.

Of the bedrock in the report area, the Nipissing 
diabase-gabbro is considered to have the highest po 
tential for extractive development. Because of its 
strength and durability, diabase-gabbro represents a 
potential source for a variety of high specification 
aggregates including the production of Stone Mastic 
Asphalt (SMA), HL No. l, Dense Friction Coarse 
(DFC) asphalt and high-strength concrete. Other in 

dustrial mineral applications include the production of 
rail ballast, rip rap and raw material for rock wool 
insulation (Dunphy 1992). Suitability factors that in 
fluence quarry development in the Nipissing 
diabase-gabbro include the size of the intrusion, joint 
patterns and the purity of the rock. In addition, the 
abrasive nature of these rocks and their effect on 
crushing equipment must be considered.

The development potential of the Nipissing diabase- 
gabbro is reflected in the recent opening of a quarry by 
Ontario Trap Rock Limited adjacent to the study area, 
within the geographic boundaries of the town of Bruce 
Mines. This property includes the site of the old Martin 
International Trap Rock Company quarry that oper 
ated during the early 1900s.

One diabase-gabbro quarry exists within the study 
area. It is located approximately l km north of 
Nestorville and is owned by Smelter Bay Aggregates 
Inc. The diabase-gabbro, which is being mined from a 
working face approximately 25 m in length and 5 to 6 
m high, is blocky and highly fractured.

SURFICIAL GEOLOGY AND 
RESOURCE POTENTIAL

Preliminary surficial mapping for the Blind River- 
Bruce Mines area has been completed at a scale of 
1:50000 (present study), and by Northern Ontario 
Engineering Geology Terrain Study (NOEGTS) map 
ping at a scale of 1:100 000 (VanDine 1979a, 1979b 
and 1979c).

Surficial deposits in the report area are predomi 
nantly the result of continental glaciation during the 
Late Wisconsinan substage of the Pleistocene epoch. 
Measurement of the alignment of striations on bedrock 
surfaces, as well as the orientation of bedrock stoss and 
lee features, indicates that the direction of late glacial 
ice flow shifted from south, in the eastern part of the 
study area, to southwest in the west.

Till of Late Wisconsinan age is the oldest surficial 
sediment in the study area. Where exposed, it is com 
pact, massive to fissile, gravelly, silty, and sandy in 
character. Due to excessive fines and an abundance of 
boulders, till is not generally suitable as an aggregate 
material although it may be acceptable for use as fill.

During deglaciation, as the Late Wisconsinan ice 
margin receded to the north and northeast, proglacial 
Lake Algonquin inundated the exposed land fronting 
the ice mass. Ice-contact stratified sediments were 
deposited at the ice margin. Eskers formed within 
meltwater conduits in, or at the base of glacier ice, and
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subaquatic fans formed in deep water at the ice margin, 
where sediment-laden meltwater was discharged from 
conduits into the proglacial lake. An extensive system 
of subaquatic fans and subaquatic fan-end moraine 
complexes trends west-northwest from south of Dean 
Lake to Dayton Station, and northwest from Dayton 
Station through Thessalon Township. Most of the 
extractable sand and gravel deposits in the project area 
occur within this ice marginal system. Subaquatic fans 
also occur in the vicinity of Sowerby, upglacier from 
the extensive Hagans Hill subaquatic fan, and repre 
sent successively younger deposits laid down as the ice 
sheet retreated northward. Finally, thick and laterally 
extensive accumulations of glaciolacustrine silt and 
silty, fine sand were deposited in topographically low 
areas adjacent to these subaquatic fans.

In general, ice marginal deposits consist of fine to 
coarse sand with localized accumulations of gravel. 
Units of silt and diamictic sediment (i.e., flow till) have 
been observed at some sites. The variable content of 
fines is a major factor influencing aggregate quality in 
these deposits. Products ranging from crushed gravel 
to Select Subgrade Material (SSM) can be produced.

Small isolated deposits of ice-contact stratified 
sand and gravel represent another type of ice-contact 
stratified deposit observed in the study area. Many of 
these deposits occur as small, localized bodies of sand 
and gravel, emplaced on the south side of bedrock 
knobs. Exposures in these materials reveal a wide 
range of grain size, from silty-fine sand to boulders, 
that varies vertically and laterally. These deposits 
comprise limited aggregate resources, utilized prima 
rily for small-scale pit developments producing 
low-specification aggregate. Many of these small, iso 
lated, ice-contact stratified deposits are close to 
depletion.

The influence of glaciolacustrine and lacustrine 
shoreline processes is readily apparent in the study 
area. Many of the landforms and sediments discussed 
previously were reworked in high energy, shallow 
water, beach and nearshore environments, during the 
progressively lower lake levels (i.e., regressive) of the 
post-Algonquin lake stages. The Hagans Hill subaquatic 
fan, which exhibits numerous shoreline scarps and 
associated beach and nearshore sediments, is a good 
example. Progressively lower lake levels in the Lake 
Huron basin culminated in the low Lake Stanley stage 
(below modern lake level) with outflow through North 
Bay. As the North Bay outlet area began to recover 
isostatically, water level in the Lake Huron basin began 
to rise and the Nipissing transgressive phase was 
initiated. This resulted in re-inundation of part of the 
study area and the formation of a prominent shoreline 
scarp at an elevation of about 198 m (650 ft). Following

the Nipissing transgression, water levels in the Lake 
Huron basin once again began to fall, dropping through 
the Algoma stage to the present level (Karrow 1982). 
Thin and/or discontinuous beach and nearshore sand 
and gravel deposits are found between the Nipissing 
bluff and the present shoreline of Lake Huron. The 
sediments overlie a low-relief, wave-washed, bedrock 
plain and are often overlain by a thin veneer of organic 
material. These beach and nearshore sand and gravel 
deposits, though laterally extensive, tend to be thin. 
Unless these sediments have been reworked from a 
larger sand and gravel landform, such as the Hagans 
Hill subaquatic fan, they are generally not suitable for 
granular material extraction.

Dune forms observed in the extreme northwest 
part of the study area are believed to be the result of 
eolian processes reworking the distal, fine-sand facies 
of an extensive subaquatic fan. These sediments have 
minimal utility from an aggregate perspective.

As water level in the Lake Huron basin underwent 
regression, transgression and regression to the present 
level, fluvial systems flowing into Lake Huron depos 
ited relatively extensive amounts of alluvium, ranging 
in texture from silty, fine sand to gravelly, medium to 
coarse sand. In general, alluvial sediments are not 
considered for granular material extraction because of 
excessive fines. Where fluvial systems have reworked 
gravel deposits, however, alluvium can have consider 
able aggregate potential. The alluvial terraces located 
above the contemporary floodplain of the Little 
Thessalon River appear to contain relatively large 
quantities of gravelly sand, especially the terraces in 
the area several kilometres west of the west part of 
Basswood Lake.

An area of alluvium located north of the village of 
Iron Bridge also appears to contain appreciable quan 
tities of gravelly sand. This deposit, however, is 
associated with a relatively high water table, as is most 
alluvial land located adjacent to the Potomac and 
Mississagi rivers in the east half of the report area. 
These alluvial deposits are often associated with exten 
sive areas of organic terrain.

SUMMARY
Sand and gravel deposits in the report area are the 
product of glacial, glaciofluvial, glaciolacustrine, 
postglacial lacustrine, and postglacial fluvial activity.

In general, the Bruce Mines to Blind River area 
contains limited gravel resources. The aggregate re 
source base is dominated by sand deposits. Most of the 
coarse aggregate resources are concentrated in an ex 
tensive system of subaquatic fans and subaquatic

177



Sedimentary and Environmental Geoscience Section (38)

fan-end moraine complexes, which trend west-north 
west from south of Dean Lake to Dayton Station and 
northwest from Dayton Station through Thessalon 
Township. Exploration for coarse aggregate should be 
focussed along the trend of this ice marginal system. In 
addition, fine-grained, glaciolacustrine sediments lo 
cated immediately north of some of these ice marginal 
deposits may overlie potentially significant sand and 
gravel deposits, similar to the subaquatic fan deposits 
of the Sowerby area. Beyond the ice marginal system 
described above, relatively small, isolated deposits of 
coarse granular material are available for extraction.

Results of quality testing indicate that, in general, 
aggregate in the report area meets MTO specifications 
for pit-run products including Granular B Type 1. 
Higher specification uses, in the production of Granu 
lar A or HL No. 4 for example, are limited in some 
localities by a lack of crushable material. The grada- 
tional characteristics of the sand portion of some 
aggregate materials may be a problem in the produc 
tion of HL No. 4 and blending will be required. Use of 
the material in Portland cement concrete may be lim 
ited by the presence of argillite, greywacke and 
sandstone clasts of the Huronian Supergroup. These 
clasts are potentially alkali-reactive (Rogers 1985) and 
testing of the aggregate is strongly recommended prior 
to use in concrete products.

The hard and durable varieties of Precambrian 
bedrock in the project area provide considerable poten 
tial for the development of quarries. The Nipissing 
diabase-gabbro is considered to have the highest po 
tential for extractive development. Suitability factors 
that influence quarry development in the Nipissing 
diabase-gabbro include the size of the intrusion, joint 
patterns, the purity of the rock, and the abrasive nature 
of the material and its effect on crushing equipment. 
Site-specific testing is recommended prior to 
extraction.
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INTRODUCTION
During the summer of 1993, an aggregate assessment 
study of Hope and Hamilton townships was under 
taken. The study area covers 55 322 ha in the western 
part of Northumberland County and encompasses parts 
of the Rice Lake (31 D/l), Scugog (31 D/2) and Port 
Hope (30 M/16) 1:50 000 scale map sheets of the 
National Topographic System (Figure 39.1).

The purpose of the current investigation was to 
delineate the aggregate deposits within the study area 
and to assess the quality and quantity of the sand and 
gravel resources. Underlying bedrock was also exam 
ined in the context of aggregate potential. This 
information is required for road building and general 
construction applications, as well as for land use plan 
ning.

Field investigations included a detailed examina 
tion of all active and abandoned pits and quarries, and 
natural and man-made exposures. At each site, general 
observations were made, including the following: the 
face height; the percentage of sand and gravel; the 
presence of deleterious material; and the size and

nature of the deposit. Representative aggregate sam 
ples were obtained and submitted to the Ministry of 
Transportation of Ontario (MTO) for analysis and 
testing. In areas of limited exposure, test pitting, soil 
probing and hand augering were used to assess subsur 
face materials.

Field observations were used to confirm and sup 
plement the information gathered from various sources, 
such as existing geologic reports and maps, data from 
the files of the MTO and water well data from the 
Ontario Ministry of Environment and Energy.

Previous geologic studies in the map area include 
Paleozoic bedrock mapping (Liberty 1960; Carson 
1980) and surficial geology (Gravenor 1953,1957).

GLACIAL HISTORY
During the Pleistocene Epoch, all of Ontario was 
covered by a succession of ice sheets. There were 
definitely 2 and probably 4 major ice advances, each 
separated by interglacial periods. The last glacial 
stage, referred to as the Late or Classical Wisconsinan, 
began approximately 23 000 years BP (Barnett 1992).

Figure 39.1. Location map of study area, scale 1:1 584 000.
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During partial retreat of the ice sheet, the ice 
margin split into 4 glacial lobes that behaved semi- 
independently. The map area was affected by the 
Simcoe Lobe, also referred to as the Northern Lobe, 
and the Ontario Lobe. Glacial ice from the Simcoe 
Lobe moved across the map area in a south to south 
westerly direction, as suggested by the orientation of 
drumlins (Gravenor 1957). Ice from the Ontario Lobe 
moved in a westerly direction, essentially following 
the Lake Ontario basin. These 2 lobes converged a few 
kilometres north of the present Lake Ontario shoreline 
and gave rise to an east-trending moraine known as the 
Oak Ridges Moraine, located in the northern part of the 
study area.

As the ice retreated from southern Ontario, large 
volumes of meltwater flowing into the Lake Ontario 
basin gave rise to glacial Lake Iroquois. Meltwater 
spillways that headed in the Oak Ridges Moraine 
emptied into Lake Iroquois, carrying large quantities 
of sand and gravel. Much of this sand and gravel was 
deposited as deltas and fans and was later worked by 
wave action into bars, spits and beach deposits. These 
deposits were reworked and dissected as the water 
level in Lake Iroquois fell to the present level of Lake South SIODG 
Ontario (Gravenor 1957).

study area, reaching an average elevation of 300 m. 
There is general agreement that the Oak Ridges Mo 
raine was formed between the Simcoe and Ontario 
lobes. As the ice retreated, an opening was created 
between the 2 ice margins. The opening acted as a 
focus for meltwater flow and sediment deposition. The 
resulting landform has been termed the Oak Ridges 
Interlobate Kame Moraine (Gravenor 1957).

Sediments, comprising the Oak Ridges Moraine, 
suggest a complex depositional history, possibly re 
lated to readvance and retreat of l or both ice margins 
bounding the moraine. For example, certain areas of 
the moraine are "till capped." Gravenor (1957) sug 
gested that the Simcoe Lobe retreated and then overrode 
the moraine depositing glacial till. Elsewhere, the 
presence of fine sand and silt within the moraine 
prompted Gravenor to suggest that at one time a high 
level glacial lake may have been ponded between the 
Simcoe and the Ontario lobes. It is hoped that ongoing 
research (Barnett 1992, this volume) will help to estab 
lish new models concerning the formation of the Oak 
Ridges Moraine.

Surficial materials in this region are characterized 
by a wide variety of glacial and glacial-related 
landforms, including the following: glaciolacustrine 
beaches; glaciolacustrine deltas; glaciolacustrine plains; 
ground moraine; drumlins; and the Oak Ridges 
Moraine.

SURFICIAL GEOLOGY
Hope and Hamilton townships fall within 4 
physiographic regions that roughly parallel the Lake 
Ontario shoreline. These regions are as follows: Peter 
borough Drumlin Field; Oak Ridges Moraine; South 
Slope; and Lake Iroquois Plain (Chapman and Putnam 
1966).

Peterborough Drumlin Field
This physiographic region extends from Hastings 
County in the east to Simcoe County in the west and 
includes the extreme northwest corner of Hamilton 
Township and the drumlins south of the Oak Ridges 
Moraine (Chapman and Putnam 1966). The area is 
characterized by a series of southwest-trending drum 
lins composed of highly calcareous till.

Oak Ridges Moraine
The Oak Ridges Moraine was first identified by Taylor 
(1913). The moraine is a dominant landform in the

The South Slope refers to a strip of land joining the low 
lying Lake Iroquois Plain to the south and the Oak 
Ridges Moraine to the north. In this region, elevation 
increases from south to north, varying from approxi 
mately 125 m in the south to 245 to 300 m in the north, 
over a distance of 10 to 12 km (Chapman and Putnam 
1966). In Hope and Hamilton townships, the South 
Slope also incorporates part of the Peterborough Drum 
lin Field. The till in this area is calcareous and contains 
a large proportion of fine material.

Lake Iroquois Plain
The most southern physiographic region in the study 
area is the Lake Iroquois Plain. As the ice retreated 
from this region, large volumes of meltwater accumu 
lated in the Lake Ontario basin, forming glacial Lake 
Iroquois. On the Lake Iroquois Plain, beach deposits 
of glacial Lake Iroquois appear as subtle continuous 
ridges of sand and gravel. To the south of the Lake 
Iroquois shoreline, glaciolacustrine silt has been de 
posited in low-lying areas between drumlins. Along 
the present Lake Ontario shoreline, the drift is thin, and 
composed of sand, fine sand and silt.

AGGREGATE DISTRIBUTION 
AND QUALITY
Proctor and Redfern (1974) estimated the sand and 
gravel resources in Hope and Hamilton townships as
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20.5 and 14 million tons, respectively. Aggregate 
reserves in the study area are concentrated in 2 major 
features: the Lake Iroquois shoreline (beach) and the 
Oak Ridges Moraine.

The Lake Iroquois shoreline extends from the 
southeast corner of Hamilton Township, trending in a 
northwesterly direction to central Hope Township. 
This material grades from fine sand to crushable over 
sized material. The areal extent and depth of the beach 
deposits are variable.

Numerous licensed sand and gravel operations 
presently exist on the former shoreline and, in fact, 
much of the aggregate in this area has been depleted. 
Other areas have been sterilized by the construction of 
Highway 401 and by housing developments north of 
Cobourg.

A glaciolacustrine delta in the northwest corner of 
Hope Township was previously believed to contain 
significant amounts of sand and gravel. Water well 
data and test pits in this area indicate that this deposit 
contains mainly sand, silt and clay with very little 
gravel. As a result, potential aggregate resources in 
this area may not be as plentiful as once thought.

The other main source of aggregate material is in 
the Oak Ridges Moraine. Pockets of sand and gravel 
occur near Bewdley and the Hamilton-Haldimand 
township boundary. In other areas of the moraine, a 
"till capping" has significantly reduced the aggregate 
potential. Still other areas of the moraine contain 
excessive fine material (predominantly sand and silt) 
and are of limited potential.

Small kame deposits, located within the study 
area, may contain sufficient material for small, local 
ized projects but will not provide large quantities of 
material. Highway 28 has been constructed over one of 
the larger independent kame deposits in the study area.

Updated estimates of sand and gravel resources in 
Hope and Hamilton townships will be available at the 
conclusion of this project.

BEDROCK GEOLOGY AND 
RESOURCE POTENTIAL

Bedrock within the study area was mapped by Liberty 
(1960) and Carson (1980). Exposure in this region is 
limited by a thick succession of Quaternary sediments. 
Of the 4 formations that compose the Middle to Late 
Ordovician, Simcoe Group, only the upper 2, the 
Verulam and Lindsay formations, underlie the study 
area (Liberty 1960). Both units dip to the southwest at 
approximately 5 m/km (Gravenor 1957).

The Middle Ordovician, Verulam Formation un 
derlies the northern part of Hamilton Township, in an 
area surrounding Rice Lake. These strata consist of 
fossiliferous, medium to coarse-grained, medium to 
dark brown to grey limestone, interbedded with green 
shale. Individual beds range from 4 to 10 cm in 
thickness. Beds of sublithographic to fine-grained 
limestone are also present but not abundant (Carson 
1980).

This formation has been used for cement manufac 
turing in eastern Ontario, and for aggregate in Mara 
Township and in the Belleville-Kingston area. How 
ever, high shale content may limit its aggregate potential. 
The Verulam Formation does not crop out in the study 
area, and substantial drift cover severely restricts the 
resource potential of this unit.

The Late Ordovician, Lindsay Formation under 
lies the remainder of Hope and Hamilton townships, 
cropping out along the Ganaraska River near Port Hope 
and along the shoreline of Lake Ontario. This forma 
tion consists of 2 members: an upper, black calcareous 
shale, referred to as the Collingwood Member; and an 
unnamed lower member, composed of nodular lime 
stone (Russell and Telford 1983). Only the lower 
member of the Lindsay Formation is present in the 
study area and consists of a light to medium grey and 
bluish-grey, sublithographic to fine-grained, nodular 
limestone, occurring in beds 20 to 30 cm thick (Carson 
1980). The Lindsay Formation may be suitable for 
crushed stone and for use as a raw material in the 
manufacture of cement.

With the exception of areas along the Lake Ontario 
shoreline, water well data indicate that overburden 
thickness generally exceeds 15m throughout the study 
area, severely restricting development of the Lindsay 
Formation as an aggregate resource.
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40. Project Unit 92-20. Geochemical Response of 
Surficial Media to Nickel-Copper-Platinum Group 
Element Mineralization, North and East Ranges, 
Sudbury Basin

A.F. Bajc
Sedimentary and Environmental Geoscience Section, Ontario Geological Survey

INTRODUCTION
A multi-year study, initiated in 1992, along the North 
and East ranges of the Sudbury Basin continued during 
the 1993 field season. The project is designed to: 
1) evaluate the effectiveness of surface geochemistry 
for mineral exploration; 2) provide baseline 
geochemical data for environmental applications; and 
3) provide practical information on the geochemical 
behaviour of nickel-copper-platinum group elements 
(PGEs) and associated elements in the surficial envi 
ronment.

The project is being undertaken co-operatively 
with the Mineral Resources Division of the Geological 
Survey of Canada. The federal portion of the project is 
funded under the Canada-Ontario Northern Ontario 
Development Agreement (NODA).

The study area consists of 13-1/2 townships en 
compassing rocks of the North and East ranges of the 
Sudbury Basin as well as a portion of a small Archean 
greenstone belt northwest of Wanapitei Lake (Figure 
40.1). For a brief summary of the bedrock geology, 
physiography and Quaternary record of the study area, 
the reader is referred to the Summary of Field Work 
and Other Activities 1992 (Bajc 1992).

OBJECTIVES
Few studies emphasizing surficial geochemistry and 
its applications to PGE exploration have been pub 
lished. The papers that have been published on this 
topic (i.e., Coker et al. 1991; Cook et al. 1992; Cook 
and Fletcher 1993) stress sampling media and size 
fractions best suited for PGE exploration, typical re 
sponses encountered in the immediate vicinity of 
mineralization and pathfinder elements often associ 
ated with PGE mineralization. More research is needed 
on the mobility of PGEs in the surficial environment, 
PGE bonding mechanisms, data reproducibility and 
the differentiation of natural from anthropogenic 
geochemical signatures.

This project is designed to: document the 
geochemical response of surficial media (humus, soil

and till) over, and down, ice from known nickel- 
copper-PGE mineralization; evaluate the usefulness of 
these media for mineral exploration; and define pat 
terns of glacial dispersion within the Sudbury region. 
The nature of mobilization and redistribution of nickel- 
copper-PGE and associated elements within the zone 
of weathering, as well as the residence sites of these 
metals within the various media, will be established. 
This will be accomplished, in part, by profile sampling 
sites with anomalous nickel-copper-PGE concentra 
tions and by the application of selective sequential 
extraction procedures to a suite of selected samples. 
These procedures may also aid in the differentiation of 
natural from anthropogenic geochemical signatures 
for the various media sampled.

METHODS 
Field Methods
The field portion of the project consists of 4 basic 
components: 1) 1:20 000 scale Quaternary mapping; 
2) regional sampling of surficial media; 3) property- 
scale sampling; and 4) profile sampling at sites 
previously determined to have anomalous nickel-cop 
per-PGE geochemical signatures.

QUATERNARY MAPPING
Detailed Quaternary mapping was undertaken to es 
tablish a framework of Quaternary geology for mineral 
exploration. Aside from providing a detailed map 
showing the distribution of surficial materials within 
the study area, the Quaternary mapping is intended to: 
1) provide a detailed analysis of ice flow across the 
region; 2) document the Quaternary stratigraphy pre 
served within the study area; and 3) provide information 
critical for the evaluation of these units and the soils 
developed upon them for programs of surface 
geochemistry.

REGIONAL SAMPLING
Humus, soil and till samples were collected regionally 
throughout the study area in an attempt to: 1) obtain 
background geochemical signatures for the major bed-
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Archean rocks, Superior Province

Huronian Supergroup and Nipissing gabbro

Creighton and Murray plutons

Sublayer and Footwall Breccia

Faults

Study area

Sudbury Igneous Complex

Onaping Formation

Onwatin and Chelmsford formations

Metamorphic rocks, Grenville Province

Grenville Front Tectonic Zone

Areas of detailed sampling

Figure 40.1. Location map of the study area highlighting regional bedrock geology and areas chosen for detailed, property-scale sampling. Sites: a, 
Ministic Offset Dike; b, Barnet property; c, Foy Offset Dike; d, Parkin Offset Dike; e, Whistle embayment; f, Victor Mine.
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rock domains present (i.e., Archean footwall gneisses, 
Sudbury Igneous Complex, Onaping Formation, 
Huronian metasediments, Archean supracrustal rocks 
and Nipissing intrusive rocks); and 2) evaluate re 
gional dispersal patterns across the study area.

The 1993 regional till sampling program was aimed 
at filling out the sample grid established during the 
previous field season. For this reason, the sampling 
program was conducted almost exclusively in areas 
accessible by boat and helicopter. The regional sam 
pling grid now contains approximately 20 to 25 samples 
per township. At each sample site, several media were 
collected for geochemical analysis. These include: 1) 
humus; 2) B-horizon soil; and 3) C-horizon of till. The 
silt and clay fraction (-230 mesh) of the B and C- 
horizons will be geochemically analyzed. A large (8 to 
10 kg) sample of C-horizon till was collected at each 
site for heavy mineral separation, mineral identifica 
tions and geochemical analysis. C-horizon till samples 
were collected, in most cases, from a minimum depth 
of l m. They were sieved in the field on a 5 mm screen 
to remove the pebble fraction, which was retained for 
future lithologic identification. Observations on slope, 
drainage, vegetation and aspect were taken at each 
sample site as well.

DETAILED PROPERTY-SCALE 
SAMPLING
Detailed, property-scale sampling was conducted at 5 
sites known to contain nickel-copper-PGE mineraliza 
tion. The Barnet property (see Figure 40.1, site b) is 
located in Levack Township, less than l km north of the 
Sudbury Igneous Complex. Bedrock mineralization 
occurs as veins and disseminations of chalcopyrite 
within Archean footwall gneisses and Sudbury Breccia. 
The deposit has an average grade of Q.6% Ni and 4.096 
Cu. Combined PGE values average less than l ppm, 
but in places exceed 10 ppm (Coker et al. 1991). 
Samples were collected at a 20 m interval along a 
trench which follows the mineralized zone for a length 
of approximately 300 m. Samples were also collected, 
at a less detailed scale, both up-ice and down-ice from 
the known mineralization at a sample spacing of ap 
proximately 200 m. These sites are randomly situated 
and dependent upon present access.

Detailed sampling was also carried out along the 
Parkin Offset Dike (see Figure 40.1, site d) in and 
around the Milnet Mine (Parkin Township). Minerali 
zation occurs within and adjacent to brecciated quartz 
diorite and consists of massive to disseminated 
pyrrhotite, pentlandite, pyrite and chalcopyrite grad 
ing 1.4996 Ni, 1.5496 Cu, 2.3 ppm Pt and 3.0 ppm Pd 
(Meyn 1970). Samples were collected randomly at

roughly a 200 m spacing on and adjacent to the Parkin 
Offset Dike for a distance of about 3.5 km. Samples 
were also collected at a much closer interval (i.e., 3 to 
5 m) along Falconbridge Limited exploration trenches 
which uncovered mineralized, brecciated, quartz diorite 
near the south end of Parkin Township.

Lower density, property-scale sampling was also 
conducted along the Foy Offset (see Figure 40.1, site c) 
near the Nickel Offset Mine (Foy Township), at the 
Whistle embayment along the northeast corner of the 
Sudbury Igneous Complex (see Figure 40.1, site e) and 
along the east rim in the vicinity of the now abandoned 
INCO Limited, Victor Mine (see Figure 40.1, site f).

Mineralization, reaching widths of 120 m, at the 
Nickel Offset Mine (now held by United Reef 
Petroleums Limited and Canhorn Mining Corpora 
tion) occurs within the Foy Offset Dike which consists 
of quartz diorite and quartz diorite breccia. Pods of 
massive sulphide up to 60 m long and grading 3.596 Cu, 
4.3*26 Ni and 6.2 ppm combined PGEs were mined 
from the deposit (Card and Meyn 1969). Mineraliza 
tion at the Whistle embayment, now the site of the 
INCO Limited Whistle Mine, occurs within brecciated 
quartz diorite. The deposit is relatively low grade (i.e., 
low copper, moderate nickel and low PGE values) and 
contains a low copper-nickel ratio as do most contact 
sublayer deposits in the Sudbury Basin. Samples were 
collected around the perimeter of the open pit at a 
spacing of 100 to 200 m as well as up-ice and down-ice 
from the deposit at a spacing of 400 to 500 m. Miner 
alization at the Victor Mine in Maclennan Township 
(see Figure 40.1, site f) occurs within quartz diorite and 
quartz diorite breccia along the footwall contact. The 
ore consists of pyrrhotite, pentlandite and chalcopyrite 
and occurs as massive sulphides, breccia sulphides and 
disseminated sulphides grading 1.4196 Cu, 3.096 Ni 
with low concentrations of PGEs (B. Martindale, INCO 
Exploration and Technical Services Limited, personal 
communication, 1993). Samples were collected at 
roughly a 200 m spacing in the immediate vicinity of 
the mine and at a 300 to 2000 m spacing in the down- 
ice direction (south-southwest).

Samples were also collected in the vicinity of the 
Ministic Offset Dike in Cascaden Township (see Fig 
ure 40. l, site a). The offset dike, which strikes northwest 
for a distance of approximately 2 km, consists of quartz 
diorite and quartz diorite breccia. There is no known 
mineralization along this offset dike. The sample grid 
consists of sites spaced at 500 to 1000 m.

PROFILE SAMPLING
Sites sampled in 1992 which contained elevated levels 
of platinum and palladium (i.e., greater than 5 ppb Pt
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and/or greater than 2 ppb Pd) were revisited in 1993 for 
detailed profile sampling. At 17 sections, profile 
samples were collected at a 10 to 20 cm interval to 
study the effect of soil formation on the mobility of 
these elements and to determine the primary variation 
of nickel-copper-PGEs within sections of unweathered 
till.

Analytical Methods
The use of phase selective leaching is enjoying re 
newed examination as an exploration technique due 
largely to the success reported by the Soviet scientists 
in locating deeply buried mineralization using surface 
geochemical techniques. The reflection of deep min 
eralization in surficial media involves the transport of 
ore and pathfinder elements by various mechanisms 
(i.e., groundwater flow) from their source to the surficial 
environment, where they are held in relatively labile 
forms associated with different reaction sites. Humic 
and fulvic acids in organic matter and hydrous oxide 
coatings of iron and manganese in sediments are the 
most important surface active phases in surficial me 
dia.

For this reason, all humus samples will be analyzed 
using an extraction selective to the soluble organic 
component and all soil and C-horizon till samples will 
be analyzed using an extraction selective to the amor 
phous iron and manganese oxides. In addition to these 
analyses, all humus, soil and till samples will be 
analyzed using a standard aqua regia digestion.

Following analysis of the humus, soil and till 
samples for elements bound in the 2 phases discussed 
above, a suite of samples will be selected for further 
investigation using a sequential leach scheme. The 
nature of the leach changes progressively from reduc 
ing to oxidizing and finally to a leach based on HF to 
dissolve any silicates. The identification of the main 
binding sites of trace metals using this scheme not only 
helps our understanding of geochemical processes and 
aids in anomaly enhancement, but also allows the 
discrimination of sources (e.g., atmospheric deposi 
tion versus hydromorphic transport), estimation of the 
potential for remobilization, and determination of the 
biological availability of the metal.

RESULTS
Field Observations
The 1993 field program resulted in the identification of 
the western extension of the Cartier I Moraine into 
Levack Township and a refinement of the moraine's 
extent within Lumsden, Hanmer, Capreol and 
Maclennan townships.

A zone of stagnant ice deposits previously identi 
fied within the central portion of Cascaden Township 
(Bajc 1992) has been expanded westward into the 
remaining portion of the township and southward into 
the western half of Trill Township. Till within this 
zone occurs primarily within low relief mounds of 
stony, sandy till with abundant, angular, rock frag 
ments. Deposits of ice-contact stratified drift and other 
ice-marginal debris are intimately associated with this 
facies of till. These deposits may represent a zone of 
ice-stagnation associated with a late-glacial surge down 
the axis of the Sudbury Basin.

Cobbles and boulders of a heterolithic breccia 
previously identified as an impact breccia (suevite) 
were collected from sand and gravel pits south of 
Wanapitei Lake. Their absence from pits north of the 
lake suggest a source area from within the basin 
(Dressler 1984). These peculiar breccias look remark 
ably similar to kimberlite in hand specimen. To 
determine whether the breccia may have a kimberlitic 
origin, a 5 gallon sample of rock was crushed and 
processed for heavy minerals. Heavy minerals with a 
specific gravity of greater than 3.2 g/mL were scanned 
for kimberlite indicator minerals. Kimberlite indica 
tors were not found in this test batch.

Geochemical Patterns
Several general comments can be made with regard to 
geochemical patterns observed within the study area 
based on geochemical results from samples collected 
in 1992. Firstly, there appears to be a strong geochemical 
signature associated with known mineralization in the 
north and east ranges both for the aqua regia and the 
selective leaches on humus, soil and till. Secondly, the 
geochemical patterns depicted by the aqua regia diges 
tion appear to be mimicked and possibly enhanced by 
the selective leaches. Finally, there appears to be a 
strong anthropogenic signature associated with the 
Falconbridge smelter along the south end of the 
Wanapitei Lake basin in Maclennan Township. This 
atmospheric source of metals is reflected solely in the 
humus geochemistry.
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Staff of the Resident Geologist's Office in London 
conducted the following brief, but detailed, site-spe 
cific geological examinations during the summer of 
1993.

GUELPH-CAMBRIDGE AREA
To assist assessment of construction aggregate, chemi 
cal stone and building stone potential, an examination 
was conducted on the stratigraphy of several cores of 
dolostones from the Guelph, Eramosa and Amabel 
formations, which underlie the Guelph Pit operations 
of Standard Aggregates Inc. in Lots 4 to 8, Division B, 
SWR, Township of Guelph.

GRAND RIVER AREA 
(SOUTH OF PARIS)
To aid a proposed aggregate operation, which may be 
situated over or near the workings of the former Paris 
Plaster gypsum mine, staff examined the stratigraphy 
of shale and/or mudstone-dolomite-gypsum cycles in 
several cores in the Salina Formation C unit, and drill 
hole samples of overlying Catfish Creek, Port Stanley 
and Wentworth drift in Lots 10 to 12, Concession II, 
Township of Brantford.

MEAFORD AREA: MILITIA 
TRAINING AND SUPPORT 
CENTRE MEAFORD (FORMER 
"MEAFORD TANK RANGE")
Field mapping of the drift and bedrock geology, par 
ticularly, the features of glacial lakes Algonquin and 
Nipissing, and intermediate lake stages in the Cape 
Rich and Sucker Creek area was conducted. Access to 
the area was recently permitted by the Department of 
Defense to complete the 1:50 000 scale Quaternary 
geological mapping of the Owen Sound area.

REDWING SITE (SOUTH OF 
CLARKSBURG-THORNBURY)
To aid the paleo-Indian archeological studies being 
conducted by Dr. P. Storck, Royal Ontario Museum, at 
this, and other, sites in the Clarksburg area, staff 
produced detailed stratigraphic sections of trench ex 
cavations in the Beaver Valley hillside colluvial 
deposits. These deposits overlie fine-textured till and 
glaciotectonically deformed bedrock (Fossil Hill For 
mation interbedded dolomite and chert; and the Cabot 
Head Formation shale).

Figure 41.1. Location of the London Resident Geologist's district.
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42. Project Unit 93-23. Geochemical Dispersion 
Studies of Abandoned Tailings Sites

R.G.Jackson
Sedimentary and Environmental Geoscience Section, Ontario Geological Survey

INTRODUCTION
A multi-media geochemical study was initiated at 
several abandoned tailings sites in northeastern On 
tario. The project was established in response to client 
requests for surficial geochemical input into the long- 
term stability of various tailings disposal methods.

In Ontario, mine tailings of wide-ranging compo 
sition have been deposited into a variety of surficial 
environments. Numerous methods have been em 
ployed to contain the tailings. Some of the methods 
used during the early history of mining, such as 
subaqueous disposal, are not acceptable under current 
regulations, but environmental engineers are now re 
considering the relative merits of these methods in the 
search for better long-term solutions to tailings 
storage.

Geochemical studies of abandoned tailings sites 
offer an opportunity to compare the long-term effec 
tiveness of various storage methods. Three areas have 
been selected for study: Gowganda, Matachewan 
and Kirkland Lake. Additional sites are under 
consideration.

OBJECTIVES
This study will initially determine the degree and 
extent of metal dispersion down the drainage system 
from individual tailings sites. In order to do this, 
considerable emphasis will be given to establishing the 
natural background for the metal-rich geological envi 
ronment which hosts the mineral deposits of the area.

Waters, sediments and sediment substrates will be 
sampled to determine how the metals partition them 
selves in response to changing physical and chemical 
conditions. If necessary, metal speciation will be 
carried out to establish the form of the metal in the 
samples.

The factors contributing to the observed dispersion 
patterns will be identified. Consideration will be given 
to the tailings composition, the natural physical and 
chemical barriers to dispersion, and the method of 
tailings containment.

By comparison of different study areas, criteria 
will be developed for selecting tailings disposal sites 
and containment methods, given specific properties of

Figure 42.1. Location map of Ihe Gowganda, Matachewan, and Kirkland Lake areas, scale 1:1 584 000.
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the natural environment. These criteria may be helpful 
in designing base-line studies to characterize proper 
ties of the natural environment prior to selection of 
disposal sites.

LOCATION
Three areas in northeastern Ontario are currently under 
study: Gowganda, Matachewan and Kirkland Lake 
(Figure 42.1). Each area, encompassing 70 to 100 km2 
contains one or more abandoned mine tailings sites. 
These areas were selected to cover a range of natural 
and anthropogenic characteristics including tailings 
composition, method of tailings containment, bedrock 
geology, surficial geology and drainage.

SAMPLING AND 
ANALYTICAL METHODS
Regional lake sediment and water samples were col 
lected in each of the study areas. Additionally, in the 
Gowganda area, samples of stream sediment, water, 
organic stream bank, peat, overburden and tailings 
were collected within a 15 km2 area centred on the 
tailings site. Similar detailed drainage studies are 
planned for the Matachewan and Kirkland Lake areas 
in 1994.

Sample Media
Sediment and water samples were collected from lakes 
at an average density of l per 2 km2. One sample site 
was chosen from the central basin of most lakes. For 
larger lakes with more than l basin, several sample 
sites were selected.

The lake water sample was obtained at a depth of l 
to 3 m using a van Dora bottle. In lakes exceeding 10 m 
in depth, a second water sample was collected between 
12 and 15 m, while remaining at least l m above the 
sediment-water interface.

The lake sediment sample was collected using 
either an Ekman dredge or a modified Brinkhurst corer. 
At most sites, the 3 to 8 cm interval of the sediment 
profile was sampled for analysis. In selected lakes, the 
complete core was sampled by first splitting off the 
surface 3 cm segment and then splitting the remaining 
core into 5 cm intervals.

In the Gowganda area, samples of sediment, water 
and organic bank material were collected from stream 
sites. Sites were spaced approximately 500 m along the 
main streams. Small tributaries were sampled above 
their confluence into the main streams.

Samples of peat, tailings and glacial overburden 
were collected at a few locations to provide back 
ground information on their composition. Where 
possible, peat and tailings profiles were sampled at 
various depths using a combination of screw, flow 
through and split spoon augers.

Analytical Strategy
The water samples were filtered to less than 0.45 p,m 
and analyzed for the following parameters: 1) conduc 
tivity, pH and alkalinity; 2) Cu, Pb, Zn, Co, Ni, Fe, Mn, 
Mo, Cd, Ag, As, Se and Hg (ppt levels using induc 
tively coupled plasma-mass spectrometry (ICP-MS) 
technology); 3) sulphate, nitrate, nitrite, phosphate and 
chloride; 4) humic and fulvic acids (estimated from 
absorption by coloured organic substances at the 4.65 
and 6.65 nm); and 5) total suspended solids and total 
organic suspended solids (greater than l |xm).

The lake sediment, stream sediment, stream bank, 
peat, tailings and glacial overburden samples were 
freeze dried and sieved to obtain the less than 150 im 
size fraction. This fraction was analyzed for the 
following parameters: 1) organic content; 2) Cu, Pb, 
Zn, Co, Ni, Fe, Mn, Mo, Cd, Ag, As, Se and Hg (partial 
digestion); and 3) Al, Ca, Mg, Fe, Na, K, Ti and Mn 
(total digestion).

SURFICIAL GEOCHEMISTRY 
OF THE GOWGANDA AREA 
Bedrock and Surficial Geology
The study area is underlain by 4 major rock units 
(Figure 42.2). Archean metavolcanic rocks and granite 
underlie Huronian sediments (conglomerate and sand 
stone) of the Cobalt Group (Mcilwaine 1978). These 
units have been intruded by a Nipissing diabase sill.

Silver mineralization is hosted most commonly by 
the Nipissing diabase and, to a lesser extent, by the 
metavolcanic rocks and sediments. The mineralization 
occurs in narrow, steeply dipping calcite and quartz- 
calcite veins. The bulk of the silver is in the native state. 
However, it is intimately associated with copper-nickel- 
iron arsenides. Numerous sulphide and oxide minerals 
are also present.

The bulk of the production in the area was derived 
from the O'Brian Mine. From 1902 to 1969, over 60 
million ounces of silver were extracted resulting in an 
estimated l million tons of tailings (Serigades 1968). 
The grey tailings do not exhibit oxidation features. 
Local iron precipitation in the streams is related to 
oxidation of waste rock, primarily diabase.
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Figure 42 J. Geology of the Gowganda area.
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The bedrock is overlain by glaciofluvial sediments 
varying in texture from cross-bedded sand to coarse 
cobbly gravel. These are distributed in low lying areas 
and major valleys. A thin layer of glacial till is present 
over topographic highs.

The drainage system is well developed due to 
moderate relief ranging up to 150 m. Source tributaries 
of less than 0.5 m width feed larger streams of l to 3 m 
width. In areas of gentle slope, the stream sediments 
are a mixture of well decomposed organics and silt. 
The larger streams meander within flood plains. In 
areas of steep slope, fine-grained sediment may be 
absent, with the stream bed consisting of boulders, 
gravel, or sand depending on the nature of the glacial 
overburden.

Intervening bogs vary from poorly decomposed 
peat with sphagnum cover to well decomposed peat 
with grass, labrador tea, alder or cat-tail cover. Lakes 
are dominantly eutrophic and contain organic-rich 
sediment.

Distribution of Tailings
Tailings were deposited south of Everett Lake in a 
small lake close to the height of land (Figure 42.3). The 
volume of tailings was sufficiently large to fill the lake 
and exceed the water level. Although a dam consisting 
of crushed rock blocks the outflow drainage, tailings

Phyvteil and ehwnieal **ptf*wn

Chwnieal d*p*rtion ^

Figure 423. Dispersion pathways in the Gowganda area.

have moved down the drainage system into Miller 
Creek and Everett Lake. This probably occurred 
during the mining period as these spillways are now 
vegetated.

In Miller Creek, the tailings form a layer approxi 
mately l m thick over the whole of the flood plain. 
Though the tailings are now covered by grass and 
sedges, they are exposed to erosion in the stream 
channel and continue to migrate into Everett Lake. 
They occur throughout the southwestern basin of the 
lake, but appear not to have passed through the narrows 
into the northeastern basin.

Effect of Tailings on Water Quality
Currently, trace element data are not available for the 
samples collected during this program. However, 
measurements of conductivity, pH and alkalinity give 
some indication of water quality related to 
hydromorphic dispersion from the tailings and surface 
mineral occurrences.

Both conductivity and alkalinity exhibit 2 
populations. The background population has a con 
ductivity range of 20 to 85 ixmhos/cm and an alkalinity 
range of l to 25 mg/L CaCO3 equivalent. These values 
occur in areas draining granite, diabase and Huronian 
sediments (Figure 42.4).

High background and anomalous values have a 
conductivity range of 45 to 180 jxmhos/cm and an 
alkalinity range of 12 to 77 mg/L CaCO3 equivalent. 
These values occur in areas draining Archean volcanic 
rocks, surface occurrences and the tailings.

The source for the high alkalinity is likely carbon 
ate, which occurs as veins hosting the mineralization 
and as alteration in the volcanic rocks. The high 
alkalinity in the streams and the grey unoxidized ap 
pearance of the tailings suggest that there is sufficient 
carbonate in the tailings to buffer any potential for 
contained sulphides to oxidize and generate acid.

The effect of these alkalinity levels on the mobility 
of trace elements is not known at this time. However, 
regional lake sediment data for the area suggest that 
arsenic may be quite mobile (Hornbrook and Priske 
1988). Everett Lake drains into the Montreal River. 
Background values of l to 6 ppm in the river sediment 
rise to 30 to 67 ppm below the confluence. These 
anomalous values are traceable in the Montreal River 
sediments for up to 20 km from the tailings site.

Mnttallngc
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NATURAL BARRIERS This study will attempt to determine whether the el-
TO DISPERSION evated levels of arsenic in the Montreal River sediments

	are related to the tailings or to the many occurrences
Preliminary results from the Gowganda area indicate which typify this geological environment. It will also
that the groundwater system affected by the tailings is attempt to determine the form and mode of arsenic
buffered by carbonate gangue present with the miner- transport,
alization. This should assist in limiting the ir*r-r*
hydromorphic dispersion of most metals away from REFERENCES
the site. It appears to have prevented any development 0 . J A ^ tnf0 0 ., t , . . . * . f~ . ^ .
-..j. Sengades, A.0.1968. Silver cobalt calcite vein deposits of Ontario; Ontario 

OI acid drainage. Department of Mines, Mineral resources Circular 10, p.402-403.

Everett Lake is the first natural depository for Hornbrook, EH.W. and Priske, P.W.B. 1988. Regional lake sediment and
tailings down-drainage Of the disposal Site. While the ^ g^hemical reconnaissance data Gogama Area Ontario;
, , e . e , . , ,. . Geological Survey of Canada, Open File Report 1640,128p.lake contains tailings, mechanical dispersion appears
to be restricted by a narrow Shallow Strait, Which Mcilwaine, W.H. 1978. Geology of the Gowganda Lake-Miller Lake silver
separates the lake into 2 basins. *™* ™strict of Timiskami"g; Ontario Geological survey, Report

1 175, lolp.

Despite these barriers to dispersion, arsenic is 
traceable for some considerable distance from the site.
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43. Project Unit 91-30. Investigation of Radon Soil Gas 
as a Tool in Oil and Gas Exploration

J.E. Tilsley1 ,P.R. Nicholls1 and C.L. Baker2
Aurora Environmental Surveys Limited, Aurora
Sedimentary and Environmental Geoscience Section, Ontario Geological Survey

INTRODUCTION
The Sedimentary and Environmental Geoscience Sec 
tion of the Ontario Geological Survey Branch undertook 
a regional radon soil gas study in 1991 (Tilsley et al. 
1993), which showed a strong relationship between 
radon concentrations and known oil and gas fields in 
the Wallaceburg area of southwestern Ontario. As a 
follow up, a second study was initiated to investigate 
the viabililty of using radon soil gas as a petroleum 
exploration technique. Aurora Environmental Sur 
veys Limited was selected by the Ontario Geological 
Survey to undertake the work on the basis of a request 
for proposal submission.

It was the aim of this follow-up study to provide a 
data base that would assess the applicability of the 
radon soil gas sampling technique to exploration for 
oil and natural gas and would allow design of detailed 
exploration protocols. The study included collection 
of radon soil gas measurements in 13 areas located 
near the town of Wallaceburg (Figure 43.1). Ten study 
areas were located in areas of current or historic oil or 
gas production. Three control areas were selected on

the basis of surficial geological conditions and the 
absence of known concentrations of oil or natural gas.

SAMPLING METHODS
The selected study areas were investigated to establish 
the concentration of radon in soil gas. A detailed 
description of the techniques and equipment used is 
outlined in Tilsley and Baker (1992) and Tilsley et al. 
(1993). In addition to soil gas studies, soil samples 
were collected for radon emanation potential studies. 
This phase of the study was intended to determine if 
soil sampling and analyses for radon emanation poten 
tial could be substituted for radon in soil gas surveying. 
Soil sampling can be carried out at any time of year 
when the ground is not frozen, while soil gas work is 
best done during dry summer months.

Soil samples were collected at all of the soil radon 
gas determination points established as part of the 1992 
survey. Additional soil samples were collected from 
areas surveyed during 1991 and from vertical profiles 
obtained through augering. The soil samples were 
tested in the laboratory for radon emanation potential

Figure 43.1. Location of the study area, scale 1:1 584 000.
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(apparent radium) by sealing weighed samples and the 
same sort of detector used in the radon soil gas studies 
together in radon-proof jars. The average radon con 
centration developed in the flasks over a period of 15 
to 25 days was used to determined the radon emanation 
potential.

Soil gas radon concentrations are variable on daily, 
monthly, and annual bases. The data collected during 
the surveys are valid for the time period involved, but 
must be interpreted in relation to measured annual 
averages and seasonal fluctuations.

PROGRAM ACTIVITIES
The program activities consisted of 3 phases. Firstly, 
emplacement of a total of 360 radon detection cells in 
13 study areas. Sampling established radon concentra 
tion levels in soil gas during the month of November 
and the early part of December, 1992. About 30 radon 
measuring devices were deployed in each individual 
study area, the actual number ranging from 16 to 45. 
Sampling points were selected to cover petroleum- 
bearing structures, if present, and adjacent ground.

Secondly, reading detectors approximately 7 days 
after placement, and again at time of retrieval. Meas 
urement times were determined by radon concentration 
at each sample site, and the time available between 
deployment and retrieval due to winter weather. De 
ployment times ranged from 24 to 30 days. The radon 
concentration at most sample locations was deter 
mined twice, producing a data base that shows short- 
and long-term radon averages.

Thirdly, analyzing the 659 soil samples collected 
to determine radon emanation potential, in order to 
develop a data base to relate apparent radium content of 
the soils to radon concentration in soil gas along 
coincident profiles across the selected oil and gas fields 
and within the control areas. The total number of radon 
soil gas determinations at the 360 field sites established 
during the program was 720. A total of 167 soil 
samples were assayed by neutron activation for ura 
nium, and 62 of these were also tested for radium.

GENERAL CONCLUSIONS

1. The soils of the study areas were very damp to 
saturated during the 1992 soil gas survey. Conse 
quently, the radon concentrations recorded in this 
study were less than those obtained during the drier 
weather experienced during the 1991 survey 
(Tilsley et al. 1993). However, in most cases, there 
is contrast across most known oil and gas pools, 
particularly in the vicinity of known or interpreted

faults, and along the limits of traps.
2. There appears to be a reasonable correlation (0.85) 

between radium, apparent radium, and uranium 
content of the soils sampled during this survey.

3. Study of the 1992 survey data indicates a very poor 
overall correlation of approximately 0.2 between 
apparent radium in soils and radon in soil gas; the 
sample-to-sample correlation is also poor. Corre 
lations would likely be better in drier weather, 
when soil gas radon results are observed to be 
much more consistent. For example, results from 
the Coveny Field where soils along major ditches 
were relatively well drained showed good (0.67) 
general correlation.

4. The contrast between radium values from soil 
samples taken at approximately 40 cm depth (both 
apparent radium and radium values from gamma 
ray spectrometer determinations) across a petro 
leum-bearing structure is generally less than 3 
times. This low "signal-to-noise" ratio makes 
interpretation of these data somewhat problematic 
due to the subtle nature of anomalies.

5. Analyses of soil sample vertical profile results 
indicate an enrichment of radium usually between 
0.60 m and 0.80 m below surface in the poorly 
drained heavy clay soils which are common to 
many of the study areas. Soil gas radon values 
appear to respond to the average radium content of 
the soil within the contribution range of the sam 
ple. The influence of an increased radium content 
at depth may be responsible for elevated soil gas 
radon values not suggested by the radium content 
of soil samples taken at 30 to 45 cm below surface.

6. Soil gas radon measurements taken during dry 
weather appear to be well suited to exploration for 
oil and natural gas. Contrast is high (up to 10X), 
the signal-to-noise ratio is large, and the size of 
effective sample is large enough to "average out" 
much of the variation observed in results of ura 
nium assays, radium assays and apparent radium 
assays.

7. The observed variability of results obtained from 
soil geochemical techniques applied during the 
project appear to relate, in part, to sample size. The 
small quantities treated (approximately l g for 
uranium assay and approximately 30 g for radon 
emanation potential "apparent radium") may cause 
"noise" in the data base because of variation due to 
what might be called a "nugget effect".

8. It also appears that the level at which radium 
concentrates in the soil is often deeper than can be 
sampled easily, apparently being greatest near the 
top of the "average" water table. This concentra 
tion may be "seen" by radon detectors placed in the 
soil since radon can migrate in the soil gas toward
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Surface for approximately 2 tO 3 m before disap- Tilsley, J.E., Veldhuyzen, H. and Nicholls, P.R. 1993. Soil radon gas study
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Geoscience Laboratories Section

H.A.F. de Souza
Section Chief, Geoscience Laboratories Section, Client Services Branch

INTRODUCTION
The past year has been one of the most challenging for 
the Geoscience Laboratories as staff moved in to the 
new facilities and began the difficult task of commis 
sioning the building and equipment. Changes in 
leadership and the reorganization within the Mines and 
Minerals Division, which saw the Laboratories move 
from the Ontario Geological Survey-Geoscience 
Branch to the new Client Services Branch, presented 
additional challenges. Suspension of operations at the 
Temiskaming Testing Laboratories, in Cobalt, led to 
three of the staff there moving to the Laboratories.

The provision of analytical services in support of 
the Mines and Minerals Division's geoscientific pro 
grams remains at the core of our activities. But a new 
focus is being forged within the Client Services Branch 
to make available some of our high-quality services to 
universities, industries and government institutions 
with the intention of developing revenues to support 
the Division's programs.

Efforts are well underway to encourage external 
users to make use of the outstanding analytical services 
available in the Laboratories. Chief among these are 
expected to be scientists from Laurentian University 
and conclusion of an access agreement with the Uni 
versity is a top priority. A business plan complete with 
pricing of all the services offered by the Laboratories 
has been prepared by R. Campbell, Business Develop 
ment Co-ordinator in the Branch. This an important 
first step in developing partnerships with companies in 
the mining industry, particularly those located in Sud 
bury. J. Richardson has developed a complete listing 
of the analytical equipment available in the Laborato 
ries and their capabilities, as a guide for potential users.

Of critical importance to the Laboratories' reputa 
tion for high-quality geoanalytical work is the need to 
seek accreditation from the Standards Council of Canada 
under the ISO 9000 standard (International Standards 
Organization). This requires that a total quality man 
agement system be implemented and be subject to 
audit by auditors from the accrediting body. Increas 
ingly, an ISO 9000 registration is becoming a condition 
in conducting business with many of the larger compa 
nies worldwide. A more stringent ISO 25 accreditation

is also being considered for accreditation of many of 
the methods offered by the Laboratories. Accredita 
tion would also be a key requirement for the Laboratories 
to be considered as reference centre in geoanalysis and 
as a producer of geological reference materials (see 
Richardson, this volume).

Many of these factors were behind the reorganiza 
tion of the Laboratories earlier this year. A need for a 
more flexible structure was a top priority. In view of 
the importance of accreditation to the Laboratories, 
J. Richardson was appointed Supervisor, Quality Con 
trol, to spearhead the Laboratories' accreditation efforts. 
A need for the quality-control manager to be somewhat 
removed from the production of the data so as to 
independently review the quality of the data was an 
important consideration as well. Co-ordination of the 
Laboratories' program to produce new geological ref 
erence materials is a vital part of the position. A major 
focus of the other supervisor would be to ensure the 
timeliness of the analytical work carried out in the 
Laboratories.

COMMISSIONING OF 
THE LABORATORIES
Much of the staff's efforts over the past year were 
directed toward the commissioning of the Laborato 
ries. While substantial completion of the building was 
achieved in late November, numerous deficiencies 
remained, which severely impacted on the installation 
and testing schedules of both new and relocated equip 
ment. Testing of program-related building equipment, 
such as fume hoods and other venting devices, and air 
balancing, particularly in critical areas such as the 
clean lab and the fire assay area, was a priority. The 
proper working of service columns, specialty gas de 
livery lines and other such systems was also necessary 
before testing could begin on the analytical equipment. 
Of key importance was the assurance that all these 
systems worked to specifications because of the seri 
ous consequences on the health and safety of the 
Laboratories' staff and the integrity of the equipment.

Much of the testing of the new equipment occurred 
in February and March. The testing program was 
directed at ensuring that major pieces of equipment
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were properly installed, in good working order, and 
capable of reproducing the data that was obtained 
during visits to the applications laboratories of the 
vendors during the selection of the instruments. Instru 
ment vendors were asked to rerun the same tests and the 
results were verified by independent scientific experts, 
led by M. Gorton of the University of Toronto, before 
acceptance of the instrument. M. Gorton has been the 
scientific consultant to the Laboratories throughout the 
relocation process and a valuable source of advice and 
ideas during the relocation period.

Training of staff in the operation and maintenance 
of the new equipment was carried out in the Laborato 
ries and at the vendors' training schools. With the high 
levels of automation and computer control in most 
modern instrumentation, a good understanding of the 
software used to control the instrument is essential. 
Many of the instruments are not specifically designed 
for the analysis of geological materials; therefore, 
setting up the special operating conditions for analysis 
of such materials can be a complex affair.

Method Validation
With the installation of the equipment complete, the 
focus switched to establishing the core packages that 
were offered in Toronto prior to relocation (OGS1990) 
The process of method validation has been described 
by Richardson (1992) and it is essential that this is done 
in order to demonstrate that the data being produced 
from a particular instrument are of comparable quality 
to the data produced in Toronto. Very often, of course, 
the new instrumentation required a number of changes 
to the method. In a few cases, completely new methods 
were needed because of new instrumentation.

In the 5 months since this process began, about 75 
to 809fc of our methods have come online as docu 
mented in the summary by J. Richardson (this volume). 
It is a tremendous achievement for the Laboratories' 
staff in the face of ongoing teething problems in the 
building, which have caused significant amounts of 
downtime.

Mineral Sciences
Many changes have taken place in the way sample 
preparation is being carried out. Freeze drying has 
been introduced as a routine preparation technique for 
the grain-size analysis of clay-rich samples (see Barua, 
this volume), thus requiring minimal further 
disaggregation and leading to a more accurate particle 
size analysis. Sample preparation of rocks has been 
separated into 2 areas, l for preparation of assay and 
high-grade samples, the other for samples destined for 
geochemical work, using a different set of equipment.

This will help to reduce the possibility of cross con 
tamination from mineralized samples. M. Moore and 
P. Prince have played major roles in setting up and 
operating the equipment in this area.

The automatic sample preparation system installed 
in the assay sample preparation area will help speed the 
preparation of the assay samples. The whole process 
from jaw crushing to splitting and pulverizing is auto 
mated; tests have shown that the system meets the low 
carry over requirements that were specified.

The precious metals lead fire assay method was among 
the first off the ground, thanks to P. Prince. Samples 
suspected of having high gold can now be fused in a 
separate room, thereby reducing the chances of con 
taminating the furnaces devoted to processing samples 
with gold in the ppb range.

The grain-size analysis procedure has been com 
pletely revised as described by M. Barua (this volume) 
with an automated sieving system and a laser diffrac 
tion particle sizing system. Other laboratories in the 
mineral sciences have suffered because of the lack of 
staff. However, noteworthy progress has been made by 
D. Crabtree in setting up methods to determine the 
mineral chemistry of indicator minerals used in dia 
mond exploration using the automated Cameca SX-50 
electron microprobe (see Crabtree, this volume). In 
spite of numerous obstacles, considerable progress has 
also been made by P. Lightfoot of the Mineral Deposits 
and Field Services Section, Ontario Geological Sur 
vey, ably assisted by M. Moore, in setting up the 
isotope geochemistry laboratories.

The staining procedures have been reorganized 
and revitalized by J. Richardson, and P. Larabie will 
assist geologists in their work here, as well as maintain 
ing the saw room in the basement.

Elemental Analysis
A high proportion of the samples received by the 
Laboratories are processed by the major element analy 
sis unit. Led by A. Martin, the unit has most of its 
analytical packages running. J. Tait has set up the 
major element package on the Rigaku X-ray fluores 
cence spectrometer (XRF), the ferrous iron method 
using the potentiometric titration method, and the 
carbon and sulphur determinations. J. Morrison has 
validated the new loss-on-ignition (LOI) method using 
the Leco thermo-gravimetric furnace (see Morrison, 
this volume) and the T3 package of petrogenetic ele 
ments on the Philips XRF. A. Martin and P. Yanyk 
have also validated the method for the determination of 
moisture content. Additionally, A. Martin has devel 
oped a new 25 element screen program on the Kevex
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energy dispersive XRF which will be of assistance in 
flagging samples likely to cause problems during sam 
ple dissolution for trace element determinations.

In the atomic absorption spectroscopy (AA) labo 
ratory, N. Vigneault and J. McAndrew have made 
considerable progress in the validation of trace ele 
ments (Tl elements) run on the Varian and GBC flame 
AA spectrometers. R. Ahmadian has very capably 
validated the Chittick and carbonate carbon methods. 
In addition, a revised method for determining mercury 
using a cold vapour atomic fluorescence technique is 
now on line.

The inductively coupled plasma (ICPs) units were 
among the last instruments to be installed in the Labo 
ratories. Nevertheless, G. Henri has validated most of 
the elements in the T2 package on the ICP-OES 
(optical emission spectrometer), while S. Beneteau has 
successfully validated the REE package run on the 
ICP-MS (mass spectrometer) and a new T8 package of 
important petrogenetic tracers.

OTHER ACTIVITIES
Despite the preoccupation with relocation activities 
over the past 18 months, staff have continued to be 
involved in other activities, including research (e.g., 
Sinclair and Richardson 1992). The Laboratories are 
participating in the certification of a zinnwaldite mica 
ZW-C as part of the International Working Group. 
Staff participation and contributions to the activities of 
local scientific organizations are also encouraged. J. 
Richardson made a presentation on "Method Valida 
tion in the Geoscience Laboratories" to the Sudbury 
chapter of the Chemical Institute of Canada; she is

currently a member of the local executive, serving as 
their Secretary.

This year has been notable for the publication of 2 
volumes on geoanalysis. The long-awaited The Analy 
sis of Geological Materials, Volume I: A Practical 
Guide (Vander Voet and Riddle 1993) appeared in 
March. It is an expanded version of an in-house course 
for staff and is intended to provide the background to 
the methods published in The Analysis of Geological 
Materials, Volume H: A Manual of Methods (OGS 
1990). The volume Analysis of Geological Materials, 
edited by the former Laboratories chief, C. Riddle, 
appeared in August. It is a unique volume that provides 
an integrated view of geoanalysis from field sampling 
to data interpretation. It has articles from many experts 
including contributions from J. Richardson (Richardson 
1993) and former Laboratories Acting Chief, P. 
Lightfoot (Lightfoot 1993).
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45. Grain Size Analysis Using a Laser Diffraction 
Particle Size Analyzer

M. Barua
Geoscience Laboratories section, Client Services Branch

INTRODUCTION
Grain-size analysis in the Geoscience Laboratories, 
Ministry of Northern Development and Mines 
(MNDM), has traditionally been carried out by using 
the hydrometry method (OGS1990). This technique is 
quite laborious and not precise. In 1988, a Hiac-Royco 
particle-sizing system using the light-scattering princi 
ple was purchased in order to improve productivity and 
accuracy. The performance of this system was found to 
be good for the coarser, air-dried fraction of samples, 
but it deteriorated for the finer, clay-rich samples 
because of particle agglomeration. For the new setup at 
the Willet Green Miller Centre at Sudbury, a laser 
diffraction-based system called the Microtrac FRA, 
manufactured by Leeds A Northrup, Canada, was 
acquired. This full range analyzer (FRA) integrates the 
theories of forward and wide-angle light-scattering, 
based on Fraunhofer diffraction theory with Mie cor 
rections, and is capable of analyzing grain sizes in the 
range of 0.1 to 704 jjim in one step without the need to 
refocus. The system is very compact, loading is simple 
and automatic, and it is capable of producing accurate 
and reproducible results within minutes. In addition, an 
automated sieving system manufactured by Fritsch 
was also acquired for measuring a sample grain-size 
range of 704 to 2000 jjim. The data from this system are 
merged with those of the Microtrac FRA to produce the 
complete grain-size analysis curve. The adoption of 
this procedure has resulted in a two- to threefold 
increase in productivity along with an increase in 
quality and number of plots.

PROCEDURE
Figure 45.1 incorporates all the phases of the proce 
dure, from the receipt of samples to the production of 
grain-size distribution plots.

Sample Preparation
Drying. The samples (preferably about 600 to 700 g) 
are checked for correct labelling. The bagged sand 
samples are opened and placed in dryers for l or 2 days 
at a temperature of 500C. The till/silt/clay samples are 
soaked in a minimum quantity of water (excess water 
is pipetted off) and frozen in a freezer. These are then

freeze-dried in a Virtis Freeze Dryer; this takes about 
a week and makes the samples very soft and brittle. 
This completely eliminates the tedious and undesirable 
process of using a mortar and pestle to break up dried/ 
hardened clay, which often does not completely break 
down the agglomerated material.

Milling. The dried and weighed samples are run through 
a Fritsch soil mill fitted with a hard brush and a no. 10 
mesh sieve to separate the gravel from the rest of the 
sample.

Sieving. The gravel is sieved using l 1/4 inch, l inch, 
5/8 inch, 5/16 inch and no. 5 mesh sieves, and the 
weights of each size fraction are recorded.

The -10 mesh fraction is then run through a Fritsch 
rotary splitter. This sixteen-slot splitter is capable of 
sampling any number of "splits" without the need to fit 
all the slots with containers. Rotary splitting is by far 
the best way to split samples on a grain-by-grain basis 
for truly representative sampling (Allen 1990). The 
following "splits" are taken as needed: a 100 g sample 
for analyzing the range 704 to 2000 jxm and an 8 g 
sample for analyzing the range 0.1 to 704 pm; the rest 
is sieved through a no. 230 mesh (62 jim) sieve to 
collect a sample of 15 to 20 g for Chittick analysis and 
trace element determinations.

Analysis of the 704 to 2000 jxm 
Range
Sample preparation for clay identification. If clay 
identification is requested, the clay fraction is collected 
from the 100 g sample by a pipetting technique prior to 
wet-sieving (OGS 1990).

Wet-sieving. The 100 g sample is soaked overnight in 
sodium hexametaphosphate, stirred with a blender for 
a minute and then wet-sieved using a no. 230 mesh 
(62 jim) sieve.

Drying. The +230 mesh fraction is dried overnight at 
about 400C.

Autosieving. The dry sample is run through the compu 
terized Fritsch sieving system utilizing the following 
sieves: no.12 mesh (1680 |im), no.14 mesh (1410 jjim),
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receive sample, 
check/sort, 
allocate lab no.

clay/till sand

soak in water, mix 
well, freeze overnight 
and freeze-dry

weigh sample, 
run through soil 
mill with no.10 
mesh sieve

 t 10 fraction -10 fraction

sieve using 11/4",
l ".5/8", 5/16", 
no.5, record 
weights and store

use rotary splitter, 
collect 1100 g, 
another 8 g sample, 
rest for chemistry, 
if needed

clay/till

soak in Calgon, 
stir ultra- 
sonically for 
10 rain.

autosieve using nos.12, 
14, 16, 18,20, (O 
and 120 mesh sieves, 
weigh/record wts. 
collect -60 to +120 
fraction for heavy 
minerals, if needed

sieve using nos.12 
and 230 mesh, 
collect 15-20 g of 
of-230 mesh for 
trace and Chittick 
analyses, store 
rest as reject

Figure 45.1. Grain size analysis flow chart.
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no.16 mesh (1190 jxm), no.18 mesh (1000 |xm), no.20 
mesh (840 jxm), no. 60 mesh (250 jxm) and no. 120 
mesh (125 p,m). The weights of the empty stack of 
sieves are recorded and stored in the computer memory. 
The sample is then loaded on the stack and sieving is 
controlled from the keyboard using desired parameters 
for amplitude and sieving time. The stack with the 
samples is weighed to record the sample weight used. 
The weights on the individual sieves are recorded by 
removing sieves from the top of the stack, following 
the instructions on the screen. The data are then saved 
and various formats of data, plots and statistical analy 
ses can be obtained as required. The -60 to +120 mesh 
fraction is collected for heavy mineral analysis, if 
requested.

Analysis of the 0.1 to 704 urn 
Range
This fraction is analyzed using the Microtac FRA laser 
analyser and involves the steps described below.

SAMPLE PREPARATION

Based on the examination of the samples, 
megascopically or microscopically, the sand/silt and 
clay samples are handled differently. If classed as sand/ 
silt, an 8 g sample is sieved through a no. 25 mesh (710 
|im) sieve and l or 2 representative samples of 3 to 
4 g are prepared. It was found that the coarser the grain 
size, the greater is the quantity of sample required to 
attain the desired loading index (a fixed sample to 
liquid ratio).

If clay is predominant, the 8 g sample is sieved 
through a no. 25 mesh sieve and l or 2 samples are 
collected; it was observed that a weight of 0.85 to 
0.87 g is ideal for attaining the desired loading index. 
This sample is then soaked in sodium 
hexametaphosphate for an hour and stirred ultrasoni- 
cally for about 10 minutes. Another important 
observation at this stage is that better reproducibility is 
obtained when the whole prepared sample is poured 
into the recirculator instead of using only a part of it.

MICROTRAC ANALYSIS

The prepared sample is poured into the large volume 
recirculator (LVR); this circulator is preferred for the 
larger amount of natural material, like sand or silt, that 
can be used in order to obtain a larger representative 
sample. After attaining the desired loading index, the 
sample is then exposed to the laser beam for 30 sec 
onds; the resulting data are obtained in 50 size ranges. 
Plots are produced within a minute.
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MERGING OF DATA

The grain-size data for the range 704 to 2000 jjim 
obtained from the autosieving are entered manually 
prior to running the Microtrac analyzer. The weights 
recorded for each sieve in the Fritsch autosieve, along 
with the total prewashed sample weights, are entered in 
the weight entry screen of the Microtrac. The percent 
ages of the +704 nm fractions are calculated and these 
data are electronically merged with the data for the 0.1 
to 704 jjum range obtained from the Microtrac. The 
grain-size curve, probability plots and data table are 
produced for the whole range of grain sizes, from 0.1 
to 2000 jxm, within 2 to 3 minutes.

CONCLUSION

1. The newly acquired laser diffraction particle size 
analyzer at the Geoscience Laboratories, MNDM,

Sudbury, has replaced the hydrometry technique 
previously used, resulting in a two- to threefold 
increase in productivity.

2. The data can be transmitted electronically and 
manipulated in data base format.

3. In addition to a big improvement in the accuracy, 
quality and number of grain-size plots capable of 
being produced, work is under progress to produce 
sedimentary statistical data electronically on re 
quest.
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46. Project Unit 93-31. Electron Probe Analysis of 
Indicator Minerals from Kimberlites and Related Rocks

D. Crabtree
Geoscience Laboratories Section, Client Services Branch

INTRODUCTION
The use of indicator mineral chemistry has proven to be 
a useful tool in diamond exploration. In recent years, 
a great deal of geochemical information has been 
compiled from indicator minerals related to both fertile 
and barren kimberlites. Certain chemical trends have 
emerged that are now used on a routine basis to aid in 
locating diamond-bearing host rocks.

Minerals such as pyrope garnet, chromite, 
clinopyroxene and ilmenite, which are resistant to 
weathering, have been used to trace kimberlite pipes in 
diamond exploration. More specifically, the chemistry 
of individual mineral grains is used to evaluate the 
potential of the host rock. For example, high Cr and 
low Ca concentrations in pyrope are used to distinguish 
"GIO" garnets from other garnets of peridotitic origin. 
Similarly, high Cr and Mg concentrations in chromite 
are used to evaluate diamond potential. Trace amounts 
of Na (Na2O greater than 0.07 weight 9fc) and elevated 
levels of Ti have been used to rate diamond potential 
for host rocks of eclogitic origin (Gurney and Moore 
1991; Shultz 1993). Typically, this chemical informa 
tion is plotted on cartesian diagrams, and comparisons 
are then made to "preferred compositional fields" 
delineated from known diamond-bearing host rocks.

In Canadian exploration programs, a common pro 
cedure is to collect till samples from which a heavy 
mineral concentrate (containing the indicator miner 
als) is separated. This can be advantageous in that 
mineral grains from the source rock are dispersed due 
to the affects of glaciation. If located, these diffuse 
dispersion trains may be traced back to the host rock. 
Not only can the location of host rock be pinpointed in 
this way, but the associated diamond potential can also 
be predicted at an early stage of exploration.

As part of a new initiative at the Geoscience 
Laboratories, an electron microprobe was acquired to 
provide quantitative mineral chemistry to our client 
groups. The laboratory is now in the fortunate position 
of being able to respond to the current demand for 
kimberlite indicator mineral analysis.

ANALYTICAL PROCEDURE 
Instrumentation
A fully automated Cameca SX-50 electron microprobe 
with 3 wavelength dispersive spectrometers (crystals 
include thallium acid phthalate [TAP], LiF, penta- 
erythritol [PET] and 3 multilayer synthetics) is used in 
the analysis of indicator minerals. A Sun work station 
with a Unix software operating system is used to 
control the instrument and to carry out calibration and 
automated analytical procedures. A large number of 
mineral coordinates can be keyed into the software, 
making extended automated overnight runs possible. 
The correction procedure used in this routine is Pouchou 
and Pichoir (PAP) and differs from the atomic number, 
absorption and fluorescence corrections (ZAP) proce 
dure in that a modified (f)(p) polynomial is used in the 
iteration process (Goldstein et al. 1992). PAP is a good 
all round correction procedure and is considered to be 
better suited for the determination of lighter elements.

Calibration Routine
The accuracy of analytical results can be seriously 
affected by the choice of calibration standards. One of 
the most difficult tasks in setting up an electron 
microprobe facility is acquiring a collection of reliable 
standards. Unlike the geostandards distributed for 
whole-rock geochemistry purposes, mineral standards 
of known composition are much more difficult to come 
by. At present, we have a limited number of "reliable" 
standards that are used in this routine.

Three different calibration routines are used for 
garnet, clinopyroxene and the oxides. The choice of 
calibration routines is based on what seems to work 
best. It is important in electron probe studies to match 
the composition of a standard as closely as possible to 
the unknown in order to minimize the influence of the 
correction factor in the iteration process. Spectrometers 
are set to count until 0.3 96 precision is obtained on 
peaks, with a minimum of 4 determinations per ele 
ment. Backgrounds are measured for half peak times 
on both sides of the peak.
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Multiple calibration routines have some draw 
backs, especially when analyzing large numbers of 
mineral grains of variable composition in a single run. 
The most serious of which is the time involved in 
optically identifying each grain on the sample block 
and then keying into the software the various analytical 
routines together with the mineral coordinates. Over 
time, it is hoped that a single calibration routine can 
effectively satisfy our quality control (QC) constraints 
at the laboratory.

Operating Conditions
Establishing "optimum" operating conditions for any 
analytical program depends to a great extent on the 
intended use of the data. Prior to setting any variable 
such as peak and background counting times, the 
required level of analytical precision and lower limits 
of detection for any element of interest must be known.

Analytical precision is dependent on many things 
and may include, for example, the standard deviation 
of the total counts for a given peak, stability of the 
instrument (influenced by ambient conditions) and 
sample preparation. From the standpoint of the ana 
lyst, it is relatively easy to control the precision based 
on the total accumulated counts (sometimes referred to 
as the relative counting error) by controlling the total 
number of counts accumulated on any given peak. This 
is accomplished by setting appropriate counting times 
on peaks and is based on the relationship: 
precision^^ 100/N (where N equals the total number

of counts on the peak)

At trace concentrations the peak to background 
ratio diminishes, and the above relationship becomes

invalid since background counts are not considered in 
the equation. The equation must be modified (Berlin 
1978) to include the background and can be expressed 
as:
precision(96):rlOO x (Np + Nb) * (N - Nb) 

(N = the total number of counts on the peak, Nb = 
the total number of counts on the background)

This relationship becomes extremely important 
when interpreting minor and trace element data. As one 
might expect, the time required to collect data for major 
elements at the 196 precision level is significantly 
shorter than for elements present in trace quantities. In 
light of this, the intended use for the data must be 
understood prior to establishing a quantitative analyti 
cal program.

In any analytical program where the volume of 
work can be very large, economics must also be a factor 
in limiting the amount of time that can be spent in the 
determination of a given element. This is especially 
true in diamond exploration, due to the volume of 
mineral grains that must be analyzed. Based on this, 
the preliminary set of conditions outlined in Table 46.1 
is intended to provide a mineral analysis within an 
"optimum" time frame without sacrificing precision 
for the elements present at low concentrations. It is our 
intention to make this a flexible package, which can be 
modified based on the needs of our clients. Any future 
changes to the list of elements or the total time required 
to complete the analysis can be easily incorporated into 
the routine.

Table 46.1 lists the preliminary set of operating 
conditions for mineral analysis carried out at 15 kV 
using a 20 nA beam current (beam diameter of approxi-

Table 46.1. A preliminary list of parameters used in analytical procedure. Peak counting times are optimized to produce better than 5*1^ precision 
for elements reported as oxides at the l weight *!b concentration level. Counting times on backgrounds are the same as for peaks. Operating condi 
tions are 15 kV and 20 nA. Total time for analysis equals 2 minutes 30 seconds for silicates and 3 minutes 10 seconds for oxides.

Element

SiO2
ALO3
FeO
MgO
CaO
TiO2
Cr20,
MnO
Na2O

VO

Optional (oxides)
Ni
Zn

Counting

10
10
25
10
10
40
30
20
40
10
20

n.d.
n.d.

Precision (*!b)

4
4
5
4
3
2
5
5
2
4
5

n.d.
n.d.

Crystal

TAP
TAP
LiF
TAP
PET
PET
LiF
LiF
TAP
PET
LiF

LiF
LiF

x-ray

Ka
Ka
Ka
Ka
Ka
Ka
Ka
Ka
Ka
Ka
Ka

Ka
Ka

Detection limit
(wt-fc)

0.04
0.04
0.04
0.04
0.04
0.02
0.05
0.05
0.01
0.04
0.04

n.d.
n.d.

Routine thne(s)

all minerals
all minerals
all minerals
all minerals
all minerals
all minerals
all minerals
all minerals
all minerals
all minerals
oxides only

oxides only
oxides only

Abbreviations: n.d.—not determined, PET—penta-erythritol, TAP—thallium acid phthaiate.
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mately 5 to 10 pun). Counting times have been adjusted 
so that precision levels of at least 596 can be achieved 
for all elements (reported as oxides) present at concen 
trations of l weight "/o. Counting times for Na2O and 
TiO2 have been lengthened to improve the precision for 
these elements present at less than l weight 9fc. The 
reason for doing so is based on the interpretation of 
Na2O and TiO2 in kimberlite exploration (see Introduc 
tion). The choice of spectrometer crystals is based on 
both sensitivity and the ability to resolve interferences 
for any given element. For example, the PET crystal is 
more sensitive to Mn Ka and Cr Ka (therefore lower 
limits of detection can theoretically be achieved) x- 
rays than LiF. However, the ability of LiF to resolve 
interferences such as the Cr K|3 on Mn Ka make it more 
attractive for analyzing these elements. In addition, by 
analyzing these elements on LiF, the total number of 
elements analyzed on a given crystal can be more 
evenly distributed amongst the 3 spectrometers, thereby 
reducing the total time for the analysis. The detection 
limits listed in Table 46.1 have been calculated using 
the 3 sigma definition for background measurements 
made on pyrope. Detection limits calculated for pyrope, 
clinopyroxene, chromite and ilmenite were found to be 
very similar.

Data collected during the analytical routine are 
stored on the Sun as an ASCII file. From here, the data 
are downloaded into Microsoft Excel and may be 
presented to the client in hard copy or diskette format. 
QC standards are inserted at appropriate intervals and 
are used to assess the quality of the data with respect to 
both precision and accuracy.

Trace Element Determinations
Until recently, the geochemical information obtained 
from indicator minerals has been somewhat limited to 
the elements listed in Table 46. l. There is now increas 
ing interest in trace metals such as niobium, zirconium, 
nickel and zinc (Griffin and Ryan 1993). We are able

to carry out trace level determinations of Ni and Zn in 
the oxide minerals should the need arise, as these 
elements may be present at concentrations of over 2000 
ppm. Low concentrations of Zn and Ni (less than 200 
ppm) in garnet and Nb and Zr (less than 50 ppm) in 
chromite are considered important in kimberlite explo 
ration. These concentration levels are in realistic terms 
not well suited for electron microprobe determination 
and are probably best carried out using a proton probe.

SUMMARY
The analysis of kimberlite indicator minerals using the 
electron microprobe is now possible at the Geoscience 
Laboratories. A fully automated routine has been 
established to provide mineral analyses under opti 
mum operating conditions and with known analytical 
constraints. The program is intended to be as flexible 
as possible so as to best meet the needs of our clients 
and to accommodate any future changes or additional 
requirements.
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47. Loss on Ignition Analysis Using the Leco TGA-501 
Thermogravimetric Analyzer

J. Morrison
Geoscience Laboratories Section, Client Services Branch

INTRODUCTION
In many X-ray fluorescence (XRF) procedures for 
major element analysis, it is common practice to deter 
mine the proportion of volatiles in a sample by 
determining the weight-loss on ignition of the sample. 
Loss of sample by volatilization (loss of H2O, CO2, 
etc.) or gain of weight by oxidation changes the total 
weight of a fusion mixture (flux and rock sample 
mixture from which a glass bead is made for XRF 
analysis). This can lead to apparent elemental concen 
trations that are too high or too low, respectively 
(Claisse 1993, p.!3A-20). Correction for loss or gain 
on ignition is an integral part of producing high-quality 
major element data by XRF, and is a very important 
part of the new major element calibrations at the 
Geoscience Laboratories (Martin and Richardson 1992).

Traditionally, loss-on-ignition (LOI) was done 
manually at the Geoscience Laboratories. A sample 
was weighed into a porcelain crucible and the crucibles 
were placed in a muffle furnace while the temperature 
was ramped from 8000 to 10500C. The samples were 
roasted for 2 hours at 10500C, then cooled in a dessicator 
and reweighed to calculate the LOI.

For this type of analysis, the Leco TGA-501 has 
proven to be a sophisticated instrument and an excel 
lent time-saver. The instrument has almost fully 
automated an otherwise manual and labour-intensive 
technique, while at the same time maintaining a high 
level of accuracy and improving overall precision.

INSTRUMENTATION
The Leco TGA-501 (Leco Instruments Ltd., Toronto) 
consists of an electronics unit, for furnace control and 
data management, and 2 multiple-sample furnaces that 
can handle up to 19 samples each. Each furnace con 
tains its own balance, which eliminates the need for 
manual weighing or calculating. The furnaces can be 
operated on a stand-alone basis or simultaneously, and 
are individually programmable. Oxygen and nitrogen 
atmospheres are selectable options for the analytical 
environment.

Up to 6 programs, or "profiles", can be stored in the 
TGA memory. There are 2 basic types of profiles: the 
thermogravimetric profile can contain as many as 5 
weight-loss steps per profile. Temperature, tempera 
ture ramp-rate, and atmosphere are selectable for each 
step. The second type of profile is the proximate 
profile, which can be entered to perform single stage 
determinations of moisture, volatiles, or ash, or combi 
nations of these 3 stages. At the appropriate times 
during a proximate profile, an alarm will sound signal 
ling the operator to add or remove crucible lids. If 
volatile results tend to be curvilinear, a non-linear 
regression technique can be used to ensure accurate 
calibrations. Memory is available for up to 5000 analy 
ses. Full on-screen plotting of sample weight loss is an 
option.

OPERATION
Operation of the TGA-501 is controlled by simple key 
pad entries. The instrument has proven to be very user 
friendly. Most new operators, trained on the instru 
ment to date, have found that a single review of the 
operation procedure is sufficient training to allow for 
independent operation.

Crucibles are loaded into a twenty-position carou 
sel with l crucible remaining empty as a "reference" 
site and 19 positions available for sample analysis. The 
reference crucible is automatically weighed, along 
with all other samples, throughout the tare and analysis 
cycles. These results are used to compensate for bal 
ance drift.

Selection of an analysis profile starts the analysis. 
The operator is prompted to load the empty crucibles 
into the appropriate furnace. The profile controls the 
carousel movement, first locating crucibles present in 
the carousel then establishing a tare weight for each. 
After completion of the tare cycle, each crucible is 
presented to the operator for sample loading. The 
sample is automatically weighed and then incremented 
to the next sample position. All weighing is performed 
automatically inside the furnace and is unaffected by 
outside environmental conditions. Weights are stored
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in memory, and when all crucibles are loaded the 
analysis begins automatically.

CURRENT LOSS ON 
IGNITION PROCEDURE
Testwork, utilizing a variety of reference materials of 
broad analytical and compositional ranges, revealed 
that the best results were obtained when relatively large 
sample weights were analyzed. Four grams of sample 
was found to be optimum for our sample types and 
application. Four grams of a geological sample does 
not overload the crucible, and it also allows for a 
sufficient amount of roasted material to be fused for 
major element analysis (Martin and Richardson 1992). 
This large sample weight also ensures representative 
sampling of the unknown.

A two-step procedure is now used for LOI 
determinations. First, the furnace is ramped to 105 0C 
in a nitrogen atmosphere. Throughout the analysis, the 
samples are continually being rotated and weighed as 
they pass the balance pedestal. This first step is carried 
out until a constant weight is achieved for each sample. 
The furnace then ramps to 10000C in an oxygen atmos 
phere and once again the conditions are maintained 
until a constant weight is achieved for each sample. 
The internal balances, which constantly weigh the 
samples throughout the analysis phase, allow for the 
analysis to be carried out based on constant weight 
criteria. This ensures a more accurate result than analy 
sis for a set time. A report is produced indicating the 
percent weight loss at step l and step 2, with the LOI 
being the aggregate weight loss of both steps. Evalu 
ation of step l data as a reliable alternative to free 
moisture values, equivalent to those currently pro 
duced by the Leco RMC-100 water determinator, is 
planned.

ANALYTICAL APPLICATION OF 
LOSS ON IGNITION DATA
For accurate XRF analysis of major elements, LOI 
must be accounted for. During the fusion of a glass 
bead from rock powder and flux, the ratio of flux to 
rock powder will change due to loss of absorbed water 
and other volatiles. LOI data can be used to adjust the 
weight of flux to ensure that there is a constant dilution 
factor for the glass bead after fusion.

However, uncertainties arise in LOI measurements 
due to the atmospheric oxidation of iron II (FeO) to iron 
III (Fe2O3) during ignition at 10000C. Assuming com 
plete oxidation, an increase of 0.11196 relative in 
weight will occur for each 196 of FeO (Potts 1987, 
p.250-251). This problem appears to show up in some

compilations of certified reference values. For exam 
ple, in Abbey (1979) no certified LOI values are given 
for samples SY-3 and MRG-1, but individual lab 
results are listed. At first glance, this data appears 
useless because of the large spread in values. How 
ever, given that such a large spread in values is unrealistic 
for an LOI analysis, by correcting the higher values for 
FeO oxidation, the data set becomes much tighter. By 
manipulating the data set in this way, useful averages 
can be extrapolated for SY-3 and MRG-1. As there 
appears to be no set standard for reporting LOI data, 
i.e., corrected for oxidation or not, the data sets from 
which compiled values originate should be examined 
carefully. This is especially so for samples with a high 
FeO content.

To minimize errors, many analysts prefer to pre 
pare glass disks from samples that have been ignited, or 
roasted at 10000C, rather than those dried at 105 0C. 
The Geoscience Laboratories now uses roasted mate 
rial exclusively, in glass-bead fusions, for major element 
analyses of routine samples by XRF. Powder roasted 
in the TGA-501 is used to make the glass beads. The 
LOI data is used as a correction factor in the major 
element calibrations on the Rigaku Rix 3000 XRF 
Spectrometer. Thus, the TGA-501 provides 2 very 
important services in the production of major element 
data at the Geoscience Laboratories.

COMPILED DATA
Data generated during the method validation of the 
TGA-501 is presented in Table 47.1. Samples were 
chosen to represent a variety of rock types with broad 
analytical ranges characteristic of materials submitted 
to the Geoscience Laboratories. Given the relatively 
large amount of sample used for each analysis, certi 
fied reference materials were used cautiously. Each 
was analyzed, on average, 4 times. Further care was 
taken to minimize the consumption of certified refer 
ence materials by then using the roasted residue from 
these method validation samples to create the new XRF 
calibration standards needed for the Rigaku Rix 3000.

Table 47.2 presents quality-control data collected 
over the first 4 months of instrument operation. Al 
though, at present, this is a relatively small data base, 
it does serve to confirm the validity of data in Table 
47.1. In-house quality-control samples are analyzed 
with each run and will be compiled to ensure long-term 
precision and accuracy.

ANALYTICAL RESULTS
The average precision determined by the method vali 
dation exercise is ±0.03496 LOI (see Table 47.1) at the 
9596 confidence limit. This is a substantial improve-
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ment over the ±0.496 listed in the Analytical Capabili 
ties and Services handbook (Geoscience Laboratories 
1989). The average accuracy of validation samples is 
-3.6296 LOI which is well within the Geoscience 
Laboratories' analytical standards. Accuracy and pre 
cision data is presented graphically in Figures 47.1 and 
47.2, respectively.

The detection limit was calculated according to the 
IUPAC (International Union of Pure and Applied 
Chemistry) definition. Three times the standard devia 
tion of a blank (measured at least 10 times) was used to 
determine the detection limit. The limit of quantifica 

tion was taken as 10 times the standard deviation of the 
blank (Anonymous 1980). From the method valida 
tion data (see Table 47.1), the calculated detection limit 
was found to be G.024% and the limit of quantification 
was calculated at G.08%.

SUMMARY AND CONCLUSION
The TGA-501 has proven itself in providing highly 
precise and accurate LOI results, while at the same time 
drastically reducing the amount of time and effort 
required by the analyst to produce these results. Al 
though overall analysis time remains the same, the

Table 47.1. Accuracy and precision data generated during method validation using in-house reference materials (MRB samples) and standard refer 
ence materials. Certified values, unless otherwise indicated, from Govindaraju (1989) or Canmet certificates. Absolute standard deviation (ASD) and 
relative standard deviation (RSD) are at 2 6.

STAND. 
IDENT.

Blank
MRB-8 
MRB-30
MRB-7
MRB-31 
MRB-29
MRB-12
MRB-10
SY-3 
SY-2 
MRG-1
STSD-2
LKSD-2
LKSD-1

ROCK 
TYPE

—
Rhyolite 
Diabase
Basalt

Granophyre 
Basalt

Diabase
Peridotite
Syenite 
Syenite 
Gabbro

Sediment
Sediment
Sediment

CERT 
VAL

—
-

-
-

-
-
1.04* 
1.08 
1.28*

10.3
13.6
29.9

MEAS 
VAL

0.003
0.36 
1.24
1.39
1.73 
3.05
4.65

12.40
1.00 
1.04
1.23
9.97

13.22
28.55

RUNS

10
13 
12
5

12 
14
13
15
5 
4 
4
4
4
4

WT.

0
4 
4
4
4 
4
4
4
4 
4 
4
4
4
4

A.S.D. 
^LOI)

0.017
0.017 
0.016
0.011
0.022 
0.112
0.070
0.015
0.026 
0.025 
0.025
0.025
0.044
0.044

K R.S.D.

—
4.72 
1.29
0.79
1.27 
3.67
1.51
0.12
2.60 
2.40 
2.03
0.25
0.33
0.15

ACC.

—
—

-
—

-
—

-4.04 
-3.47 
-3.71
-3.20
-2.79
-4.52

AVERAGE 0.034 1.63 -3.62

Table 47.2. Accuracy and precision data collected over the first 4 months of instrument operation. This data base contains analyses carried out by 3 
different operators. Absolute standard deviation (ASD) and relative standard deviation (RSD) are at 26.

STAND.
IDENT.

MRB-15
MRB-29
MRG-1

ROCK
TYPE

Rhyolite
Basalt

Gabbro

CERT
VAL

—
-
1.28*

MEAS
VAL

1.70
3.05
1.24

#
RUNS

4
4
10

WT.

4
4
4

A.S.D.
(9fcLOI)

0.030
0.000
0.073

*fa R.S.D.
W
1.76
0.00
5.89

ACC.
(*)

AVERAGE 0.034 2.55

* Certified reference values for MRG-1 and SY-3 are not available in Govindaraju (1989); the values quoted have been averaged from values as reported 
in Abbey (1979). However, it should be noted that some of the data from which these values originate are believed to reflect loss-on-ignition values that 
were corrected for FeO oxidation weight gain, and were back-calculated by this analyst. It is fair to assume that an FeO correction was made, given that 
the spread in data for this type of determination was unrealistic and, when data for SY-2 are extrapolated in the same manner, the data yield a value of 
1.089fc. This is exactly the same value certified by Govindaraju (1989).

** The LOI values listed in this report have not been corrected for oxidation gain.
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Figure 47.1. Graphical representation of accuracy data.
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Figure 47.2. Error magnification curve for loss on ignition data.
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Table 47.3. Benefits of the LecoTGA-501 thermogravimetric analyzer. ACKNOWLEDGMENTS

User friendly — requires a minimum of operator training
Highly precise and accurate
Versatile — capable of handling a variety of sample types
High sample through-put capability
Capable of processing and plotting results
Automated — drastically reduces required analyst time
Capable of using constant weight criteria to determine analysis
completion
Internal balances are less susceptible to influence from environment

amount of attention that the analyst must give the 
procedure has easily been cut in half.

The instrument's versatility (with selectable at 
mospheres and programming options) lends itself easily 
to the possibility of handling new types of samples. 
Currently, the possibility of using the TGA to generate 
free moisture results is being investigated. Benefits of 
using the Leco TGA-501 to generate LOI results are 
summarized in Table 47.3. All data from test work and 
method validation is filed in the XRF data entry station 
in the Geoscience Laboratories.

Although loss-on-ignition analysis is a relatively 
simple technique, quality LOI results are an important 
part of the Geoscience Laboratories' ability of produc 
ing high-quality major element data by XRF.

Thanks are extended to A. Martin and J. Tait for their 
input, and to J. Richardson for her constructive com 
ments.
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48. Analytical Status On Start-up, Geoscience 
Laboratories, Sudbury: 1993

J.M. Richardson and Analytical Staff, Geoscience Laboratories
Geoscience Laboratories Section, Client Services Branch

INTRODUCTION
Following the relocation of the Ontario Geological 
Survey to Sudbury from Toronto in 1992, the 
Geoscience Laboratories began to come on-line to 
provide analytical services. In every case, the equip 
ment was installed by the original vendor, the staff was 
trained in the relevant software and new methods were 
developed. As a first approach, the analytical packages 
(groups of elements determined by a specific proce 
dure, outlined in OGS 1990) used in Toronto were 
re-established. These are referred to by alphanumeric 
abbreviations and the constituent elements are listed in 
OGS 1989 and Table 48.1 (e.g., T3 is Rb, Sr, Nb, Th, 
Y and Zr by X-ray fluorescence). The aim was to 
obtain analytical results at least equivalent to and 
preferably better than those offered in Toronto. Each 
element was then validated to ensure that the method 
would yield data that were up to the standards of the 
Geoscience Laboratories. Although this process is not 
complete for all tests, the majority of the packages are 
back on-line.

DATA QUALITY STANDARDS
Every laboratory has a set of general benchmark data 
quality objectives or analytical goals that each method 
and analyst must meet. At the Geoscience Laborato 
ries, the expectation is that, over a five-year period, 
precision and accuracy (Table 48.2) will not exceed 
±109fc at the 959fc confidence level (2a) for a given 
element when that element's concentration is more 
than 10 times the determination limit of the method in 
question (OGS 1989). The long time frame is required 
because data generated in any given year are typically 
integrated into larger projects that last up to five years. 
Precision is thus typically quoted in either parts per 
million or percent (i.e., absolute) at the 959fc confi 
dence limit (2o, or twice the standard deviation) for a 
value at 10 times the determination limit of the method 
(OGS 1989,1993).

To achieve the five-year benchmark figure, preci 
sion and accuracy of ±59fc is demanded on a per-batch 
or per-job basis. Typically a batch or job would consist 
of 20 to 70 samples submitted by one geologist. Such 
stringent requirements means that there is a 59fc "cush 

ion" over the long term goal. Variables such as changes 
in reagents, personnel, technique, instrumentation or 
lab-setting can therefore be absorbed and the data still 
be acceptable to the Ministry's long-term program 
objectives. Thus, each method validation exercise must 
certify that the method in question can indeed generate 
data of sufficiently high quality to meet the short-term 
standards of the Geoscience Laboratories. This ensures 
that long-term data quality objectives are not compro 
mised.

Precision is a measure of how closely one meas 
urement agrees with another measurement of the same 
substance, and is quantified by the standard deviation 
of the mean (see Table 48.2.). Final data quality objec 
tives for methods are expressed at the 2o or 95 9fc 
confidence level within the Geoscience Laboratories. 
Accuracy is an absolute measurement of how closely a 
determined value approaches a known value. Standard 
reference materials (SRM) with well-determined or 
"recommended" values (cf., classification of Abbey 
1983; Govindaraju 1989) are used. A related quantity is 
the "percent difference", which documents how closely 
a determined value approaches another value thought 
to be correct (e.g., an analytical value determined by 
fiat during a method validation exercise).

Method validation is the process used to ensure 
that a particular analytical methodology using a spe 
cific combination of techniques (sample decomposition 
procedure and instrumental procedure) will yield a 
particular analytical result which has been proven to be 
correct (Taylor 1989). Each method used in the Labo 
ratories was revalidated in Sudbury following the 
general guidelines outlined by Richardson (1992).

Finally, the Geoscience Laboratories has improved 
the quality of data reporting and data transfer to mini 
mize the chances of error. Operations were automated 
as much as possible and calculations are now done 
exclusively using computers and spreadsheets. Data 
transfer among instrumentation and staff is totally 
electronic, using either the Pathworks network or floppy 
disks. Together, these steps eliminate many of the 
errors caused by the repetition of boring tasks or the 
transposition of data. Data handling is much faster and 
error free.
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Table 48.1. Preliminary conservative compilations of the anlytical figures of merit for validated methods at the Geoscience Laboratories 0993). 
Precision and accuracy calculated as per Table 1.

TEST UNITS PRECISON ACCURACY
(2 sigma (*/- *)
*RSD)

TESTS: Miscellaneous single element tests
Fire Assay Au az/toti 12.7 -0.43
Fire Assay Ag oz/ton 10 -1.28
Hg ppb 3.37 4.07
Chittick 'fc mineral 3.00 na
C (non carb) ppm

TEST: M2 major elements with FeO, C,S, LOI, H20, H20
Si02 wt.% oxide 0.14 0.4
A12O3 wt.% oxide 0.16 1.06
Ti02 wt.% oxide 0.84 3.05
Fe203 wt.% oxide 0.17 0.85
FeO wt.% oxide 1.17 1.52
MgO wt.% oxide 0.72 10.69
MnO wt.% oxide 0.88 3.74
CaO wt.% oxide 0.16 1.74
Na2O wt.% oxide 0.4 1.4
K20 wt.% oxide 0.77 5.64
P205 wt.% oxide 2.05 8.12
LOI % 1.63 5.24
C % 2.7 2.7
S % 7.5 7.2
H20+ % 5.18 0.81
H20- % nd nd

ANALYTICAL
RANGE

0.07-5
10-100
10-600

30-80
0.03-50
0.03-4
0.06-50
0.02-20
0.06-40
0.06-1.0
0.05-30
0.01-10
0.02-10
0.05-1.5
0.1-40
0.3-100
0.03-4
0.2-18
nd

GEOLOGICAL
CONSTRAINTS *

tailings/ore/rocks
ore/concentrate/rocks
soils/rocks
tills

A/F/M
A/F/M
A/F/M
A/F/M
A/F/M/Fe
A/F/M
A/F/M
A/F/M
A/F/M
A/F/M
A/F/M
A/F/M/UM/S
A/F/M/UM/S/O
A/F/M/UM/S/O
A/F/M/UM/S/Fe

STATUS

routine
routine
routine
routine
routine

routine
routine
routine
routine
routine
routine
routine
routine
routine
routine
routine
routine
routine
routine
routine
routine

METHOD

Gravimetric
Gravimetric
Atomic Fluorescence
Volumetric

INSTRUMENT

Merlin

Coulometric UIC Model 5021

Fused Disk/XRF
Fused Disk/XRF
Fused Disk/XRF
Fused Disk/XRF
Potent. Titration
Fused Disk/XRF
Fused Disk/XRF
Fused Disk/XRF
Fused Disk/XRF
Fused Disk/XRF
Fused Disk/XRF
Thermograv. Analysis
Infrared Combustion
Infrared Combustion
Infrared Combustion
Infrared Combustion

Rix3000
Rix3000
Rix3000
Rix3000
Rix3000
Rix3000
Rix3000
Rix3000
Rix3000
Rix3000
Rix3000
TJA501
SC444
SC444
RMCIOO
RMCIOO

TEST: Tl trace elements at ppm to percent levels by flame atomic absoprtion
Ag ppm-% 2.7 8.1 0.4-100 F/M/S/C/0 routine Flame Atomic Absorption

TEST: T2 trace elements at ppm level by inductively coupled plasma optical emission spectrometry
Be ppm 4.8 0.8
Co ppm 7.9 -0.3
Cu ppm 7.2 2.3
Mo ppm nd nd
Ni ppm 5.4 -2.0
Se ppm 5.3 -5.5
Sr ppm 6.4 -3.1
V ppm 5.6 -4.2
Y ppm 8.3 -6.8
W ppm nd 2.6
Zn ppm 5.0 8.5

TEST: T3 trace elements at ppm level by X-Ray fluorescence.
Rb ppm 3.32 2.24
Sr ppm 1.58 -0.39
Nb ppm 4.64 -4.46
Th ppm 5.23 -5.72
Y ppm 1.83 -3.52
Zr ppm 0.88 -0.95

0.2-300
5-100
5-400
nd
2-250
1-55
1-400
5-530
2-200
nd
2-500

5-1000
5-1000
3-500
40-500
5-300
5-500

A/F/M/S
A/F/M/S
A/F/M/S
A/F/M/S
A/F/M/S
A/F/M/S
A/F/M/S
A/F/M/S
A/F/M/S
A/F/M/S
A/F/M/S

A/F/M/micas
A/F/M/micas
A/F/M/micas
A/F/M/micas
A/F/M/micas
A/F/M/micas

routine
routine
routine
routine
routine
routine
spec.req.
routine
spec.req.
routine
routine
routine

routine
routine
routine
routine
routine
routine

Acid Dig/ICP-OES
Acid Dig/ICP-OES
Acid Dig/ICP-OES
Acid Dig/ICP-OES
Acid Dig/ICP-OES
Acid Dig/ICP-OES
Acid Dig/ICP-OES
Acid Dig/ICP-OES
Acid Dig/ICP-OES
Acid Dig/ICP-OES
Acid Dig/ICP-OES
Acid Dig/ICP-OES

Pressed Pellet/XRF
Pressed Pellet/XRF
Pressed Pellet/XRF
Pressed Pellet/XRF
Pressed Pellet/XRF
Pressed Pellet/XRF

ICAP61E
1CAP61E
ICAP61E
ICAP61E
ICAP61E
ICAP61E
ICAP61E
ICAP61E
ICAP61E
ICAP61E
ICAP61E
ICAP61E

PW1400
PW1400
PW1400
PW1400
PW1400
PW1400

TEST: T4 rare earth elements plus Y and Zr by inductively coupled plasma mass spectrometry
Y ppm 4.16 7.54
La ppb-ppm
Ce ppb-ppm
PT ppb-ppm
Nd ppb-ppm REE REE
Sm ppb-ppm AVERAGE AVERAGE
Eu ppb-ppm 3.61 5.56
Tb ppb-ppm
Gd ppb-ppm LatoLu LatoLu
Dy ppb-ppm
Ho ppb-ppm
Er ppb-ppm
Tm ppb-ppm
Yb ppb-ppm
Lu ppb-ppm
Zr ppb-ppm 4.04 5.15

0.02-200

LatoNd

0.05-100

0.03-5

ThtoLu

0.03-40

0.09-800

A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only

spec. req.
routine
routine
routine
routine
routine
routine
routine
routine
routine
routine
routine
routine
routine
routine
spec. req.

Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS

Elan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000

TEST: T8: petrogenetic trace elements at ppb levels by acid dissolution and inductively coupled plasma mass spectrometry.
Rb Ppb-ppm 3.75 5.95
Sr ppb-ppm 3.23 4.95
Cs ppb-ppm 3.65 7.23
Hf ppb-ppm 3 5.28
Ta Ppb-ppm 2.7 6.47
Nb ppb-ppm 2.63 9.82
U ppb-ppm 4.3 3.00
Th ppb-ppm 4.2 4.0

0.1-500
2.0-500
0.2-200
0.1-50
0.1-50
0.1-50
0.05-150
0.05-150

A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M rocks only
A/F/M/UM/F
A/F/M/UM/F

routine
routine
routine
routine
routine
routine
spec. req.
spec.req.

Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS
Acid Dig/ICP-MS

Elan 5000
Elan 5000
Dan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000
Elan 5000

* Os ores, As alkaline rocks, P* felsic rocks, fa mafic rocks, UM ultramafic rocks, Ss sediments, Fes iron formation, C * concentrates
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Table 48.2. Equations.

Equation 1. Absolute Standard Deviation (ASD) s

, - X)
(n) (n-1)

a = population standard deviation (used with (i) 
"s" = sample standard deviation (used with X) 
X j = individual analytical measurement 
X s mean or average measurement (used with s) 
H * mean or average measurement (used with o) 
n ** number of measurements

Equation 2. Relative Standard Deviation (RSD) =

s- x 100 (in percent) RSD * -s- x 100 
X x

Equation 3. Accuracy s

( measured value - certified value ) x 10 (result in percent) 
certified value

Equation 4. Percent difference *
( measured value - compiled value ) x 100 (result in percent) 

* compiled value

RESULTS AND APPLICATIONS
The salient points of the current methods on-line at 
present are listed in Table 48.1 and are drawn from the 
validations of individual analysts. The raw data that 
support this table are present in individual analytical 
unit files in the Laboratories, elsewhere in this volume 
(Morrison, this volume) and in the Quality Control 
Supervisor's files.

For the first time ever, the accuracy of the tests has 
been recorded: overall, it is ±596, which is within the 
Laboratories' quality standards. In some instances, the 
analytical range is less than what was quoted in Ana 
lytical Capabilities and Services (OGS 1989). This 
results from the conservative approach employed here. 
In every case, if the calibration or data reduction could 
not be independently validated using an international 
reference material, the range was not extended. As 
Geoscience Laboratories acquires more reference ma 
terials, this will change.

Table 48.1 outlines the new analytical capabilities 
of the Geoscience Laboratories. In some instances, 
there has been a change in methodology (Hg is now 
determined by atomic fluorescence versus atomic ab 
sorption in Toronto), in others, up-to-date 
instrumentation was acquired (e.g., Elan 5000 for 
inductively coupled plasma mass spectroscopy [ICP- 
MS], SC444 for C and S), or completely manual 
procedures were automated, for example, loss on igni 
tion (LOI). As well, instruments were purchased that 
were configured specifically for the requirements of

the Geoscience Laboratories (e.g., Rigaku/USA Inc.'s 
RIX3000 for X-ray fluorescence [XRF] major element 
analyses) or with revised software with new data re 
duction parameters (alpha corrections for XRF trace 
element analyses). Finally, new glassware, reblending 
or better environmental conditions have improved data 
quality objectives (Chittick and fire assay methods).

In some instances, method revitalization and 
revalidation after the move from Toronto resulted in 
significant changes to the statistical parameters. For 
instance, the determination limit of Ag determined by 
flame atomic absorption spectroscopy (AAS) is now 
0.4 ppm. The resulting precision of 2.796 is excellent. 
This element has been validated for felsic and mafic 
rocks, ores, sedimentary rocks and concentrates. 
Remixing the Chittick standard improved precision 
from ±3096 to ±396. Also, careful investigation of the 
calibration of the RMC100 water determinator meant 
that imprecision in H2O* results above 296 (crystalline 
water) were attributed to water contained in talc, topaz, 
epidote, staurolite or phlogophite (Potts 1987).

Precision data for Au and Ag by fire assay is 
poorer than that of many other tests in the Laboratories 
due to the poor reproducibility of the methods them 
selves. Typically, there are other techniques that can be 
used to provide more precise determinations if re 
quired. The accuracy of both Au and Ag determinations 
is high. This indicates that the reference materials used 
were well blended, that the bottled sample was well 
blended by the analyst and that the subsample was free 
from the "nugget" effects that often occur with pre 
cious metal samples. Also, this shows that the sample 
size (0.5 assay ton, 14.853 g) is appropriate for many 
sample matrices (e.g., tailings, ores, concentrates, 
rocks). The restricted validation range indicated is a 
result of a lack of reference materials with high Au and 
Ag contents. This is being addressed.

The major element package has been much im 
proved: the RIX3000 was purchased as an XRF 
instrument configured for "light" or major elements 
and the quality of the data is apparent. For Al, Fe, Mg 
and Ca, the analytical range has at least doubled; that 
for Fe has quadrupled. The range for other elements has 
remained the same or improved slightly. The average 
precision for the package is ±0.6396. This includes 
such elements as Na and Mg that are typically difficult 
to analyze by XRF, and is far above the general data 
quality standards of the Laboratories. With only 3 
exceptions (Mg, P and K), the accuracy is superb as 
well. At present, this method has only been validated 
for alkalic, felsic and mafic rocks. The fine tuning that 
is currently in progress to address these concerns will 
only improve this excellent package.
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Prior to relocation, the determination of loss-on- 
ignition was a manual test; this procedure has been 
updated and is now completely automated. The upper 
end of the analytical range has increased fivefold, the 
lower remains the same. The precision is excellent 
(1.6396) and the accuracy is within the Laboratories' 
standards. Investigation has shown that the Fe2YFe3* 
ratio affects the values significantly, and that the "cer 
tified values" for some reference materials may be 
questionable (Morrison, this volume). This method has 
been validated for alkalic, felsic, mafic and ultramafic 
rocks, and unconsolidated sediments.

As was the case prior to relocation, C and S are 
determined using one instrument; however, the upper 
end of the analytical range has been increased three 
fold. The method has been validated for alkalic, felsic, 
mafic and ultramafic rocks, ores and sedimentary ma 
terials. The precision and accuracy are within standards, 
but a continuing variation in the carbon content of the 
sample crucibles has seriously impacted on the deter 
mination limit of the method (J. Tait, Geoscience 
Laboratories, personal communication, 1993). This 
problem is being investigated further with Leco Instru 
ments Limited.

The precision and accuracy of Hg analyses using 
the new method is well within the quality standards of 
Geoscience Laboratories. However, the analytical range 
has only been extended to 600 ppb, not l ppm as was 
previously available, due to the lack of available in- 
house standards available for use during validation. 
The FeO validation reported by Tait and Richardson 
(1992) was repeated with essentially identical results 
for alkalic and mafic rocks and iron formations.

In general, the T3 package is well constrained 
analytically, with a precision and accuracy of 696 or 
less for every element. Although the instrument was 
relocated to Sudbury, the programming was com 
pletely revised using a new data reduction package. For 
4 of the 6 elements in the package (Rb, Sr, Y and Zr), 
precision and accuracy are 396 or less for a wide range 
of rock (alkalic, felsic, mafic and ultramafic) and 
unconsolidated sediment types. Such excellent results 
are possible since both interelement and alpha correc 
tions are used. The determination limits are limited by 
the XRF technology available, except for Th, which is 
limited at present by the standards present in the 
Geoscience Laboratories. The upper end of the analyti 
cal range is less than what was previously quoted prior 
to the relocation, but these new data were derived from 
well-constrained calibration lines. The lines do not 
pivot around an extremely high value (i.e., 1.196 Zr for 
standard NIM-L). The analytical ranges quoted cover 
alkalic, felsic and mafic rocks and micas. Ores, and

ultramafic and sedimentary rocks will be included with 
the acquisition of new reference materials.

The T4 rare earth element (REE) package is on 
line with data quality objectives that are similar to 
those previously obtained in Toronto. This method has 
only been validated for alkalic, felsic and mafic rocks 
at present, not for ultramafic rocks or ores. The deter 
mination limits are somewhat lower for the light REE 
(100 versus 200 ppb average) but higher for the heavy 
REE (40 versus 20 ppb). The average precision for the 
determination of REE is 3.6196, which is equivalent to 
that reported by Beneteau (1992). The corresponding 
accuracy is about 5.596. The determination limit is 
constrained by the spectral response when analyzing 
rocks using ICP-MS (S. Beneteau, Geoscience Labo 
ratories, personal communication, 1993). Thus, the 
determination limits for REE in other media (i.e., 
water) would be much better.

The T5 package has been revised, renamed T8 and 
validated for alkalic, felsic and mafic rocks, but again 
not for ultramafic rocks or other media. Precision for 
the elements in this package is less than 496, approxi 
mately equal to that of T4. However, it is apparent from 
the data in Table 48.1 that the precision with which the 
T8 and the T4 elements can be measured exceeds the 
certainty with which the "certified" values of the refer 
ence materials used are known. The relatively poor 
accuracy values for these tests are more likely a result 
of the "certified" value being erroneously skewed due 
to analytical difficulties experienced by laboratories 
when analyzing these elements during certification 
studies. This is particularly apparent in the T8 package 
(Cs, Hf, Ta and Nb). At present, this is being investi 
gated for a series of better-determined reference 
materials in which these elements are determined by 
isotope dilution (the only true benchmark method), 
XRF (a solid sampling technique) and ICP-MS (domi- 
nantly a liquid sampling technique).

REASONS FOR APPARENT 
DUPLICATIONS
It is obvious from Table 48.1 that some elements are 
determined by several analytical techniques (e.g., T3, 
T4 and T8). This allows the Geoscience Laboratories 
to provide the best possible data for different concen 
tration ranges, different sample types or various amounts 
of sample. It also provides a cross comparison which is 
very useful to confirm unusual analytical results. The 
best sample preparation techniques involve the use of 
a large amount of a solid sample (i.e., 5 g, pressed 
pellet) such as that used for XRF analyses (T3 pack 
age). However, the trade-off is that determination 
limits are in the low part per million range. In contrast,
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the ICP techniques use a smaller sample size and the 
sample must be dissolved before analysis, but lower 
determination limits are possible. Thus, when sample 
concentrations are thought to exceed 5 ppm, the 
Geoscience Laboratories routinely report Rb, Sr, Nb, 
Ta, Y and Zr by XRF analyses. However, when con 
centrations are expected to be low, or the sample is a 
liquid, or only a very small amount is present, then the 
T8, T2 and T4 packages are preferable.

Some elements (Zr, Hf, Nb, Ta and the heavy REE) 
are hosted in mineral phases that are resistant to acid 
attack. Geoscience Laboratories has quality control 
measures in place to identify those samples, but XRF 
analyses are required (Richardson et al. 1990). For 
these reasons, Zr and Y may not be regularly reported 
in the T2 or T4 packages. If necessary, they can be 
reported as a special request.

FUTURE WORK
The course of future work in the Geoscience Laborato 
ries is clear. Methods that are not listed in Table 48.1 
will be validated and brought on-line. Secondly, the in- 
house reference materials will be rerun to update and 
revise the compilation of Lightfoot et al. (1991). Thirdly, 
the new methods will be documented in a revised 
version of the Laboratories Procedure Manual. Fourthly, 
the acquisition of new reference materials will allow a 
redefinition of analytical ranges for some elements. 
Fifthly, some methods will be broadened to encompass 
new sample types (e.g., T4 to include ultramafic rocks). 
Lastly, after operation for approximately a year, the 
methods will be retested to ensure that minor modifica 
tions during the lab break-in period has only improved, 
and not degraded the performance of the methods.

SUMMARY
Overall, the method validation exercises undertaken 
by the Geoscience Laboratories has had many advan 
tages. First, it has provided a standardized means to 
determine the data quality objectives, especially preci 
sion and accuracy, that are vital cornerstones of a 
client's confidence in and satisfaction with a labora 
tory. Secondly, it convinces laboratory staff that an 
appropriate level of expertise has been achieved, main 
tained and that the method is functioning in an 
appropriate manner. Finally it provides a clear per 
spective on the use of specific instrumentation or 
certain sample types which can then be used to com 
pare the previous or other methods in terms of cost- or 
time-effectiveness.

The new and relocated equipment has proven to 
produce similar or better quality determinations (i.e., 
similar or higher data quality objectives) in the Sud 

bury facility while generating a wide variety of ele 
ments in exceedingly varied and often complex sample 
matrices. The new instrumentation in the Laboratories 
has proven to be broadly compatible with old proce 
dures (OGS1990), but minor modifications have been 
required.
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49. The Geoscience Laboratories Program for 
the Production of Reference Materials

J.M. Richardson
Geoscience Laboratories Section, Client Services Branch.

INTRODUCTION
A geoanalytical "reference material" or "reference 
sample" is a finely ground material that is rendered as 
homogenous as possible and has an accurately known 
composition (Abbey 1992). The "best" reference 
materials are those that are proven to be homogenous 
and are certified for a large number (often exceeding 
60) of elements (e.g., AC-E, Govindaraju 1987)

Reference materials serve 2 primary functions. 
Geoanalytical standard reference materials (SRM) are 
used to verify new analytical methods, to resolve 
differences among analysts or methods, to monitor 
quality control programs and to enable matrix-matched 
calibrations. During method development and valida 
tion, SRM have the advantage that they closely match 
the chemical, physical and mechanical properties of 
the samples to be analyzed (Abbey 1992). Thus, they 
are an inherent part of quality control within a labora 
tory, and their use ensure that procedures are precise 
and accurate. This type of market is small, but well 
established. This application makes stringent use of a 
valuable commodity. For instance, use of 0.25 g might 
typically provide 6000 determinations consisting of 20 
elements each.

More recently, reference materials have been mar 
keted and used as contract monitoring materials (CMM). 
These are used to ensure the client that the analytical 
lab is performing according to the terms of the agree 
ment and is thus providing precise and accurate 
determinations. This use is less thrifty. Typically 
10 g would generate only 60 single-element 
determinations on l sample. The fact that the reference 
materials with large numbers of well-determined ele 
ments are available in highly restricted amounts (30 to 
100 g per bottle, S100 per bottle) suggests that the 
supply of these materials is not meeting the demand.

The geoanalytical community needs a variety of 
materials that span a compositional range for each 
element. Also, since there is only a finite amount (200 
to 1000 kg) of most materials made, older materials 
must be replaced as they become depleted. Further 
more, as the analytical instrumentation industry pushes 
determination limits for multielement analyzers lower,

the need for reference materials well characterized for 
many elements at part-per-billion levels will increase. 
Overall, the most important parameters for a good 
reference material include homogeneity, wide and 
appropriate elemental coverage in the range of interest 
(i.e., ppm versus ppb range) and the credibility of the 
issuing organization.

The Geoscience Laboratories has been producing 
in-house reference materials (MRS series, Mineral 
Resources Branch) since 1970. At present, over 30 are 
available to the staff (see most recent compilation in 
Lightfoot et al. 1991). Outside firms and agencies now 
request the MRB series materials to monitor contracts. 
The samples are invaluable in method development 
and validation, contract monitoring and quality 
control. This experience provides an excellent spring 
board forward to producing international reference 
materials.

SRM CURRENTLY AVAILABLE 
INTERNATIONALLY
Historically, the SRM normally used and easily avail 
able for geoanalysis were created from igneous rocks 
and ores (Fairburn 1951; Flanagan 1967). Metamor 
phic, carbonate and clastic sedimentary rocks are now 
reasonably well represented, and there are limited 
numbers of SRM of unconsolidated materials (tills, 
soil, lake or stream sediments) available (Govindaraju 
1989). However, although it was realized almost 15 
years ago (Flegal 1980) that sequential or partial ex 
tractions (e.g., Tessier et al. 1979) are important for 
environmental studies, there appear to be only 5 SRM 
characterized using such procedures (LKSD1-4, Lynch 
1990 and MAG-1, Tessier et al. 1980). Finally, there 
is a need for isotopic, electron microprobe and laser 
ablation standards that are not being well serviced 
(Kane 1993).

Materials from Canada, the Republic of South 
Africa, Czechoslovakia, the National Bureau of Stand 
ards (USA) and China can be readily purchased for 
approximately SlOO to S400 every 50 to 200 g with no 
restrictions with respect to the amount acquired. Oth 
ers are available gratis from the United States Geological 
Survey (USGS) or the International Working Group on
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Reference Materials (IWG) for a limited amount of 
time. For instance, 10 to 30 g every 12 to 36 months. 
Japan has a large suite of reference materials which are 
available only on a project-participation basis.

Granites and basalts are among the most desired 
reference materials. In total, there have been 15 basal 
tic reference materials generated. The USGS has 
depleted 2 of their own suite of 4 of each of these rock 
types. One basalt, BCR-1 (Columbia River Basalt, 
created in 1967) is one of the most prized reference 
materials in existence. It is used extensively for iso 
topic studies to ensure precision and accuracy, which 
ensure compatibility between studies and laboratories 
and is now depleted (Gladney et al. 1990). In total, 
there have been 15 basaltic reference materials gener 
ated. Of those, only 3 can be purchased, 4 are available 
on a limited basis (from USGS, IWG-France and 
Japan), 4 are now depleted (BCR-1, BHVO-1, JB-1, 
JBl-a) and l nearly so (BEN). The other 3 are 
produced in Russia, so the availability is uncertain.

PRACTICAL CONSIDERATIONS 
IMPORTANT TO THE 
PRODUCTION OF 
REFERENCE MATERIALS 
Homogeneity
A reference material must be homogenous, otherwise, 
it is useless. Unlike geologic samples, it is not impera 
tive that the sample represent the outcrop from which 
it came, but the material must be similar from bottle to 
bottle. However, in many instances, the uniformity 
generated by geologic processes can contribute to the 
homogeneity of a good reference material. Thus, fine- 
grained rocks are preferred as targets for standard 
preparation, but medium- to coarse-grained rocks are 
also used. Porphyritic or porphyroblastic rocks and 
outcrops with veining are not optimal targets. Sample 
preparation procedures, if well thought out, will over 
come variation introduced by nature or, if not well 
controlled and planned, can create unacceptable vari 
ation. This information is so important that it is 
outlined in the documentation accompanying new ref 
erence materials (Ring 1993).

Physical Attributes of 
the Collecting Site
Suitable collecting sites have several common physi 
cal attributes. First, the outcrop must be large enough 
to allow a minimum of a l ton sample to be collected. 
Realistically, this means that outcrops less than about 
10 m2 are not suitable. Geologic features that detract 
from compositional homogeneity should be avoided.

These includes veining, fracturing, compositional lay 
ering, pillows or flow-top breccias. Strongly weathered 
outcrops should be avoided to decrease the costs re 
lated to rind removal.

Access and Permitting 
of Collection Site
Given the large amount of material to be removed, it is 
optimal if the selected site is on or very close to either 
a road or lakeshore. To minimize the permitting, 
permissions needed and publicity considerations, it is 
optimal if the selected site is on Crown Land. If the site 
is staked under the Ontario Mining Act, permission 
should be obtained from the claim holder. The pro 
tected status of "classic sites" (i.e, Pyke's Hill, l of 2 
international type-localities for komatiites) must be 
respected.

Requirements with the Laboratory
The samples should not pose hazards or difficulty 
during either preparation or analysis. During sample 
preparation, the sample should not damage equipment 
or threaten safety. Thus, the preparation of SRM of 
ultramafic, copper-, sulphur- or arsenic-rich composi 
tions should be undertaken with care, as such samples 
are not easily fusible. Damage to the platinum dishes 
that the fusions are done in is expensive and should be 
avoided (Richardson and Vijan 1991).

The standard reference materials selected should 
be able to be analyzed using validated methods within 
the laboratories. The need for new method develop 
ment and recalibration and revalidation should be 
avoided if possible. Limiting the reference program to 
samples that the staff are familiar with is critical in the 
beginning of the program. In the future, it may be 
possible to branch out beyond these limitations.

Steps in Certification of Results
After the sample is bottled, the within-bottle and be- 
tween-bottle heterogeneity must be tested within our 
own facilities. The primary purpose for this is to ensure 
that all the bottles have a similar composition. If not, 
it must be reblended or abandoned. This process also 
provides both a tentative composition for the reference 
material and ensures that, when samples are sent out for 
round-robin certification, the time and money spent on 
gathering these results is worthwhile. There will be 
variation in the analytical results generated by the 
different laboratories, and it is important that these 
differences be attributable to the methods used, not the 
homogeneity of the sample. As results are returned 
from the participating laboratories, the process of de-
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termining the certified values begins. A minium of 20 
to 40 laboratories should be used, and several analyti 
cal methods would be employed. The statistical handling 
of the data must also be outlined.

Known Geologic Context
It is strongly preferable that a given reference material 
has a known geologic context, but not required. In 
many instances, the rock units most suited by chemis 
try to be reference materials are insignificant from a 
geologic point of view. However, if the aim of the 
program is to provide a representative composition for 
a specific purpose, obviously, the geologic content of 
the sample is critical and must be well determined 
before the sample of reference material is collected. 
For contract monitoring purposes, a suite of samples 
collected from a classic mining area could be a strong 
marketing factor.

JUSTIFICATION FOR DEVELOPING 
A SUITE OF REFERENCE 
MATERIALS BASED ON 
ARCHEAN VOLCANIC ROCKS 
OF ONTARIO 
Geologic and Geochemical Setting
Ontario is composed of greenstone belts which are 
composed dominantly of mafic and, in some cases, 
ultramafic rocks. These rocks and their accompanying 
gold, copper and zinc deposits have been extensively 
studied from the petrologic, tectonic and economic 
points of view for over 50 years by staff of the Ontario 
Geological Survey (OGS) and others (Thurston et al. 
1991, 1992). Archean volcanic rocks were typically 
extruded into a subaqueous environment which cooled 
quickly: some quenched. This facilitates a high degree 
of homogeneity. Later, alteration has occurred but with 
assistance from the OGS in site selection, such materi 
als can be avoided, unless specifically wanted.

Given the detailed information base available for 
the province, it is possible to focus the reference 
material program in a limited geologic region, cluster 
ing sampling sites in or near mining camps. For example, 
some of the world's largest and most prolific deposits 
are hosted in these mafic or ultramafic rocks of the 
Timmins-Kirkland Lake camp in northeast Ontario. 
It hosts the numerous gold and copper-zinc mines, 
smaller nickel deposits and, of course, l of the 2 
international type-localities of komatiite. Thus, a suite 
of reference materials from this area would appeal to 
both the contract-monitoring and the geoanalytical 
communities.

LEAST-ALTERED ROCKS

The geochemical composition of the unaltered Archean 
volcanic rocks from throughout Ontario is very well 
known due to the detailed work of the OGS. It is an 
obvious starting point for a suite of reference materials 
since there is a well-documented over-all geologic and 
geochemical setting, a wide variety of compositions, a 
clear association with mineral deposits and an excel 
lent background for environmental baseline samples.

In 1976, Jensen devised a major element classifi 
cation criteria which divided Archean volcanic rocks 
into 3 major clans (komatiitic, tholeiitic and calc- 
alkalic) using aluminum, magnesium and titanium -\- 
iron. This has become a standard method of character 
izing Archean volcanic rocks. Following from this, 
Grunski et al. (1992) used Irvine and Baragar's (1971) 
and Jensen's classification schemes and statistical pro 
filing to resolve the unaltered signature of each of these 
magmatic clans and subgroups within each clan (Table 
49.1). A wide selection of clans are present in the 
Timmins-Kirkland Lake area (Table 49.2).

ALTERED AND 
ORE-ASSOCIATED ROCKS

Within many greenstone belts and certainly within the 
Timmins-Kirkland Lake area, there are various styles 
of well-documented ore deposits. Associated with

Table 49.1. Classification of Archean volcanic rocks of Ontario 
(front Jensen 1976 and Grunski 1992).

Class
Komatiitic

Tholeiitic

Calc-Alkalic

Subgroup
Ultramafic
Basaltic
Magnesium-rich
Iron-rich
Basaltic
Andesitic
Dacitic
Rhyolitic
Basaltic
Andesitic
Dacitic
Rhyolitic

Table 49.2. Timmins-Kirkland Lake area suite

Basaltic komatiite
Ultramafic komatiite
Tholeiitic or Fe basalt
Tholeiitic dacite or rhyolite
Low grade gold (20-50 ppb)
Ore deposit related (e.g., chloritized or sericitized volcanic, intrusive,

shear zone associated with major deposit in the camp) 
Calc alkalic rhyolite 
Calc alkalic basalt 
Calc alkalic andesite
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each are usually several different styles of alteration 
with distinct chemical signatures (i.e., chloritization, 
sericitization, carbonatization). When such alteration 
modifies the elemental signature to such an extent that 
the silicate matrix of the rock is totally replaced or the 
trace element signature is outside the normal calibra 
tion range for a particular element, then these materials 
could be useful standards.

PRIORITIES FOR COLLECTION
Based on the information above and the fact that the 
Geoscience Laboratories geostandards program is long 
term and is expected to produce 5 reference materials 
per year, the priorities should first be to select and 
prepare l or 2 members of each volcanic clan each year, 
focussing on locations within the Timmins-Kirkland 
Lake area, to determine a suite of potential reference 
material targets (Table 49.3). These will be integrated 
with the other reference materials identified, with 
Ministry program constraints and with site availability.

Table 49.3. Potential reference material targets.

1 Fresh volcanic rocks and altered or mineralized equivalents
1 Tills and related unconsolidated materials (typical composition ranges

characteristic of areas of copper-nickel, coppper-zinc and "granitic"
mineralization) 

' Rocks of unusual compositions which are needed by the analytical
community lead-tin-thorium-niobium rock (e.g., granitic or
carbonatite)

1 Low grade gold in silicate rock (less than 100 ppb Au) 
' Electron probe/laser ablation materials
Isotopic standards
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50. SUMMARY OF ACTIVITIES 1993, 
NODA MINERALS PROGRAM

L. Owsiacki
Ontario Minerals Co-ordinator (NODA), Mineral Sector Analysis Branch

INTRODUCTION
The Canada-Ontario Northern Ontario Development 
Agreement (NODA) was signed on November 4,1991 
and represents a 4 year, S95 million federal-provincial 
commitment to the Minerals, Forestry and Tourism 
sectors in Northern Ontario. The objectives of the 
Agreement are to encourage economic development in 
Northern Ontario; to foster steady, long term and 
competitive performance; facilitate co-operation be 
tween Ontario and Canada; and to enhance the public 
understanding of the challenges of sustainable devel 
opment of the resource base and the significant efforts 
made by Canada, Ontario and the private sector to 
wards addressing them.

The Minerals Programme comprises S30 million 
of this total and is shared equally between the Depart 
ment of Natural Resources, Canada and the Ontario 
Ministry of Northern Development and Mines. Projects 
have been developed under 6 program areas including 
Mining and Minerals Technology, Geoscience, Infor 
mation Transfer and Technology, Exploration 
Technology, Industrial Minerals and Economic Devel 
opment, and Administration, Communications and 
Evaluation.

This represents the third year of the 4 year agree 
ment, although 2 additional years are available to 
complete projects. Due to the late signing of the agree 
ment, it was possible to initiate only some of the 
projects in the 1991-1992 fiscal year and only S0.75 
million could be spent. Several of these projects were 
described in the inaugural 1991-1992 NODA Sum 
mary Report and included the initiation of Precambrian 
Mapping of the Northern Swayze Belt, Geology of the 
West Central Shebandowan Belt, Thunder Bay- 
Atikokan Mineral Exploration Database (completed), 
Manitouwadge Mineral Deposits Inventory, Digital 
Maps Inventory and Prioritization (completed), Indus 
trial Mineral Assessment (Northwestern Ontario), 
Industrial Mineral Assessment (Nipissing-Parry Sound 
Area), Industrial Mineral Assessment (Northeastern

Ontario) (completed), Communications and Public 
Education, and Administration.

In 1992-1993, the program began to gather mo 
mentum as 30 projects were approved and a total of S2 
million was spent delivering these projects in 5 of the 
program areas. However, initiation was delayed for 
most proj ects in the Information Transfer and Technol 
ogy Program as the Ministry and the Mines and Minerals 
Division, in particular, struggled to develop a strategic 
plan for their future information technology needs. 
With approximately 325 million budgeted for informa 
tion technology projects through several different 
programs (S5.5 million under the NODA) over the next 
4 years, it was deemed of paramount importance to 
establish a co-ordinated plan for the future. As a result, 
the Integrated Resource Management (IRM) project 
was contracted by the Ministry in 1992 to provide this 
information. The results of this report have only re 
cently been received and most projects developed 
under the Information Transfer and Technology Pro 
gram are now getting under way.

PRESENT ACTIVITIES
The 1993-1994 fiscal year was the first full year of 
project implementation and it is expected that S3.5 
million will be spent delivering 31 provincial projects 
across Northern Ontario. Fifty-five individuals were 
hired to deliver these projects and included 27 univer 
sity summer field assistants. The focus during the 
initial 3 years of the NODA has been on the more field- 
oriented areas of the Geoscience, Industrial Minerals 
and Economic Development and Administration, Com 
munications and Evaluation Programs. The next 3 
years will see a gradual decline in these areas and 
increase in the technology-oriented programs of Min 
ing and Minerals Technology, Exploration Technology, 
and Information Transfer and Technology.

Under this mineral development agreement, in 
dustry has been involved to a far greater extent than 
under any previous programs in identifying projects

This project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.
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and priorities. Each program area has involved indus 
try to varying degrees. In the Mining and Minerals 
Technology Program, 3 industry appointed Technical 
Advisory Committees were assembled to make evalu 
ations and recommendations on industry project 
proposals submitted for partnership funding and deliv 
ery. Under the Exploration Technology Program, a 
similar industry-led Advisory Committee chaired by 
the Exploration Technology Division (ETD) of MITEC 
was assembled to make recommendations on joint 
industry-province applied research relating to Borehole 
Geophysics. Working Groups formed to monitor de 
livery of specific Information Transfer and Technology 
Program projects such as CLAIMS Client Services 
included Ontario Mineral Exploration Federation rep 
resentatives who participated in an active role. Under 
the Geoscience Program, the Ontario Mineral ̂ xplora- 
tion Federation was consulted on project priorities and 
changes. In the Communications and Public Education 
Program, the Ontario Mining Association was asked to 
participate in design of a new interactive computer 
program aimed at educating children and the general 
public to the importance of mining in their lives.

PROJECT STATUS CHANGES
Several changes have occurred since publication of the 
first list of approved projects in the NODANews Bulle 
tin in the Fall of 1992. In the Mining and Minerals 
Technology Program, 2 projects approved and pre 
pared for joint contracting with Falconbridge Limited 
were withdrawn by the company due to budget con 
straints. These included "Using Peat for the Recovery 
of Nickel From Dilute Waste Water" and "Evaluation 
of a Prototype Water Cannon for Underground Mining 
Applications". Additionally, the "Environmental Base 
line Manual-Study" project, which was to be delivered 
by the province, was delayed to the 1994-1995 fiscal 
year. Three new partnership projects were approved 
during the year between the province and industry and 
include "Slaking Characteristics and Neutralization 
Capacity of Lime Using Dymond Clay Products as a 
Test Case" (Ontario-Dymond Clay Products Limited), 
"Trace Element Transformations in Mine Tailings" 
(Ontario-Rio Algom Limited-Laurentian University) 
and "Roadbed Scarifier (Road Router)" (Ontario-INCO 
Limited).

In the Geoscience Program, the "Geochemical 
Map of Ontario-Pilot Project" was extended for an 
unscheduled second year following promising results 
in 1992-1993. The project, "Precambrian Mapping of 
the Northern Swayze Belt", delivered by J. Ayer last 
year was completed earlier than initially proposed. The 
work is being continued as a base program initiative 
and allocated NODA funds were used to begin a new

project, "Precambrian Mapping of Nova, Belford, 
Montcalm and Strachan Townships (NW Timmins 
Area)," in the area recommended by the Ontario Min 
eral Exploration Federation. The "Manitouwadge 
Mineral Deposit Inventory" project was extended for 
an additional 9 months as a result of favourable indus 
try reception and additional need.

The Information Transfer and Technology Pro 
gram encountered numerous delays in project 
implementation due to the IRM exercise. Projects 
delayed to 1994-1995 included "National Mineral 
Index (NMI) Record Digitization and Incorporation 
into Mineral Deposit Inventory (MDI) Database", 
"Digitization of OGS Geological Reports, Studies and 
Miscellaneous Papers", and "Temiskaming Mineral 
Resource/Land Use Planning Pilot Project." Projects 
delayed but started late this year are described in this 
report and include "Digital Coloured Map Database" 
and "Automated Claim Map System".

The Exploration Technology Program encoun 
tered similar start-up delays. The project "Real Time 
Imaging System-OGS AEM Survey Data" was not 
started until this year. Industry concerns resulted in a 
complete re-definition of the project. A mechanism to 
deliver a new project "Borehole/Physical Property 
Research and Technology Development" was estab 
lished during the year and the first 2 jointly funded 
industry/government research projects under this um 
brella were approved. Contracts have been written for 
"Non-Magnetic Borehole Orientation Probe for Use in 
Small Diameter Holes" and "Borehole Probe to Meas 
ure Conductivity and Magnetic Susceptibility" between 
Ontario and the Mining Industry Technology Council 
of Canada (MITEC). Additionally, the province com 
pleted delivery of a new, small associated project, 
"Feasibility Study for the Establishment of an Explo 
ration Technology Research Institute", described later 
in this publication.

Projects within the Industrial Minerals and Eco 
nomic Development Program continued with little 
change throughout the year. The 2 year project, "Evalu 
ation of Light and Heavy Rare Earth Content Within 
Elliot Lake Mine Tailings" was completed after only l 
year as initial results did not appear promising. A new 
project, "Dimension Stone Guidebooks and Workshop 
Productions" was started late last year and, following 
a review of an initial report, will be continued in 1994— 
1995.

A brief progress report and description of all projects 
approved for funding for the 1993-1994 fiscal year are 
described in greater detail in the following pages.
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51. Project Unit 92-09. Geology of Duckworth, Sackville 
and Aldina Townships, District of Thunder Bay

M.C. Rogers
Precambrian Geoscience Section, Ontario Geological Survey

INTRODUCTION
The 1993 geological mapping program of Duckworth, 
Sackville and Aldina townships at a scale of 1:15 840 
represents the second year of a two-year project in the 
Shebandowan greenstone belt of northwestern On 
tario. In 1992, B.R. Berger of the Ontario Geological 
Survey mapped Adrian and Marks townships, which 
adjoin Sackville and Aldina townships to the east 
(Berger 1992). These projects were funded by the 
Northern Ontario Development Agreement (NODA).

The map area of about 300 km2 lies 60 km west of 
the city of Thunder Bay (Figure 51.1). Duckworth 
Township is bounded by lat. 48030'00" and 48035'00" 
and long. 90001'30" and 90009'30". Sackville and 
Aldina townships are bounded by lat. 48019'00" and 
48030'00" and long. 89053'50" and 90001'30".

Duckworth Township can be accessed by the Gold 
Creek and Peewatai roads which extend south from the 
Shebandowan Mine road. Sackville Township can be

accessed by the Shabaqua and Sackville roads. The 
Boreal Forest road trends through the northern portion 
of Aldina Township. All of these roads tie into the 
Trans-Canada Highway (#11) to the north.

GENERAL GEOLOGY
The project area lies along the southern margin of the 
Shebandowan greenstone belt which forms a portion of 
the Superior Province. The general geology of the area 
is represented in Figures 51.2 and 51.3.

Neoarchean metavolcanic, metasedimentary and 
intrusive rocks comprise the supracrustal rocks and are 
interpreted to belong to the older, "Keewatin-type" 
Greenwater assemblage and the younger, "Timis- 
kaming-type" Shebandowan assemblage. All of the 
supracrustal rocks have been regionally metamorphosed 
to greenschist facies. Contact metamorphism proximal 
to the large granitoid intrusions has resulted in upper 
greenschist- to amphibolite-f acies mineral assemblages. 
As all of these rocks are metamorphosed, where the

Figure 51.1. Location map of the study area, scale 1:1 584 000.

This project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.
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prefix "meta" is omitted in the text it is nonetheless 
implied.

The granitoid intrusions in the region belong to the 
Northern Light-Perching Gull Lakes batholithic com 
plex. The Kekekuab Lake pluton, which consists of 
alkalic intermediate to felsic intrusive rocks, lies along 
the southern margin of Duckworth Township and 
comprises large portions of western Sackville and 
Aldina townships. Older granitoids consisting of foli 
ated tonalite and massive granodiorite to quartz 
monzonite, occupy the southern portion of Aldina 
Township.

GEOLOGY OF 
DUCKWORTH TOWNSHIP 
Greenwater Assemblage
The metavolcanic rocks consist of massive and pillowed 
mafic flows and intermediate tuff with subordinate 
intermediate to felsic lapilli tuff to tuff breccia, inter 
mediate flows, mafic tuff and rare felsic flows. From

pillowed flows, grading in tuff and local flow top 
breccia, a southward younging direction is inferred for 
these units.

Mafic flows and minor interlayered mafic tuff 
comprise thick sequences across the northern portion 
and along some of the western margin of the township. 
The flows consist of massive and pillowed varieties 
with equigranular and plagioclase porphyritic textures. 
Amygdaloidal and variolitic textures as well as flow 
breccias are locally apparent.

Equigranular and plagioclase-phyric, intermedi 
ate lithic tuff and local lapilli tuff with subordinate

: Sackville Tp.

Kekekuab Lake 
Pluton

Geological contact 
- — — - Fault

Foliation 

Bedding

Tops indicated by 
pillowed flows

Tops indicated by 
graded bedding Aldina Tp.- * * * * * * J;

LEGEND 
PROTEROZOIC

reg* Gunflint Fm. 
^^ sedimentary rocks

ARCHEAN
j- - -\ Alkalic granitoid rocks
RHO Gabbroic rocks

tV''Vi Granitoid rocks

l- ~ -l Shebandowan Assemblage
H-H Gabbroic rocks
r-~-~] Metasedimentary rocks
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Figure 512. General geology of Duckworth Township.

Refer to Figure 2 for legend. 

Figure 51.3. General geology of Sackville and Aldina townships.
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massive flows occupy the central portion and part of 
the northeastern portion of the township.

Narrow felsic pyroclastic horizons occur 
interlayered with the intermediate units in the central 
portion of the township, with the volume of felsic units 
increasing from west to east. Felsic tuff, lapilli tuff, tuff 
breccia and related heterolithic debris flows predomi 
nate in the southeast corner of the township. Associated 
rocks include subvolcanic quartz and quartz-feldspar 
porphyry dikes and sills, and massive and laminated 
flows. Based upon the rock associations the author has 
interpreted this area to represent a proximal to vent 
volcanic facies.

Argillite and fine-grained lithic wacke generally 
occur as narrow interflow horizons in the mafic 
metavolcanic sequences. Polymictic volcanic-gabbro 
clast conglomerate was found in one location in the 
north-central part of the area. In one outcrop it appears 
to occur as a channel-fill deposit in mafic flows. 
Magnetite-chert iron formation, which is commonly 
jasper-bearing, occurs as rare interflow units within the 
northern mafic flow sequence. Narrow chert horizons 
are found in association with the intermediate to felsic 
metavolcanic sequence.

Irregular-shaped plutons of equigranular, fine- to 
medium-grained (l to 4 mm) gabbro occur in associa 
tion with the mafic metavolcanic sequences in the area. 
The melanocratic to leucocratic gabbro bodies locally 
display intrusive relationships with the mafic 
metavolcanic rocks. Due to the restricted spatial asso 
ciation and the similar composition to the mafic 
metavolcanic rocks, the gabbros likely represent 
subvolcanic intrusions to the mafic metavolcanic se 
quence.

Quartz-feldspar porphyry dikes and sills were found 
to intrude the felsic metavolcanic succession in the 
southeast corner of the township. They have a fine 
grained (less than l mm), siliceous groundmass and a 
5 to 2096 content of 2 to 10 mm sized, quartz phenocrysts. 
On the basis of their association with the felsic 
metavolcanic rocks and the presence of porphyry frag 
ments in some of the tuff breccias, the dikes are 
interpreted to represent subvolcanic intrusions to the 
felsic volcanism.

Shebandowan Assemblage
"Timiskaming-type" metavolcanic and meta-sedimen- 
tary rocks of the Shebandowan assemblage form an 
approximately l km wide belt which trends west- 
northwest across the township. Metasedimentary rocks 
consisting of bedded argillite, wacke, magnetite-facies 
iron formation and rare polymictic conglomerate are

volumetrically dominant. Graded bedding and small- 
scale cross-bedding are common features of the clastic 
metasedimentary rocks and associated tuffs.

A granitoid pebble-bearing, polymictic conglom 
erate was found as xenolith blocks within the Kekekuab 
Lake pluton (KLP) in the southern part of the township. 
This "Timiskaming-type" conglomerate likely repre 
sents the remnants of a basin which was deposited after 
the older granitoid intrusions, but prior to the younger 
KLP alkalic intrusions.

The metavolcanic rocks generally consist of fine 
grained, locally bedded, intermediate lithic tuff which 
occurs interlayered with the metasedimentary rocks. 
An area of distinctive, amphibole-phyric, pyroclastic 
rocks occurs in the central portion of the Shebandowan 
assemblage belt. These rocks consist of monolithic, 
intermediate tuff, lapilli tuff and tuff breccia with 
fragment sizes of up to 30 cm. A proximal volcanic 
facies is interpreted for these rocks. Fine-grained 
syenite and porphyritic lamprophyre dikes intrude 
these rocks. Chemical and clastic metasedimentary 
rocks, including a granitoid clast-bearing, polymictic 
conglomerate were also found in the vicinity.

GEOLOGY OF SACKVILLE 
AND ALDINA TOWNSHIPS
Metavolcanic and metasedimentary rocks comprise 
the eastern half of Sackville and the northern half of 
Aldina townships as well as forming local enclaves in 
the granitoid intrusions.

Massive, fine-grained mafic flows with minor 
interflow mafic tuff and metasedimentary rocks occur 
throughout the area, comprising the vast majority of 
the supracrustal rocks in the townships. Rare, west- 
facing pillowed flows were found in northeast Sackville 
Township. These rocks are characteristic of the upper 
portion of the Greenwater assemblage.

Intermediate pyroclastic rocks with minor flows 
occur interlayered with metasedimentary rocks in the 
northeast and southeast corners of Sackville Town 
ship. Fine-grained lithic tuff and feldspar-phyric tuff 
predominate. These rocks occur with bedded argillite 
and wacke in the southeast and with argillite, wacke 
and magnetite-facies iron formation in the northeast to 
the south of the Sackville Road.

A small area of intermediate tuff, lapilli tuff and 
tuff breccia with fragment sizes of up to 10 cm occurs 
along the northern Sackville-Adrian townships bound 
ary and are interpreted to represent a proximal volcanic 
facies. They continue eastward into Adrian Township.
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Amphibole- and plagioclase-phy ric tuff forms the north 
ern part of this sequence.

Magnetite-facies iron formation occurs as exten 
sive units, forming an arcuate pattern northwestward 
from northeast Aldina Township up through south- 
central Sackville Township. These horizons were only 
occasionally found in outcrop but are marked by wide 
areas of high magnetic susceptibility. In outcrop the 
iron formation occurs as bedded magnetite-chert and 
magnetite-argillite varieties.

Narrow gabbro "sills" are found locally in associa 
tion with the mafic flow sequences. The gabbros are 
equigranular, l to 3 mm in grain size and range from 
melanocratic to mesocratic in composition.

GRANITOID INTRUSIONS
The Northern Light-Perching Gull Lakes batholithic 
complex forms the southwestern to south-central por 
tion of Duckworth Township, the western half of 
Sackville Township and the southern portion of Aldina 
Township. The oldest intrusions in the complex pre 
date the Shebandowan assemblage rocks. They consist 
of foliated tonalite containing abundant amphibolite 
xenoliths and massive granodiorite to quartz monzonite 
which comprise respectively, the southwest and south- 
east portions of Aldina Township. These rocks also 
occur as xenoliths within the younger alkalic intrusions 
of the Kekekuab Lake pluton (KLP).

Alkalic rocks of the KLP comprise the greatest 
volume of granitoid intrusions in the area. Intrusive 
relationships indicate that these rocks postdate the 
Shebandowan assemblage. A circular gabbro pluton, 
which lies in north-central Sackville Township, may 
represent the earliest phase of the KLP. The gabbro has 
been intruded by monzodiorite to monzonite at the 
southern margin. The remainder of the KLP rocks 
consist of diorite, monzodiorite, monzonite, 
granodiorite, quartz monzonite and minor syenite. 
Feldspar-phyric varieties with phenocrysts of up to 2 
cm in size occur locally.

The eastern portion of the Peewatai Lake pluton 
intrudes the supracrustal sequence in west-central 
Duckworth Township. It is an alkalic intrusion which 
is similar in character to the KLP.

LATE NEOARCHEAN 
MAFIC DIKES
Late mafic dikes consist of diabase, lamprophyre and 
rare plagioclase-phyric gabbro. Narrow (less than 
10 m) diabase dikes strike north and northwest through

the map area, intruding all Archean rocks. The diabase 
is fine- to medium-grained (less than l to 2 mm) and 
displays an equigranular, subophitic texture.

Dark weathering lamprophyre occurs as narrow 
(less than 10 m), northwest-trending dikes. The 
lamprophyre is characterized by abundant biotite and 
by biotite phenocrysts of up to 5 mm. These dikes may 
be related to the alkalic plutons in the region.

A north-trending, plagioclase-phyric gabbro dike 
was mapped in the southeast corner of Duckworth 
Township. It is dark brown weathering with plagioclase 
phenocrysts of up to 1.5 cm in diameter.

GUNFLINT FORMATION
Magnetite-bearing taconite of the Gunflint Formation 
was mapped on the fire tower ridge in southwest 
Aldina Township. Metasedimentary rocks of the 
Gunflint Formation belong to the Paleoproterozoic 
Animikie Group.

STRUCTURAL GEOLOGY OF 
DUCKWORTH TOWNSHIP
The main structural feature is the north-northwest 
striking Crayfish Creek Fault (see Figure 51.2). It is a 
regional, dextral, strike-slip fault which is brittle in 
nature and is marked by local fault breccia and drag 
folds. The Shebandowan assemblage rocks are uni 
formly distributed along the length of the fault in the 
township, indicating that the fault was extensional in 
nature during the deposition of these rocks and control 
led the formation of the basin.

The Greenwater assemblage rocks display consist 
ent southerly top directions. The rocks in the northern 
portion of the area are relatively undeformed, charac 
terized by a weakly developed, easterly striking, 
subvertical-dipping schistosity. The rocks in the south 
ern portion of the township generally display a weakly 
to moderately developed schistosity with similar strikes. 
Where observed, the primary layering and the schistosity 
are generally subparallel. Westerly trending stretching 
lineations from the D, deformation event (Stott and 
Schwerdtner 1981) were also mapped in this area.

The greatest degree of deformation is in the south- 
east corner of the township. A second phase of 
deformation has been imposed on the rocks, likely by 
the intrusion of the granitoid plutons to the south 
(Chorlton 1987). It is characterized by steeply dipping, 
northerly trending, stretching lineations and by north 
east- and northwest-striking shear zones which host 
gold mineralization in the area.
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The Shebandowan assemblage rocks are relatively 
undeformed, displaying well-developed bedding which 
generally strikes east to east-southeast and dips steeply. 
A weak schistosity, where developed, displays a simi 
lar trend. Top directions determined from graded 
bedding and cross-bed truncations vary to the north and 
south, indicating folding in these rocks.

STRUCTURAL GEOLOGY 
OF SACKVILLE AND ALDINA 
TOWNSHIPS
A weakly to strongly developed schistosity is apparent 
in most of the supracrustal rocks which is steeply 
dipping and varies from northeasterly striking in much 
of Sackville Township to easterly to southeasterly in 
Aldina Township. In the vicinity of the granitoid 
intrusions the schistosity and supracrustal stratigraphy 
have been realigned parallel to the intrusive contacts. 
Westerly top directions for the mafic metavolcanic 
sequence were indicated by pillowed flow units in east- 
central Sackville Township.

Primary bedding is apparent in the metasedimentary 
sequences and generally strikes west-northwest to north 
west with subvertical dips. A southwest top direction 
was inferred from a graded bedding location in the 
metasedimentary sequence in the southeast corner of 
Sackville Township. The metasedimentary and/or tuff 
sequences in Sackville Township generally display 
low levels of deformation and have primary layering 
with significantly different orientations from the mafic 
metavolcanic units in the area. This indicates that these 
units may be younger and belong to the Shebandowan 
assemblage.

A northwest-striking, steeply north-dipping folia 
tion is apparent in the foliated tonalites in southwest 
Aldina Township.

ECONOMIC GEOLOGY
There are no known economic mineral deposits in the 
map area. Duckworth Township is well known for 
hosting a number of gold occurrences. Four zones in 
the southeast corner were extensively explored on

surface and by diamond drilling in the 1980s. The gold 
is hosted by narrow, pyritic, altered shear zones which 
trend northeast and northwest. Other occurrences in 
the central part of the township are hosted by quartz- 
vein systems in alkalic intrusions. Other areas which 
could potentially host gold include zones of pervasive 
iron-carbonate alteration with minor quartz veining 
which can be found in the metavolcanic rocks in east- 
central Sackville Township.

The extensive magnetite-chert iron formation units 
in central Duckworth and northeast Aldina - southeast 
Sackville townships contain a significant iron resource 
which was evaluated in the 1950s and 1960s and found 
to be uneconomic.

The potential exists for the occurrence of volcanic- 
hosted massive sulphide mineralization in southeast 
Duckworth and northeast Sackville townships associ 
ated with the proximal facies, intermediate to felsic 
metavolcanic rocks in those areas. In both locations the 
favorable rock units trend eastward into the adjoining 
townships.

The granitoid rocks in the area have the potential to 
host amethyst vein deposits. Two occurrences exist in 
the Echo Lake area in southwest Marks Township 
(Berger 1992), immediately east of Aldina Township.

Some potential for building stone may exist for the 
granitoid intrusions in the area. In particular, the 
feldspar porphyritic varieties of the Kekekuab Lake 
pluton are very attractive and accessible by road in a 
number of localities.
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52. Project Unit 92-10. Geology and Mineral Potential 
of Ware Township, District of Thunder Bay

G.H. Brown1 and R.I. Fogal2
Precambrian Geoscience Section, Ontario Geological Survey 
2Department of Earth Sciences, University of Waterloo, Waterloo

INTRODUCTION
This report summarizes the results of the final year of 
a two-year Northern Ontario Development Agreement 
(NODA) geological mapping project initiated in 1992 
to assess the mineral potential and update the geology 
of the eastern edge of the Shebandowan-Wawa 
greenstone belt. Oliver Township was mapped during 
the 1992 field season (Brown 1992). Ware Township, 
approximately 40 km west of Thunder Bay, was mapped 
during the present field season. Both study areas 
incorporate portions of the Dawson Road Lots.

Ware Township area encompasses approximately 
217 km2 and is bounded by the Kaministiquia River on 
the west, and by long. 89 023' and lat. 48038' and 48031' 
(Figure 52.1). Access is excellent via numerous gravel 
roads, bush roads and old trails. Highway 102 crosses 
the southwest corner of the study area.

PREVIOUS GEOLOGICAL WORK
The present study area is included on regional-scale 
geological maps produced by Coleman (1902), Tanton 
(1924, 1931, 1938), Moorhouse (1960) and Pye and 
Fenwick (1963, 1965). More detailed scale mapping 
was carried out in the eastern half of the study area by 
MacDonald (1939).

HISTORY OF EXPLORATION
Few records remain of the early work carried out in the 
area. The southwest corner of Ware Township was 
investigated for iron during the mid 1950s as part of 
regional exploration conducted by the Inland Ore Com 
pany Incorporated (summarized in Carter 1990). Felsic 
metavolcanic rocks in the southern third of the study 
area were the focus of exploration in 1935 after gold 
was discovered in similar rocks along strike to the east

Figure 52.1. Location of the study area, scale l :1 584 000.

This project Is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signeu by the government of Canada and Ontario.
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in Gorham Township (MacDonald 1939). In 1975 
these same rocks were investigated for base-metal 
potential following the discovery of copper-zinc min 
eralization along Highway 102 (Fenwick and Scott 
1976). The narrow belts of mafic metavolcanic rocks 
and related gabbroic intrusions located in the central 
part of the study area have been explored sporadically, 
mainly for their gold potential (Tanton 1931), but few 
details of this work now remain. In 1986, Inco Gold 
Company investigated a quartz vein cutting a small 
gabbro body within the mafic metavolcanic belt in the 
central part of Ware Township. During the present 
field season a small claim block was staked by F. 
LaBreche within the gabbroic intrusion in the south- 
west part of the study area. This claim block covers a 
gold showing reported in 1885 (Roland 1887).

To date, no economic deposits, other than aggre 
gate resources, have been discovered within the study 
area. Four claim blocks are currently held within the 
study area and 3 gravel pits are in operation.

GENERAL GEOLOGY
All rocks within the study area are Archean in age. The 
northern two-thirds of the area is underlain by 
metasedimentary rocks of the Quetico Subprovince 
with local, minor slivers of mafic metavolcanic and 
related gabbroic rocks (Figure 52.2). Syenitic to tonalitic 
intrusions occur in the northeast and northwest corners 
(see Figure 52.2). Metavolcanic and metasedimentary 
rocks of the Shebandowan-Wawa greenstone belt, 
Wawa Subprovince are in fault contact to the south. 
The portion of the Shebandowan greenstone belt un 
derlying the present study area has been subdivided by 
Williams et al. (1991) into 2 assemblages: 1) the 
Burchell assemblage, composed of 3 northward 
younging cycles of mafic to felsic metavolcanic rocks; 
and 2) the Shebandowan assemblage, a predominantly 
clastic metasedimentary sequence with localized calc- 
alkalic to alkalic flows and pyroclastic deposits. Within 
the study area, the Quetico-Wawa subprovinces bound 
ary is a fault marked by a zone of moderate to intense 
shearing accompanied by variable amounts of 
chloritization, carbonatization and sericitization.

QUETICO SUBPROVINCE 
Metasedimentary Rocks
Metasedimentary sequences of the Quetico Subprovince 
consist of abundant, massive, fine to coarse, well- 
bedded wacke intercalated with minor, graded siltstone 
and mudstone. Bedding strikes generally east with 
steep northerly dips. Younging directions mainly 
show tops to the south but local reverse directions have 
been reported (Dubyk 1982) indicating isoclinal fold 

ing of the metasedimentary sequences. A well-devel 
oped, east-striking foliation is present, cutting the 
bedding at low angles. Northwards from the 
Subprovince boundary the foliation becomes more 
pronounced and the rocks in the northern part of the 
study area are predominantly feldspar-biotite schists. 
Metamorphic grade is upper greenschist to lower 
amphibolite facies (Williams 1991) and within the 
contact metamorphic aureoles of the felsic intrusions, 
metamorphic mineral assemblages include garnet and 
cordierite.

Mafic Metavolcanic and 
Related Gabbroic Rocks
Several narrow belts of mafic metavolcanic and related 
gabbroic rocks occur near the Subprovince boundary 
and in the central part of the study area. These rocks are 
strongly schistose along the contacts with the sur 
rounding metasedimentary rocks and pronounced, 
steeply north-dipping lineations are common. Pre 
served primary textures show the rocks to be primarily 
fine-grained, massive to pillowed mafic flows intruded 
by coarse-grained to pegmatitic gabbro. MacDonald 
(1939) proposed that these belts represent metavolcanic 
rocks interbedded with the metasedimentary sequences, 
however, in studies conducted in the Quetico 
Subprovince in the Beardmore-Geraldton area, 
Devaney and Williams (1989) contend that they repre 
sent thrust slices of Wawa Subprovince rocks associated 
with the tectonic evolution of the Quetico-Wawa 
subprovinces boundary.

Felsic Intrusions
Late syenitic to tonalitic plutons in the northern part of 
the study area are typically moderately to strongly 
magnetic. The Trout Lake pluton in the northeast 
corner of Ware Township is composed of feldspar- 
megacrystic syenite near the outer margins, varying to 
feldspar-megacrystic quartz syenite and granite (with 
localized equigranular phases) towards the core. The 
plutons in the northwest portion of the study area are 
predominantly equigranular to feldspar-phyric 
granite.

WAWA SUBPROVINCE 
Burchell Assemblage
In the present study area, the Burchell assemblage 
(Williams et al. 1991) is composed of mafic to felsic 
metavolcanic rocks with localized, interbedded and 
interfingered lenses of clastic and chemical 
metasediments. Foliation is moderately to strongly 
developed and strikes easterly. Tuffaceous units and 
interbedded metasedimentary sequences provide local
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bedding and top directions. Stratigraphy strikes 
subparallel to the foliation and youngs to the north. 
Metamorphic grade is lower greenschist facies 
(Williams et al. 1991). The metavolcanic rocks likely 
represent portions of at least 2 volcanic cycles. Inter 
mediate to felsic metavolcanic sequences in the southern 
portion of the study area are the top of a mafic to felsic 
cycle whose base lies to the south in Oliver Township.

The overlying mafic to intermediate metavolcanic se 
quences to the north are the base of a second cycle.

The intermediate to felsic metavolcanic rocks con 
sist of interbedded tuff, lapilli tuff and tuff breccia. 
Minor fine-grained felsic flows, locally displaying 
flow banding and auto-brecciation, occur near Mud 
Lake and may represent felsic domes.

Trout Lake 

Pluton

Subprovince

Quetico Subprovfnce

l" K "l Late felsic intrusions 

j___J Metasedimentary rocks

11111 h Gabbro and/or coarse—grained 
1 ' 111 N centres of mafic volcanic flows

f v 7! Mafic to intermediate 
'———' metavolcanic rocks

Wawa Subprovince 
Shebandowan assemblage

| w o] Mafic to intermediate
^—^ metavolcanic rocks 

and interbedded 
metasedimentary rocks

Burchell assemblage

Late felsic intrusions 

Metasedimentary rocks

Iron Formation

Intermediate to felsic 
metavolcanic rocks

mafic to intermediate 
metavolcanic rocks

Quetico/Wawa 
Subprovince Boundary

Mineral occurence/property 
(keyed to text)

Au -Gold 
asp -Arsenopyrite 

gf -Graphite 
cp—Chalcopyrite 
Cu—Copper 
Fe—Iron

gal-Galena 
gt-Garnet 
po-Pyrrhotite 
py—Pyrite 
Zn-Zinc

S Geological contact 
approximate

..-•* Fault, Inferred

Figure 52.2. Generalized geology of the study area with the location of mineral occurrences shown.
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The mafic to intermediate metavolcanic rocks are 
fine- to coarse-grained, massive to pillowed flows, 
locally interbedded with mafic or intermediate tuff and 
lapilli tuff. Near the Quetico Subprovince boundary, 
these rocks are highly schistose and carbonatization 
and chloritization produces the appearance of a more 
intermediate composition.

Metasedimentary rocks intercalated with the 
metavolcanic sequences consist of massive to well- 
bedded arkose, wacke, conglomerate, siltstone, 
mudstone and iron formation. Iron formation occurs 
interbedded with the mafic metavolcanic rocks and 
consists of magnetite-chert and magnetite-jasper oxide 
facies and rare pyrite-chert sulphide facies. Local, thin 
interbeds of iron-rich mudstone and siltstone within 
the mafic metavolcanic rocks in the south-central por 
tion of the study area have also been mapped as iron 
formation (cf. MacDonald 1939).

Intrusions within the Burchell assemblage consist 
of minor, fine- to coarse-grained mafic dikes occurring 
locally within the mafic metavolcanic sequences, and 
a small syenitic stock within the felsic metavolcanic 
rocks in the southeast portion of the study area (Brown 
1992).

Shebandowan Assemblage
Rocks of the Shebandowan assemblage (Williams et 
al. 1991) occur in the southwest portion of the study 
area and consist of abundant angular tuff breccia (lo 
cally representing debris flows) intercalated with lapilli 
tuff, tuff, ash flows and rare lava flows. Meta sedimen 
tary rocks derived from the volcanic rocks are locally 
interfingered with these rocks. Foliation is weakly 
developed to locally absent and few primary bedding 
structures are present. Rare, weakly developed grad 
ing within the finer grained beds indicates younging to 
the north. Metamorphic grade is similar to that in the 
Burchell assemblage (Williams etal. 1991). Abundant 
euhedral to subhedral phenocrysts of amphibole and 
patchy to pervasive hematization characterize the 
metavolcanic rocks.

ECONOMIC GEOLOGY
Due to the numerous gold and base-metal showings 
which have been noted east and west of the present 
study area (cf., MacDonald 1939; Schnieders and Dutka 
1985) the best economic potential in the Ware Town 
ship area is believed to be in the rocks of the 
Shebandowan greenstone belt. Although past explora 
tion and the present mapping program have documented 
several areas of mineralization within the greenstone 
belt in the present study area, the potential for minerali 

zation in several of the rock types lying beyond the 
bounds of this greenstone belt has also been recog 
nized. Base metal and gold mineralization has been 
noted within the slivers of mafic metavolcanic rocks 
occurring within the Quetico Subprovince (see Prop 
erty Descriptions l to 5, below), and intensely sheared 
rocks at the fault boundary between the Wawa and 
Quetico subprovinces locally contain minor to trace 
amounts of pyrite in association with discontinuous 
lenses of quartz-ankerite veining, possibly indicating 
gold potential.

Mineralization noted within the Shebandowan 
greenstone belt consists of copper-zinc within the 
intermediate to felsic metavolcanic rocks in the south- 
east portion of the study area (Mud Lake Occurrence, 
property 8), and sulphide mineralization associated 
with quartz veining within metasedimentary rocks 
south of Strawberry Creek (property 6).

In addition, dimension-stone potential exists within 
the felsic plutons in the northern part of Ware Town 
ship, and thick glacial overburden in several parts of 
the study area have the potential for development of 
aggregate resources.

DESCRIPTIONS OF 
MINERAL OCCURRENCES
Mineral occurrences examined during the present field 
season are described below (see Figure 52.2 for loca 
tions). Information contained in these descriptions is 
summarized from results of the current project, from 
previously published geological reports and from the 
assessment files in the Resident Geologist's Office, 
Thunder Bay. Assay results from all samples collected 
this summer are pending.

1. Ternowesky Occurrence
The Ternowesky property is underlain by schistose, 
massive, fine- to coarse-grained mafic metavolcanic 
rocks. In 1960 numerous pyrrhotite-rich lenses 
were intersected in 3 X-ray diamond-drill holes 
completed by M. Saari. No assay values were 
reported. In the mid 1970s, J. Ternowesky and W. 
Forsgren completed power trenching and stripping 
and diamond drilled 5 holes. Intersections of 
graphite and pyrrhotite-rich horizons were recorded 
but, again, no assay values were reported. At 
tempts to locate the mineralized areas during the 
current field season were unsuccessful.

2. Pyrite showing, North-central Ware Township 
A previously undocumented area of trenching was 
located this field season in an east-trending belt of 
mafic metavolcanic rocks. Intercalated, massive,
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mafic metavolcanic rocks and minor tuffaceous 
horizons host a network of fine quartz-veins con 
taining up to 596 finely disseminated pyrite.

3. Inco Gold Company
Ground magnetic and VLF electromagnetic sur 
veys were completed in 1986 by the Canadian 
Nickel Company Limited (Inco Gold Company) in 
an east-trending sliver of mafic metavolcanic rocks. 
Geological and radiometric surveys completed in 
1988 outlined a 300 m wide, locally pegmatitic, 
gabbro body intruding the massive flows. A 1.5 m 
wide quartz vein crosscuts the central portion of 
the gabbro roughly subparallel to a feldspar-por 
phyry dike, and is mineralized with up to 596 pyrite 
and trace to 296 chalcopyrite, galena and pyrrhotite. 
Alteration within the gabbro consists of pervasive 
carbonatization and patchy, moderately developed 
chloritization and silicification. Assay values of 
up to 5.6 ppm Au were reported.

4. 21 IT Occurrence
This occurrence consists of a quartz vein, averag 
ing less than 76 cm in width, hosted in andesite and 
containing minor galena, sphalerite and 
chalcopyrite (MacDonald 1939). Samples from 
the quartz vein yielded values up to 0.12 ounce Au 
per ton and 5.5 ounces Ag per ton (MacDonald 
1939). Ground magnetic and VLF electromag 
netic surveys were completed in 1990 by Phantom 
Exploration Services Limited for K. Simard. De 
spite the delineation of several east-trending elec 
tromagnetic anomalies, the surveys failed to locate 
the vein. Attempts by the field crew to locate the 
occurrence this summer were also unsuccessful.

5. La B reeb e Property
This occurrence was first documented by Roland 
(1887). Values of up to S183 gold to the ton and 
S25 silver to the ton were reported from samples of 
sheared gabbro containing finely disseminated 
pyrite. The mineralization is hosted in a 40 to 50 
cm wide network of weakly brecciated quartz 
veins within the wall rock (Roland 1887). Altera 
tion consists of moderate to intense hematization 
and carbonatization.

6. Strawberry Creek Occurrence
Two abandoned trenches are present at this un 
documented occurrence. Several discontinuous, 
narrow quartz veins, trending east-northeast, oc 
cur within steeply dipping, moderately schistose, 
well-bedded volcaniclastic metasedimentary rocks. 
A sheared quartz vein is exposed in l trench and a 
10 cm wide quartz vein containing up to 396 
arsenopyrite, 196 pyrite and traces of chalcopyrite 
and arsenopyrite is exposed in the second trench.

7. Skelton Occurrence
Brecciated chert-jasper-magnetite and minor py- 
rite-chert iron formation are present at this loca 
tion. Extensive exploration was carried out in this

area during the mid 1950s by Inland Ore Company 
Incorporated in an effort to expand their existing 
iron-ore reserves in Conmee Township. No com 
mercial concentrations of iron ore were outlined 
and no further work was carried out. 

8. Mud Lake Copper-Zinc Occurrence
This occurrence is located in a sericitized, north 
east-trending zone of shearing within interbedded 
felsic and intermediate pyroclastic metavolcanic 
rocks (Brown 1992). Finely disseminated pyrite, 
minor chalcopyrite and sphalerite occur through 
out and adjacent to the shear zone. Detailed 
mapping and sampling of the showing was com 
pleted this field season by C. Farrow (this volume).

RECOMMENDATIONS 
TO PROSPECTORS

1. Sulphide-bearing quartz veins have been noted at 
several locations within the slivers of mafic 
metavolcanic rocks in the central part of Ware 
Township. Moderate to strong electromagnetic 
conductors coincident with these slivers should be 
traced and prospected in detail.

2. Numerous mineral occurrences have been docu 
mented in close proximity to the Quetico-Wawa 
subprovinces fault boundary (Poulsen 1983; Carter 
1990). Areas of shearing and associated quartz 
veining adjacent to the fault are recommended as 
gold and base-metal exploration targets. The lo 
cal, weak to moderate electromagnetic anomalies 
straddling the subprovince boundary merit 
exploration.

3. The presence of felsic volcanic domes within the 
intermediate to felsic metavolcanic rocks in the 
southern part of the study area indicate the poten 
tial for volcanogenic massive sulphide deposits. 
The locations of felsic domes are marked by fine 
grained, massive, in places auto-brecciated rhyolite 
in association with coarse pyroclastic deposits. 
Copper-zinc mineralization has been noted within 
these rocks (Mud Lake, property 8) and the liklihood 
of similar mineralization is high. A weakly con 
ductive, east-trending EM anomaly occurs ap 
proximately 600 m north of the Mud Lake occur 
rence and may represent a similarly mineralized 
horizon.

4. Several localized zones of homogeneous granitoid 
rock have been observed in the felsic intrusions in 
the northern half of Ware Township. In particular, 
the Trout Lake pluton offers several fracture and 
inclusion-free areas warranting dimension-stone 
exploration. The A. Niemi prospect, documented 
by Hinz and Lucas (1992) occurs within the Trout 
Lake pluton.
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53. Project Unit 92-12. Geology of Begin, Lamport and 
Parts of Haines and Hagey Townships, District of 
Thunder Bay

LA. Osmani 1 and J. Payne2
1 Precambrian Geoscience Section, Ontario Geological Survey 
department of Geology, University of Waterloo, Waterloo

INTRODUCTION
This is the final year of a three-year mapping project to 
update and expand the geological data base and evalu 
ate mineral potential of the west-central Shebandowan 
greenstone belt (Osmani et al. 1991,1992). The 1993 
map area (FigureSS.l) covers approximately 250 km2 
and is situated 112 km west of Thunder Bay. It is 
bounded by longitudes 90025'W and 90009'30"W and 
latitudes 48030'N and 48036'46"N. Access to the map 
area is by Highway 11 west from Thunder Bay to the 
village of Shebandowan and from there by the 
Shebandowan Mine Road and numerous logging roads.

MINERAL EXPLORATION HISTORY

per Shebandowan Mine, which is owned by INCO 
Limited. The mine is situated in Southwest Bay of 
Lower Shebandowan Lake in southwestern Hagey 
Township.

Nickel was first discovered at Discovery Point and 
to the west during 1913-1914. In 1936, the nickel- 
copper property was acquired by INCO Limited. 
Between 1967 and 1968, detailed geological mapping 
and geophysical surveys were conducted by INCO 
Limited south of Lower Shebandowan Lake in Haines, 
Hagey and Begin townships. Geophysical and geologi 
cal work was followed by an extensive diamond drilling 
program. Mining began in the early 1970s and produc 
tion stopped in 1992 due to the weak nickel market.

The map area contains the past-producing nickel-cop- From the 1950s until recently, exploration and

Figure 53.1. Location map of the study area, scale 1:1 584 000.

-ONTARIO Th 's Proiec* is Part o' the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.
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mining activities were carried out mainly by INCO 
Limited in the north-central part of the map area. 
The exploration activity, with the exception of the late 
1970s to 1980s, has been focussed on base metal 
sulphide deposits. These activities, including geologi 
cal and geophysical surveys, prospecting and diamond 
drilling, were carried out by many individuals, explo 
ration and mining companies. Several base metal and 
a few gold occurrences were found (Assessment Files, 
OGS; Thunder Bay and Sudbury).

GENERAL GEOLOGY
All rocks, except diabase dikes, are Archean in age 
(Corfu and Stott 1986). The map area includes part of 
the west-central Shebandowan greenstone belt of the 
Wawa Subprovince. The Shebandowan greenstone 
belt (SGB) is bounded to the north by the meta- 
sedimentary rocks and associated granitic intrusions of 
the Quetico Subprovince and, to the south, by a granitoid 
batholithic complex (OGS 1991a). Greenschist-grade 
metamorphism is found throughout the map area, ex 
cept in areas proximal to granitoid stocks where 
metamorphic grade is increased to amphibolite grade.

Metavolcanic and 
Metasedimentary Rocks
The supracrustal rocks consist of mafic, intermediate, 
felsic metavolcanic and metasedimentary rocks. The 
mafic metavolcanic rocks consist of fine- to coarse- 
grained massive, plagioclase-phyric, variolitic and 
pillowed flows and associated flow breccias. Massive 
and pillowed, plagioclase-phyric flows occur as a 
distinct marker unit in the northern and south-central 
parts of the map area. Massive and pillowed variolitic 
flow units are often found on top of the plagioclase- 
phyric flows as indicated by pillow facings (e.g., 
Shebandowan Mine's mill site).

A distinct, medium- to coarse-grained flow unit up 
to 10 m thick, containing randomly orientated mafic 
needles 3 to 6 mm long is associated, in some instances, 
with variolitic flows. The mafic needles give the 
appearance of spinifex-like texture.

Thick (up to 600 m) deposits of intermediate 
metavolcanic rocks occur in Harnden-Greenwater (east 
Bay) lakes and Dakota Lake areas (Figure 53.2). Else 
where, they occur in bands of a few metres to 150 m 
wide and several kilometres long. The intermediate 
metavolcanic units are interlayered and commonly 
gradational with felsic and mafic metavolcanic and 
metasedimentary rocks in the northern and east-central 
parts of the map area.

The intermediate metavolcanic rocks generally

consist of tuff, lapilli tuff and tuff breccia, and minor 
massive flows. Sericite schists, derived from an inter 
mediate metavolcanic protolith, are abundant in high 
strain zones.

An intermediate debris flow unit, exposed north of 
Beaver Lake, consists of lapilli tuff to tuff breccia units 
interbedded with tuff units. The majority of the clasts 
in the lapilli tuff and tuff breccia are subangular to 
subrounded intermediate feldspathic in composition 
and, along with minor mafic and cherty clasts, are set 
in a fine-grained, serialized matrix. Quartz in either 
the clasts or matrix was not noted.

At 2 locations, along the Mine Road, l near the 
mine gate and the other in the northeast corner of the 
map area, a distinct hornblende-phyric, intermediate to 
felsic pyroclastic unit crops out. The unit consists of 
angular, ash and lapilli clasts set in a fine- to medium- 
grained matrix of similar composition.

Two relatively thick deposits of felsic to interme 
diate metavolcanic rocks occur south-southeast of East 
Bay of Greenwater Lake and east of Dakota Lake. 
Elsewhere, they occur as narrow bands of a few metres 
thick and up to a kilometre long. The felsic metavolcanic 
rocks comprising tuff, lapilli tuff and minor tuff breccia 
and flows are interlayered with, and gradational to, 
intermediate metavolcanic rocks. In the Dakota- 
Peewatai lakes area, felsic to intermediate tuffs are 
interbedded and infolded with metasedimentary rocks 
that probably represent a distal subaqueous facies. 
Proximal or vent facies equivalent to Dakota-Peewatai 
lakes felsic pyroclastic rocks occur in central-south 
east Duckworth Township, east of the study area (see 
Rogers, this volume).

Thick units of clastic metasedimentary rocks occur 
north and east of Dakota Lake in Lamport Township. 
Elsewhere, they occur as minor units. The maximum 
thickness of the sequence of metasedimentary rocks 
adjacent to the Peewatai granitoid stock is over 2 km. 
Adjacent to the stock, metasediments are rotated clock 
wise, which probably caused thickening of the 
metasedimentary sequence. The metasedimentary rocks 
pinch out southwestward, where they are interbedded 
with metavolcanic and ironstone units and are dis 
placed sinistrally by the northeast-trending Tinto Lake 
Fault.

The metasedimentary rocks in the Dakota-Peewatai 
lakes area consists of conglomerate, wacke, siltstone 
and argillite. The wacke is thickly to thinly bedded, 
massive to graded and locally cross-bedded. Siltstone 
and argillite are laminated to thinly bedded and com 
monly interbedded with the wacke. Felsic to 
intermediate and intermediate tuff and lapilli tuff units 
are commonly interbedded with the metasedimentary
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units, and where these tuffs are reworked, they are 
difficult to distinguish from the metasedimentary rocks. 
The conglomerate unit consists of rounded to 
subrounded clasts, measuring 2 to 20 cm across. Beds 
are up to 6 m thick, and consist of clasts of felsic to 
intermediate, intermediate and mafic metavolcanic 
rocks, siltstone, diorite and gabbroic rocks (coarse 
flow and/or gabbro). The conglomerates are clast to 
matrix supported with a sand matrix.

Chemical Metasedimentary Rocks
Chemical metasedimentary rocks include chert ± jas 
per-magnetite banded ironstone, chert, and magnetite- 
layers. Typically, chert bands are l to 2 cm wide and 
occasionally are up to 30 cm wide. Magnetite layers 
range from 2 mm to 10 cm in width.

In the Dakota-Peewatai lakes area, minor jasper 
and chert beds and magnetite layers are usually inter 
bedded with conglomerate and siltstone. The ironstone 
units in the Dakota Lake area form large hills and are 
traceable for several hundred metres along strike.

Mafic and Ultramafic 
Intrusive Rocks
Mafic intrusive rocks, including gabbro, leucogabbro, 
plagioclase-phyric, anorthositic gabbro to anorthosite, 
amphibolite and diorite, occur as large and small sill- 
and stock-like bodies throughout the map area. Most 
sills are concordant to regional volcanic stratigraphy 
and have been folded along with the supracrustal rocks. 
The most predominant mafic intrusive rocks are gabbros 
to leucogabbros that are usually medium to coarse 
grained, but fine- to medium-grained varieties are also 
found in some long, narrow sill-like bodies. Plagioclase- 
phyric gabbro and anorthositic gabbro to anorthosite 
occur as a few small isolated sills, but, most commonly, 
they are found as a distinct phase within a large sill- or 
stock-like mafic or mafic to ultramafic complex (e.g., 
east of Tinto Lake and south of Peewatai Lake).

The ultramafic rocks include sills and dikes of 
peridotite with minor pyroxenite and dunite phases. 
Both massive and polyjointed (some possibly flows) 
varieties of peridotite are found commonly associated 
with gabbro. Gradation from peridotite to gabbro 
within a single outcrop is rarely observed. 
Compositional grading from ultramafic to mafic was 
noted 1370 m north of Horseshoe Lake. Here, peridotite, 
with a possible minor dunite phase within, grades 
southeastward over 10 m into pyroxenite to gabbro.

An example of a large-scale differentiation trend, 
within a large mafic to ultramafic sill-like body, was 
noted north of Star Lake in southwest Begin Township.

Peridotite to pyroxenite occurs on the north and south 
margin of the body. The core of the complex mainly 
consists of gabbro to anorthositic gabbro. Mapping 
and aeromagnetic (OGS 1991b) data suggest that the 
mafic to ultramafic sill-complex is folded, hence, mag 
matic differentiation trend as a top indicator in this 
body may not be reliable.

The peridotite is usually fine to medium grained, 
but medium- to coarse-grained varieties are also found. 
In the polygonal-jointed variety, the size of the poly 
gons range from a few centimetres in narrow sills to up 
to 0.3 m in thicker sills. The east-striking, up to 300 m 
thick "Harnden Lake peridotite sill" (HLPS) occurs 
east of Harnden Lake and extends from Harnden Lake 
east for approximately 4 km to the Holstrom Lake. 
Three other large mafic to ultramafic bodies (200 to 
300 m thick) of several kilometres strike length occur 
north of the HLPS between East Bay (Greenwater 
Lake) and Loch McLean areas. The gabbro-peridotite 
body in the Loch McLean area appears to be on strike 
with the nickel-copper-bearing peridotite-gabbro sills 
of the Shebandowan Mine area.

Early Intermediate to 
Felsic Intrusive Rocks
The early intermediate to felsic intrusive rocks include 
foliated to gneissic tonalite, granodiorite, trondjhemite 
and quartz diorite. These rocks occur mainly in south- 
west Begin and southern Lamport townships. An 
east-striking amphibolitized mafic metavolcanic band 
(200 by 6000 m) occurs south of Kekekuab Lake 
within tonalite to granodiorite.

Intermediate to Fejsic 
Hypabyssal Intrusive Rocks
Hypabyssal intrusive rocks, including feldspar and 
quartz-feldspar porphyries and fine-grained equiva 
lents, occur as minor intrusions in the map area. The 
porphyries are generally characterized by 10 to 1596 
feldspar and quartz phenocrysts. The feldspar 
phenocrysts are generally larger (3 to 5 mm) than 
quartz (2 to 3 mm) and both lie in a fine-grained to 
aphanitic matrix of intermediate to felsic composition.

Neoarchean Felsic to 
Mafic Intrusive Rocks
Six Neoarchean granitoid stocks (the Shebandowan, 
Greenwater, Loch Erne, Peewatai, Kekekuab and 
Pinecone stocks) intrude the supracrustal rocks (see 
Figure 53.2). These stocks range from granite to quartz 
syenite and monzonite to granodiorite. Minor

240



I A. Osmani and J. Payne

monzodiorite and monzogabbro also occur in these 
stocks.

Diabase Dikes
Diabase dikes are minor and are the youngest intrusive 
rocks in the map area. They are unfoliated, moderately 
magnetic and strike north. Both massive and 
plagioclase-porphyritic dikes are found. The 
plagioclase phenocrysts are generally square shaped 
and up to l cm across. Widths of the dike range from 
less than l m up to 8 m.

STRUCTURAL GEOLOGY
Tectonic foliation and lineation are moderate to strong 
within, or adjacent to, high-strain zones. Outside the 
high-strain zones, foliation is weak and lineation dis 
appears. Bedding and foliation strike northeast to 
east-northeast, but deflections are evident proximal to 
the large granitoid bodies.

Isoclinal folding on an outcrop scale, displaying S, 
Z, M symmetry with moderate to steeply plunging axes 
were observed in many parts of the map area. The best 
evidence for outcrop-scale isoclinal folding occurs in 
ironstone units in Begin Township, and within felsic to 
intermediate tuffs and clastic metasedimentary rocks 
in Lamport Township. Locally, interference fold pat 
terns producing canoe-shaped structures suggest at 
least 2 periods of folding affected the supracrustal 
rocks. Southwest-plunging fold hinges are most com 
mon. However, northwest and easterly plunging fold 
hinges are also observed. Stratigraphic younging di 
rections, obtained from abundant, well-preserved 
pillows, graded tuffs and metasedimentary rocks in 
Begin and Lamport townships, suggest the presence of 
several small- and large-scale isoclinal folds in the map 
area (see Figure 53.2).

Major shear and/or fault zones within the map area 
are shown in Figure 53.2. Three of the most prominent 
structures are the Crayfish Creek Fault (CCF), Tinto 
Lake Fault zone (TLFZ) and a Lower Shebandowan 
Lake shear zone system (LSSZ).

The CCF is one of the major, dextral strike-slip 
faults in the map area (Hodgkinson 1968; Srivastava 
and Fenwick 1973; Morin 1973) and, within the 
Shebandowan Mine area, all rocks are affected. The 
CCF is characterized by outcrop-scale shear zones, 
penetrative schistosity, sericite, chlorite and serpen 
tine schists. Apparent movement on the CCF is 
approximately 300 m in the dextral sense within the 
Shebandowan Mine area.

The east-northeast-trending LSSZ is a prominent

structural feature in the northern part of the map area. 
The LSSZ is an up to 500 m wide zone which extends 
along the south shore of Lower Shebandowan Lake 
from the eastern limit of the map boundary for about 16 
km to the southeast of East Bay (Greenwater Lake 
area). The LSSZ is composed of several sets of 
subparallel shear zones and is characterized along its 
strike length by outcrop-scale shear zones, intense 
sericitization, chloritization, moderate to strong 
schistosity, quartz-carbonate veins and iron-carbonate 
alteration. Medium- to weak strength electromagnetic 
conductors are coincident with the LSSZ at the mine 
and to the east and west. The LSSZ, for the most part, 
is subparallel to the stratigraphy and it is apparently 
displaced for about 300 m by the CCF in the 
Shebandowan Mine area.

The northeast-striking TLFZ is interpreted from 
topographic linear features, aeromagnetic data (OGS 
1991b, Maps 81576 and 81575) and the truncation of 
lithologic units. Locally, it is characterized by outcrop- 
scale shearing and fracturing of the supracrustal and 
granitic rocks (e.g., Pinecone and Tinto lakes areas). 
On the basis of truncated supracrustal units in the Tinto 
and Dakota lakes areas, TLFZ is interpreted by the 
senior author to be a strike-slip fault with a sinistral 
sense of movement.

Many other small- and large-scale northeast- to 
north-trending cross faults occur within the map area, 
some of which are shown in Figure 53.2.

ECONOMIC GEOLOGY AND 
RECOMMENDATIONS FOR 
EXPLORATION
Pyrite, chalcopyrite, pyrrhotite, pentlandite and minor 
arsenopyrite and bornite occur as disseminations, 
stringer and massive sulphide mineralization in a vari 
ety of lithotectonic settings within the map area.

Nickel-copper mineralization associated with the 
sulphides at the Shebandowan Mine is hosted by a 
peridotite and minor gabbro to amphibolite sill, which 
has intruded the mafic metavolcanic rocks close to the 
contact of the mafic and intermediate to felsic 
metavolcanic sequences. The mineralized zone occurs 
close to the intersection of the northwest-trending 
Crayfish Creek Fault and east-trending Lower 
Shebandowan Lake shear zone system.

The orebody consists of stringer, breccia and mas 
sive pyrite, pyrrhotite, chalcopyrite and pentlandite 
ore. The stringer ores are generally confined to the 
mineralized shear zones. Whether gold occurs with the 
nickel and copper mineralization is not known to the 
authors. However, gold and silver are reported to occur

241



Noda-Geoscience (53)

at Discovery Point in Southwest Bay (Hodgkinson 
1968).

Potential for nickel-copper mineralization exists 
within a sheared gabbro-peridotite body in the Loch 
Muich and Loch McLean areas where base metal 
mineralization has been reported. A sheared felsic tuff 
to lapilli tuff lens, mapped by the field party, occurs 
adjacent to the southern margin of the gabbro-peridotite 
body, and is mineralized with pyrite and chalcopyrite. 
Airborne electromagnetic conductors are coincident 
with the contacts of the gabbro-peridotite sill and 
metavolcanic rocks in the area between Loch Muich 
and Loch McLean. Aeromagnetic and geological 
mapping data suggest that this gabbro-peridotite body 
is on strike with the peridotite-gabbro sills in the 
Shebandowan Mine area.

Potential for base metal mineralization exists in a 
felsic tuff unit, situated 900 m south of Tinto Lake, and 
along the contacts between the intermediate or silicified 
mafic metavolcanic rocks and the wacke, siltstone and 
conglomerate situated approximately 600 m south 
from the west end of Peewatai Lake. At both locations, 
large gossan zones are mineralized with pyrite and 
chalcopyrite.

Potential for base metal and gold mineralization 
exists in a sulphide ironstone unit, situated along the 
south shore of the northwest end of Loch McLean.

Shear-hosted and quartz vein hosted gold miner 
alization associated with sulphides may occur in a 
variety of rock types, for example: a sheared chert- 
magnetite ironstone and quartz veins south of Horseshoe 
Lake; quartz vein and sheared felsic to intermediate 
metavolcanic rocks northeast and north of Pinecone 
Lake; and sheared intermediate lapilli tuff-tuff breccia 
situated east of Loch McLean adjacent to the Crayfish 
Creek Fault.

Mineralized (pyrite and chalcopyrite) gabbro and 
amphibolite, situated south of Pinecone Lake, occur 
within subsidiary faults associated with the Tinto Lake 
Fault zone. These gabbroic rocks should be investi 
gated for base and precious metal mineralization.

The east-trending Lower Shebandowan Lake shear 
zone system is intensely iron-carbonatized at many 
locations and may contain gold mineralization.
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54. Project Unit 93-16. Geology of Nova and Strachan 
Townships, Southern Montcalm Greenstone Belt, 
District of Cochrane

A.D. MacTavish
Precambrian Geoscience Section, Ontario Geological Survey

INTRODUCTION
Nova and Strachan townships were mapped at a 
1:20 000 scale in 1993 as the first year of a two-year, 
Northern Ontario Development Agreement (NODA) 
funded program to remap and reassess the mineral 
potential of the Montcalm greenstone belt. The centre 
of the area is 65 km west of Timmins and 35 km north 
of Foleyet (Figure 54.1).

The map area covers about 420 km2 and is located 
in the southern portion of the belt between lat. 
48027'03"N and 48034'50"N and long. 82003'11"W 
and 82026'42"W.

A system of logging roads, beginning at Highway 
101, allows direct access to about 60% of the map area. 
Access to the eastern and western portions is via the 
Groundhog and Ivanhoe rivers, and the southeastern 
and north-central portions is by helicopter.

Outcrop exposure is limited throughout most of 
the map area except for southern Strachan Township.

PREVIOUS 
GEOLOGICAL MAPPING
Parks (1900) was the first to examine the area. The 
Groundhog River was mapped as far north as Montcalm 
Township by Todd (1924). A reconnaissance-scale 
map was produced by Graham (1931). Bennett (1969) 
undertook a two-year, helicopter-assisted program, 
designed to: "determine the limits of the greenstone 
belt and to provide more detailed structural informa 
tion."

MINERAL EXPLORATION HISTORY
In 1956 C.C. Huston and Associates completed a 
ground magnetometer survey and diamond drilling

Figure 54.1. Location of Nova and Strachan townships, scale 1:1 584 000.

T"*1 '8 project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.

Minertlt ' Miniraux
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within Nova and Belford townships. Teck Exploration 
Ltd. completed ground magnetometer, HEM, and some 
diamond drilling in 1959.

Between 1964 and 1966, the Keevil Mining Group 
and Area Mines Ltd. completed airborne magnetometer 
and EM surveys, ground magnetometer, VLEM, HEM, 
and considerable diamond drilling.

Base-metal exploration the 1970s was undertaken 
by Amax Exploration Inc., Kennco Explorations 
(Canada) Ltd., Dome Exploration (Canada) Ltd., Phelps 
Dodge Corporation of Canada Ltd., Asarco Explora 
tion Co. of Canada Ltd. and Geophysical Engineering 
Ltd. In 1976, Geophysical Engineering Ltd. discov 
ered the Montcalm Deposit (3 560 000 tons at 1.4496 
Ni and Q.68% Cu) north of the map area in northeastern 
Montcalm Township (Barrie and Naldrett 1989).

Between 1990 and 1992 Noranda Exploration Ltd., 
Cominco Ltd., Asarco Exploration Ltd., Inco Ltd., F. 
Ross and J. Burns completed work that included air 
borne geophysics, ground magnetometer and HEM, 
geological mapping, and diamond drilling.

The only exploration activity noted 1993 was 
staking and linecutting by Falconbridge Inc. in north 
eastern Strachan Township.

GENERAL GEOLOGY
The Montcalm greenstone belt (MGB) occurs at the 
western margin of the Archean Abitibi Subprovince, 
adjacent to the Kapuskasing Structural Zone (Figure 
54.2). The belt covers about 800 km2 and is generally 
poorly exposed.

The oldest rocks within the Nova and Strachan 
townships area are mafic metavolcanic flows and felsic 
to intermediate metavolcanic pyroclastic rocks, locally 
interbedded with minor clastic and chemical 
metasedimentary rocks. They were intruded along the 
northern margin of the map area by the Montcalm 
Gabbroic Complex (2702±2 million years, Barrie and 
Naldrett 1989) and by the Strachan Gabbroic Com 
plex, in the south. The supracrustal rocks are intruded 
to the south and east by the 2696 million-year-old 
(Barrie and Davis 1988) Nat River Granitoid Complex 
(Heather 1993) and by 2 smaller, felsic to intermediate 
stocks in western and northern Strachan Township. All 
rock types are crosscut by 2454±2 million-year-old 
(Heaman 1988), north-northwest-trending Matachewan 
diabase dikes and some northeast-trending diabase 
dikes.

Metamorphic grade within both the metavolcanic 
rocks and the gabbroic complexes is generally lower-

to mid-amphibolite facies with noticeable increases in 
grade near the felsic stocks and the surrounding 
batholiths.

The western edge of the MGB has been truncated 
by the high-grade metamorphic terrane of the 
Kapuskasing Structural Zone.

Central Nova Township and west-central Strachan 
Township are covered by very thick, unconsolidated, 
glaciofluvial sediments characterized by outwash grav 
els, glaciolacustrine sand, silt and clay, numerous 
kettles, eskers, and kames, and a few drumlinoid ridges.

MAFIC METAVOLCANIC ROCKS
The mafic metavolcanic rocks are pillowed to massive 
with occasional coarse flow centres. Deformation and 
metamorphism have obliterated most primary tex 
tures, however pillow margins are often preserved and 
plagiophyric. Amygdaloidal or variolitic flows, pillow 
breccia, hyaloclastite breccia and debris flows are 
observed in places. Minor, narrow interbeds of fine 
grained clastic metasediments are common.

Most mafic metavolcanic rocks are now amphibole- 
or epidote-bearing plagioclase-amphibole schists. 
Epidote and hornblende porphyroblasts occur in some 
areas and albitization is ubiquitous. Garnet occurs in 
altered pillow rims. Recrystallization into coarse 
plagioclase and amphibole crystals and the develop 
ment of a weakly banded orthogneiss often occurs near 
contacts with gabbro and felsic intrusives. Lit-par-lit 
migmatites are common along the contacts of the Nat 
River Granitoid Complex.

FELSIC TO INTERMEDIATE 
METAVOLCANIC ROCKS
Poorly exposed felsic to intermediate metavolcanic 
rocks occur as a north-trending belt within western 
Nova Township. The rocks comprise intermediate to 
felsic tuff, feldspar crystal tuff, lapilli tuff, and tuff- 
breccia. Most of the intermediate metavolcanic rocks 
contain biotite, moderate amounts of sericite, and some 
very fine-grained, acicular amphibole. The felsic 
metavolcanic rocks, interbedded with the intermediate 
pyroclastic rocks, contain small, milky to light bluish, 
slightly opalescent quartz-eyes, and are usually sericitic. 
Quartz-sericite schists occur locally.

Interbedded, narrow to locally thick, fine clastic 
and chemical metasedimentary rocks occur through 
out. One unit in particular may be up to 50 m in width 
and is composed of garnet (less than 3 cm) and 
amphibole (5 to 7 cm) porphyroblasts surrounding 
fine-grained, felsic, breccia fragments.
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The total-field magnetic expression of the felsic to 
intermediate pyroclastic unit, and the erratic outcrop 
distribution of the garnet-amphibole porphyroblastic 
unit, indicate that folding may be present, particularly 
in the northernmost and southernmost parts of Nova 
Township.

The felsic to intermediate metavolcanic rocks lo 
cated near the Kapuskasing Structural Zone (KSZ), in 
the northwestern part of the township, form narrow 
zones, subparallel to the fault bound contact, that 
alternate with hornblende-plagioclase orthogneiss and 
hornblende-biotite-plagioclase-quartz paragneiss. This 
suggests that the contact between the KSZ and the 
MGB may be a zone of technically emplaced and 
juxtaposed upper crustal and midcrustal rock slices.

CLASTIC AND CHEMICAL 
METASEDIMENTARY ROCKS
Metasedimentary rocks comprise a minor portion of 
the map area. In Nova and Strachan townships fine 
siltstone and wacke generally occur within the mafic 
metavolvanic pile as narrow, interflow beds less than 
l m in thickness. In southern Nova Township, how 
ever, a few strongly folded, composite clastic and/or 
chemical metasedimentary units achieve mappable 
thickness, possibly in excess of 100 m in a few areas. 
These units are composed of well-bedded, fine- to very 
fine-grained, turbiditic wacke containing narrow, 
banded, oxide-facies iron formation (BIF) interbeds. 
The wacke beds average about 10 cm in thickness, are 
well-graded, and locally appear cross-bedded. The 
deformed BIF units are usually less than 15 to 20 cm in 
thickness. Relatively thick, deformed BIF units, 20 to 
30 m in thickness, occur in 2 areas and consist of thinly 
interbedded, recrystallized chert, very fine-grained 
magnetite, and mudstone. Fine- to medium-grained 
garnet-amphibole rich, silicate-facies beds are com 
monly closely associated with the oxide-facies beds.

Deformation and metamorphism has made top 
determination within the metasedimentary units very 
difficult. There are a few unclear indications that the 
metavolcanic-metasedimentary sequence within south 
ern Nova Township is overturned, younging to the 
west.

LAYERED MAFIC 
INTRUSIVE COMPLEXES
Two layered gabbroic complexes occur within Nova 
and Strachan townships.

The southern margins of the 85 km2 Montcalm 
Gabbroic Complex (MGC) occur within the northern

portions of the map area. Outcrops observed this year 
exhibited altered, disrupted, modally graded layers of 
magnetite-bearing gabbro locally crosscut by narrow, 
heterogeneous, intrusion breccia dikes. Magnetic and 
outcrop data suggest that a tongue of this complex may 
extend south-southwest along the eastern edge of Nova 
Township (see Figure 54.2).

The Strachan Gabbroic Complex (SGC) is a newly 
recognized, 40 to 50 km2, deformed, metamorphosed, 
layered intrusion similar in appearance, and possibly in 
age, to the MGC. Much of the SGC underlies south- 
central Strachan Township with a large lobe extending 
south into Melrose Township. Igneous layering is 
usually modal in nature, weak to moderately well- 
developed, and often disrupted. The layers generally 
exhibit melagabbro to hornblendite bases that grade 
upward into leucogabbro or anorthositic tops. A few 
crystal-size graded layers occur locally. Gabbro 
pegmatoid patches, pods, veins and dikes are very 
common as are narrow, pegmatitic gabbro layers. These 
pegmatoids are often rusty in appearance. Modal grad 
ing and a few preserved, magmatic "soft sediment 
deformation" features suggest that the top of the SGC 
is to the south.

FELSIC TO INTERMEDIATE 
INTRUSIVE ROCKS
The Nat River Granitoid Complex is composed of 
weakly to moderately foliated, biotite-hornblende 
tonalite and granodiorite. In Strachan Township the 
western margin of the batholith hosts a discontinuous 
zone containing large numbers of highly metamor 
phosed, often metasomatized, mafic volcanic, dioritic, 
gabbroic and occasionally ultramafic inclusions. 
Plagiophyric hornblende diorite intrusions observed in 
northeastern Strachan Township and south-central Nova 
Township are interpreted as marginal phases of the 
complex.

The Bennett Stock, which occupies the centre of 
the map area, contains a wide range of intrusive 
lithologies, many of which may be hybridized as a 
result of magma mixing and crustal contamination 
processes. The south half of the stock is a relatively 
homogeneous, weakly to moderately foliated, inclu 
sion-bearing hornblende and biotite tonalite- 
granodiorite. The northern portion is composed of a 
heterogeneous, varitextured, inclusion-rich, locally 
quartz-bearing, biotite-hornblende monzonite to 
monzodiorite. The stock partially surrounds a core of 
variably deformed mafic metavolcanic amphibolites. 
Numerous inclusions and large roof-pendants of mafic 
metavolcanic and gabbric rocks occur throughout the 
intrusion.
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The smaller, oval-shaped, Winston Stock is com 
posed of a foliated, hybridized tonalite intrusion and 
occurs in the northwest corner of Strachan Township.

STRUCTURAL GEOLOGY
At least 2 periods of deformation have affected the 
rocks of the map area. The emplacement of felsic and 
mafic intrusions produced contact strain aureoles which 
may overprint the regional deformation. The S t folia 
tion strikes roughly l O0 to 300, but is not always 
preserved. The S2 foliation is identifiable within most 
metavolcanic and intrusive rock-types, strikes between 
900 and ISO0 , and within supracrustal rocks often 
manifests as an axial planar cleavage.

Folding is common and is usually observed as 
open S-, W-, and Z-folds within mafic metavolcanic 
and clastic-chemical metasedimentary rocks. Tight S- 
folds are observed within the strain aureole of the Nat 
River Granitoid Complex. Tighter folds are inferred 
from magnetic data to occur within the intermediate to 
felsic metavolcanic belt in western Nova Township.

Faults are common, but are rarely observed. Faults 
are inferred by marked, abrupt offset of easily recog 
nizable rock-types, and the presence of associated 
topographic lows. Most occur along the margins of 
large intrusions and exhibit dominant orientations be 
tween 2850 to 3200 and 600 to 900 . Fracturing and 
jointing are common.

Narrow, discrete shear zones, usually less than l m 
in width, are common throughout most rock-types, but 
do not exhibit a readily apparent preferred orientation.

Two deformation zones were observed, but be 
cause of poor exposure have not been traced over any 
great distances. Both zones occur at, or near, the 
margins of the Nat River Granitoid Complex and 
exhibit apparent widths in excess of 200 to 300 m. The 
zone in northern Strachan Township, occurring within 
plagiophyre hornblende diorite, is locally silicified, 
and strikes approximately 300 to 400 . The second zone 
occurs within mafic metavolcanic rocks in southern 
Nova Township and strikes approximately 700 to 750 . 
Both zones are slightly offset by late brittle faults.

Metamorphism and deformation have obliterated 
most criteria for top determination. Therefore, younging 
directions are poorly established.

ECONOMIC GEOLOGY
Even though there are no known economic mineral 
deposits, base- or precious-metal occurrences in the 
map area, the potential exists for economic deposits of 
volcanogenic massive sulphides, copper-nickel-plati 
num group elements, and gold.

Field work in 1993 discovered 5 previously un 
known sulphide occurrences (see Figure 54.2). Three 
occur within the intermediate-felsic metavolcanic belt 
in western Nova Township; another along the edge of 
a large gabbroic xenolith in southern Strachan Town 
ship; and the fifth adjacent to the wide deformation 
zone in northern Strachan Township. Analyses are 
pending.

The intermediate-felsic metavolcanic rocks have 
good volcanogenic massive sulphide potential. Nu 
merous airborne EM anomalies have been detected 
where magnetic and geological data suggest that strong 
folding is present. A small tonalite-granodiorite intru 
sion within the northern part of the area hosts large 
numbers of quartz stringers and narrow veins with 
associated pyritic and silicified alteration haloes (py,qv, 
Figure 54.2). This intrusion may have gold-copper- 
molybdenum potential.

The deformation zone in northern Strachan Town 
ship should be explored for gold mineralization, 
particularly where a competency contrast exists along 
the contact between the host diorite body and the 
surrounding mafic metavolcanic rocks.

The postulated south-southwest-striking tongue of 
the Montcalm Gabbroic Complex and the newly recog 
nized Strachan Gabbroic Complex have never been 
examined for copper-nickel-platinum group elements 
and, therefore, exhibit excellent exploration potential.
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55. Project Unit 93-33. Swayze Greenstone Belt 
Mineral Deposit Study

S.L. Fumerton
Timmins Resident Geologist's Office, Mineral Deposits and Field Services Section, 
Ontario Geological Survey

INTRODUCTION
The following summarizes work conducted during the 
second field season in a 3 year project to digitally 
document mineral prospects in the Swayze greenstone 
belt and surrounding areas. The study area encom 
passes 78 townships southwest of Timmins (Figure 
55.1), and contains the Swayze greenstone belt, and 
part of the adjacent Kapuskasing Structural Zone. 
Objectives of the study are: 1) to research all the 
published literature and public files for reported min 
eral prospects; 2) locate these prospects in the field 
where possible; 3) examine the geological setting and 
mineralization; 4) assay the mineralization where ap 
propriate; and 5) document the results of the 
investigations. The principal method of documenta 
tion is in a digital data base. In addition to recording

geological observations, key words and numbers, the 
data base also includes general comments by various 
geologists, assay results, reserve information, produc 
tion information, published references and assessment 
work filed on an occurrence.

This mineral deposit study compliments other geo 
logical projects currently in progress within the Swayze 
greenstone belt. These projects include the regional 
structural and bedrock mapping of Precambrian 
granitoid and greenstone rocks by K. Heather of the 
Geological Survey of Canada (GSC), the regional 
Pleistocene glacial study by M. Bernier and C. Kaszycki 
(OGS), the computerized geographic information sys 
tem study (CIS) by J. Harris (GSC), and the detailed 
Precambrian mapping by J. Ayer (OGS).

Figure 55.1. Location of the Swayze greenstone belt mineral deposit study, scale 1:1 584 000.

This Proi*ct ls Part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NO-DA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.
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MINERAL PROSPECTS
To the end of August 1993,194 mineral prospects have 
been documented, of which 138 prospects have been 
examined in the field. This number includes 94 pros 
pects that were documented in 1992. With some 
exceptions, these mineral prospects have been docu 
mented systematically township by township. 
Thirty-two townships have been completed north of an 
east-west line passing north of Gogama. Specifically, 
the townships are between and north of Wigle Town 
ship in the southeast and Gamey Township in the 
southwest. Mineral prospects to the south are now 
being documented systematically from east to west. 
The types of mineral occurrences being documented 
include all precious metal, base metal, and industrial 
mineral prospects. No attempt has been made to 
include any of the known peat or sand and gravel 
prospects in the area. Nonetheless, over 300 mineral 
prospects are estimated to occur in the study area.

REPORTS
Two interim open-file reports have been prepared for 
release. The first is a paper copy of mineral occurrence 
descriptions completed at the end of August 1993. The 
second report is a digital copy of the data and a copy of 
the computer application used to enter the data and 
print the mineral occurrence descriptions.

Hard Copy Report
The hard copy report or paper copy of the report 
(Fumerton and Houle, in press) is a print-out of the 
computer data base. This includes: 1) identification of 
the mineral deposits; 2) all names used for a deposit; 3) 
evaluated commodities and their grades; 4) location of 
the occurrence; 5) best access; 6) exploration history; 
7) geological setting; 8) lithology; 9) alteration miner 
alogy; 10) related structural features; 11) deposit 
character; 12) deposit classification; 13) geological 
description; 14) structural description; 15) economic 
and diagnostic mineralogy; 16) description of miner 
alization; 17) occurrence size; and 18) orientation. 
Depending on what data are available, the printout will 
also include details on: 1) reserve calculations; 2) total 
production statistics; 3) specific assessment files and 
publications; 4) general comments; and 5) assay re 
sults.

Included in the report are several cross-referenced 
indexes that list the prospects by name, township, 
commodity and grade. Because the report is for rapid

release of field data, the descriptions have not yet been 
checked for factual errors or edited for grammatical or 
typographic errors.

Digital Report
The digital report (Fumerton et al., in press) is the 
complete collection of digital data that has been gener 
ated during the study. All observations are recorded in 
16 related digital tables on the floppy disks at the back 
of the report. Because this report is designed as an 
interim report for the rapid release of the data gathered 
to date, the digital data are presented as is and in its 
working format, i.e., in FoxPro® and in the more 
universal .dbf/.dbt format.

In addition to the data, this report also includes the 
computer application that was developed in FoxPro* 
2.0 to enter the field data and print a variety of reports. 
There is no guarantee for future support of the applica 
tion. The FoxPro® database software package is required 
to run the application. Upgrading the application to the 
newly released FoxPro® 2.5 for DOS or Windows has 
been delayed due to screen control problems with the 
new release. After reviewing the application, Micro 
soft Corporation (the manufacturers of the software), 
have given assurances that the application will run 
under the FoxPro® 2.5A version.

Most of the text in the digital report is devoted to 
the structure of the data base, data entry and permitted 
terms. Data that can be entered into the database 
naturally include all the topics printed out in the hard 
copy report mentioned above, as well as: 1) annual 
production figures for mines; and 2) a breakdown by 
year and company of the assessment work on file.

Some digital data from these tables have been 
exported to the Geological Survey of Canada's compu 
terized geographic information program mentioned 
above, being co-ordinated by J. Harris of the Geologi 
cal Survey of Canada.
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56. Project Unit 92-21. Quaternary Mapping and 
Surface Drift Sampling Program, Western Swayze 
Greenstone Belt.

M.A. Bernier1 and J.R. Goff2
Sedimentary and Environmental Geoscience Section, Ontario Geological Survey 
department of Earth Sciences, University of Western Ontario, London

INTRODUCTION
Surface drift sampling and Quaternary mapping in the 
area covered by the Sultan (41 O/10) and Rollo Lake 
(41 O/15) 1:50 000 scale NTS sheets were carried out 
as the second phase of a four-year study of the Swayze 
greenstone belt of northeastern Ontario. The principal 
objective of the study is to provide a regional database 
containing reliable details of Quaternary geology, 
stratigraphy, regional ice flow history and drift compo 
sition. This will assist and stimulate mineral exploration 
activities in the region. The results of the current 
investigation will serve to expand the Quaternary data 
base created for the northern Swayze greenstone belt 
(Kaszycki 1992).

The project area encompasses five 1:50 000 scale 
NTS map sheets bounded by latitudes 47030'N and 
480 15' N and longitudes 830W and 820W (Figure

56.1). The 5 NTS sheets cover the Swayze greenstone 
belt, but also include parts of the felsic intrusive ter 
rains peripheral to the south and east and a portion of 
the Kapuskasing structural zone adjacent to the west.

The Sultan-Rollo Lake map area covers approxi 
mately 2080 km2. The area is centred 100 km southwest 
of Timmins and 160 km northwest of Sudbury. Access 
is provided by a network of mostly abandoned private 
roads branching from Highway 667 and the Sultan 
Industrial Road in the south, and Highway 101 in the 
north. The town of Sultan, located on the Canadian 
Pacific transcontinental railway line, is the main settle 
ment in the area.

PREVIOUS WORK
Previous work in the area includes reconnaissance 
surficial mapping at a scale of 1:506 880 and regional

Figure 56.1. Location of study area, scale 1:1 584 000.

CANADA 
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interpretation by Boissonneau (1965a, 1965b, 1966, 
1968), and engineering and terrain geology maps (com 
piled at a scale of l: 100 000) by Roed and Hallet (1979) 
and Lee and Scott (1980). Field investigations and 
1:50 000 scale mapping in the Dana Lake (Tucker and 
Richard 1983) and Shining Tree (Alcock 1991) areas 
northeast and east of the Swayze greenstone belt re 
spectively, provide details of local Quaternary geology 
and glacial history. Previous regional sampling pro 
grams in the Swayze belt include a survey of lake 
sediment geochemistry (Geological Survey of Canada 
1986) and a reconnaissance geochemical survey of 
esker systems (Richard 1985).

The bedrock geology, structure and economic min 
eral setting of the western portion of the Swayze 
greenstone belt has been mapped and compiled at a 
variety of scales. Early work was carried out at a scale 
of 1:63 360 by Emmons and Thompson (1929), Furse 
(1932), Rickaby (1934) and Meen (1942). More recent 
mapping was conducted at scales of 1:31 680 by 
Donovan (1965, 1968) and Siragusa (1987) and at 
1:250 000 by Thurston et al. (1977). Regional compi 
lations and syntheses are provided by Thurston et al. 
(1977) and Jackson and Fyon (1991). Current investi 
gations focussed on the Swayze greenstone belt include 
a township-level mapping program in the northern 
portion of the belt (Ayer and Puumala 1991; Ayer and 
Theriault 1992; Ayer; this volume), an inventory and 
study of mineral occurrences (Fumerton 1992; this 
volume) and a comprehensive regional metallogenic 
and structural evaluation (Heather 1993).

PHYSIOGRAPHY AND DRAINAGE
The Sultan-Rollo Lake project area lies within the 
Abitibi upland of the James Physiographic Region of 
the Canadian Shield (Bostock 1970). The topography 
is a gently rolling-to-undulating, relatively low-relief 
(30 to 50 m), bedrock-controlled upland, bounded to 
the southwest by a gently sloping outwash and 
glaciolacustrine highland surface, termed the Sultan 
plain. The Sultan scarp, a prominent 55 m high north- 
facing escarpment, marks the north boundary of the 
Sultan plain and forms, in part, the height of land 
separating the Hudson Bay and Great Lakes watershed 
across the southern margin of the area. The bedrock 
upland rises gently from the east and is dissected by a 
moderately developed network of northward flowing 
rivers and streams. Drainage is dominantly parallel to 
regional structure with smaller tributaries following 
the local structural grain. The Wakami, Ivanhoe, Swayze 
and Woman river systems drain over 9096 of the area. 
Maximum relief is 176 m, with elevations ranging 
from a low of less than 377 m above sea level (asl) on 
the Swayze River at the eastern margin of the Rollo

Lake sheet, to a high of 553 m asl on a ridge of felsic 
intrusive rock located in the southwest corner of Shipley 
Township.

GEOLOGICAL SETTING
The Swayze greenstone belt lies within the Superior 
Province of the Canadian Shield and comprises the 
western extension of the Abitibi Subprovince (Jackson 
and Fyon 1991). It consists of assemblages of Archean 
metavolcanic and metasedimentary rocks deformed 
into narrow, east-trending antiformal and synformal 
structures. The supracrustal assemblage is interrupted 
by a series of felsic intrusive bodies and is dissected by 
a network of Proterozoic mafic and ultramafic dikes. 
The greenstone belt is fault-bounded to the west by the 
Kapuskasing Structural Zone which contains high- 
grade metamorphic rocks and associated carbonatite 
intrusive complexes. The remainder of its periphery is 
surrounded by extensive granitic and migmatitic ter 
rain (Thurston et al. 1977; Heather 1993).

Gold and base metal occurrences are present 
throughout the belt in a variety of geological settings 
which include volcanogenic exhalative and felsic ex 
trusive centers, ultramafic flows and intrusions, and 
large, east-trending alteration and deformation zones.

METHODOLOGY
Identification of major geomorphic zones on the basis 
of large-scale landform-sediment and landform-bed- 
rock associations was carried out using a 1:250 000 
scale, false color composite Landsat-TM scene (bands 
4-5-7) in conjunction with 1:40 000 scale panchro 
matic aerial photographs and 1:50 000 scale topographic 
maps. Identification of minor landforms and field 
mapping were performed at scales of 1:20 000 and 
1:40 000 and will be compiled at a scale of 1:50 000. 
Directions of ice movement were obtained by mea 
suring fluted forms and glacial striations. Age 
relationships between sets of striations were deter 
mined from crosscutting relationships on faceted 
bedrock surfaces and superimposition of striations 
over grooves associated with older flow directions. For 
accessibility and location purposes, detailed 1:50 000 
scale road maps were prepared from 1992 1:20 000 
aerial photographs and local surveys conducted for 
private logging companies.

Regional drift sampling was carried out at a den 
sity of l sample per 4 km2 using a 2 km grid pattern. 
The grid-cell sampling method and density were se 
lected in an attempt to provide a statistically significant 
sample distribution and a sufficient number of data 
points for interpretation of compositional trends. At 
each site, samples of humus, B-horizon and C-horizon
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till were collected for lithological, mineralogical and/ 
or geochemical analysis. Two separate C-horizon 
samples were taken, a 2 L sample for fine fraction (-230 
mesh) analysis, grain size and carbonate content 
determinations, and an 8 L sample for heavy mineral 
extraction and pebble lithology counts. Samples were 
collected from roadcuts, trenches and hand-dug pits. 
Efforts were made to collect the C-horizon samples 
below the depth of maximum oxidation which lies 
between 50 cm and 1.5 m.

Two local surveys were conducted to compare the 
response of various surface media to known minerali 
zation and to document the pattern and extent of glacial 
dispersion, particularly where multiple ice flow direc 
tions were recorded. The survey sites were selected on 
the basis of: type and extent of mineralization; degree 
of drift exposure, as provided by trenches and strippings; 
and ease of accessibility from the main logging roads. 
The first survey was carried out at the site of the old 
Kenty Gold Mine located in the northeast corner of 
Swayze Township. Active stripping and test mining at 
the site of the No. 2 shaft has exposed a zone of 
ankeritized, silicified and fractured greenstones which 
contains a network of quartz stringers and veins min 
eralized in pyrite and in both fine and coarse native 
gold. Surface till samples were collected at the show 
ing and at 50 and 100 m intervals along a line oriented 
1600 for a distance of 500 m up-ice and l km down-ice. 
Samples were also taken at various locations in an 8 
km2 area south of the showing. The second survey was 
conducted at the site of the Shunsby copper-zinc de 
posit in Cunningham Township. Extensive stripping 
and trenching along east-oriented grid lines developed 
by Kirkton Resources in 1991 provided good expo 
sures of surface drift on the 2 main copper-zinc bodies 
and over several highly mineralized showings. The 
base metal deposit was grid-sampled at 100 m intervals 
along a south-trending line over a distance of 1.3 km. 
A second phase of sampling down-ice of the deposit is 
planned for the next field season.

SURFICIAL GEOLOGY
The surficial deposits of the Sultan-Rollo Lake area 
consist of till, glaciofluvial and glaciolacustrine 
sediments, rubble, colluvium, diamict materials of 
uncertain origin, and more recent eolian, alluvial and 
organic deposits.

Till occurs as a thin, discontinuous veneer overly 
ing bedrock throughout most of the area north and east 
of the Sultan plain. Till thickness averages less than 2.0 
m but locally may exceed 5 m in bedrock depressions 
and on the lee side of prominent bedrock ridges. 
Vertical sections and borrow pits reveal a compact but

cohesionless, non-calcareous, sandy-silty, matrix-sup 
ported till, with 5 to 3596 clast content. The clast 
component of the till is dominated by subangular rock 
types of local origin, but almost always includes a 
minor component of subrounded, faceted and/or stri 
ated stones of distal provenance, Lithologies foreign to 
the Swayze belt and the adjacent Kapuskasing Struc 
ture make up less than 19fc of the clast fraction. Common 
textural changes, from the surface downward, include 
a coarsening of the till matrix with proportional in 
creases in clast content, degree of compaction, and 
local clast lithologies. Gradational changes in colour 
relate to soil formation processes (oxidation and 
translocation of iron minerals) and affect surface till to 
a depth of 1.5 m. Non-gradational, vertical facies 
changes are recorded in rare, lee-side till exposures in 
the vicinity of the Kenty Mine site and the Shunsby 
base metal deposit. These include layering with sharp 
compositional and matrix texture changes, boulder 
pavements, debris flow features and chemically weath 
ered horizons.

Regional compositional variations of the surface 
till include differences in colour, matrix grain size and 
clast lithology, and primarily reflect lithological vari 
ations of the local source rocks. On a local scale, facies 
variations are a function of the site and mode of 
deposition (lodgement, basal meltout, or ice marginal).

In Denyes Township, a greater than 2.5 m thick 
section of mottled, clayey-silty, carbonate-rich till was 
observed on the stoss side of a mineralized bedrock 
ridge, possibly suggesting the presence of a distinc 
tively separate surface till unit of non-local provenance. 
Sandy-silty, carbonate-reactive till was also noted at 2 
sites in the Kormack area; one site east of Memoir Lake 
and one site south of the Kenty Mine.

South of the drainage divide, in the Sultan plain 
area, till is preserved as patches on rare bedrock highs 
and in a minor moraine feature formed on top of the 
glaciolacustrine sediments. North of the divide, along 
the Sultan scarp, a sandy, matrix-supported diamicton 
containing abundant granitoid clasts and various flow 
features was encountered at several sites.

Rubble and colluvium generally occur as minor 
surface accumulations of poorly sorted and clast-sup- 
ported angular debris on scoured bedrock surfaces and 
on stoss-side hill slopes in the bedrock-dominated 
portions of the upland. Extensive deposits of these 
materials are present in areas of felsic intrusive bed 
rock in Eisenhower and Blamey townships and areas of 
siliceous chemical sediments in Cunningham Town 
ship. Large (l to 3 m), angular boulders derived from 
these lithologies litter the surface of their respective 
source areas and are found sparsely scattered over the
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upland throughout the southern part of the Sultan map 
area.

Glaciofluvial and glaciolacustrine deposits, con 
sisting of proximal cobble-gravel facies grading 
southward into sand and gravel, laminated 
glaciolacustrine sand and distal outwash sand and silt, 
form the Sultan plain. These materials characterize the 
deposits of glacial lake Sultan south of the Hudson 
Bay-Great Lakes drainage divide (Boissonneau 1968). 
Terraces and beaches are developed in the coarse sand 
and cobble-gravel on the surface of the plain west of 
Sultan. Glaciolacustrine deposits composed of lami 
nated sands and silts are widespread in the lower-lying 
portions of the former glacial lake basin, north of the 
divide in Tooms, Eisenhower and Greenlaw town 
ships. In this area they overlie till and bedrock at 
altitudes of less than 410 m asl. Several south-trending 
eskers cross the area. In section, they consist of 
subglacial accumulations of poorly sorted cobble- 
gravel, flanked by layered outwash sand and gravel 
and/or laminated glaciolacustrine sand and silt. Esker 
morphology and dimension vary from short and nar 
row, low-relief (less than 5 m) ridge forms, to 
large-scale, high-relief (5 to 30 m), steep-sided com 
plexes with kettled surfaces, such as the Upper Sylvanite 
Lake esker complex (Tooms Township). Esker-fan 
sediment complexes and associated marginal ice-con 
tact deposits are present north of the drainage divide 
and mark the positions of brief halts of the retreating ice 
margin where it was fronted by a standing body of 
water. The most prominent of these individual fan- 
shaped sand and gravel complexes covers an area of 50 
km2, south of the junction between Hanson and Lesage 
lakes in Coppel Township. This location corresponds 
to the head of Boissonneau's (1968) Chapleau l mo 
raine. The esker-fan complex occurs south of a 
prominent ice-contact, boulder-gravel ridge located on 
the north shore of Lesage Lake.

Local accumulations of cross-laminated, fine sand 
and silt flank the main sediment discharge systems 
across the area, and are evidence of postglacial rework 
ing of glaciofluvial and glaciolacustrine sediment by 
eolian processes. Modern alluvium borders the main 
rivers and streams and organic deposits overlie bed 
rock and drift in several low-lying areas.

DIRECTIONS OF ICE MOVEMENT
Striations, grooves, chatter marks and stoss-lee fea 
tures record a general south-southwesterly (1850 to 
2100) glacial advance across the Sultan and Rollo Lake 
map areas, followed by a localized shift of ice move 
ment to the southeast (1550 to 1750) in the east-central 
portion of the area. Regional divergence in the trend of 
south-southwesterly striations, such as a shift of 100

recorded west of the Ivanhoe River, reflects topo 
graphic control on ice flow by the major geomorphic 
elements of the area (in this case, the Kapuskasing 
Structure). Local topographic control on regional ice 
flow appears to have been minimal.

A southeasterly shift of ice movement is recorded 
in the east-central townships of Denyes, Swayze, Dore 
and Cunningham. Numerous bedrock surfaces in this 
area display sets of crossing striations and striations 
superimposed on older grooves. The older, southwest 
erly striations are preserved on relatively unweathered 
surfaces in lee-side depressions. Shifts of up to 200 in 
the younger striation directions have been observed 
between the base and the top of several stripped out 
crop surfaces, suggesting that the topography locally 
controlled the ice flow under conditions of thinning 
ice. Further evidence for late localized ice flow is 
indicated by the apparent convergence of southeasterly 
ice flow indicators toward the Coppel-Dore 
glaciofluvial system. This may suggest that reorientation 
of the ice mass occurred in response to the formation of 
the meltwater-sediment discharge system. Alterna 
tively, the southeasterly shift of ice flow may simply 
record increasing control by local topography during 
deglaciation, as the general slope of the land is to the 
east.

GENERAL DEPOSITIONAL 
SEQUENCE AND ICE FLOW 
HISTORY
Surface till observed in the Sultan-Rollo Lake area can 
be related to the latest south-southwesterly (1850 to 
2100) glacial advance of the Laurentide Ice Sheet 
during the Late Wisconsinan. This is based on the 
record of preserved erosional ice movement indicators 
and the study of till clast provenance. It is also sup 
ported by the lack of paleosols, organic layers, reworked 
organic material and weathering zones; any one of 
which might suggest interstades.

Laurentide ice, advancing from the north, over 
rode the numerous irregularities of the substrate. 
Compressive basal ice flow and local pressure melting 
on the stoss side of the bedrock obstructions resulted in 
the release of debris and the gradual formation of a thin 
blanket of compact subglacial till with dominantly 
locally-derived clast. Cavitation on the lee-side of the 
more prominent bedrock obstructions resulted in the 
deposition of a complex sediment assemblage charac 
terized by extrusion, flowage and/or meltout features.

Deglaciation in the Sultan-Rollo Lake area oc 
curred between 10 and 8.2 thousand years ago (Dredge 
and Cowan 1989). Numerous ice disintegration fea-
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tures preserved on the upland north and east of the 
Sultan plain indicate that the ice sheet stagnated over 
much of the area during the final stage of deglaciation. 
Most of the debris trapped in the wasting ice mass was 
deposited as a silty-sandy, basal, meltout till. The 
Sultan scarp and the Hanson—Lesage lakes esker-fan 
complex mark 2 ice-marginal positions and may indi 
cate stillstands of the retreating ice margin. Several sets 
of superimposed striations in the east-central portion of 
the area record a later localized reorientation of the ice 
flow toward the southeast, possibly in response to the 
formation the Coppel-Dore glaciofluvial system. Rare 
occurrences of calcareous till may also represent a 
reactivation of the ice, possibly by streaming (Hicock 
1988), resulting in the transport and deposition of 
exotic englacial debris. During final ice downwasting 
and decay, englacial debris melting out at the ice 
surface was deposited by debris flow and glaciofluvial 
processes, leaving a discontinuous, bouldery veneer 
overlying subglacial meltout and lodgement tills.

Water ponded between the ice margin and a height 
of land now located south of the present Hudson Bay- 
Great Lakes drainage divide resulted in the formation 
of proglacial Lake Sultan and the deposition of vast 
tracts of outwash and glaciolacustrine sediments in the 
southwestern and east-central part of the area. Relic 
shorelines and terrace features on the Sultan plain 
indicate that there were at least 3 separate lake levels 
controlled initially by stagnating ice on the Sultan 
scarp and then by ice damming and drainage through 
spillways now occupied by the Wakami River and 
Wakami and Hepburn lakes. Local ice readvance into 
the northeastern part of the lake is suggested by the 
occurrence of an arcuate moraine ridge southwest of 
Sultan which contains deformed and reworked 
glaciolacustrine sediments.

Upon subaerial exposure, the major glaciolacustrine 
and glaciofluvial complexes of the area were subjected 
to eolian processes resulting in accumulations of fine 
sand as blankets and dunes. Orientations of parabolic 
and longitudinal dune forms indicate prevailing wind 
directions form the northwest during dune formation 
(Richard 1985; Kaszycki 1992).
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57. The Quaternary Geology of the Rinker Lake Area, 
District of Thunder Bay
M.J. Ford
Sedimentary and Environmental Geoscience Section, Ontario Geological Survey

INTRODUCTION
The present study of surficial geology in the Rinker 
Lake area is part of a three-year program of co-opera 
tive forest ecosystem studies co-ordinated by the 
Canadian Forest Service, Canadian Department of 
Natural Resources. Major funding is under the 
Canada-Ontario Northern Ontario Development Agree- 
ment (NODA) with additional support from 
collaborators. The surficial geology mapping project is 
partly supported by the Ontario Geological Survey. 
Other participants include the Canadian Wildlife Serv 
ice, the Provincial Remote Sensing Office and the 
Northwest Ontario Science and Technology Unit of the 
Ontario Ministry of Natural Resources (OMNR), the 
Institute for Space and Terrestrial Studies, the Univer 
sity of Toronto and the University of Waterloo.

The objective of the program is to develop proto 
type integrated ecosystem models, which are spatially 
based and geographic information system (GIS) as 

sisted, for a representative boreal forest area in north 
western Ontario. This involves a workup of combined 
field and laboratory data to prepare and organize spa 
tial data bases with a nominal scale of 1:20 000. In the 
field, forest plots are being intensively studied for a 
range of attributes, including vegetation composition 
and cover, tree growth and development, forest floor 
and soil chemistry, site moisture status, and seasonal 
use by forest-nesting bird species. A detailed digital 
elevation model (DEM), constructed at a 20 m resolu 
tion, is used in concert with the assembled data bases. 
Data bases include those for surficial geology, terrain 
features, vegetation cover and Forest Resources Inven 
tory (FRI) polygons, derived climatic features, and 
interpreted airphoto and remote sensing imagery.

The Rinker Lake research area is about 100 km 
north of Thunder Bay (Figure 57.1) and encompasses 
6 Ontario Basic Mapping 1:20 000 scale map areas 
(zone 14): 3100 54400,3100 54500,3200 54400,3200 
54500,3300 54400 and 3300 54500; and the northern

Figure 57.1. Rinker lake research area, scale 1:1 584 000.

This project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.

Mineral* * Mincranx

256



M J. Ford

halves of 3 others: 3100 54300,3200 54300 and 3300 
54300. Provincial Highway 521 transects the area and 
there is also an extensive network of forestry roads 
providing access to the area.

Previous geological work in the area includes 
bedrock mapping by Pye (1968), Kaye (1969), Coates 
(1972), and Sutcliffe and Sweeny (1986). The study 
area was part of a regional-scale reconnaissance study 
of surficial geology by Zoltai (1961, 1965) and a 
Northern Ontario Engineering Geology Terrain Study 
(NOEGTS) by Mollard and Mollard (1981).

METHODS
Conventional field techniques were used to map the 
Quaternary geology of the area. Extensive use was 
made of airphotos at 1:15 840 scale (black and white) 
and 1:10 000 scale (false-colour infrared). Station lo 
cations were registered using global positioning systems 
(OPS) with a Trimble Basic Plus OPS receiver. OPS 
data were later corrected differentially using base sta 
tion data recorded at Lakehead University and in 
Minnesota. Soil profiles were sampled from the C 
horizon, the top of the B horizon and the A horizon 
where possible. In addition to standard laboratory 
analyses, such as those for texture, carbonate content 
and metallic trace element content, these samples and 
those collected by survey teams doing detailed forest 
site work will be analyzed for a variety of nutrients, 
such as nitrogen.

BEDROCK GEOLOGY
The Rinker Lake area straddles the boundary between 
the Wabigoon Subprovince of the Archean Superior 
Province and the Nipigon Embayment of the Proterozoic 
Southern Province; the northeast-trending boundary of 
the Wabigoon and Quetico subprovinces crosses the 
southeast corner of the study area. The central and 
southern parts of the area are underlain by a east- 
northeasterly striking belt of Archean supracrustal 
rocks; massive mafic metavolcanic rocks predominate 
in the northern part of the belt and the southern section 
is mainly made up of clastic metasedimentary rocks 
with abundant metawacke. Also present within the belt 
are subordinate quantities of felsic to intermediate 
metavolcanic rocks, polymictic cobble to boulder 
metaconglomerate and minor amounts of meta-arkose, 
as well as metasedimentary migmatite in the southeast 
ern corner of the area. The regional metamorphic grade 
generally ranges from upper greenschist to lower 
amphibolite facies.

Felsic intrusive rocks flank the supracrustal belt to 
the northwest, and a small granitic stock cuts the 
sequence about 2 km east of Rinker Lake. Near Fenson

Lake, there are a few thin sills of quartz-feldspar 
porphyry within the metasedimentary rocks, and an 
intermediate to mafic stock intrudes metasedimentary 
rocks south of Legris Lake. On the western margin of 
the study area, the Lac des Iles mafic-ultramafic com 
plex intrudes gneissic tonalite and is contemporaneous 
with the younger granitoid rocks in the area (Sutcliffe 
et al. 1989). This intrusive complex hosts significant 
palladium-platinum deposits.

The relatively undeformed clastic and carbonate 
sedimentary rocks of the Mesoproterozoic Sibley Group 
have a very limited exposure within the study area. 
Kaye (1969) reports Sibley Group rocks in 2 exposures 
below sills of Nipigon diabase; a few small outcrops 
were found during the present study. Gently dipping 
brick-red shale, exposed in a pit east of Starnes Lake, 
shows distinctive white "reduction" spots and is prob 
ably part of the Kama Hill Formation (Franklin et al. 
1980; Cheadle 1986). Flat-lying cream and pale green 
argillaceous dolostone outcrops north of Lime Creek, 
in the northeastern corner of the area; it probably 
belongs to the Rossport Formation. The numerous 
bodies of tholeiitic diabase (Nipigon diabase) in the 
area are mainly remnants of sills intruded within the 
Sibley Group and along the Archean-Proterozoic 
unconformity (Sutcliffe 1991). Pye (1968) mapped 
diabase dikes that crosscut Archean rocks. The diabase 
is generally uniform and medium grained, with typical 
"diabasic" textures visible even on weathered out 
crops; however, coarsely crystalline to pegmatitic 
phases were seen at a few sites.

PHYSIOGRAPHY
The physiography of the area is largely bedrock-con 
trolled and clearly reflects the influence of the different 
major rock types. The most prominent features are 
ridges, knobs, cuestas and mesas, formed on resistant 
Nipigon diabase, which are common through much of 
the study area and have up to 100 m of local relief. 
Diabase controls the extensive, relatively well-drained 
uplands in the northwestern part of the area, which 
contrast sharply with an adjacent terrain of low granite 
outcrops and intervening wet, organic material. Areas 
underlain by Archean supracrustal rocks have low to 
moderate relief with northeasterly trending ridges. 
Streamlined whaleback ridges, formed by glacial abra 
sion, are common on the metasedimentary rocks in the 
southwestern part of the area where major ice flow was 
roughly parallel to strike. These features are up to 6 m 
high and 20 to 30 m long. Similar ridges are also 
formed on massive amphibolitic metavolcanic rocks 
north of Max Creek, and on diabase in a few locations.

Eskers and esker-kame complexes are the most 
distinct glaciogenic landforms in the area. They are 
present in all parts of the area, typically in low-lying
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terrain, but are most prominent in the northeastern 
section where parts of the landscape are drift-domi 
nated. Outwash plains are far less extensive and are 
generally bedrock-controlled. No moraines of any size 
were recognized in the area.

There are no major rivers within the study area and 
drainage is mainly to the northeast toward Lake Nipigon, 
via several small creeks. Southward-flowing Block 
Creek drains the southwest part of the area. The many 
bogs and fens attest to poor local drainage in many 
parts of the area.

QUATERNARY GEOLOGY
Quaternary deposits within the study area are thought 
to be Wisconsinan and Recent in age; no evidence of an 
earlier glaciation was found. Drift thickness varies 
from zero to more than 40 m, but it tends to be rather 
thin (less than 3 m) over much of the area. Known areas 
of relatively thick drift are in deposits of ice-contact 
stratified drift (ICSD), most notably the high kame 
terrace in the northeast corner of the study area. 
Wisconsinan ice-flow directions are recorded by 
striations, chattermarks, crag-and-tail features and 
whaleback ridges. The 2 most prominent flow direc 
tions average 2200 and 2400 (younger), and are roughly 
parallel to the strike of the supracrustal rocks. Striae 
also record ice movement toward ISO0 and 265 0, but 
the significance and relative timing of these flows are 
unknown.

Till is probably the oldest and most widespread 
Pleistocene sediment in the study area. Matrix textures 
range from sand to predominantly silt. Clast content 
varies from less than 596 to more than 3096. Two till 
lithofacies were recognized for mapping purposes. The 
first is generally a fairly uniform silty sand to silt till 
containing up to 1096 clasts, mainly in the granule to 
small cobble range. It commonly displays weak to 
well-developed fissility and is usually moderately com 
pact to compact. Colour is typically olive-grey in the C 
horizon and yellowish brown to dark brown in the B 
horizon. A brown to greyish-brown BC transition 
zone, 20 to 40 cm thick, is fairly common and the B 
horizon proper generally ranges from 30 to 70 cm 
thick. In some parts of the area, particularly the north 
east, the till reacts moderately to 1096 hydrochloric 
acid (HC1) and contains clasts of carbonate rock de 
rived from the Sibley Group. In the southeastern part of 
the study area, the till matrix has a distinct reddish cast 
and clasts of reddish-brown and maroon shale are 
abundant. The maximum observed thickness of this till 
facies is about 3 m, but exposures were limited.

The second till facies is stonier and tends to have a 
coarser-grained matrix than the first. It is also less

uniform and locally has a vaguely substratified appear 
ance. The matrix varies from predominantly fine sand 
to sandy silt and its colour is similar to that of the other 
facies. Clasts are generally angular, with sizes ranging 
from granules to boulders; clast content locally ex 
ceeds 3096, but 20 to 2596 is more typical. This facies 
is typically less compact than the other and cohesion is 
generally poor. The maximum observed thickness of 
this facies is 7 m.

Deposits of glaciofluvial ice-contact stratified drift 
are common throughout the area in the form of eskers, 
crevasse fills, kames and kame terraces. Sediment 
texture and degree of sorting in these deposits are quite 
variable. Moderately well-sorted to well-sorted sand 
and gravelly sand are predominant in most of the 
exposures examined in the eskers, and in the kame 
terrace north of Lime Lake.

As mentioned above, glaciofluvial outwash de 
posits are somewhat limited in areal extent and are 
generally associated with ice-contact deposits. Al 
though fairly extensive, the gravelly outwash west of 
Mawn Lake appears to be a fairly thin (2 to 3 m) veneer 
over bedrock. Other notable deposits include sandy 
outwash in the extreme northeast corner of the study 
area and near Lusk Lake. There are several lag deposits 
of boulders and large cobbles in the area; the most 
extensive are located at the north end of Vandenbrooks 
Lake.

Mappable glaciolacustrine deposits are largely re 
stricted to the shallow valleys of Block Creek and a few 
of its tributaries, in the southwestern part of the area. 
These sediments consist mainly of compact silt and 
clayey silt and locally are more than 7 m thick. Silt-clay 
rhythmites were found at only one site along a Block 
Creek tributary. Fine-grained glaciolacustrine 
sediments were also found near the Poshkokagan River 
just east of Highway 521 and south of Amik Lake. 
Some of these silts have a moderate to strong reaction 
to HC1. No shoreline features or deposits are present in 
the area.

Sedimentary deposits of Recent age in the area 
include alluvium, organic deposits and talus. Alluvial 
deposits consist of sand, gravel and silt, but mappable 
deposits are very limited in extent due to the small size 
of the streams in the area. Organic deposits are found 
throughout the area in the many bogs, fens and swamps, 
and show a broad range of humification. Accumula 
tions of talus are common on slopes below steep faces 
of diabase; this angular debris ranges from pebble to 
large boulder size. In some places, the colluvial mate 
rial is fairly stable and supports tree growth.
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58. Project Unit 92-23a. The Geochemical Map of 
Ontario (GMO) Pilot Project: Summary of Preliminary 
Results from the SOW Meridian Project

J.A.C. Fortescue and R.D. Dyer
Sedimentary and Environmental Geoscience Section, Ontario Geological Survey

INTRODUCTION
Fortescue et al. (1992) described the first part of a pilot 
project designed to test the feasibility of "meridian 
sampling" as a basis for a Geochemical Map of Ontario 
(GMO). They described a map of sample sites and 
graphs of water pH patterns for a geochemical traverse 
from Lake Erie to James Bay along the SOW meridian 
(Figure 58.1). This paper describes additional informa 
tion obtained from this project after October l, 1992.

A GMO was suggested by Fortescue in 1983, 
however, at that time it was considered impractical for 
2 reasons; one was the supposed ineffectiveness of the

geochemical mapping techniques then in use and the 
other was the large logistical problem involved in 
obtaining geochemical samples on the scale required.

During the past 5 years, worldwide advances in 
geochemical mapping methodologies (e.g., Darnley 
and Garrett 1990, Dickson and Hsu 1993) have demon 
strated that geochemical mapping of areas the size of 
Ontario are now relatively common. For example, it 
has been shown by several Scandinavian workers that 
large geochemical patterns associated with metallogenic 
provinces on a continental scale can be delineated by 
geochemical mapping. In Norway, patterns of this 
type, discovered by low-density geochemical map-

Figure 58.1. Location map of the 80th meridian.
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ping, led to the modification of existing geological 
maps in some areas (Bolviken et al. 1990). A recent 
development has been work done in China where 
numerous geochemical provinces have been deline 
ated (Xie and Yin 1993). These developments, and 
others like them described in the literature (e.g., Darnley 
1990,1992), have led to the design of the OGS Merid 
ian Project.

The Meridian Project is part of the Canada-On 
tario Northern Ontario Development Agreement 
(NODA). The project was designed as a pilot project 
leading to the fixture preparation of a GMO. A GMO 
has three aims: 1) to assist mineral exploration, 2) to 
satisfy province-wide needs of environmental 
geochemistry, and 3) to foster the study of geochemistry 
in province-wide studies of the health and nutrition of 
plants, animals and man.

APPROACH
A meridian-based geochemical map (see Figure 58.1) 
is analogous to a soil geochemical map except that the 
former is on a province-wide scale. A l 0 meridian map 
of Ontario has: 1) a line spacing interval of approxi 
mately 50 km, 2) sampling lines (corridors) 10 km 
wide, and 3) "sample points" 5 to 10 km apart along the 
corridors. Sample media consisted of stream sediments, 
stream water and "B" horizon soils in southern Ontario 
and lake sediments and lakewaters in northern Ontario.

THE VISUAL INTERPRETATION 
OF MERIDIAN GEOCHEMICAL 
PATTERNS
During 1992 and 1993, preliminary interpretation of 
the 80th meridian landscape and geochemical data was 
completed using 3 conceptual models. The conceptual 
models were designed to compare both abundance and 
spatial data patterns for: 1) 14 elements in water sam 
ples, and 2) 41 elements in stream sediments, lake 
sediments and soil "B" horizon samples collected from 
94 sample sites (located at 10 km intervals) along the 
80th meridian. The 3 models included: 1) a Landscape 
Conceptual Model to summarize meridian wide land 
scape conditions (physiographic regions, bedrock and 
Quaternary cover), 2) a Quicklook Model Diagram to 
compare geochemical patterns for 41 elements in the 
same sample media (e.g., water or sediment) along the 
entire meridian, and 3) a Clarke Meridian Diagram 
designed to use Clarke units to compare geochemical 
element patterns among the 4 sample media collected 
from the 80th meridian.

The Landscape Conceptual Model is a diagram 
which summarizes the major landscape features of the

meridian for quick comparison with geochemical data 
plots such as sawtooth diagrams of the 80th meridian 
corridor. For example, Figure 58.2 includes bars from 
this model for 1) physiographic regions, 2) Quaternary 
geology, and 3) bedrock geology. In addition to these 
bars, the Quicklook Diagram (see Figure 58.2) dis 
plays 12 "sawtooth" geochemical patterns. The 
sawtooths are prepared by plotting raw geochemical 
data sets expressed as percentages. Two of the sawtooths 
(Ca and pre-Ambrosia Pb) are plots of regression 
residuals in an effort to filter out the effects of loss on 
ignition (LOI) variability. This procedure was attempted 
on those elements which featured a strong correlation 
with LOI. Difficulties with this procedure were due to 
non-linearity of the LOI/element ratios and the in-

ft*

I

Quaternary
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Figure 58.2. 80th meridian Quicklook Diagram: Geochemical data 
sawtooth plots for 10 elements and LOI. Pb in pit-Ambrosia and 
post-Ambrosia lake sediment is displayed to illustrate an anthropogenic 
geochemical pattern.
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consistency of the relationships along the entire length 
of the meridian. This "LOI problem", or organic matrix 
effect (Garrett et al. 1990) with lake sediments can be 
minimized by selective sampling or data compositing 
to ensure LOI values fall in the range of 20 to 5096.

Eleven of the sawtooths represent elements in 
stream sediment/pre-Amferosw lake sediment data sets 
and the other is for percentage LOI in the sediment. 
Tick marks on the x-axis indicate the 94 micromodules 
along the meridian. The value denoted at each tick 
mark is a composite of 4 geochemical samples (or 
data), one taken from each quarter of the micromodule 
concerned.

The sawtooth patterns on Figure 58.2 represent 3 
groups of elements: 1) major elements (e.g Ca, Mn, P), 
2) minor elements (e.g., Ni, Y, Cu), and 3) trace 
elements (e.g., Be, As, Au). Also included are 2 
sawtooths showing Pb patterns for stream sediment/

pie-Ambrosia lake sediment and soil "B" horizon/ 
post-Ambrosia data. The Pb plots were included to 
illustrate the effect of non-point source (anthropogenic) 
pollution on 80th meridian geochemical patterns.

The Clarke Meridian Diagram for Cu (Figure 58.3) 
is one of 41 similar diagrams prepared to display 
meridian geochemical data patterns. These diagrams 
use Clarke transformed data to compare geochemical 
patterns along the meridian in the 4 sample media: 
1) stream sediment, 2) pie-Ambrosia lake sediment, 
3) posi-Ambrosia lake sediment, and 4) soil "B" hori 
zon samples. Clarke Meridian Diagrams (see Figure 
58.3) also include: a) data on the performance of the 
analytical method (i.e., percent coefficient of variation 
and plots (x's) of the precision of replicate analyses) 
for each sample material. Data for the LOI in each 
sample material are plotted as a thin line on each of the 
4 media diagrams.

Stream Sediment Pre-Xmbroria Lake Sediment

2
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Kk

Kk

Kk
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Figure 58.3. Clarke Meridian Diagram for Cu.
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RESULTS
The bars at the bottom of Figure 58.2 show landscape 
variation along the 80th meridian. The bar patterns 
indicate how the physiographic regions along the me 
ridian are usually associated with major changes in 
bedrock type. For example, Paleozoic sediments un 
derlie both the St. Lawrence and Hudson Bay lowland 
regions. In other physiographic regions (e.g., the Abitibi 
upland), Quaternary cover and Precambrian bedrock 
lithology vary considerably within one physiographic 
region. Regional landscape variations are usually ac 
companied by local variations in landscape 
development. These contribute to some of the noise in 
the sawtooth diagrams for some elements. Such local 
landscape variations are usually too small in area to be 
included in a meridian wide landscape conceptual 
model.

(A) AN 80th MERIDIAN QUICK 
LOOK DIAGRAM
Space does not allow for a detailed interpretation of the 
element patterns included in Figure 58.2. A major 
feature of all these patterns is the geochemical sample 
media change from stream to lake sediments at 
micromodule 23 (see Figure 58.2).

Major Element Sawtooth Patterns
Patterns for 3 major elements shown on Figure 58.2 
include examples of several province-wide geochemical 
patterns. For example, north of micromodule 23 in the 
vicinity of Parry Sound, the Ca pattern has a weak 
positive gradient. This may be associated with an 
increasing level of calcium carbonate in the glacial 
material northwards to the Hudson Bay Lowland. On 
a province-wide scale, the Mn pattern in Figure 58.2 is 
flat and relatively noisy. The noise is due to variations 
in LOI (i.e., organic content) and to local variations in 
the geochemistry of landscapes which affect the rate of 
accumulation of Mn in lake sediment. An unexpected, 
province-wide, regional geochemical pattern is a nega 
tive regional gradient evident on the P sawtooth. This 
gradient occurs in both the pre-Ambrosia lake sedi 
ment pattern (included in Figure 58.2) and in the 
post-Ambrosia (not included in Figure 58.2). This P 
gradient extends north from Parry Sound nearly to 
James Bay. Variations in LOI and local landscape 
conditions also contribute to the noise on the P graph.

Minor Element Sawtooth Patterns
Sawtooths for Cu, Ni and Y (see Figure 58.2) are 
typical for minor elements along the 80th meridian. In 
general the Cu patterns are similar to those in the

Chinese conceptual model described by Xie and Yin 
(1993). The Cu patterns are described in greater detail 
below. The Ni sawtooth pattern is of a more common 
type. It resembles the Mn pattern, although more of the 
noise is clearly due to LOI variation. The Y geochemical 
province pattern associated with the Proterozoic rocks 
in the Laurentian Highlands and Cobalt Plain north of 
Parry Sound (see Figure 58.2, micromodule 23) was 
unexpected and at the time of writing had not been 
explained. Compared to Ni and Mn, variations in LOI 
appear to have less effect on the Y results.

Trace Element Sawtooth Patterns
Sawtooths for Be, As and Au (see Figure 58.2) were 
chosen as examples of trace element patterns along the 
80th meridian. As expected, the sawtooths for trace 
elements suffer from landscape noise and relatively 
high detection limits (e.g., Au). In spite of this, some 
interesting element patterns were found. For example, 
the Be pattern shows a "low" geochemical province 
pattern where the meridian is underlain by Proterozoic 
Grenville rocks. The As pattern is of interest because it 
has high values in stream sediments in southern On 
tario and several localized high peaks in lake sediments 
further north, coincident with the greenstone belts at 
Kirkland Lake and Temagami. The pre-Ambrosia Au 
pattern indicates gold anomalies at Kirkland before 
mining commenced in the area. The weak Au province 
extending south from Kirkland Lake is also of interest.

Anthropogenic Sawtooth Patterns
Lead patterns in the pre-Ambrosia lake sediment (see 
Figure 58.2, lower Pb profile) are fairly flat across the 
meridian. This contrasts with the pattern for Pb in the 
post-Ambrosia sawtooth which has a marked negative 
geochemical gradient extending northwards from the 
Parry Sound area (see Figure 58.2, upper Pb profile). 
This is attributed to atmospheric fallout from a non- 
point source (i.e automobile exhaust fallout).

(B) AN 80W MERIDIAN 
CLARKE DIAGRAM
A total of 41 Meridian Clarke Diagrams, similar to that 
for Cu in Figure 58.3, facilitate visible comparisons 
among the 80th element data sets. All the element data 
are plotted in Clarke units to facilitate geochemical 
pattern comparisons along the meridian. Figure 58.3 
displays data for Cu in 4 sample media plotted in 
Clarke (Kk) units. The individual Cu data points are 
connected by a plot of 5 point moving average values.

It is evident from Figure 58.3 that: 1) The perform 
ance of the analytical method for Cu is satisfactory,
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2) the level of Cu along the meridian in all media is 
almost always less than l Clarke (68 ppm), 3) Cu is 
consistently higher in lake sediments than in stream 
sediments (or soils), and 4) locally a strong Cu/LOI 
ratio is apparent, therefore some of the noise in the Cu 
data can be attributed to this relationship.

From the geological viewpoint the Cu patterns 
show: 1) a small Cu province associated with mafic 
rocks in the Mesoproterozoic rocks of the central 
gneiss belt underlying the Laurentian Highlands just 
north of Parry Sound, and 2) a more marked Cu 
geochemical province pattern extending south from 
Kirkland Lake to Lake Nipissing. The small 
geochemical anomaly between #67 and #72 to the 
north of Kirkland Lake (#60) may be due to a local 
decrease in LOI. These 3 patterns are present in both 
the pre- and post-Ambrosia lake sediments (see Figure 
58.3). Figure 58.3 also shows that anthropogenic activ 
ity around the Kirkland Lake mining camp has produced 
a strong Cu anomaly in post-Ambrosia lake sediment.

SUMMARY
In general, landscape complexity along the 80th merid 
ian is associated with complex geochemical patterns. 
Adding to this complexity is the heterogeneity of lake 
sediment along the meridian and reflected by the vari 
able LOI of the samples. To minimize this complexity 
of meridian patterns, the 1993 experiment was com 
pleted west of Thunder Bay where the bedrock and 
landscape conditions are simpler than along the 80th 
meridian (Fortescue and Dyer, this volume). The sec 
ond meridian was chosen in this way because, although 
it is relatively easy to add complexity to a simple 
landscape model, it is often impossible to extract 
simplicity from a complex landscape model.

Technical problems encountered in the 1992 me 
ridian experiment included: 1) the relative insensitivity 
of analytical method used for water analysis, 2) the 
need to reduce local landscape geochemical noise in 
lake sediment data sets so that geochemical province 
patterns can be defined more precisely, 3) the general 
problem of the heterogeneity of lake sediments as a

media for geochemical mapping, and 4) the choice of 
sequenced statistical and image processing methods 
for the interpretation of meridian geochemical data 
patterns.

CONCLUSIONS
We conclude that: 1) The meridian approach to the 
production of a GMO is logistically practical; 2) Sev 
eral aspects of the scientific approach described here 
require further development before a GMO based on 
meridian mapping can be planned realistically.

REFERENCES
Bolviken, B., Kellerud, G. and Loucks, A. 1990. Geochemical and 

metallogenic provinces; A discussion initiated by results from 
geochemical mapping across Fennoscandia; Journal of Geochemical 
Exploration, v.39, p.49-90.

Darnley, A.G. 1990. International Geochemical Mapping Project - A 
contribution to environmental studies; in Chemistry and the Environ 
ment, Proceedings of a regional symposium, Brisbane 1989; 1990 e.d. 
Moller, B.N. and Chadha, M.S., Commonwealth Science Council, 
London

1992. Update on the International Geochemical Mapping Project;
Explore July 1992, no.76, p.11-14.

Darnley, A.G. and Garrett, R.G. e.d. 1990 International Geochemical 
Mapping; Journal of Geochemical Exploration, v.39, no. 1-2, 253p.

Dickson, F.W. and Hsu, L.C. e.d. 1993. Geochemical Exploration 1991; 
Journal of Geochemical Exploration, v.47, no. 1-3, 390p.

Fortescue, J.A.C. 1983. A phased approach to the presentation of regional 
geochemical survey data from southwest Ontario; in Summary of 
Fieldwork and Other Activities 1983, Ontario Geological Survey, 
Miscellaneous Paper 116, p.151-155.

Fortescue, J. A.C., Dyer, R.D. and Fouts, C. 1992. A Geochemical Mapping 
Traverse along the 80th Meridian West; in Summary of Fieldwork 
and Other Activities 1992, Ontario Geological Survey, Miscellane 
ous Paper 160, p.186-191.

Garrett, R.G., Banville, R.M.P. and Adcock, S.W. 1990. Regional 
geochemical data compilation and map preparation, Labrador, Canada; 
International Geochemical Mapping; Journal of Geochemical Explo 
ration, 1990 e.d. Darnley, A.G. and Garrett, R.G. v.39, no. 1-2, 
p.91-116.

Xie, X. and Yin, B. 1993. Geochemical patterns from local to global; 
Geochemical Exploration 1991; Journal of Geochemical Explora 
tion, 1993 e.d. Dickson, F.W. and Hsu, L.C. v.47, no.1-3, p.109-129.

264



59. Project Unit 92-23b. The Geochemical Map of 
Ontario (GMO) Pilot Project: Summary of Preliminary 
Results From the 90th Meridian Project

J.A.C. Fortescue and R.D. Dyer
Sedimentary and Environmental Geoscience Section, Ontario Geological Survey

INTRODUCTION
The geochemical traverse of the 90th meridian (sam 
pling was completed along 900 45' W) represents the 
second phase of the Meridian Project which was initi 
ated in 1992 with the geochemical traverse of the 8Qth 
meridian (Fortescue et al. 1992). The Meridian Project 
was designed to test the feasibility of a Geochemical 
Map of Ontario (GMO), similar to province-wide 
geological and geophysical maps.

CHOICE OF LOCATION
The 900 45' W meridian (Figure 59.1) was chosen for

a province-wide geochemical traverse for several rea 
sons: 1) To test the effectiveness of lake sediment and 
water sampling over Precambrian terrane in north 
western Ontario, 2) to maximize potential geochemical 
contrast due to the presence of large greenstone belts 
separated by wide expanses of granitic rock, and 3) the 
relative lack of deep overburden over much of the line.

BEDROCK GEOLOGY
The bedrock geology underlying the sampled line 
consists entirely of the Precambrian Superior Prov 
ince. Greenstone belts transected by the sampled line 
include the Shebandowan, Sturgeon Lake, Savant Lake,

Figure 59.1. Location map of the 90" 45' meridian.

This project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.

Mineral* * Mineraux
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Meen-Dempster and North Caribou. Broad expanses 
of granitic rocks lie between these greenstone belts.

QUATERNARY GEOLOGY
The Quaternary materials which underlie the meridian 
consist of tills, glaciofluvial deposits and minor clay. 
From the USA-Canada border northward to Lake St. 
Joseph, the Quaternary cover is commonly a thin, 
discontinuous layer of till with scattered patches of 
glaciofluvial deposits. From Lake St. Joseph to Williams 
Lake, the sampled line crosses an area dominated by 
thick till. North of this the surfical cover varies from 
thin to thick till and glaciofluvial deposits.

METHODOLOGY
The 90th meridian sampling plan called for the collec 
tion of lake sediment and water from adjacent 10 by 10 
km cells (micromodules) along the meridian (Figure 
59.2). This overall sampling plan is identical to that 
used for the 80th meridian in 1992.

In order to reduce the intersample variance (inher 
ent natural variability) of organic, mineral and 
geochemical constituents inherent in the sample media 
over the 100 km2 area of each micromodule, where 
possible, 4 sample stations were established in each 
micromodule (one per micromodule quarter) with the

intention of creating sample and data composites. For 
each micromodule, a 4 sample composite of lake 
sediment "upper" material was created. This was ac 
complished by extruding the top 8 cm of each core from 
each of 4 micromodule quarters into the same bag. A 
"lower" sample from each micromodule quarter (greater 
than 14 cm) was bagged separately and is roughly 
equivalent to a pie-Ambrosia sample from the 1992 
80th Meridian Project. Geochemical data from the 
micromodule quarter "lower" lake sediment samples 
will be composited to arrive at one value for the 
module.

Field work along the meridian was completed 
during late July and early August 1993. The laboratory 
work is expected to be completed by the end of Novem 
ber 1993.

SAMPLING PROCEDURE
As with the 80th Meridian Project, the lack of road 
access in much of northwestern Ontario precluded the 
use of surface vehicles for sample collection. Conse 
quently, a Bell 206B, equipped with floats and the OGS 
lake sediment sampling gear was contracted for this 
purpose.

Lake waters were composited on the helicopter 
float. This involved successively adding 250 mL of 
lake water from each of 4 micromodule quarters into a 
l L, high-density, polyethylene bottle. A 250 mL 
sample from each micromodule quarter was also kept 
as an archive. Surface water was sampled from shallow 
lakes (less than 5 m). On deep lakes (greater than 5 m) 
a deep water sample was taken using a 15-foot-long, 
3/4 inch Tygon tube sampler. These bottles were stored 
in a refrigerator at the end of each day prior to pH 
determinations, filtration and acidification.

In all of the 61 micromodules both "lower" and 
"upper" lake sediment samples were collected using a 
simple gravity sampler as described by Fortescue 
(1988). The lake sediment cores were extruded on the 
helicopter float and the samples placed in Whirl-Pak 
(R) plastic bags for transport to the laboratory.

During helicopter sampling, a Trimble Pathfinder 
Basic Global Positioning System (GPS) receiver was 
used to record exact UTM coordinates of lake sample 
sites and to facilitate helicopter navigation between 
them. The use of this instrument reduced the helicopter 
time required between lake sample sites and expedited 
the transfer of sample station UTM coordinates to a 
computer data base.

Figure 59.2. Micromodules sampled along the 900 45' meridian. 
Shaded areas represent major greenstone belts transected by the 
meridian.
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In the helicopter, sample station positions were 
also recorded manually on customized 1:50 000 scale 
laminated topographic maps.

PRE-PROCESSING AND 
CHEMICAL ANALYSIS OF 
SAMPLES
The pH of cooled, composite water samples was meas 
ured soon after collection. This was followed by 
filtration of 400 mL from each l L water sample 
through a 0.45 p,m cellulose acetate syringe filter. Two 
subsamples were created from this filtrate: 1) for trace 
element analysis, a 125 mL sample was placed in a 
new, pre-cleaned, high-density sample bottle and acidi 
fied to 196 with ultra pure nitric acid, and 2) for major 
elements and anions, a 50 mL sample was placed in a 
new sample vial and not acidified. The remaining 
filtrate was acidified and kept as an archive. Another 
250 mL of unfiltered water from the l L sample was 
acidified and kept as an archive. Analysis of the waters 
for 20+ elements by ICP-MS will be done at the 
Geological Survey of Canada.

Lake sediment samples require pre-processing 
before chemical analysis. This includes oven-drying 
and sieving followed by grinding of the dry lake 
sediment material. Analysis for 45 major, minor and 
trace elements and loss on ignition will be completed 
by ICP-OES and NAA by Bondar-Clegg in Ottawa.

The methodology for chemical analysis of all the 
meridian samples will include stringent quality control 
procedures based on replicated analyses of interna 
tional reference materials and pulp duplicates.

DATA PROCESSING
The geochemical data will be processed in a similar 
manner as the data from the 80th Meridian Project in 
order to facilitate comparisons. This will include graphi 
cal display of data (i.e., sawtooth diagrams, shadow 
plots) and statistical analysis.

RESULTS OF THE pH 
DETERMINATIONS
Figures 59.3a and 59.3b illustrate the variation in pH 
from south to north along the meridian. An upward 
gradient (increase in alkalinity) is apparent from south 
to north which is similiar to the results from the 80th 
meridian. The humps in Figure 3b centred on

a) pH Along the 90th Meridian
(Raw dato)

South Module North

b) pH Along the 90th Meridian
(7 point rolling mean)

South Module f North

Figure 593. Lake water pH along the 90" 45' meridian (a) Raw data 
(b) data smoothed using a 7 point moving average.

micromodules 37 and 53 correspond to areas domi 
nated by thick till.
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60. The Manitouwadge Mineral Resource Geologist 
Project

D.B. McKay
Thunder Bay Resident Geologist's Office Field Services Section (Northwest), Ontario Geological Survey

INTRODUCTION
The Manitouwadge Mineral Resource Geologist Project 
was initiated in January 1991 to stimulate and facilitate 
mineral exploration within a 50 km radius of the 
township of Manitouwadge (Figure 60.1). Primary 
objectives of the project include: compilation, research 
and investigation of new and previously known min 
eral occurrences in the Manitouwadge area; preparation 
of an open file report documenting these occurrences; 
provision of client services via property examinations, 
field trips, sample analyses and information dispersal; 
and provision of public education via prospecting 
classes, technical presentations and poster displays. 
The project operates in conjunction with the Schreiber- 
Hemlo Resident Geologist Program and is scheduled 
to terminate on December 31, 1993. Funding is pro 
vided by the Canada-Ontario Northern Ontario 
Development Agreement (NOD A), a subsidiary agree 
ment to the Canada-Ontario Economic and Regional 
Development Agreement (ERDA). It is hoped that this 
project will enhance the geological data base for the 
Manitouwadge area and possibly assist in the discov 
ery of new mineral resources to replace those currently 
being depleted.

This report provides a brief summary of the field 
work and other activities completed as of September 8, 
1993. Details regarding the work performed in 1991 
and 1992 are given by McKay (1991, 1992a, 1992b, 
1993) and Schnieders et al. (1992,1993). An open file 
report documenting the metallic and/or economic min 
eral occurrences in the Manitouwadge area is scheduled 
for release in 1994. Approximately 165 known mineral 
occurrences are reported to occur within the 
Manitouwadge area. Information regarding many of 
these occurrences will be presented in this open file 
report.

MINING ACTIVITY AND 
MINERAL EXPLORATION
One base metal and 3 gold mines are currently produc 
ing in the project area. The Geco Division Mine

(Noranda Inc.) in Manitouwadge has mined over 
52 000 000 tons of copper and zinc ore since opening 
in 1957. At the current production rate of approxi 
mately 3100 tons milled per day, ore reserves will be 
exhausted within l to 3 years, depending on economic 
parameters (H. Lockwood, Geco Division Mine, per 
sonal communication, 1993). The Golden Giant Mine 
(Hemlo Gold Mines Inc.), the David Bell Mine (Teck- 
Corona Operating Corporation) and the Williams Mine 
(Williams Operating Corporation), all located in the 
Hemlo area, produced a total of l 158 444 ounces of 
gold in 1992 (Schnieders et al. 1993).

Although the project area is being actively ex 
plored for gold and base metals by numerous prospectors 
and several major exploration companies, including 
Noranda Inc. (Geco Division), Noranda Exploration 
Company Ltd., Phelps Dodge Corporation of Canada 
Ltd. and Placer Dome Inc., the number of active 
mineral exploration projects undertaken in 1993 is 
expected to be down relative to 1992. Of note, Noranda 
Inc. (Geco Division) intends to drill a 2400 m hole into 
the Manitouwadge synform in an attempt to intersect 
the down-plunge projection of the Willroy deposit. 
Over 4 million tons of copper-zinc ore were removed 
from this deposit before mining ceased in 1975. Drill 
ing is scheduled to commence in November of 1993.

Several interesting and previously undocumented 
mineral occurrences have been discovered recently in 
the Manitouwadge area by prospectors. These include 
the Theresa Lake copper occurrence, the Lampson 
Road copper-zinc occurrence, the McGraw Lake cop 
per occurrence, the Thomas Lake Road sulphide 
occurrence, the Wabikoba Creek zinc occurrence, and 
the Spruce Bay zinc occurrence (see Figure 60. l; Table 
60.1).

Hydrothermally altered garnet-orthoamphibole 
(anthophyllite?)-rich rocks, similar to those found in 
the footwall of the Geco and Willroy base metal depos 
its, have been discovered on Noranda's One Otter Lake 
East and Banana Lake properties (see Figure 60.1;

ONTARIO This ProJect '8 Part o* tne five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.

Mineral! * Minirani

268



D.B. McKay

!C0CHRA

—-———l——UJ 
Obakamigam*L*71w * T5 Footer 

-4? 2̂(il-Ji8H!r}lrt!_J\J
i-^-\f~ \ cn^A .A.Qri1 "l

Lak* Chelsea

^ l
atthews; Bayfield

LAKE 
SUPERIOR

\ 
l Legarde i Levesque j Macaskill Menzies

Scale of Kilometres 
(approxlmat*) SttkrnNJDJWarpulaJAndr^ Bailloquet 

\ /i____i___i___t\

Figure (0.1. Manitouwadge Mineral Resource Geologist Project; solid diamonds indicate the locations of properties visited (keyed to Table 60.1).

269



Noda-Geoscience (60)

Table 60.1). These properties are located approxi 
mately 24 km east-northeast of the Geco Mine in an 
area previously interpreted to be underlain primarily 
by granitic gneiss. Recent mapping by E. Zaleski of the 
Geological Survey of Canada and H. Lockwood, G. 
Charlton and I. Wolfson of Noranda Inc. (Geco Divi 
sion) suggest that these hydrothermally altered rocks 
may comprise the eastward extension of the southern 
limb of the Manitouwadge synform (E. Zaleski, Geo 
logical Survey of Canada and H. Lockwood, Geco 
Division, personal communication, 1993). Work on 
these properties is ongoing.

Pyritic, green mica-bearing, quartz-eye sericitic 
schists, similar to those associated with the Hemlo gold 
deposit, have been discovered by prospectors B. Fowler 
and M. Shuman on their Armand Lake property (see 
Figure 60.1; Table 60.1). Grab samples collected from

this property have returned assay values of up to 0.086 
ounce Au per ton (Schnieders et al. 1992). The Armand 
Lake property is located within the north limb of the 
Heron Bay-Hemlo greenstone belt approximately 19 
km northeast of the Hemlo mines. Work on this prop 
erty is ongoing.

FIELD WORK
At the time of writing, 71 properties had been visited 
and examined (see Figure 60.1; Table 60.1). These 
comprise 55 base metal or sulphide properties, 12 gold 
properties, l platinum group element (PGE) property, 
l molybdenum property and 2 graphite properties. A 
total of 525 grab, chip and channel samples were 
collected and submitted for multielement analysis to 
determine metal content and chemical alteration, where 
applicable. Property-scale geological mapping was

Table 60.1. Property Examinations, Manitouwadge Mineral Resource Geologist, 1991,1992, 1993.

1. Agonzon Lake molybdenum occurrence
2. Agonzon Lake property
3. Armand Lake property6
4. Baarts-Donaldson copper occurrence
5. Banana Lake property
6. Beavercross Lake copper occurrence
7. Beggs-Currie copper-nickel occurrence
8. Big Nama Creek Mine2-4-6
9. Black Beaver Lake sulphide occurrence
10. Bunny Lake sulphide occurrence
11. Camp 54 Road sulphide occurrence
12. Carroll zinc-gold-silver occurrence
13. Crab Rocks zinc-copper occurrence
14. Dorothy Lake sulphide occurrence
15. East Barbara Lake sillimanite occurrence
16. Fairservice zinc occurrence
17. Paries Lake property
18. Forty-sixer property
19. Gaug Lake property
20. Geco Division Mine 1 -4
21. Golden Giant Mine 1
22. Halverson sulphide occurrence
23. Hemlo Highway Section
24. Husak Road No. l sulphide occurrence
25. Husak Road No. 2 sulphide occurrence
26. Husak Road No. 3 sulphide occurrence
27. Husak Road No. 4 sulphide occurrence
28. Ice Cream Lake Road sulphide occurrence
29. Kusins lead-zinc occurrence
30. Labrador copper occurrence
31. Lampson Road copper-zinc occurrence3
32. Leigh Siding area
33. Lenora-Argentex property
34. Lloyd Davis sulphide occurrence
35. McGraw Lake copper occurrence3
36. Middle Falls Road sulphide occurrence

37. Miller graphite occurrence
38. Morley Lake copper occurrence
39. Moshkinabi sulphide occurrence
40. North Linbarr Lake No. l sulphide occurrence
41. North Linbarr Lake No. 2 sulphide occurrence
42. Olivier sulphide occurrence
43. One Otter Lake East property
44. Otter Lake sulphide occurrence
45. Pinegrove Lake property
46. QT-1A gold occurrence
47. QT-3A gold occurrence
48. QT-09 zinc occurrence
49. QT-12 zinc occurrence
50. Rawluk Lake property
51. Rockbound Lake copper occurrence
52. Roger Lake area
53. Shabotik copper-nickel-PGE occurrence4
54. Shuman-Daniels zinc occurrence5
55. Sperle sulphide occurrence
56. Spruce Bay zinc occurrence3-5
57. Summers Lake property
58. Swill Lake property5
59. Taradale (South) copper-silver occurrence
60. Taradale graphite occurrence
61. Theresa Lake copper occurrence3
62. Theresa Lake (Southeast) sulphide occurrence
63. Thomas Lake Road sulphide occurrence3
64. Trapline property
65. Twist Lake Road gold occurrence
66. Two Finger Lake property
67. Wabikoba Creek property5
68. Willecho Mine2-4-5-6
69. Williams Mine 1
70. Willroy Mine2-4-5-6
71. Wowun Lake area

'current producer
2past producer
3new occurrence
Visited during a field trip conducted in 1991
5visited during a field trip conducted in 1992
Visited during a field trip conducted in 1993
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performed on several of the properties. The results of 
these investigations will be presented in an open file 
report scheduled to be released by the Ontario Geologi 
cal Survey in 1994. Since 1991, the Manitouwadge 
Mineral Resource Geologist Program has served 516 
clients (including mineral exploration company per 
sonnel, federal and provincial government geologists, 
prospectors and members of the general public) and 
dealt with 362 telephone inquiries regarding the 
Manitouwadge area.

OTHER ACTIVITIES
A poster display, entitled "Mineral Occurrences, Pros 
pects and Mines in the Manitouwadge Area", was 
presented at Ontario Mines and Minerals Symposia 
held in Toronto during December of 1991 and 1992. A 
poster display and an oral presentation, entitled "Min 
eral Occurrences and Exploration Potential of the 
Manitouwadge Area", were presented at the Thunder 
Bay Mines and Minerals Symposium held in Thunder 
Bay during April of 1992. A poster display, entitled 
"Mineral Occurrences, Prospects and Mines in the 
Manitouwadge area", was presented at the Thunder 
Bay Mines and Minerals Symposium held in Thunder 
Bay during April of 1993. An oral presentation, enti 
tled "Prospecting Opportunities in the Manitouwadge 
Area", was presented at a prospectors information 
session held in Marathon during January of 1992. A 
course on basic prospecting was presented in 
Manitouwadge during February of 1992. This course 
was attended by 58 people and was very well received. 
Primary and secondary school classes, as well as mem 
bers of the general public, were given guided tours 
through a Mining Sequence display set up by the 
Ministry of Northern Development and Mines in 
Manitouwadge during June of 1991 and in Thunder 
Bay during February and June of 1992 and June of 
1993. Exploration company personnel and/or govern 
ment geologists were given tours of many properties in 
the Manitouwadge area including the Wabikoba Creek 
property, the Armand Lake property, the Shabotik 
River property, the Swill Lake property, the Spruce 
Bay property, and the Geco Division, Willroy, Big 
Nama Creek and Willecho mine properties. In addition 
to the above, exploration in the Manitouwadge area 
was promoted through numerous informal discussions 
with prospectors and exploration company personnel.

Assistance was provided to Geological Survey of 
Canada geologists I. Kettles and E. Zaleski who are 
both working in the Manitouwadge area on multi-year 
NODA-funded projects initiated in 1991.

Several geological short-courses and seminars were 
attended including: an "Exploration Geochemistry

Workshop" presented in Toronto by the Geological 
Survey of Canada during March of 1991; short courses 
on "Industrial Minerals" and "Five-Element Vein Sys 
tems" presented in Thunder Bay by Dr. S. Kissin of 
Lakehead University during February and March of 
1992 respectively; and a symposium devoted to 
"Contemporary Approaches to Exploration for Metal 
lic Mineral Deposits" presented in Thunder Bay by the 
Canadian Institute of Mining and Metallurgy during 
March of 1992.

RECOMMENDATIONS 
FOR EXPLORATION
General and specific recommendations regarding ex 
ploration for gold, base metals and platinum group 
elements in the project area are given by Schnieders et 
al. (1992,1993).

In summary, areas considered to have high poten 
tial for gold mineralization include the Hemlo area, the 
Dead Otter Lake-Theresa Lake-Spruce Bay area, the 
Everest Lake area and the Lorne Lake area. Gold 
mineralization in the Hemlo area is spatially related to 
metavolcanic-metasedimentary contacts, deformation 
zones and porphyry contacts and is characterized by 
the presence of sericite schists, disseminated pyrite, 
molybdenite, green mica, barite and pervasive potassic 
alteration. Exploration for gold in, and around, the 
Hemlo area should continue to focus on these features. 
Felsic, quartz-porphyritic intrusive and metavolcanic 
rocks appear to have a close spatial relationship with 
gold mineralization in the Hemlo area. Such rocks are 
present on the Armand Lake property (see Figure 60.1; 
Table 60.1). It is strongly recommended that this area 
be thoroughly explored for Hemlo-style gold minerali 
zation.

Areas considered to have high potential for base 
metal mineralization are the Page Lake area, the Black 
River-Dotted Lake-Spruce Bay area, and the Mani 
touwadge area, including the eastward extensions of 
the Manitouwadge stratigraphy into Gemmel, Nickel 
and Herbert townships. The discovery of the 
Manitouwadge base metal mining camp has proven 
that caution and a fair bit of patience are required when 
assessing mineral showings in amphibolite-facies 
terranes. The Manitouwadge area (50 km radius of 
Manitouwadge) has a history of unimpressive-looking 
mineral occurrences. In addition, deformation, meta 
morphism and hydrothermal alteration have acted to 
obscure high-potential rocks, thus, making exploration 
targets difficult to identify. It is suggested that all 
sulphide occurrences in the Manitouwadge area, re 
gardless of size or lateral extent, be fully investigated 
to determine their base metal potential. As noted by
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Schnieders et al. (1991), sillimanite, cordierite, garnet 
and anthophyllite (gedrite) are associated with many of 
the volconogenic massive sulphide (VMS) deposits in 
the Manitouwadge camp and are indicative of 
hydrothermal alteration and/or high-grade metamor 
phism. These minerals are considered positive indicators 
for base metal mineralization and exploration should 
focus on their detection. Lithogeochemical surveys to 
detect sodium and calcium depletion, and magnesium, 
potassium, zinc and copper enrichment are considered 
valuable exploration tools for identifying VMS related 
alteration in the Manitouwadge area (Schnieders et al. 
1991). Since most of the base metal orebodies in the 
Manitouwadge camp are hosted in muscovite-quartz 
schist, the presence of this lithology is considered a 
positive indicator for base metal mineralization.

Areas considered to have high potential for plati 
num group element (PGE) mineralization include the 
Bulldozer Lake and the Moshkinabi Lake-Faries Lake 
areas (see Figure 60.1; Table 60.1). Characteristics 
considered indicative of PGE mineralization include 
the presence of disseminated sulphides (typically less 
than 59fc), variations in grain size, modal layering, 
disrupted layering, intermixing of magma types, mag- 
matic-related breccias and pegmatitic dikes or veins. 
Any mafic or ultramafic rocks displaying any of these 
characteristics, especially those which are sulphide- 
bearing, warrant thorough examination for PGE 
mineralization.
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61. Promotion of Ontario Building Stone

D. Constable
Mineral Development Section, Mining and Land Management Branch

INTRODUCTION
This project is a preliminary literature study and is a 
preamble to a 2 year Canada-Ontario Northern On 
tario Development Agreements (NODA) proposal 
commencing in April, 1994 to promote the Ontario 
building stone sector. The literature search phase took 
place over a 6 week period from February 17 to March 
31st, 1993. F. Racicot was the research geologist for 
this initial contract.

The research was focussed on a systematic search 
of computer databases, magazine articles, government 
publications, books and various personal files. Topics 
selected for the literature search were:
1. prospecting methods and techniques
2. evaluation of building stone deposits
3. testing of stone
4. development and quarrying techniques and 

equipment
5. range of stone products and uses of "waste 

material"
6. rehabilitation standards for quarries.

Relevant references were identified and, where 
possible in light of time restraints, copies of the articles 
or publications were obtained.

METHODOLOGY
During the course of this project 4 main sources of 
information were utilized:
1. data bases; including OGS Library, Colorado 

School of Mines, Laurentian University, 
CANMET, United States Geological Survey, 
United States Bureau of Mines and Atomic Energy 
of Canada Limited.

2. direct telephone Contact with the United Nations, 
Universities, United States and Canadian Provin 
cial and Federal agencies, United States Quarry 
Associations, American Institute of Mining Engi 
neering, Finnish and Norwegian sources and vari 
ous industry sources

3. library Index and Industry Magazines

4. in-house sources; such as files from the Kenora 
and Sudbury Mineral Development offices and the 
Commodity section

Selected references were ordered and, upon re 
ceipt, were assembled in a series of separate file folders 
under the relevant search topics. In the summer of 
1993, Susie Gosselin, a summer experience student, 
created a bibliography of the articles arranged under 
each topic category.

PROJECT RESULTS
As a result of his research, F. Racicot completed a 
preliminary report summarizing each search areas and 
describing the degree of success he encountered in 
each topic category.

F. Racicot identified further sources of informa 
tion and recommended other topic categories in which 
to pursue research. S. Gosselin's bibliography con 
tains over 350 individual references under 25 different 
headings. The most comprehensive of these articles 
were assembled into a basic resource package and, 
together with the bibliography and a 2 hour video tape, 
were sent to each Resident Geologist and Mineral 
Development office. Additional copies of these infor 
mation packages are available from D. Constable, 
Mineral Development Section, 5th floor, 933 Ramsey 
Lake Road, Sudbury, Ontario, P3E 6B5 (705-670- 
5826). The entire set of sorted files and the completed 
bibliography were sent to the OGS Library in Sudbury 
in order to make them more available to clients.

FUTURE WORK
This 6 week literature search provides an assessment of 
the existing literature available for most phases of 
exploration, development, quarrying and rehabilita 
tion of building stone sites. This information will be 
the starting point of a proposed 2 year NODA contract 
planned to begin in April, 1994. This project is funded 
under the Industrial Minerals and Economic Develop 
ment component of NODA and is designed to create

This project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.
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educational and technical resources for new and expe- AC KN O W LEDGEMEN TS
rienced prospectors, companies, quarriers, processors
and marketers. Present plans call for the creation of The author is grateful to F. Racicot for his persistence 
workbooks on stone exploration, development, test- in tracking down potential information. I am also 
ing, quarrying and processing. The organization and indebted to Susie Gosselin for carefully sorting and 
execution of building stone workshops and field trips cataloguing the references. I appreciate the help and 
will also be a component of the project. The ultimate advice offered by J. Brisson of the OGS Library, 
objective of this program would be to enhance the Special thanks is due the MNDM's J. Springer, D. 
knowledge level of expertise of Ontario stone industry Beard, S. Schelske and D. Spethmann for the sugges- 
participants in order to accelerate the industry's growth tions and, importantly, for trusting me with their files, 
and to improve the chances of ultimate success.
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62. Project P.5.9. Evaluation of Light and Heavy Rare 
Earth Element Content Within Elliot Lake Mine Tailings

M. Dahir
Mineral Development Section, Mining and Land Management Branch.

INTRODUCTION
Small quantities of light (lanthanide) rare earth ele 
ments (REE) are essential to a modern society. 
Neodymium, for example, is used in the manufacture 
of high-performance dielectric capacitors and in 
phosphors for high-brilliance colour television screens. 
Increasingly, the lanthanide elements are being used to 
give special properties to heavy-duty, catalytic or ther 
mally responsive ceramics in all manner of sensors and 
communications switch gear. Monazite is the natural 
mineral phase most enriched in neodymium (15 to 
2096). It partitions into the heavy mineral suite of 
sedimentary units like the uranium-bearing Elliot Lake 
Group of the Huronian Supergroup. Recent work on 
processed Huronian material (Prasad and Ruzicka 1992) 
shows that even after double leaching (once for ura 
nium and once for yttrium), tailings from the Denison 
Mine contain appreciable quanitities of light REE; 
those from Rio Algom's single-leach Quirke mill con 
tain even more. These tailings may therefore represent 
a considerable stockpile of lanthanide REE; recent 
estimates based on the volume of tailings within the 
Elliot Lake camp suggest a total of 150 million tonnes 
(Prasad and Ruzicka 1992).

This study is a preliminary assessment of REE 
contents in the tailings of the Nordic Mine, near Elliot 
Lake, which were impounded during mining from 
1957 to 1968. The average U30g recovery was 9596 and 
to a certain extent, Th02 and rare earths were also 
recovered from the leach liquor. The quantities, values 
and grades of the concentrates produced are unavail 
able in the public domain.

PROJECT DESIGN
A two-phase project set out to examine the chemistry 
and mineralogy of samples collected and archived by 
the Canada Centre for Mineral and Energy Technology 
(CANMET) from the tailings of the Nordic Mine. In 
phase I, the aim was to establish the gross concentra 

tion of lanthanides using cerium as an easily analyzed 
"tracker" element, based on the assumption, from 
existing mineralogical data, that the lanthanides are 
resident in monazite and/or xenotime (monazite con 
tains 45 to 4796 cerium and the cerium: neodymium 
ratio is approximately 5:1). If the cerium values were 
high enough, if enough monazite grains were present 
and if separation seemed feasible, then this stage would 
be followed by a grain analysis of pure separates to 
establish the average content of individual rare earths. 
Phase 2, depending on the promise shown by phase I, 
would enlarge the sampling, using perfected analytical 
shortcuts to evaluate other tailings sites in the Elliot 
Lake camp.

SAMPLING LOCATION
The Nordic Mine is located to the east of North Nordic 
Lake, in the southeast part of Gunterman Township 
(formerly Township 149), and is about 5.6 km south- 
east of the Elliot Lake Townsite. Year-round access is 
by a secondary road from Highway 108.

The sample materials analyzed for REE in this 
study were initially collected during radionuclide and 
hydrogeochemical studies of the Nordic Mine tailings 
pond. The materials had been previously collected, 
logged and stored by CANMET staff in 1983 and 
subsequently moved to the CANMET environmental 
facility at Elliot Lake. For their work, solid core sam 
ples were recovered. CANMET's field strategy was to 
collect representative samples from the tailings pond 
as part of their hydrogeological flow monitoring in the 
tailings and adjacent sand aquifer. For this study, 
samples were selected from the archived material that 
covered the widest possible area and vertical distribu 
tion, given the material available.

SAMPLE SELECTION
A total of 178 tailings samples from the Nordic Mine 
main tailings pond were selected from archived core

This project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.
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material at CANMET's Elliot Lake Mining Research 
Laboratories for this study. The selection criteria were 
as follows:

1. The spatial distribution of samples was to be rep 
resentative, and was to include material from all 10 
available cores.

2. Solid, unprocessed tailings were to be selected in 
preference to samples previously powdered for 
CANMET's earlier analysis, so that material with 
original in situ grain sizes could be concentrated 
(although for some intervals only powdered mate 
rial was left from previous work).

3. Sufficient material was to be available for the 
proposed analytical program.

4. Sampling was to be focussed on material from 
depth, to document possible downward migration 
of REE following the groundwater flow path and 
the slope of the tailings pond.

ANALYTICAL PROTOCOL
A total of 210 samples (100 powdered, 110 solid), 21 
standards and 11 powdered duplicates were analyzed. 
All of the samples were measured for radioactivity and 
radon content (^U, 224Ra and total Beta emission) by 
the author, prior to shipping to Lakefield Research Ltd. 
near Peterborough, Ontario.

The samples were subjected to the following se 
quence of analyses: cerium and yttrium by X-ray 
fluorescence (XRF), whole-rock major element oxides 
by (wet) chemical analysis, and zirconium, thorium 
and yttrium by XRF.

Monazite, xenotime and other heavy minerals were 
separated from the bulk of the tailings material by use 
of a heavy liquid with a density of 3.0 g/cm3. At the 
final stage of separation, 15 samples of the heavy 
mineral sink fraction were further evaluated for rare 
earth content by XRF analysis. Two of the 15 samples 
were examined by binocular optical microscopy, scan 
ning electron microscopy and X-ray powder diffraction 
techniques.

SUMMARY OF RESULTS
The heavy mineral fraction constituted 2 to 496 by 
weight of the samples. The grain mounts examined by 
scanning electron microscopy confirmed monazite as 
the principal nonsulphide mineral phase. The grains 
ranged from less than 20 to 100 (am in size and were not 
intergrown with other phases, which would potentially 
allow easy liberation of the monazite fraction during 
mineral processing.

Monazite constitutes, by calculation, 0.5 to Q.9% 
by weight of the samples used. From these data, the

concentration of cerium, the "tracker" element, could 
be calculated as 10 to 160 ppm. As the neodymium 
content is approximately 2096 of the cerium content in 
monazite, the neodymium values are estimated to 
average 30 ppm. Natural monazite grains have meas 
ured values of neodymium which range from 15.5 to 
2096. Neodymium values for the Nordic Mine tailings 
monazite grains have not been measured.

DISCUSSION
Under the conditions of sample selection and prepara 
tion, and with the analytical protocols used, the results 
show that free grains of monazite (size range from less 
than 20 to 100 pm) are present in the tailings samples. 
The grains are fully liberated from the other minerals 
and would be amenable to separation by, for example, 
flotation. The grain size of the material (it was ground 
for uranium processing to -325 mesh) is, however, also 
appropriate for well-established, current leaching re 
gimes (Tran 1991) that recover rare earth elements by 
the acid digestion of monazite. So, separation of a 
heavy concentrate may be unneccessary. In the sam 
ples used, about 0.5 to Q.6% by weight monazite is 
present. For comparison, heavy sands in Australia and 
Malaysia which are mined for ilmenite or cassiterite 
yield by-product monazite with a concentration in the 
black sand "ore" of only 0.1296. Thus the percentage of 
monazite present in these samples is promising. The 
calculated content of cerium (10 to 160 ppm) and the 
estimated neodymium values (30 ppm) appear modest. 
However, in evaluating the economic potential of this 
tailings "deposit" the value of the whole suite of 15 rare 
earth elements (lanthanum to yttrium) known to occur 
in monazite must also be considered. Furthermore, 
these deposits have innate advantages; the material is 
preground to the appropriate size range and already 
stockpiled, so mining and milling costs are minimized. 
Moreover, in the course of the work considerable rare 
earth element values were accidentally discovered in 
the pore waters of the tailings pile. Routine monitoring 
by CANMET staff detected anomalous element inter 
ference which could be linked to a variation in the 
content of REE-bearing heavy minerals. This may 
permit the calibration of CANMET's measurements 
and allow a three-dimensional model of REE concen 
tration to be constructed. In addition, it appears that 
low levels of rare earths are being leached naturally 
from the heavy mineral residues and it may be possible 
to enhance the recovery of rare earth elements from this 
source.

OUTCOME AND PUBLICATION
This project will not continue to phase 2. An Open 
File Report is in preparation that details the sample
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selection, the sample treatment, analytical protocols KtrtKtlMUtO 
and gives a full account of the results that are presented
in ciimmarv ahnvp Prasad, N. and Ruzicka, V. 1992. Yttrium, rare-earths and radioactive 
m summary aoove. elements in selected mine tailings, Elliot Lake, Ontario; in Current

Research, Part C, Geological Survey of Canada, Paper 92-1C,
p.53-58.

Tran, T. 1991. New developments in the processing of rare earths; in Rare 
Earths: Future Prospects, Industrial Minerals, Special Review, 
p.16-25.
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63. Project Unit P.58. Industrial Minerals Assessment 
of Manitoulin Island

B.I. Gates
Sudbury Resident Geologist's Office, Precambrian Geoscience Section, 
Ontario Geological Survey

INTRODUCTION
A Canada-Ontario Northern Ontario Development 
Agreement (NODA)-funded program to evaluate the 
economic potential of industrial minerals on Manitoulin 
Island commenced in late June 1992. Emphasis is 
being placed on outlining areas that contain high purity 
carbonates, as well as evaluating the potential for 
building stone and cement. The presence of these 
higher value raw materials would make the area more 
attractive for mineral development. The data base 
established will also be useful in making informed land 
use and development decisions. The project will be 
completed in March 1995.

The study area encompasses Manitoulin Island, 
which is bounded by the shorelines of the North Chan 
nel, Georgian Bay, Lake Huron and Mississagi Strait 
(Figure 63.1). It is covered by the following 1:50 000 
NTS sheets: Meldrum Bay (41G/14), Silver Water (41 
G/15), Providence Bay (41G/9), Kagawong (41G/16),

Manitowaning (41 H/12 and 41 H/ll) and Little Cur 
rent (41 H/13).

GENERAL GEOLOGY
Manitoulin Island is underlain by Paleozoic rocks that 
range in age from the Middle Ordovician, Verulam 
Formation to the Middle Silurian, Amabel Formation 
(Table 63.1). Several small Precambrian quartz arenite 
inliers, belonging to the Huronian Supergroup, occur 
in the Sheguiandah area.

Located on the northern edge of the Michigan 
Basin, the Paleozoic units dip gently southward at 
about 6 m/km. Ordovician strata consisting of lime 
stones, dolostones and shales occur on the north side of 
the island and underlie about 259fc of the land area. 
Silurian strata, consisting of dolostones and some 
shales, occupy the remainder of the island. Johnson and 
Telford (1985) noted that the Amabel Formation is 
more complex than previously reported. They identi-

Figure 63.1. Location map of Manitoulin Island, scale 1:1 584 000.

ONTARIO This Proiect is Part of tne five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
uiNiAiuu (NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 

signed by the government of Canada and Ontario.
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fied 9 recurring rock types that they grouped into 4 
facies associations (Table 63.2).

An Ordovician escarpment along the north side of 
the island and the extension of the Silurian Niagara 
Escarpment near the middle of the island have formed 
several prominent north- and east-facing cliffs. The 
Ordovician strata are typically not as well exposed as 
the Silurian strata, due, in part, to the shale content 
combined with more extensive glacial overburden. 
The Silurian, Amabel Formation is generally well 
exposed along the south shoreline. Overburden is gen 
erally less than a few metres thick.

ECONOMIC GEOLOGY
At present, there are 2 active quarries (Standard Aggre 
gates Inc. and Hercules Stone Ltd.) on Manitoulin 
Island.

Standard Aggregates Inc. (l, Figure 63.2) operates

a large quarry on the Mississagi Strait, in Dawson 
Township. Massive dolostones of the Amabel Forma 
tion (Facies III) are excavated in a single lift of about 
17 m. The quarry has been in operation since 1980 
supplying both chemical grade stone (3096 of produc 
tion) and construction grade aggregates (7096 of 
production) to United States and Canadian markets. 
The stone is shipped by lake freighter from a dock 
adjacent to the quarry. Yearly production is approxi 
mately 2.0 to 2.4 million tonnes.

Hercules Stone Ltd. (2, see Figure 63.2) supplies 
both natural joint-faced blocks of Amabel Formation 
(Facies HI) and glacially polished, thin-bedded 
dolostone of the Manitoulin Formation, from the Foxey 
Quarry in Gordon Township, for use as landscaping 
stone in the Sudbury-Manitoulin area. Production is as 
required.

H A R Noble Construction Ltd. (3, see Figure 63.2) 
operates the Cup and Saucer Quarry located in Bidwell

Table 63.1. Paleozoic Stratigraphy of Manitoulin Island after 
Johnson and Telford (1985)

Table 63.2. Amabel Formation Facies on Manitoulin Island after 
Johnson and Telford (1985)

Middle Silurian

Lower Silurian 

Upper Ordovician 

Middle Ordovician

Amabel Fm. (17 to 40 m) 
Fossil Hill Fm. (23 to 34 m) 
St. Edmund Fm. (13.5 to 46 m) 
Wingfield Fm. (10 m) 
Dyer Bay Fm. (5 m)

Cabot Head Fm. (17 m) 
Manitoulin Fm. (9 to 20 m)

Georgian Bay Fm. (92 to 137 m) 
Blue Mountain Fm. (40 m)

Lindsay Fm. (23 m) 
Verulam Fm. (18 m)

FACIES I 

FACIES II

FACIES HI 

FACIES IV

Dolostone, brown, finely crystalline, thinly 
bedded, can be rich in chert

Dolostone, blue to grey-buff, medium to 
finely crystalline, massive to thinly bedded, 
lenticular bodies forming hummocky 
topography

Dolostone, blue-grey to off-white, medium to 
finely crystalline, massive to thickly bedded

Dolostone, soft white, granular, massive

AMABEL FORMATION 
FocU* l. H

AMABEL FORMATION 
FocUs III. IV and 5aue*r Quarry 

(4) tro*Mi Quarry

Figure 63.2. General geology of Manitoulin Island.
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Township. A single lift of about 5.5 m exposes 4.5 m 
of dolostone of the St. Edmund Formation capped by 
1.0 m of the Fossil Hill Formation. The stone is 
quarried on an intermittent basis and is only used for 
asphalt aggregate. The Leason Quarry (4, see Figure 
63.2) in Tehkummah Township supplies thin-bedded 
Amabel Formation dolostone (Facies I) for general fill 
and massive-bedded Amabel Formation dolostone 
(Facies III) for asphalt aggregate, when required. This 
quarry also supplied the armour stone for the construc 
tion of the ferry dock in South Baymouth.

CURRENT PROGRAM
A review was made of geologic reports concerning 
Manitoulin Island. Included in this review were reports 
outlining the physical and chemical requirements for 
the uses of carbonates (Derry Michener Booth and 
Wahl and the OGS 1989a, 1989b, 1989c). Chemical 
analyses for 2449 surface samples plus selected core 
samples from 29 diamond-drill holes on Manitoulin 
Island are contained in 2 open file reports (see Johnson 
and Telford 1981; Johnson 1983).

The criteria for high purity limestone, to be used in 
the manufacture of lime, are a CaO content greater than 
5296 and a MgO content less than 1.7596. No previous 
samples from Manitoulin Island have met this stand 
ard.

The requirements for cement raw material are 
either 1) high purity limestone and a blend of clay or 
shale, silica, gypsum and iron oxide to produce a 
mixture of the proper chemical composition; or 2) 
argillaceous limestone (cement rock), which contains 
the ingredients for cement manufacture near the re 
quired amount. No samples of high purity limestone 
were reported. The requirement for cement rock is a 
limestone with MgO less than 2.596, SiO2 less than 
1396 and A12O3 less than 3.796. The maximum MgO 
content allowed in Portland cement, which accounts 
for 9596 of all cement produced, is 596. Quarry opera 
tors try to keep the MgO content at less than 2.596 and 
prefer a value less than 2.096.

Twenty-eight samples were collected for analysis 
in 1992 to confirm the geochemistry of previous sam 
pling and to determine the areal extent of any possible 
"cement rock" (Gates 1993). Results confirm the 
generally widespread dolomitization of the Ordovician 
limestones creating a high MgO content. Although 
individual samples may meet the requirements for 
"cement rock," the stratigraphic thickness and areal 
extent necessary to be economic appear to be lacking 
on Manitoulin Island.

The Amabel Formation offers the best potential for 
economic industrial mineral deposits on Manitoulin

Island, and the 1993 field season concentrated on 
further refining the geology of this formation and on 
outlining areas of high purity-chemical grade dolostone 
and high quality aggregate.

Diamond-drill core from 29 holes drilled by the 
Ontario Geological Survey on Manitoulin Island from 
1978-1980 is located at an outdoor storage site in 
Sudbury. Five drill holes from the western part of 
Manitoulin Island were selected for resampling. All 
holes were collared on potentially high quality Amabel 
Formation (Facies III), but previous sampling was 
restricted to only a few l or 2 inch split samples per 
hole. The selected core was quartered and sampled 
over the entire length of the massive dolostone in 
approximately 10 foot sections.

During this project, values of total impurities (all 
noncarbonates) from previous geochemical analyses 
of the Amabel were plotted on 1:50 000 preliminary 
geology maps. Samples were collected from the Facies 
III dolostone in 1993 to provide coverage on a l km 
spacing. Previous sampling density on the eastern half 
of the island met this criteria, and only check sampling 
was required. In the case of the Wikwemikong Unceded 
Indian Reserve (I.R. No. 26), previous samples are 
commonly less than 300 m apart. The majority of the 
88 surface samples collected in 1993 are from the 
western half of the island where road access is limited 
and previous sampling density left gaps of 2 to 3 km.

The Amabel Formation has been divided into 4 
facies by Johnson and Telford (1985; see Table 63.2). 
Amabel Formation Facies IV is a chemically pure, 
granular, soft dolostone with distribution limited to the 
southeast end of the island. It possibly represents a 
leached version of Facies III. Facies III appears to be 
uniformly pure, generally with less than 296 total 
impurities (noncarbonates), and often with less than 
196 impurities. It is this unit which has potential for 
both high quality aggregate and chemical grade stone. 
Facies I is an impure, low strength dolostone often 
containing chert, with total impurities in the 5 to 2096 
range. Anomalous values indicated by previous analy 
ses (Johnson 1983) were checked in the field and 
commonly were the result of the rock being misrepre 
sented on the map. The contacts between facies were 
better defined in areas that contained high quality 
dolostone.

There is a major change in the stratigraphy along a 
line that runs roughly from Providence Bay to Lake 
Mindemoya (see Figure 63.2). The eastern half of the 
island is characterized by a thick sequence of thin- 
bedded dolostone (Facies I), commonly rich in chert, at 
the base of the sequence. Massive dolostone (Facies 
HI) only occurs at the top and, therefore, is exposed 
along the south shore or inland on ridges of higher
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topography (DDH 80-28, Figure 63.3).

The western half of the island is the opposite of the 
east, with the thin-bedded, Facies I dolostone occur 
ring at the top of the sequence above Facies III dolostone. 
Facies I occurs only in isolated areas along the south 
shoreline and in DDH 78-2 (see Figure 63.3). Previous 
drilling indicates that the thickness of Facies III in this 
area ranges from 5.5 to 21 m.

Work on I.R. No.26, including 14 diamond-drill 
holes, has outlined a potential dolostone resource in the 
Roberts-Thomas Bay area. A 3 to 5 m cap of chemi 
cally pure Facies IV dolostone occurs above 
approximately 25 m of predominantly Facies I 
dolostone. Aggregate testing by the Ministry of Trans 
portation (1977) has indicated that the material meets 
the requirements for Granular A. Surface sampling by 
Johnson (1983) indicates higher purity stone exists on 
the southeast corner of the Reserve.

Seven surface samples were collected in 1993 to 
fill in gaps in the data in the Owen Channel area. Deep 
water near the shore in this area and good quality stone 
observed at the surface indicates good economic po 
tential. One or 2 diamond-drill holes are proposed to be 
drilled in the fall of 1993 to determine the thickness of 
the massive dolostone. If the necessary thickness for 
quarrying can be found, it is possible that a more 
complete range of aggregate products could be pro 
duced from stone of this quality than could be produced 
from the Roberts-Thomas Bay area.

Between Providence Bay and South Baymouth, 
Facies III dolostone for local aggregate is abundant, 
but a large deposit of sufficient thickness required for 
shipment off the island is lacking.

DDH 
78-2

DDH 
80-28

MASMVt
WMTC-MJUC OMCV 
(F*clM H)

Mm.

nw KOOCO
MOWN -OCMT 
MCH
(rwto i)

Facies II, which occurs in a large area east of 
Providence Bay, does not appear to be a true distinct 
facies as defined on the map legend (Johnson and 
Telford 1985) but represents an area with interbedded 
Facies I and III dolostones in an area of irregular 
topography.

Large areas of the southwestern half of Manitoulin 
Island are underlain by high purity dolostone. The area 
already contains the Standard Aggregates Meldrum 
Bay Quarry, located on deep water (9.8 to 26 m) and 
has more than 20 m of Facies III, Amabel Formation 
above the level of Lake Huron. Six diamond-drill holes 
have been proposed for this area, all within 3 km of the 
shoreline and above the 190 m (625 foot) contour line. 
This would provide a minimum of 13.4 m (44 feet) of 
stone above the level of Lake Huron. The only deep 
water adjacent to the shoreline along the south shore 
occurs at Burnt Island. Elsewhere, the flat-lying shore 
line would require a more extensive docking facility to 
load lake freighters.

Facies HI outcrops typically contain abundant so 
lution enhanced joints. Only a few sites were located 
without apparent joints. All were flat, bedding plane 
exposures with no indication of thickness. Large "di 
mension stone"-sized blocks have, however, been 
removed from both the Leason and Meldrum Bay 
quarries. Dimension stone quarried from the Amabel 
Formation (Facies III) on Manitoulin would be of a 
similar appearance to stone located on the Bruce 
Peninsula.
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64. The Industrial Minerals Project in Northwestern Ontario

P. Hinz and R.M. Landry
Thunder Bay Resident Geologist's Office, Field Services Section (Northwest), 
Ontario Geological Survey

INTRODUCTION
The evaluation of industrial mineral resources in north 
western Ontario continued in 1993. The "Industrial 
Minerals" project was initiated in March of 1991. This 
project is jointly funded by the four-year Canada- 
Ontario 1991 Northern Ontario Development 
Agreement (NODA), a subsidiary agreement to the 
Economic Regional Development Agreement (ERDA) 
signed by the governments of Canada and Ontario. The 
purpose is to stimulate exploration, development and 
production of industrial minerals in northwestern On 
tario. Project objectives are to: document and investigate 
new and previously known industrial mineral occur 
rences; add to the industrial minerals data base; provide 
client services via property visits, sample analyses and 
information exchange; introduce public education 
through prospector classes, oral presentations and poster 
displays; and increase awareness of northwestern On 
tario industrial minerals at technical seminars, 
workshops and conferences.

MINING ACTIVITY
Currently, 5 industrial mineral commodities are being 
produced in northwestern Ontario and are summarized 
in Table 64.1. Palin Granite Canada Inc. continued 
producing both green and yellow granite from their 
Pine Green Granite quarry, located approximately 38

km north-northeast of Kenora. Nelson Granite Ltd. 
continued to produce pink granite from its quarry, west 
of Vermilion Bay. At Cygnet Lake, 45 km northwest of 
Kenora, prospector Al Minor started production at his 
red granite quarry. The crushed material will be used 
for landscaping and precast concrete. Barwick Peat 
Ltd. continued production of horticultural peat from 
the Barnhardt peat deposit located 13 km north-north 
east of the town of Emo. L.T.L. Contracting of Thunder 
Bay continued to produce crushed diabase for use as 
weeping tile beds, driveway fill and soil erosion pro 
tection. Phil Thorgrimson removed a small amount of 
soapstone from the past-producing Grace Mining Com 
pany quarry, located on Eagle Lake.

FIELD WORK
A total of 32 field visits (Figure 64.1; Table 64.2), 
representing 12 industrial mineral commodities, were 
conducted to locate, sample, examine and record high- 
potential occurrences.

The following sites were sampled to evaluate their 
dimension-stone potential: Ben Road occurrence; Dot 
ted Lake occurrence; and Mccrindle Marble occurrence. 
Samples were cut and polished to evaluate their attrac 
tiveness and ability to take a finish. Further field work 
will be conducted to establish field parameters re 
quired for potential dimensional stone sites.

Table 64.1. Industrial mineral producers and seasonal producers -1993.

Producer

1. Minor, J.A. A Sons

2. Palin Granite Canada Ltd. 
3. Nelson Granite Ltd.

4. Thorgrimson, P. 
5. Barwick Peat Ltd.

6. L.T.L. Contracting

Location Commodity Products/Production

Cygnet Lake crushed red granite crushed red granite for precast concrete; 
landscaping stone; 10 000 tons produced 

Direct Lake green granite, yellow granite rough blocks for dimension stone; 1025 m3 
Docker Township pink granite rough blocks, slabs, monuments, pavers, curbing, 

Vermilion Bay specialty items; 5500 m3 (1990) 
Eagle Lake soapstone carving stone; 3 tons 
north of Emo horticultural peat harvesting of peat, stockpiling at plant site; 

20 000 bales for 1993 
north of Thunder Bay diabase rip rap, weeping tile stone, driveway ballast; 

20 000 tons

— -zz — i tiiiBit '
Mineral* * Miniraux

This project Is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.
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PROPERTY EXAMINATIONS 
Palin Granite Pine Green Quarry
Palin Granite Canada Incorporated's Pine Green Quarry 
is located in the Direct Lake area, approximately 38 km 
north-northeast of Kenora. The quarry site was found 
in 1986 by representatives of Palin Granite Oy of 
Finland and M. Gerow, Industrial Minerals Geologist, 
Ministry of Northern Development and Mines. Palin 
Granite contracted G. Zebruck of Kenora to stake the 
sites. Palin Granite Canada was incorporated in 1988, 
with G. Zebruck as Manager, to co-ordinate explora 
tion, development and production in Canada. 
Exploration of the site began in 1989 with road con 
struction. Diamond drilling and test block removal 
were conducted in 1990. The quarry has been in pro 
duction since its opening in July of 1992.

The quarry is hosted in the Lount Lake Batholith, 
part of the granitic suite of rocks of the Winnipeg River 
Subprovince (Beakhouse 1991). Geological mapping 
over the area was done by Derry (1930) and Breaks et 
al. (1975, 1978). The quarry produces 2 colours of 
stone, one is a yellow granite which appears to be a 
surface alteration product is restricted to a maximum 
depth of 6 m and the other is a lower green granite. The

Table 64.2. Industrial mineral property examinations-1993.

1. Jones Road (Lount Lake Batholith) - red granite
2. Red Deer Lake (Lount Lake Batholith) - red granite
3. Triangle Lake Road - pink granite
4. Granite Quarriers Inc. - pink granite
5. Griffith Mine - magnetite
6. Wenasaga Road - 8 Occurrence - pink granite
7. Ben Road Occurrence - brown granite
8. McKenzie Bay Road - l Occurrence - grey granite
9. CN Trax - 3 Occurrence 1 - brown granite
10. CN Trax - 3A Occurrence 1 - brown granite
11. CN Trax - 4 Occurrence 1 - pink granite
12. Crystal Quarries - quartz
13. Dyment Quarry - railway ballast
14. Butler Quarry - grey granite
15. Watcomb Quarry - railway ballast
16. Buda Pegmatite - feldspar
17. Obonga-Greske Lakes Area - quartzite
18. Mccrindle Marble Occurrence - white marble
19. Black Bay Marble Quarry -jasper-dolomite
20. Black Bay Peninsula - agate
21. Cooke Point Marble Quarry - buff marble
22. Beardmore Diabase - diabase
23. Greer Road - pink granite
24. Dickison Lake - quartz
25. D. Petrunka 1 - red granite
26. Neys Powerline Occurrence 1 - nepheline
27. Pic Island 1 - nepheline
28. D. Petrunka 1 - black granite
29. C.S. Downey (Shack Lake) 1 - spectrolite
30. Coldspring Quarry 1 - black granite
31. C.P.R. Quarry 1 - black granite
32. Dotted Lake Batholith - pink granite 
Visited during a field trip conducted in 1993

stone has been described by C. Storey within Zebruck 
(1992) as follows:

The stone is primarily composed of potassium 
feldspar megacrysts up to 4 cm, within a quartz, potas 
sium feldspar, plagioclase feldspar, biotite matrix. The 
matrix is fine-grained with grain sizes ranging from l 
to 3 mm. Quartz is clear and colourless, the plagioclase 
feldspar is clear to milky white. Yellow-brown stain 
ing along fractures and grain boundaries contribute to 
the overall colour. There is possibly incipient altera 
tion (albitization ?) along fractures and around grain 
boundaries in the megacrysts. There is no evidence of 
perthitic intergrowth in the megacrysts. Modal analy 
sis indicates the rock is a granite.

Fracturing in the rock is negligible, allowing for 
the removal of blocks of any size. Production blocks 
average 24 tons and are approximately 1.5 by 1.5 by 
2.2 m in dimension.

Palin Granite is producing rough blocks for export 
to Japan, Italy and other overseas markets. Blocks are 
hauled approximately 12 km to a rail siding at Jones 
and loaded onto flatbed rail cars which take the blocks 
to Montreal for shipping overseas (Hinz and Lucas 
1992).

Mccrindle Marble Occurrence
A new marble occurrence was located by M. Stewart 
and M. Leahey while working on claims held by 
Cumberland Resources Ltd. Cumberland's President 
Bill Mccrindle brought the occurrence to the author's 
attention. The occurrence is located 95 km north of 
Thunder Bay. A ridge of buff to white marble rises 19.8 
m above a small lake, located approximately 500 m 
west of Ollett Lake and 1.8 km southwest of Wabikon 
Lake.

The area is underlain by Mesoproterozoic Sibley 
Group metasedimentary rocks of the Rossport Forma 
tion and capped by Nipigon diabase sills. The area was 
mapped by Green (1923), Swanson (1923) and Milne 
(1964). The marble outcrops for a total of 150 m along 
strike and is reportedly 120 m wide. Examination of a 
hand specimen reveals a fine-grained texture with 
some clastic quartz grains less than 2 mm in size. In thin 
section it appears that the dominant mineral present is 
calcite with dolomite as a secondary phase. Accessory 
minerals present include brucite, as fibrous aggregates, 
and quartz.

The outcrop face is relatively massive and 
unfractured with some solution fractures evident and 
talus blocks down slope. The buff colour is consistent 
throughout the outcrop except where solution fractures 
are present. A brown coloured alteration produced by
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weathering is seen up to 2 cm into the rock along the 
fractures.

Samples were taken and sent for whole rock 
geochemistry and the results are shown on Table 64.3. 
Using a limestone-dolomite classification described 
by Greensmith (1978) the rock is a dolomitic lime 
stone.

Cumberland Resources removed a test block of the 
stone during preparation of this report. The block will 
be slabbed and polished to determine the marketability 
of the stone.

Ear Falls Dimension Stone Study
As a follow-up on last years work, the authors returned 
to the Ear Falls area to map the 4 significant sites 
identified by the Ear Falls Section 25 Program (Raoul 
1992). While mapping the sites, reconnaissance work 
continued to identify new occurrences.

The 4 significant sites which were mapped this 
year included: CN Trax-3; CN Trax-4; Wenasaga 
Road-8; and McKenzie Bay Road-1 (Figure 64.2). 
These sites were mapped in detail with structure, 
texture, veining and colour noted across the outcrops. 
The results of this mapping will be part of an open file 
report to be released in March of 1994.

Two new sites were located as part of the recon 
naissance work conducted. The Ben Road and CN 
Trax-3 A (see Figure 64.2) occurrences were examined 
and samples taken.

BEN ROAD OCCURRENCE

This occurrence was located while conducting recon 
naissance work between the Wenasaga Lake and Uchi 
Lake roads. Ben Road is located 30 km north of the 
town of Ear Falls and extends due east from the Uchi 
Lake road to an intersection with the Wenasaga Lake 
Road.

The occurrence is part of the Uchi Subprovince's 
(Stott and Corfu 1991) felsic intrusive package. A 
massive, brownish coloured granite was noted ap 
proximately 20 km east from the Uchi Lake Road 
intersection. Outcroppings of the granite extend for 2.0 
km along Ben Road and north for 0.9 km on Pistol 
Road.

The rock has a persistent mineral lineation associ 
ated with the feldspars, striking between 710 and 800. 
The coarse-grained texture is consistent across the 
entire exposure with only minor mafic xenoliths present. 
Structurally, the stone is quite massive with few joints. 
Horizontal sheet joints, where visible, are between 1.5 
and 2 m in thickness. Some small aplite and pegmatite 
dikes were noted in the eastern portions of the expo 
sure.

Examination of airphotos revealed a large 
outcropping of stone south from the road exposures. 
The outcrop extends approximately 500 m south of, 
and 2 km parallel to, Ben Road. Two large bodies of 
stone were identified on the airphoto to the northwest 
of the examined exposures.

Hand samples were taken, thin sections and pol 
ished hand samples are being produced.

CN TRAX-3A

This occurrence was located while conducting a field 
trip for the Kenora Resident Geologist's staff to the CN 
Trax-3 and CN Trax-4 occurrences. It is located east 
of Highway 105 and is reached by travelling 19.2 km 
south on the CN Trax road. The CN Trax road is located 
32 km south of Ear Falls on Highway 105.

This site is underlain by the granitic suite of rocks 
of the Winnipeg River Subprovince (Beakhouse 1991). 
The rocks are part of the eastern extension of the Lount 
Lake Batholith.

A high ridge, trending almost parallel to the road, 
is located less than 30 m immediately south of the CN 
Trax road. The stone is very massive with the fractures 
having a frequency on the order of l per 10 m. The 
stone is a pinkish-brown coloured granite with a pre 
dominantly medium-grained texture, some fine-grained 
zones were noted. Samples will be sent out for thin 
section and a detailed mineralogical examination will 
be included in the open file report.

OTHER ACTIVITIES

A display, entitled "Industrial Mineral Activities 
in Northwestern Ontario", was presented at the Thun 
der Bay Mines and Minerals Symposium in April of 
1993, at the Institute on Lake Superior Geology in 
Eveleth, Minnesota in May of 1993 and at the Current

Table 64 J. Mccrindle marble occurrence whole-rock geochemistry.

SAMPLE NO. CaO

IM-93-008 
IM-93-009

35.02
34.55

MgO

23.35
18.01

0.30
0.32

0.27
0.31

K,0

0.02
0.01

0.12
0.08

MnO

0.17
0.17

0.03
0.04

SIO2

1.71
1.93

LOI

39.51
44.32
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EAR FALLS DIMENSIONAL STONE STUDY

LEGEND

HIGH POTENTIAL 
DIMENSION STONE 
SITE

CN-3 CN TRAX-3 
CN-4 CN TRAX-4 
CN-3A CN TRAX-3Q 
MB-1 MCKENZIE BAY 

ROAD-1 
WENNESAGA 
ROAD-8 
BEN ROAD

W-8

B-1

SCALE
10 20 30 40 KILOMETRES

FROM: P.C. THURSTON
1991
A.J. RAOUL
1992

Figure 64.2. Ear Falls Dimensional Stone Study.

Activities Forum in Chisholm, Minnesota in October 
of 1993. Oral presentations, dealing with prospecting 
for industrial minerals, were given to prospector infor 
mation sessions and classes in Kenora and Thunder 
Bay. Other activities included participation in present 
ing a Mining Sequence display in Thunder Bay.

FUTURE WORK
Future work will include a published open file report 
on industrial mineral and dimension-stone occurrences 
in northwestern Ontario. This report will be released in 
March of 1994. Classes and seminars will continue to 
be given to inform and educate prospectors on oppor 
tunities and prospecting techniques for industrial 
minerals.

RECOMMENDATIONS FOR 
EXPLORATION 
Dimension Stone
Forecasts indicate continued growth for the Canadian 
dimension stone industry (Vagt 1992a). Colours which 
have experienced an increased demand include green, 
yellow, blue and variegated granite. The colours which 
have maintained a steady market demand included 
pink, grey, white, red and black.

It is becoming increasingly apparent that numer 
ous areas throughout northwestern Ontario have the 
potential to host quarriable stone. Areas which are 
most promising include: the Lount Lake Batholith, 
which may be the most significant granite area in
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northwestern Ontario; the Ear Falls area which has 6 
high-potential sites; and the Port Coldwell alkalic 
complex which hosts 5 past-producing quarries.

With the release of the Bedrock Geology of On 
tario map series in 1991 (OGS 1991a, 1991b), 
prospecting for granite deposits has been made easier. 
Units 14 (massive granodiorite to granite) and 15 
(diorite-monzonite-granodiorite) have been recognized 
as having the potential to host quarriable granites. 
Prospectors should examine the maps and target these 
units for examination.

With the discovery of the Mccrindle Marble oc 
currence, a new target for dimension-stone exploration 
has been identified. The Sibley Group has the potential 
to host both marble and sandstone deposits. Encour 
aged by numerous historical producers around the 
Nipigon area, the author feels these rocks warrant 
examination and should be prospected to locate 
quarriable stone.

Lime
Vagt (1992b) indicates that the production of lime in 
Canada should maintain 1991 levels. Although lime 
consumption in the steel and pulp and paper industries 
is expected to suffer, there are markets which have 
potential for growth. Precipitated calcium carbonate 
(PCC) used as a filler and coater in the paper industry 
is expected to experience growth.

Portions of the Sibley Group contain high-purity 
limestones and marbles. The potential for agricultural 
and high-purity lime deposits should be examined. 
Other sources of lime included the Prairie Lake 
carbonatite complex and calcite veins. The report, 
"Lime Resources of the Thunder Bay Area" (Speed et 
al. 1985), would be a valuable resource to prospectors 
evaluating lime deposits.

Other Commodities
More than 50 industrial minerals are known to occur in 
northwestern Ontario. Some commodities which merit 
study include high-purity silica, flake graphite, crushed 
stone for landscaping and agglomerated tiles, and 
ornamental stone.

Resident Geologists' offices located throughout 
the province contain files and references on many of 
the known occurrences. Prospectors are encouraged to 
contact their local Resident Geologist to obtain perti 
nent information.
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65. Industrial Minerals Resource Assessment of the 
Nipissing Diabase-Gabbro, Highway 17 Corridor 
(Massey to Blind River) and Evaluation of Aggregate 
Potential of Mine Development Rock in the Timmins Area

C.A. Kaszycki and R.I. Kelly
Sedimentary and Environmental Geoscience Section, Ontario Geological Survey

INTRODUCTION
The work described herein has been commissioned by 
the Ontario Geological Survey as part of the Canada- 
Ontario Northern Ontario Development Agreement 
(NODA) to evaluate the resource base in northern 
Ontario. The purpose of the work is to undertake an 
industrial minerals resource assessment of 2 specific 
commodities:
1. the bedrock unit known as the Nipissing diabase- 

gabbro, within the Highway 17 corridor 
between Blind River and Massey (herein re 
ferred to as the Nipissing Diabase-Gabbro Study); 
and

2. mine development rock at mine sites in the 
Timmins area (herein referred to as the Timmins 
Mine Development Rock Study).

The projects, as outlined below, are part of the on 
going mandate of the Sedimentary and Environmental 
Geoscience Section to provide industrial minerals re 
source information for the province.

This project is funded under the NODA, a subsidi 
ary agreement to the Canada-Ontario Economic and 
Regional Development Agreement.

NIPISSING DIABASE-GABBRO 
STUDY
This project forms the second part of a 2-phase study 
that has as its overall objective the assessment of the 
aggregate and industrial mineral resource potential for 
the Bruce Mines to Blind River area, along the north 
shore of Lake Huron. The first phase, completed in 
1993, provides an inventory and evaluation of the area 
sand and gravel resources, as well as a preliminary 
assessment of bedrock aggregate potential (Kristjansson

and Kelly 1992, this volume). The second phase of the 
project will provide a more detailed evaluation of 
bedrock aggregate and industrial mineral resource po 
tential, with the main focus being on the bedrock unit 
known as the Nipissing diabase-gabbro.

Because one of the main prerequisites for develop 
ment of this resource is ready access to natural deep 
water harbours, only nearshore and offshore areas 
where the diabase-gabbro is known to occur will be 
investigated. The study area includes: the Highway 17 
corridor between Blind River and Massey, extending 
inland from the Lake Huron shoreline for a distance of 
approximately 5 km; Frechette Island; Sanford Island; 
the Hagarty Islands; and, the islands within Whalesback 
Channel (Figure 65.1).

The project will involve undertaking detailed field 
and laboratory studies, along with the compilation, 
analysis and interpretation of all data relevant to evalu 
ation of the industrial mineral potential of the Nipissing 
diabase-gabbro. Areas of high industrial mineral po 
tential will be delineated and the quality and quantity 
of the resources will be determined.

BEDROCK GEOLOGY
The study area is situated within the Southern Province 
of the Canadian Shield. Bedrock in this region consists 
of Archean granites and migmatites, overlain by 
Proterozoic (Aphebian) sedimentary and volcanic rocks 
of the Huronian Supergroup. These units have, in turn, 
been intruded by dikes, sills and sheets of the Nipissing 
diabase-gabbro. The Nipissing intrusions are prima 
rily quartz gabbros and diabase, occurring as extensive 
sills and sheets that occupy appreciable portions of the 
study area. The diabase-gabbro is generally massive

ECANADA
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Figure 65.1. Location of study area, scale 1:1 584 000.

Figure 65.2. Location of study area, scale 1:1 584 000.

but varies greatly in texture, from very fine- to coarse- 
grained pegmatite, depending on the size of the dike or 
sill (Frarey 1977, Giblin et al. 1977).

The Nipissing diabase-gabbro has considerable 
utility for a wide variety of high specification aggre 
gates including the production of Stone Mastic Asphalt 
(SMA), HL No. l, Dense Friction Coarse (DFC) as 
phalt, and high-strength concrete. Other industrial 
mineral uses include rail ballast, rip rap, roofing gran 
ules, filter beds and raw material for rock wool insulation 
(Dunphy 1992). Currently, Nipissing diabase-gabbro 
is being extracted from 2 quarries in the north shore 
area: Ontario Trap Rock Limited, located within the 
geographic boundaries of the town of Bruce Mines and

Smelter Bay Aggregates Inc., located approximately 
l km north of Nestorville.

METHODOLOGY
The pre-field phase of the study includes a compilation 
of available information relevant to the resource as 
sessment of the Nipissing diabase-gabbro. A 
preliminary bedrock map investigation, including 
airphoto interpretation, will be undertaken to identify 
and delineate areas of substantial exposure (natural or 
man-made). Emphasis will be placed on mapping the 
distribution of features, including faults, lineaments or 
other areas that may host mineralization, which could 
potentially reduce the quality of the resource. Potential
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diabase-gabbro deposits will be identified and 
prioritized on the basis of potential quality, quantity 
and accessibility.

Selected potential diabase deposits, identified in 
the pre-field phase, will be ground truthed. Within 
selected areas, all natural and man-made surface and 
subsurface exposures will be studied in detail. Field 
investigations will include verification of rock type, 
assessment of lithologic uniformity and observation of 
faults, lineaments and associated mineralization. In 
addition, a sampling program will be undertaken. Sam 
pling strategy will be designed to establish resource 
potential on a regional scale, as well as identify any 
constraints to resource development imposed by faults, 
fractures, mineralization, etc. Selected samples will be 
submitted to the Ministry of Transportation for analy 
sis. Tests will include: Los Angeles abrasion and 
impact, absorption, polished stone value, aggregate 
stone value, Magnesium Sulphate Soundness, and Pet 
rographic Number evaluation.

The post-field component of the project will in 
volve interpretation and summary of data, and 
preparation of an Open File Report, including a l :50 000 
scale mineral resource potential map of the Nipissing 
diabase-gabbro. The map will include mapped con 
tacts of the Nipissing diabase-gabbro, delineate areas 
of substantial exposure, and identify zones of faulting, 
fracturing and mineralization. Where sampling and 
analysis for aggregate suitability has been undertaken, 
deposit potential will be classified and indicated by a 
system of numbers, letters and/or symbols.

TIMMINS MINE DEVELOPMENT 
ROCK STUDY
The Timmins Mine Development Rock Study involves 
conducting an inventory and aggregate evaluation of 
mine development rock within the Timmins area. De 
pletion of traditional, high-quality aggregate resources 
in the region has generated interest in the potential 
usage of these non-traditional sources. Mine develop 
ment rock has potential utility as a source of high-quality 
aggregate, including high quality crushable, heavy- 
duty, hot mix-HL l and concrete applications.

The study area includes all of Whitney and Tisdale 
townships and portions of Hoyle, Mountjoy, Ogden 
and Deloro townships (Figure 65.2). The project will 
involve taking representative samples of various mine 
development rock piles for detailed laboratory studies, 
in addition to compilation, analysis and interpretation 
of all data relevant to the aggregate potential of this 
material. All potential sources of high-quality aggre 
gate will be delineated and the quality and quantity of 
the resource will be determined.

METHODOLOGY
The pre-field phase of the study includes compilation 
of an inventory of all existing mine development rock 
piles in the study area. The inventory will include a 
brief description of mine geology, ownership, com 
modities extracted, location and accessibility. Potential 
sources of aggregate will be identified and prioritized 
on the basis of favourable bedrock geology, accessibil 
ity, and potential quantity and quality of the resource. 
Sites for further detailed analysis will be selected in co 
operation with respective mining companies.

Detailed field investigations will be carried out to 
evaluate the aggregate suitability of mine development 
rock at several sites. Field investigations will include 
description of: all rock types observed within the rock 
pile; rock types exposed in any associated quarrying or 
open pit operations; presence and form of mineraliza 
tion; and, size of stockpile (height, areal extent, 
estimated tonnage, etc.). At selected sites, a compre 
hensive sampling program will be undertaken. Sampling 
methodologies will be designed to appropriately evalu 
ate variability within the rock pile and ensure collection 
of representative samples. Selected samples will be 
submitted to the Ministry of Transportation for analy 
sis. Tests to be carried out will include: Los Angeles 
abrasion and impact, absorption, aggregate abrasion 
value, Magnesium Sulphate Soundness, Petrographic 
Number evaluation, net acid generation, and alkali 
reactivity.

The post-field phase of the project will involve the 
preparation of an Open File Report presenting the 
results of background, field and laboratory investiga 
tions, analysis of the data and recommendations on 
resource potential, end uses, quantities and processing 
methodologies. A map will also be prepared depicting 
the location of mine sites and quarries, and the resource 
potential of associated mine development rock piles.
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66. Project 5.6. Industrial Minerals and Building Stone 
in the districts of Nipissing, Parry Sound and Sudbury

C. Marmont
Sedimentary and Environmental Geoscience, Ontario Geological Survey

INTRODUCTION
This report describes field work conducted in the third 
year of a program to evaluate the economic potential of 
industrial minerals and building stone in the District of 
Parry Sound and parts of the districts of Nipissing and 
Sudbury. Results of the first 2 year's activities, a 
summary of previous work, and current exploration 
and mining activity have been reported by Marmont 
(1991,1992a, 1992b, 1993). The 3 districts are within 
that part of the province designated as "Northern On 
tario", and as such are eligible for enhanced incentives 
for development. The study area is limited to areas of 
Grenvillian geology; consequently only those parts of 
Sudbury and Nipissing districts which lie south of the 
Grenville Front Tectonic Zone are included (Figure 
66.1). With the closure of the Algonquin Resident 
Geologist's office on September 7th, 1993, the study 
area now falls within the purlieu of 2 Resident Geolo 
gists' districts. These are defined approximately as 
follows: the Cobalt Resident Geologist's district lies 
north and east of North Bay, entirely within Nipissing 
District, and the Sudbury Resident Geologist's district 
takes in the balance. The project will be completed by 
the spring of 1994.

Field work during 1993 has focussed on industrial 
minerals associated with metasedimentary gneiss, par 
ticularly metapelite. Silica and mica are the main 
constituents of metaquartzite between North Bay and 
Temiscaming, while graphite, garnet and kyanite/ 
sillimanite are hosted by metapelites throughout the 
region. Wollastonite occurrences in marble were in 
vestigated in the southwestern part of the area. A lesser 
amount of time was spent investigating potential build 
ing stone occurrences.

METASEDIMENTARY GNEISS
Massive units of orthoquartzite form a number of 
prominent hills rising as much as 100 m above the 
general terrain in Clarkson, Garrow and McAuslan 
townships, some 40 km north-northeast of North Bay.

The quartzite is part of a major metasedimentary se 
quence which includes muscovite-bearing quartzite, 
meta-arkose, calc-silicate rocks (including some 
ultramafic varieties), marble and oxide-facies iron 
formation (Lumbers 1971).

Quartzite
Mr. George Boughner quarries micaceous quartzite for 
building stone from a cluster of small quarries near 
Reynolds Lake in McAuslan Township. A muscovite- 
rich unit within the quarry area was investigated in 
1991 by Easton Minerals Ltd. as a potential source of 
mica, with some encouraging results. Mr. K. Johnson 
(1991) of A.C.A. Howe International Ltd. reported 
that:

"The property...encompasses a large ridge of outcrop consist 
ing of muscovite-quartz gneiss interbedded with 
muscovite-bearing orthoquartzite. The muscovite-quartz 
gneiss contains between 40 and 609fc pale-green muscovite 
within a quartzose gangue."

Processing tests indicate that a mica concentrate 
containing over 8096 muscovite can be produced by 
gravity separation utilizing an Econosizer unit, with a 
product yield of 4096. On-site crushing, grinding, 
screening, gravity concentration and spiralling will 
allow for the transportation of an 8096+ mica concen 
trate to Easton's grinding facility in Northbrook, 
Ontario.

Magnetic separation would produce a final con 
centrate grading more than 9096 muscovite mica, which 
will be either dry or wet ground and bagged for ship 
ment. The final product will be characterized by 
extremely high brightness, high aspect ratio and low 
impurities, and is expected to sell for S300 to S400 US 
per ton, mainly for use as a functional filler in the 
plastics industry.

The fastest growing market for mica is in the 
reinforced plastics (polypropylene, polyethylene) in-
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dustry where the mica platelets behave much like the 
more costly glass fibres to produce stiffness, good 
flexural strength and resistance to heat distortion. 
Easton's primary focus will be to service the plastics 
industry by offering a cost effective, functional mica 
filler and an assured source of supply to meet the needs 
of this growing industry.

A short distance east of Mr. Boughner's quarries, 
prominent hills of orthoquartzite have recently been

evaluated by W. Hogg (1990). A systematic sampling 
program revealed silica concentrations ranging up to 
98.5896 (as determined by fusion).

During the summer of 1993, the author conducted 
traverses in the vicinity and southeast of the Boughner 
quarries to evaluate the potential for additional mica 
and quartzite deposits. Field observations suggest that 
substantial resources of quartzite of similar quality to 
that of Mr. Hogg exist in the area.

Figure 66.1. Location of study area, scale 1:1 584 000.
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Muscovite is a common constituent of the quartz 
ite, commonly amounting to about 1096 by volume. 
However, potentially commercial concentrations of 
mica (greater than about 4096) were found to be re 
stricted to layers less than 5 m thick. However, it is 
quite likely that mica-rich quartzite has a low resist 
ance to weathering, and if significant bodies are present 
they may not outcrop.

Metapelites
Davidson (1982) described a regional suite of pelitic 
and semipelitic gneisses in the Parry Sound-Huntsville 
area which are notable for their association with dis 
seminated crystalline flake graphite. The company, 
Applied Carbon Technology (formerly Cal Graphite 
Corporation) currently produces high purity, coarse 
flake graphite from one such unit near Kearney.

A similar gneiss contains concentrations of coarse 
garnet near Rosseau (Davidson 1982) and on Parry 
Island (Eardley-Wilmot 1927; Carnochan 1921). Gar 
net deposits near Sudbury (Vos et al. 1981) also occur 
in metapelitic gneiss, although they may occur in an 
older geological sequence (Easton 1992).

Kyanite occurrences have also been recorded in 
metapelites near Sudbury (Pearson 1962; Vos et al. 
1981) and at Crocan Lake near North Bay (Vos et al. 
1981). Davidson (1982) reported kyanite from the 
Arnstein area, west of Commanda. The Crocan Lake 
kyanite deposit is located in Butler and Antoine town 
ships, some 30 km northeast of North Bay. The deposit 
was discovered in 1951, and is owned by the Kyanite 
Mining Corporation, which currently produces kyanite 
from mines in Virginia. Reserves of coarse-grained 
kyanite at Crocan Lake are estimated at approximately 
50 million tonnes, with a grade of between 10 and 1596. 
The company is currently moving towards production 
from this site, and expects to produce a coarse-grained 
product to complement its current output.

In the course of the current program, many of the above 
mineral occurrences and metapelitic units have been 
examined and sampled. Additional garnet and kyanite 
occurrences were observed north of Parry Sound, within 
the Parry Sound Shear Zone.

Graphitic gneiss may also be a potential host to gold or 
sedimentary exhalative metallic mineral deposits 
(Easton 1992, p.753). It is planned to analyze the trace 
element content of these gneisses in order to determine 
whether any regional variations or trends exist which 
might provide clues to the existence of such deposits.

Marble
Marble deposits in central Ontario have been described 
previously by Marmont (1988). This work indicated

that the extensive marble occurrences in the area are 
too impure to constitute resources suitable for high- 
purity calcium carbonate products. More recently, 
Culshaw et al. (1990) reported the occurrence of 
wollastonite in marble in the Port Severn area, and A. 
Davidson (Geological Survey of Canada, personal 
communication, 1991) indicated that concentrations of 
30 to 4096 were locally present. Marble occurrences in 
the area were examined and sampled. Although 
wollastonite was observed, it did not appear to be 
present in significant volumes, but the results of 
geochemical analyses and petrographic examinations 
are pending. Furthermore, most of the marble units 
occur along shorelines or below cottages, and most are 
only a few tens of metres wide on surface.

The results of this work will be described more 
fully in future reports.

BUILDING STONE
Building stone production in the study area consists 
mainly of thinly splitting gneissic flagstone, used for 
paving and wall veneer (Marmont 1992b). A number 
of sites with dimensional stone potential, including 
those described by Marmont (1993) are currently un 
der investigation by private sector groups.

A modest amount of time was spent during 1993 
investigating the potential of additional exposures of 
granite for large-block extraction. At the time of writ 
ing, sites in the vicinity of Arnstein, Sturgeon Falls, 
Pointe au Baril and North Bay have been examined. 
One prospective site has been identified near Sturgeon 
Falls.

The desirable criteria for a potential dimensional 
stone prospect are: substantial exposure, lithological 
uniformity, low density of joints and fractures, durabil 
ity of the stone, absence of deleterious minerals, and 
attractiveness.

NATIVE LIAISON AND 
PARTICIPATION
C. Recollet (1993) describes a program designed to 
inform First Nation communities of the activities of the 
Ministry of Northern Development and Mines 
(MNDM). In February 1993, Mr. Recollet arranged for 
a number of Northern Ontario Development Agree 
ment (NODA) geologists to make presentations to a 
lands and resources forum arranged by the 
Wikwemikong Development Commission, attended 
by representatives from some 28 First Nations territo 
ries. As a result of this meeting, 3 First Nations in the 
present study area expressed interest in MNDM's staff 
working on Reserve lands. At the time of writing, field
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work was ongoing at Shawanaga and Magnetawan 
First Nations, and it is hoped that some work will also 
be performed at Parry Island. Work performed to date 
includes an evaluation of building stone and 
metasedimentary gneiss units, thereby complementing 
the ongoing program off-reserve.
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67. International Marketing of Ontario Dimension Stone

D. Spethmann
Northern Ontario Development Agreement, Mineral Sector Analysis Branch

INTRODUCTION
The International Marketing of Ontario Dimension 
Stone Project was initiated in April 1992 with the 
objective of promoting Ontario dimension stone inter 
nationally and attracting foreign investment for 
developing dimension stone resources in northern 
Ontario.

This project is jointly funded by the federal and 
provincial governments under the four-year Canada- 
Ontario Northern Ontario Development Agreement 
(NODA).

The project objectives are: to design and fabricate 
portable dimension stone displays; to participate at 
both international and domestic trade shows and/or 
exhibitions promoting the Ontario dimension stone 
industry, focussing on northern Ontario stone; to as 
semble a complete collection of Ontario dimension 
stone samples and prepare polished tiles for display 
purposes at trade shows, exhibitions, conferences, the 
Ministry of Northern Development and Mines head 
office, the Toronto Mines and Minerals Information 
Centre, and the Royal Ontario Museum; and to update 
the Ontario Dimension Stone Producers and Proces 
sors directory and catalogue.

MARKETING ACTIVITIES
Marketing activities were very successful in 1993 and 
included the Nurnberg Stone and Tec show, various 
activities during Ontario Mining Week, the Visions of 
Stone show in Southampton, InterMarmomach in Ve 
rona, Italy, the Marble Institute of America's Dimension 
Stone Expo in Washington, D.C., and the 3 MNDM 
Mines and Mineral Symposia in Toronto, Sudbury and 
Thunder Bay.

The 2 different displays created in 1992 were 
updated and utilized at the above-listed exhibitions. 
One display, entitled: Ontario Dimension Stone—The 
Possibilities Are Endless, is aimed at increasing do 
mestic awareness of the variety of Ontario stones

available. Photographs of Ontario quarries, various 
commercial and domestic applications, and samples of 
Ontario stones and related literature are all components 
of the display. The display was exhibited at Timmins 
and at Science North during Mining Week in June and 
was exhibited at the Visions of Stone Show in South 
ampton, Ontario in July of 1993.

A second display, Ontario Dimension Stone— 
Explore the Opportunities, was created for use at 
international shows. This display promotes dimension 
stone potential and its products. Components of the 
display include: a location and geological map of 
Ontario, photographs of different operating quarries, 
potential sights and applications of Ontario dimension 
stone as well as relevant ministry publications. Sam 
ples of stones currently in commercial production and 
under development are also on view.

MARKETING RESULTS
Audience response to these displays is positive and 
enthusiastic as witnessed by the increasing number of 
requests for the Ontario Dimension Stone Producer 
and Processors directory, the Ontario Dimension Stone 
catalogue, information on producers and other related 
ministry publications. The international and domestic 
marketing efforts of this project have resulted in an 
increased awareness of Ontario dimension stone. Au 
diences are continually surprised and fascinated that 
Ontario has its own source of granites, marbles and 
sandstones. As a direct result of this project awareness 
of Ontario as a source of stone products has increased, 
Ontario producers have received orders and enquiries 
for their stones internationally and domestically.

FIELD ACTIVITIES
As of September 1993, the author has visited 14 sites 
representing current producers, advanced prospects, 
processors and promising prospects. Photographs and 
background information on sites visited are available 
for viewing upon request. Samples were either col 
lected or requested for the Ontario stone collection and

This project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
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displays. Site visits and sample collecting will con 
tinue during the fall.

ONGOING ACTIVITES
The updating and production of the Ontario Dimension 
Stone Producers and Products directory is ongoing. 
Copies of the 1992 and 1994 directories (anticipated 
publication spring of 1994) can be obtained from Linda 
Davis, Library, 159 Cedar Street, 6th floor, Sudbury, 
(705) 670-7130 or Sue Leblanc, Mining and Land 
Management Branch, 5th floor, 933 Ramsey Lake 
Road, Sudbury, (705) 670-5800.

OTHER ACTIVITIES
A presentation on Ontario dimension stone was pre 
pared for the Sault Ste. Marie Prospectors and 
Developers group in the spring of 1993. Research, 
assisting with the foreign delegations, and responding 
to client inquiries are additional activities undertaken 
in this project.

A comprehensive tour of Quebec and Vermont 
quarries and monument shops in June 1993 provided 
the author with additional knowledge and valuable 
insight into an established dimension stone producing

region. A collection of photographs is available for 
viewing upon request and a detailed article was pub 
lished in the July 1993 issue of the ministry monthly 
update.

FUTURE WORK
Future work will include updating of the Ontario 
Dimensional Stone catalogue, a continuation of sam 
ple collection; the design and compilation of a stone 
property and projects database; responding to client 
inquiries; and, the preparation of presentations for 
various groups.

Participation at several international and domestic 
trade shows and exhibitions is currently being re 
viewed for 1994-1995.
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68. PETROCH 1: Geochemical Tools and Data Base 
Expansion Review

B.J. Berdusco
Precambrian Geoscience Section, Ontario Geological Survey

The Information and Geosciences branches of the 
Ontario Geological Survey have completed the trans 
lation of the PETROCH data base to a PC-compatible 
format. This project is part of the five-year Canada- 
Ontario 1991 Northern Ontario Development 
Agreement (NODA), a subsidiary agreement to the 
Economic and Regional Development Agreement 
(ERDA) signed by the governments of Canada and 
Ontario.

Originally, the 27 612 whole rock and trace ele 
ment analyses were housed on the Queen's Park 
Computing Branch IBM mainframe computer. Due to 
the difficulty and expense of data access, the incompat 
ibility with PC-oriented data base software, the inability 
to manipulate data and the occasionally encountered 
human error involving data entry, the data base has not 
been utilized as it was envisaged. The main goal of the 
PETROCH Data base Project was to provide to clients 
of the Ontario Geological Survey a translated and 
verified data base capable of manipulation and plotting 
by the many IBM PC-oriented statistical and geoscience 
software packages that are available today.

Now that it is in a user-friendly, flexible format, the 
data will be incorporated into the Earth Resources 
Land Information System (ERLIS) as a set of distinct 
layers and sublayers. This will form one of the most 
comprehensive, fully relational, lithogeochemical data 
bases in Canada. Recent and future geochemical analy 
ses can be added to the data base utilizing up-to-date 
network technologies as opposed to 80-character ASCII 
cards as was the case prior to translation.

In an effort to determine the needs of potential 
users of the PETROCH data base, an informative and 
information-gathering questionnaire was distributed 
throughout Canada to the exploration industry, gov 
ernment, geological surveys and university and college 
geoscience departments. This survey was circulated 
via: the Ontario Geological Survey Geoscience Re 
search Seminar held in Toronto in December 1992; 
provincial Resident Geologists' offices; related

geoscience functions; and, Canada Post. Out of 1400 
surveys that were circulated, 70 were returned. In 
addition to the surveys, the needs of the geoscientists of 
the Ontario Geological Survey were canvassed through 
informal meetings and discussions. As a result of the 
surveys and meetings, several geostatistical software 
packages were acquired for evaluation. Select data 
base and spreadsheet packages were also evaluated 
based on their compatibility with the translated version 
of the PETROCH data base.

A summary of the recommendations based on the 
survey questionnaire are as follows:

i) The translated data base should be distributed on 
high density floppy disk in a comma delimited 
ASCII format.

ii) Commercial software and shareware exist and are 
sufficient tools to manipulate the translated 
PETROCH data base.

iii) For distribution purposes, the data should be di 
vided according to geographic area.

iv) Additional geochemical data bases for soils, 
sediments and Paleozoic rocks should be designed 
as compatible with the translated PETROCH data 
base.

The translation and first release of the PETROCH 
data base coupled with the release of the Ontario 
Geophysical Data Distribution System clearly indicate 
the Ontario Ministry of Northern Development and 
Mines commitment to meeting the demands of clients 
for digital data.

REFERENCES
Berdusco, B.J. 1993. PETROCH Lithogeochemistry Data Base: 

Geochemical Interpretive Tools and Data Base Expansion Review; 
Ontario Geological Survey, Open File Report 5860, l Sp.

Haus, M. and Pauk, T. 1993. PETROCH Lithogeochemical Data; Ontario 
Geological Survey. Open File Report 5855,18p.
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69. Automated Claim Maps (ACMaps)

M. Hall 1 and R. MacLeod2
1 Mining Lands Section, Mining and Land Management Branch
2 Data Services Section, Client Services Branch

INTRODUCTION
The Mining Lands Section of the Ontario Ministry of 
Northern Development and Mines is automating the 
claim maps for the Sudbury Mining Division. This will 
provide the public with a more accurate and reliable 
information base for the determination of land status. 
Once proven successful, the system will be imple 
mented throughout Ontario.

BACKGROUND

The Mining Recorders currently use roughly 5000 
claim maps throughout Ontario to maintain a geo 
graphical reference to land status; such as, patented 
land, staked claims, etc. Land status is constantly 
changing. Claim maps are updated or revised on a daily 
basis. The manual process of maintaining these maps 
results in errors regarding location, status and untime- 
liness. As a result, the public is supplied with certain 
inherent inaccuracies, inviting conflicts between the 
owners and users of the land.

PROJECT DESCRIPTION
The ACMaps system will utilize Geographical Infor 
mation System (GIS) technology to automate the claim 
map library. The digital maps will reflect all informa 
tion presently contained on the Mining Recorders 
paper claim maps. The project will acquire as the 
topographic map base the digital Ontario Basic Map 
ping (OBM), (where available), prepared by the Ontario 
Ministry of Natural Resources. If a suitable topo 
graphic base is not available for a location, the project 
will prepare its own. Cadastral survey information and 
the title status of those surveys will be added to the map 
base. Once that information is captured it will be 
maintained by the Mining Recorders staff and the 
Ontario Ministry of Natural Resources.

Subsequently, the locations and identification of 
"staked" (not yet leased) mining claims will be added 
to the maps as a separate layer. This information will 
then be kept up-to-date on a daily basis by the Mining

Recorders staff. The maps will be linked to the existing 
CLAIMS data base to give the viewing public status 
information regarding the "staked" mining claims.

The system will be able to provide for thematic 
map products previously unavailable to the public; 
such as maps overlapping township boundaries, multi 
ple scales and ownership information.

BENEFITS
The ACMaps system will minimize inherent delays in 
updating information and errors which exist in the 
current manual processes. A standard format claim 
map product will be adopted which will be much more 
serviceable for the public. Information regarding claims 
in forfeiture, and now open to staking, will be quickly 
updated for the public to examine. Poor-quality white 
print production from old, worn, or poor-calibre bases 
will be replaced with on-demand printing of new maps. 
The new standard claim map will be more readable and 
accurate, and easier to work with than the past product.

The public will have a much more reliable infor 
mation base to make determinations on what land is or 
is not available to staking, providing more opportunity 
to explore land and minimize conflicts with other 
owners and users of the land. Further, the system will 
include a public interface to allow confidential search 
ing of the map bases as well as quicker, independent 
access to the information. The Ministry will benefit by 
reduced staff time in servicing the public with requests 
to view and copy maps.

ACMaps is a component of the Mining Division's 
Earth Resources and Land Information System (ERLIS) 
project. As part of the ERLIS environment, ACMaps 
will provide a key role in relaying title information 
relative to geologic features, existing assessment work 
ings, geophysical features, etc.

Perhaps the most important benefit of this system 
will be to allow for better planning in the identification 
and preservation of high mineral potential locations

: CANADA 
EONTAWO This project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
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from alienation; preserving them for future use and avoid conflicts between the mining industry 
exploration. and other users of the land.

SUM MARY Claim maps for the Sudbury Mining Division will
be digitized and the ACMaps system operational in the

The implementation of a digitized map base for land Recording office by the spring of 1995. Subsequently, 
status in relation to mining rights will help the industry the system will be implemented in all other Mining 
to accurately identify and locate sites of interest as well Divisions across Ontario, 
as aid the Government of Ontario to better plan for land
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70. Mining Lands Section Claims Client Service Client 
Access to the CLAIMS Data Base

P. Hum
Mining Lands Section, Mining and Land Management Branch

INTRODUCTION
The Mining Lands Section of the Ministry of Northern 
Development and Mines has developed the successful 
Computerized Mining Lands Information Manage 
ment System (CLAIMS). CLAIMS has automated the 
manual record keeping functions of the mining record 
er's office. CLAIMS is currently in operation in the 
Porcupine and the Southern Ontario Mining Recorder 
offices located in Timmins and Toronto, respectively. 
Province-wide implementation of CLAIMS into the 
remaining 7 Mining Recorder Offices is in progress.

With the advent of CLAIMS implementation into 
a stand-alone production mode, the paper abstracts 
(claim records) are no longer kept on file. This, along 
with the Ontario Government's commitment to im 
prove client services, has precipitated the need to 
develop a CLAIMS Client Service component to allow 
our clients fast and easy access to the computer infor 
mation files.

The CLAIMS Client Service project will be jointly 
funded by the four-year Canada-Ontario 1991 North 
ern Ontario Development Agreement (NODA).

CLAIMS CLIENT SERVICE
The CLAIMS Client Service will be a "self-service" 
environment on a computer terminal, located in the 
Mining Recorder Office, where an explorationist can 
browse through and select abstracts in much the same 
way as is done using the paper abstracts.

CLAIMS Client Services will allow the clients to 
conduct their own searches of claim records and print 
abstracts and reports on computer terminals located in 
the recorder's office.

CLAIMS Client Services will provide 3 new cus 
tom reports which clients have expressed a strong 
desire for access to:

1. Township Report: list of all claims and owners in 
a township

2. Client Report: list of all claims held in the Mining 
Division by the client

3. Abstract Summary: summary of information found 
on an abstract.

BENEFITS

1. The CLAIMS system has enhanced the efficiency 
and accuracy of mining land tenure records with 
modern technology.

2. The CLAIMS Client Service will provide the cli 
ent with improved and enhanced service through 
direct access to the local Mining Division CLAIMS 
information in the local Mining Recorder Office.

3. Clients will save significant amounts of time and 
effort in conducting searches by using the compu 
ter query and report.

4. Clients will have access to a greater range of up to 
date information on claim status and ownership.

5. The Ministry will benefit from this "self-service" 
in reduced staff time and disruption currently 
needed to service on-demand requests.

6. Clients will receive faster service for all inquires.
7. Clients will have increased confidence in the accu 

racy and timeliness of the information.

SUMMARY
There is a definite need and benefit to the exploration 
industry for the client to access the advantages offered 
by modern technology in CLAIMS. The CLAIMS 
Client Service will fulfill that need.

CLAIMS Client Service is scheduled to debut in 
Timmins in October 1993. CLAIMS Client Services 
will be available in all the recording offices by early 
1994.

CANADA 
ONTARIO

Minertli * Miniranx
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71. OGS Geoscience Colour Map Data Base

G. Merlino
Data Services Section, Client Services Branch

INTRODUCTION
A major goal of the Mines and Minerals Division, is to 
provide comprehensive and accessible geoscience 
information for mineral exploration and land use. 
This project addresses the task of computerising 
and making more available the Final Coloured Geo 
logical Maps produced by the Ontario Geological 
Survey.

PROJECT DESCRIPTION
Data bases of raster images and digital vector maps will 
be produced for the Final Colour Geological Maps, 
also known as the "2000 series maps". In general 
terms, this will be accomplished by first producing 
raster images of the hard-copy maps; second, digital 
vector copies of selected maps will be produced by 
automated and manual digitising techniques. An al 
phanumeric and a spatial index will be built to efficiently 
aid search and retrieval of the maps.

BENEFITS
The data bases will become part of the Ministry's Earth 
Resources and Land Information System (ERLIS) and 
be available to anyone accessing the system for either 
scientific or exploration purposes. The ease of access, 
review and the ability to make digital copies of the 
maps will greatly improve the efficiency and effective 
ness of the users. Further, the ability to produce on 
demand electoscatic copies of the maps will prevent 
"out of print" inconveniences.

SUMMARY
The Final Coloured Geological Maps produced by the 
Ontario Geological Survey are being digitised in raster 
and vector format. Two data bases will be available in 
the ERLIS environment and their contents be effec 
tively searched f or display, review, plotting and copying 
of the maps for scientific and mineral exploration 
purposes.

ONTTAIUO Tnis Proiect is Part of tne five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
UNIAJUU (NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 

signed by the government of Canada and Ontario.
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72. Standardized Airborne Magnetic and 
Electromagnetic Digital Data

G. Merlino
Data Services Section, Client Services Branch

INTRODUCTION
Low altitude, high sensitivity aeromagnetic and elec 
tromagnetic surveys are routinely carried out by the 
Ontario Geological Survey to aid geoscience and min 
eral exploration in Ontario. This project will re-process 
and standardize to a common format the original data 
from 31 geophisical surveys flown between 1974 and 
1991.

PROJECT DESCRIPTION
Survey data will be re-compiled, re-processed, re- 
leveled and derivative products produced for low 
altitude, high sensitivity aeromagnetic and electro 
magnetic surveys from specified areas in Ontario at a 
uniform spacing of 40 m. Of the total 446, 887 line Km 
of survey data, those which have been flown recently 
have benefitted from state of the art technology and 
methods; data from older surveys are more "primitive" 
and will require a greater processing effort to bring 
them to a standard level.

The project deliverables will include grid and 
profile data for total field, gradiometer, First or Second

Vertical magnetic derivatives and resistivity; also, 
electromagnetic anomalies data will be compiled. Us 
ers will be able to reference the data in Lambert, 
Latitude-Longitude and true UTM coordinates and use 
the data with any commercially available Real Time 
Imaging software, as well as, special purpose geo 
physical applications.

BENEFITS
It is expected that this "new" data, covering major 
greenstone belts of Ontario, will foster novel approaches 
to mineral exploration and boost the level of activity in 
the Province's mining sector.

SUMMARY
The Ontario airborne geophisical surveys will be re 
processed to create a consitent and standardized data 
base. The entire data base, or sub-sets as required, will 
be made available through the Earth Resources and 
Land Information System (ERLIS) facility and be 
come a useful and highly accessible aid to geological 
mapping and mineral exploration in Ontario.

roject is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.stssc-
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73. Project P.3.1 Information Technology Audit Control

P.M. Snow
Audit Services Branch

INTRODUCTION
The Ministry of Northern Development and Mines has 
an aggressive plan to automate geological and mining 
claim databases, and to improve client access to infor 
mation from remote locations.

The employment of information technology to 
collect, process, store and disseminate data introduces 
a number of potential security exposures.

To ensure security issues are identified, investi 
gated and resolved, this project provides necessary 
expertise to teams responsible for implementing infor 
mation technology initiatives.

PROJECT DESCRIPTION
An information technology audit specialist is currently 
working closely with several project teams, providing 
expert advice on application security and controls as 
well as on a number of related issues.

Audit participation in systems development is 
mandatory under provincial government policy. Timely 
review and advice by an audit representative will 
provide project managers with independent assurance 
that systems will be installed with the necessary control 
requirements being met.

Failure to establish appropriate controls either 
within the project plan or the computer application 
could eventually lead to:
- financial loss or error;
- inefficient systems;
- under-utilization of available resources;
- incompatibility with other related hardware,

software, data formats;
' unauthorised access, loss or destruction of data; 
- litigation.

Pro-active involvement by an audit representative 
during the development phase can generate substantial 
improvements to system design. Audit recommenda 
tions may otherwise be prohibitively costly to 
implement if identified after the bulk of the systems 
development work is complete.

PROGRESS TO DATE 
AND FUTURE PLANS

The audit specialist has been assigned to a number of 
project teams and has completed the following:

gained general understanding of existing hard 
ware-software platforms at MNDM; 
reviewed and analyzed ministry information tech 
nology strategic plans in order to comprehend 
dependencies and relationships between individual 
projects;
reviewed individual project business cases, re 
quests for proposals, tender requests, vendor re 
sponses and other project documentation; 
developed audit and security profiles for each of 
the information technology projects; 
provided ongoing assessment and feedback to 
project managers.

The use of information technology is becoming 
increasingly pervasive in the delivery of information 
and services to ministry clients. We will continue 
to fulfil our mandate consistent with the growing 
importance of these initiatives.

This project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.
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74. Native Liaison and Participation

C. Recollet
Northern Ontario Development Agreement, Mineral Sector Analysis Branch

INTRODUCTION
The Native Liaison Project, delivered under the Ad 
ministrative, Communication and Evaluation Program, 
was continued during 1993. Both federal and provin 
cial participants in the NODA Minerals Program 
recognize and subscribe to greater Aboriginal-First 
Nations participation and interaction in the minerals 
industry. Numerous other initiatives have been devel 
oped recently by others to address the participation of 
First Nations in minerals-related matters in both the 
provincial and national context. The primary purpose 
of this initiative is to liaise and provide front-line 
information and dialogue opportunities between field 
staff and Aboriginal-First Nation communities, 
reserves, tribal councils, and organizations.

BACKGROUND

In order to meet project objectives, an initial platform 
of commitment from both governments was necessary. 
Federally, the Government of Canada has indicated: 
a) a commitment to accelerate the settlement of Abo 
riginal land claims, b) an effort to improve social and 
economic conditions on reserves, c) a desire to renew 
and modernize the statutory relationship with Aborigi 
nal peoples, and, d) an undertaking of an in-depth 
examination of the role of Aboriginal peoples in 
contemporary Canadian life.

At the provincial level, the Statement of Political 
Relationship was signed by: the Honourable Bob Rae, 
Premier of Ontario; the Honourable C.J. (Bud) 
Wildman, Minister Responsible for Native Affairs; 
and, Ontario's First Nations leaders. In this statement, 
Ontario acknowledges the distinctiveness of First Na 
tions, and the inherent right of Aboriginal 
self-government.

Additionally, various provincial initiatives, such 
as Memorandum of Understanding agreements and the 
Interim Management Measures agreements (e.g., with 
the Nishnawbe-Aski First Nation (NAN) in northern

Ontario) reflects the Ontario government commitment 
to improving relationships with the First Nations.

In August 1989, the Intergovernmental Working 
Group on the Mineral Industry (IGWG) formed a 
subcommittee to study the nature of Native participa 
tion in the mining industry in Canada. The subcommittee 
objectives were defined as: 1) taking due account of 
regional differences and the demands of different kinds 
of mine developments, to document "best practises", 
with a realistic view of the incidence of the costs and 
benefits of each; also, to identify new ways of matching 
Native lifestyles with mineral industry employment 
opportunities, 2) to identify the concrete steps which 
governments, mining companies, Native groups and 
individuals can take to substantially boost Native par 
ticipation in mining and 3) to examine what, if any, 
incentives could be identified and what legal and 
structural barriers to development could be removed in 
order to speed progress toward the goal of increased 
Native participation in mining.

Participation was broadly defined to include em 
ployment, provision of services by Natives or 
Native-owned companies, financial involvement, and 
input into mine development and regulatory review 
processes. This review, constituting "phase I", was 
completed in December 1990 and released as a Report 
On Native Participation In Mining by the subcommit 
tee of the Intergovernmental Working Group on the 
Mineral Industry. "Phase II" was completed in No 
vember 1991 and released as a report entitled: "It Can 
Be Done".

At about the same time, a departmental report 
produced by the Department of Indian and Northern 
Affairs Canada, entitled Mineral Resource Potential of 
Indian Reserve Lands, was completed on March 31, 
1990. This national summary, or Indian Mineral Inven 
tory, was a compilation from all existing available 
sources of geoscientific information for each identified 
reserve. Indian and Northern Affairs Canada subse 
quently mailed and shared with each First Nation the

project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
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geoscientific information pertaining to their individual 
reserves on April 3,1991. Only a First Nation can give 
authorization to share this geoscientific information 
with other interested parties.

Further evidence of the heightened interest in 
improving relations with First Nations is provided 
through a quote from the Wawatay News August 19, 
1993 edition which stated: "People in Ontario see 
economic self-sufficiency as the province's most im 
portant Native issue, according to a survey tabled 
recently in the Ontario Legislature". This information 
was based on an Environics telephone survey commis 
sioned by the Ontario government and conducted last 
winter which asked 1163 adults across Ontario what 
Native issue should be given top priority.

PROGRESS TO DATE
The Native Liaison and Participation project was started 
on July 21, 1992 with the hiring of a Native liaison 
officer. The focus of the project in 1993 has been

establishing and participating in personal meetings 
with First Nadon representatives throughout Ontario 
to discuss various aspects of the Canada-Ontario North 
ern Ontario Development Agreement-Minerals 
Program. At these meetings, the following information 
was discussed and provided to First Nations repre 
sentatives: an introductory letter dated September 21, 
1992; the NODAnews bulletin (Volume l, Fall 1992); 
and, the technical NODA Summary Report, 1991- 
1992 and 1992-1993. The introductory letter was 
mailed to 109 individual First Nation territories located 
throughout northern and central Ontario.

Meetings were held with project managers and 
field staff of the OGS and Geological Survey of Canada, 
private industry, consultants, senior government offi 
cials, First Nation and Aboriginal organizations, 
associations, corporations on and off Reserve, and 
other interested ministerial staff. Meetings were also 
held with Ed Nabigon (lecturer from the ministry office 
in Red Lake) whose role is to teach prospecting courses 
to First Nations and facilitate interaction with ministry 
geologists and First Nations in northwestern Ontario 
regarding the mineral exploration field.

First Nation territories representatives were con 
sulted in person or by telephone and included chiefs 
and/or councillors and/or band managers and/or eco 
nomic development officers and Lands and Resources 
officers from the following First Nations:

FIRST NATIONS
- Nipissing First Nation

- Ojibway of Pic River First
- Shawanaga First Nation Nation (Pic Heron Bay)
- Magnetawan First Nation
- Pic Mobert First Nation
- Sheguiandah First Nation
- Lake Helen First Nation (Red Rock Band)
- Sheshegwaning First Nation
- Cockburn Island First Nation
- Pays Plat First Nation
- Sucker Creek First Nation
- Wabauskang First Nation
- Whitefish River First Nation (Birch Island) 
' Shoal Lake No.49 First Nation
- Shoal Lake No.40 First Nation
- Sagamock Anishawbek First Nation (Spanish River)
- Dalles First Nation
' Wauzhushk Onigum First Nation (Rat Portage)
' Serpent River First Nation
- Batchewana First Nation
- Washagamis First Nation
- Garden River First Nation
- Eagle River First Nation
- Thessalon First Nation
- Wabigoon First Nation
- Wasauksing First Nation (Parry Island)
- Lac La Croix First Nation
- Seine River First Nation
- Henvey Inlet First Nation
- Nicickousemenecaning First Nation (Red Gut Reserve)
- Matachewan First Nation
- Wahgoshig First Nation (Abitibi No. 70) 
' Stankikoming First Nation
- Couchiching First Nation
- Wikwemikong Unceded First Nation
- Manitou Rapids First Nation (Rainy River)
- Michipicoten First Nation(Gros Gap Reserve No. 49)
- Naicatchewenin First Nation
- Big Grassy First Nation
- Big Island First Nation (Saug-A-Gaw-Sing Indian 

Reserve)
- Ojibway of Onegaming First Nation (Sasbaskong 

Reserve)
- Whitefish Bay No. 22A First Nation (Pawitik)
- Aroland First Nation
- Long Lac No.58 First Nation
- Ginoogaming First Nation (Long Lac No. 77)
- Rocky Bay First Nation
- Whitesand First Nation
- Gull Bay First Nation 
' Sand Point First Nation
- Fort William First Nation
- Chapleau Cree First Nation (Fox Lake)
- Brunswick House First Nation (Mountbatten Indian

Reserve No.76A) 
' Chapleau Ojibway First Nation
- Constance Lake First Nation
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- Hornpayne Indian Community
- Moose Factory First Nation

Meetings with Tribal Councils and their repre 
sentatives included:

the Windigo Tribal Council, representing the 7 
First Nation territories of North Caribou, Bearskin 
Lake, Sachigo, Cat Lake, New Slate Falls, Saugeen 
and Osnaburgh;
the Shibogama Tribal Council, representing the 4 
First Nation territories of Kingfisher Lake, 
Wunnumin, Wapekeka and Wawakapewin; 
the Keewaytinook Okemakanak Tribal Council, 
representing the 7 First Nation territories of Deer 
Lake, Fort Severn, Kasabonika Lake, Kee-Way- 
Win, McDowell, North Spirit Lake and Poplar 
Hill;
the Independent First Nation Tribal Council, rep 
resenting the 4 First Nation territories of Big Trout 
Lake, Pikangikum, Lac Seul and Muskrat Dam; 
the Matawa Tribal Council, representing the 9 
First Nation territories of Aroland, Constance Lake, 
Ginoogaming, Fort Hope, Lansdowne House, Long 
Lac No. 58, Marten Falls, Nibinamik (Summer 
Beaver) and Webequie;
the Ojibway 1850 Treaty Council representing the 
6 First Nation territories of Fort William, Pays 
Plat, Michipicoten, Rocky Bay, Pic Mobert and 
Sandpoint;
the Wabun Tribal Council representing the 4 First 
Nation territories of Wahgoshig (Abitibi #70), 
Matachewan, Mattagami and Brunswick House.

In addition, a meeting was held with a representa 
tive from Treaty #3, representing 25 First Nation 
territories in northwestern Ontario.

In summary, a total of 86 First Nations had been 
contacted regarding the NODA-Minerals Program. In 
addition to meeting with First Nations representatives, 
discussions were held with the Ontario Native Wom 
en's Association, Nizhinawae (Lake Superior) 
Economic Development Corporation, the Ontario Metis 
and Aboriginal Development Corporation (ODC), and 
the Alliance For The Advancement Of The Nishawbe 
Of Central Ontario. Information was sent to the Cana 
dian Aboriginal Minerals Association (CAMA) which 
informs Native peoples of the benefits and opportuni 
ties available to them through the mineral industry. 
Aside from these informal contacts, a presentation was 
made at the Sudbury District Chiefs meeting (includ 
ing representatives from 35 First Nations), sponsored 
by the Sudbury District Office of Indian and Northern 
Affairs. As well, a forum was arranged in conjunction 
with the Wikwemikong First Nation as described be 
low.

WIKWEMIKONG LANDS 
AND RESOURCES FORUM
The Wikwemikong First Nation invited NOD A staff to 
participate in a two-day forum on Lands and Resources 
on February 10 and 11, 1993 at the Pontiac School 
Gymnasium in Wikwemikong on Manitoulin Island. 
The meeting was sponsored by the National Aboriginal 
Forestry Association (NAPA) and hosted by the 
Wikwemikong Unceded First Nation and 
Wikwemikong Development Commission (WDC). The 
Ontario Ministry of Natural Resources and Forestry 
Canada (Ontario region) also participated. There were 
approximately 28 First Nation territories invited from 
Manitoulin Island, North Shore, Parry Sound and 
Nipissing regions.

NODA and Ministry of Northern Development 
and Mines staff were on the agenda for approximately 
one and a half hours on the second day. Opening 
remarks were made by the NODA Native liaison of 
ficer describing project duties and responsibilites and 
was followed by presentations from several of the 
NODA project staff. Displays formed the main part of 
the participation and provided ample opportunity for 
dialogue between First Nations representatives and 
field staff. The following displays were available for 
viewing (the research is described elsewhere in this 
volume): Industrial Mineral Assessment of Manitoulin 
Island (B. Gates and W. Meyer); Industrial Mineral 
Assessment of Parry Sound-Nipissing Area (C. 
Marmont); Mineral Aggregate Inventory Highway 17 
Corridor, Blind River to Bruce Mines and A 
Geochemical Mapping Traverse Along The 80th Me 
ridian West (C. Kaszycki); International Marketing of 
Ontario Dimension Stone (D. Spethmann). Other par 
ticipants included J. Walmsley, N. Wood, L. 
Chemerynski, and K. Wasegijig.

In order to measure response to the minerals input, 
a participation evaluation form was distributed to all 
participants to be filled out after the forum. Results 
were very positive and included the following: 1) 5096 
of the First Nation representatives were chiefs or coun 
cillors and 5096 were First Nation professionals involved 
in economic development, 2) over 7596 stated that the 
presentations, slides, and displays were excellent, 
3) 10096 of the participants would like to meet the 
geologists active in their areas of interest on a one-to- 
one basis and would recommend NODA Minerals 
Program participation in other similar forums, and 4) 
75 96 of the participants were previously unaware of the 
NODA Minerals Program.

Some quotes from the participation evaluation 
forms follow:
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"The presentations were well done and delivered. 
The displays were interesting, but insufficient time 
was available to get the full benefit". (The North Shore 
Tribal Council)

"Would like to have the geologist come to the 
Reserve to discuss NOD A". (Cockburn Island)

It was evident from the dialogue at the displays, 
feedback from the participation evaluation forms and 
comments from the ministry and NODA participants 
that everyone felt this was a worthwhile exercise. As 
such, it is hoped that more of these forums will be 
planned in the future at other locations.

FUTURE PLANS
Meetings with First Nations representatives will con 
tinue throughout the fall and winter of 1993 as well as 
follow-up sessions with those previously contacted. 
Arrangements will be made for NODA project geolo 

gists to provide presentations and possible field trips 
for interested First Nations and/or tribal council 
members.

EXPECTED BENEFITS 
AND RESULTS

As a result of the pro-active approach developed through 
this project, interest by First Nations members has 
increased substantially in minerals-related informa 
tion. Requests from First Nation territories to ministry 
geologists for further geological information has in 
creased and information exchange has added a new 
dimension or phase in attempting to include First 
Nations in the minerals industry. Serious interest has 
been generated and now it remains for others to estab 
lish a mechanism to meet the First Nation territories 
requests for active participation in the minerals indus 
try which would be in line with their goal of 
self-sufficiency and/or self-government.
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75. Communications and Public Education

N. Wood
Northern Ontario Development Agreement, Mineral Sector Analysis Branch

INTRODUCTION
The primary objective of the Communications and 
Public Education project is to ensure that information 
generated by projects funded under the Canada-On 
tario Northern Ontario Development Agreement 
(NODA) Minerals program is disseminated through 
out Northern Ontario to the minerals industry and the 
public. Staff from the Department of Natural Re 
sources Canada (formerly Energy, Mines and Resources 
Canada) and the Ontario Ministry of Northern Devel 
opment and Mines are working effectively together to 
achieve this goal.

1993 COMMUNICATIONS 
ACTIVITIES SUMMARIZED
NOD A communications staff have travelled across the 
province, and acquired video footage of each active 
Minerals project. Still photographs were also obtained 
and form the basis of a photographic library that will be 
used in a variety of print documents and displays.

The first edition of a newsletter intended for gen 
eral circulation was written to inform the public about 
the various activities taking place under the NOD A. It 
was produced and distributed across Ontario in De 
cember 1992. NODAnews briefly described the scope 
of work of the projects approved in 1992 and featured 
photographs of project personnel and a map displaying 
project locations.

A technical, 180-page NOD A Summary Report 
for 1992-1993 was published in March 1993 and 
released at the annual Prospectors and Developers 
Association of Canada convention in Toronto. The 
report presented detailed information on the progress 
of work undertaken to date by each of the projects, and 
was broadly distributed to the minerals industry in 
Ontario. An advertisement was placed in the March 
22nd edition of The Northern Miner to enhance distri 
bution of the report to the minerals industry.

A significant portion of the communications ef 
forts focused on aspects of public education. NODA 
staff participated in several events including: Northern 
College's Careers fair in Timmins in November; 3 
Ontario Mines and Minerals Symposia held in Toronto 
in December and in Thunder Bay and Sudbury in April; 
the Geological Survey of Canada's Open House and 
Minerals Colloquium in January in Ottawa; a Native 
awareness seminar at Wikwemikong on Manitoulin 
Island in February; Gem and Mineral Shows in Sud 
bury and Southampton during the summer months; the 
Cobalt Mining Museum during the Cobalt Miner's 
Festival in August; and, Careers 2000, held in Sudbury 
in May (attended by approximately 26 000 secondary 
school students). The NODA corporate display was 
manned at these events and various pamphlets, posters, 
and the two NODA publications were distributed to 
gether with NODA logo buttons.

Participation in these events served to further 
NODA's overall objectives and provided an effective 
means of informing the public of the specific projects 
undertaken by the two governments.

One of the highlights of the year was the comple 
tion of an interactive display incorporating video, 
graphics and sound into a Macintosh computer. It is 
now featured as part of the NODA corporate display. 
The Ontario's Mineral Wealth program was developed 
in conjunction with the Ontario Mining Association, 
designed by Mackerel Design of Toronto, and is used 
to educate the public (particularly school-aged chil 
dren) about the minerals industry and the NODA 
program. A second computer was purchased and is on 
display at the Big Nickel Mine in Sudbury during the 
summer months and at Science North's Geosphere in 
the winter.

The interactive program is comprised of three 
segments and is accessed using a touch screen. The first 
segment introduces the user to the various minerals 
products that are used in every day life, as presented 
through four different screens including the front yard

This project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.
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of a house, a kitchen, a bathroom and a living room- 
den. The program includes a discovery mode, and a 
mode that tests the participant's knowledge. The sec 
ond module leads the individual through the various 
stages of mineral exploration to the discovery of a 
mineral deposit. The third module provides a brief 
description of all active NODA minerals projects and 
shows the location of the 54 projects that were funded 
under the Minerals program in the 1992-1993 fiscal 
year. Video footage from some of these projects was 
incorporated into this module.

Additionally, under the NODA Minerals Commu 
nications project, funding was provided to assist in the 
development of an Educators Guide to the Earth and its 
Resources. The Rock Talk guide is geared towards 
elementary school children from Grades 5 to 9. The 
text of the guide is completed. The activities corre 
sponding to the various chapters in the guide are 
currently under development and it is anticipated that 
a number of prototype kits will be completed by March 
1994 and made available to school boards on a trial 
basis.

1993-1994 PROPOSED ACTIVITIES
The primary objectives for the communications and 
public education projects include disseminating project 
information across the north, and public education 
about the minerals industry in general (Table 75.1).

As projects are approved by NOD A's manage 
ment subcommittee, project announcements take place 
from time to time to keep the public appraised of the 
work being undertaken. Press releases are sometimes 
scheduled to effectively disseminate information about 
new projects.

Volume two of NODAnews is scheduled to be 
completed and released at the annual Mines and Min 
erals Geoscience Symposium held in Toronto in 
December. The 1993-1994 NODA Summary Report 
will be produced and released at the Prospectors and 
Developers Association of Canada annual convention, 
to be held in Toronto in early March 1994.

Additional video footage and still photographs of 
the various NODA Minerals projects continue to be 
obtained, as schedules permit, and will be added to the 
photographic library.

A proposal to distribute the Ontario's Mineral 
Wealth interactive program on CD-ROM to school 
boards and other interested parties across Ontario is 
currently under discussion. As well, interest in further 
development of the interactive display unit has been 
shown by staff of the Mineral Development Agree 
ments in British Columbia and Alberta. Discussions 
are underway as to the feasibility of any further devel 
opments of the program.

Table 75.1. 1993-1994 Proposed NODA exhibit display schedule

Event

National Aboriginal Forestry
Association Native Awareness Session

Prospectors and Developers Annual Convention
MNDM Northwestern Symposium
MNDM Northeast Symposium
Careers 2000
Ontario Mining Week
Meet the Miners

Intergovernmental Working Group
Communications Seminar
Mining and Forestry Show
Sudbury Gem and Mineral Show
Visions of Stone
Cobalt Miners Festival
Northern College Careers Fair
MNDM Geoscience Symposium
MNRC-GSC Forum and Mineral Colloquium
Prospectors and Developers Annual Convention
CIMM Toronto '94

Location

Wikwemikong

Toronto
Thunder Bay
Sudbury
Sudbury
Timmins
Sudbury

Sudbury
Timmins
Sudbury
Southampton
Cobalt
Timmins
Toronto
Ottawa
Toronto
Toronto

Date

February 1993

March 1993
April 1993
April 1993
May 1993
June 1993
June 1993

June 1993
June 1993
July 1993
July 1993
August 1993
November 1993
December 1993
January 1994
March 1994
May 1994
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76. Collection, Cataloguing and Analysis of Ontario 
Inactive Mine Data

M. Charette
Mine Site Reclamation Section, Mining and Land Management Branch

INTRODUCTION
Technical data concerning inactive and abandoned 
mine sites in Ontario are currently located in files of 
various government agencies, mining companies and 
consulting firms.

These data consist of maps, showing location and 
extent of underground workings, location of openings 
to surface, waste storage areas, tailings areas and 
buildings. Photographs, chemical data and technical 
reports are also available for most sites. There is no co 
ordination of data either within or amongst government 
ministries. Much of the information, especially maps, 
is in a state of deterioration. Most storage areas do not 
provide protection against damage by fire, water, theft 
and natural deterioration (aging, misfiling). Very few 
maps are easily located or readily accessible in the 
event of emergency or for every day use.

PROJECT DESCRIPTION
The scope of this project is to locate, collect, classify 
and store all files, plans and reports on past mining 
operations in the province in one secured storage area. 
This hard copy information will be later stored in 
digitized format in computer data banks through the 
CANMET Inactive Mine Site NODA Project based in 
Elliot Lake. CANMET will use these data to study the 
influence of physical parameters on the long term 
stability of mine workings, openings, tailings and 
waste dumps.

In addition this project will determine the land use 
data needs and report the format requirements of the 
various client groups impacted by abandoned mining 
lands in Ontario. A format for data transfer to Ontario 
client groups will be developed,making optimum use 
of current technologies such as Geographic Informa 
tion Systems (GIS).

PROGRESS TO DATE
Collection and classification of documentation on past 
mining operations has been concentrated on Ministry 
of Natural Resources (MNR) District offices and

MNDM Resident Geologist offices, where abandoned 
mine hazard files, various inventories and geotechnical 
reports have been located. The Ministry of Labour 
Inactive Mine files and mine plans have been also 
collected for the Kirkland Lake, Cobalt, Matachewan 
and Timiskaming Area.

The approximate number of files collected and 
classified and analyzed to date are 1350 abandoned 
mine/hazard files, 1400 mine plans, 150 geotechnical 
reports, 50 inventory reports, 20 000 microfiche plans, 
50 company safety and annual reports and 350 govern 
ment mining reports. These files are being catalogued 
using a dbase4 data base, where it can be easily ma 
nipulated and updated. This will provide an accurate 
and up to date index of the information on file.

Abandoned mine data for several mine sites have 
been assembled and delivered to the CANMET Elliot 
Lake NODA Project for use in the design of their 
inactive mine data system. This electronic treatment of 
the data is underway to produce digitized information 
from mine plans to the creation of 3-dimensional 
images which can be viewed in any direction. (Figure 
76.1) Scanned images of site photos and reports and 
other information can be linked together with this 
system.

Anticipated Benefits
This project will provide access to information data file 
on inactive mine sites and centralized safe storage of 
inactive mine data. The data base will be of use to 
government agencies, municipalities, mining compa 
nies, universities and the public.

ACKNOWLEDGEMENTS
Records or copies of inactive mine records have been 
donated to this project by the Ministry of Natural 
Resources (District and Area offices), the Ministry of 
Labour (Kirkland Lake and Elliot Lake offices) and the 
Ministry of Northern Development and Mines Resi 
dent Geologists' Offices.

ONTAWO Tnls Proiect is Part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.
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Figure 76.1. Different views of 3-D mine drawing which resulted from digitized inactive mine data.
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77. Project Unit 93-ZZ. Slaking Characteristics and 
Neutralization Capacity of Lime at Dymond Clay 
Products Limited

H. Rabski
Mining and Land Management Branch

INTRODUCTION
Dymond Clay Products Limited, based in Haileybury, 
Ontario, is a small company which began producing 
limestone in 1979. The company originally became 
interested in the product when it secured a tender to 
supply limestone to the local agricultural community. 
At that time, the primary source of limestone came 
from the Bucke Quarry, which the company still uti 
lizes today. Dymond Clay Products Limited has since 
added a second quarry in Dymond Township.

In the early 1980s, Dymond Clay Products Limited 
began to investigate expansion of its market, and was 
successful in securing an agreement to supply lime 
stone flux to the then new Kidd Creek Smelter. Dofasco 
Inc. pelletizing operations in Temagami and Kirkland 
Lake were added to the list of markets in the mid 1980s. 
Limestone was incorporated into the iron pelletizing 
process to improve subsequent blast furnace opera 
tions at Dofasco Inc.'s Hamilton facilities.

Effluent treatment through the production of a 
quality slaked lime was seen as a potential new market 
for the company as the agricultural and mining de 
mands declined appreciably. In the late 1980s, after an 
extensive review of existing technology, an Italian- 
designed kiln was purchased from a Canadian company.

During the startup of the kiln, several refractory 
failures occurred, preventing Dymond Clay Products 
Limited from developing an acceptable product for 
mine water treatment that could be produced and 
supplied consistently.

PROJECT
Dymond Clay Products Limited identified a project for 
support, which would focus on rectifying the opera 
tional problems of the kiln and to evaluate the product 
that could be produced from the 2 sources that the 
company controlled. Funding assistance for this project 
is shared equally between the company and the prov 

ince through the Canada-Ontario Northern Ontario 
Development Agreement (NODA).

In 1993, Dymond Clay Products Limited was 
successful in arranging a test program with a local 
mining operation to evaluate the lime produced by the 
kiln. A representative of SIC (Societa Impianti Calce 
SRL), the original designers of the kiln, was on site for 
the startup, and identified improvements to the airflow 
requirements, burner operation, and production size of 
the limestone entering the kiln. As a result, the kiln has 
operated with a 9896 on-line efficiency.

During the project, a local geological consultant 
helped to monitor the magnesium content of the lime 
stone. The Breault Quarry contains varying amounts of 
magnesium (l to 696), which can affect the calcination 
process and the neutralizing potential of the lime if not 
accounted for.

FUTURE WORK
Dymond Clay Products Limited is optimistic that addi 
tional test programs with mining clients can be arranged 
to determine the effectiveness of the lime product that 
is produced currently. This is an important considera 
tion for the product to gain acceptance as an effective 
neutralizing agent.

Evaluations of the test program initiated as a result 
of the NODA project will be examined. Work will 
continue on optimizing the operation of the kiln and the 
product generated. Process Calz Inc., from Atlanta, 
Georgia, has been involved in improving the quality of 
the finished lime produced by the kiln, and will con 
tinue to assist Dymond Clay Products Limited during 
the remainder of the project. The Bucke Quarry prod 
uct, which is considered high-magnesium limestone (6 
to 896 Mg), will be evaluated in the latter stages of the 
optimization test work. This project is expected to be 
completed in early 1994, with a report summarizing the 
results to follow.

^ONTARIO This ProJect is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement
i^^2/ - (NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA)
"""~ signed by the government of Canada and Ontario.
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78. Development of Two Borehole Probes

B.O. Dressler
Precambrian Geoscience Section, Ontario Geological Survey

This project is jointly funded by the Northern Ontario 
Development Agreement (NODA) and the Mining 
Industry Technology Council of Canada (MITEC), 
and constitutes an example of government-private sec 
tor cooperation in the development of new technology 
for mineral exploration. Two downhole probes will be 
developed. Their technical parameters are briefly de 
scribed in the following.

BOREHOLE PROBE TO MEASURE 
CONDUCTIVITY AND MAGNETIC 
SUSCEPTIBILITY
IFG Corporation will design, build and test a borehole 
probe to measure conductivity and magnetic suscepti 
bility of rocks normally encountered in mineral 
exploration and production logging. The duration of 
the project is expected to be 4 to 5 months. The probe 
will be suitable for use in open or plastic lined boreholes 
that can be either air-filled or water-filled. The outer 
diameter of the probe will be 40 mm. The combination 
probe will measure rock conductivity inductively and 
will be suited to exploration and development of mas 
sive-sulphide deposits. Magnetic susceptibility will be 
measured inductively and will operate over the range 
from weakly magnetic sandstone to massive magnet 
ite.

The probe will comprise 2 separate sensors: 1) a 
single, constant frequency, AC induction coil operat 
ing at a frequency near 1000 Hz and measuring 
conductivity; and 2) a single, variable frequency, AC 
induction coil operating near 2000 Hz and measuring 
magnetic susceptibility. These coils will be integrated 
into a single probe unit and will acquire measurements 
at 0.5 second intervals. The measurements will be 
transmitted to surface on cables up to 6000 m long.

The final probe configuration will provide users 
with 2 important parameters that are normally used to 
define subsurface anomalies: 1) conductivity, and 2) 
magnetic susceptibility. Used in conjunction with PBM 
and total magnetic field surveys, both from surface and

underground, these parameters will provide a more 
accurate interpretation of the data. In addition to com 
plementing the PBM and magnetic field data, these 
rock property measurements serve as a lithological 
mapping tool for the geologist.

DEVELOPMENT OF A 
NON-MAGNETIC BOREHOLE 
ORIENTATION PROBE FOR USE IN 
SMALL-DIAMETER DRILL HOLES
IFG Corporation will also develop a borehole probe to 
measure the orientation of small-diameter drill holes 
(60 mm or larger) using a combination of tilt meters 
and a gyro-scope. This probe will not be affected by 
magnetic field variations and could be operated inside 
steel-cased holes. The main objective is to develop a 
probe which is commercially available to the mining 
industry at a reasonable cost. The project will be 
completed 6 to 7 months after initiation.

Attempts have been made in the past to develop 
non-magnetic probes which can be used inside steel 
casings or in areas where the rock is strongly magnetic. 
These attempts have been mostly limited by the size of 
the available sensors or by the complexity and theoreti 
cal limitations of differential deviation type instruments. 
The resulting probes are very expensive, can be diffi 
cult to use, and have accuracy problems if not used with 
exacting standards.

Conditions under which borehole logging meas 
urements are made are less than ideal and the main 
concerns of operators are: 

\
1. How easy is it to use the system?
2. What role does the operator have in the accuracy 

of the data?
3. How expensive is the technology?
4. How easily can the probe be damaged?
5. What kind of accuracy can one expect to obtain?
6. Is accuracy obtainable under normal logging 

conditions?

CANADA 
ONTARIO

Minerilt * Mintraux

This project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.

314



B.O. Dressler

A probe will be developed that satisfies the above 
concerns.

The final product will be a downhole probe with its 
own downhole power supply and microprocessor, tilt 
sensors and associated electronics. Software for con 
trolling the measurement phase of the sensor 
combinations will also be developed. The resulting 
probe will measure borehole dip to within ± O.I 0 and 

•borehole azimuth to better than ± 0.25 0 . The data 
output will be in ASCII format which lists the downhole 
depth, hole dip and azimuth, and the raw sensor com 
ponents at 0.5 second intervals.

The main applications for this non-magnetic orien 
tation probe will be: 1) Orienting diamond-drill holes 
while the casing is still in the hole, or in areas with high 
concentrations of magnetic minerals; 2) orienting blast 
holes in production mining; and 3) providing an orien 
tation method for three component borehole magnetic 
surveys. The unit will be more robust than previous 
gyro-based systems and will be relatively inexpensive. 
The unit will be easy to use and will require a moder 
ately skilled operator. Ancillary equipment will be 
kept to a minimum and the probe will be compatible 
with existing wireline technology.
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79. Background Study for a Mineral Exploration 
Research Centre

P.C. Thurston1 and R.H. Sutcliffe2
Precambrian Geoscience Section, Ontario Geological Survey
Sutcliffe Geological Consultants Inc., 793 William St., London, Ontario N5Y 2R7

Trained economic geologists are essential for contin 
ued exploration success. Ontario mineral discoveries 
of the past were largely based upon 1) following up on 
the presence of mineralization and/or alteration at 
surface, or 2) the discovery of mineralization at rela 
tively shallow depths through geophysical methods 
followed by drilling. Future mines will be the product 
of deeper exploration involving geological models, 
tracing of alteration systems, and deeper probing of the 
crust using geophysical investigation and/or drilling. 
The evolving methods of exploration require a new 
generation of exploration geologists trained in modern 
exploration methods.

However, in the face of this continuing demand for 
smarter, deeper exploration, the training of economic 
geologists for exploration is also entering a new phase. 
Enrollment at Ontario universities and the patterns of 
hiring and vacant positions in the geosciences are in the 
area of so-called "green" geology. "Green" geology 
includes fields such as groundwater hydrology, envi 
ronmental geochemistry, siting of critical facilities 
(disposal of radioactive wastes, nuclear and conven 
tional power plants). Universities are reading to the 
"greening" of geology phenomenon in at least one 
instance in Ontario by not replacing a retiring faculty 
member specializing in economic geology. The re 
placement position is in the area of "green" geology. 
Faculty at Ontario universities are "greying" with 
many retirements slated to occur by the turn of the 
century. Thirteen Ontario universities offer courses in 
geology, and 10 of these offer courses and/or graduate 
study in economic geology. However we estimate that, 
by the turn of the century, as few as 4 Ontario univer 
sities may have faculty specializing in economic 
geology actively producing research of relevance to 
the exploration industry.

This situation is of strategic concern to the Mines 
and Minerals Division. The mining industry is faced 
with finding new, deeply buried deposits which must 
be large and high grade to be competitive in an inte 

grated world economy with low commodity prices. A 
continued supply of exploration geologists is essential 
to the continued health of the exploration industry in a 
modern world. Therefore, the Division commissioned 
a report to examine possible options for guaranteeing 
the supply of well educated exploration geologists. 
The major option considered is a Mineral Exploration 
Research Centre focussing on developing mineral ex 
ploration criteria and methods to help in the discovery 
of large mineral deposits in shield areas.

The objectives of the centre would be:
1. Promote mineral exploration research;
2. Develop new exploration criteria and methods to 

target major ore deposits;
3. Define ore deposit models;
4. Transfer information and technology between gov 

ernment, industry and the universities.

The report was produced to provide a picture of the 
current sources of funding for earth science research in 
Canada today to aid decision makers in evaluation of 
potential funding options in developing a Mineral 
Exploration Research Centre. Therefore the report 
provides an outline of the funding mechanisms of the 
Natural Sciences and Engineering Research Council 
(NSERC), government-industry research initiatives at 
the Geological Survey of Canada and summarizes the 
funding mechanisms of various mineral deposit re 
search units in universities. The research units described 
include the Mineral Deposits Research Unit at the 
University of British Columbia and the Centre for Ore 
Deposit and Exploration Studies at the University of 
Tasmania (one of three "Key" Centres at Australian 
universities).

The report identifies a good fit between the goals 
of the Sector Partnership Fund of the Ontario Ministry 
of Economic Development with financial participation 
by the Ontario government. Establishment of such a 
centre requires a degree of moral and financial support 
from the exploration community.

This project is part of the five-year Canada-Ontario 1991 Northern Ontario Development Agreement 
(NODA), a subsidiary agreement to the Economic and Regional Development Agreement (ERDA) 
signed by the government of Canada and Ontario.

Mincrali * Minirtux
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CONVERSION FACTORS FOR MEASUREMENTS IN ONTARIO 
GEOLOGICAL SURVEY PUBLICATIONS

Conversion from SI to Imperial

SI Unit Multiplied by Gives

Conversion from Imperial to SI

Imperial Unit Multiplied by Gives

l cm3
Im3
Im3

1L 
1L 
1L

l g/t 

l g/t

LENGTH
1 mm
1 cm
1m
1m
1km

0.039 37
0.393 70
3.28084
0.049 709 7
0.621 371

inches
inches
feet
chains
miles (statute)

1 inch
linch
Ifoot
1 chain
1 mile (statute)

25.4
2.54
03048

20.116 8
1.609 344

l cm2 0.155 O
l m2 10.763 9
l km2 0.386 10
l ha 2.471 054

0.061 02 
35.314 7 

1.308 O

1.759755
0.879 877
0.219 969

AREA
square inches l square inch 
square feet l square foot 
square miles l square mile 
acres l acre

VOLUME
cubic inches l cubic inch 
cubic feet l cubic foot 
cubic yards l cubic yard

CAPACITY 
pints l pint 
quarts l quart 
gallons l gallon

MASS

6.451 6
0.092 903 04
2.589 988
0.4046856

16387 064
0.028 316 85
0.764555

0.568 261
1.136522
4.546 090

CONCENTRATION
0.029 166 6

0.583 333 33

ounce (troy)/ 
ton (short) 
pennyweights/ 
ton (short)

l ounce (troy)/ 
ton (short) 
l pennyweight/ 
ton (short)

34.285 714 2

1.7142857

OTHER USEFUL CONVERSION FACTORS

l ounce (troy) per ton (short) 
l pennyweight per ton (short)

Multiplied by 
20.0 
0.05

mm
cm
m
m

km

cm2 
m2

km2 
ha

cm3 
m3 
m3

L 
L 
L

lglg
1kg
1kg
It
1kg
It

0.035 273 96
0.03215075
2.204 62
0.001 102 3
1.102311
0.00098421
0.984 206 5

ounces (avdp)
ounces (troy)
pounds (avdp)
tons (short)
tons (short)
tons (long)
tons (long)

1 ounce (avdp) 28.349 523
1 ounce (troy) 31.103 476 8
1 pound (avdp) 0.453 592 37
1 ton (short) 907.18474
1 ton (short) 0.907 184 74
1 ton (long) 1016.0469088
1 ton (long) 1.0160469088

g
g

kg
kg

t
kg

t

g/t 
g/t

pennyweights per ton (short) 
ounces (troy) per ton (short)

Note: Conversionfactors which are in bold type are exact. The conversionfactors have been taken from or have been 
derivedjram factors given in the Metric Practice Guideforthe Canadian Mining and MetallurgicalIndustries, pub 
lished by the Mining Association of Canada in co-operation with the Coal Association of Canada.
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