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Abstract

Hincks, Cleaver, McNeil and Robertson townships are located 20 km northeast of Matachewan in
the Abitibi greenstone belt of the Abitibi Subprovince in the Superior Province.  The geology of
the area consists of Archean supracrustal and plutonic rocks that are partially overlain by
Proterozoic sedimentary rocks and intruded by late Proterozoic diabase dikes.

Archean metavolcanic and metasedimentary rocks are subdivided into 4 distinct assemblages
intruded by ultramafic to felsic plutonic rocks.  The assemblages, from oldest to youngest, are 1)
a lower calc-alkalic assemblage; 2) a magnesium-rich tholeiitic basalt and komatiite assemblage;
3) an assemblage of iron-rich tholeiitic basalt; and 4) an upper calc-alkalic assemblage.
Numerous north-trending diabase dikes of the Matachewan swarm and a few east-northeast-
trending diabase dikes of the Proterozoic Abitibi swarm intrude the metavolcanic and plutonic
rocks.  In parts of Hincks and Cleaver townships, Proterozoic sedimentary rocks of the Gowganda
Formation overlie the Archean bedrock.

Ultramafic intrusive rocks consist of peridotite and pyroxenite plugs that intrude the lower
and upper calc-alkalic assemblages, respectively.  Dioritic to granodioritic stocks and sills, with
mafic and ultramafic phases, occur in Robertson Township.  Three large granodiorite intrusions
are located in Cleaver, McNeil and Robertson townships.  Late lamprophyre and mafic to felsic
syenite dikes intrude the metavolcanic rocks.

Regional metamorphism ranges from sub-greenschist to greenschist facies which is
overprinted by amphibolite facies contact metamorphic aureoles adjacent to the intrusions in the
area.  Narrow zones of carbonate alteration occur locally along fractures in the iron-rich basalt
assemblage and appear to be associated with mafic to felsic syenite dikes and quartz veins.

The area is dominated by a major but poorly exposed east-striking fault zone that extends
across Cleaver, McNeil and Robertson townships and bisects the area into 2 structural domains.
The domain south of the fault is dominated by a major syncline that plunges steeply to the east
whereas the northern domain is dominated by stratigraphy with variable strike orientations and
facing directions.  The east-striking fault pre-dates the emplacement of the granodiorite intrusions
as well as the late syenite dikes.

Occurrences of gold, silver, copper, zinc, lead and molybdenum have been found in the area.
Peridotitic komatiites and ultramafic intrusions, adjacent to sulphide-bearing metasedimentary
rocks, may have potential for magmatic copper-nickel-platinum group element mineralization.
Massive and disseminated sulphide mineralization occurs in interflow metasedimentary rocks
within the lower calc-alkalic and iron-rich basalt assemblages; in metavolcanic rocks adjacent to
subvolcanic porphyry intrusions; and along the east-trending fault zone in Cleaver Township.
Gold and silver mineralization occurs in carbonatized zones hosted by the iron-rich basalt
assemblage; in quartz-carbonate veins hosted by the upper calc-alkalic assemblage; and along the
east-striking fault zone.
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Introduction

LOCATION AND ACCESS

McNeil, Robertson, Cleaver, and Hincks Townships are four contiguous, 100 km2 townships located 20
km northwest of Matachewan.  Other mining centers include Timmins and Kirkland Lake located 50 km
to the northwest and 60 km to the east, respectively (Figure 1).

The townships are in the Abitibi greenstone belt of the Superior Province (see Figure 1).  Geological
mapping and prospecting of these four townships identified bedrock consisting of Archean metavolcanic
and plutonic rocks that host precious and base metal mineralization.

Access to these four townships is mainly by road (Figure 2).  The south boundaries of McNeil and
Robertson townships are accessible by roads extending 15 to 20 km north from Highway 66.  Access to
Hincks is via Highway 566 west from Matachewan. From these roads, all-terrain vehicles can be used to
travel rough logging and exploration trails that extend farther north into Cleaver and the north parts of
McNeil and Robertson townships.  Roads extend from Timmins and Watabeag Lake to the north
boundaries of Cleaver and McNeil townships.  Some of the trails extend north from Hwy 566 to join with
the road system in the north parts of Cleaver and McNeil townships.  Float-equipped aircraft were
required to access Whitefish Lake in McNeil Township and an unnamed lake in northeastern Robertson
Township.  Canoe access is available to the western part of Hincks Township via Austin Lake and to
northern Robertson Township via Radisson Lake.  Elsewhere, canoe access is hampered by numerous
portages between lakes and along narrow streams originating at the height of land in the area.

PHYSIOGRAPHY

Elevation in the area is from 300 to 450 m above sea level.  In much of the map area, the terrain has flat to
gently rolling relief. North-striking ridges of diabase and Proterozoic sedimentary rocks cause the areas of
greatest relief, located in central Robertson and central Hincks and Cleaver townships.  In central
Robertson Township, the terrain is especially rugged as a result of numerous, steeply-rising diabase ridges
and esker deltas.  In the western and eastern parts of Robertson Township, the diabase ridges tend to have
more gentle, till mantled rises and sparse bedrock exposures.

In McNeil, Cleaver and Hincks townships, where diabase is less abundant, the relief is from 5 to
15 m in areas with bedrock exposures.  Elsewhere, a thick mantle of till overlies the bedrock, especially in
the north parts of Cleaver, McNeil and Robertson townships, and the terrain has flat to gently rolling
relief.  The exception is in central Cleaver and Hincks Townships, where a 2 kilometer-wide, north-
trending ridge of Proterozoic rock causes rugged terrain with a steep relief from 300 to 450 m above sea
level.

The bedrock is largely masked by sandy till, except for a large esker delta extending south through
central Robertson Township and dune sand in the south part of McNeil Township.  Most of the bedrock
exposures are the sides of rock cliffs and partly eroded tops of bedrock highs.  Flat and low lying outcrop-
poor areas are poorly drained and swampy and forested by cedar and black spruce.  Spruce, pine, poplar,
birch and mountain maple occupy the higher areas that are better drained by small north-flowing streams
originating off the height-of-land.
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Figure 1.  Regional geology of the Abitibi Subprovince with location of study area indicated.
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Figure 2.  Simplified geology of the study area.
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PREVIOUS GEOLOGICAL WORK

Impetus for geological work in the area resulted from mineral exploration which began in the 1800s as a
result of early explorers and fur traders crossing the height of land between the Montreal River and the
Mattagami River systems in the south part of Robertson Township (Bell 1876).

In 1916, an economic discovery of gold was made in Powell Township (Young-Davidson Mine)
about 7 km south of Fort Matachewan.  Here the present townsite of Matachewan was established to
become the center from which numerous prospectors traveled north and inland to prospect the area
encompassed by McNeil, Robertson, Hincks and Cleaver as well as other adjoining townships.  Several
surface occurrences of precious and base metals were found by these prospectors during the 1920’s and
1930’s (Dyer 1936).  During the 1980’s and early 1990’s, renewed interest in many of these mineral
occurrences led to the initiation of several exploration programs by mining companies throughout the four
townships under investigation.

Following the early mapping by Bell (1876) geological mapping by the Ontario and Federal
geological surveys was largely proximal to Matachewan and Highway 66.  A.G. Burrows (1918) mapped
Baden, Alma, Powell and Cairo townships north of Matachewan.  This was followed by a regional
reconnaissance of the Matachewan area (Cooke 1919) and further studies of gold discoveries by Burrows
(1920) and Hopkins (1924).  In the 1930’s, additional mapping was carried out in Argyle, Hincks,
Bannockburn and Montrose townships west of Matachewan (Rickaby 1932) and a reconnaissance was
made of 10 townships east of Matachewan (Dyer 1936), many of which were remapped during the 1960’s
by Lovell (1967).  During the 1970’s a large scale compilation of the Timmins-Matachewan area was
initiated by Pyke (1978).

Kresz (1991, 1993) mapped Argyle and Baden townships as part of this most recent mapping
initiative.  These two townships, together with the four townships of this report, form a rectangular block
of 6 townships north of Matachewan.

PRESENT GEOLOGICAL SURVEY

Field mapping was conducted in the summers of 1992 and 1993 (Jensen 1992a; 1993).  Results of the
geological survey carried out by the author and field assistants at a scale of 1:20 000 are presented on
OFM Maps 204 and 236 (Jensen 1992b; 1994).  Vertical aerial photographs at 1:20 000-scale were
supplied by the Ontario Ministry of Natural Resources and used for mapping control.  Acetate overlays
were used to record data that were collected on traverses using the pace and compass method.
Information from mapping was transferred to Ontario Base Map cronaflexes supplied by Topographic
Mapping, Ontario Ministry of Natural Resources.  Maps obtained from the Ministry of Natural Resources
Ontario Basic Mapping series were joined to form the base for OFM Maps 204 and 236 (Jensen 1992b;
1994).

Geology was not tied to surveyed lines; instead landmarks such as roads, trails, shorelines, small
lakes and streams were used to tie in the geology.  Traverses were designed to include as much outcrop
area as possible, particularly in areas of reported prospecting and known mineralization.  Traverses were
conducted at 100 to 200 m intervals where cut grid lines and extensive bedrock were available.
Elsewhere, traverses were conducted at 200 to 500 m intervals based on available access and likelihood of
bedrock exposure.
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Representative rock specimens were collected from most outcrops for further study.  From this
collection, splits of representative specimens of rock types and mineralization were selected for further
microscopic examination of thin sections; staining of cut rock surfaces for feldspar content and
composition; chemical analyses and assays.  The representative rock specimens are archived at the
Ministry of Northern Development and Mines Diamond-Drill Core Library in Swastika.  The geological
information and unpublished chemical analyses from Pyke (1978) were also used to supplement the
author’s data.
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were provided by the Geoscience Laboratories, Sudbury.

General Geology

McNeil, Robertson, Hincks and Cleaver townships occur within the Abitibi greenstone belt.  The Archean
bedrock consists of 4 distinctive assemblages of metavolcanic rocks intruded by ultramafic to felsic
plutonic rocks (see Figure 2; Jensen 1992b, 1994).  The assemblages, from oldest to youngest are as
follows: 1) a lower calc-alkalic assemblage; 2) an assemblage of magnesium-rich tholeiitic basalt and
komatiite; 3) an assemblage of iron-rich tholeiitic basalt; and 4) an upper calc-alkalic assemblage.
Numerous north-trending diabase dikes of the Matachewan swarm and a few east-northeast-trending
diabase dikes of the Proterozoic Abitibi swarm intrude the metavolcanic and plutonic rocks.  In parts of
Hincks and Cleaver townships, Proterozoic sedimentary rocks of the Gowganda Formation overlie the
Archean bedrock.  The stratigraphic succession is summarized in Table 1.

The oldest metavolcanic sequence is a lower calc-alkalic assemblage located in the southwest corner
of Hincks Township and in northern Cleaver and McNeil townships.  This is overlain by an assemblage
of magnesium-rich tholeiitic basalt, peridotitic komatiite and basaltic komatiite in northern McNeil,
Robertson and Cleaver townships and in southwest Hincks Township.  An assemblage of east-striking,
iron-rich, tholeiitic basalt and an upper assemblage of calc-alkalic metavolcanic rocks overlie the
magnesium-rich tholeiitic basalt and komatiite assemblage in southern Cleaver, McNeil and Roberston
townships.  The iron-rich tholeiitic basalt and upper calc-alkalic assemblages are located on the north
limb of a synclinorium with the upper calc-alkalic assemblage located in the core of the structure (Kresz
1993).
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Table 1.  Table of lithologic units.

PHANEROZOIC
CENOZOIC

QUATERNARY
RECENT

Peat, lake and stream deposits
PLEISTOCENE

Sandy till and esker sand, gravel and sand dunes

Unconformity

PRECAMBRIAN
PROTEROZOIC

MAFIC INTRUSIVE ROCKS
ABITIBI DIABASE DIKE SWARM

Diabase dikes

Intrusive Contact

HURONIAN SUPERGROUP
COBALT GROUP

Gowganda Formation
Conglomerate, siltstone, shale and sandstone

Unconformity

ARCHEAN
MAFIC INTRUSIVE ROCKS

MATACHEWAN DIABASE DIKE SWARM
Porphyritic and non-porphyritic diabase dikes

Intrusive Contact

ALKALIC INTRUSIVE ROCKS
Ultramafic to Felsic Rocks

Lamprophyre, mafic, intermediate and felsic syenite and syenite porphyry

Intrusive Contact

SUBALKALIC INTRUSIVE ROCKS
Intermediate to Felsic Rocks

Diorite, quartz diorite and granodiorite

Intrusive Contact

Ultramafic to Mafic Rocks
Peridotite, pyroxenite, olivine gabbro, norite, leucogabbro and
gabbro

Intrusive Contact

SUPRACRUSTAL ROCKS
Upper Calc-Alkalic Assemblage

Intermediate to Felsic Rocks
Dacitic pyroclastic rocks and subvolcanic intrusive rocks

Mafic to Intermediate Rocks
Basalt and andesite flows and pyroclastic rocks

Iron-Rich Tholeiitic Basalt Assemblage
Interflow Metasedimentary Rocks

Sandstones, wackes, argillite, chert, ironstone, volcaniclastic
rock and tuff

Mafic Metavolcanic Rocks
Magnetic and non-magnetic iron-rich tholeiitic basalt,
massive and pillowed flows, variolites, pillow breccia and hyaloclastite

Magnesium-Rich Tholeiitic Basalt to Komatiite Assemblage
Tholeiitic Metavolcanic Rocks

Magnesium-rich tholeiitic basalt, massive and pillowed flows, pillow breccia and
hyaloclastite
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Table 1 (cont’d.)

Komatiitic Metavolcanic Rocks
Peridotitic and basaltic komatiite flows

Lower Calc-Alkalic Assemblage
Interflow Metasedimentary Rocks

Graphitic argillite, chert, sandstone, and limestone
Intermediate to Felsic Subvolcanic Intrusive Rocks

Feldspar porphyry
Intermediate to Felsic Metavolcanic Rocks

Dacite and rhyolite tuff breccia, crystal tuff, lapilli tuff and tuff
Mafic to Intermediate Metavolcanic Rocks

Basalt and andesite tuff breccia, crystal tuff, lapilli tuff and tuff

Interflow metasedimentary rocks are limited in abundance and mainly consist of volcaniclastic rocks,
siltstone, wacke, sandstone and chert within the iron-rich tholeiitic basalt assemblage.  Locally, fine-
grained felsic tuffs are interlayered with the metasedimentary rocks.  Interflow graphitic metasedimentary
rocks and limestone also occur near and at the top of the lower calc-alkalic metavolcanic assemblage in
Hincks and Cleaver townships.

The largest intrusions in the area are quartz diorite stocks and sills and granodiorite stocks.  The
quartz diorite intrusions may have ultramafic, mafic and intermediate phases and are mainly located in
southern and central Robertson Township.  The largest granodiorite stocks are located in northern
Robertson, northeastern McNeil and northwestern Cleaver townships (see Figure 2).  Smaller stocks of
granodiorite also occur in Hincks Township.  Small bodies of peridotite and pyroxenite are located in
southern Hincks and McNeil townships, respectively.  The remaining intrusive rocks are meter-wide
dikes that range from lamprophyre to intermediate and felsic syenite.  Diabase dikes of the Matachewan
and Abitibi swarms are also present.

Metamorphism of the metavolcanic rocks ranges from sub-greenschist and lower greenschist to
middle amphibolite facies.  Penetrative deformation, as well as the degree of metamorphism, in the
metavolcanic rocks ranges from very low in southern McNeil Township and parts of Hincks Township to
very strong near the margins of the felsic granitoid stocks in northern Cleaver, McNeil and Robertson
townships.  Narrow zones of carbonate alteration, associated with quartz veining and alkalic felsic dikes,
is present in numerous locations along late north-northwest- to northwest-trending faults in McNeil,
Cleaver and Hincks townships.

The map area is divided into two structural domains by an east-striking fault zone that extends from
Cleaver Township through McNeil Township and into Robertson Township.  The metavolcanic rocks, on
opposite sides of the fault zone, contain distinctive lithologies and fold patterns.  The magnesium-rich
basalt to komatiite assemblage and the lower calc-alkalic assemblage are located north of the fault.  The
metavolcanic rocks in these assemblages have variable strikes and facing directions.  South of the fault,
the east-striking, south-facing, steeply-dipping, iron-rich basalt assemblage and the upper calc-alkalic
assemblage occur on the north limb of a syncline.  Locally, the fault is transected by granitoid stocks and
overprinted by an intense ductile deformation fabric.  This fabric is parallel to the contacts of granodiorite
stocks in northern Cleaver, McNeil and Robertson townships.  Based on regional airborne geophysical
magnetic maps (GSC 1970) and the work of Kresz (1993), the iron-rich basalt and calc-alkalic
metavolcanic assemblages are interpreted to be folded about a large east-plunging syncline with the fold
axis extending through Hincks, Argyle and Baden townships.  In Hincks Township, the iron-rich basalts
are distributed around the nose of the syncline and strike southeast so that they enclose the upper calc-
alkalic assemblage.  In southwest Hincks Township, the south limb of the syncline thickens to include the
magnesium-rich basalt to komatiite assemblage and parts of the lower calc-alkalic assemblage.
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Other faults in the area consist of regional, late north-striking to northwest-striking fault structures
that have produced narrow intense zones of shearing in the metavolcanic rocks.  Of interest are local areas
of closely-spaced brittle fracturing associated with carbonate alteration, syenitic dikes and gold-bearing
quartz veins.  For example, in McNeil Township these fractures strike 340° to 310°, dip steeply to the
southwest and are spaced 50 to 200 m apart.  Other similar structures occur in Hincks and Cleaver
townships.

Mineralization consisting of massive to disseminated sulphide minerals is hosted by calc-alkalic
andesite, dacite and rhyolite tuff, tuff breccia and lesser amounts of interflow metasedimentary rocks
intercalated with the iron-rich tholeiitic basalts in Robertson Township.  Massive sulphide mineralization
also occurs in carbonaceous rocks in southwest Hincks Township and northern Cleaver Township toward
the top of the lower calc-alkalic metavolcanic assemblage.  In Cleaver Township, sulphide minerals and
some precious metals also occur along an east-striking fault zone that extends through Cleaver, McNeil
and Robertson townships.  Elsewhere, gold mineralization is commonly confined to narrow carbonate
zones in fractures that transect the iron-rich tholeiitic basalt flows of Cleaver, McNeil and Hincks
townships.

Archean Supracrustal Rocks

INTRODUCTION

Metavolcanic rocks, with komatiitic, tholeiitic and calc-alkalic chemical affinities, are the dominant
Archean supracrustal rocks in the study area.  The metavolcanic rocks can be separated into 4
assemblages based on their chemical affinities.  Each assemblage contains 3 or more rock types that can
be used to further subdivide each assemblage into smaller units by separating and mapping the extent of
the individual volcanic rock types according to Jensen (1976).

LOWER CALC-ALKALIC ASSEMBLAGE

Distribution

The oldest, lower calc-alkalic assemblage consists of calc-alkalic basalt, andesite, dacite and rhyolite that
are locally transected by porphyritic, subvolcanic intrusions of andesitic composition.  Metavolcanic
rocks in the assemblage are subalkalic with a calc-alkalic chemical trend (Table 2; Figures 3, 4 and 5).
The assemblage forms less than 10 % (by area) of the metavolcanic succession in the study area.  Bedrock
exposures of this assemblage occur in Hincks, Cleaver and McNeil townships.  These rocks are a possible
extension of the upper formation of the Deloro group of Pyke (1978).  Carbonaceous metasedimentary
rocks occur toward the top of the assemblage.

The fragmental rocks appear to grade upward from coarse breccia into fine-grained bedded tuffs and
waterlain tuffs.  The fragmental rocks are interlayered with metasedimentary rocks toward the top of the
succession.  The associated subvolcanic intrusive rocks are homogeneous, fine grained, foliated,
plagioclase-phyric rocks.  Limited exposure, internal heterogeneity and possible faulting of the lower
calc-alkalic assemblage does not allow individual rock units to be mapped along any significant lateral
extent.
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Figure 3.  Alkalic versus subalkalic projections of analyses of metavolcanic rocks from the lower calc-alkalic assemblage (after Irvine and
Baragar 1971, Figure 3).
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Figure 4.  Jensen cation plots of the analyses of the lower calc-alkalic assemblage (after Jensen 1976, Figure 1).
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Figure 5.  AFM diagram showing the projections of analyses of the lower calc-alkalic assemblage (after Irvine and Baragar 1971, Figure 2).
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The best exposures of the lower calc-alkalic assemblage are located in northwest Cleaver Township
between the margin of the granodiorite stock to the west and the Proterozoic sedimentary rocks to the
east.  The metavolcanic rocks strike north to northwest for about 5 km and are 1 to 2 km wide.  The
assemblage is truncated in the south by an east-striking fault but may extend north and northwest along
strike for several kilometres into Douglas and Fallon townships (Pyke 1978).  Along the east-striking
fault, the lower calc-alkalic assemblage is juxtaposed with the east-striking iron-rich tholeiitic basalt
assemblage.  The lower calc-alkalic assemblage is affected by north-striking faults, beneath Proterozoic
cover, and their contact relationships with other Archean metavolcanic rocks, east of the Proterozoic
cover, is uncertain.

The lower calc-alkalic assemblage in northwest Cleaver Township is foliated, fragmental basalts and
andesites.  A 1500 by 700 m lens of dacite and rhyolite consisting of fine-grained tuffs interlayered with a
few beds of carbonaceous argillite and chert occurs near the south end of Little Night Hawk Lake.  Some
of the carbonaceous units produce weak airborne geophysical electromagnetic conductors (ODM 1975c).
An oval body of subvolcanic andesitic feldspar porphyry occurs west-northwest of Little Night Hawk
Lake.

A wedge of the lower calc-alkalic assemblage is located in north-central Cleaver Township, east of
the Proterozoic sedimentary rocks.  On airborne geophysical maps, a low magnetic expression and several
electromagnetic conductors (ODM 1975c) distinguish this unit.  In this area, the assemblage is unexposed
with the exception of one small outcrop.  Almost all information on this unit has been obtained from
diamond drilling of carbonaceous electromagnetic conductors interlayered with felsic tuffs near the north
boundary of Cleaver Township.  These rocks may extend west under Proterozoic cover and are an
extension of the calc-alkalic rocks in northwestern Cleaver Township.  They also appear to extend north
into Fallon Township.  The lower calc-alkalic assemblage strikes east to northeast, faces south-southeast
and is overlain by komatiitic metavolcanic rocks to the south based on interpretation of airborne
geophysical data (ODM 1975c).

The lower calc-alkalic assemblage consists of isolated exposures of fragmental dacite near the
margin of the granodiorite stock in northern McNeil Township.  The foliation in the rocks is parallel to
the margin of the granodiorite stock and appears to form a structural zone that is 1.5 km long, 200 m wide
and strikes northwest into Fasken Township.

Exposures of the lower calc-alkalic assemblage are also located in the southwest corner of Hincks
Township.  Two small units of calc-alkalic rocks occur at the top of a 1700 m thick unit of magnesium-
rich tholeiitic basalt that overlies the main lower calc-alkalic assemblage.  All of the calc-alkalic units
consist of pyroclastic rocks, foliated basalt, andesite, dacite and rhyolite (see Table 2).

The main unit of lower calc-alkalic assemblage rocks is located in the southwest corner of Hincks
Township and is intruded by stocks and sills of peridotite.  This main unit appears to be the upper part of
a large group of calc-alkalic metavolcanic rocks that extend into adjoining Hutt, Zavitz and Montrose
townships.  The top of the main unit extends southeast through Moray Lake and the south end of Austin
Lake and is distinguished by numerous airborne geophysical electromagnetic conductors (ODM 1975d).
Diamond drilling indicates that the upper part of the calc-alkalic metavolcanic rocks includes
carbonaceous argillite and chert.  The remaining two smaller lenses of calc-alkalic metavolcanic rocks,
located west and east of the south part of Austin Lake, are a few hundred metres long and about 100 m
wide.  These lenses occur within a 100 to 200 m wide, continuous, southeast-striking sequence of
metasedimentary rocks consisting of limestone (sample 93-LSJ-0556; see Table 2), conglomerate,
argillite and graphitic rocks that overlie the magnesium-rich tholeiitic basalt to komatiite assemblage.
The sequence of metasedimentary and calc-alkalic metavolcanic rocks hosts numerous airborne
geophysical electromagnetic conductors (ODM 1975d).
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Mafic to Intermediate Metavolcanic Rocks

Mafic to intermediate metavolcanic rocks of the lower calc-alkalic assemblage consist of basalts and
andesites, which can only be distinguished by chemical analyses (see Table 2).  Both rock types have
similar textures and mineralogy but the basalts have a slightly higher proportion of mafic minerals and
accessory magnetite.  All primary textures and mineralogy have been destroyed in the andesites and
basalts with the exception of relict plagioclase phenocrysts and phenoclasts.

The basalts and andesites are mainly massive to layered pyroclastic rocks consisting of tuff breccia,
crystal tuff, lithic tuff and ash.  They are medium grey to green to light green rocks with light grey to light
buff weathered surfaces.  About 60% of the basalts and andesites are tuff breccias.  In the coarsest, more
massive units of tuff breccia, the basalt and andesite fragments form 50 to 75% of the rock and range in
size from 0.5 to 10 cm.  The fragments tend to be monolithic, oval to flat and have a schistosity that is
parallel to the long axes of the fragments.  Fragments are embedded in a strongly foliated, 1 to 5 mm,
matrix composed of small rock and crystal fragments cemented by chlorite, uralite, sericite, quartz, and
albite.  The fragments are mainly porphyritic andesite and basalt composed of 10 to 20%, 0.1 to 2 mm,
partly flattened, saussuritized plagioclase phenocrysts in a matrix of interlocking quartz, albite, chlorite
and sericite.  Some fragments contain strongly flattened, 1 to 5 mm long, amygdules filled with quartz
and albite intergrown with hornblende and actinolite laths.  The matrix between the large fragments hosts
small, flattened lithic fragments and plagioclase crystal fragments that are fractured and altered to albite,
clinozoisite, sericite and chlorite.

The remaining mafic to intermediate pyroclastic rocks are metre thick units of schistose tuff, crystal
tuff and lapilli tuff interlayered with tuff breccia.  They consist of 20 to 70% broken and chipped, 0.2 to
1.5 mm, plagioclase grains that are strongly saussuritized and sericitized; and 20 to 60% elliptical lithic
lapilli composed of chlorite, actinolite, albite, epidote and quartz.  The plagioclase and lithic fragments
are contained in a 0.001 to 0.5 mm matrix of chlorite, albite, accessory disseminated magnetite and pyrite.

The subvolcanic rocks (sample 93-LSJ-0105; see Table 2) are andesite porphyries composed of 20 to
30%, 1 to 10 mm, strongly saussuritized subhedral plagioclase phenocrysts and glomerophenocrysts.  The
matrix is composed of 20 to 25%, 0.01 to 0.5 mm long, actinolite needles; and 10 to 20%, 0.01 to 0.1 mm
size clinozoisite granules intergrown with interstitial albite, quartz, uralite and minor mica.

Intermediate to Felsic Metavolcanic Rocks

Intermediate to felsic rocks consist of dacite and rhyolite tuff breccia and tuff in centimetre to metre thick
layers.  These rocks are hard, white to buff and light green, weakly schistose and fine grained.  These
pyroclastic rocks are interlayered with millimetre to meter thick carbonaceous argillite, sandstone and
chert toward the top of the lower calc-alkalic assemblage.

Most of the intermediate to felsic rocks contain visible, 0.5 to 2 mm, milky white plagioclase
phenocrysts and phenoclasts.  The rhyolites and some dacites also contain visible, 0.1 to 1.5 mm, glassy
quartz phenocrysts and phenoclasts.  Tuff breccia consists of 20 to 80% fragments that are 1 to 10 cm in
size, angular to sub-angular and rimmed by weathered, millimetre thick, sericitic selvages.  The fragments
are weakly to strongly schistose parallel to their longest dimension and have been flattened.  Tuff breccia
with a high percentage of fragments is clast-supported.

Dacite clasts consist of 20 to 40%, 0.1 to 1.5 mm laths of partly to completely saussuritized and
sericitized plagioclase (An10-20) phenocrysts contained in a 0.002 to 0.1 mm matrix of intergrown quartz,
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albite, sericite, epidote and minor actinolite.  Rhyolite clasts have similar textures and compositions
except they contain 1 to 5%, 0.05 to 1.5 mm bipyramidal quartz phenocrysts that contain deep matrix-
filled embayments.

Felsic tuff and the matrix of felsic tuff breccias is a mix of 0.05 to 1.5 mm, angular to rounded
fragments of quartz and plagioclase in a 0.001 to 0.01 mm ground mass of quartz, sericite and albite.
Some tuff contains up to 25% calcite in the matrix and up to 10% finely disseminated grains of pyrite,
magnetite and graphite.  The tuffs were mapped as crystal tuffs where they contain greater than 70%
plagioclase and quartz phenoclasts.

Metasedimentary Rocks

Metasedimentary rocks toward the top of the lower calc-alkalic assemblage are quartz-rich argillites, chert
and sandstone.  Disseminated to clotty, amorphous graphite forms 5 to 20% of the rocks.  Graphite in the
argillite is mixed with granular quartz, albite, muscovite, chlorite and actinolite or hornblende laths.
Some have 0.1 to 1 mm deformed and sericitized plagioclase laths and flattened recrystallized
bipyramidal quartz.  The sandstone and cherty rocks contain 40 to 65% quartz intergrown with lesser
amounts of albite, sericite and chlorite with accessory magnetite and pyrite.  Information acquired from
diamond-drill logs indicates that the graphitic rocks are interlayered with centimetre- to metre-thick units
of fine-grained felsic tuff and may grade locally into massive sulphide-bearing rocks.

The metasedimentary rocks at the top of the 1700 m thick magnesium-rich tholeiitic basalt to
komatiite assemblage in southwest Hincks Township contain quartz-bearing limestone in addition to
graphitic argillite.  An analysis of the limestone, exposed on the shore of Austin Lake, indicates that it is
composed of 50 wt % calcite.  By volume the rock is composed of white, massive, fine-grained calcite.
Peperites composed of black, amorphous, limey graphitic argillaceous material mixed with fragments of
grey, magnesium-rich tholeiitic basalt are associated with the limestone unit.  A zone of peperite can be
traced on surface and along strike for approximately 3 km in the vicinity of Austin Lake.

Polymictic and oligomictic conglomerates occur near the west boundary of Hincks Township and
extend into Zavitz Township.  These rocks are on strike with the peperitic rocks and limestone described
above.  According to information in various assessment files, the conglomerates consist of 20 to 60%,
rounded to weakly elliptical, 0.5 to 15 cm sized clasts of mafic to felsic metavolcanic rocks, granitoid
material, chert and vein quartz in a fine-grained, gritty, chloritic, weakly calcite carbonatized arkosic
matrix.

MAGNESIUM-RICH THOLEIITIC BASALT TO KOMATIITE
ASSEMBLAGE

Distribution

Two sections of the magnesium-rich tholeiitic basalt to komatiite assemblage occur in the study area.  The
largest section extends across a broad area from northern Cleaver Township into northern McNeil and
Robertson townships.  The second section occurs to the south, in southwestern Hincks Township,
stratigraphically above the main lower calc-alkalic assemblage (see Figure 2).
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In northern Cleaver, McNeil and Robertson townships the magnesium-rich assemblage is poorly
exposed especially its contacts with other assemblages.  The strike of the assemblage varies from north-
northwest to west-southwest and typically faces to the south.  Pillow facings indicate that the magnesium-
rich assemblage overlies the lower calc-alkalic assemblage in northern Cleaver Township, and near the
margin of the granodiorite stock in McNeil Township.  At its western extent, the magnesium-rich
assemblage is unconformably overlain by Proterozoic sedimentary rocks, therefore, the contact between
the magnesium-rich and lower calc-alkalic assemblages is not exposed.  The magnesium-rich assemblage
is truncated by an east-striking fault that extends across central Cleaver, McNeil and Robertson
townships.  The magnesium-rich assemblage is juxtaposed with the iron-rich tholeiitic basalt assemblage
along the east-striking fault. Farther east, in north-central Robertson Township, the magnesium-rich
assemblage is strongly foliated and faulted in a north-trending direction between two granodiorite stocks.
Many of the magnesium-rich tholeiitic rocks in this area have been extensively metasomatized (samples
92-LSJ-0295, 92-LSJ-0204, 92-LSJ-0243; Table 3; Figures 6, 7 and 8).  Peridotitic komatiite and basaltic
komatiite flows occur mainly in the north-central part of Cleaver Township.  Over the remainder of the
area, the rocks are largely magnesium-rich tholeiitic basalt flows with a few interlayered basaltic
komatiite flows.  Iron-rich tholeiitic basalts and interflow metasedimentary rocks are largely absent from
the assemblage (see Table 3; see Figures 6, 7 and 8).

In southern Hincks Township, the magnesium-rich assemblage consists of a 1700 m thick section of
magnesium-rich tholeiitic basalts with minor basaltic komatiite.  The metavolcanic rocks strike southeast
on the south limb of a major regional syncline through Austin Lake.  Limestone and other
metasedimentary rocks and lenses of calc-alkalic metavolcanic rocks mark the contact between the
magnesium-rich assemblage and the iron-rich tholeiitic basalt assemblage.  Calc-alkalic felsic
metavolcanic rocks and graphitic metasedimentary rocks underlie the magnesium-rich assemblage.

Peridotitic Komatiite

Peridotitic komatiite is limited to three, small, closely spaced outcrops located in north-central Cleaver
Township.  The peridotitic komatiite is intruded and strongly metasomatized by late, alkali-rich
intermediate syenite dikes.  Primary polysutures are weakly preserved and help to identify the komatiites.
The least altered sample was collected (sample 93-LSJ-0022; see Table 3) from the cumulate zone of a
peridotitic komatiite flow.  The sample consists of tightly packed, 0.5 mm, fibrous serpentine
pseudomorphs after euhedral olivine.  Grain boundaries of the original olivine are rimmed by 0.01 mm
sized magnetite.  Carbonate, serpentine, chlorite and some fine, granular, magnetite fill the interstices
between pseudomorphs of olivine.

Basaltic Komatiite

Exposures of basaltic komatiite with pyroxene spinifex occur in northeast Cleaver Township.  Three
analyses from these rocks are shown in Table 3.  The basaltic komatiites are mainly greenish grey,
actinolite-rich, fine-grained (0.5 to 1.5 mm) rocks composed of fibrous actinolite, chlorite, serpentine and
talc.  Feldspar is absent and the only evidence of original primary textures is the relict shape of parallel to
subparallel pyroxene spinifex replaced by uralite.
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Table 3.  Analyses of samples collected from the magnesium-rich basalt to komatiite assemblage.

Sample 93LSJ-
0022

93LSJ-
0335

93LSJ-
0336

93LSJ-
0337

93LSJ-
0245

93LSJ-
0070

93LSJ-
0082

93LSJ-
0004

Easting 498914 502280 502214 502198 517405 502593 502837 502700
Northing 5335811 5335994 5336065 5336061 5335230 5334444 5334386 5334792

Rock Type P Kom B Kom B Kom B Kom B Kom Mg-rich B Mg-rich B Mg-rich B
Plot # 1 2 3 4 5 6 7 8

SiO2   wt.% 41.40 45.73 48.03 48.85 38.90 50.05 49.21 50.29
TiO2 0.31 0.65 0.38 0.39 3.75 0.64 0.67 0.61
Al2O3 5.21 10.13 12.00 12.16 8.03 13.73 14.89 14.09
Fe2O3 4.68 1.99 2.82 2.85 6.00 3.78 3.22 3.14
FeO 4.89 10.07 6.13 6.22 8.30 6.74 7.36 6.87
MnO 0.09 0.19 0.14 0.15 0.17 0.18 0.21 0.23
MgO 25.51 15.68 13.22 12.79 12.90 8.47 8.80 6.57
CaO 5.00 7.30 9.06 7.30 14.40 9.20 9.49 12.63
Na2O - 1.25 1.45 3.12 0.59 1.24 2.39 1.29
K2O - 0.03 0.90 0.32 0.25 1.60 0.34 0.41
P2O5 - 0.06 0.07 0.07 0.07 0.06 0.07 0.06
TOTAL 87.10 93.08 94.20 94.22 93.36 95.69 96.65 96.19

H2O 8.15 5.91 4.62 4.55 0.10 2.71 2.97 2.17
CO2 3.32 0.05 0.05 0.58 1.04 0.05 0.05 0.59
LOI - - - - 0.90 - - -

Mg# 83.31 70.20 73.10 72.18 62.66 59.81 60.46 54.70

Cr        ppm 1977 2394 870 841 - 333 410 -
Ni 1257 580 360 319 170 91 108 -
Co 73 78 52 50 71 42 45 -
V 111 210 160 165 405 226 229 -
Cu 19 218 58 60 128 87 24 -
Pb - - - - 2 - - -
Zn 56 88 55 74 164 76 79 -
W - - - - 10 - - -
S - 0.02 0.08 0.06 - 0.25 0.14 0.17
Ag - - - - 1 - - -
K - 249 7471 2656 2075 13282 2822 3404
Rb - - - - 14 - - -
Ba - - - - 44 - - -
Sr 88 45 116 113 255 107 84 -
Nb - - - - 18 - - -
Zr - - - - 62 - - -
Ti 1858 3897 2278 2338 22481 3837 4017 3657
Y 4 11 12 12 11 15 14 -
Th - - - - 2 - - -
Be - - - - 1.9 - - -

Density 2.78 2.76 2.67 2.65 2.84 2.64 2.66 2.65

Abbreviations:  Alt Bas = altered basalt; B Kom = basaltic komatiite; LOI = Loss on Ignition; Mg# = magnesium number;
Mg-rich B = magnesium-rich basalt; P Kom = peridotitic komatiite; Thol Bas = tholeiitic basalt.
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Table 3 (continued).  Analyses of samples collected from the magnesium-rich basalt to komatiite assemblage.

Sample P-999-75 92LSJ-
0719

92LSJ-
0198

92LSJ-
0557

92LSJ-
0295

92LSJ-
0204

92LSJ-
0759

92LSJ-
0243

Easting 494366 505745 518840 495792 517785 517785 506710 517540
Northing 5317769 5335180 5335725 5320548 5334030 5337270 5333730 5337090

Rock Type Mg-rich B Thol Bas Mg-rich B Mg-rich B Alt. Bas Alt. Bas Alt. Bas Alt. Bas
Plot # 9 10 11 12 13 14 15 16

SiO2   wt.% 50.30 49.00 51.40 47.34 63.30 66.90 56.90 61.70
TiO2 0.68 0.79 0.93 1.46 1.35 0.57 0.74 0.71
Al2O3 15.30 13.20 14.20 14.31 12.90 13.30 15.00 14.90
Fe2O3 12.10 2.39 2.05 4.04 2.08 1.24 1.15 1.28
FeO - 8.20 9.60 10.90 6.50 3.90 5.60 4.50
MnO 0.19 0.21 0.23 0.23 0.14 0.11 0.12 0.10
MgO 7.10 5.93 7.05 7.72 3.47 3.91 3.67 3.90
CaO 8.54 11.10 8.57 5.50 3.76 4.57 6.52 4.40
Na2O 2.47 1.35 3.13 3.02 2.53 3.79 0.90 4.07
K2O 0.50 0.34 0.19 0.07 1.77 0.50 1.49 1.47
P2O5 0.01 0.07 0.08 0.13 0.24 0.12 0.11 0.15
TOTAL 97.19 92.58 97.43 94.72 98.04 98.91 92.20 97.19

H2O 3.03 0.10 0.10 5.11 0.10 0.10 0.10 0.10
CO2 - 3.70 0.02 0.23 0.02 0.02 4.88 0.03
LOI - 3.10 1.20 - 1.20 1.10 3.40 1.70

Mg# 53.75 50.52 52.33 48.62 42.48 58.14 49.64 55.15

Cr        ppm 170 - - 101 - - - -
Ni 33 61 62 118 26 86 44 60
Co - 38 36 54 22 18 22 18
V - 266 262 288 187 81 109 86
Cu 26 112 33 75 66 54 52 25
Pb - 2 2 - 2 2 2 2
Zn 82 82 76 131 91 62 74 73
W - 10 10 - 10 10 10 10
S 0.14 - - 0.01 - - - -
Ag - 0.1 0.1 - 0.8 0.4 0.6 0.1
K 4151 2822 1577 581 14693 4151 12369 12203
Rb - 8 6 - 54 15 36 45
Ba - 54 39 - 432 128 198 389
Sr - 102 106 97 217 219 96 316
Nb - 4 5 - 11 9 8 7
Zr - 17 13 - 26 89 86 94
Ti 4077 4760 5587 8753 8093 3399 4424 4286
Y - 17 16 27 42 11 15 13
Th - 3 2 - 4 2 6 5
Be - 1.2 1.4 - 1.5 1.10 1.20 1.40

Density 2.56 2.66 2.65 2.69 2.50 2.45 2.53 2.47

Abbreviations:  Alt Bas = altered basalt; B Kom = basaltic komatiite; LOI = Loss on Ignition; Mg# = magnesium number;
Mg-rich B = magnesium-rich basalt; P Kom = peridotitic komatiite; Thol Bas = tholeiitic basalt.
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Figure 6.  Alkalic versus subalkalic projections of analyses of metavolcanic rocks from the magnesium-rich tholeiitic basalt to komatiite
assemblage (after Irvine and Baragar 1971, Figure 3).
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Figure 7.  Jensen cation plots of the analyses of the magnesium-rich tholeiitic basalt to komatiite assemblage (after Jensen 1976, Figure 1).
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Figure 8.  AFM diagram showing the projections of analyses of the magnesium-rich tholeiitic basalt to komatiite assemblage (after Irvine and
Baragar 1971, Figure 2).
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Magnesium-Rich Tholeiitic Basalt

Magnesium-rich tholeiitic basalts comprise more than 70% of the magnesium-rich assemblage.  The
basalts are mainly massive and pillowed flows that are 4 to 20 m thick.  Almost all of the rocks are green
to dark green and devoid of phenocrysts, amygdules and varioles.  Where present, the amygdules are less
than 2 mm in size.  Chemical analyses of these rocks are shown in Table 3 and depicted in Figures 6, 7
and 8.

Massive flows are fine-grained (up to 4 mm), weakly schistose rocks composed of 40 to 55%
uralitized augite and 40 to 55% strongly saussuritized plagioclase.  Titaniferous magnetite forms 1 to 4%
of the remainder of the rocks.  Primary textures are preserved in slightly coarser-grained (2 to 4 mm)
massive flows where augite encloses subhedral laths of altered plagioclase.  Primary igneous textures are
obliterated in the majority of fine-grained (0.1 to 1 mm), pillowed and massive, magnesium-rich basalts.
Primary textures and minerals are replaced by 60 to 70% fibrous sheaves of uralite and chlorite with 25 to
35% interstitial anhedral quartz and anhedral to euhedral laths of albite.  Granular titanite, magnetite and
epidote are accessory minerals.  In general, the pleochroism of the mafic minerals is very low in the
basalts with the highest magnesium and lowest iron contents.

IRON-RICH THOLEIITIC BASALT ASSEMBLAGE

Distribution

The iron-rich tholeiitic basalt assemblage is located in central Cleaver, McNeil and Robertson townships.
This assemblage extends into northern Hincks Township and is folded about the nose of a large east-
plunging syncline.  The high iron content of the tholeiitic basalts distinguishes them from rocks in the
magnesium-rich tholeiitic basalt to komatiite assemblage.  Alternating units of high- and low-iron basalts
result in distinctive, striped, magnetic patterns on airborne geophysical magnetic maps (ODM 1975d).
This contrasts with the flat magnetic patterns of the magnesium-rich tholeiitic basalt to komatiite
assemblage (ODM 1975d).  Thin units of interflow metasedimentary rocks and volcaniclastic rocks,
interlayered with calc-alkalic felsic tuffs, occur within the iron-rich basalt assemblage.

The iron-rich basalt assemblage strikes north and northeast into northeastern Robertson Township
and may be a possible extension of the upper Kinojevis group (Jensen and Langford, 1985).  In northeast
Robertson Township, the orientation of the iron-rich basalt assemblage changes to an east strike along the
north limb of an east-plunging regional syncline.  The south-facing assemblage strikes west through
McNeil Township and into Cleaver Township where it is bounded to the north by granodiorite and an
east-striking fault zone.  In Cleaver Township, the assemblage extends beneath Proterozoic sedimentary
rocks and reappears at the nose of the regional syncline.  The assemblage changes orientation again and
strikes southeast across northern Austin Lake in Hincks Township and extends beneath Proterozoic
sedimentary rocks.  The assemblage reappears in southeast Hincks Township and in the southwest corner
of Argyle Township (Kresz 1993).  In all parts of the syncline, the iron-rich basalt assemblage is overlain
by the upper calc-alkalic assemblage.

The iron-rich basalt assemblage is 3.5 to 5 km thick and consists of magnetic to non-magnetic iron-
rich tholeiitic basalts.  Minor interflow metasedimentary rocks and calc-alkalic felsic tuffs are present
within the assemblage in Robertson Township and in a few places in Hincks Township.
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The chemistry of the tholeiitic basalts and associated interflow calc-alkalic tuff and metasedimentary
rocks is shown in Table 4.  Figures 9, 10 and 11 indicate that the flows are mainly subalkalic with a well
developed iron enrichment trend.  Analyses of the interflow metasedimentary rocks and tuffs plot well
away from the area encompassed by the iron-rich tholeiitic basalts.

Magnetic and Non-Magnetic Iron-Rich Tholeiitic Basalt

The iron-rich tholeiitic basalts consist of several thick alternating units of magnetic and non-magnetic
basalt.  These units are 300 to 1500 m wide and can be traced on airborne geophysical magnetic maps for
tens of kilometres along strike (ODM 1975a, 1975b, 1975c, 1975d). The distinction between magnetic
and non-magnetic iron-rich basalts is caused by the variable abundance of magnetite (see Table 4).  Both
basalt types, with preserved primary textures, contain 40 to 55% augite (which is partly to completely
replaced by uralite and chlorite) that encloses 40 to 50% subhedral to euhedral, weakly altered to strongly
saussuritized plagioclase and 4 to 10% titaniferous magnetite.  In most basalts, the original texture is
preserved or partly to completely replaced by 0.1 to 2 mm long sheaves of fibrous actinolite and chlorite
and 0.01 to 0.1 mm granular epidote, titanite and magnetite with interstitial albite and quartz and variable
amounts of carbonate.  The low degree of penetrative deformation in the iron-rich basalt assemblage has
preserved primary igneous textures.  Metamorphism is lower greenschist or sub-greenschist facies so that
primary minerals are preserved within the basalts.  Primary features in the interflow metasedimentary
rocks are poorly preserved because they mainly occur in Robertson Township where metamorphic grade
is middle greenschist to lower amphibolite.

Magnetic and non-magnetic basalts contain numerous dark green to black pillowed and massive
flows.  The massive flows are fine-grained (0.5 to 4 mm) and up to 100 m thick with 10 to 300 m thick
pillowed flows.  Pillowed flows contain well-formed, tightly-packed pillows that are 0.1 to 2 m across.  In
most places, black, chloritic pillow selvages are 1 to 2 cm thick and the pillow interstices have little or no
extraneous material.  Units of 1 to 10 m thick pillow breccias and hyaloclastite occur among the massive
and pillowed flows in both magnetic and non-magnetic basalts.  Pillow breccias and hyaloclastite units
are best exposed in west-central McNeil Township.  Although the shapes and sizes of relict palagonite
and lithic fragments are preserved, the fragments themselves are commonly altered to deep green,
amorphous chlorite and finely disseminated granular magnetite.  The fragments are cemented by a matrix
of chlorite, uralite, quartz, albite, epidote and magnetite.

Amygdules are rare but are 1 to 2 mm in size where they are present in pillowed flows.  Varioles are
present in magnetic and non-magnetic pillowed flows.  Some pillowed flows consist of variolitic units
that provide good stratigraphic marker horizons that extend for several kilometres along strike.  Varioles
in the pillowed flows are grey to green, oval to round and 1 mm to 3 cm in diameter.  The varioles
increase in size from the pillow rims inward toward the center of the pillow.  Varioles coalesce as they
increase in size toward the centre of the pillow.  The varioles consist of tiny acicular plagioclase crystals
that may be intergrown with acicular clinopyroxene that radiate outward from the center of the variole.
Granular interstitial magnetite is concentrated between the varioles.  Randomly oriented, centimetre long,
0.01 to 0.05 mm wide, single needles of chloritized clinopyroxene may also occur in interstitial spaces
among the varioles.
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Table 4.  Analyses of samples collected from the iron-rich basalt assemblage.

Sample 92LSJ-
0214

92LSJ-
0419

92LSJ-
0648

92LSJ-
0700

93LSJ-
1720

92LSJ-
0094

93LSJ-
0379

93LSJ-
0581

Easting 519360 511795 510070 512900 497111 522950 503305 495980
Northing 5333855 5329950 5330270 5332960 5323644 5332950 5319048 5320963

Rock Type M wacke Basalt Basalt Fe-rich B Fe-rich B Fe-rich B Fe-rich B Fe-rich B
Plot # 1 2 3 4 5 6 7 8

SiO2   wt.% 49.50 50.00 53.00 49.80 48.80 49.60 48.93 50.06
TiO2 0.96 0.94 1.40 0.85 1.17 1.40 1.19 1.16
Al2O3 14.70 14.40 14.30 13.50 14.37 13.50 12.97 13.29
Fe2O3 2.52 3.06 3.26 4.39 3.51 2.05 3.36 4.35
FeO 8.90 7.50 6.60 7.30 9.29 11.40 8.24 8.26
MnO 0.18 0.18 0.16 0.19 0.21 0.19 0.22 0.20
MgO 7.95 6.87 6.02 6.46 6.86 7.14 5.27 5.76
CaO 10.70 8.78 7.24 11.10 9.98 7.27 8.18 8.80
Na2O 1.89 2.02 2.41 1.56 2.04 1.77 3.02 2.20
K2O 0.20 0.09 0.36 0.99 0.50 0.49 0.30 0.19
P2O5 0.12 0.09 0.15 0.07 0.09 0.10 0.11 0.12
TOTAL 97.62 93.93 94.90 96.21 96.82 94.91 91.79 94.39

H2O 0.10 0.10 0.10 0.10 2.46 0.10 4.29 3.44
CO2 0.05 0.25 1.56 0.24 0.05 0.02 3.56 1.06
LOI 2.00 3.10 3.60 1.60 - 3.80 - -

Mg# 55.92 54.42 52.95 50.57 49.55 49.00 45.47 45.74

Cr        ppm - - - - 136 - 116 14
Ni 183 91 107 59 94 96 71 74
Co 41 36 28 38 47 51 39 41
Sc 24 34 20 48 - 48 - -
V 155 164 145 216 310 233 274 270
Cu 74 72 17 147 117 100 86 83
Pb 2 2 2 2 - 2 - -
Zn 74 73 100 69 92 120 101 98
W 10 10 10 10 - 10 - -
S - - - - 0.11 - 0.04 0.17
Ag 0.1 0.1 0.1 0.2 - - - -
K 1660 747 2988 8218 4151 4068 2490 1577
Rb 2 5 10 50 - 13 - -
Ba 38 27 512 163 - 6 - -
Sr 312 153 340 240 115 172 74 94
Nb 8 4 8 6.0 - 7 - -
Zr 14 21 52 22 - 18 - -
Ti 5731 5641 8393 5114 7014 8393 7134 6954
Y 13 16 16 19 20 22 32 28
Th 4 2 2 2 - 3 - -
Be 1.4 1.3 1.6 1.4 - 1.8 - -

Density 2.68 2.64 2.60 2.65 2.68 2.69 2.64 2.65

Abbreviations: Alt Bas = altered basalt; Fe-rich B = iron-rich basalt; LOI = loss on ignition; M wacke = mafic wacke; Mg# = magnesium number;
Mg-rich B = magnesium-rich basalt.
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Table 4 (continued).  Analyses of samples collected from the magnesium-rich basalt to komatiite assemblage.

Sample 93LSJ-
0558

92LSJ-
0309

92LSJ-
0100

92LSJ-
0029

92LSJ-
0607

92LSJ-
0584

92LSJ-
0516

92LSJ-
0476

Easting 495792 519670 520835 524795 510305 510870 512975 512675
Northing 5320548 5332675 5333575 5329120 5333820 5332450 5329740 5329415

Rock Type Fe-rich B Var Bas Fe-rich B Fe-rich B Fe-rich B Fe-rich B Alt Bas Fe-rich B
Plot # 9 10 11 12 13 14 15 16

SiO2   wt.% 48.31 55.00 49.30 49.80 53.30 53.30 39.20 53.40
TiO2 1.44 1.47 1.30 2.03 1.01 1.48 1.16 1.95
Al2O3 13.93 13.30 13.20 12.40 12.90 12.60 11.40 12.90
Fe2O3 3.17 2.18 3.93 7.49 4.00 4.90 0.94 4.60
FeO 11.11 8.80 10.50 5.50 9.90 9.00 10.40 9.00
MnO 0.22 0.19 0.20 0.19 0.24 0.22 0.27 0.21
MgO 6.86 5.02 6.68 6.25 5.11 4.95 4.14 4.53
CaO 6.68 8.33 6.16 9.34 8.74 7.18 9.83 4.41
Na2O 3.27 2.39 3.4 2.26 2.39 4.24 1.90 3.75
K2O 0.07 0.35 0.43 0.73 0.41 0.22 1.43 0.13
P2O5 0.13 0.23 0.10 0.24 0.08 0.13 0.08 0.18
TOTAL 95.19 97.26 95.23 96.23 98.08 98.22 80.75 95.06

H2O 4.23 0.10 0.10 0.90 0.10 0.10 0.10 0.10
CO2 0.05 0.03 0.11 0.55 0.09 0.03 18.30 0.20
LOI - 1.10 2.20 1.90 1.40 1.30 1.00 3.00

Mg# 46.68 45.39 45.89 47.64 40.28 39.68 39.61 38.06

Cr        ppm 109 - - - - - - -
Ni 70 62 50 92 22 34 55 39
Co 47 30 52 40 40 4 35 32
Sc - 33 22 30 47 6 38 43
V 304 128 256 222 275 32 198 438
Cu 94 41 43 141 166 13 59 127
Pb - 2 2 2 2 2 2 2
Zn 103 90 89 96 74 63 51 133
W - 10 10 10 10 10 10 10
S 0.03 - - - - - - -
Ag - 0.1 0.3 0.5 0.2 0.1 0.2 0.1
K 581 2905 3570 6060 3404 1826 11871 1079
Rb - 13 9 14 15 5 33 5
Ba - 97 154 265 49 34 100 56
Sr 78 199 129 346 150 104 192 153
Nb - 9 5 13 3 7 7 10
Zr - 26 15 104 15 74 7 102
Ti 8633 8813 7793 12170 6055 8873 6954 11690
Y 27 42 25 23 19 20 17 42
Th - 2 2 2 2 2 2 2
Be - 1.80 1.60 2.10 1.60 1.7 1.6 1.9

Density 2.69 2.61 2.66 2.63 2.65 2.62 2.72 2.60

Abbreviations:  Alt Bas = altered basalt; B Kom = basaltic komatiite; LOI = Loss on Ignition; Mg# = magnesium number; Mg-rich B = magnesium-rich
basalt; P Kom = peridotitic komatiite; Thol Bas = tholeiitic basalt; Var Bas = variolitic basalt.
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Table 4 (continued).  Analyses of samples collected from the magnesium-rich basalt to komatiite assemblage.

Sample P-892-75 93LSJ-
1393

93LSJ-
0596

92LSJ-
0498

92LSJ-
0626

92LSJ-
0050

92LSJ-
0807

92LSJ-
0564

Easting 503571 505198 495426 512215 510410 520580 507040 510370
Northing 5332408 5319722 5321783 5331095 5331380 5332410 5331585 5332690

Rock Type Fe-rich B Fe-rich B Fe-rich B Alt Bas Fe-rich B Fe-rich B Alt Bas Basalt
Plot # 17 18 19 20 21 22 23 24

SiO2   wt.% 49.00 48.65 51.60 53.30 49.70 54.10 50.70 61.90
TiO2 1.44 1.78 1.82 1.82 1.74 1.37 1.18 1.10
Al2O3 13.90 12.93 12.34 11.90 11.70 14.00 13.30 12.50
Fe2O3 16.90 6.10 5.39 7.65 3.12 2.58 1.33 2.42
FeO - 10.04 9.28 8.50 11.80 8.30 8.70 6.60
MnO 0.19 0.24 0.22 0.19 0.19 0.22 0.19 0.13
MgO 4.59 5.16 3.26 3.56 2.94 4.15 3.72 3.31
CaO 8.57 9.18 7.28 4.01 6.82 8.96 7.71 5.51
Na2O 2.06 2.10 2.99 4.23 2.07 2.44 2.55 3.70
K2O 0.04 0.87 0.14 0.09 0.56 0.22 0.62 0.41
P2O5 0.04 0.14 0.18 0.14 0.13 0.08 0.10 0.16
TOTAL 96.73 97.19 94.50 95.39 90.77 96.42 90.10 97.74

H2O 3.47 1.59 3.22 0.10 0.10 0.10 0.10 0.10
CO2 - 0.05 1.58 2.92 4.39 0.19 5.78 0.14
LOI - - - 2.60 3.70 1.70 3.60 1.00

Mg# 34.98 37.19 29.13 29.20 26.40 41.05 40.11 40.19

Cr        ppm 12 45 1 - - - - -
Ni 21 55 15 14 24 96 59 21
Co - 47 41 34 34 51 37 20
Sc - - - 36 40 49 44 27
V - 434 272 276 399 253 266 109
Cu 64 120 47 92 721 100 15 78
Pb - - - 2 2 2 2 2
Zn 88 123 138 134 93 120 91 45
W - - - 10 10 10 10 10
S 0.03 0.38 1.58 - - - - -
Ag - - - 0.3 0.1 0.1 0.1 0.1
K 332 7222 1162 747 4649 1826 5147 3404
Rb - - - 7 14 5 11 12
Ba - - - 18 108 61 105 142
Sr - 168 96 146 88 149 58 122
Nb - - - 7 7 4 7 10
Zr - - - 34 30 20 18 67
Ti 8633 10671 10911 10911 10431 8213 7074 6595
Y - 36 47 13 32 21 7 50
Th - - - 2 2 2 3 3
Be - - - 2.00 2.00 1.40 1.20 1.50

Density 2.57 2.69 2.63 2.59 2.67 2.61 2.61 2.51

Abbreviations:  Alt Bas = altered basalt; B Kom = basaltic komatiite; LOI = Loss on Ignition; Mg# = magnesium number; Mg-rich B = magnesium-rich
basalt; P Kom = peridotitic komatiite; Thol Bas = tholeiitic basalt.
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Table 4 (continued).  Analyses of samples collected from the magnesium-rich basalt to komatiite assemblage.

Sample 92LSJ-
0684

92LSJ-
0147

92LSJ-
0361

92LSJ-
0135

92LSJ-
0184

Easting 520030 519275 517395 520975 524525
Northing 5332020 5333655 5330320 5333230 5336275

Rock Type And Tuff And Tuff Rhy Tuff Wacke? Rhy Tuff
Plot # 25 26 27 28 29

SiO2   wt.% 59.00 65.60 74.50 61.20 72.60
TiO2 0.79 0.73 0.22 0.84 0.49
Al2O3 16.50 14.60 14.20 11.90 11.30
Fe2O3 1.79 1.19 1.24 1.91 0.73
FeO 5.20 2.80 0.50 5.20 1.60
MnO 0.13 0.08 0.03 0.08 0.07
MgO 3.76 2.32 0.42 7.86 2.43
CaO 6.12 2.54 0.76 5.02 3.43
Na2O 4.09 6.24 4.31 3.61 5.00
K2O 0.71 0.60 2.54 0.20 0.67
P2O5 0.17 0.15 0.05 0.17 0.22
TOTAL 98.26 96.85 98.77 97.99 98.54

H2O 1.60 0.10 0.10 0.10 0.10
CO2 0.02 0.03 0.44 0.04 0.03
LOI 1.60 1.20 0.90 1.90 0.60

Mg# 49.59 51.65 31.66 66.94 65.74

Cr        ppm - - - - -
Ni 59 40 1 12 9
Co 24 11 2 18 5
Sc 20 12 4 23 11
V 94 67 4 36 69
Cu 52 21 23 3 7
Pb 2 2 2 2 2
Zn 77 69 25 18 18
W 10 10 10 10 10
S - - - - -
Ag 0.4 0.2 0.7 0.3 0.1
K 5894 4981 21085 1660 5562
Rb 22 17 70 11 25
Ba 184 153 681 36 82
Sr 275 193 68 128 270
Nb 8 11 9 18 12
Zr 72 102 141 123 124
Ti 4736 4364 1319 5018 2914
Y 14 12 13 40 35
Th 5 6 5 2 2
Be 1.3 1.40 1 1.6 1.40

Density 2.51 2.41 2.32 2.52 2.37

Abbreviations:  And Tuff = andesite tuff; LOI = loss on ignition; Mg# = magnesium number;
Rhy Tuff = rhyolitic tuff; wacke? = greywacke or tuff.
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Figure 9.  Alkalic versus subalkalic projections of analyses of metavolcanic rocks from the iron-rich tholeiitic basalt assemblage (after Irvine and Baragar
1971, Figure 3).
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Figure 10.  Jensen cation plots of the analyses of the iron-rich tholeiitic basalt assemblage (after Jensen 1976, Figure 1).
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Figure 11.  AFM diagram showing the projections of analyses of the metavolcanic rocks from the iron-rich tholeiitic basalt assemblage (after Irvine and
Baragar 1971, Figure 2).
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Interflow Metasedimentary and Volcaniclastic Rocks

Numerous units of interflow metasedimentary rocks and mafic to felsic volcaniclastic tuffs occur within
the iron-rich basalt assemblage.  Some analyses of these rocks are shown in Table 4.  They are found
mainly in Robertson Township and in the nose of the syncline in Hincks Township.  The
metasedimentary rocks include argillites, cherty argillites, metasiltstones, sandstones and cherts, some of
which are magnetite-bearing.  Many of the metasedimentary rocks are interlayered with and grade into
mafic volcaniclastic rocks composed of hornblende or chlorite.  Metasedimentary rocks are also
interlayered with or grade into quartz and quartz-feldspar-rich rocks, some of which may represent distal,
calc-alkalic intermediate to felsic, reworked, waterlain tuffs or detritus eroded from a calc-alkalic felsic
terrain.

In Robertson Township most argillites and metasiltstones are fine-grained, dark green to black
schistose rocks that have been affected by amphibolite grade metamorphism.  They are poorly bedded and
banded units from 10 cm to 10 m thick that are composed of 40 to 70% aligned, subhedral, 0.1 to 0.5 mm
long hornblende and actinolite; 25 to 60% interstitial quartz and weakly altered, untwinned, plagioclase
with accessory biotite, magnetite and pyrite.  Magnetite-bearing varieties contain 3 to 15%, 0.001 to 0.01
mm magnetite grains. Some greenschist grade argillites are dominantly composed of chlorite in place of
amphibole.

Rocks containing greater than 50% quartz have a “cherty” or siliceous appearance.  Quartz-rich
metasedimentary rocks and cherts are light grey to green and are composed of 65 to 90%, fine-grained
(0.001 to 0.01 mm) interlocking grains of quartz.  They also contain accessory epidote, biotite, muscovite,
magnetite and chlorite or amphibole.

Interflow calc-alkalic andesite and dacite tuffs are 5 to 150 m thick.  Some chemical analyses from
these rocks are indicated in Table 4 (e.g. sample 92-LSJ-684).  They are fine-grained (0.1 to 1.5 mm),
light grey to white, siliceous rocks composed of 15 to 25% rounded and fractured quartz bipyramids. The
rocks contain 40 to 60% strongly saussuritized and sericitized, 0.1 to 3 mm, rounded and fractured laths
and fragments of plagioclase (An15-20) with finer interstitial grains of chlorite, actinolite (hornblende),
epidote, magnetite and titanite.  These rocks are best exposed in Robertson Township, southeast of
Whitefish Lake.  Other, thinner units occur in central and northeastern Robertson Township.  In these
areas, most calc-alkalic tuff either grades into quartz-rich, interflow metasedimentary units or is
interlayered with metasedimentary rocks.  Provenance of the calc-alkalic tuffs was either from distal
felsic calc-alkalic volcanic centres or from the erosion of an older felsic calc-alkalic terrain.  In these
rocks, all large euhedral laths of plagioclase and bipyramidal quartz grains are chipped and abraded.
Many of the tuffs could alternatively be described as felsic volcaniclastic rocks.

The calc-alkalic tuffs, of andesite to rhyolite composition, in central and northeast Robertson
Township have been recrystallized under upper greenschist to lower greenschist metamorphic conditions.
The rocks consist of 5 to 25%, 1 to 3 mm size, fragments of plagioclase (An10-20); and 5 to 10%, 0.5 to
1 mm patches of interlocking quartz.  The fine-grained (0.01 to 0.1 mm) matrix consists of 10 to 30%
chlorite or euhedral hornblende; 20 to 30% quartz; 30 to 50% albite laths; and accessory disseminated
pyrite or magnetite.

The mafic volcaniclastic rocks are dark green to black, schistose rocks consisting of small 0.1 to
1 mm mafic volcanic fragments mainly altered to actinolite and chlorite.  The fragments occur in a fine-
grained (0.01 to 0.1 mm), heterogeneous matrix of epidote, quartz, mica, magnetite, albite, calcite and
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aligned chlorite or amphibole.  The provenance for these rocks was from a tholeiitic basalt source,
possibly from the local iron-rich tholeiitic basalts.

UPPER CALC-ALKALIC ASSEMBLAGE

Distribution

In comparison to the lower calc-alkalic assemblage, the upper calc-alkalic assemblage has little to no
penetrative deformation; contains better preserved primary mineralogy and textures; and has a much
smaller proportion of felsic metavolcanic rocks.  The upper calc-alkalic assemblage, at the top of the
stratigraphic succession, occupies the core of the syncline above the iron-rich tholeiitic basalt assemblage.
The upper calc-alkalic assemblage extends and widens eastward from northern Hincks Township into
Argyle and Baden townships as described by Kresz (1993).  Kresz (1993) noted that the assemblage
comprised numerous metavolcanic flows as well as fragmental rocks, in particular, in Baden and parts of
Argyle Township.  As noted by Kresz (1993), a meter thick unit of finely bedded cherty felsic tuff and
metasandstone occurs at the lower contact of the upper calc-alkalic assemblage with the iron-rich
tholeiitic basalt assemblage.  Metasedimentary rocks are rare in the upper parts of the assemblage.
Metavolcanic fragmental rocks predominate over metavolcanic flow rocks.  A few subvolcanic intrusive
rocks occur as fine-grained feldspar porphyry dikes and stocks of calc-alkalic andesitic and dacitic
compositions near Esra Lake in Hincks Township.

Mafic to Intermediate Metavolcanic Rocks

Mafic to intermediate metavolcanic rocks make up more than 80% of the upper calc-alkalic assemblage in
the form of plagioclase- and plagioclase-hornblende-phyric calc-alkalic basalts and andesites.  These
rocks are hard, grey to light grey and green, fragmental rocks consisting of tuff breccia, lapilli tuff and
crystal tuff.  Chemical analyses of these rock are shown in Table 5 and depicted in Figures 12, 13 and 14.
Rare exposures of massive and pillowed flows of basalt and andesite occur toward the base of the
assemblage on both the north and south limbs of a regional syncline.  Pillow structures tend to be
irregular so that facing and bedding orientations are difficult to determine with accuracy.

Many of the basalt and andesite flows and the fragments within the pyroclastic rocks have
porphyritic to glomeroporphyritic textures preserved in a pilotaxitic to trachytic ground mass of 0.1 to 0.5
mm long plagioclase and hornblende laths.  Weakly to strongly saussuritized plagioclase laths and
chloritic hornblende laths are accompanied by 0.001 to 0.01 mm grains of magnetite, epidote and chlorite.
In more altered rocks the ground mass has a felted texture and is composed of fibrous chlorite with
interstitial albite, quartz, epidote and titanite.  Euhedral single to clustered plagioclase (An20-35)
phenocrysts are weakly to strongly saussuritized and show weak gradational zonation.  Plagioclase forms
10 to 20% of the rock by volume.  Phenocrysts and glomerophenocrysts of partly to completely
chloritized euhedral to subhedral, 0.5 to 4 mm, hornblende crystals range in abundance from 2 to 20% in
the basalts and andesites.  Abundant hornblende appears as dark green to black, 2 to 4 mm, spots in a light
green to grey matrix.
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Table 5.  Analyses of samples collected from the upper calc-alkalic assemblage.

Sample 92LSJ-
0847

93LSJ-
0345

P-886-75 92LSJ-
0433

P-885-75 93LSJ-
0423

P-882-75 93LSJ-
0394

Easting 516975 501870 504383 512140 504464 502721 502836 502572
Northing 5329375 5333674 5325502 5328175 5325411 5322376 5322954 5322887

Rock Type Mg-rich B Basalt CAB Alt CAB CAB CAB CAM Tfbx CAA
Plot # 1 2 3 4 5 6 7 8

SiO2   wt.% 58.50 49.44 56.30 53.70 57.50 58.24 57.9 59.35
TiO2 0.58 0.75 0.68 0.58 0.66 0.75 0.78 0.73
Al2O3 13.40 12.95 15.60 16.60 16.30 15.78 17.40 15.66
Fe2O3 1.41 3.32 7.88 2.34 7.50 2.08 8.46 2.34
FeO 5.50 6.47 - 5.80 - 5.15 - 4.26
MnO 0.13 0.19 0.12 0.14 0.01 0.14 0.14 0.13
MgO 8.30 4.54 6.57 6.22 5.75 5.32 4.96 4.21
CaO 4.29 10.08 5.63 6.54 4.58 4.44 5.70 6.36
Na2O 3.00 2.20 5.05 3.18 5.23 3.76 3.82 3.30
K2O 0.99 0.15 0.22 0.41 0.56 0.51 0.64 0.53
P2O5 0.10 0.07 0.12 0.09 0.07 0.20 0.15 0.19
TOTAL 96.20 90.16 98.17 95.60 98.16 96.37 99.95 97.06

H2O 0.10 4.16 2.19 0.10 2.31 3.19 1.71 2.50
CO2 0.09 5.44 - 0.93 - 0.05 - 0.05
LOI 3.20 - - 3.30 - - - -

Mg# 68.60 46.10 62.28 58.37 60.29 57.45 53.73 54.10

Cr        ppm - 90 370 - 310 81 93 60
Ni 232 57 186 123 135 88 90 77
Co 34 37 - 32 - 29 - 27
Sc 21 - - 24 - - - -
V 96 251 - 95 - 135 - 124
Cu 36 102 50 52 46 37 55 56
Pb 2 - - 2 - - - -
Zn 81 79 73 67 78 93 85 85
W 10 - - 10 - - - -
S - 0.01 0.09 - 0.01 0.01 0.12 0.02
Ag - - - - - - - -
K 8218 1245 1826 3404 4649 4234 5313 4400
Rb 34 - - 13 - - - -
Ba 222 - - 94 - - - -
Sr 268 83 - 220 - 173 - 222
Nb 7 - - 8 - - - -
Zr 49 - - 43 - - - -
Ti 3495 4496 4077 3477 3957 4496 4676 4376
Y 9 17 - 10 - 16 - 15
Th 2 - - 4 - - - -
Be 1.10 - - 1.30 - - - -

Density 2.53 2.61 2.49 2.56 2.47 2.51 2.48 2.50

Abbreviations: Alt CAB = altered calc-alkalic basalt; CA = calc-alkalic; CAA = calc-alkalic andesite; CAB = calc-alkalic basalt; CAD = calc-alkalic dacite;
CAM = calc-alkalic mafic; DPORPH = dacite porphyry; LOI = loss on ignition; Mg# = magnesium number; Mg-rich B = magnesium-rich basalt; Tfbx = tuff
breccia.
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Table 5 (continued).  Analyses of samples collected from the upper calc-alkalic assemblage.

Sample 93LSJ-
1181

93LSJ-
0348

93LSJ-
1160

P-887-75 P-881-75 93LSJ-
0325

P-894-75 92LSJ-
0456

Easting 504992 502664 501025 503258 503626 503118 503930 512900
Northing 5322887 5327880 5326897 5327578 5322797 5323194 5326566 5328790

Rock Type CA Tuff CAA Tfbx CAA Tfbx CAA Tfbx CAA Tfbx CAB CAA CA Tuff
Plot # 9 10 11 12 13 14 15 16

SiO2   wt.% 65.03 64.37 60.72 48.50 61.90 62.85 56.10 63.10
TiO2 0.55 0.60 0.73 1.01 0.62 0.57 0.58 0.76
Al2O3 14.21 14.55 15.52 22.20 16.50 15.68 19.80 16.00
Fe2O3 1.81 1.40 2.21 9.72 6.57 2.35 6.53 1.20
FeO 3.25 3.35 3.98 - - 3.02 - 4.50
MnO 0.10 0.08 0.11 0.11 0.10 0.08 0.08 0.08
MgO 3.88 3.91 3.59 4.93 3.20 3.05 4.00 2.50
CaO 3.90 3.22 5.54 5.04 4.87 5.04 5.21 1.96
Na2O 5.18 2.37 2.81 3.41 3.46 4.73 5.39 4.83
K2O 0.38 2.09 1.11 2.89 1.61 0.94 1.16 1.38
P2O5 0.16 0.14 0.16 0.16 0.09 0.15 0.07 0.14
TOTAL 98.45 96.08 96.48 97.97 98.92 98.46 98.92 96.45

H2O 1.62 2.96 2.35 3.35 1.03 1.52 2.15 0.10
CO2 0.05 0.05 0.19 - - 0.05 - 0.95
LOI - - - - - - - 2.30

Mg# 58.63 60.18 51.73 50.11 49.10 51.42 54.81 44.40

Cr        ppm 201 147 88 40 44 39 143 -
Ni 120 80 72 58 42 44 75 27
Co 21 17 23 - - 18 - 17
Sc - - - - - - - 17
V 75 86 110 - - 89 - 84
Cu - 15 34 76 42 27 33 23
Pb - - - - - - - 2
Zn 72 73 85 103 81 56 49 69
W - - - - - - - 10
S 0.01 - 0.01 0.02 0.03 0.01 0.01 -
Ag - - - - - - - -
K 3154 17350 9214 23991 13365 7803 9630 11456
Rb - - - - - - - 50
Ba - - - - - - - 338
Sr 73 229 225 - - 107 - 245
Nb - - - - - - - 5
Zr - - - - - - - 85
Ti 3297 3597 4376 6055 3717 3417 3477 4544
Y 15 16 16 - - 18 - 10
Th - - - - - - - 4
Be - - - - - - - 1.30

Density 2.44 2.44 2.48 2.51 2.43 2.45 2.46 2.44

Abbreviations: Alt CAB = altered calc-alkalic basalt; CA = calc-alkalic; CAA = calc-alkalic andesite; CAB = calc-alkalic basalt; CAD = calc-alkalic dacite;
CAM = calc-alkalic mafic; DPORPH = dacite porphyry; LOI = loss on ignition; Mg# = magnesium number; Mg-rich B = magnesium-rich basalt; Tfbx = tuff
breccia.
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Table 5 (continued).  Analyses of samples collected from the upper calc-alkalic assemblage.

Sample P-880-75 92LSJ-
0577

93LSJ-
0228

93LSJ-
1266

Easting 503866 510960 503836 503542
Northing 5322690 5332325 5322625 5323181

Rock Type CAD Tfbx CAD DPORPH Breccia
Plot # 17 18 19 20

SiO2   wt.% 67.00 69.80 70.95 70.52
TiO2 0.41 0.35 0.35 0.37
Al2O3 18.40 14.90 15.37 14.54
Fe2O3 4.60 1.75 1.50 1.52
FeO - 1.70 0.97 0.75
MnO 0.07 0.07 0.04 0.05
MgO 1.37 1.10 0.72 0.37
CaO 3.41 4.34 2.89 4.12
Na2O 4.71 2.93 4.52 3.44
K2O 1.23 1.45 1.90 2.53
P2O5 0.08 0.11 0.13 0.12
TOTAL 101.28 98.50 99.34 98.33

H2O 0.55 0.10 0.85 0.84
CO2 - 0.43 0.05 0.58
LOI - 1.20 - -

Mg# 37.10 37.44 35.61 23.74

Cr        ppm 6 - 7 8
Ni 2 13 4 5
Co - 6 4 6
Sc - 27 - -
V - 25 27 36
Cu 17 2 13 19
Pb - 2 - -
Zn 70 45 38 37
W - 10 - -
S 0.01 - 0.01 0.07
Ag - 0.1 - -
K 10211 12037 15772 21002
Rb - 47 - -
Ba - 283 - -
Sr - 167 168 204
Nb - 9 - -
Zr - 59 - -
Ti 2458 2092 2098 2218
Y - 8 12 14
Th - 7 - -
Be - 1.10 - -
Density 2.39 2.39 2.36 2.36

Abbreviations: Alt CAB = altered calc-alkalic basalt; CA = calc-alkalic; CAA = calc-alkalic andesite; CAB = calc-alkalic basalt;
CAD = calc-alkalic dacite; CAM = calc-alkalic mafic; DPORPH = dacite porphyry; LOI = loss on ignition; Mg# = magnesium
number; Mg-rich B = magnesium-rich basalt; Tfbx = tuff breccia.
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Figure 12.  Alkalic versus subalkalic projections of analyses of metavolcanic rocks from the upper calc-alkalic assemblage (after Irvine and
Baragar 1971, Figure 3).
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Figure 13.  Jensen cation plots of the analyses of the upper calc-alkalic assemblage (after Jensen 1976, Figure 1).
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Figure 14.  AFM diagram showing the projections of analyses of the upper calc-alkalic assemblage (after Irvine and Baragar 1971, Figure 2).
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Most of the basalt and andesite flows and fragmental units contain randomly distributed, undeformed
to weakly deformed, round to oval, 0.5 to 5 mm, amygdules filled with quartz, carbonate, chlorite and
epidote.  Rare occurrences of pumpellyite and prehnite, indicative of sub-greenschist facies, were also
noted in the amygdules.

The mafic to intermediate fragmental rocks consist of tuff breccia, lapilli tuff, crystal tuff and tuff.
Tuff breccias make up 60 to 70% of the rocks in the upper calc-alkalic assemblage.  The majority of
fragments in the tuff breccias are angular to subrounded; range from 0.5 cm to 5 cm in size; are
monolithic in texture and composition; poorly sorted; and tightly packed.  The matrix is a heterogeneous
mix of fine-grained rock fragments; plagioclase and hornblende crystal fragments; and 0.001 to 0.01 mm
ash consisting of chlorite, albite, quartz, epidote and titanite with finely disseminated pyrite and hematite.
Pumpellyite and prehnite is also preserved in the matrix of some tuff breccias.

The crystal and lapilli tuffs are similar in composition to the matrix of the tuff breccias.  Most form
massive, meter-thick units with limited visible internal sorting or bedding.  In the crystal tuffs, 0.1 to 3
mm, broken fragments of plagioclase are the major constituent.  The crystals form 50 to 85% of the rock
and are loosely to tightly packed in a matrix composed of 0.001 to 0.01 mm ash consisting of chlorite,
quartz, albite, epidote and finely disseminated opaques.  A few broken, 0.1 to 2 mm, chloritic hornblende
fragments are present in some crystal tuff.  The lapilli tuffs consist of 30 to 60%, 2 to 5 mm, subrounded
to irregular shaped basalt and andesite fragments mixed with fragments of plagioclase and interstitial 0.01
to 0.1 mm size grains of chlorite, albite, epidote, quartz and opaques.

Intermediate to Felsic Metavolcanic Rocks

Intermediate to felsic metavolcanic rocks are typically bedded dacitic tuffs and lapilli tuffs that form less
than 15% of the upper calc-alkalic assemblage.  Good exposures of these rocks occur at the east end of
Esra Lake.  They are light grey to green, fine-grained (0.01 to 0.1 mm), aphanitic rocks consisting of
quartz, albite, sericite and chlorite.  Some rocks contain 0.1 to 2 mm fragments of plagioclase crystals
mixed with 1 to 3 mm rock fragments of dacitic and andesitic composition.  Rhyolite was not identified in
the upper calc-alkalic assemblage.

Felsic tuff or metasandstone occurs at the base of the upper calc-alkalic assemblage in McNeil and
Hincks townships on the north and south flanks of the regional syncline, respectively.  These rocks form a
finely laminated unit that is 0.5 to 1 m thick.  Quartz-rich, 1 to 2 mm thick laminae alternate with 2 to 5
mm thick quartzofeldspathic layers that contain 1 to 2 mm plagioclase crystal shards.

Subvolcanic Feldspar Porphyry

An oval, 1 km long, subvolcanic intrusion of dacitic feldspar porphyry is located north of Esra Lake in
Hincks Township.  The intrusion (sample 93-LSJ-0228; see Table 5) is dark green, siliceous and contains
2 to 5% euhedral buff to white plagioclase phenocrysts and glomerophenocrysts that are 2 to 5 mm in
size.  The partly sericitized and saussuritized plagioclase (An20-25) phenocrysts show some oscillatory
zoning, and are embedded in a fine-grained (0.001 to 0.01 mm), homogeneous, quartzofeldspathic matrix
that consists of finely disseminated chlorite and accessory magnetite and pyrite.  Quartz phenocrysts are
absent in the porphyry.  Zones of altered andesite, containing disseminated sulphide minerals, occur along
the margins of the porphyry.
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Kresz (1993) reported similar subvolcanic rocks in the upper calc-alkalic assemblage in the east.
Widely distributed, dark green to light grey, aphanitic, calc-alkalic, feldspar porphyry dikes intrude the
iron-rich basalt assemblage in central McNeil Township.  The dikes contain 5 to 10%, white, euhedral
plagioclase phenocrysts and glomerophenocrysts that are 2 to 5 mm in size and variably saussuritized and
sericitized.  The phenocrysts are embedded in a felted quartzofeldspathic groundmass containing
accessory clinozoisite, magnetite, titanite and pyrite.

Archean Plutonic Rocks

INTRODUCTION

The oldest intrusive rocks in the study area are peridotite plugs and sills located in southwestern Hincks
Township.  These intrusive rocks may have been feeder sources for the komatiites in the area.  The
intrusions only occur within the lower calc-alkalic assemblage.  Other mafic to ultramafic intrusions
include a small leucogabbro stock in north-central Cleaver Township; and two small pyroxenite stocks in
the upper calc-alkalic assemblage in southern McNeil Township.  Kresz (1993) noted similar pyroxenite
intrusions associated with peridotite in the upper calc-alkalic assemblage in Argyle Township.  Chemical
analyses for some of these intrusive rocks are listed in Table 6 and depicted in Figures 15, 16 and 17.

A large, medium to coarse-grained diorite and quartz diorite intrusion occurs in southern Robertson
Township.  Gabbroic, pyroxenitic and peridotitic phases occur in northern portions of the intrusion.  The
south-side of the intrusion is transected by a large granodiorite stock in northern Baden Township.
Several medium- to coarse-grained diorite and quartz diorite sills intrude the iron-rich basalt assemblage
in Robertson Township.  Three large granodiorite stocks also occur in the north parts of Cleaver, McNeil
and Roberston townships and two smaller intrusions are located in the iron-rich basalt assemblage in
central Hincks Township (see Table 6; see Figures 15, 16 and 17).

Numerous alkalic, mafic to felsic, dikes intrude the supracrustal rocks in all townships and range in
composition from lamprophyre to syenite.  Numerous, north-striking, Matachewan diabase dikes intrude
all Archean rocks (see Table 6; see Figures 15, 16 and 17).

SUBALKALIC INTRUSIVE ROCKS

Ultramafic and Mafic Intrusive Rocks

Two intrusions of peridotite are located in the lower calc-alkalic assemblage in the southwest corner of
Hincks Township.  The location, shape and size of the intrusions can be recognized by the elevated
magnetic contours on airborne geophysical magnetic maps (ODM 1975d).  The largest of the intrusions
occurs on the north shore of Wabiasin Lake.  The peridotites are dark blue-green to black, fine-grained,
magnetic, homogeneous rocks composed of olivine and minor pyroxene that are completely replaced by
fibrous serpentine and disseminated magnetite.  Weathered surfaces are dull grey with angular polygonal
jointing.  The small pyroxenite plugs in the upper calc-alkalic assemblage are light grey, fine-grained,
monomineralic rocks.  Primary igneous textures are obscured since primary pyroxene is completely
altered to chlorite, actinolite, calcite and minor fine-grained magnetite.
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Table 6.  Analyses of samples collected from ultramafic, mafic and intermediate intrusions.

Sample 92LSJ-
0077

92LSJ-
0059

92LSJ-
0038

92LSJ-
0118

92LSJ-
0001

93LSJ-
1264

93LSJ-
0009

Easting 522340 522005 523890 520750 523540 503487 500999
Northing 5331790 5331470 5330450 5333625 5327680 5323139 5334765

Rock Type Norite Gabbro Norite Gabbro Qtz Diorite Diorite Gabbro
Plot # 1 2 3 4 5 6 7

SiO2   wt.% 50.50 51.40 53.40 53.70 58.70 56.96 48.08
TiO2 0.31 0.28 0.46 0.53 1.22 0.54 0.32
Al2O3 14.40 15.60 6.72 12.00 16.60 14.64 15.14
Fe2O3 1.54 1.80 2.51 1.48 2.76 2.33 2.64
FeO 6.30 7.10 8.70 7.00 4.00 4.58 5.56
MnO 0.17 0.17 0.21 0.18 0.11 0.11 0.15
MgO 13.10 9.83 18.70 10.30 2.67 7.55 9.51
CaO 8.57 7.00 4.33 7.79 6.37 5.19 13.3
Na2O 1.36 2.29 0.88 1.63 3.70 1.86 0.97
K2O 0.21 0.54 0.56 0.61 1.33 1.15 0.12
P2O5 0.05 0.05 0.06 0.09 0.27 0.13 0.04
TOTAL 96.51 96.06 96.53 95.31 97.73 95.04 95.86

H2O 0.10 0.10 0.10 0.10 0.10 3.84 3.61
CO2 0.02 0.03 0.05 0.02 0.09 0.05 0.18
LOI 3.40 3.40 3.00 2.00 1.60 - -

Mg# 75.23 66.77 75.25 68.78 42.33 66.83 68.11

Cr        ppm - - - - - 605 935
Ni 235 260 417 424 37 212 111
Co 42 40 62 52 17 33 37
Sc 22 19 28 24 17 - -
V 79 51 80 112 98 106 165
Cu 9 86 17 2 73 20 81
Pb 2 2 2 2 2 - -
Zn 64 95 82 73 72 90 71
W 10 10 10 10 10 - -
S - - - - - - 0.02
Ag - 0.2 0.2 0.1 0.3 - -
K - - - - - 9546 996
Rb 4 18 18 18 46 - -
Ba 34 90 95 89 278 - -
Sr 221 263 108 139 462 173 62
Nb 5 3 6 5 9 - -
Zr 8 1 10 44 11 - -
Ti - - - - 7314 3237 1918
Y 4 2 5 9 13 10 8
Th 2 2 2 2 4 - -
Be 0.9 1.10 1.10 1.20 1.2 - -

Density 2.65 2.62 2.69 2.62 2.49 2.53 2.67

Abbreviations:  LOI = loss on ignition; Mg# = magnesium number; Qtz = quartz.
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Figure 15.  Alkalic versus subalkalic projections of analyses of the ultramafic, mafic and intermediate intrusive rocks (after Irvine and Baragar
1971, Figure 3).
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Figure 16.  Jensen cation plots of the analyses of the ultramafic, mafic and intermediate intrusive rocks (after Jensen 1976, Figure 1).
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Figure 17.  Olivine-Diopside-Quartz normative projection (projected from plagioclase) of analyses from the ultramafic and mafic intrusive rocks.
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The leucogabbro intrusion in north-central Cleaver Township is light grey with a plagioclase
porphyritic phase.  The non-porphyritic portion is a homogeneous, fine-grained (0.5 to 1.5 mm) rock
composed of 50% saussuritized plagioclase and nearly 50% clinopyroxene partially altered to uralite and
chlorite.  The pyroxene ophitically encloses plagioclase.  Accessory titaniferous magnetite is interstitial to
the plagioclase and pyroxene.  The low total iron content (<9%) and magnesium content (>9%) of the
leucogabbro (sample 93-LSJ-0009, Table 6) distinguishes this rock from the surrounding magnesium-rich
tholeiitic basalts and basaltic komatiites in the area (see Tables 3 and 6).  The porphyritic phase of the
leucogabbro contains up to 30% euhedral, white, and saussuritized plagioclase crystals that are 1 to 5 mm
in size.  The leucogabbro may be a small, weakly-fractionated, subvolcanic intrusion related to the
surrounding magnesium-rich basalts or it may be of similar age to the gabbroic rocks associated with the
diorite stock in southern Robertson Township.

The ultramafic and mafic marginal phases of the diorite-quartz diorite stock in Robertson Township
consist of strongly schistose olivine norite, olivine-bearing gabbro, norite, and gabbro and hornblende
gabbro.  They are gradational into each other and may represent early intrusive phases associated with the
emplacement of the stock.  Ambiguous intrusive relationships occur locally where diorite and quartz
diorite dikes intrude gabbro and gabbro grades into diorite.  Gabbro inclusions that are metres to several
tens of metres across occur in outer portions of the diorite and quartz diorite stock.  Table 6 includes
analyses of the gabbro, diorite and quartz diorite.

Olivine-rich norite and olivine-bearing gabbro are soft, green, schistose rocks that are difficult to
distinguish from altered and deformed peridotitic komatiites.  They are chemically similar to peridotitic
komatiite except for their low iron content and elevated silica content (see Tables 3 and 6; see Figure 17).
Analyses are not available for the olivine-rich rocks.  The most mafic intrusive rocks are composed of 30
to 50% olivine and 40 to 60% pyroxene (either orthopyroxene or clinopyroxene).  The 0.3 to 1 mm
olivine grains are replaced by serpentine and are poikiloblasts in interlocking, 1 to 4 mm, tabular,
orthopyroxene and clinopyroxene crystals.  Interstitial plagioclase forms less than 5% of the rocks and
accessory biotite and magnetite may be present in some rocks.  The pyroxenes are partly to completely
altered to actinolite, uralite and chlorite.  The plagioclase is partly to completely saussuritized.

Norite and gabbro are soft, green and schistose rocks that are difficult to distinguish from altered
basaltic komatiites.  Norite consists of 70 to 90%, 1 to 3 mm long interlocking sheaves of actinolite
derived from altered primary orthopyroxene.  Saussuritized plagioclase and accessory magnetite and
biotite make up the remainder of the rock and occur interstitial to actinolite.  The gabbros consist of 50 to
80%, 2 to 3 mm, clinopyroxene that is variably altered to uralite, chlorite and actinolite.  Interstitial and
ophitic, variably saussuritized, plagioclase (An50-60) forms 30 to 50% of the gabbros and is accompanied
by accessory magnetite and quartz.

Hornblende gabbro is dark green, schistose and consists of 50 to 60% hornblende and subordinate
clinopyroxene; 40 to 45% plagioclase (An40-55); and up to 10 % quartz, accessory magnetite and biotite.
The hornblende and clinopyroxene grains are variably altered to chlorite and uralite.  The hornblende and
clinopyroxene crystals enclose subhedral plagioclase (An40-55).

Intermediate Intrusive Rocks

The intermediate intrusive rocks are diorite and quartz diorite sills, stocks and dikes located in Robertson
Township.  Samples 92-LSJ-0001 and 93-LSJ-1264 (see Table 6) are examples of these rock types.  The
largest intrusion is an irregular stock located in southern Robertson Township.  A second, large, irregular,
intrusion is interpreted to occur in northeast Robertson Township based on a large airborne geophysical
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magnetic low (ODM 1975a) in the area of an outcrop of quartz diorite.  The remaining diorite and quartz
diorite intrusions occur within the iron-rich basalt assemblage and correspond with areas of low magnetic
expression.

The diorite and quartz diorite are medium- to coarse-grained, heterogeneous rocks consisting of 10 to
60% dark green to black hornblende; 40 to 80 % white plagioclase (An30-50); and up to 25 % glassy
anhedral quartz.  Hornblende and plagioclase crystals are up to 2 cm in size in coarse grained rocks.
Hornblende and quartz occurs interstitial to the plagioclase.  Accessory primary minerals consist of
biotite, magnetite, apatite and sphene.  In most cases plagioclase is saussuritized and hornblende is
chloritic.

Felsic Intrusive Rocks

Subalkalic felsic intrusive rocks are mainly fine-grained (2 to 3 mm) granodiorite.  Six separate stocks
intrude the metavolcanic rocks in the map area.  A seventh stock intrudes the diorite stock in southern
Robertson Township and the calc-alkalic rocks of Baden Township (Kresz 1993).  Chemical analyses
from most of these stocks are displayed in Table 7.  The data demonstrate that the stocks are subalkalic
and are dominantly granodioritic in composition (Figures 18 and 19).

The granodioritic rocks are pink, homogeneous and fine-grained (2 to 3 mm).  The only variation
amongst the granodioritic rocks are the relative proportion of feldspar phenocrysts and mafic to ultramafic
xenoliths.  The granodiorites contain 40 to 50% zoned, partly saussuritized to sericitized, subhedral, 0.5 to
2 cm, plagioclase (An15-25); 10 to 20% anhedral quartz; 15 to 25% sericitized orthoclase; 5 to 15%
subhedral hornblende; and 1 to 3% accessory biotite, magnetite, titanite and apatite.  In some rocks the
potassium feldspar is microcline rather than orthoclase.

Feldspar porphyritic diorite makes up about 50% of the large granodiorite stocks in the area and
tends to occur toward the central parts of the intrusions.  Feldspar phenocrysts in the diorite can make up
to 10% of the rock by volume.  Xenoliths are more numerous toward the margins of the intrusions.
Xenoliths form greater than 50% of the volume of the granodiorite at the margins of some stocks and in
the small stock, marginal to the main intrusion, in northwest Cleaver Township.  Most of the xenoliths
consist of fine-grained actinolite, hornblende and chloritic schist and may be metavolcanic.  Some small,
light green, schistose xenoliths, toward the central part of the granodiorite stocks, are rich in talc and
actinolite and may be komatiite or plutonic ultramafic in origin.  Most xenoliths have sharp contacts with
the granodiorite indicative of minor assimilation by the granodiorite.
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Table 7.  Analyses of samples collected from intermediate to felsic intrusions.

Sample 93LSJ-
0205

93LSJ-
0467

93LSJ-
0311

93LSJ-
0227

92LSJ-
0018

92LSJ-
0026

Easting 495211 498173 503928 503781 521890 523950
Northing 5331239 5323156 5322392 5322692 5327765 5328965

Rock Type Granodio Granodio Granodio Granodio Granodio Granodio
Plot # 1 2 3 4 5 6

SiO2   wt.% 67.87 67.89 67.78 68.86 72.00 74.80
TiO2 0.22 0.24 0.42 0.38 0.65 0.18
Al2O3 16.63 15.70 15.96 15.90 13.30 13.20
Fe2O3 1.32 1.25 1.42 1.37 1.58 0.68
FeO 0.73 1.03 1.04 0.86 1.60 0.50
MnO 0.04 0.05 0.03 0.03 0.06 0.03
MgO 1.56 1.77 1.27 0.90 0.77 0.47
CaO 1.40 1.94 1.77 1.94 2.18 1.23
Na2O 5.1 5.42 5.55 5.74 4.37 3.69
K2O 3.66 3.34 3.31 3.26 2.36 2.66
P2O5 0.12 0.16 0.23 0.21 0.08 0.07
TOTAL 98.86 98.79 98.78 99.45 98.95 97.51

H2O 1.27 1.07 1.27 0.82 0.10 0.10
CO2 0.23 0.05 0.21 0.05 0.10 0.25
LOI - - - - 0.80 0.80

Mg# 59.18 59.41 49.40 43.39 31.23 42.96

Cr        ppm 45 58 7 7 - -
Ni 25 28 5 5 6 5
Co 6 7 5 3 4 3
Sc - - - - 7 2
V 31 33 34 30 29 10
Cu 7 5 3 9 11 13
Pb - - - - 2 2
Zn 49 55 66 63 39 23
W - - - - 10 10
S - - - 0.01 - -
As - - 0.01 - - -
K 30383 27726 27477 27062 19591 22081
Rb - - - - 64 87
Ba - - - - 442 420
Sr 563 810 872 1136 143 89
Nb - - - - 10 9
Zr - - - - 67 80
Ti 1319 1439 2518 2278 3873 1073
Y 5 12 6 5 19 9
Th - - - - 3 13
Be - - - - 1.3 1

Density 2.35 2.36 2.36 2.35 2.36 2.32

Abbreviations:  Granodio = granodiorite; LOI = loss on ignition; Mg# = magnesium number.



48

Figure 18.  Alkalic versus subalkalic projections of analyses of the intermediate to felsic plutons (after Irvine and Baragar 1971, Figure 3).
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Figure 19.  Alkali-quartz-plagioclase ternary diagram showing the classification of the intermediate to felsic plutons (after Streckeisen 1976).
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LATE ALKALIC INTRUSIVE ROCKS

Late alkalic intrusive rocks are meter-wide, irregular to straight dikes that intrude all Archean rocks
except Matachewan diabase dikes.  The rocks range in composition from ultramafic lamprophyres to
felsic syenites.  Most dikes are mafic to intermediate syenites and syenite porphyries.  Chemical analyses
of a few of these rocks are shown in Table 8 and depicted in Figure 20.  The data demonstrate that the
rocks are extremely variable in composition but uniformly alkalic and potassic.

Ultramafic to mafic lamprophyre dikes are dark green, fine-grained (0.5 to 1.5 mm) and contain 75
to 90% soft, fibrous, actinolite intergrown with chlorite and serpentine in a groundmass of interstitial
albite and orthoclase.  Some rocks contain minor biotite with the actinolite or a few 0.2 to 1 cm long
biotite phenocrysts.  Other varieties contain accessory calcite and muscovite.

Mafic to intermediate syenite dikes contain pink to red feldspar; subhedral to anhedral, 0.05 to 2 mm
grains of chloritized hornblende; and interstitial, interlocking, 0.01 to 0.5 mm size grains of albite mixed
with sericite, magnetite or pyrite.  The mafic dikes contain 30 to 70% altered hornblende and 2 to 5%
magnetite.  Intermediate syenites contain up to 30% hornblende.  Blades of variably chloritized biotite
form 25% of the rock in the absence of hornblende.  Many dikes also contain a matrix composed of
sericite, albite and 5 to 20% calcite.  A few intermediate dikes contain subhedral, 1 to 3 mm, zoned and
homogeneous plagioclase (An15) phenocrysts.

Felsic syenite dikes are pink to red feldspar porphyritic rocks.  The plagioclase phenocrysts are
partly to strongly sericitized, 1 to 4 mm long and embedded in a fine-grained (0.01 to 0.5 mm) matrix of
albite, sericite and biotite with accessory magnetite, chlorite, carbonate, apatite, titanite and pyrite.  Some
felsic syenites contain 10 to 30% rosettes of radiating untwinned feldspar that are 0.5 to 1 mm in
diameter.

MATACHEWAN DIABASE DIKE SWARM

Numerous north-striking, 2 to 50 m wide, diabase dikes intrude all other Archean rocks.  In many places
the dikes form 10 to 100 m high ridges.  About 30% of the dikes contain 1 to 20%, 1 to 3 cm, greenish-
white, euhedral, plagioclase phenocrysts.  The remainder of the dikes are homogeneous, non-porphyritic
and fine-grained (0.5 to 3 mm).  All dikes have aphanitic, 4 to 10 cm thick, chilled margins and contain
joint sets that are parallel and perpendicular to the strike of the dikes.  The dikes are also magnetic.

The diabase consists of 45 to 55% augite, 40 to 50% plagioclase (An30-50) and 3 to 8% magnetite.
Tabular, subhedral augite encloses euhedral plagioclase laths.  The diabase dikes are unaltered except for
some minor saussurite and uralite at the margins of plagioclase and augite crystals due to
autometasomatism.

Many of the Matachewan diabase dikes strike straight north for many kilometers.  They may have
been intruded along deep north-striking fractures and faults that developed prior to the deposition of
Proterozoic sedimentary rocks.
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Table 8.  Analyses of samples collected from alkalic ultramafic to felsic dikes.

Sample 92LSJ-0592 92LSJ-0633 92LSJ-0536 93LSJ-1388
Easting 510250 510500 509330 505198
Northing 5333005 5331195 5332640 5319722

Rock Type Ultramafic Lamprophyre Biotite Syenite Syenite
Plot # 1 2 3 4

SiO2   wt.% 38.90 42.70 50.50 61.18
TiO2 3.74 0.40 0.88 0.42
Al2O3 8.10 7.00 12.40 14.96
Fe2O3 8.80 3.13 2.86 1.77
FeO 8.10 19.5 3.60 2.40
MnO 0.17 0.08 0.12 0.08
MgO 12.90 4.09 5.81 4.10
CaO 14.40 5.34 6.58 4.18
Na2O 0.60 1.65 3.78 4.32
K2O 0.21 1.72 2.31 4.10
P2O5 0.07 0.13 0.92 0.35
TOTAL 95.99 85.74 89.76 97.86

H2O 0.10 0.30 0.10 1.29
CO2 1.06 4.67 7.58 0.05
LOI 1.00 1.90 1.40 -

Mg# 58.93 24.62 62.65 64.66

Ni        ppm - - 111 56
Co - - 22 18
V - - 89 78
Cu - - 23 7
Pb 2 663 3 -
Zn - - 88 74
W 10 10 10 -
S - - - 0.01
Ag - - 0.3 -
K 1743 14278 19176 34035
Rb 9 - 66 -
Ba 45 464 3300 -
Sr 284 247 965 760
Nb 20 - 10 -
Ti 22421 2398 5270 2518
Y - - 17 13
Th 2 - 12 -
Be 1.8 3 2.5 -

Density 2.85 2.82 2.53 2.43

Abbreviations:  LOI = loss on ignition; Mg# = magnesium number.
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Figure 20.  Alkalic versus subalkalic projections of analyses of the alkalic ultramafic to felsic dikes (after Irvine and Baragar 1971, Figure 3).
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Proterozoic Rocks

SEDIMENTARY ROCKS (GOWGANDA FORMATION)

Proterozoic sedimentary rocks in the study area are part of the Gowganda Formation, Cobalt Supergroup.
These rocks form a continuous, north-trending, 100 to 300 m high ridge through the central parts of
Hincks and Cleaver townships.  These rocks unconformably overlie Archean rocks and have dips of 5° to
20° toward the median of the ridge.  The sedimentary rocks consist of conglomerate, siltstone and arkosic
sandstone.

The stratigraphically lowest sedimentary units consist of boulder to pebble, matrix-supported
conglomerates that are best observed where the ridge narrows and rises steeply above the surrounding
Archean bedrock.  The basal contact of the conglomerate appears to dip 40° to 60° toward the ridge
median.  Overlying sandstone and siltstone lie directly on Archean bedrock, where the ridge is at its
widest, resulting in the conglomerates being unexposed.  Exposures of the conglomerate, on the west side
of Little Night Hawk Lake, consist of granodiorite boulders and a few scattered mafic clasts in an arkosic,
1 to 2 mm, matrix.  In other locations along the ridge, the conglomerate consists of granitic, volcanic,
diabase and rare sedimentary boulders and pebbles.  Volcanic clasts include komatiitic, tholeiitic and
some felsic calc-alkalic rocks.  The matrix is fine-grained, pinkish grey to green and consists of more than
50% detrital quartz mixed with lesser amounts of feldspar, chlorite, accessory mica and magnetite.

A 10 m thick unit of well-laminated and bedded, pinkish grey to grey, siltstone and minor mudstone
overlies the conglomerate.  The contact between the conglomerate and siltstone occurs about 15 to 20 m
above the base of the ridge.  The siltstone beds are weakly graded and 1 to 10 cm thick.  The sedimentary
rocks above the siltstone grade rapidly into massive, reddish-grey, quartz-feldspar-rich sandstone that
makes up the bulk of the ridge.

Proterozoic sedimentary rocks appear to have been deposited in a north-trending valley formed by
erosion or rifting along a north-striking fault zone.  Active faulting and subsidence may have been
occurring during deposition of the sedimentary rocks based on the steepness of the unconformity in
narrow parts of the ridge; and the general inward dip of the rocks toward the median of the ridge.  Large
Matachewan diabase dikes extend parallel to narrow sections of the ridge and extend beneath the
sedimentary rocks where the ridge is wide.

ABITIBI DIABASE DIKE SWARM

Three east-northeast-trending, 5 to 10 m wide, diabase dikes are assumed to be part of the Abitibi diabase
dike swarm and are located in northern Cleaver and McNeil townships where they intrude the lower calc-
alkalic and magnesium-rich basalt assemblages.  The dikes are medium green with a 1 to 2.5 mm grain
size and are weakly magnetic.  The dikes consist of 50 to 55% interlocking anhedral augite; 45% anhedral
plagioclase (An45-55); 2 to 3% magnetite; and 2% quartz.
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Metamorphism and Metasomatism

INTRODUCTION

Regional metamorphism and local contact metamorphism proximal to large diorite and granodiorite
intrusions have affected Archean supracrustal rocks in the study area.  Olivine gabbro, norite and gabbro
are weakly metamorphosed (automorphic deuteric alteration) by diorite and quartz diorite sills and stocks
in southern Robertson Township.  The granodiorite and late alkalic dikes and diabase dikes have been
affected by automorphic deuteric alteration.  Migmatization of the supracrustal rocks is limited to metre-
wide zones at contacts with large diorite and granodiorite intrusions.

Metasomatism of supracrustal rocks consists of narrow zones of intense carbonatization and
silicification of the tholeiitic metavolcanic rocks in McNeil, Cleaver and Hincks townships.  Some intense
chloritization and epidotization of sulphide-bearing metasedimentary rocks occurs in central Robertson
Township.  Chloritization, epidotization and silicification of metavolcanic rocks also occurs in close
proximity to some subvolcanic stocks and granitoid dikes.  The Proterozoic sedimentary rocks are not
metamorphosed or metasomatized and have only been affected by lithification since their deposition.

REGIONAL METAMORPHISM

Areas of sub-greenschist and lower greenschist metamorphism have been preserved in the iron-rich
tholeiitic basalt and upper calc-alkalic assemblages in Hincks Township, southeastern Cleaver Township
and southern McNeil Township.  The primary mineralogy and textures of the rocks are preserved.
Locally, prehnite and pumpellyite occur in amygdules and voids between fragments in calc-alkalic tuff
breccias.  It is possible that sub-greenschist metamorphism affected all of the supracrustal rocks in the
regional syncline, however, broad areas of contact metamorphism may have overprinted the lower grade
regional metamorphism.  In general, metamorphic grade increases north and east toward areas of
abundant plutonic rocks.

Lower to middle greenschist metamorphism affected the magnesium-rich basalt to komatiite and
iron-rich basalt assemblages in northern Cleaver Township and in the majority of McNeil Township and
western Robertson Township.  Primary textures in the rocks of these assemblages are poorly preserved
and uralite and fibrous actinolite have replaced primary minerals such as pyroxene.  The slightly higher
grade of metamorphism may be due to the presence of granodiorite stocks and alkalic dikes.

Upper greenschist and amphibolite facies metamorphism, in central and northeastern Robertson
Township, is related to granodiorite and diorite to quartz diorite stocks as well as numerous related dikes
and sills.  Metamorphic, euhedral, hornblende, biotite and anhedral plagioclase is present in
metasedimentary rocks.  Iron-rich tholeiitic basalts are commonly recrystallized and contain metamorphic
hornblende pseudomorphs after pyroxene.

CONTACT METAMORPHISM

Contact metamorphic aureoles at the margins of granodiorite intrusions occurs as 2 to 10 m wide zones of
gneissic amphibolite grade supracrustal rocks intruded by irregular veinlets of quartz and granitoid
material.  Metamorphosed mafic metavolcanic rocks are recrystallized to magnetite-bearing hornblende-
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plagioclase (An15-20)-quartz gneisses.  Grain size of the original rock remains unchanged but does increase
slightly in fine-grained rocks.  Metamorphosed intermediate to felsic metavolcanic rocks, in northwest
Cleaver Township, are hard, white to pinkish, plagioclase-quartz gniesses cut by quartz and pink granitoid
veins.  The narrow gneissic contact zones around the granodiorite stocks grade rapidly outward into a 100
to 1000 m wide zone of middle to upper greenschist, schistose rocks followed by rocks that are only
affected by low grade regional metamorphism.  Small kilometre-scale areas of amphibolitized
metavolcanic rocks, in northern Cleaver and McNeil townships and central Robertson Township, are
intruded by granodiorite and syenite dikes and numerous veins and veinlets of chlorite, epidote, quartz
and minor sulphide minerals.  These areas may represent contact metamorphic zones above unexposed
granitoid stocks.

METASOMATISM

Numerous linear zones of intense carbonatization occur in the iron-rich tholeiitic basalt assemblage
(sample 92-LSJ-0516; Table 4) in McNeil, Cleaver and Hincks townships.  The carbonate zones are
concentrated along sets of closely-spaced, parallel fractures that have been intruded locally by
intermediate to felsic alkalic dikes.  Carbonate zones are associated with fractures striking 340° at Tom
Fox Lake in McNeil Township and with fractures striking between 310° and 320° in central McNeil
Township. In both areas, the fractures are intruded by intermediate syenite.  The fractures and their
associated carbonate zones are 50 to 300 m apart.  Similar, more widely spaced carbonate zones are
located in Hincks and Cleaver townships.

Figure 21 is a composite cross section of a carbonatized zone transecting iron-rich tholeiitic basalt
flows.  The carbonate zones consist of a broad outer halo of calcite enveloping a proximal, narrow, halo
of ankerite.  Regionally, the metavolcanic rocks show little to no penetrative carbonate alteration with
only minor calcite on the surfaces of narrow fractures.  Metavolcanic rocks host penetrative calcite
alteration within a few tens of metres of a carbonate zone but retain their diagnostic primary features and
textures.

The inner ankerite halo of the most intensely carbonatized zones consists of hard, pale, and white to
buff carbonatized rock that has a thick rusty weathered surface.  This rock represents a 1 to 5 m wide
replacement zone containing amorphous ankerite, dolomitic ankerite and siderite with variable amounts
of fine-grained sericite, albite, quartz and accessory disseminated pyrite and apatite forming 1 to 5% of
the altered rock.  All primary textures are obliterated as it grades from black, magnetic iron-rich basalt,
across a 1 to 10 cm wide interval, into a pale white carbonate-rich rock that resembles dacite or rhyolite.
An analysis of a carbonatized iron-rich tholeiitic basalt is presented in Table 4.  The major elements show
a proportionate decrease with the addition of CO2 and K2O.  Many ankerite halos consist of a medial, 1 to
20 cm wide, quartz vein or quartz stockwork.  Other carbonate zones contain quartz and quartz-siderite
lenses.  Blebs and cubes of 1 to 5 mm pyrite occur in some of the quartz veins.  Intermediate to felsic
syenite, feldspar porphyry and lamprophyre dikes are proximal to the carbonate zones and contain a high
carbonate content (see Table 8).  Many of the dikes are parallel to the carbonate zones in the core of the
ankerite halos and host quartz veins.  Other dikes intrude the carbonate zones at all orientations.
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Figure 21.  Diagram of carbonate alteration and mineralization in pillowed iron-rich tholeiitic basalt.
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Structural Geology

FAULTS

The map-area is divided into a northern and southern domain by the east-trending fault that extends from
the granodiorite stock in northwest Cleaver Township to the granodiorite stocks in McNeil and Robertson
townships.  The 2 domains have distinct styles of folding and variable orientations of stratigraphy.  The
fault is largely unexposed and lithologic discontinuities and airborne geophysical maps (ODM 1975a,
1975b, 1975c) can only determine its approximate location.  The fault is only exposed in west central
Cleaver Township, between the granodiorite stock and Proterozoic sedimentary rocks, where the north-
striking lower calc-alkalic assemblage is juxtaposed against the east-striking iron-rich basalt assemblage.
Rocks adjacent to the fault are sheared and intruded by mafic and intermediate syenite dikes and
mineralized quartz and quartz-carbonate veins across a 20 m width.  The east-striking shearing is variably
overprinted and transected by a second foliation, on both sides of the fault, that may be related to
emplacement of the granodiorite stock.  The fault does not penetrate or off-set granodiorite stocks in
Cleaver, McNeil and Robertson townships indicating that it pre-dates the intrusions.  The presence of
mafic to intermediate syenite dikes along the fault suggests that the fault remained active, or was
reactivated, during and after the emplacement of the granodiorite stocks and syenitic dikes.

Other regional faults are late northwest-, north- and northeast-striking structures that form
topographic lineaments.  The northwest- and northeast-striking faults don’t appear to significantly
displace Archean rocks.  A vertical, metre-wide chloritic shear zone is located along a northeast-trending
fault that extends through Hincks Township.

A prominent, north-striking, sinistral fault is located in central Robertson Township.  Basaltic rocks
are strongly metasomatized in some locations along the fault (see Table 3).  A second north-striking fault
is located in Hincks and Cleaver townships along the western side of the ridge of Proterozoic sedimentary
rock.  This fault may be partly responsible for the deposition and preservation of the Proterozoic rocks.
No structural offsets were observed in the Proterozoic rocks.  Both north-striking faults appear to
bifurcate into two or more parallel faults.  Matachewan diabase dikes are parallel to both faults.

FOLIATIONS

Steeply dipping foliations are moderately to strongly developed in the lower calc-alkalic assemblage,
especially in the northwest part of Cleaver Township.  The foliations are steeply dipping to the northeast
and east-northeast and subparallel to bedding and the margin of the granodiorite stock.  The foliations
don’t decrease in intensity with distance from the stock, which suggests that the foliations pre-date the
emplacement of the granodiorite.

Lineations and foliations are variably developed and distributed through the magnesium-rich basalt
to komatiite assemblage.  Foliation is prominent within 2 km of the large granodiorite stock in northeast
McNeil Township.  The foliation is parallel to the margin of the stock and has steep planar dips to the
west and southwest.  In northern Robertson Township, between the two granodiorite stocks, komatiites
and magnesium-rich basalts are strongly foliated and host mineral lineations that plunge 40° to 60° to the
south along the north-striking, steeply dipping foliation.  In this area, shearing along the north-striking
fault overprints the foliations.
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The iron-rich tholeiitic basalt assemblage is relatively undeformed in large parts of the regional
syncline.  Foliations have developed toward the margins of the granodiorite stocks in Cleaver and McNeil
townships.  In central and eastern Robertson Township, the iron-rich tholeiitic basalts are moderately to
strongly foliated.  The basalts are intruded by diorite sills and sandwiched between three intrusions and
the upper calc-alkalic assemblage.  A weak, unevenly developed axial planar foliation is developed in the
iron-rich tholeiitic basalts in the nose of the syncline in northwestern Hincks Township.  Regional
foliations were not observed in the upper calc-alkalic assemblage.  Toward the margins of the
granodiorite stocks near Esra Lake and Hincks Lake, the supracrustal rocks have a weak to non-existent
penetrative fabric although some rocks are discoloured by contact metamorphism.

Ultramafic and mafic phases of gabbros and norites are foliated as a result of alteration and
alignment of olivine, orthopyroxene and clinopyroxene that is altered to serpentine, talc, actinolite,
chlorite and uralite.  Gneissic textures are present in some of the diorites and quartz diorites and in the
borders of the granodiorite stocks where mafic material has been incorporated into the granodiorite.

FOLDS

As described previously, the map-area is divided into a northern and southern domain by the east-trending
fault that extends from the granodiorite stock in northwest Cleaver Township to the granodiorite stocks in
McNeil and Robertson townships.  The 2 domains have distinct styles of folding and variable orientations
of stratigraphy.  The southern domain is dominated by a large east-southeast, steeply-plunging, symmetric
syncline.  The iron-rich basalt assemblage and the upper calc-alkalic assemblage are folded by the
syncline.  The syncline is truncated along its north limb, at the base of the iron-rich basalt assemblage, by
the east-striking fault.  The south limb of the syncline, which also includes some of the magnesium-rich
assemblage and some of the underlying lower calc-alkalic assemblage, strikes southeast beyond the map
area.  The exact location of the axial plane of the syncline is difficult to determine due to the lack of
facing indicators, marker units and deformation in the upper calc-alkalic assemblage.  The form and
plunge of the syncline is defined by airborne geophysical linear magnetic features that represent
intercalated units of steeply dipping, inward-facing, magnetic and non-magnetic flows of iron-rich
tholeiitic basalt (ODM 1975a, 1975b, 1975c).

In the northern domain, facing indicators are absent and folding is difficult to identify.  However, a
broad south-plunging syncline may occur between the granodiorite stock in northwest Cleaver Township
and the granodiorite in northeast McNeil Township.  Stratigraphy in north-central McNeil Township
strikes north to northwest and faces west to southwest, whereas stratigraphy in northwest Cleaver
Township strikes north and faces east.  Stratigraphy in north-central Cleaver Township strikes west and
faces south.  If a syncline is present in the northern domain, it is truncated by the east-trending fault and
juxtaposed against the north limb of the syncline in the south.

Economic Geology

MINERAL EXPLORATION

Exploration has led to the discovery of numerous occurrences of base and precious metals in the study
area.  Base metals include copper, lead, zinc and molybdenum in widely distributed locations.  Numerous
occurrences of gold and a few occurrences of silver have been discovered in the four townships.  Most
mineral exploration has been focussed on early surface discoveries and geophysical anomalies.
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Consequently, the boundaries and ownership of many properties, particularly those with known
mineralization, have changed many times during restaking.  Therefore, in this report, the exploration
histories of some properties and mineralized zones are grouped and follow geographical and geological
linkages.  This applies to areas of recent exploration where several properties with several separate zones
of mineralization have been amalgamated during regional-scale exploration programs.

PROPERTY DESCRIPTIONS

Cleaver Township

INTRODUCTION

Exploration in Cleaver Township began in the 1920s in the vicinity of Little Night Hawk Lake.
Prospectors were attracted by surface exposures of galena, sphalerite and chalcopyrite on the south shore
of the lake.  Prospecting extended north to investigate electromagnetic conductors in felsic tuffs of the
lower calc-alkalic assemblage; and to the south to investigate carbonatized zones within the iron-rich
basalt assemblage.

Since the 1970s, mineral exploration has extended to the east to include the Proterozoic Gowganda
Formation and the Archean magnesium-rich basalt to komatiite assemblage in northeast Cleaver
Township and the iron-rich basalt assemblage in east-central Cleaver Township.  Mineral exploration has
not been reported in southeast Cleaver Township that is underlain by the upper calc-alkalic assemblage.

Unless otherwise noted, all historical information described below was obtained from the assessment
files, Resident Geologist office, Kirkland Lake.

LITTLE NIGHT HAWK LAKE

Sulphide mineralization was discovered southwest of Little Night Hawk Lake during the 1920s.  The 2
main zones are the Moody Lee showing and the Coté showing.  The Coté showing is 400 m southwest of
Little Night Hawk Lake and the Moody Lee showing is on the south shore of an unnamed lake 1 km
southwest of Little Night Hawk Lake.  Other minor zones of mineralization occur north of the two main
showings between the granodiorite stock and Little Night Hawk Lake.

M. Lee and D. O’Conner prospected the Moody Lee showing as part of a northern group of claims
that extend north to include the Coté showing and other mineralized graphitic zones.  Pits and trenches
were excavated and pyrrhotite, arsenopyrite, galena, sphalerite and minor amounts of gold and silver were
found in calcite and quartz veins and graphite zones.  Hopkins (1924) described a pit on claim 10243 sunk
on, “iron formation containing pyrite, limonite, mispickel, galena, zinc blende, copper pyrites, cobalt
bloom, quartz and calcite”.  In 1950, Hollinger Mines Limited mapped the Moody Lee showing across a
length of 300 m and collected 100 samples for assay.  The best results were 0.06 ounce gold per ton,
1.27% Pb and 3.44% Zn.

In 1956, C. Lamothe held 66 claims that encompassed the Moody Lee and Coté showings.  The
property was optioned to Paymaster Consolidated Mines Limited who conducted ground electromagnetic
geophysical surveys that detected 11 conductors that did not coincide with the 2 showings.  The company
subsequently conducted geological mapping, surface sampling and diamond drilling of 11 holes, totaling
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322.2 m, on the Coté showing.  A 12th diamond-drill hole was targeted on a conductor in the Gowganda
Formation, about 975 m east of the north end of Little Night Hawk Lake.  Assay results, reported from
the Coté showing, were 16.1% Pb, 8.7% Zn and 2.15 ounces silver per ton across a surface width of 0.5
m.  Nine diamond-drill hole intersections, with an average width of 0.56 m, averaged 2.73% Pb, 8.7% Zn
and 0.395 ounce silver per ton.  The mineralization occurs in a west-striking calcite vein that intrudes
felsic metavolcanic rocks.

In 1970, A. Boudreau optioned 9 claims southwest of Little Night Hawk Lake to Noranda
Exploration Company Limited.  The company conducted magnetic and electromagnetic surveys over the
area.  Five conductive zones were delineated but no further work was reported.

In 1975-1976, Imperial Oil Limited conducted a ground geophysical magnetic survey and a
horizontal loop electromagnetic survey over 2 mining claims, southwest of Little Night Hawk Lake, that
did not encompass the Coté or Moody Lee showings.  One conductive zone was detected.  In 1977, Amex
Exploration Incorporated did further work on the 2 claims consisting of a ground geophysical magnetic
survey and a vertical loop electromagnetic survey that detected an additional conductive zone.  Trenching
and pits were sunk on the conductive zones and exposed 3 separate zones of up to 20% pyrrhotite and
pyrite in grey, siliceous, bedded, tuffaceous and graphitic metasedimentary rocks.

In 1980 and 1981, R. Letellier excavated 3 large pits, on the west shore of Little Night Hawk Lake,
to expose quartz veins associated with an intermediate syenite dike intruding calc-alkalic tuff interbedded
with argillaceous metasedimentary rocks.

In 1982, Comstate Resources Limited completed ground geophysical magnetic and vertical loop
electromagnetic surveys over a 6 claim area that included the area previously explored by Amex
Exploration Incorporated and the Moody Lee and Coté showings.  After detecting 4 conductive zones no
further work was reported.  In 1989, Cominco held 18 contiguous claims encompassing most of Little
Night Hawk Lake and the 3 smaller unnamed lakes to the south-southwest and the Moody Lee and Coté
showings.  Several weak conductive zones were detected but no further work was reported.

The Moody Lee showing is located on an east-striking, steeply dipping shear zone located near the
contact between the southeast-striking lower calc-alkalic assemblage to the north and the west-striking
iron-rich basalt assemblage to the south.  The metavolcanic rocks along the shear zone are intruded by
west-striking mafic to intermediate syenite dikes and sills.  Mineralization and disseminated pyrite occurs
in a metre wide quartz-calcite vein that intrudes the sheared metavolcanic rocks and dikes.  The vein
contains unevenly distributed blebs of galena associated with lesser amounts of pyrite, chalcopyrite and
sphalerite.  A sample of pyritic syenite, collected by the author, analyzed 131 ppb Au.

The author did not locate the Coté showing.  Like the Moody Lee showing, this showing is not
conductive.  The description of the showing by Paymaster Consolidated Mines Limited suggests that it is
similar to the Moody Lee showing and that it may be the offset north extension of the Moody Lee
showing or a second vein developed parallel to the Moody Lee showing.  The northwest-striking
electromagnetic conductive zones, north of the Moody Lee showing, are located in sulphide-bearing,
graphitic argillites interbedded with felsic tuff near the top of the lower calc-alkalic assemblage.

NORTHWEST CLEAVER TOWNSHIP

The northwest Cleaver Township area extends north from Little Night Hawk Lake to the north boundary
of Cleaver Township between the granodiorite stock in the west and the Proterozoic sedimentary rocks.
The area is mainly underlain by southwest- to south-striking tuffaceous units of the lower calc-alkalic
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assemblage.  A few companies conducted ground geophysical surveys over the area between 1965 and
1981 but significant conductive zones were not detected.

SOUTHWEST CLEAVER TOWNSHIP

The southwest quarter of Cleaver Township is mainly underlain by west- to southwest-trending
metavolcanic flows of the iron-rich basalt assemblage.  Locally the assemblage hosts narrow carbonatized
shear zones intruded by quartz veins and syenite dikes.  Many of the carbonatized zones are pyritic with
low gold values and resemble carbonatized zones in east-central Cleaver Township, southeast Hincks
Township and in McNeil Township.

D. O’Conner Property

During the 1920s, D. O’Conner held a group of claims approximately 3 km south of Little Night Hawk
Lake (Hopkins 1924).  Hopkins (1924) reported that gold was observed in quartz veinlets hosted by a
narrow syenite dike in a shear zone with “much” pyrite on claim 10247.  Workings exposed four pyrite-
bearing quartz vein systems striking 035° and dipping steeply west.  Arsenopyrite, chalcopyrite and
bornite were identified in the largest quartz veins.  In 1989, D. Jones held claim 1036663 and conducted
detailed geological mapping.  The claim coincided with the O’Conner claim (10247) and was located 2
km east and north of the west and south Cleaver Township boundaries, respectively.  Mapping identified
iron-rich tholeiitic basalt flows hosting pyritic carbonate-chlorite-sericite schists striking 032° to 044°.
Many of the quartz veins had been exposed in earlier pits and trenches.  An overgrown 2-compartment
shaft was also found in the vicinity of the quartz veins.  In 1991, B. Durham prospected 3 claims over the
ground once held by D. O’Conner.  Geological mapping and ground geophysical surveys were conducted
and 38 samples were collected and assayed.  One sample assayed 0.046 ounce gold per ton and the
remaining samples analyzed between 8 and 66 ppb Au.

Texmont Property

In 1965, Texmont Mines Limited held 61 contiguous claims near the junction of Cleaver, Geikie, Zavitz
and Hincks townships.  The company conducted a ground geophysical electromagnetic survey over 8 of
20 claims located in southwest Cleaver Township.

Granges Exploration Canada

In 1973, Granges Exploration Canada conducted regional airborne geophysical magnetic and
electromagnetic surveys over parts of Hincks, Hutt, Zavitz and Montrose townships that included about
10 km2 in the southwest corner of Cleaver Township.

W. Flinsky Property

In 1993, W. Flinsky held 10 claims located 1.5 km east and 3 km north of the west and south boundaries
of Cleaver Township, respectively.  The claims were located immediately north of the D. O’Conner
property.  Carbonate alteration and quartz veins were exposed in 12 trenches developed on the property.
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EAST-CENTRAL CLEAVER TOWNSHIP

Boissoneault-Rousseau Property

The first reported work on this property of 4 contiguous mining claims, located 3 km due north of Esker
Lake, was by J. Boissoneault and R. Rousseau in 1975.  Prospecting consisted of 4 trenches, totaling 18.3
m, to expose gold-bearing zones of carbonatized iron-rich basalts intruded by quartz-carbonate veins and
stockworks.  In 1984 the property was restaked and held as part of a block of 30 claims by 508610
Ontario Incorporated, who optioned the claim block to Melrose Resources Limited who conducted ground
geophysical magnetic and electromagnetic surveys.  Seventeen electromagnetic anomalies were reported.
In 1986, W. Dallaire optioned the same block of claims to Clayo Resources Incorporated.  The property
was prospected and 5 additional trenches were excavated.  Geological mapping and ground geophysical
induced polarization surveys were carried out in 1986.  This work revealed 2 main pyritic, gold-bearing
quartz veins in carbonatized mafic metavolcanic rocks.  Analyses as high as 0.088 ounce gold per ton and
256 ppb Au were reported from the veins.  In 1988, 7 diamond-drill holes totalling 2105 feet were drilled
and several intersections of pyritic, carbonatized, iron-rich basalt were intersected.  Assay data was not
reported.

Exposed outcrops on the property consist of massive and pillowed, weakly to strongly carbonatized
iron-rich basalt intruded by centimetre wide quartz veins of undetermined length.  Metre-wide,
intermediate to felsic syenite dikes occur in the vicinity of the quartz veins.  Disseminated pyrite and
traces of chalcopyrite occur in parts of the quartz veins and in some strongly carbonatized zones.  A
surface grab sample of pyritic, carbonatized, iron-rich basalt analyzed 488 ppb Au.

NORTHEAST CLEAVER TOWNSHIP

Dallaire Properties

In 1984, 508610 Ontario Incorporated owned by W. Dallaire held 25 contiguous claims in northeast
Cleaver Township.  Bedrock exposures consist of altered mafic metavolcanic rocks intruded by syenite
dikes and quartz-carbonate veins hosting pyrite with gold values up to 0.35 ounce gold per ton. The
claims were optioned to Melrose Resources Limited who conducted ground geophysical surveys and
diamond-drilled 2 holes totaling 81.4 m.  The only mineralization in the diamond-drill core was a narrow,
pyritic, quartz-epidote alteration zone in mafic metavolcanic rocks that assayed 0.23 ounce gold per ton
across 0.3 m.

In 1986, Asarco Exploration Company of Canada Limited optioned the claims and the adjacent
claims of D. Meunier.  Between 1986 and 1988, the company conducted geological mapping and
sampling as well as 600 m of backhoe trenching and completed 11 overburden-drill holes to bedrock.
This work was done in conjunction with additional overburden drilling on the Meunier property to the
northeast.  Trenching revealed several metre-wide granitic dikes intruding mafic metavolcanic rocks.
Assays up to 0.02 ounce gold per ton were obtained from alteration zones in the granitic dikes.  Two
samples collected by the author returned no gold values and a third sample analyzed 0.2% Cu.
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Meunier Property

The Meunier property consists of 57 claims in northeast Cleaver Township and 28 claims in Fallon
Township.  The property was staked after a sample, collected from a large quartz-albite boulder, assayed
0.038 ounce gold per ton.  In 1987, Asarco Exploration Company of Canada Limited completed 21
overburden-drill holes totaling 465 m, 10 of which were on the Meunier property.  This program was
followed by another 13 holes totaling 472 m.  In total, 23 holes intersected anomalous gold
mineralization.  Another 11 overburden holes were drilled in 1988.  In 1989, 3 diamond-drill holes
totaling 775 m were completed near the north boundary of Cleaver Township.  The diamond-drill holes
intersected altered mafic metavolcanic rocks intruded by syenite and feldspar porphyry dikes.

Laramee Property

This property consisted of 6 claims located at the 4-mile post along the boundary between Fallon and
Cleaver townships.  The property was previously investigated by Amoco Limited who diamond drilled an
electromagnetic conductor.  In 1990, R. Laramee diamond drilled two 182 m holes.  Hole G90-1
intersected sulphide-bearing, graphitic argillite interlayered with felsic metavolcanic rocks and intruded
by feldspar porphyry and gabbro dikes.  A 1.4 m wide zone containing 50% massive and globular pyrite
was intersected as well as several zones of disseminated pyrite, pyrrhotite and chalcopyrite.  Minor
fuchsite was also reported in the drill logs.  Hole G90-2 intersected pyrite- and pyrrhotite-bearing felsic
metavolcanic rocks intruded by feldspar porphyry and gabbro dikes.

PROTEROZOIC SEDIMENTARY ROCKS

Teck Exploration Limited (R.J. Wright Property)

In 1980, Teck Exploration Limited (R.J. Wright) held a large group of claims that encompassed most of
the area in Cleaver and Hincks townships that are underlain by Proterozoic sedimentary rocks.
Exploration was focussed on potential placer gold mineralization at the basal contact between Proterozoic
sedimentary rocks and the underlying Archean metavolcanic rocks.  The company completed several
ground geophysical magnetic surveys and a seismic refraction orientation survey along the Fallon-Cleaver
township boundary to determine the thickness of the Proterozoic cover.  In 1981, 3 vertical diamond-drill
holes were completed in Cleaver Township.  The basal section of the Proterozoic rocks was not
intersected in any of the 3 holes and significant gold values were not detected.

Hincks Township

INTRODUCTION

The first reported exploration began in the early 1930s in southeast Hincks Township.  The Ashley gold
mine was discovered and developed in nearby Bannockburn Township.  Exploration focussed on gold-
bearing quartz veins associated with carbonatized shear zones and syenite dikes in iron-rich tholeiitic
basalts overlain by andesites and basalts of the upper calc-alkalic assemblage. Gold-bearing quartz veins
are also associated with a small granodiorite stock that intrudes the upper calc-alkalic assemblage.
Exploration also focussed on numerous airborne geophysical anomalies (ODM 1975d) and their base
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metal potential, in southern and northwestern Hincks Township, near the top of the lower calc-alkalic
assemblage.

SOUTHEAST HINCKS TOWNSHIP

McGill Property

Rickaby (1932) reported that a large block of heavily pyritic, gold-bearing quartz float was discovered on
a group of 18 claims held by McGill Gold Mines Limited.  Exploration revealed that the float originated
from a quartz-ankerite vein in altered mafic metavolcanic rocks.  Subsequently, Mining Corporation of
Canada diamond-drilled 8 holes and sunk a large number of trenches that exposed 2 large quartz veins.
These west-striking veins were shallow-dipping to the south and 250 m apart.  Gold values from the veins
and drill core were low despite the fact that visible gold was observed at the east end of one of the veins.

In 1971, G. Sunisloe conducted extensive trenching on the property.  In 1975, Hanna Mining
Company Limited obtained assays of 0.38 ounce gold per ton, 0.39 ounce gold per ton and 0.71 ounce
gold per ton from 3 samples collected from surface showings.  In 1981, Johns-Manville Canada
Incorporated obtained 4 claims in the southeast portion of the original McGill property.  The company
conducted various ground geophysical surveys and identified 10 weak conductors.  In 1983, 3 diamond-
drill holes were completed to test for gold-bearing, quartz-filled fracture zones.  Assays ranged from nil to
0.02 ounce gold per ton.

In 1985, Manville Canada Incorporated acquired 2 additional claims that encompassed the main
quartz veins explored earlier by the Mining Corporation of Canada Limited and G. Sunisloe.  During
1985 and 1987, the company diamond drilled 3 holes totalling 368 feet to test mineralized zones on claim
739668.  An assay of 0.38 ounce gold per ton across 1-foot was intersected in 1 diamond-drill hole.  In
1986-1987, Wilzel Resources Limited staked 113 claims in the southeast quarter of Hincks township
which included the original McGill property as well as the McCollum property near Esra Lake.  In 1987
and 1988, the company completed overburden stripping and diamond-drilled 4 holes on claim 737296,
immediately to the west of claim 739668 which was explored by Manville Canada Incorporated.  The best
assay results reported from the diamond drilling were 0.22 and 0.18 ounce gold per ton across 1-foot in
pyritic quartz veins hosted by silicified basalt.  Ten analyses ranged from 50 to 600 ppb gold and another
52 assays ranged from nil to 50 ppb Au.  Analytical results from grab samples collected by the author
were 5880, 5528 and 329 ppb Au.

McCollum Property

The McCollum property was an 18 claim block explored in the early 1930s by McCollum Gold Mines
Limited (Rickaby 1932).  Two quartz veins were discovered: the “south” vein was discovered 180 m
south of Esra Lake while the second “north” vein was discovered 180 m north of the lake.  In 1974,
Prestige Mines Limited staked 12 claims encompassing the 2 veins and conducted geological and ground
geophysical surveys.  The company subsequently diamond-drilled 4 holes targeted on the “south” vein.
The best drill intersection was 0.02 ounce gold per ton and 0.05 ounce silver per ton across 0.76 m.
Surface exposures of the vein were reported to host small amounts of chalcopyrite, sphalerite and galena
with the best reported assay being 0.12 ounce gold per ton across 0.3 m.  No significant assays were
reported from the “north” vein.  In 1984, Marjel Resources Incorporated acquired the property and
conducted geological mapping and sampling.  Assay values as high as 1.23 ounces gold per ton were
reported from the “south” vein.  Minor molybdenite was also reported.  Samples, taken by the author from
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the “south” vein, contained chalcopyrite and molybdenite and analyzed 12 650 and 8336 ppb Au.
Samples collected by the author, from other quartz veins in the Esra Lake area analyzed 250 and 350 ppb
Au.

Hanna Mining Company Property

In 1974, the Hanna Mining Company acquired 10 claims from J. Larche along the south boundary of
Hincks Township.  Seven claims were in Montrose Township. Ground geophysical surveys were
conducted on the property and 2 diamond-drill holes were drilled in Montrose Township.

Noranda Exploration Company Limited

In 1964, Noranda Exploration Company Limited had 4 claims staked and completed ground geophysical
surveys that followed-up on regional airborne geophysical surveys.

Imperial Oil Limited

In 1976, Imperial Oil Limited acquired 9 claims encompassing a group of airborne geophysical
conductors (ODM 1975d) in south-central Hincks Township.  Imperial Oil Limited confirmed the
anomalies with ground geophysical surveys but reported no further work.  The property was the focus of
mineral exploration conducted by several mining companies and private individuals since 1985 but gold
values of economic significance were not discovered.

SOUTHWEST HINCKS TOWNSHIP

Numerous airborne geophysical electromagnetic conductors attracted mineral exploration in this part of
Hincks Township, east of the ridge of Proterozoic rocks, and in adjoining Zavitz and Hutt townships.
These conductors are associated with sulphide-bearing, graphitic, metasedimentary rocks within the upper
part of the lower calc-alkalic assemblage.  Some electromagnetic conductors within the magnesium-rich
basalt to komatiite assemblage have also been the focus of exploration.

Noranda Exploration Company Limited

In 1965, Noranda Exploration Company Limited conducted ground geophysical magnetic and
electromagnetic surveys over 34 contiguous claims in the Moray Lake-Austin Lake area of Hincks and
Zavitz townships.  The company also diamond drilled 8 holes on several geophysical targets and
intersected felsic tuffs, peridotitic komatiite, serpentinite and sulphide-bearing, graphitic metasedimentary
rocks with minor chalcopyrite and galena.  Diamond-drill hole No.5 intersected massive pyrrhotite, pyrite
and minor galena.

In 1973, Granges Exploration Canada AB conducted a regional airborne geophysical survey
followed by a program of 4 diamond-drill holes in 1974.  All holes intersected sulphide-bearing, graphitic
metasedimentary rocks with low Cu and Zn values.  The best analyses were 0.06% Cu and 0.26% Zn.

In 1975, Gulf Minerals Canada Limited acquired 31 claims in 2 separate blocks located in Zavitz,
Hutt and Hincks Townships.  The company completed a program of 10 diamond-drill holes targeted on
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geophysical targets.  One diamond-drill hole near the west boundary of Hincks Township intersected
zones of 85% massive pyrite across a 9.5 m interval with values as high as 0.02% Cu and 0.14% Zn.  In
1979-1980, Newmont Exploration of Canada Limited optioned the property and diamond drilled 4 holes
near Moray Lake.  The holes intersected limestone and graphitic metasedimentary rocks interlayered with
komatiite flows and felsic fragmental rocks.  Only low values of gold, silver, copper and zinc were
reported.

McNeil Township

INTRODUCTION

Mineral exploration has been focussed on the eastern portion of the iron-rich basalt assemblage that
extends across the central part of McNeil Township.  Early prospectors discovered numerous gold-
bearing, pyritic, quartz veins associated with carbonatized mafic metavolcanic rocks intruded by
lamprophyre, syenite and feldspar porphyry dikes in the Tom Fox Lake area and east-central parts of the
township.  Hopkins (1924) and Dyer (1936) have made references to these individual prospectors and
their properties.  Mineral exploration has continued intermittently on these properties until present.

TOM FOX LAKE

Numerous, gold-bearing, linear, parallel, closely-spaced zones of intense carbonate alteration striking
340° occur in the vicinity of Tom Fox Lake.  Hopkins (1924) reported the first gold discovery on the
Isadora claim (9794) west of Tom Fox Lake.  Hopkins (1924) also reported gold discoveries on the
Burns, Rogers, Micmac, and Neelands claims.  By 1924, McNeil Syndicate had acquired the above claims
and sunk a shaft on the Micmac claim (9813).  Subsequent to the McNeil Syndicate, Goldyke Mines
Limited held much of the property in the Tom Fox Lake area where they conducted trenching and
diamond drilling.

During the early 1980s, the area was divided into 2 separate properties held by Argyle Ventures
Incorporated Limited and by Johns-Manville Canada Incorporated.  During the late 1980s, the area was
re-amalgamated into 1 property by Kerr Addison Mines Limited.

Argyle Ventures Property

The Argyle Ventures property is a twelve-claim group located at Tom Fox Lake in the southeast part of
McNeil Township.  This property was previously held by Goldyke Mines Limited who sunk numerous
pits and trenches and diamond-drilled several holes.  A cribbed shaft of unknown depth is present on the
property.  The property included the Micmac and Isadora claims (Hopkins 1929).

In 1984, Argyle Ventures Incorporated Limited conducted ground geophysical magnetic and
electromagnetic surveys over the area.  In 1985 and 1986, the company completed extensive trenching
followed by detailed bedrock mapping and sampling of several zones of potential mineralization.  Nine
holes totalling 402.7 m were diamond drilled.  Of 178 samples from surface exposures and diamond-drill
core, 22 samples returned values ranging from 1000 to 10 000 ppb Au and 41 samples returned values of
100 to 1000 ppb Au.  In 1987 and 1988, Kerr Addison Mines Limited optioned the Argyle property and
conducted ground geophysical magnetic and electromagnetic surveys.  The company diamond drilled 4
holes totalling 689 m.  No assay results were reported.
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In 1992, the author sampled many of the carbonatized zones that returned anomalous gold values.
The best gold analyses were obtained from carbonatized zones, located north of the shaft on the Micmac
claim, that returned values of 17 590, 26 650, 3200 and 580 ppb Au.

Johns-Manville Canada Property (Bojo Group)

In 1982, Johns-Manville Canada Incorporated staked 12 claims southeast of Tom Fox Lake in an area
previously explored by Goldyke Mines Limited whom conducted trenching and diamond drilling.  From
1983 to 1985, Johns-Manville Canada Limited completed ground geophysical magnetic and
electromagnetic surveys and bedrock mapping followed by 10 diamond-drill holes totalling 371.4 m.
Assays as high as 0.19 ounce gold per ton were obtained from the property.  In 1986 and 1987, Kerr
Addison Mines Limited obtained the property and conducted ground geophysical magnetic and
electromagnetic surveys in conjunction with their surveys on the Argyle Property.  The company reported
no further work.

The author sampled many of the carbonate zones on the property and obtained values ranging from
50 to 1000 ppb Au.

EAST-CENTRAL McNEIL TOWNSHIP

Weekley Property

Gold-bearing, carbonatized fractures, similar to those near Tom Fox Lake, are hosted by the iron-rich
tholeiitic basalt assemblage and occur in numerous locations in central McNeil Township.  Hopkins
(1924) reported prospecting on the Kells, Hennessy, LePorte and Thompson claims.  Little information is
available about the subsequent history of these claims until 1979 when they were amalgamated into what
is known as the Weekley property.

Between 1979 and 1986, Weekley and Associates conducted ground geophysical magnetic and
electromagnetic surveys and diamond-drilled 30 holes totalling 2382.25 m.  Values as high as 1.1 ounces
gold per ton and 0.9 ounces silver per ton across 3 feet were reported in 1 diamond-drill log.  In 1987 and
1988, Kerr Addison Mines Limited optioned the Weekley property and conducted ground geophysical
magnetic and electromagnetic surveys and diamond-drilled 13 holes totalling 1520 m.  The highest value
was 2103 ppb Au across 2 m in hole KMN 88-11.  Grab samples, collected by the author from quartz
veins and pyritic ankerite zones, analyzed between 50 and 1000 ppb Au with trace Ag values.

NORTHEAST QUARTER, McNEIL TOWNSHIP

Fairland Property

In 1985, Fairland Resources Limited conducted ground geophysical magnetic and electromagnetic
surveys and bedrock mapping over a 17 claim area on the southwest shore of Whitefish Lake.  The
property straddled the contact between the granodiorite stock to the north and iron-rich tholeiitic basalts
to the south.  No further work was reported and the claims were allowed to lapse.
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Salo Property

The Salo property is located in north-central McNeil Township along the contact between felsic
metavolcanic rocks of the lower calc-alkalic assemblage and the granodiorite stock north of Whitefish
Lake.  In 1978, Noranda diamond drilled a 144 m hole that intersected altered sulphide-bearing felsic
metavolcanic rocks.  The property was restaked by L. Salo and optioned to Queenston Mining
Incorporated in 1990 and 1991.  The company completed airborne geophysical magnetic, electromagnetic
and resistivity surveys over the area.  No further work has been reported.

Robertson Township

INTRODUCTION

Prospecting, prior to the 1950s, has not been documented in Robertson Township.  However, it is likely
that prospecting occurred along the waterways and portages of the fur trading routes crossing the height
of land prior to 1900.  Evidence of inland prospecting in the form of lost prospecting tools and overgrown
pits and trenches near the contact between the granodiorite and metavolcanic rocks were found during the
mapping of McNeil Township, suggesting that widespread prospecting for gold occurred as early as the
1920s.

Limited exploration was conducted in the southwest part of Robertson Township during the 1950s,
1960s and 1970s.  Exploration was focussed on airborne geophysical electromagnetic anomalies (ODM
1975a).

SOUTHWEST ROBERTSON TOWNSHIP

Nekomis Lake Area

In 1965, Denison Mines Limited conducted airborne geophysical magnetic and electromagnetic surveys
over much of the southwest quarter of Robertson Township resulting in the detection of 3 weak
conductive anomalies beneath Nekomis Lake.  The company did no further work.  In 1972, Noranda
Exploration Company Limited conducted ground geophysical magnetic and electromagnetic surveys over
parts of Nekomis Lake that confirmed the presence of the weak conductive zones beneath the lake.  No
further work was reported.

Rysack Property

In 1956, Cobalt Consolidated Mining Corporation Limited diamond-drilled 8 holes totalling 640 m on
claim 22936, located approximately 760 m southeast of Whitefish Lake in southwest Robertson
Township.  The company reported intersecting quartz diorite with minor amounts of chalcopyrite and
pyrite in sparse veinlets of calcite.  All assays returned less than 0.12% Cu.
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CENTRAL AND NORTHEAST ROBERTSON TOWNSHIP

Willy Property

Three closely spaced electromagnetic anomalies in central Robertson Township were detected by airborne
geophysical electromagnetic and magnetic surveys (ODM 1975a).  Following the release of this data,
Imperial Oil Limited confirmed the presence of an electromagnetic anomaly by follow-up ground
geophysical electromagnetic and magnetic surveys.  In 1977, the company diamond drilled a 337-foot
hole that intersected the most conductive of the 3 anomalies.  This hole intersected iron-rich tholeiitic
basalt interlayered with altered, mineralized, felsic metavolcanic tuff.  The best mineralized intersection
was 30% pyrite with chalcopyrite and sphalerite stringers across 28 feet of felsic metavolcanic rocks.  No
assay results were released.

In 1989, Cominco Limited optioned a group of 21 mining claims from A. Willy, which included the
above mentioned electromagnetic anomalies on claim 983165.  The company conducted ground
geophysical magnetic and electromagnetic surveys over 14 claims and confirmed a bedrock
electromagnetic anomaly at a depth of approximately 30 to 40 m on claim 983165.  The company
reported no further work.

In 1990, Queenston Mining Incorporated initiated a diamond-drill program on the Willy property.
The first hole was collared on claim 983165 and drilled to a depth of 149 m.  The hole intersected several
pyritic sections with chalcopyrite and sphalerite mineralization.  No assays were reported.  Queenston
Mining Incorporated optioned the property in a joint venture with Strike Minerals Limited and diamond
drilled an additional 17 holes totalling 6264 m between December 1990 and July 1991.  In 1990,
Queenston Mining Incorporated announced a 9.4 m intersection that averaged 1.45% Cu and 4.7% Zn
(The Northern Miner, May 4, 1992, p.1).  In 1991, Queenston Mining Incorporated expanded the original
16-claim block to 135 contiguous claims and optioned the claims to Falconbridge Limited (The Northern
Miner, May 4, 1992, p.1)

Orofino Resources Limited

In 1991, Orofino Resources Limited conducted ground geophysical magnetic and electromagnetic surveys
and bedrock mapping over a 16-claim area located 2 km northeast of the Willy property in central
Robertson Township.  The aim of the work was to locate possible extensions of base-metal mineralization
along strike from the Willy property.

Recommendations for Mineral Exploration

INTRODUCTION

The study area has potential to host economic deposits of gold and base metals.  Large portions of the
area have received minor or no mineral exploration and presently known mineralized zones need to be
evaluated more thoroughly.  Many of these zones are open along their strike and depth or widely
distributed.
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ROCK ASSEMBLAGES

Exploration based on the assemblage concept may be promising.  Sulphide-bearing, graphitic
metasedimentary rocks, at the stratigraphic top of the lower calc-alkalic assemblage, dominantly host
massive to disseminated pyrite and pyrrhotite with subordinate chalcopyrite, sphalerite and precious
metals.  Many of these sulphide zones are coincident with geophysical electromagnetic conductors in
parts of Hincks, Cleaver and McNeil townships.

Peridotitic komatiites with potential to host magmatic copper-nickel-platinum group element (PGE)
mineralization occur at the base of the magnesium-rich tholeiitic basalt to komatiite assemblage.
Ultramafic intrusions have also been emplaced in the lower calc-alkalic assemblage, in close proximity to
sulphide-bearing metasedimentary rocks.  Some of the ultramafic intrusions may have assimilated
external sulphur, from the surrounding metasedimentary rocks, enhancing copper-nickel-PGE potential.
The northern edge of the diorite complex in Robertson Township remains relatively unexplored.  The
mafic and ultramafic phases of the intrusion may have potential to host copper-nickel-PGE
mineralization.

Stratabound base metal mineralization, in altered, interflow, calc-alkalic tuffs and metasedimentary
rocks in the iron-rich tholeiitic basalt assemblage, is associated with weak geophysical conductive
anomalies.  Other unexplored, weak anomalies in southern and northwestern Hincks Township may have
base metal potential.  Base metal mineralization within the tuffs and metasedimentary rocks is commonly
disseminated which probably accounts for the weak response of the anomalies.  The upper calc-alkalic
assemblage is relatively unexplored for volcanogenic massive sulphide mineralization and precious
metals.  Alteration associated with subvolcanic porphyry, such as at Esra Lake in Hincks Township, are
associated with pyritic zones in the surrounding metavolcanic rocks.

ALTERATION ZONES

Gold mineralization is associated with the majority of narrow, linear, carbonatized zones hosted within
the iron-rich basalt assemblage in the study area.  The widespread distribution of these alteration zones
suggests that a large number of zones remain unexplored due to lack of bedrock exposure.  The
carbonatized zones are related to closely spaced fractures; broad, distal calcite zones; quartz veins and
syenite dikes.  Till sampling for gold grains in surficial glacial deposits may be a useful exploration tool
for detecting potential gold mineralization beneath thick overburden.

STRUCTURAL FEATURES

Zinc, lead, copper and minor gold and silver mineralization occurs along the east-striking fault zone in
western Cleaver Township.  The fault is intruded by quartz veins and syenite dikes and is poorly exposed
and relatively unexplored along a 25 to 30 km strike length.  The fault separates the iron-rich basalt
assemblage in the south from the magnesium-rich basalt to komatiite assemblage in the north.  Gold-
bearing, carbonatized zones are located south of the fault, in the iron-rich basalt assemblage, but are
absent in the magnesium-rich basalt to komatiite assemblage.  The fault may be a controlling influence on
the distribution of gold mineralization in the area and may have a tectonic history similar to the larger-
scale Porcupine-Destor and Kirkland Lake-Larder Lake fault zones.
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Appendix A:  Descriptions of chemically analyzed samples in Tables 2 to 8,
inclusive.

TABLE 2

P-796-75:  Dark green, fine-grained calc-alkalic basalt.

93-LSJ-1815:  Fine-grained, homogeneous, dark grey, tuffaceous calc-alkalic basalt with sparse, white calcite-filled, 0.5 mm wide
fractures.

93-LSJ-0549:  Aphanitic, homogeneous, hard, dark grey, tuffaceous, calc-alkalic basalt adjacent to quartz-porphryritic rhyolite.

93-LSJ-0181:  Green-grey, fine-grained, cherty calc-alkalic, basalt tuff.

P-1002-75:  Green, fine-grained, calc-alkalic andesite with 10% plagioclase phenocrysts (1-3 mm in size).

93-LSJ-0105:  Pale green-grey, weakly schistose, subvolcanic, calc-alkalic, andesite containing 10 to 15% plagioclase phenocrysts
(2-5 mm in size).

93-LSJ-0095:  Grey, schistose, calc-alkalic dacitic lapilli tuff with 1 mm plagioclase crystal shards.

93-LSJ-0033:  Grey, calc-alkalic, dacitic tuff breccia with 1 to 3 cm long cherty fragments in a feldspathic matrix.

93-LSJ-0547:  White, fine-grained, weakly schistose, siliceous, calc-alkalic rhyolite with 5%, 0.5 mm quartz phenocrysts.

93-LSJ-0086:  Light grey, fine-grained, hard, calc-alkalic rhyolite with 5%, 1-2 mm quartz phenocrysts.

93-LSJ-0556:  Light grey limestone with 1%, 1-2 mm, cubic pyrite.

TABLE 3

93-LSJ-0022: Dark grey, fine-grained (0.1 mm), strongly magnetic peridotitic komatiite olivine-cumulate.

93-LSJ-0335: Dark green, actinolite-rich, fine-grained basaltic komatiite.

93-LSJ-0336: Dark green, actinolite-rich, fine-grained basaltic komatiite.

92-LSJ-0245: Grey, fine-grained, schistose, basaltic komatiite with fine veinlets of calcite and sulphide minerals.

93-LSJ-0070: Dark grey, fine-grained, magnesium-rich tholeiitic basalt.

93-LSJ-0082: Dark grey, fine-grained, magnesium-rich tholeiitic basalt.

93-LSJ-0004: Grey-green, fine-grained, magnesium-rich tholeiitic basalt with epidote veinlets.

P-999-75: Grey-green, fine-grained, magnesium-rich tholeiitic basalt.

92-LSJ-0719: Grey-green, fine-grained, magnesium-rich tholeiitic basalt, weakly schistose.

92-LSJ-0198: Dark grey, fine-grained, schistose, magnesium-rich tholeiitic basalt (possibly interflow volcaniclastic metasedimentary
rock).

92-LSJ-0557: Dark green, fine-grained, schistose, magnesium-rich tholeiitic basalt.

92-LSJ-0295: Grey, recrystallized, schistose, magnesium-rich tholeiitic basalt.

92-LSJ-0204: Dark grey, fine-grained, strongly schistose, altered, magnesium-rich tholeiitic basalt.

92-LSJ-0759: Grey, fine-grained, carbonatized, magnesium-rich tholeiitic basalt.

92-LSJ-0243: Pale green, fine-grained, metasomatized, magnesium-rich tholeiitic basalt with epidote veinlets.
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TABLE 4

92-LSJ-0214: Dark grey, magnetic, amphibolitized, interflow volcaniclastic wacke.

92-LSJ-0419: Dark green, fine-grained, massive tholeiitic basalt.

92-LSJ-0648: Dark green, fine-grained, massive tholeiitic basalt.

92-LSJ-0700: Black, fine-grained, massive, weakly magnetic, iron-rich, tholeiitic basalt.

93-LSJ-1720: Black, fine-grained, massive, iron-rich, tholeiitic basalt.

92-LSJ-0094: Dark green, fine-grained, massive, iron-rich, tholeiitic basalt.

92-LSJ-0379: Dark green, fine-grained, amphibolitized, iron-rich, tholeiitic basalt.

93-LSJ-0581: Dark green, fine-grained, pillowed, iron-rich, tholeiitic basalt.

93-LSJ-0558: Dark green, fine-grained, actinolite-rich, iron-rich, tholeiitic basalt.

92-LSJ-0309: Dark green, fine-grained, schistose, variolitic, pillowed, iron-rich, tholeiitic basalt.

92-LSJ-0100: Black, fine-grained, magnetic, iron-rich, tholeiitic basalt.

92-LSJ-0029: Dark green, fine-grained, schistose, iron-rich, tholeiitic basalt with 20%, 1-2 mm, amphibolitized pyroxene
phenocrysts.

92-LSJ-0607: Dark green, fine-grained, schistose, iron-rich, tholeiitic basalt.

92-LSJ-0584: Black, fine-grained, massive, magnetic, iron-rich, tholeiitic basalt.

92-LSJ-0516: Pale grey, aphanitic, rusty weathering, carbonatized, iron-rich tholeiitic basalt.

92-LSJ-0476: Black, fine-grained, strongly magnetic, iron-rich, tholeiitic basalt.

P-892-75: Dark green, fine-grained, pillowed, iron-rich, tholeiitic basalt.

93-LSJ-1393: Black, fine-grained, magnetic, iron-rich, tholeiitic basalt.

93-LSJ-0596: Black, fine-grained, massive, iron-rich, tholeiitic basalt.

92-LSJ-0498: Dark grey, fine-grained, magnetic, moderately calcite carbonatized, iron-rich tholeiitic basalt.

92-LSJ-0626: Black, fine-grained, magnetic, iron-rich, tholeiitic basalt.

92-LSJ-0050: Black, fine-grained, magnetic, iron-rich, tholeiitic basalt.

92-LSJ-0807: Black, fine-grained, schistose, weakly carbonatized, iron-rich, tholeiitic basalt.

92-LSJ-0564: Dark green, fine-grained, schistose, iron-rich, tholeiitic basalt.

92-LSJ-0068: Grey, fine-grained, interflow, calc-alkalic andesite tuff with 0.5 to 2 mm plagioclase phenoclasts.

92-LSJ-0147: Grey, fine-grained, schistose, magnetic, calc-alkalic andesite tuff with 0.5 to 1 mm white plagioclase phenoclasts.

92-LSJ-0361: White, aphanitic, cherty, interflow, rhyolitic tuff.

92-LSJ-0135: Recrystallized, dark grey, 1-2 mm, schistose, interflow, calc-alkalic andesite crystal tuff (possibly a wacke).

92-LSJ-0184: Pale grey, aphanitic, interflow, calc-alkalic, rhyolitic tuff.

TABLE 5

92-LSJ-0847: Green-grey, fine-grained, magnesium-rich tholeiitic basalt.

93-LSJ-0345: Grey, fine-grained, tholeiitic basalt.

P-886-75: Grey, fine-grained, calc-alkalic basalt with abundant 1-4 mm, white, plagioclase phenocrysts.
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92-LSJ-0433: Dark green, aphanitic, carbonate-rich, massive, calc-alkalic basalt.

P-885-75: Grey, fine-grained, calc-alkalic basalt.

93-LSJ-0423: Green-grey, fine-grained, homogeneous, calc-alkalic basalt.

P-882-75: Grey, calc-alkalic mafic tuff breccia.

93-LSJ-0394: Green-grey, fine-grained, homogeneous, calc-alkalic andesite.

93-LSJ-1181: Pale grey, calc-alkalic, andesitic crystal tuff with 1-3 mm, white, plagioclase phenoclasts.

93-LSJ-0348: Grey, calc-alkalic, andesitic tuff breccia with centimetre-size fragments and millimetre-size plagioclase phenoclasts.

93-LSJ-1160: Grey, fine-grained, calc-alkalic, andesitic tuff breccia with 1-2 mm, chloritic, hornblende phenoclasts.

P-887-75: Grey, fine-grained, calc-alkalic, andesitic tuff breccia with 1-3 mm, white, plagioclase phenoclasts.

P-881-75: Pale grey, fine-grained, calc-alkalic, andesitic tuff breccia.

93-LSJ-0325: Green-grey, hard, fine-grained, homogeneous, calc-alkalic basalt.

P-894-75: Green-grey, calc-alkalic, andesite with fragments of plagioclase porphyry.

92-LSJ-0456: Green-grey, fine-grained, calc-alkalic tuff with 1mm plagioclase phenoclasts.

P-880-75: Green-grey, calc-alkalic, dacitic tuff breccia.

92-LSJ-0577: Dark grey, fine-grained, altered, calc-alkalic dacite.

93-LSJ-0228: Dark green, siliceous, subvolcanic, calc-alkalic, rhyolite with 20%, 1-3 mm, white, euhedral, plagioclase phenocrysts.

93-LSJ-1266: Grey, fine-grained, siliceous, subvolcanic breccia with 1-3 mm, white, plagioclase phenocrysts.

TABLE 6

92-LSJ-0077: Grey, fine-grained, actinolite-rich norite.

92-LSJ-0059: Dark, fine-grained, pyroxenitic gabbro.

92-LSJ-0038: Dark green, fine-grained, altered, norite gabbro.

92-LSJ-0118: Dark grey, schistose gabbro.

92-LSJ-0001: Fine-grained, fine-grained, quartz diorite consisting of 40% hornblende, 50% plagioclase and less than 10% quartz.

92-LSJ-1264: Fine-grained, diorite with 4 mm size plagioclase phenocrysts.

93-LSJ-0009: Pale green, fine grained gabbro consisting of 50% plagioclase and 50% altered clinopyroxene.

TABLE 7

93-LSJ-0205: Pink, fine-grained, hornblende granodiorite.

93-LSJ-0467: Pink, fine-grained, granodiorite with 20% feldspar phenocrysts in a matrix of 70% feldspar, 15% hornblende and 15%
quartz.

93-LSJ-0311: Pink, fine-grained, granodiorite with 65% feldspar, 10% hornblende and 20% quartz.

93-LSJ-0227: Pink, fine-grained, granodiorite with 50% plagioclase, 25% potassium feldspar, 15% chloritic hornblende and 10%
quartz.

92-LSJ-0018: Pink, fine-grained, granodiorite with 70% feldspar, 5-10% hornblende and 15-20% quartz.

92-LSJ-0026: Pale grey, fine-grained, granodiorite with 80-85% feldspar, 2% hornblende and 15-18% quartz.
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TABLE 8

92-LSJ-0592: Grey, fine-grained, ultramafic to mafic alkalic dike (no visible mica).

92-LSJ-0633: Pink-grey, fine-grained, biotite-phyric, lamprophyre dike.

92-LSJ-0536: Red, fine-grained, carbonate-bearing, biotitic, syenite dike.

93-LSJ-1388:Pink-grey, fine-grained, biotite-quartz syenite dike.
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Metric Conversion Table

Conversion from SI to Imperial Conversion from Imperial to SI

SI Unit Multiplied by Gives Imperial Unit Multiplied by Gives

LENGTH
1 mm 0.039 37 inches 1 inch 25.4 mm
1 cm 0.393 70 inches 1 inch 2.54 cm
1 m 3.280 84 feet 1 foot 0.304 8 m
1 m 0.049 709 chains 1 chain 20.116 8 m
1 km 0.621 371 miles (statute) 1 mile (statute) 1.609 344 km

AREA
1 cm@ 0.155 0 square inches 1 square inch 6.451 6 cm@
1 m@ 10.763 9 square feet 1 square foot 0.092 903 04 m@
1 km@ 0.386 10 square miles 1 square mile 2.589 988 km@
1 ha 2.471 054 acres 1 acre 0.404 685 6 ha

VOLUME
1 cm# 0.061 023 cubic inches 1 cubic inch 16.387 064 cm#
1 m# 35.314 7 cubic feet 1 cubic foot 0.028 316 85 m#
1 m# 1.307 951 cubic yards 1 cubic yard 0.764 554 86 m#

CAPACITY
1 L 1.759 755 pints 1 pint 0.568 261 L
1 L 0.879 877 quarts 1 quart 1.136 522 L
1 L 0.219 969 gallons 1 gallon 4.546 090 L

MASS
1 g 0.035 273 962 ounces (avdp) 1 ounce (avdp) 28.349 523 g
1 g 0.032 150 747 ounces (troy) 1 ounce (troy) 31.103 476 8 g
1 kg 2.204 622 6 pounds (avdp) 1 pound (avdp) 0.453 592 37 kg
1 kg 0.001 102 3 tons (short) 1 ton (short) 907.184 74 kg
1 t 1.102 311 3 tons (short) 1 ton (short) 0.907 184 74 t
1 kg 0.000 984 21 tons (long) 1 ton (long) 1016.046 908 8 kg
1 t 0.984 206 5 tons (long) 1 ton (long) 1.016 046 90 t

CONCENTRATION
1 g/t 0.029 166 6 ounce (troy)/ 1 ounce (troy)/ 34.285 714 2 g/t

ton (short) ton (short)
1 g/t 0.583 333 33 pennyweights/ 1 pennyweight/ 1.714 285 7 g/t

ton (short) ton (short)

OTHER USEFUL CONVERSION FACTORS

Multiplied by
1 ounce (troy) per ton (short) 31.103 477 grams per ton (short)
1 gram per ton (short) 0.032 151 ounces (troy) per ton (short)
1 ounce (troy) per ton (short) 20.0 pennyweights per ton (short)
1 pennyweight per ton (short) 0.05 ounces (troy) per ton (short)

Note:Conversion factorswhich are in boldtype areexact. Theconversion factorshave been taken fromor havebeen
derived from factors given in theMetric PracticeGuide for the CanadianMining andMetallurgical Industries, pub-
lished by the Mining Association of Canada in co-operation with the Coal Association of Canada.
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