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The Geology., Petrology, Geochemistrz!

Sulphide and Platinum-group Element Mineralization of the
Quetico Intrusions, Northwestern Ontario

Abstract

The Quetico Intrusions are a group of small,
geochemically primitive, locally Cu-Ni-PGE-rich, mafic to
ultramafic intrusions closely associated with the margins of
the Quetico Batholithic Complex. They are composed of
distinctively textured, sometimes layered, hornblende-rich,
cumulate rocks that range from hornblende wehrlite to quartz
diorite. The ultramafic rocks characteristically contain
numerous large, interstitial, poikilitic hornblendes up to 3
cm in diameter. The mafic lithologies are often coarsely
hornblende-phyric. All rock types contain texturally
distinct intermediate to mafic patches and veins that
exhibit large, ragged, cored, prismatic to acicular
hornblendes referred to as appinites. This study examined
fifteen of the Quetico Intrusions, concentrating on those
containing mineralized zones. Three intrusions were mapped
in detail.

Petrographic examination suggests a crystallization
order of: olivine, olivine + clinopyroxene, clinopyroxene
(locally orthopyroxene), clinopyroxene + hornblende,
hornblende, hornblende + plagioclase. Biotite, apatite and

titanite are present within most rock types.



Alteration and the cumulus nature of the rocks
precludes the use of whole rock data to show definitive
fractionation trends. Instead, emphasis was placed on the
quantitative mineral chemistry of olivine and clinopyroxene.
Olivine is rich in MgO and exhibits a narrow forsterite
range Of FO,, o5 5950+ Clinopyroxene is generally diopsidic
with a compositional range of Wo,, ,,.5053r ENzg o340 027 FSs 5.
11.31° Mineral chemistry data, plus the presence of
myrmekitic intergrowths of magnetite with clinopyroxene,
suggests that the Quetico clinopyroxenes crystallized from a
magma of sub-alkaline, possibly calc-alkaline, affinity.

Nine intrusions host mineralized zones containing
copper, nickel and platinum-group element mineralization.
This mineralization consists of chalcopyrite, pyrrhotite,
pentlandite, and magnetite with accessory pyrite and
nickeliferous cobaltite, minor cubanite, altaite,
empressite, breithauptite, and rare bismuthinite. Violarite
and covellite occur as minor alteration products of
pentlandite and chalcopyrite, respectively. The major
sulphide and accessory phases probably crystallized from a
PGM-bearing Ni- and Cu-rich monosulphide phase trapped
interstitially to surrounding silicates. The presently
observed textures are mainly due to subsolidus
reequilibration and to the formation of lower temparature
phases as the intrusions slowly cooled.

The platinum-group minerals (PGM) were identified using

semi-quantitative EDS techniques and are generally less than



5um in diameter. They include michenerite, hollingworthite,
froodite, sobolevskite, and sperrylite. Complex PGM
intergrowths are common. Palladian gold is the only PGE-
bearing alloy observed. A few PGM are interstitial to, or
contained within, silicate minerals, suggesting some form of
late-stage remobilization.

A comparison of the Quetico lithologic, textural,
petrographic, whole rock, and mineral chemistry data with
that of the appinite suite and the Alaskan-type Complexes
suggests that the Quetico Intrusions are Archean equivalents
of the Caledonian-age appinite suite of Great Britain,
Ireland, and elsewhere. They may have crystallized from a
water-rich sub-alkaline olivine basalt liquid, possibly of
calc-alkaline affinity, at a relatively high P,,, and Pg,.
They must have crystallized under a relatively high P, in
order for hornblende to remain stable over such a wide range
of magmatic conditions. Assimilation of metasedimentary
wall-rock may have resulted in the hybridization of some of

the magma.



Acknowledgements
Without the efforts and support of the following this

thesis, a daunting task on its own, would never have been
written:

Dr. Steven Kissin for his supervision, editing skills,

critical comments, and patience over the last 6.5 years.

Ken Fenwick, Northwestern Regional Manager of the Mines

and Minerals Branch of the Ontario Ministry of Northern
Development and Mines, who initiated this thesis as part of
the Atikokan Cobalt-Base Metals-PGE Program under which much
of the field work and analytical work was completed.

St. Joe Canada Inc./Bond Gold Canada Inc./LAC Minerals

Ltd. present owners of the mining claims surrounding the
Kawene and Abiwin Intrusions, and the author’s employers
since 1987, who allowed the time to work on this thesis.

Fleck Resources Ltd. Joint Venture partner with St. Joe

Canada Inc. on the Kawene Project exploration program, who
allowed this writer the use of drill logs, diamond drill
core, sections, trench maps, and assay results.

The writer would also like to thank the following
individuals, in addition to Dr. Kissin, who helped in the
preparation of this thesis:

Rick Dutka, now with the geolcogical staff of Placer-

Dome’s Campbell-Red Lake Gold Mine, for his assistance in
the field during our tenure with the Thunder Bay Resident

Geologist’s Office.



Al MacKenzie of the Lakehead University Instrument

Laboratory who taught the writer how to operate the MicroQ
and SQ EDS microanalysis features of the scanning electron
microscope (SEM), and for enduring endless questions with
unfailing good humour.

Sam Spivak who developed all of the black and white

photomicrographs presented in this thesis, most on
relatively short notice.

Drs. Roger Mitchell, CGarth Platt, Graham Borradaille,

and Manfred Kehlenbeck for their comments and assistance at

various stages of this thesis.

Kevin I.eonard, District Manager of the Thunder Bay

Office of the Exploration Division of LAC Minerals Ltd., the
author’s immediate superior within the company, and friend,
who allowed me the use of computer, laser printer, and
drafting facilities during the final 4 months of thesis
preparation.

Dr. David Adamson, co-worker and friend, who made many

helpful comments during preparation of the whole rock and
mineral chemistry section of the thesis.

Toni-Lynn MacTavish, the author’s wife, who typed the

first three chapters, the references, and Appendix III of
this thesis.

Finally the writer would like to acknowledge the
support of all of his friends who understood that once this

thesis was completed he would once again have a life.



Abstract

- - . .

Acknowledgments . . .

List of Figures . . .

List of Tables . . .

TABLE OF CONTENTS

CHAPTER 1 INTRODUCTION
1.1 General Statement . . . . . . . . . .
1.2 The Quetico Intrusions
1.2.1 The Regional Geclogical Setting
1.2.2 Previous Studies . . . . . . .
1.3 Thesis Objectives . . . . . . . . . .
CHAPTER 2 THE GEOLOGY OF THE QUETICO INTRUSIONS
2.1 Location and ACCESS .+ . + + « « o o =
2.2 Geology and Mineralization

2.2.1 Introduction . . « ¢« ¢ ¢ ¢ o .

2.2.2 The
2.2.3 The
2.2.4 The
2.2.5 The
2.2.6 The
2.2.7 The

2.2.8 The
2.2.9 The

2.2.10 The

Kawene Intrusion . . . . .
Mud Lake Intrusion . . . .
Abiwin Intrusion . . . . .
Chief Peter Lake Intrusion
Plateau Lake Intrusion . .
Fire Lake Dykes . . . . .
Bergman Intrusion . . . .
Eva Lake Intrusion . . . .

North Elbow Lake Stock . .

2.2.11 Other Intrusions . . . . . . .

iv

xiii

11

12

12

15

20

29

33

34

36

37

38

38

42



CHAPTER 3 PETROGRAPHY OF THE SILICATE MINERALS

3.1 Silicate Minerals . . ¢ . & o ¢ &+ « s o« o « « o« « « . 44
3.2.1 Peridotite . . . . . . . . . o . o . . . . . . 48
3.2.1.1 Hornblende Wehrlite . . . . . . . . . 48

3.2.1.2 Hornblende Peridotite . . . . . . . . 54

3.2.2 Hornblende Pyroxenite . . . . . . . . . . . . 57
3.2.2.1 Hornblende Clinopyroxenite . . . . . . 58

3.2.2.2 Feldspathic Hornblende Websterite . . 59

3.2.3 Hornblendite . . . . . . ¢ . . ¢ ¢ . ¢ ¢ . . . 62

3.2.3.1 Hornblendite (sensu stricto) and
Feldspathic Hornblendite . . . . . . 63
3.2.3.2 Clinopyroxene Hornblendite and

Feldspathic Clinopyroxene

Hornblendite . . . . . . . . . . . . 64

3.2.3.3 Olivine Hornblendite . . . . . . . . . 64

3.2.4 Gabbro . . . . . . ¢ 0 ¢ 4 0 o 4 v e e . . . 69
3.2.5 Diorite . . . + ¢ . 4+ ¢ 4 4+ e 4+ e + o - .« . 75
3.2.6 Appinite . . . . ¢ ¢ ¢ . ¢ ¢ 4« o ¢ 4« e « . . T8

CHAPTER 4 WHOLE ROCK, TRACE ELEMENT_ AND MINERAL. GEOCHEMISTRY

4.1 TIntroduction . . « ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o ¢« e o + o « « . . 84
4.2 Whole Rock and Trace Element Geochemistry . . . . . . 84
4.2.1 Major Oxides . . ¢« « &+ & + o« « « « « o« « « « . 85
4,2.2 Trace Elements . . . . . . ¢ + « + « + « « « « 98

4.3 Quantitative Mineral Chemistry . . . . . . . . . . . . 100
4.3.1 Olivine . « 4+ &+ & « « o 4 + o + 4 o - « o . . 100

4.3.2 ClinOpYrOXENe . .+ + « « « o o o o o o « « + « 111

CHAPTER 5 SULPHIDE, OXIDE, AND PLATINUM-GROUP ELEMENT MINERALIZATION

5.1 Introduction . . . . ¢ ¢« 4 ¢ 4 e 4 e e e e e e e e e 135

5.2 Occurrence and Style of Mineralization . . . . . . . . 136



5.3

5.4

CHAPTER 6

Petrography and Mineral Chemistry
5.3.1 Sulphides . . . . . . . .
5.3.2 Oxides . . . . . .« « . « .
5.3.3 Tellurides and Antimonides
5.3.4 Sulpharsenides . . . . . .
5.3.5 Platinum-Group Minerals .
5.3.6 PGM Intergrowths . . . . .
5.3.7 Alloys and Native Metals .

PGE and Base Metals Geochemistry -
5.4.1 Copper, Nickel, Platinum,
5.4.2 Cu and Ni vs. Pt and Pd .
5.4.3 Pt/(Pt+Pd) vs. Cu/(Cu+Ni)

5.4.4 Pd4/Ir Ratios . . . . . . .

5.4.5 Cl-Chondrite Normalized PGE+Au Ratios

DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS

Mineralized

6.1

REFERENCES

APPENDICES

I

IT

IIT

Discussion

6.1.1 Comparisons With Other Intrusions

6.1.2 Theories of Origin . . . .
Conclusions .« . ¢ « ¢ + 4 e + o
Recommendations . . « ¢ ¢ o« « o«

Mineral Chemistry Analyses

Whole Rock, Trace Elements, Base and

Log for Diamond Drill Hole K-1-87

and Palladium

- .

Precious Metals

Fleck Resources Cross-—gection for Drill Holes K-1-87

and K-2-87

. 138

. 139
. 151
. 152
. 154
. 156
. 167
. 170
. 174
. 179
. 182
. 185
. 187
. 189
. 193
. 198
. 201
. 207
. 208
Analyses



LIST OF FIGURES

CHAPTER 1

1.1 Regional Geology of the Study Area . . . . . +« + « « « . . 2

CHAPTER 2
2.1 Geology of the Kawene Intrusion (back pocket)

2.2a Photograph of hornblende clinopyroxenite layers within

the XKawene Intrusion . . . . . . . . « « « « « « . . 17
2.2b Closeup photograph of hornblende clinopyroxenite layer . . 17
2.3 Photograph of hornblendite within the Mud Lake Intrusion . 22

2.4 Closeup photograph of porphyritic feldspathic hornblendite 22

2.5 Photograph of appinitic diorite, Mud Lake Intrusion . . . . 24
2.6a Photograph of varitextured appinite, Mud Lake Intrusion . . 25
2.6b Photograph of narrow appinite vein, Mud Lake Intrusion . . 25

2.6c Closeup photograph of cored hornblende within appinite,

Mud Lake Intrusion . . . . ¢ ¢ ¢ ¢ 4 ¢ 4« o ¢ « « + . 26
2.6d Closeup photograph of split hornblende within appinite,

Mud Lake Intrusion . . . . .« . . +« ¢« « +« « + o « . . 26
2.7 Photograph of porphyritic hornblende gabbro,

Abiwin Intrusion . . . . . ¢ . ¢ ¢ + + +« o ¢ + « . o 31
2.8 Photograph of weakly layered porphyritic feldspathic

hornblendite, North Elbow Lake Stock . . . . . . . . 40
2.9 Photograph of foliated diorite containing partially

asgimilated xenolith, North Elbow Lake Stock . . . . 40
2.10 Geology of the Mud Lake Intrusion (back pocket)

2.11 Geology of the Abiwin Intrusion (back pocket)

CHAPTER 3
3.1 Nomenclature of the appinite suite . . . . . . . . . . . . 46
3.2 Comparison of amphibole textures . . . . . . . . . . . . . 47

3.3 Photomicrograph of hornblende wehrlite . . . . . . . . . . 50



3.4 Photomicrograph of heavily serpentinized olivine grain
3.5 Photomicrograph of a cluster of olivine grains . . . .
3.6 Photomicrograph of altered hornblende peridotite . . .
3.7 Photomicrograph of an actinolite corona surrounding a
corroded olivine grain . . . . . .« . ¢ < ¢ « . .
3.8 Photomicrograph of hornblende clinopyroxenite . . . . .
3.9 Photomicrograph of olivine hornblende clinopyroxenite .
3.10 Photomicrograph of hornblende websterite . . . . . . .
3.11 Photomicrograph of slightly recrystallized hornblendite
3.12 Photomicrograph of clinopyroxene hornblendite . . . . .
3.13 Photomicrograph of weakly zoned hornblende within
clinopyroxene hornblendite . . . . . . . . . . .
3.14 Photomicrograph of actinolite/carbonate pseudomorphs
after clinopyroxene . . .« « « « o o o o o o o o
3.15 Photomicrograph of hornblende melagabbro . . . . . . .
3.16 Photomicrograph of porphyritic hornblende melagabbrc .
3.17 Photomicrograph of apatite grains within melagabbro . .
3.18 Photomicrograph of cored hornblende within appinite . .
3.19 Photomicrograph of large apatite within appinite . . .
CHAPTER 4
4.1 AFM diagram for the Quetico Intrusions . . . . . . . .
4.2 AFM comparison plot of the Quetico intrusions vs.
the appinite suite and the Alaskan—-type complexes
4.3 Harker Variation Diagrams . . . . . . . . .+ « « « « + .
4.4 Comparison of olivine forsterite contents of the
Quetico Intrusions with other intrusions . . . .
4.5 Clinopyroxene gquadrilateral for Quetico Intrusions . .
4.6a Zoning within clinopyroxene . . . . ¢ « « ¢« ¢« « « « o« =
4.6b Zoning within clinopyroxene . . . « « « « « « o « = + =
4.7 Clinopyroxene quadrilateral - comparison of the

Quetico Intrusions with other intrusions . . . .

50

51

51

56

60

60

60

66

66

66

70

70

70

81

81

81

93

94

96

110

121

123

124

125



4.8A Comparison of Al1203 to Mg/ (Mg+Fe) in clinopyroxenes . . . .
4.8B Comparisons of TiO2 and Cr203 to Mg/ (Mg+Fe) in

CliNOPYXrOXENES « « v & o+ o o o o o o o o« o o o « « .
4.9A Comparison plot of Si02/Al203 in clinopyroxene . . « . .« .
4.9B Comparison plot of Alz/TiO2 in clinopyroxene . « « « + + .
4.10 Discrimination plot of Ti per formula to total Al

per formula within clinopyroxene . . . . . . . . . .
CHAPTER 5
5.1 Sketch of typical composite sulphide grain . . . . . . . .
5.2a Photomicrograph of robust pentlandite grains . . . . . . .
5.2b Sketch of granular pentlandite veinlet . . . . . . . . . .
5.2c Photomicrograph of pentlandite exsolution flames . . . . .
5.3a Photomicrograph of PGM enclosed within pyrrhotite . . . . .
5.3b Photomicrograph of PGM occurring in fracture in pyrrhotite
5.3c Photomicrograph of PGM occurring interstitially to

silicate gangue near pyrrhotite . . . . . . . . . . .
5.4 Pd-Bi-Te ternary diagram . . . « =« =« = &+ &« « « « « « o« + =
5.5 Photomicrograph of Pt-Pd-Bi mineral associated with

a cluster of Ni-Bi alloy grains . . . . . . . . . . .
5.6 Photomicrograph of native Bi and Bi-Te alloy grains . . . .
5.7 Cu-Ni-Co ternary diagram . . . . « « o + o « o o o o o « =
5.8 Plot of the Pt/Pd ratios of PGE-bearing samples . . . . . .
5.9 Plot of the Pt/Cu and Pt/Ni ratios of the mineralized zones
5.10 Plot of the Pd/Cu and Pd/Ni ratios of the mineralized zones
5.11 Plot of Pt/(Pt+Pd) vs. Cu/(Cu+Ni) of mineralized zones . .
5.12 Plot of the Pd/Ir ratios of the mineralized samples . . . .
5.13 Cl-chondrite normalized PGE+Au plot for the

Quetico Intrusions . . . . . ¢« ¢ + ¢ ¢ 4 e 4 e e .
5.14 Cl-chondrite normalized PGE+Au plot - comparison . . . . .

127

128
130

131

133

140
146
146
147
158

158

159

164

171
171
180
181
183
184
186

188

191

192



LIST OF TABLES

CHAPTER 4

4.1

Wheole rock and trace element chemistry of the

Quetico Intrusions . . . .

- - . - . . - - - - - -

4.2 Quantitative EDS analyses of olivine . . . . . . . . . .
4.3 Average mol.% Fo:Fa:Tp in olivine . . . . . . . . . . . .
4.4 Quantitative EDS analyses of clinopyroxene . . . . . . .
4.5 Average mol.% of Wo:En:Fs in clinopyroxene . . . . . . .
CHAPTER 5
5.1 Semi—-quantitative EDS analysis of pyrrhotite . . . . . .
5.2a Semi-guantitative EDS analyses of robust pentlandite . .
5.2b Semi-gquantitative EDS analyses of granular pentlandite .
5.2c Semi-quantitative EDS analyses of pentlandite

exsolution flames . . . ¢ « ¢ 4 4 4 4 4 e 4 e e e
5.3 Semi-quantitative EDS analyses of magnetite . . . . . . .
5.4 Semi-gquantitative EDS analyses of breithauptite,

altaite, and empressite . . e e e e e e e e e e
5.5 Semi—-quantitative EDS analysis of nickeliferous ccbaltite
5.6 Semi-quantitative EDS analyses of hollingworthite . . . .
5.7 Semi-quantitative EDS analyses of michenerite . . . . . .
5.8 Semi-quantitative EDS analyses of froodite,

sobolevskite, and polarite . . . . . . . . . . . .
5.9 Semi-quantitative EDS analysis of Pt-As mineral . . . . .
5.10 Semi-quantitative EDS analyses of PGM intergrowths . . .
5.11 Semi-quantitative EDS analyses of alloys . . . . . . . .
5.12 Trace element geochemistry of mineralized zones . . . . .

87

102

108

113

120

143

149

150

150

153

153

155

160

162

163

166

168

173

175



CHAPTER 1

INTRODUCTION

l.1: General Statement

The Quetico Intrusions are syntectonic, mafic to
ultramafic dykes, sills, plugs and small stocks that intrude
the metaturbidites of the Quetico Subprovince in close
proximity to the granitoid and migmatitic rocks of the
Quetico Batholith and its associated satellite intrusions.
The fifteen locally Cu-Ni-PGE-rich intrusions examined
during this study all occur within or near a narrow
metasedimentary belt adjacent to the Quetico Fault Zone that
defines the northern boundary of the Quetico Subprovince in
the Atikokan area (Pirie, 1978; Kennedy, 1984). The
southern boundary of this belt is defined by the migmatized
northern contact zone of the Quetico Batholithic Complex
(Pirie, 1978; Figure 1.1).

Past studies have shown that the Quetico Intrusions are
composed of a variety of hornblende-rich lithologies,
ranging from diorite to peridotite. Many of the intrusions
host disseminated sulphide zones containing significant
values of copper, nickel, platinum, palladium and silver,
with lesser gold, cobalt and rhodium. The presence of base
and precious metals sparked the interest of numerous mineral
exploration companies and the Ontario Geological Survey

during the mid-1980’s.



Regional Geology of Study Area

Legend Quetico Intrusions
B  Felsic to Intermediate Intrusive Rocks (Quetico) 1) Plateau Lake 7) Mud Lake
B Qquetico Infrusions ' 2)Bergman 8) Chief Peter Lake
Bl Clostic Metasedimentary Rocks 3 Fire Lake Dykes 9) Plateau Lake Dykes
B Mafic Metavolcanic Rocks 4 Kawene 10) Kawene Lake
) Steeprock Group 5)Eva Lake II) Heward Lake
B Felsic to Intermediate Intrusive Rocks (Marmion) 6) Abiwin 12) North Elbow Lake
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This thesis is an attempt at a combined field,
petrological, and geochemical examination of the intrusions
and their associated sulphide mineralization. The term,
‘Quetico Intrusions’, was first used by Watkinson and Irvine
(1964) during an examination of the group east of the

present study area and will be continued within this work.

1.2: The Quetico Intrusions

1.2.1 - The Regional Geological Setting:

The thesis area (Figure 1.1) lies within the southern
Superior Province of the Canadian Precambrian Shield. The
northern part of the area is underlain by the granite-
greenstone terrain of the Wabigoon Subprovince (Blackburn et
al., 1985), whereas the southern portion is composed of the
dominantly granite-granodiorite and migmatite terrain of the
metasedimentary-derived Quetico Subprovince (Stockwell et
al., 1970:; Percival and Stern, 1984). The contact between
the two subprovinces, at least in this area, is defined by
the steeply dipping, transcurrent Quetico Fault Zone, which
is generally narrow, ranging in width from 10-300 m, but can
locally attain widths of over 1 km (Pirie, 1978; Kennedy,
1984) .

The Wabigoon Subprovince is 900 km in length by 150 km
in width and is masked at both extremities by Phanerozoic
sedimentary cover (Blackburn et al., 1985). Fenwick (1976),

Pirie (1978), Schwerdtner et al. (1985), and Blackburn et



4
al. (1985) describe the subprovince as primarily consisting
of large to batholithic, massive to foliated, felsic to
intermediate bodies that intrude, and are generally
surrounded by, a metamorphosed, supracrustal assemblage of
major, curvilinear greenstone belts. The intrusive rocks,
as outlined by Schwerdtner et al. (1985), generally consist
of two main granitoid rock suites of approximately equal
abundance. The earliest is a foliated to gneissic,
tonalite-granodiorite suite, whereas the later suite
consists of massive to foliated, mainly felsic granites.

The older, gneissic rocks form complexes that host discrete
plutons of massive to foliated rocks that increase in
abundance toward the greenstone-gneissic complex boundary.
The greenstone belts commonly exhibit a volcanic
stratigraphy that Fenwick (1976) and Blackburn (1985) state
is initiated by a lower mafic, tholeiitic metavolcanic
sequence. This is overlain by felsic to intermediate, calc-
alkaline to tholeiitic metavolcanic rocks, occasionally
capped by a second mafic-tholeiitic succession, all of which
are intercalated with assorted, subordinate, non-marine,
clastic and chemical, metasedimentary rocks closely
associated with volcanism. Metamorphic grade within the
greenstone belt sequences range from lower greenschist to
upper amphibolite facies.

The Quetico Subprovince is a broadly symmetrical,

deformed, and variably metamorphosed belt of metasedimentary



5
rocks composed of a core of anatectic and magmatic granites
that outwardly grade into migmatites and then medium- to
low—grade metasedimentary schists at the margins of the belt
(Stockwell et al., 1970; Blackburn and Mackasey, 1977:
Percival et al., 1985; Percival and Williams, 1989;
Percival, 1989). The subprovince is between 10 and 100 km
in width, approximately 1200 km in length, and is observed
to emerge from beneath the Paleozoic rocks of northern
Minnesota and extend east-northeastwards until it is
apparently truncated by the north-northeasterly-trending
Kapuskasing Structural Zone. Where preserved, the
metasedimentary rocks of the Quetico Subprovince are
recognizable as rapidly deposited, deep water, turbiditic
greywackes with subsidiary siltstones, mudstones, and rarely
conglomerates. Close examination of these rocks suggest
that they were derived from a mixed volcanic-plutonic
terrain, such as that observed within the adjacent Wawa and
Wabigoon Subprovinces (Percival and Williams, 1989;
Blackburn et al., 1985). Percival and Williams (1989),
Williams (1990), and Williams (1991) suggest that the
subprovince was deposited as a fore—arc accretionary prism
onto the margins of the older Wabigoon Subprovince.
Metamorphic grade within the subprovince ranges from lower
greenschist at belt margins, through amphibolite to
migmatite facies, and locally granulite facies within the

centre of the belt. The majority of the preserved



metasedimentary rocks occur in belts marginal to the
subprovince boundaries. These marginal belts exhibit, on a
regional scale, roughly symmetrical, prograde isograd
sequences that are roughly proportional to the widths of the
belts. Belt widths range from 6 km in the Crooked Pine Lake
area to as much as 42 km in the Flanders-Lac La Croix area
(Pirie and Mackasey, 1978; Percival et al., 1985; Card and
Ciesielski, 1986). Metamorphic grade within these belts can
range from lower greenschist to amphibolite facies. Away
from the marginal belt the subprovince is composed of a
highly variable mixture of migmatites intruded by relatively
siliceous anatectic and magmatic granites, tonalite, diorite
and occasionally alkalic syenite. Intrusions occurring
within the marginal metasediments are usually granodioritic
to dioritic, and occasionally mafic to ultramafic in
composition (Percival and Stern, 1984).

The Quetico Subprovince in the Atikokan area is
dominated by the intrusive rocks of the batholithic-sized
Quetico Batholithic Complex (Figure 1.1). The complex is
highly irregular in outline because of interfingering
contacts and is composed of muscovite granite, biotite
leucogranite, migmatite, K-feldspar porphyritic granite and
minor tonalite and granodiorite (Percival and Stern, 1984;
Percival, 1989). Migmatites associated with this complex
tend to be formed by the injection of an intrusive

mobilizate into pelitic schists, rather than being formed by



in situ anatectic melting. Anatectic migmatites are rare
west of the Shebandowan portion of the Quetico Subprovince
(Percival et al., 1985; Pirie, 1978). The metasedimentary
rocks surrounding the Quetico Park Complex are host to
numerous intrusions of intermediate composition, the most
notable is the Blaylock Pluton located a short distance
southwest of Crooked Pine Lake. These metasediments, and
the directly adjacent migmatitic and granitic rocks, host
the small dykes, plugs and stocks of the mafic to ultramafic
Quetico Intrusions. Most of the Quetico Intrusions are
associated with the narrow metasedimentary belt wedged
between the Quetico Batholithic Complex and the Quetico

Fault Zone east of Atikokan (Figure 1.1).

1.2.2 - Previous Studies:

The first government mapping in the area was completed
by Hawley (1929) and concentrated on the rocks of the
Wabigoon Subprovince. Moore (1939) examined a region
adjacent to Hawley’s mapping that covered the western edge
of the thesis area and noted the presence of eight small
intrusions composed of what he referred to as gabbro,
usually altered to amphibolite. Moore’s report specifically
described the Plateau Lake Intrusion, the westernmost of the
Quetico Intrusions studied in this thesis, as a small, oval,
very course-grained gabbro body. A sample from a small,

weathered zone containing blebs, fine stringers, and



disseminated pyrrhotite and chalcopyrite yielded 1.14% Ni
and 0.01 oz/ton Pt.

Tanton (1940) of the Geological Survey of Canada
produced the first regional geology map of the Atikokan-
Quetico area. Tanton’s mapping documents numerous small
intrusions composed of granodiorite, diorite, and hornblende
gabbro associated with the marginal areas of the Quetico
Batholithic Complex and the surrounding metasedimentary
remnants.

Irvine (1963) mapped the western Lac des Milles Lacs
area and recognized 35 mafic to ultramafic intrusive bodies
of highly variable size. These bodies, generally composed
of feldspathic hornblendite, hornblendite and peridotite,
occur within both the Quetico and Wabigoon Subprovinces.

The three largest intrusions, two of which contain small Ni-
Cu-PGE-rich sulphide zones, occur within the Quetico
Subprovince. Irvine concluded that the relative age of the
Quetico area intrusions was younger than the sedimentary
rocks, but older than the granitic rocks. He arrived at
this conclusion because the intrusions exhibit narrow
chilled margins with the metasedimentary rocks, they are cut
by granite and granite pegmatite dykes, and mafic to
ultramafic inclusions and xenoliths are present within the
granitic rocks.

Watkinson and Irvine (1964) made a study of the

numerous small mafic to ultramafic intrusions in the Quetico



area and a similar, but compositionally different, cluster
in the Shebandowan area. This work coined the term ‘Quetico
Intrusions’ and proposed that the bodies formed by
fractional crystallization of a tholeiitic olivine basalt
liquid, possibly carrying suspended olivine and
clinopyroxene when emplaced, at a P, of at least 2500 bars,
corresponding to a depth of 8 km. These rocks were shown to
be very MgO-rich and relatively CaO-rich. The hornblende
gabbros and feldspathic hornblendites contain 10-12% MgO and
10-11% CaO, and the hornblendites and hornblende peridotites
contain 18.9-27% MgO, and 9-14% CaoO.

A B.Sc. thesis by Larsen (1974) investigated the
silicate and sulphide petrology of the Kawene Intrusion. He
concluded that the intrusion was neither a ‘stratiform-type’
nor an ‘Alpine-type’ body. His study of the sulphides
concluded that they were of primary magmatic origin.

The Sapawe Lake area, which includes the western 30% of
the thesis area, was mapped and described by McIlwaine and
Chorlton (1973), McIlwaine and Hillary (1974), and McIlwaine
and Larsen (1981). They noted the presence of six small
ultramafic bodies, composed of pyroxenite and hornblendite,
intruding into the Quetico metasedimentary belt.

A B.Sc. thesis by Legault (1976) petrographically
examined the Elbow Lake Stock. She described four main
lithologic units composed of hornblende diorite, hornblende

gabbro, feldspathic hornblendite and pyroxene-bearing



10
hornblendite, and concluded that they were emplaced in order
of decreasing mafic mineral content.

The Crooked Pine Lake area, mapped by Pirie (1978),
forms the central part of the thesis area. This mapping
encountered 20 dioritic to peridotitic bodies, of Quetico
Intrusion-type, ranging from outcrop-size to 3.3 km in
diameter (South Elbow Lake Stock) and a large number of
mafic to ultramafic sheets no more than 2 m in width.
Pirie’s descriptions suggest that a great similarity exists
between the intrusive bodies, since most contain the same
phases, albeit in different proportions. He notes that the
Kawene, Mud Lake, and Abiwin Intrusions contain minor, very
localized Cu-Ni mineralization consisting of irregular
interstitial blebs and disseminations of pyrrhotite and
chalcopyrite. Larger intrusions, such as the Heward Lake
Complex and the Elbow Lake Stock, only contain very minor
disseminated pyrrhotite and pyrite.

Finally, in 1984, a three-year program was initiated by
the Resident Geologist’s Branch of the Ontario Ministry of
Natural Resources to examine cobalt, base metal and platinum
group element (PGE) occurrences in the Atikokan area. This
thesis is a direct result of the PGE portion of that study,
which examined, mapped, sampled, or researched 22 bodies of

Quetico Intrusion-type.
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1.3: Thesis Objectives

The objectives of this thesis are to investigate the

Quetico Intrusions by examining:

1)

2)

3)

General and detailed geology:;

Whole rock, mineral and trace element geochemistry;
and

Silicate, sulphide and platinum—-group element (PGE)

petrology.

To use the data obtained to attempt to determine:

1)

2)

3)

Whether the intrusions are genetically related and
of a common origin.

How the intrusions compare to other mafic/
ultramafic and sulphide/PGE-rich intrusions.
Whether the Quetico Intrusions are Archean
equivalents to either:

a) the Alaskan-type ultramafic complexes; or

b) the appinite suite rocks.

The sulphide, oxide, and PGE mineral species
present and the conditions that lead to their

formation.
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CHAPTER 2

THE GEOLOGY OF THE QUETICO INTRUSIONS

2.1: ILocation and Access

The fifteen Quetico Intrusions examined in this study
are located within the northern portion of the Quetico
Subprovince (Figure 1.1) within an east-west trending, 8 km
wide, 53 km long zone, situated between the town of Atikokan
to the west and Chief Peter Lake to the east. Many of the
intrusions are accessible by highway, logging roads, or

short boat rides.

2.2: Geclogy and Mineralization

2.2.1 = Introduction:

The Quetico Intrusions range in size from 3-5 m thick
dykes, of limited extent, to a small, roughly elliptical
stock 3300 m in length and up to 1800 m in width. They
usually intrude the metaturbidites of the Quetico
Subprovince in close proximity to the granitoid rocks of the
Quetico Batholithic Complex; however, a few were observed
within the marginal regions of the batholith and its
associated migmatitic rocks. Irregular zones of copper-
nickel sulphides and associated, highly variable PGE
mineralization are present within nine of the intrusions
examined. Three of the PGE-bearing bodies, the Kawene, Mud

Lake, and Abiwin Intrusions, were mapped and sampled in
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detail. The remainder were examined and locally sampled.
Most of the data presented in this thesis will concern those
intrusions hosting copper, nickel, and PGE-bearing sulphide
zones.

The Quetico Intrusions exhibit a characteristic range
of hornblende-rich lithologies. The smaller, dyke-like
bodies are composed of diorite (dioritic appinite),
hornblende leucogabbro to hornblende melagabbro, and
hornblendite, with no observable zonation of lithologies.
The larger bodies tend to encompass a wider suite of rock
types that range from hornblende leucogabbro through
hornblendite, hornblende clinopyroxenite, and hornblende
wehrlite. Some of the larger intrusions exhibit a crude,
gradational, multiphased zonation of lithologies, similar to
that observed in the larger Alaskan-type ultramafic
complexes (Ruckmick and Noble, 1959; Taylor, 1967; Irvine,
1974). In the Quetico examples either hornblende wehrlite
or hornblende clinopyroxenite is situated in the core areas
with clinopyroxene hornblendite, hornblendite, hornblende
gabbro, and, occasionally, diorite, forming gradational,
discontinuous envelopes. Cumulate layering is neither
significant nor readily observable in most of the
intrusions; however, weak, diffuse modal layering is present
locally, and is occasionally well-developed in the Mud Lake
and Kawene Intrusions.

The ubiquitous hornblende and the complex, but
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characteristic textures observed within the Quetico
Intrusions are remarkably similar to those of the ‘Appinite
Suite’ rocks of Ireland, Great Britain and Italy (Read,
1961; Pitcher and Berger, 1972; Bowes and McArthur, 1976;
Key, 1977; Palicova, 1982; and Key, 1987), which occur as
minor, Caledonian-age, mafic to ultramafic intrusions
closely associated with granitic plutons and batholiths
(Bailey and Maufe, 1916; Read, 1960; Joplin, 1959; Roach,
1964; Pitcher and Berger, 1972).

Grain-sizes within the Quetico Intrusions range from
fine- to very coarse-grained, to locally pegmatitic. Large,
interstitial, optically continuous, poikilitic amphibole
grains (oikocrysts) occur within all ultramafic rock types,
Irregular feldspathic zones containing large, euhedral,
zoned, hornblende phenocrysts are also common. Coarse- to
very coarse-grained, locally pegmatitic diorite and gabbro
pods, patches, and veins occur within all rock types, and
typically exhibit skeletal, prismatic to acicular hornblende
grains often cored with plagioclase and quartz.

The above textures are also characteristic of the
intrusions of the appinite suite and are what distinguishes
the suite from other varieties of mafic to ultramafic
intrusions. The name for the suite was derived from the
term ‘appinite’, originally used to describe feldspar-rich
units, veins, patches, and pods that exhibit skeletal,

prismatic to acicular hornblende crystals, and was first
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used by Bailey and Maufe (1916). The use of this term to
distinguish a certain, characteristic textural type will be
continued within this thesis.

PGE mineralization occurs within small, irregular zones
of finely disseminated, blebby, occasionally net-textured
copper-nickel sulphides. These zones contain between 1 and
30% chalcopyrite, pyrrhotite, pentlandite, magnetite and
minor pyrite, with an overall average of 4-5% sulphides.

The platinum—-group minerals (PGM) only occur within the
well-mineralized zones and usually in contact, or close
association, with chalcopyrite, pyrrhotite or pentlandite.
Some PGM were observed within, or interstitial to, the
silicates. Sulphide and PGE mineralization will be

discussed in detail in Chapter 5.

2.2.2 - The Kawene Intrusion:

The Kawene Intrusion is approximately 500 m in length,
and between 70 and 130 m in width (Figure 2.1-in back
pocket). The intrusion is crudely zoned and exhibits a wide
range of lithologies including hornblende melagabbro,
hornblendite, clinopyroxene hornblendite, hornblende
clinopyroxenite and hornblende wehrlite. Wide variations of
mineral content and textures are common throughout all the
major rock types and sharp contacts between units are rare.
The dominant lithologies, hornblende wehrlite and locally

olivine-rich hornblende clinopyroxenite, form a diffuse,
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irregular core surrounded by a modally variable, locally
discontinuous envelope of several varieties of hornblendite
and hornblende melagabbro. The hornblendites within this
envelope are usually clinopyroxene-rich, sometimes olivine-
rich, and locally feldspathic. Narrow hornblende
clinopyroxenite layers (Figures 2.2a and b), <10-20 cm in
thickness, occasionally occur within the hornblendites.
Feldspathic hornblendite and hornblende melagabbro are
rarely observed away from the outer edge of the intrusion,
while the content of olivine and clinopyroxene generally
increases with distance from the outer contact. The
hornblende melagabbro/hornblendite envelope is narrowest (2-
12 m) along the north and south contacts, and widest (20-55
m) along the east and west contacts of the intrusion.

Grain-size variations within the Kawene Intrusion range
from fine- to medium-grained to locally very coarse-grained
or porphyritic. Large oikocrysts of hornblende, which
occasionally reach 3 cm in diameter, are ubiquitous.

Narrow, sometimes pegmatitic veins, small pods, or irreqular
patches of appinite occur within all rock types.

The weakly chilled contact between the intrusion and
the surrounding turbiditic, metasedimentary rocks is sharp,
undulatory, and commonly offset by faulting. A 2-10 m thick
contact metamorphic aureole is present and exhibits little
or no schistosity or preserved sedimentary structures.

Minor assimilation of the wall-rock sediments 1is sometimes
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Figure 2.2a: Two narrow, shallow-dipping hornblende clinopyroxenite

layers hosted by clinopyroxene hornblendite within the Kawene Intrusion.

Figure 2.2b: Hornblende clinopyroxenite layer; dark minerals are

hornblende and the light-coloured minerals are diopside.
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indicated by a narrow, discontinuous, 30-100 cm thick,
plagioclase-rich reaction rim located at the contact. The
absence of a significant contact-metamorphic aureole and a
readily observable chilled margin suggests that the
intrusion was probably emplaced into an aiready hot, dry,
country rock. The heat of intrusion may have caused some
partial melting of the overlying sediments, producing a
narrow zone of lit-par-1lit migmatite located directly north
of the intrusion. A similar structure was observed at the
Mud Lake Intrusion. Two hornblende melagabbro/clinopyroxene
hornblendite dykes occur within the migmatite zone and are
possibly apophyses of the main intrusion.

Field measurement and diamond drilling (Appendix 3,
Drill Hole K-1-87, Fleck Resources/St. Joe Canada Joint
Venture, 1987) show that the northern contact of the Kawene
Intrusion dips 65-85° N, the southern contact 40-70° N, and
the western contact at 60° E. The eastern contact could not
be measured directly; however, nearby hornblende
clinopyroxenite layers imply a westerly dip of 60-65°.

These data suggest two possible morphologies, a canoe-shape
or an elongated funnel-shape.

The contacts of the Kawene Intrusion are offset by
numerous discrete, cross-cutting faults, with observed and
apparent offsets in the order of 2-15 m. Observed, or
inferred, orientations imply the presence of conjugate fault

sets, with a dominant NNE-SSW set, and a subordinate NW-SE
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set. Examination of mapping data suggests that some of the
offsets were produced by vertical to obligue movement rather
than strike-slip movement. A more diffuse shearing style
occurs subparallel, or slightly oblique, to the long axis of
the intrusion forming anastomosing, moderately to intensely
sheared zones that tend to concentrate near the contacts of
the intrusion. The density of these shears decreases toward
the centre of the intrusion. Also, the cross-cutting
conjugate fault sets apparently offset these shears
suggesting that at least two periods of deformation acted
upon the intrusion after its formation. The earlier
shearing may have served to elongate the intrusion parallel
to the regional, east-west trending, subvertical to steeply
north-dipping, regional schistosity. Schistosities within
30-50 m of the intrusion roughly parallel its contacts and
may have been produced as a result of emplacement.

Work by Pirie and Mackasey (1978) on the determination
of metamorphic isograds within the pelitic metasedimentary
rocks of the Kawene Lake/Crooked Pine Lake area places the
Kawene Intrusion, and its nearby country rocks, near the
boundary between mineral assemblages containing biotite-
garnet-andalusite and biotite-garnet-staurolite. This would
indicate P-T conditions of 2.5-3.2 kb and 450-525° C, which
is near the boundary between upper greenschist and lower
amphibolite facies (Winkler, 1974).

Very finely disseminated patches and zones containing
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<1-3% pyrrhotite, pyrite, and some chalcopyrite occur
throughout the intrusion. 1In addition, an irregular,
elongated, Pt-Pd-Cu-Ni-rich zone containing 1-25% finely
disseminated, blebby, and, occasionally, net-textured
pyrrhotite, chalcopyrite and pentlandite is closely
associated with the northern contact. Where exposed by
surface trenching and stripping the mineralized zone is
approximately 60 m in length and up to 30 m in width.
Diamond drilling by the Fleck Resources/St. Joe Canada Joint
Venture discovered that the mineralization remains closely
associated with the contact, but eventually pinches out at
65-70 m depth below surface (Appendix 3). Precious and base
metal contents within the mineralized zone range from 121-
3942 ppb Pt, 173-1754 ppb Pd, 15-110 ppb Rh, 5-39 ppb Ir and

45-440 ppb Au, and up to 1.3% Cu, 4500 ppm Ni, and 9 ppm Ag.

2.2.3 - The Mud Lake Intrusion:

The Mud Lake Intrusion (Figure 2.10-in back pocket) is
a comma-shaped, mafic to ultramafic body over 800 m in
length and 10-100 m in width. It is composed of two
distinct parts: a main, unzoned, ultramafic mass about 100 m
in width and 375 m in length, and an east-west striking,
dyke-like ‘tail’, 10-30 m in thickness and over 400 m in
length, consisting of a lower ultramafic unit and an upper
intermediate unit.

The main ultramafic mass is composed of feldspathic
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hornblendite, hornblendite, and clinopyroxene hornblendite,
with subordinate amounts of dioritic appinite (refer to
Chapter 3 for classification system) and hornblende gabbro
occurring along the western and northwestern contacts. The
rocks are generally massive in character; however, weakly-
developed igneous layering does occur within some of the
feldspathic hornblendites. The tail of the intrusion is
composed of two distinct, subparallel units. The lower unit
is composed of often porphyritic hornblende melagabbro,
feldspathic hornblendite, and hornblendite. Weak to well-
developed layering is common throughout this unit. The
upper unit is composed of massive, dioritic appinite (quartz
diorite) and is identical to, and apparently continuous with
similar rocks present along the western contacts of the main
ultramafic mass. Thick units of dioritic appinite were not
observed within any other Quetico Intrusions.

The ultramafic rocks (Figure 2.3) are dark green and
tend to be fine- to medium-grained; however, large
oikocrysts of hornblende are ubiquitous and reach diameters
of greater than 3 cm. Also, numerous, irregular,
feldspathic, coarsely hornblende-porphyritic zones occur
throughout the ultramafic rocks (Figure 2.4). Occasionally
the upper parts of the igneous layers are porphyritic.

These zones consist of a fine- to medium-grained groundmass
of subhedral hornblende and 5-20% plagioclase, with 30-70%,

0.5 to 2.0 cm in diameter, euhedral, zoned hornblende
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Figure 2.3: Hornblendite located within the Mud Lake Intrusion.

Note - the slightly lighter patches are oikocrysts of hornblende.

Figure 2.4: Zone of porphyritic feldspathic hornblendite to hornblende

melagabbro within hornblendite. Mud Lake Intrusion.
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phenocrysts. Contacts within the main ultramafic mass are
generally gradational.

The appinitic diorites are massive, light green and
generally fine- to medium-grained (Figure 2.5). Localized
coarse—-grained areas were observed. The sharp, lower
contact of the unit is slightly chilled against the
ultramafic rocks, suggesting that the ultramafic unit cooled
to subsolidus temperatures before the appinite unit was
emplaced. Numerous metasedimentary xenoliths in various
stages of assimilation occur within the unit and suggest
that it may be hybrid in nature.

Pods, patches, and veins of appinite (Figure 2.6a, b,
c, and d) are common within all rock types, even the
dioritic appinite unit, and often occur along contacts,
shears, fractures and joints, but usually occur as isolated
segregations and veins.

Emplacement of the Mud Lake Intrusion produced a
narrow, 1-5 m thick, contact metamorphic aureole within the
surrounding turbiditic metasedimentary rocks. This aureole
is narrower than the one surrounding the Kawene Intrusion.

Regional dynamothermal metamorphism in the area of the
Mud Lake Intrusion ranges between upper greenschist and
lower amphibolite facies. The heat of the intrusion may
have been responsible for the formation of a quartz
monzonitic to granodioritic mobilizate. Injection of this

mobilizate into the metasedimentary rocks in the immediate



Figure 2.5: Massive, fine- to medium—-grained appinitic diorite within

the Mud Lake Intrusion.

24



Figure 2.6a:

hornblendite

Irregular, varitextured zone of appinite within

of the Mud Lake Intrusion.

Figure 2.6b:

the Mud Lake

Narrow vein of appinite within appinitic diorite unit

Intrusion.

of
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Figure 2.6c: Pod of appinite containing hornblende grains cored with

plagioclase and quartz. Mud Lake Intrusion.

Figure 2.6d: Pod of appinite containing cored (split?) longitudinal

hornblende grains infilled with plagioclase and quartz. Mud Lake Intrusion.
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vicinity of the Mud Lake Intrusion produced a zone of
migmatite (Figure 2.10) similar to that observed near the
Kawene Intrusion. The surface exposure of the intrusion is
relatively small; however, airborne magnetic data (ODM Map
1122G, 1961) implies the presence of a much larger body of
mafic to ultramafic rock directly beneath the dyke-like tail
of the intrusion. Much of the migmatite appears to lie
within a concave depression located between the exposed and
buried portions of the Mud Lake Intrusion.

Alteration is mainly due to regional metamorphism. It
ranges from weak to strong and is strongly dependent upon
rock type and proximity of contacts. Hornblendites are the
most affected with primary hornblende altering to
actinolite, biotite, and chlorite. Biotite and chlorite are
most abundant near the contact with the surrounding
metasedimentary rocks. Hornblende within the porphyritic
and non-porphyritic varieties of feldspathic hornblendite,
and the various gabbros, is usually less altered than
hornblende within the non-feldspathic hornblendites. Most
of the plagioclase has been heavily saussuritized.

Large- and small-scale faulting is readily evident.

Two major, east-west-trending faults, one observed in
outcrop and the other inferred from mapping and confirmed by
diamond drilling (Resident Geologist’s Assessment Files,
Ministry of Northern Development and Mines, Thunder Bay),

have been responsible for (Figure 2.10):
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a) A dextral offset of the northern limb of the Mud

Lake Intrusion in the order of 125 to 150 m east;
b) The formation of an intense, 30-50 m thick zone of
mylonite 50 m south of the Mud Lake Intrusion; and
c¢) The formation of a series of discrete, small-scale,
mainly right-lateral faults within the intrusion,
striking between 130° and 160°, with resulting
offsets of 10 cm to 25 m.
Shearing is rare within the intrusion.

Much of the sulphide mineralization is confined to
small pods and patches within ultramafic rock types
adjacent to, or near, the contact with the surrounding
metasedimentary rocks. It consists of less than 1-5%, very
finely disseminated pyrrhotite, pyrite, and chalcopyrite.
The sulphides locally reach concentrations of 15% within
pegmatitic appinite veins.

The only significant surface concentration of PGE-
bearing base metal sulphides occurs within a small trench on
Discovery Island, located about 100 m east of the western
shore of Mud Lake (Figure 2.10). Platinum and base metals
were also encountered in diamond drill core from holes
completed on the mainland and on the lake ice by Ardel
Exploration in 1971. These drill results suggest that the
continuous mineralization present within the core for a
strike length of over 350 m is part of the same zone that

outcrops on Discovery Island (Resident Geologist’s
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Assessment Files, Ministry of Northern Development and
Mines, Thunder Bay). The sulphide content of the zone
ranges from 12-30% disseminated, net-textured, stringered,
and locally semi-massive pyrrhotite, chalcopyrite,
pentlandite, and some pyrite. Analytical results from this
study, and past exploration, yielded values of 33-3430 ppb
bt, 50-525 ppb Pd, up to 8 g/ton Ag, 0.07% Ni, and 0.21% to
5.12% Cu.

It is interesting to note that some samples of
ultramafic rock from the intrusion contained between 175 and
2715 ppm tungsten. Close examination of these samples
revealed the presence of scheelite contained within 2-3 mm
thick quartz-carbonate stringers. These stringers occur
within hairline fractures and are due to late hydrothermal

fluids not related to the Mud Lake intrusive events.

2.2.4 - The Abiwin Intrusion:

The Abiwin Intrusion is a small, highly deformed body
approximately 200 m in length and up to 40 m in width
(Figure 2.11-in back pocket). The intrusion comprises two
main units composed of locally sheared, moderately to highly
altered feldspathic hornblendite to hornblendite and
hornblende gabbro to hornblende melagabbro, respectively.
The ultramafic rocks are massive, medium- to coarse-grained
and locally contain highly variable amounts of interstitial

plagioclase. The variation of the plagioclase content
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locally produced irregular zones of hornblende melagabbro
within the ultramafic rock types. Well-developed patches
and zones of appinite are very common, particularly within
the feldspathic hornblendites. The mafic rocks (Figure 2.7)
are fine- to medium-grained and generally massive to
hornblende porphyritic; however, a weak to moderate igneous
foliation is developed locally.

Contacts between the main mafic and ultramafic rock
varieties within the intrusion are generally sharp, but
within each of the units contacts tend to be irregular and
gradational. Contacts between the intrusion and the
surrounding country rocks are sharp, but undulatory, and no
chilled margins were observed. Moderate to intense shearing
is often focused along external and internal contacts. Away
from these contacts the bulk of the intrusion is weakly
sheared to unsheared; however, some discrete, anastomosing
shear zones occur locally.

Regional, lower to upper amphibolite grade metamorphism
has had a marked effect upon the Abiwin Intrusion. The
resultant alteration ranges from moderate to intense with
hornblendite the most affected lithology. Hornblende within
all rock types is altered to actinolite and chlorite with
significant biotite occurring near contacts with the country
rock. Saussuritization of plagioclase is ubiquitous. The
turbiditic greywackes surrounding the intrusion are well-

foliated quartz-biotite schists that locally retain their



Figure 2.7:

Porphyritic hornblende gabbro of the Abiwin

Intrusion.
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original, sedimentary textures. Locally they have been
injected by a leucocratic, intrusive mobilizate. This
mobilizate comprises between 25 and 50% of the country rock
and takes the form of sheared, boudinaged, and disrupted,
subconcordant veins and dykes of quartz monzonite and
granodiorite. Pirie (1978) examined the mobilizate in this
area and determined that the material originated elsewhere
in an area of almost complete melting of the typical Quetico
Subprovince wacke-mudstone.

The dynamic and thermal processes that formed,
injected, and deformed the intrusive mobilizate reduced the
once dyke-like Abiwin Intrusion to a complicated series of
truncated, faulted, rotated, elongated, and possibly folded
blocks and slices suggestive of pull-apart structures.
Little lateral continuity of rock types is possible between
most of the blocks and slices. Any evidence of a contact
metamorphic aureole has been obliterated.

Mineralization within the intrusion consists of three
small, irregular sulphide zones, the largest of which is
approximately 40 m in length and up to 10 m in width. These
zones occur within ultramafic rocks and contain 2-30%
disseminated pyrrhotite, chalcopyrite, pentlandite, and
minor pyrite. Two of the zones contain anomalous PGE and
Cu-Ni values in the range of 0.30-2.04% Cu, 0.15-0.24% Ni,
55-720 ppb Pt, and 45-650 ppb Pd. One sample from the main

zone returned 2.20% Cu, 0.08% Ni, 39.50 g/ton Pt, and 3.75
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g/ton Pd. The mineralized zones all occur near external or

internal contacts.

2.2.5 - The Chief Peter Lake Intrusion:

The Chief Peter Lake Intrusion is poorly exposed. Only
the main sulphide exposure was observed and sampled in any
detail. The intrusion is an elongated, roughly lenticular
plug approximately 760 m in length and up to 460 m in width.
According to Irvine (1963) it is composed of a narrow
northeast-trending, medium- to coarse-grained, serpentinized
hornblende peridotite core surrounded by a main mass of
medium- to coarse-grained, biotite-bearing, locally
feldspathic hornblendite. Irvine also states that the
contact between the hornblende peridotite core and the outer
hornblendite is gradational and marked by the decrease and
eventual disappearance of clinopyroxene and olivine. The
reconnaissance examination completed during this study
confirmed Irvine’s statements, but noted that the
hornblendites contain numerous coarse oikocrysts of
hornblende, that the peridotite may best be termed
hornblende wehrlite, and that appinitic pods and veins are
present within the hornblende wehrlite.

Irvine (1963) classifies the enclosing metasedimentary
rocks as a strongly foliated paragneiss. The hornblendite/
metasediment contact was observed in one location by this

author and proved to be sharp, undulatory, and apparently
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unchilled. The metasediments at the contact are a contact
metamorphic, quartz-biotite fels with no foliation or
preserved primary features. Lack of exposure precluded the
determination of the thickness of a contact metamorphic
aureole.

Sulphide mineralization is exposed on surface at two
localities. Both occurrences are within hornblende wehrlite
and directly adjacent to the gradational contact with the
hornblendite envelope. Past diamond drilling encountered
appreciable sulphides, associated with this contact within
hornblende peridotite, at depth and along strike of the two
surface exposures (Resident Geologist’s Assessment Files,
Thunder Bay). The 25 m long, 10 m wide western surface
showing examined during this study contained 1-8% finely
disseminated to locally net-textured pyrrhotite,
chalcopyrite, pentlandite, and minor pyrite. Two samples
contained appreciable PGE, gold and copper-nickel values in
the order of 0.39-0.63% Cu, 0.11-0.16% Ni, 1020-1500 ppb Pt,

1020-1050 ppb Pd, and 330-530 ppb Au.

2.2.6 — The Plateau ILake Intrusion:

The Plateau Lake Intrusion is a deformed body
approximately 650 m in length and 100 m in width. It is
composed of altered, medium- to coarse-grained hornblendite
with a small core of altered fine- to medium-grained,

hornblende clinopyroxenite. Both rock types contain large
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oikocrysts of hornblende. A larger dioritic to gabbroic
body occurs a short distance east of the ultramafic
intrusion.

These two intrusions were emplaced into turbiditic
sediments and appear subconcordant to bedding. Subsequent
regional metamorphism, in the range of lower to mid-
amphibolite facies, placed the Plateau Lake Intrusion into a
P-T regime where the assemblage of biotite-andalusite-
almandine +/- staurolite exists and well within the zone of
almandine stability (Pirie and Mackasey, 1978). Rough
calculation of the P-T conditions, based on the metamorphic
isograds produced by Pirie and Mackasey’s work, suggests
approximately 3.0-3.2 kb and 525-550° C.

Sulphides were observed only within the ultramafic
intrusion and are concentrated within altered hornblende
clinopyroxenite. Sulphide content ranges from less than 10%
to greater than 40% finely disseminated, locally net-
textured chalcopyrite, pyrrhotite, pentlandite, and some
pyrite. The average sulphide content is between 5% and 15%
with chalcopyrite the dominant phase. Base and precious
metal contents were 0.27-4.4% Cu, 0.06-0.73% Ni, 70-1028 ppb

Pt, 69-686 ppb Pd, 86-686 ppb Au, and up to 20.5 g Ag.
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2.2.7 - The Fire Lake Dykes:

The two deformed Fire Lake Dykes are about 400 m apart
and were intruded subconcordantly into turbiditic
metasediments. Regional metamorphism in the area is mid- to
upper amphibolite grade. Both dykes are within 500 m of the
irregular, migmatitic rim of the Quetico Batholithic
Complex.

The western-most dyke is 3-4 m in thickness and was
traced in outcrop for about 20-25 m. It is composed of
altered, coarse-grained, locally feldspathic hornblendite
and contains a small, finely disseminated sulphide zone of
very limited extent. This zone comprises up to 1%
chalcopyrite, pyrrhotite, and pyrite and contains 440 ppb
Pt, 530 ppb Pd, and geochemically anomalous Cu and Ni
values.

The eastern-most dyke is 20-40 m in width and is
intermittently exposed along strike for about 650 m. It is
composed of coarse, locally biotitic hornblendite and
feldspathic hornblendite containing numerous, large,
oikocrysts of hornblende. Much of the dyke is composed of
very coarse-grained appinite with plagioclase-cored, or
skeletal amphibole crystals up to 5 cm in length and 3 cm in
diameter. Purely pegmatitic patches not exhibiting cored or
skeletal amphiboles occur locally. One contact-related
sulphide zone of very limited extend was observed. It

contains 1-2% finely disseminated pyrrhotite and
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chalcopyrite, with base and precious metal contents of 0.13%

Cu, 0.15% Ni, 450 ppb Pt, and 99 ppb Pd.

2.2.8 - The Bergman Intrusion:

The Bergman Intrusion is partially exposed on a small
island in Nym Lake. It is composed of massive, altered,
locally biotitic, coarse-grained, hornblendite and
feldspathic hornblendite. Common alteration products are
actinolite and chlorite.

Field evidence suggests that the Bergman Intrusion is a
rafted block or large xenolith contained within the
varitextured to pegmatitic, quartz monzonitic border regions
of the Quetico Batholithic Complex. Evidence to support
this hypothesis is the presence of a thin wedge of clastic
metasediments in contact with the hornblendite. This
contact is sharp, undulatory, and weakly chilled and has, in
turn, been cross-cut by the quartz monzonite country rocks.
Additional supporting evidence is the lack of a pronounced,
coincident, airborne magnetic anomaly (ODM Map 1122G, 1961)
that is characteristic of the other intrusions previously
described.

Finely disseminated pyrrhotite and chalcopyrite occur
throughout the Bergman Intrusion. The average sulphide
content is 1-2%; however, a poorly exposed, highly
weathered, 3-6 m thick zone containing 2-10% disseminated to

blebby pyrrhotite occurs near the southern contact. Samples
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taken from this zone contain 0.13-0.28% Cu, up to 0.07% Ni,

and in one case 180 ppb Pt and 75 ppb Pd.

2.2.9 - The Eva Lake Intrusion:

The Eva Lake Intrusion was not visited during this
study; however, four sulphide-rich samples were made
available by the Ontario Ministry of Northern Development
and Mines. Aeromagnetic survey data (ODM Map 1122G, 1961)
suggests the presence of a small, roughly circular body
located in the area where the samples were taken.

The four samples are composed of weathered, moderately
to strongly altered, hornblende peridotite and olivine-
clinopyroxene hornblendite, and all contain numerous, large
oikocrysts of hornblende. Common alteration products are
actinolite, chlorite and serpentine. Sulphide content
consists of 5-20% disseminated to blebby chalcopyrite and
pyrrhotite along with considerable very finely disseminated
magnetite. Two of the samples contain significant base and
precious metal contents of 1.29% and 0.84% Cu, 0.39 and
0.26% Ni, 730 ppb and 430 ppb Au, 630 ppb and 225 ppb Pt,

and 760 ppb and 840 ppb Pd.

2.2.10 - The North Elbow Lake Stock:

The North Elbow Lake Stock is the northern-most of two
intrusions that comprise the Elbow Lake Mafic Complex. The

stocks are separated by a 400 m wide screen of metasediments
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bound on the south side by an inferred ENE-trending splay
from the Elbow Lake Fault.

The roughly elliptical South Elbow Lake Stock is poorly
exposed, and is 3300 m in length and up to 1800 m in width.
This stock was described by Pirie (1978) and consists of
medium-grained hornblende gabbro to diorite, with some
medium- to coarse-grained blocks of biotitic hornblendite
and rarely very coarse-grained, porphyritic hornblendite.

No concentrations of sulphides were observed by Pirie (1978)
nor this study.

The North Elbow Lake Stock measures 1900 m by 1500 m,
and is much better exposed than the South Elbow Lake Stock.
It is crudely zoned and consists of an irregular core of
locally porphyritic hornblende clinopyroxenite,
clinopyroxene hornblendite, hornblendite, and some slightly
feldspathic hornblendite partially surrounded by often
porphyritic, feldspathic hornblendite that locally exhibits
weak layering (Figure 2.8). The core also contains isolated
zones of hornblende websterite, which contains significant
quantities of both clinopyroxene and orthopyroxene. Pirie
(1978) and Legault (1976) believe that the ultramafic rocks
are cumulates that were intruded by massive, non-cumulate,
more normally-textured hornblende gabbro and diorite. The
diorite is commonly hybridized and contains numerous,
hornfelsic metasedimentary xenoliths in various stages of

assimilation (Figure 2.9). The gabbro and the diorite also



Figure 2.8:

Weakly layered, porphyritic feldspathic hornblendite of

North Elbow Lake Stock.

Figure 2.9:

Foliated diorite containing recrystallized, partially

assimilated xenolith. North Elbow Lake Stock.
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contain numerous partially resorbed xenoliths derived from
the earlier ultramafic phases of the intrusion. Porphyritic
and appinitic textures are very common throughout the
intrusion, particularly within the feldspathic
hornblendites, and all ultramafic rock types contain large
oikocrysts of hornblende.

The North Elbow Lake Stock exhibits a pronounced
contact metamorphic aureole, with well-developed hornfelsic
textures, that has been overprinted by later regional
metamorphism. Deformed diorite, gabbro, and hornblendite
dykes are common throughout this aureole. Also common are
large numbers of irregular, boudinaged, and disrupted,
locally pegmatitic, leucocratic quartz monzonite veins and
dykes that have locally backveined the marginal rocks of the
intrusion along joints, fractures, and discrete shears.
Pirie (1978) notes that foliations observed within the
metasedimentary rocks marginal to the contact metamorphic
aureole are subparallel to the contacts of the intrusion.
Where observed the intrusive/metasediment contact is cross-
cutting and undulatory to irregular in appearance.

No PGE nor base metal-rich sulphide concentrations were
observed during the examination undertaken by this study.
Sulphide contents were usually much less than 1%, but rarely
up to 3% of finely disseminated pyrrhotite and pyrite.

Legault (1976) notes the presence of a number of

isolated lenses within the metasediments marginal to the
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intrusion which she termed ‘breccia-conglomerate’. These
zones are up to 6 m in length and 4 m in width and consist
of small, subround to subangular fragments, usually less
than 10 cm in length, of clinopyroxene hornblendite and
feldspathic hornblendite, within a groundmass of fine- to
medium-grained hornblende gabbro and finely crushed biotite
schist. Legault also notes that the fragments are locally
aligned within the zones. These zones may be intrusion
breccias similar in occurrence to the breccia pipes commonly
associated with the appinite suite intrusions located in
Ireland and Scotland (Bowes et al., 1964; French, 1966;
Pitcher and Berger, 1972; Bowes and McArthur, 1976; French,

1976; Brindley et al., 1976; and French, 1977).

2.2.11 - Other Intrusions:

Four of the intrusions examined during this study
contain no observed concentrations of base or precious
metals, but do exhibit the same rock types and textures
observed in the intrusions previously described in this
chapter.

The largest of these intrusions, the Heward Lake
Complex, is an elongated, deformed, dyke-like body
approximately 1400 m in length and up to 150 m in width. It
is composed of locally biotitic, porphyritic to massive
hornblende melagabbro, with some locally porphyritic,

feldspathic hornblendite and hornblendite. The ultramafic
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rocks always contain large oikocrysts of hornblende.
appinitic pockets occur locally.

The Kawene Lake Mafic Complex is about 1700 m in
length, but is generally less than 100 m in thickness. It
exhibits a wider variety of medium- to coarse-grained
lithologies than the Heward Lake Complex with a range from
hornblende gabbro to hornblende wehrlite. The ultramafic
rock types predominate, and usually contain oikocrysts of
hornblende. The occasionally porphyritic, gabbroic rocks
occur as a narrow, 10-30 m thick zone along the northern
contract of the intrusion.

Two intrusions that occur north of the Plateau
Intrusion and are small, dyke-like and limited in extent.
Both are composed of medium- to coarse-grained biotitic
gabbro containing isolated appinite pockets and small

amounts of finely disseminated pyrrhotite and chalcopyrite.



44
CHAPTER 3
PETROGRAPHY OF THE SILICATE MINERALS

3.1: Introduction

The following chapter will describe the detailed
petrography of the silicate minerals comprising the rocks of
the Quetico Intrusions. This study deals with a group of
related intrusive bodies that exhibit a range of very
similar rock types and textures. It is necessary that the
following discussion deal with the lithologies in general
with notes on any intrusion- or site-specific variations,
ie. differences of texture, mineral abundance, accessories

or alteration styles.

3.2: 8Silicate Minerals

The examination of over 200 thin sections revealed a
wide variety of hornblende-rich rock types that range from
quartz diorite to hornblende wehrlite. The single most
abundant lithology is clinopyroxene hornblendite.
Hornblende, clinopyroxene, and plagioclase occur within all
of the intrusions examined, olivine in three, and
orthopyroxene in one. Weak to intense deuteric and
metamorphic alteration processes are observed within all
rock types.

The rock types described were identified using the IUGS
system of rock classification and nomenclature (Streckeisen,

1976) . Some texturally distinct rocks were further
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subdivided using the nomenclature of the appinite suite
(Figure 3.1) developed by French (1966). This mainly
subjective nomenclature is based primarily on colour index
and amphibole habit and defines two contrasting textural
series. The dioritic series contains squat, stubby
amphiboles, sometimes occurring in aggregate form, whereas
the appinitic series contains long, prismatic to acicular
amphiboles. Amphiboles of both series are characterized by
large, ragged, cored and split grains that are generally
infilled by plagioclase and quartz. Figure 3.2 compares
amphibole textures from the Quetico Intrusions to those from
appinites of Great Britain (Roach, 1964). Some of the
normally textured diorites, gabbros, and feldspathic
hornblendites described below might be incipient dioritic or
appinitic series rocks as described by this classification
system; however, the term appinite within this thesis will
only refer to rocks with a colour index between 30 and 70
that exhibit the distinctive textures of the appinitic and
dioritic series. The subjective nature of the appinite
suite nomenclature was not suitable for application to all
of the rock types contained within the Quetico Intrusions.

The petrographic descriptions that follow will proceed
from the most mafic to the least mafic major rock divisions
observed, i.e. peridotite to diorite. The texturally
distinct appinites include rocks from more than one of the

JUGS fields and will be described last.
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Figure 3.1:

Nomenclature of the Appinite Suite
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This mainly subjective nomenclature system (after French,

1866) is based primarily on colour index (numbers on diagram) and

specific amphibole habit that defines two contrasting textural styles.

The term appinite,

as applied to the Quetico Intrusions,

has been

specifically defined using the portions of the above diagram that

exhibit a colour index between 30 and 70.



47
Figure 3.2

Comparison of Amphibole Textures

Figure 3.2a: Tracings from photographs illustrating the cored and split

nature of amphiboles from appinites of Great Britain (Roach, 1964).

- Y. Y.

Figure 3.2b: Tracings from photographs and rock samples of appinites
from the Quetico Intrusions. Note the similarity to the textures
presented in Figure 3.2a.

SCALE BARS FOR BOTH FIGURES REPRESENT 1 CM.
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Grain sizes were determined using the criteria of
Williams et al. (1982): fine (<1 mm), medium (1-5 mm),

coarse (5 mm - 3 cm).

3.2.1 - Peridotite:

Peridotite occurs within the Kawene, Chief Peter, and
Eva Lake Intrusions. Two peridotite varieties were
observed. The most abundant variety, hornblende wehrlite,
is composed of olivine, clinopyroxene and hornblende. The
second variety, hornblende peridotite, is observed only
within the Eva Lake Intrusion and contains olivine and

hornblende, but little or no clinopyroxene.

3.2.1.1 ~ Hornblende Wehrlite:

The hornblende wehrlite (Figure 3.3) present within the
Kawene and Chief Peter Intrusions consists of fine- to
medium—-grained cumulus olivine and clinopyroxene commonly
enclosed by large oikocrysts of medium- to coarse-grained
hornblende. Biotite is locally a common intercumulus
accessory, while apatite is rare. The modal percentage of
olivine is 40-45%, while clinopyroxene and hornblende
exhibit wider ranges of 10-40% and 15-35%, respectively.
The crystallization sequence is apparently olivine and
clinopyroxene, clinopyroxene, hornblende, biotite and
apatite.

Olivine (Fo TP, 35.0.42) OCCUrs as somewhat

78.65-80.53 T ©18.96-20.83
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rounded, 0.2-3 mm diameter grains that exhibit scalloped,
corroded, sometimes embayed grain boundaries (Figure 3.4).
The embayed boundaries are occasionally observed when in
contact with clinopyroxene. The olivine grains commonly
form 2-5 grain clusters (Figure 3.5).

Every olivine grain is fractured and serpentinized.
Weakly altered grains exhibit narrow coronas and contain
thin veinlets of serpentine and magnetite (Sample AK-40-86).
As serpentinization proceeds the number and thickness of
these veinlets increases, until the original grains are
totally pseudomorphed by a mixture of colourless to
vellowish-green serpentine (possibly antigorite), fine
stringers and disseminated magnetite, sometimes colourless
dolomite, and occasionally, light green actinolite. The
best preserved olivines occur within the Kawene Intrusion,
and the least preserved within the Chief Peter Intrusion.

Alteration haloes, or coronas, commonly develop around
olivine grains enclosed by oikocrysts of hornblende, but
rarely in contact with clinopyroxene. The best-developed
coronas are observed within the Chief Peter Intrusion. They
are up to 0.75 mm in thickness and consist of very fine-
grained zones of actinolite-magnetite-serpentine+/-dolomite
(Sample ACP-1-86). The least-developed coronas are observed
within the Kawene Intrusion and are usually less than 0.20

mm in thickness.
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Figure 3.3: Hornblende wehrlite (Sample AK-40-86). Note intense

fracturing of minerals surrounding serpentinized olivine (FOV 2.7 mm).

Figure 3.4: Strongly serpentinized, rounded olivine grain. Sample

AK-34-86 from the Kawene Intrusion.



51

Figure 3.5: Cluster of round, serpentinized olivine grains within

hornblende wehrlite. Sample AK-34-86.

Figure 3.6: Altered hornblende peridotite from the Eva Lake Intrusion

(FOV 2.7 mm). Sample AKR-1-86.
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The volume change accompanying serpentinization has
fractured the silicate minerals surrounding the olivine
grains. Serpentine and magnetite now occupy these
fractures.

The clinopyroxene present is diopside and diopsidic

augite (AK-34-86), with a composition of Wo,, . .- <0, EN 3,

and Fs The grains are colourless, non-

48.717 6.39-7.30°

pleochroic, generally subhedral, commonly twinned, variably
uralitized, and <0.2-1.0 mm, but locally 2.0-3.0 mm, in
diameter. A few grains are myrmekitically intergrown with
magnetite. Grain boundaries, cleavage traces, and fractures
are commonly uralitized. Within the Kawene Intrusion
uralitization is progressive and produces increasingly
corroded and sutured grain boundaries, eventually resulting
in completely replaced pseudomorphs of actinolite and a very
fine dusting of magnetite. The least altered grains are
enclosed within large oikocrysts of hornblende. The most
altered grains are interstitial to all other grains.
Actinolite-rich coronas, up to 0.3 mm in thickness, surround
many of the poikilitically enclosed grains. Most of the
clinopyroxenes within the wehrlites of the Chief Peter
Intrusion are almost completely uralitized to pseudomorphs
of actinolite. There are few unaltered remnants. A few
large grains have been partially replaced by hornblende.
This may be due to resorption during late stage

crystallization or subsolidus re-equilibration.
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The two main varieties of hornblende are large, medium-

to coarse-grained, anhedral to subhedral, poikilitic,
intercumulus grains (oikocrysts) and small, fine-grained,
locally medium-grained, sometimes weakly poikilitic,
anhedral to subhedral cumulus grains. Both varieties are
pleochroic, pale green to brownish-green in colour and may
contain very fine-grained replacement magnetite along
cleavage traces.

The oikocrysts are 2-20 mm in diameter and optically
continuous, with scalloped, embayed, and locally corroded
grain boundaries. The numerous included grains
(chadacrysts) consist of olivine, clinopyroxene, and rarely
subhedral hornblende. Alteration to very pale green
actinolite and a very fine dusting of magnetite is common
along grain boundaries, fractures and cleavage planes, and
as narrow coronas surrounding the chadacrysts.

The considerably smaller, cumulus grains are usually
<2mm in diameter, commonly twinned, and exhibit sharp,
locally corroded, occasionally embayed grain boundaries.
Irregular, primary overgrowths of very pale green actinolite
occasionally form partial mantles on some of the grains.
Alteration to actinolite is generally more advanced than
alteration observed within oikocrysts.

The hornblendes of the Chief Peter Intrusion wehrlites
are much more altered than those of the Kawene Intrusion,

with many grains of both textural varieties almost totally
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altered to an interlocking mass of anhedral to subhedral
actinolite and considerable very fine-grained magnetite.

Biotite is a relatively minor primary component that
locally comprises 5% of the rock. It occurs as discrete,
interstitial, anhedral to subhedral plates and books up to
1.5 mm in length. The grains are locally corroded, commonly
replaced by sulphides and oxides, and readily alter to
chlorite along grain boundaries and cleavage traces. Some
larger grains contain tiny chadacrysts of clinopyroxene and
hornblende,

Apatite is rare, but occurs locally as very fine to
fine-grained euhedral crystals usually < 0.1 mm in length.
It often occurs parallel to hornblende and actinolite

cleavage traces.,

3.2.1.2 - Hornblende Peridotite:

Hornblende peridotite, composed essentially of fine- to
coarse-grained olivine and medium- to coarse-—-grained
oikocrysts of hornblende, with minimal identifiable
clinopyroxene, was only observed within the Eva Lake
Intrusion (Figure 3.6). Biotite is a significant primary
and secondary phase, clinopyroxene a minor accessory phase,
and apatite is rare. Little primary amphibole has survived
due to strong deuteric and metamorphic alteration. The
modal percentage of olivine, 45-65%, is greater than that

observed within the wehrlites described above; hornblende
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comprises 25-35%; biotite 5-10%, and clinopyroxene less than

1%. Texturally the two peridotite varieties are almost
identical. The principal differences are a general absence

of clinopyroxene and an increase in the olivine content.

The olivine grains (FOug o3 70 4o Fayy 11.21 66TPg 18-0.48) ar€ UDP
to 5 mm in diameter, rounded to subhedral in form, and often
form multiple-grain aggregates. Serpentinization and
subsequent replacement by actinoclite is more advanced than
observed within the wehrlites. No embayed grains were
observed, but corroded grain boundaries and narrow 0.1-0.3
mm coronas composed of actinolite, serpentine, magnetite and
sulphides are common (Figure 3.7).

Much of the original hornblende has subsequently

altered to pale green, weakly pleochroic actinolite.
Magnetite is a common replacement along fractures and
cleavage traces. Partially replaced, irregular remnants
within some grain centres are all that now remains of the
original hornblende.

Altered hornblende locally forms pseudomorphs after

clinopyroxene. Occasionally small, irregular clinopyroxene

remnants are present within the cores of these pseudomorphs,
implying that clinopyroxene was originally common within the
melt, but was resorbed during the later stages of
crystallization or replaced during subsolidus re-
equilibration. Subsequent metamorphism has obliterated all

traces of many of the pseudomorphs.



Figure 3.7:

Actinolite corona surrounding a corroded olivine grain

within hornblende peridotite of the Eva Lake Intrusion. Sample

AKR-1-86.

56



57

Biotite occurs as both primary and secondary phases.
The two varieties, often difficult to distinguish, are
commonly twinned, slightly bent, partially altered to
chlorite, and replaced by opaque minerals along cleavage
traces. Formation as a late primary magmatic phase,
contemporaneous with oikocrysts of hornblende, is suggested
by larger, generally altered grains that are poikilitic,
exhibit embayed grain boundaries, are included within
oikocrysts of hornblende, or are interstitial to other
primary phases. Secondary, metamorphic biotite is less
altered, fine-grained, anhedral, and occurs as replacement
ribbons along cleavage traces and fractures, or as randomly
oriented flakes within other highly altered minerals. Grain
size ranges from <0.1-4 mm in length.

Apatite is rare and occurs as isolated, euhedral blades
and needles usually cross-—cutting actinolite cleavage

traces.

3.2.2 - Hornblende Pvroxenite:

Two varieties of hornblende pyroxenite were
encountered. The most abundant is a moderately altered
hornblende clinopyroxenite that is very common within the
core of the Kawene Intrusion. The least abundant is a
slightly altered, commonly porphyritic, feldspathic
hornblende websterite, is only present within the North

Elbow Lake Stock.
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3.2.2.1 - Hornblende Clinopyroxenite:

The hornblende clinopyroxenite (Figure 3.8) is fine- to
coarse—-grained and consists of 40-65% clinopyroxene, 30-45%
hornblende, trace-10% biotite, and occasionally 5-25%
olivine. The IUGS System classifies olivine-bearing
varieties as olivine-hornblende clinopyroxenite
(Streckeisen, 1976).

Clinopyroxene (WO,3 o545 758 ENys g3.49.02 T S5.39-7.93) OCCUrsS as

commonly twinned, variably uralitized, subhedral to euhedral
cumulus grains with sharp, locally embayed, commonly
corroded boundaries. Myrmekitic intergrowths with magnetite
are observed. Grains range from 0.04-2.00 mm, but average
0.30-0.65 mm in diameter. Many grains are totally or
partially enclosed within large oikocrysts of hornblende,
and are often partially to totally replaced by actinolite
and a very fine dusting of magnetite. Alteration coronas
within the hornblende are common. Clinopyroxene within
olivine-rich hornblende clinopyroxenites contains less
magnesium and more calcium (WO,7 13-48.44 ENys 25-47.30 F S5 00-6.45) *

Hornblende generally occurs as large, 2-10 mm, anhedral

to subhedral, poikilitic, intercumulus grains. Smaller,
0.05-3 mm diameter, non-poikilitic, subhedral to euhedral,
cumulus grains are also common and are sometimes enclosed by
the larger oikocrysts. Unaltered grains are yellowish-green
to olive-green, blue-green or brownish-green. Actinolite

and biotite are common alteration products along grain



59
boundaries, cleavage traces, or as narrow coronas around
clinopyroxene chadacrysts.
Fa

Olivine (Fo TP 51.9.72) 1S generally

78.25-80.89 18.6-20.99

absent, but where observed (Figure 3.9) forms rounded to
subhedral, highly fractured and serpentinized grains 0.25-
0.80 mm in diameter. Serpentine and magnetite comprise
between 30 and 100% of any particular grain.

Biotite is common as both an intercumulus, late
magmatic, accessory mineral and as a metamorphic alteration
product of hornblende. The primary grains are generally
larger than the secondary grains, but the overall size-range
is from <0.1-0.75 mm. Biotite is rare to absent within the
olivine-rich hornblende clinopyroxenites.

Zircon is a rare accessory associated with primary
biotite. Apatite forms a few acicular, euhedral crystals up
to 0.2 mm in length that are closely associated with
hornblende and actinolite. Calcite sometimes occurs as a
minor alteration product of clinopyroxene in olivine-bearing

varieties of hornblende clinopyroxenite.

3.2.2.2 - Feldspathic Hornblende Websterite:

The only orthopyroxene-bearing lithology observed
within the Quetico Intrusions is a feldspathic hornblende
websterite that occurs within the North Elbow Lake Stock
(Figure 3.10). It is hornblende-porphyritic with a fine- to

medium-grained groundmass and contains numerous medium- to



Figure 3.8: Hornblende clinopyroxenite (FOV 2.7 mm). Sample AK-2-86,

Kawene Intrusion.

Figure 3.9: Olivine hornblende clinopyroxenite (FOV 2.7mm). Sample

AK-12-86, Kawene Intrusion.

Figure 3.10: Feldspathic hornblende websterite (FOV 2.7 mm). Sample

AEN-7-84, North Elbow Lake Stock.

60
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coarse—grained oikocrysts of hornblende. Mineral content is
30-40% clinopyroxene, 15-35% orthopyroxene, 12-40%
hornblende, 7-10% plagioclase, and 2-5% quartz. The two
samples studied (AEN-7 and 9-84) show a wide range in
hornblende and orthopyroxene content, with an apparent
increase in orthopyroxene and a decrease in hornblende
toward the centre of the intrusion.

Clinopyroxene is colourless to pinkish, <0.1-1 mm in

diameter, anhedral to euhedral with subhedral shapes
dominant, and commonly twinned. Grain boundaries are sharp
to embayed and exhibit very narrow actinolite coronas when
in contact with hornblende. Some grains are weakly
uralitized.

The orthopyroxene is colourless to pale pink, slightly

pleochroic hypersthene with extinction parallel to cleavage
traces. The grains range from <0.1-1.2 mm in diameter, are
subhedral to euhedral, with sharp, commonly embayed grain
boundaries. Hypersthene in contact with hornblende 1is
moderately to heavily corroded and skeletal in appearance.

Hornblende forms poikilitic, intercumulus grains

(oikocrysts) up to 5 mm in diameter, and weakly 2zoned,
moderately poikilitic phenocrysts up to 6 mm in diameter.
The phenocrysts are subhedral to euhedral, with sharp,
commonly embayed grain boundaries that are sutured when in
contact with other hornblende grains. A weak zonation is

inmplied by reddish-green to brownish-green cores and pale
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green to bluish-green rims. The oikocrysts are pale
yellowish~-green to brownish-green or pale greenish-brown to
reddish-green and anhedral to locally subhedral.

Plagioclase occurs as an anhedral, locally poikilitic,

intercumulus phase usually much less than 2 mm in length.
Most grains, particularly the larger ones, are heavily
saussuritized. Some of the smaller grains are preserved and
exhibit two apparent compositional ranges from the

measurement of albite twins. The least calcic is An and

36-40
the most calcic 1s Ang ..

Accessory gquartz occurs as small, anhedral,
interstitial grains, usually less than 0.2 mm in diameter.

No biotite, apatite, nor zircon were observed.

3.2.3 - Hornblendite:

The hornblendites are the most abundant lithologic
group occurring within the Quetico Intrusions examined. The
five varieties observed all contain greater than 50%, and
usually greater than 80%, hornblende and are subdivided on
the additional presence or absence, of clinopyroxene,
olivine and plagioclase. Sub-types are often gradational
and include feldspathic hornblendite, hornblendite (sensu
stricto), feldspathic clinopyroxene hornblendite,
clinopyroxene hornblendite, and olivine hornblendite. The
feldspathic varieties are slightly to moderately

porphyritic, and all varieties contain medium- to very
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coarse—-grained oikocrysts of hornblende. Alteration varies
from slight to intense. Mineral habit, form, and size-range
are practically identical from variety to variety. To avoid
repetition the constituent minerals will be described once,

in detail, after the rock-descriptions.

3.2.3.1 - Hornblendite (sensu stricto) and
Feldspathic Hornblendite:

Hornblendite (sensu stricto) is fine- to coarse-grained
and contains 80-97% hornblende, less than 10% clinopyroxene,

1-3%, occasionally up to 10%, biotite, and <1% plagioclase

(Figure 3.11). Apatite usually occurs in trace amounts of
1% or less, but can locally comprise 2-3%. Trace titanite

(sphene) and zircon occur locally.

Feldspathic hornblendite is fine- to coarse-grained and
similar to non-feldspathic hornblendite, but tends to
contain both phenocrysts and oikocrysts of hornblende. It
is comprised of 67-90% hornblende, 2-10% plagioclase, 1-5%,
locally up to 20%, biotite, 1-3% apatite, and trace quartz

and zircon.

3.2.3.2 - Clinopyroxene Hornblendite and Feldspathic
Clinopyroxene Hornblendite:

Clinopyroxene hornblendite is fine- to coarse-grained
and consists of highly variable amounts of hornblende,
clinopyroxene and biotite (Figure 3.12). Estimated modal

abundances of the constituent minerals are 50-85%
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hornblende, 10-40% clinopyroxene, trace to 6%, and locally
up to 20%, biotite; trace to 3% apatite, and rare
plagioclase.

The feldspathic varieties of c¢linopyroxene hornblendite
observed within the Kawene Lake Mafic Complex and the Mud
Lake Intrusion contain 63-86% hornblende, 10-25%
clinopyroxene, 2-6% plagioclase, trace to 3% biotite, and
trace to 2% apatite. Like the feldspathic hornblendite

described previously, this rock is hornblende porphyritic.

3.2.3.3 - 0Olivine Hornblendite:

Olivine hornblendite is present within two samples (AK-
19-86 and AK-43-86) within the Kawene Intrusion. It is
similar to the hornblendite (sensu stricto) described
previously except for the presence of about 10% cumulus
olivine and a few scattered remnants of clinopyroxene (<1%).
This rock is also quite altered and contains 10-15%

secondary carbonate, possibly dolomite. Apatite is rare.

The mineral descriptions for the five varieties of
hornblendite just described are presented below:

Hornblende occurs as both cumulus and intercumulus

varieties. The main difference between the hornblendites
and the more primitive rock types previously described is
the presence of a porphyritic cumulus phase within the

feldspathic varieties.
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Cumulus hornblende grains are commonly twinned, often
crudely zoned, subhedral to euhedral, and slightly to
moderately poikilitic (Figure 3.13). They average 0.05-4 mm
in diameter, but phenocrysts within the feldspathic rocks
may reach 15 mm in diameter. Grain boundaries are sharp,
commonly embayed, and locally exhibit sutured boundaries
with adjacent grains. Colour is variable, but is usually
brownish-green or olive-green to green or bluish-green.
Occasionally light buff-brown to olive-green is observed.
Grain zonation is diffuse, subtle, and is observed as a
gradual colour change from core to rim. Cores tend to be
greenish or brownish-green and rims bluish-green or olive-
green. A few larger grains, primarily phenocrysts, exhibit
narrow, irregular to asymmetric, primary overgrowths of pale
green actinolite and green hornblende. Similar overgrowths
are a common within some of the appinite suite intrusions of
the British Isles (Bowes et al., 1964). Narrow reaction
rims of pale green actinolite are common when cumulus
hornblende is in contact with intercumulus hornblende.

Clinopyroxene (variety diopside = WO,4 3350 03 ENyp 0r.44 62

Fs; 559 31) forms colourless, subhedral to euhedral, locally
twinned, cumulus grains that average 0.10- 0.50 mm, but
range from 0.01-2.0 mm in diameter. They occur in loose,

multi-grain aggregates, or as single-grain chadacrysts
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Figure 3.11: Slightly recrystallized hornblendite (FOV 2.7 mm). Sample

AAb-10-85, Abiwin Intrusion.

Figure 3.12: Clinopyroxene hornblendite (FOV 2.7 mm). Sample AK-49-86,

Kawene Intrusion.

Figure 3.13: Weakly zoned hornblende within clinopyroxene hornblendite

(FOV 2.7 mm). Sample AM-3-85, Mud Lake Intrusion.
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within poikilitic cumulus and intercumulus hornblende.
Uralitization is highly variable and can range from a slight
alteration along cleavage traces and grain boundaries to
complete or almost complete replacement of individual
grains. Moderate to strong alteration is the norm and
produces partially preserved, anhedral remnants exhibiting
corroded, scalloped grain boundaries, and a very fine
dusting of secondary magnetite. Pale green actinolite is
the most common alteration product, but carbonate (possibly
dolomite, or Mg-calcite) is sometimes present. Actinolite
+/—- carbonate pseudomorphs are common, particularly after
clinopyroxene chadacrysts within large oikocrysts of
hornblende (Figure 3.14). Chadacrysts within large cumulus
hornblende grains are commonly less altered. The abundance
of actinolite pseudomorphs suggests that clinopyroxene was
initially much more abundant.

Biotite is common, but not always present. It occurs
as both primary intercumulus and secondary phases. The
primary phase is usually <1 mm, but occasionally as much as
2 mm in length, generally subhedral, light brown or tan to
reddish-brown, and randomly distributed. It is generally
interstitial to cumulus clinopyroxene and hornblende, but
locally forms embayments or chadacrysts within oikocrysts of
hornblende, suggesting contemporaneous crystallization. The
secondary phase commonly occurs as a very fine-grained,

anhedral replacement of hornblende along fractures and
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cleavage traces. Both phases commonly alter to very pale
green chlorite.

Apatite is a common accessory phase that forms clusters
or aggregates of subhedral to euhedral grains. Basal
sections range from <0.1-0.75 mm in diameter, while
longitudinal or oblique sections can be up to 1.5 mm in
length. There may be a preferred association with
plagioclase and interstitial sulphides.

F occurs as scattered,

Qlivine (FO;; s5.45 88F 220 49-21.68TP0.47-0.63

irregular, almost completely altered remnants that form
distorted, but distinctive, serpentine-magnetite
pseudomorphs up to 1.75 mm in diameter. Volume change
during serpentinization fractured many surrounding
hornblende grains. The fractures were subsequently occupied
by serpentine-magnetite veinlets. Serpentine is commonly
replaced by Mg-carbonate.

Plagioclase occurs as small, anhedral grains, usually

interstitially to cumulus clinopyroxene and hornblende. It
is never observed within intercumulus hornblende; however,
it locally forms embayments of the grain boundaries. Most
grains are moderately to completely saussuritized. Twinning
is rare. Some metamorphic recrystallization to albite or
oligoclase is possible.

Quartz and zircon are rare.
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3.2.4 - Gabbro:

Highly variable amounts of hornblende melagabbro and
hornblende gabbro are present within many of the Quetico
Intrusions (Figure 3.15). These rocks are sometimes fine-
grained, usually medium- to coarse-grained, often
porphyritic (Figure 3.16) and display a wide range in
primary mineral content. A weak to moderate igneous
foliation is displayed locally. The percentage of
hornblende (30-80%) is always greater than clinopyroxene,
which is sometimes absent altogether (0- 30%). In many
instances the clinopyroxene content appears to decrease with
an increase in the hornblende content, suggesting that
amphibole formed at the expense of clinopyroxene.
Plagioclase, apatite, and titanite are always present, and
comprise 10-45%, <1-4% (rarely 8-10%), and trace to 3%,
respectively. Biotite is common (1-18%), but is locally
absent in some intrusions. Potassium-feldspar (trace to 2%,
rarely 5-10%) and quartz (1-6%) are relatively minor
components that may represent contamination by the enclosing
metasedimentary rocks. Zilircon is a common accessory phase.

Hornblende is ubiquitous, usually occurs as poikilitic

cumulus grains, but rarely forms poikilitic intercumulus
grains. The grains are subhedral to euhedral with sharp,
often embayed boundaries. Ragged, locally corroded

boundaries are also common when in contact with biotite or



70

Figure 3.14: Actinolite/carbonate pseudomorphs after clinopyroxene

enclosed in an oikocryst of hornblende (FOV 2.7 mm). Sample AM-4-85.

Figure 3.15: Hornblende melagabbro (FOV 2.7 mm). Sample AK-41-86.

Figure 3.16: Porphyritic hornblende melagabbro (FOV 2.7 mm).

Sample AM-8-84.
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altered plagioclase. Grain size is widely variable and
pPhenocrysts are common. The phenocryst phases are always
moderately to heavily poikilitic, locally twinned, sometimes
exhibit a subtle zonation, and range from 2-15 mm in
diameter. Grains that occur within the groundmass are often
corroded, locally skeletal, slightly to moderately
poikilitic, and up to 4 mm in diameter. The skeletal grains
are intergrown with or replaced by plagioclase. A few
smaller grains have cores of plagioclase. All textural
varieties of gabbro contain tiny euhedral grains that are
less than 0.1 mm in diameter. Phenocrysts commonly contain
chadacrysts of altered or resorbed, earlier-formed
hornblende grains, whereas both oikocrysts and poikilitic
phenocrysts contain clinopyroxene, biotite or apatite
chadacrysts. The féw oikocrysts observed (Samples AM-21-85
and AAb-23-85) are anhedral, heavily poikilitic, and up to 6
mm in diameter. Pleochroism within all varieties of
hornblende is pronounced and easy to observe with light
brownish-green, tan, olive-green, or greenish-brown grains
becoming green, dark olive-green, or blue-green. The most
common alteration is replacement along cleavage traces by
reddish-brown flakes and ribbons of biotite. Pale green
actinolite commonly pseudomorphs hornblende chadacrysts or
forms irregular reaction rims when in contact with
clinopyroxene, plagioclase, or primary biotite. A few

irregular overgrowths of pale green actinolite and green
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hornblende were observed.

Clinopyroxene (diopside: WO,z ;.50 53, ENzg 0345 057 FSo 13-
11.31) crystallized before and during the formation of much of
the hornblende, but is always less abundant, and locally
absent. Grains are colourless to pale pinkish, non-
pleochroic, sometimes twinned, often corroded, variably
altered, and often replaced by hornblende and sometimes
plagioclase. Some grains are embayed by small grains of
hornblende. The larger, early-forming clinopyroxene grains
range from 2-8 mm in diameter (average 2-4 mm) and tend to
occur as anhedral to subhedral, often granular, optically
continuous remnants that have been partially replaced (AKL-
2-84) or completely pseudomorphed by hornblende (AAb-1-85)
and, occasionally, plagioclase. Some of these earlier
grains form embayments within adjacent, often larger
hornblende grains. The smaller, late-forming, subhedral to
euhedral grains, with a size range of <0.05-1 mm in
diameter, usually occur within the groundmass as loose
clusters or multigrain aggregates, but may also occur singly
to form embayments or chadacrysts within hornblende and,
occasionally, plagioclase grains. These smaller grains are
rarely replaced by hornblende, suggesting equilibrium
conditions. Most clinopyroxene grains are uralitized along
cleavage traces or grain boundaries, producing fibrous,
pale—-green actinolite and an extremely fine dusting of

magnetite. Actinolite pseudomorphs are common where
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clinopyroxene forms chadacrysts within hornblende. A few
samples exhibit advanced replacement along cleavage traces
that produces a delicate skeletal remnant.

Plagioclase always occurs as an anhedral intercumulus

phase, usually <3 mm in diameter, but with a range of <0.1-
5 mm in diameter. Most grains have been heavily to totally
saussuritized. Twinning is usually obliterated or obscured
and determination of anorthite content is difficult and
often impossible. A few, quite small, remnant grains allow
the determination of An,, ,, (oligoclase to andesine). This
range is often observed within a single sample, although a
few samples exhibit a tighter range of An;,,, (andesine).
These remnant grains may ke younger than the larger, totally
saussuritized grains and may be less calcic in composition.
Biotite occurs as both primary and secondary varieties
within most, but not all of the gabbro samples examined.
Metamorphic biotite usually occurs as tiny (<0.3 mm in
length) replacement flakes and ribbons along hornblende
cleavage traces. Primary, intercumulus biotite occurs as
anhedral to subhedral, often twinned grains, 0.1-4 mm in
length, occurring interstitially to cumulus hornblende and
clinopyroxene, but occasionally forming chadacrysts within
large poikilitic hornblende grains. All of the biotite
grains observed are light tan to dark reddish-brown and

commonly alter to pale green chlorite.
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Apatite is ubiquitous and averages between 1 and 3%;
however, in sample AK-41-86 it constitutes 8-10% of the
rock. It usually occurs as tiny, subhedral to euhedral
needles, blades and hexagonal basal sections (Figure 3.17),
averaging 0.1-0.5 mm in diameter or length, but ranging from
<0.01-2.30 mm in length or 1.5 mm in diameter. Elongated
aggregates of two or more longitudinal grains are common, as
are loose clusters. Apatite occurs most commonly as an
interstitial phase closely associated with plagioclase;
however, specimens with higher percentages of the mineral
exhibit larger grains that are poikilitically enclosed
within hornblende.

Potassic feldspar is not often present, but when

observed, forms small, anhedral to subhedral, usually
sericitized, intercumulus grains up to 0.3 mm in diameter
that sometimes exhibit polysynthetic twinning, and are often
associated with clusters of biotite.

Quartz is a localized, interstitial accessory in some
samples, often exhibits undulose extinction, and locally
appears to replace plagioclase. Titanite is always present
as pleochroic, light brown, subhedral to euhedral grains
<0.01-0.5 mm in diameter. Zircon forms very tiny, euhedral
to subhedral grains that are usually <0.01 mm, but sometimes

approach 0.3 mm, in length.
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Opague minerals are usually present as a fine dusting
of magnetite in hornblende, sometimes as interstitial,

magmatic sulphides, and rarely as replacement of silicates.

3.2.5 - Diorite:

The diorites are the least common lithology observed
and, in part, include rocks of appinitic texture. The
appinites will be discussed as a group in the following
subsection. Classification of the diorites is difficult due
to ubiquitous, moderate to locally intense saussuritization
of plagioclase that makes determination of anorthite content
difficult. The mostly subjective classification used here
is modified after Williams et al. (1982). It is based on an
equant rock composed of weakly zoned, moderately
saussuritized oligoclase or andesine, green occasionally
brownish hornblende, subordinate, pale to dark brown biotite
that increases in content with the presence of quartz,
traces of interstitial quartz and orthoclase, and a colour
index that is usually less than 40. Classification of the
more basic diorites becomes more difficult with the increase
in colour index. The presence of weakly zoned plagioclase
and less intense saussuritization (suggesting less calcic
compositions) is used to categorize the more basic rocks
into the diorite field.

Non-appinitic diorites occur within three intrusions:

the Kawene Lake Igneous Complex; the Heward Lake Igneous
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Complex, and both parts of the Elbow Lake Intrusion. These
rocks are fine- to medium—-grained and roughly equant, with a
few weakly hornblende-porphyritic zones. Content of all
minerals is widely variable. Hornblende content is usually
20-40%, plagioclase 25-48%, biotite 7-10%, quartz 5-20%,
potassium feldspar 8-10%, apatite 1-4%, titanite <1-4%, and
trace zircon. Two localities within the North Elbow Lake
Stock exhibit a basic variety of diorite that verges on
gabbro. In these rocks hornblende content was 45-60%,
plagioclase content as low as 10%, and quartz 1-2%.

Hornblende is light brownish- or light olive-green to

dark green or blue-green, subhedral to euhedral, commonly
twinned, often moderately poikilitic, and tends to form
clusters or aggregates of various sized grains. Average
grain-size is 0.5-2.0 mm; however, some grains can be up to
5.0 mm in length or 2.5 mm in diameter. Grain boundaries
are sharp, embayed, occasionally ragged, and locally
corroded. A weak zonation, characterized by a subtle colour
change, occurs locally. A few samples (particularly AEN-2-
84) contain grains that exhibit longitudinal or transverse
splitting, or cores filled with plagioclase+/-quartz and K-
spar. This may indicate an incipient appinite texture.
Poikilitic grains may contain chadacrysts of apatite,
biotite, and possibly plagioclase. Secondary replacement by
biotite is very common. Alteration to pale green actinolite

is uncommon. A few grains may have been partially replaced
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by plagioclase.

Plagioclase occurs as an interstitial, moderately

saussuritized, anhedral component. Average grain-size is
0.5-1.25 mm; however, a few grains can be as large as 5.0 mm
in diameter. Twinning is common, but is usually obscured by
alteration. The few extinction angles measured resulted in
an anorthite content, within single samples, of An,, . A
few grains are totally saussuritized. Alteration is often
confined to the cores of grains, suggesting a zonation that
is not readily apparent optically. Poikilitic grains
containing chadacrysts of biotite and apatite are sometimes
observed. Some grains are partially rimmed by quartz and/or
K-spar.

Light brown to dark brown, anhedral to subhedral
biotite is commonly associated with grains of hornblende.
It averages 0.5-1.25 mm in length or diameter, but is
occasionally up to 2.25 mm in length. The brown biotite
grains occurring within diorite exhibit a definite colour-
difference when compared with the reddish-brown biotite
grains present within gabbro. This observation suggests a
change in the overall chemistry of the biotite grains with
continued fractionation. Fine-grained ribbons of secondary
biotite replace hornblende along cleavage traces in some

samples.
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Quartz occurs as small anhedral, interstitial grains
averaging 0.2-0.5 mm, and locally 1.0 mm in diameter. Many
grains have been weakly strained and exhibit slightly
undulose extinction.

Potassium feldspar, comprising orthoclase and some

microcline, forms moderately sericitized, anhedral,
interstitial grains usually <1 mm, but occasionally up to 3
mm in diameter. It is often observed, along with quartz,
forming discontinuous rims around plagioclase grains.

Apatite and titanite are ubiquitous accessories.
Apatite forms euhedral blades, needles and basal sections up
to 0.75 mm in diameter or length; and titanite forms brown,
pleochroic, subhedral to euhedral grains up to 0.5 mm in
length.

Clinopyroxene is rare and was observed in only one

sample (AEN-2-84) as a few small, corroded, rounded,
uralitized remnants enclosed within plagioclase.

Zircon is rare.

3.2.6 — Appinite:

Appinites, as described by Read (1961), French (1966),
Pitcher and Berger (1972), Bowes and McArthur (1976), Key
(1977), Palicova (1982), and Key (1987), occur within every
intrusion examined. Volumetrically, they comprise minor
amounts of each intrusion, but their characteristic

appearance and ubiquitous nature are an important tool in
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classifying the Quetico Intrusions as a suite of genetically
related rocks.

The appinites are fine- to very coarse-grained, usually
porphyritic, and occasionally pegmatitic. They are often
dioritic in composition, but as a group can exhibit a wide
compositional range from granodioritic to gabbroic. They
essentially consist of prismatic to acicular hornblende, and
altered plagioclase, with subordinate, highly variable
amounts of interstitial biotite, quartz, potassium feldspar
(orthoclase and microcline), and apatite. Accessories such
as clinopyroxene, titanite, zircon, and calcite are common
locally, but not always present. The most characteristic
appinite features are illustrated by the amphiboles. The
dioritic series is typified by squat hornblende grains
(often cored by plagioclase, quartz, and sometimes K-spar),
and multigrain aggregates of hornblende, whereas the
appinitic series is identified by long prismatic hornblende
crystals that often exhibit longitudinal or basal splitting.
Skeletal, cored, and split hornblende crystals are common to
both series (Figure 3.18).

Most of the appinites identified belong to the appinite
series; however, dioritic series appinites are common within
the Mud Lake Intrusion, where they form a complete unit up
to 10 m in thickness.

Mineral abundances are widely variable; hornblende has

a range of 15-45%, plagioclase a wider range of 15-70%,
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biotite tends to occur in lower amounts of 1-8%, but
occasionally reaches 15%, apatite is present in significant
quantities ranging from 2-8% (Figure 3.19), potassium
feldspar ranges from 1-15%, quartz has a range of nil-25%,
clinopyroxene <1-10%, titanite trace-2%, zircon <1%, the

opaques trace-1%, and calcite is rare, but locally reaches

Hornblende commonly forms subhedral to euhedral,

prismatic to acicular phenocrysts, usually less than 10 mm
in diameter or length, but occasionally as large as 10 mm in
diameter, or 22 mm in length. The grains are light
brownish-green or olive—-green to blue-green, often twinned
and poikilitic, with embayed, ragged, and locally corroded
boundaries. Some grains are weakly zoned, with brownish-
green to olive-green cores and green to bluish-green rims.
Basal cross-sections are often cored with felsic minerals,
such as quartz and plagioclase, and longitudinal sections
are commonly split along or across their length. The cored
or split grains are infilled with a mixture of plagioclase,
quartz, K-spar, and, sometimes, apatite or biotite. Larger
grains are typically surrounded by numerous small grains of
hornblende and bioctite. Biotite often appears to be
intergrown with hornblende. Irregular overgrowths of green
actinolite and hornblende are sometimes present. Alteration
tends to be slight. Fibrous, pale green actinolite and

fine-grained flakes and ribbons of biotite are common as



Figure 3.17: Hexagonal apatite grains within biotite-hornblende

melagabbro (FOV 2.7 mm). Sample AK-41-86.

Figure 3.18: Cored hornblende grain within appinite (FOV 2.7 mm).

Sample AML-6-85.

Figure 3.19: Large apatite within appinite (FOV 2.7 mm).

Sample AML-6-85.

81
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replacement along cleavage traces. Many grains contain a
fine dusting of secondary magnetite, and a few exhibit
narrow, discontinuous coronas of actinolite. A few grains
are partially replaced by sulphides.

Plagioclase is anhedral to subhedral and usually

interstitial; however, a few subhedral grains may be cumulus
in nature. Grains are usually <1 mm, but occasionally reach
3-5 mm in diameter. Saussuritization, ranging from moderate
to intense, affects every grain and commonly obscures or
obliterates twinning. Weak to moderately developed zonation
is indicated by the preferential alteration of grain centres
and the presence of localized rims of orthoclase. Some
grains have been partially replaced or rimmed by quartz.
Determination of anorthite content was possible in only two
samples, indicating a wide, probably misleading range of
ANg -

Biotite forms anhedral to subhedral, locally twinned,
tan to reddish-brown, interstitial grains averaging <1.0 mm,
but locally attaining lengths of up to 5 mm. It commonly
clusters around, and is often intergrown with, hornblende
and interstitial sulphides. It is also common as a fine-
grained replacement along hornblende cleavage traces, and
alters readily to light green chlorite.

Fine-grained, anhedral, interstitial guartz, with

embayed and scalloped grain boundaries is associated with

plagioclase and sometimes hornblende. It occasionally
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partially replaces or occurs as discontinuous rims around
plagioclase and often forms part of the felsic material that
infills cored and split hornblende grains.

Potassic feldspar always forms anhedral, moderately to

strongly sericitized, interstitial grains. Their average
size is <0.5 mm, but can attain diameters of up to 4 mm.

The most common variety is orthoclase, but microcline occurs
locally.

Apatite is present in significant quantities and forms
euhedral to anhedral blades and basal cross-sections that
occur within loose clusters or as single isolated grains.
It is most commonly associated with plagioclase, but often
forms near or within hornblende. The average dgrain is <0.25
mm in diameter, but some are up to 0.8 mm in diameter, or
3.5 mm in length.

Titanite is a common accessory, forming subhedral to
euhedral grains up to 1.9 mm in length, with most grains
less than 0.6 mm. Zircon is a minor accessory and forms

multiple-grain clusters of very tiny grains.



84
CHAPTER 4

WHOLE ROCK, TRACE ELEMENT, AND MINERAL GEOCHEMISTRY

4.1: Introduction

The effects of alteration and the cumulus nature of the
Quetico rocks does not allow the use of whole rock data to
show definitive fractionation trends. Instead, emphasis
will be placed on the quantitative mineral chemistry of
olivine and clinopyroxene.

The sub-section on quantitative mineral chemistry will
include comparisons with other mafic to ultramafic
intrusions, particularly the appinite suite and the Alaskan-
type complexes, in an attempt to characterize the Quetico
Intrusions within the known spectrum of mafic/ultramafic

rocks.

4,2: Whole Rock and Trace Element Chemistrx

Thirty samples, taken from all rock types present
within the Quetico Intrusions, except for the hornblende
websterite identified within the North Elbow Lake Stock,
were analyzed for major oxides and trace elements (Table
4.1) .

The whole rock analyses were completed in two batches
at outside laboratories. The first batch of 19 samples were
analyzed by the Geoscience Laboratory of the Ontario

Geological Survey, and the second batch of 13 samples were
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analyzed by Chemex Labs Ltd. All trace element analyses
were completed by Chemex Labs Ltd. Determination of H,0+
for the batch of 13 samples analyzed by Chemex were
completed at Lakehead University by the CHN elemental
analyzer.

The OGS Geoscience Laboratory determined most of the
major oxides by XRF. FeO was determined by titration; S and
CO, by the Leco Infrared Absorption Detector; and H,0 by the
Beckman Infrared Absorption Analyzer.

Chemex Labs Ltd. determined most of the major oxides by
Inductively Coupled Plasma-Atomic Emission Spectrometry
(ICP-AES). FeO was determined by titration, S by Leco
Infrared Absorption, and CO, by Leco-Gasometric.

In both cases ferric iron was calculated from
chemically determined Fe0O and Total Tron and then expressed
as Fe,0;.

Trace elements were determined by ICP-AES, except for
Nb, Y, and Zr, which were determined by XRF, and Rb by

Atomic Absorption Spectrometry.

4.,2.1 - Major Oxides:

The Quetico Intrusions are composed of mainly cumulate
rocks that have been subjected to regional metamorphism
ranging from upper greenschist to upper amphibolite facies.
Serpentinization of olivine and saussuritization of

plagioclase are ubiquitous, most clinopyroxenes are
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uralitized to some extent, and partial replacement of
hornblende by actinolite and biotite is common. This
alteration may have had a significant effect upon major
oxide distributions, therefore an attempt was made to choose
the least altered samples for the whole rock analyses (Table
4.1). CIPW norm calculations were not carried out because
the presence of significant secondary minerals and an
accompanying modification of the overall chemistry of the
rock would produce inaccurate and misleading normative
mineralogy.

Barker (1978) states that the compositions of cumulus
rocks lie on lines of mixing, not of fractionation. This is
due to the presence of variable proportions of usually
magnesian cumulus crystals within a groundmass of more
alkali-rich, formerly ligquid, intercumulus material. It is
the residual liquids formed during the fractionation process
that define fractionation trends. The rocks of the Quetico
Intrusions are mainly medium- to coarse-grained cumulates
and, therefore, should not be used to define fractionation
trends on an AFM diagram. The AFM diagram can be used to
provide an overall picture of the present chemistry of these
rocks and to possibly hint at their magmatic affinity, but

cannot provide definitive answers.



TABLE 4.1

WHOLE ROCK AND TRACE ELEMENT CHEMISTRY OF THE QUETICO INTRUSIONS

A:Appinite

Sample
Rock

5102
Tio2
Al203
Fe203
FeO
Mno
MgO
cao
Naz20o
K20
P205
CcO2

S
H20+
TOTAL

Ba
Cr
Ni
Cu
Pb
Sr
Co
Sc

Zr
Nb

Zn
Rb
La

=

AML-1
-85
A

46.90
1.49
13.50
2.70
12.30
0.17
7.28
7.71
2.03
2.21
0.04
0.16
0.73
1.49
98.71

16.15
56.11

27.73

G:Gabbro

AML-2
-85
H

48.90
0.64
9.57
1.94
8.84
0.18

11.00

11.00
2.02
1.18
0.08
2.09
0.06
0.00

87.50

Ternary Plotting Parameters

12.91
42.72
44.38

3.40
37.70
59.00

H:Hornblendite
AM-1 AM-23
-85 -85

H A
47.60 47.90
0.43 0.90
6.45 18.80
2.05 1.91
8.37 7.18
0.19 0.14
16.00 5.05
13.00 8.23
0.50 3.55
0.41 2.05
0.12 0.55
2.59 0.46
0.19 0.54
2.83 1.77
100.73 89.03
30 130
278 115
203 34
261 86
12 18
64 6l
26 15
5 7
59 89
40 120
5 10
5 20
20 38
9 90
10 30

28.64
45.52

25.83

AM-27
-85

125

20
68
75
20

31.60
45.60

22.80

C:Clinopyroxenite

AM-30
-85
H

48.00
0.61
7.16
2.34
8.59
0.17

15.30

12.00
0.97
0.65
0.08
0.67
0.12
1.82

98.48

5.90
38.70

55.40

W:Wehrlite

AM-38
-85

<10

6.70
45.20
48.10

87



TABLE 4.1 (Cont’d)

WHOLE ROCK AND TRACE ELEMENT CHEMISTRY OF THE QUETICO INTRUSIONS

Ternary Plotting Parameters

A:RAppinite G:Gabbro
Sample AM-39 AAB-1
-85 -85
Rock A G
Sio2 49.20 50.20
Tio2 0.73 0.56
Al203 19.10 10.50
Fe203 1.44 1.51
FeO 5.85 7.11
MnO 0.13 0.16
MgO 3.29 11.60
Cao 8.84 13.00
Naz20 2.78 1.80
K20 2.22 0.93
P205 0.73 0.14
coz2 0.61 0.13
S 0.32 0.13
H20+ 2.49 2.06
TOTAL 97.73 99.83
Ba 30 20
Cr 14 52
Ni 14 47
Cu 6 124
Pb <2 12
Sr 139 27
Co 13 15
Sc 4 3
v 62 39
Zr 145 50
Nb 10 <5
Y 20 5
Zn 52 8
Rb 75 30
La 30 10
A 32.40 12.00
F 46.30 37.10
M 21.30 50.90

2.50
32.70
64.80

H:Hornblendite
AAB-4 AAB-6
-85 -85
H H
48.70 46.90
0.36 0.94
5.81 8.48
2.26 1.85
7.26 8.51
0.17 0.17
18.40 15.60
13.00 12.40
0.40 0.87
0.31 0.58
0.08 0.08
0.50 0.22
0.30 0.09
2.34 2.22
99.89 98.91

<10 20
191 203
131 88
172 102

6 26
14 32
28 19
3 6
32 64
40 45
<5 5
5 10
8 16
<5 <5
<10 <10

5.30

37.40
57.30

AAB-13

-85
H

48.20
0.54
7.30
1.86
7.40
0.18

17.10

13.10
0.50
0.38
0.10
0.21
0.02
2.21

99.10

<10

3.30

33.50
63.20

C:Clinopyroxenite

AAB-15

-85

13.80
38.50
47.70

W:Wehrlite

AAB-23
-85
G

51.70
0.51
7.34
1.43
5.85
0.14

14.60

14.30
1.12
0.94
0.24
0.71
0.03
1.15

100.06

20
109
28
264
10
51
2

2
14
80
5

5

2
38
20

8.70
30.00

61.40

88



TABLE 4.1 (Cont-’d)

WHOLE ROCK AND TRACE ELEMENT CHEMISTRY OF THE QUETICO INTRUSIONS

Ternary Plotting Parameters

A:Appinite G:Gabbro
Sample APL-2 APL-3
-84 -84
Rock G A
s5io2 53.30 52.40
TiOo2 0.85 0.85
Al203 13.50 17.10
Fe203 2.40 2.30
FeO 6.59 7.19
MnO 0.15 0.13
MgO 8.02 4.69
cao 8.92 8.06
Na20 2.69 2.58
K20 1.51 2.82
P205 0.18 0.37
coz2 0.08 0.07
S 0.01 0.66
H20+ 0.74 0.77
TOTAL 98.94 99.%89
Ba 200 180
Cr 336 20
Ni 36 15
Cu 37 133
Pb <2 <2
Sr 28 95
Co 16 31
Sc 5 5
v 80 108
Zr 85 110
Nb 5 5
Y 10 15
Zn 28 54
Rb 38 85
La 10 20
A 20.00 27.90
F 41.70 47.90
M 38.20 24.20

11.00
38.50
50.60

H:Hornblendite
API-3 ACP-4
-84 -86
C A
47.90 51.58
0.85 0.76
10.40 17.96
2.30 1.65
8.73 5.08
0.17 0.14
14.20 6.88
9.80 8.18
1.65 4.85
1.43 1.96
0.05 0.31
0.11 0.40
0.17 0.04
1.45 1.36
99.21 101.15
240 290
396 95
121 41
129 99
<2 4
19 11
28 19

6 11
76 83
60 95
<5 <5
10 5
14 34
41 34

<10 10

26.87
45.97

27.15

ACP-7

-86
H

46.33
1.02
7.16
5.02
8.43
0.18

15.14

11.30
1.77
1.06
0.04
0.29
0.61
1.45

99.80

170
178

168
<2
21
44

180
30
<5

28
10
<10

7.19
54.33

38.48

C:Clinopyroxenite

ACP-9

-86
H

44.97
0.51
9.10
3.43
7.51
0.20

16.78

11.82
2.42
0.73
0.24
0.30
0.04
1.82

96.97

30
434

27
<2
17
22
17

55
<5
10
30

<10

8.32

47.86
43.82

W:Wehrlite

AEN-1
-86
A

57.00
0.41
16.01
2.30
3.68
0.08
4.79
5.00
5.69
2.21
0.46
0.30
0.24
1.54
99.71

60
61
17
134
14

17

49
395
<5
10

38
20

35.71
42.63

21.65

89



TABLE 4.1 (Cont-’d)

WHOLE ROCK AND TRACE ELEMENT CHEMISTRY OF THE QUETICO INTRUSIONS

Ternary Plotting Parameters

A:Appinite G:Gabbro
Sample AEN-2 AK-16
-86 -86
Rock H C
Sio2 49.76 46.51
TioO2 0.36 0.23
Al203 6.03 3.58
Fe203 2.77 4.01
FeO 6.65 5.28
MnO 0.21 0.15
Mgo 17.03 22.51
CaoO 13.46 12.64
Na20 1.11 0.67
K20 0.76 0.61
P205 0.08 0.04
Cco2 0.30 0.90
S 0.25 0.21
H20+ 1.09 2.09
TOTAL 99.86 99.44
Ba 50 50
Cr 232 915
Ni 91 299
Cu 96 330
Pb 4 2
Sr 35 58
Co 25 55
Sc 8 5
v 40 56
Zr 40 20
Nb <5 <5
Y 5 <5
Zn 14 36
Rb 3 4
La <10 <10
A 6.60 3.87
F 33.26 28.08
M 60.13 68.05

AK-18
-86
H

47.94
0.21
3.30
2.27
5.31
0.16

21.30

13.29
0.47
0.85
0.04
2.40
0.32
1.73

99.59

4.37
25.10

70.53

H:Hornblendite

AK-34

-86
W

46.04
0.20
2.96
4.03
5.06
0.16

23.38

13.26
0.58
0.64
0.03
0.30
0.06
3.09

99.79

60
585
260

65

<2

37

54

31
20
<5
<5
38

<10

3.62

26.98
69.40

AK-40

-86
W

46.02
0.21
3.07
3.97
5.23
c.17

23.72

12.85
0.62
0.63
0.02
0.40
0.07
2.54

99.52

60
653
267

16

47
53

32
20
<h
<5
40

<10

3.66
26.92

69.42

C:Clinopyroxenite

AK-43

-86
H

43.85
0.18
2.84
4.23
4.43
0.14

23.07

11.63
0.35
1.39
0.03
3.70
0.15
2.63

98.62

100
1245
259
28
<2
149
51

45
15
<5
<5
36
78
<10

5.20

26.47
68.93

W:Wehrlite

AK-47
-86
H

48.58
0.37
6.05
1.90
7.27
0.19

16.43

13.70
1.01
0.59
0.12
0.44
0.05
1.63

98.33

50
444
77
84
24
13

30

30

<10

5.88
33.71
60.40

90



TABLE 4.1 (Contrd)

WHOLE ROCK AND TRACE ELEMENT CHEMISTRY OF THE QUETICO INTRUSIONS

A:Appinite

G:Gabbro

H:Hornblendite

P:Peridotite

C:Clinopyroxenite

Sample AK-49-86 AKR-1-86

Rock

§i02
TiO0?2
Al203
Fe203
FeO
MnO
MgO
Ccao
Na20
K20
P205
COo2

s
H20+
TOTAL

Ba
Cr
Ni
Cu
Pb
Sr
Co
Sc

Zr
Nb

Rb
La

H

48.37
0.29
5.33
1.15
6.54
0.16

16.75

15.21
1.02
0.50
0.10
1.10
0.03
1.45

98.00

30
391
24
8

4
109
14
8
36
40
10
5
16
6
<10

P

40.77
0.16
4.07

97.94

130
643
576
350
8
29
95
3
34
30
<5
<5
70
10
<10

Ternary Plotting Parameters

A
F
M

5.86
29.62
64.52

2.48
31.00
66.52

W:Wehrlite

91
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