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ABSTRACT

The Island Lake greenstone belt is one of the major

Archean supracrustal exposures in the northwestern part of

the Superior Province of the Canadian Shield. This belt is

subdivided into two units: 1) a lower sequence characterised

by pillowed to massive, locally pyroclastic, basalt to andesite

with a thin central zone of felsic derivatives, all of which

are interbedded with and overlain by thick sequences of

turbidite facies rock; 2) the upper unit which consists of

thick stratified conglomerate overlain by thickly bedded

arkose and feldspathic greywacke.

Reconnaissance sampling traverses were completed across

both the strike of the belt and along its margins with

adjacent granitoids.

Most of the belt is within the greenschist metamorphic

facies with amphibolite facies occurring in certain areas

near the margins. A post-tectonic, low pressure thermal event

may be responsible for the development of a unit of cordierite

schist which stretches southeastwards from the east end of

Cochrane Bay.

Volcanism is cyclical in nature changing from tholeiitic

to calc-alkaline. There is a general progression in the

character of the lavas from mafic to felsic with stratigraphic

height. Chemical data suggest that high level fractionation

of a mantle-derived 'dry' magma is the source of the tholeiitic

lavas. Contamination of this magma with 'wet' sial and

subsequent fractionation may be responsible for the calc-

alkaline phases.
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Observations of stratigraphic relationships (in particular

the contact between the supracrustals and the granitoids)

coupled with the metamorphic and chemical studies, allow the

construction of a preliminary model for the evolution of the

Island Lake greenstone belt. The following sequential develop-

ment is suggested: 1) a platform stage characterised by the

subaqueous effusion of mafic to intermediate lavas of alter-

nating tholeiitic and calc-alkaline affinities; 2) an edifice

stage marked by the eruption of felsic calc-alkaline rocks;

3) an erosional stage characterised by the deposition of thick

sequences of turbidite facies rocks; 4) the impingement of

granitic masses into the margins of the greenstone belt,

which was probably related to a downward warping of the supra-

crustal pile; 5) the erosion of sialic massifs surrounding

and within the greenstone belt and of early supracrustal

piles, to give the clastic upper unit.





ACKNOWLEDGMENTS

The successful completion of this study was greatly aided

by the varied, yet important contributions of many individuals.

First and foremost I would like to thank Dr. Wayne T. Jolly

for the innumerable hours of discussion and guidance which he

cheerfully supplied throughout the project. Critical discussions

with Dr. Simon J. Haynes proved invaluable during the prepara-

tion of the final manuscript.

Thanks are due to Dr. I. F. Ermanovics (Geological

Survey of Canada) who originally conceived the project and

suggested it as a thesis topic. Dr. R. K. Herd (Geological

Survey of Canada) provided invaluable guidance and assistance

both during the field portion of the study and in subsequent

follow up work. A special thanks to the director and officers

of the Geological Survey of Canada who extended many niceties

to both my family and myself, after a near fatal accident in

the field.

I can never express enough thanks to Chief James Mason,

of the St. Theresa Point Indian band, whose prompt action

saved me from certain drowning after a boating accident in

the field. Immediate and continuous professional medical

attention by nurse Gloria Hemming (Dept. of Northern and

Indian Affairs) ensured my safe arrival at hospital in

Winnipeg.

Mrs. Janet Finder's competent help in completing the

chemical analyses is gratefully acknowledged. The preparation

of high quality thin sections by Tamo Roopnarine greatly

facilitated this aspect of the study. Ray Agnew helped in





the drafting of some of the figures. Discussions with Mrs.

Anna Stina Edhorn aided in the preparation of the photomicro-

graphs. Andre Brisson helped the author with many small tasks

in the organization of the final draft.

Finally, I would like to express my sincere gratitude

to Mrs. Donna Cole who, in short notice, completed a masterful

job of typing the final manuscript.

vii





CONTENTS





page

Felsic Volcanics

Field Relationships 29

Petrography 31

Metasediments of the Hayes River Group

Field Relationships 32

Petrography

Greywackes . 36

Pelitic Rocks . 40

Cordierite Schist

Field Relationships 40

Petrography 42

Island Lake "Series"

Conglomerate

Field Relationships 45

Petrography 47

Arkose

Field Relationships 49

Petrography 49

Quartz Feldspar Porphyry

Field Relationships 53

Petrography 53

Serpentinite

Field Relationships 56

Petrography 56

Classification 56

Gabbroic Sills

Field Relationships 58

Petrography 58

ix





page

Stratigraphic Relations 59

METAMORPHIC SYNTHESIS

General 63

Metavolcanic Assemblages 63

Pelitic Assemblages 67

Cordierite Schist 70

Summary 71

VOLCANIC GEOCHEMISTRY

General 72

Tholeiitic Suite 73

Calc-alkaline Suite 78

Transitional Lavas 80

Synthesis 81

Gabbroic Sills 81

Petrogenetic Considerations 82

CONCLUSIONS

Evolution of the Island Lake Greenstone Belt 85

Comparison of the Island Lake Greenstone Belt with
Possible Modern Analogues 88

Recommendations 92

REFERENCES 94

APPENDICES 102





LIST OF FIGURES

Figure no. page

1. Geology and sample locations. Island Lake
greenstone belt pocket

2. Greenstone belts of the northwestern Superior
Province 2

3. Flow top breccia in a basaltic andesite 17

4. Andesite pillow lava 17

5. Mattress form basaltic pillow lava 18

6. Moderately schistose outcrop of mafic metavolcanics20

7. Strongly schistose outcrop of metavolcanics 20

8. Outcrop of strongly schistose coarse pyroclastic
material 22

9. Photomicrograph of a relict volcanic texture 22

10. Photomicrograph of small subtrachytic laths of
plagioclase 25

11. Photomicrograph of a typical greenschist facies
metavolcanic 25

12. Photomicrograph of randomly oriented spindles
of stilpnomelane 28

13. Photomicrograph of a strongly foliated amphibolite
facies metavolcanic 28

14. Porphyritic dacite overlain by a laminated epi-
clastic sequence 30

15. Granule to coarse sand size particles in a
proximal facies turbidite 34

16. Isoclinally folded, laminated argillites 34

17. Thinly bedded to laminated distal turbidite
facies sediments 35

18. Thinly bedded to laminated distal turbidite
facies sediments with secondary porphyroblasts
of actinolite 37

19. Photomicrograph of a porphyroblast of fibrous
actinolite 37

XI





Figure no. page

20. Photomicrograph of a greywacke of the number 1

textural subdivision 39

21. Photomicrograph of a greywacke of the number 2

textural subdivision 39

22. Photomicrograph of a greywacke of the number 3

textural subdivision 43

23. Photomicrograph of an ellipsoidal shaped poikilo-
blast of cordierite 43

24. Conglomerate of the Island Lake Series 48

25. A well rounded cobble of leucocratic gneiss in
the conglomerate unit of the Island Lake Series 48

26. Assymetrical ripple marks on a steeply inclined 50
bedding surface of the Island Lake Series arkose

27. Small scale cross bedding in an arkosic unit of
the Island Lake Series 51

28. Bedding deformation developed in the Island
Lake Series arkose 51

29. Photomicrograph of a specimen from the serpentinite
body 57

30. The contact of a small quartz diorite plug and the
Hayes River lavas 57

31. Migmatite developed at the contact between the
greenstones and the granitic rocks on the eastern
shore of High Rock Island 61

32. Suimnary of the experimental data characterising
the transition from the greenschist to the amphibolite
facies for mafic metavolcanics 66

33. Distribution of the metamorphic phases in the
Island Lake greenstone belt pocket

34. ACF diagram of the greenschist facies assemblages
of the mafic to intermediate volcanic rocks of the
the Hayes River Group 69

35. Harker diagram for the chemical analyses of the
Hayes River volcanics pocket

36

.

Distribution of the members of the Hayes
River lavas pocket

xii





Figure no. page

37. A plot of FeO vs MgO for the tholeiitic suite
of the Hayes River volcanics 76

38. A plot of FeO vs Mgo for the calc-alkaline suite
of the Hayes River volcanics 79

39. Cross sections of the Island Lake greenstone
belt, with plots of the chemical affinities of
the lavas 81b

xiii





LIST OF TABLES

Table no. page

1. Structural development of the Island Lake
greenstone belt as suggested by W.K. Fyson 15

2. Chemical composition of the quartz feldspar
porphyry unit 55

3. Metamorphic paragenesis of the Island Lake
greenstone belt 68

4. Average compositions of the Hayes River volcanic
types in weight percent 74

5. Average composition of volcanic rocks from
Archean and modern assemblages 75

xiv





XV







Frontispiece - An aerial view of Island Lake, looking
south from the vicinity of St. Theresa
Point.







INTRODUCTION

General

The Island Lake greenstone belt is one of the major

Archean supracrustal successions exposed in the northwestern

part of the Superior Structural Province of the Canadian

Shield (Fig. 2) . A twofold division is recognised within this

group of rocks: a lower unit composed of mafic to felsic

volcanics, pyroclastic derivatives and flyschoid sediments and

an upper unit of thick conglomerate overlain by arkose. At

its maximum extent, where exposed in the main body of Island

Lake, the greenstone belt varies from 16 to 32 km in width.

At Loonfoot Island, in the eastern end of the lake, it splits

into two segments, with each gradually pinching out some 35

to 40 km to the east. At the western end of the lake, the

greenstones pinch into a thin linear belt which extends along

strike in a WSW direction for some 150 km (Fig. 2) . Smaller

greenstone belts to the south and west ( i.e

.

, Wapus Bay,

Bigstone Lake - Knight Lake - Picket Lake) are considered to

have been originally continuous with the Island Lake belt,

(Herd and Ermanovics, 1976) on stratigraphic and structural

evidence.

Location

This study is concerned with that part of the greenstone

belt exposed in the main body of Island Lake (Fig. 1). This

area is delineated by longitudes 94°00' to 94°55'W. and

latitudes 53°45' to 54°00'N.
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Previous Work

In 18 79 A. S. Cochrane undertook a track survey and

geological examination of the area in and around God's and

Island Lakes (Bell, 1880). The resulting sketch map and the

accompanying report represented the first published informa-

tion on the geology and resources of the Island Lake area.

Cochrane observed that the prevailing rock type throughout

the area was a light grey to pink granitic material he termed

the "Laurentian gneiss". At the eastern and western ends of

Island Lake he noted the occurrence of moderate to steeply

dipping, grey weathering, occasionally laminated felsitic

slates, green epidote, hornblende schists and siliceous J

conglomerates. In his analysis of Cochrane ' s field data.

Bell (1880) termed these schistose rocks 'Huronian' noting

their similarity to rocks he found exposed in the vicinity of

Oxford, Knee and God's Lakes.

The first detailed map and report of the geology of the

Island Lake area was prepared by Wright in 1928. He proposed

a twofold division of the greenstones:

"...the oldest group is a complex of volcanic and sedimentary
strata, in places interbedded, but in some localities only
sediments or lavas are present... Extensive areas of sediments
and lavas lithologically similar to those of the basal group
are known at a number of localities within the basin of the
Hayes River and the name Hayes River Group is proposed for
this basal group of sediments, volcanic flows and tuffs...

"In Island Lake a younger series was deposited on an
erosion surface of the Hayes River Group pebbles of
the main rock types of the Hayes River Group are abundant in
the basal conglomerate of this younger series of coarse clastic
sediment which are folded into a broad syncline within the
volcanics members of the Hayes River Group. Sediments younger
than the Hayes River volcanics have not been recognised else-
where in northeastern Manitoba and it is proposed to designate
these younger sediments the Island Lake Series" (Wright, 1928,
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p. 62B) .

In the siommer of 1930 D. R. Derry and G. S. Mackenzie

(1931) undertook a reconnaissance geological survey of a part

of the Ontario Manitoba boundary including the east end of

Sagawitchewan Bay of Island Lake. Their report provided some

of the first geological data concerning the continuation of

the Island Lake belt eastward to the point at which it crosses

into Ontario.

The discovery of some interesting gold prospects and the

ensuing prospecting rush, prompted a review of the geology of

Island, God's and Oxford Lakes by Wright in 1932. His report

sijmmarized the general characteristics of gold occurrence in

northwestern Ontario and northeastern Manitoba. It also

represented the first account of the Island Lake gold occur-

rences. Field work by McMurchy (1944) in 1938 provided

detailed descriptions of all the gold occurrences in the

Island Lake area known at that time.

In 1956, Quinn and Meinert mapped the (1" = 4 miles)

Island Lake N.T.S. sheet (53E) on a reconnaissance scale

(Quinn, 1960) , as well as completing more detailed studies on

the eastern Island Lake area (Quinn and Meinert, 1956) . Their

map was significant in that it represents the first geological

map of the surrounding granitoid terrain, showing regional

structural relationships and the approximate disposition of

smaller greenstone belts.

During the 1958 and 1959 field seasons, Godard (1963a,

1963b), of the Manitoba Department of Mines, completed a

detailed remapping of the Island Lake greenstone belt at a

scale of 1 inch = 1 mile. His maps and reports were invaluable
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aids during the current study. Probably the most significant

aspect of his studies was the redefinition of the contact

between the Hayes River Group and the Island Lake "Series",

which resulted in the recognition of the greater aerial extent

of the Island Lake "Series".

Present Work

During the summer of 19 75 a reconnaissance sampling

survey was carried out (Delaney, in Herd and Ermanovics, 1976)

.

Six traverses (approximately 6 km. apart) were completed across

the regional strike of the greenstones. In addition, the

following features were examined: 1) the contact between the

greenstones and the encompassing granitoid terrane; 2) some

of the small granitoid bodies and associated porphyry phases

within the greenstones; and 3) the thin belt of cordierite

schist which stretches southeastward from the eastern end of

Cochrane Bay (Fig. 1) . In all, 260 sites were sampled.

This project was conceived as a small part of a larger

study of the nature of the granitic terrain of the northwestern

Superior Province (see Ermanovics, 1970a, 1970b, 1971, 1973;

Ermanovics and Brown, 1973; Ermanovics et. al^. , 1975; Herd and

Ermanovics 1976) . Field work was carried out while the author

was employed as senior assistant to Drs. I. F. Ermanovics and

R. K. Herd of the Geological Survey of Canada.

Objectives

The objectives of the field work were: 1) to confirm

the general stratigraphic and lithologic relationships within

the supracrustal succession; 2) to outline the relative degree
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of regional metamorphism across the belt; and 3) to investigate

the geochemical nature of the volcanic members of the green-

stones. The results are compared with other Archean terranes

and modern analogues. The geochemical results are given

particular attention because they add a significant wealth of

chemical data on the nature of Archean volcanism in the north-

western Superior Province.

Topography

The physiography of the area is typical of much of the

Canadian Shield, as it is characterised by gently rolling

terrain of low relief. Exposures of rock are scarce except

on the shores of lakes and islands and where exposed on the

knobs of higher points of land.

Island Lake is one of the major topographical features

in the east central region of Manitoba. The long axis of the

lake is aligned approximately east-west. The length of the

lake is about 112 km; it varies in width from 16 to 32 km in

its main body. Perhaps the most graphic description of Island

Lake is that given by Cochrane in Bell (1880, p. 31): "the

whole form of the main lake, and the positions of the inlet

and outlet, present a striking resemblance to the outline of

the human stomach and the situations of its orifices". Island

Lake drains to the north through the Island Lake River.

As suggested by its name. Island Lake contains over 3,000

islands (frontispiece) . These vary in size from large islands

such as Cochrane (9.5 km in length by 1.5 km in width)

,

Jubilee (12 km long), and Confederation (13.5 km long), to

shoals which appear only at low water. As noted by other
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authors (Wright, 1928; Godard, 1963a, 1963b) and as may be

observed on LANDSAT and aerial photographs, most of the islands

made up of greenstones have generally straight shorelines

elongated parallel to the regional foliation; those composed of

granitoid rocks display irregular embayed shorelines. Almost

continuous exposures are present along the shores of the lake.

Access

Access to the field can be obtained by regular and

chartered flights into airfields at Garden Hill and St. Theresa

Point. Float plane charters are available from these points

to anywhere in the region. Some of the regular air carriers

into the area include St. Andrews Airways and Transair both

of Winnipeg, and Lambair from Norway House.

Traverses were conducted by use of a 12 and 14 foot

Canova inflatable boats. Conventional craft can be hired

locally.

Sampling Procedure

One or more first-size samples of representative rock

types were collected at each sample site indicated in Figure 1.

All field data were encoded directly in the field on a

specially designed form to allow for computer analysis. Samples

amd field notes are stored at the Geological Survey of Canada

in Ottawa.

Technical Procedures

Stemdard thin sections were prepared for 220 of the

samples in order: 1) to determine the metamorphic parageneses.
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and 2) to examine textural and lithologic relationships.

Several of the thin sections were stained by the methods

outlined by Hutchison (1974, p. 22-23). This technique helped

differentiate plagioclase, potash feldspar and cordierite where

applicable. In addition, universal stage methods (after

Hutchison, 1974, p. 104) were employed to determine the

compositions of the plagioclase feldspars.

Chemical Analysis

One hundred and eight samples were chosen for chemical

analysis for major oxide constituents (Figs. 1 and 36). Of

these, 92 were fine-grained volcanics , eight were from the

medium to coarse grained gabbroic phases of thicker flows,

six were from gabbroic sills intrusive into the lavas, one

was from the feldspar porphyry unit 8 (Fig. 1) , and one was

from a late stage diabasic dyke. Each of the samples was

carefully selected in the field to be representative of the

outcrop. Furthermore, only those samples which appeared

homogenous and relatively unaltered, and without major vein

patterns, were selected. Samples of the gabbroic sills were

collected to determine if they were chemically related to the

volcanics.

Each of the analysed samples was slabbed on a rock saw

and trimmed to eliminate altered surfaces. The slabs were

washed in distilled water, then heated at 110°C in a vacuum

oven for 48 hours to remove excess surface moisture. Samples

were then crushed in a 'Chipmunk' crusher and ground to -80

mesh in a ball mill unit. Three different types of crucibles

were used in this process: nickel alloy, chrome alloy and
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tungsten carbide. The crucible type used for each sample

was recorded. Care was taken to avoid any form of sample

contamination

.

The samples were fused with boric acid - lithium carbon-

ate flux in platinum dishes, at a temperature of 1100 C and

the resultant fusion pellet was dissolved in dilute nitric

acid in the manner outlined by Foscolos and Barefoot (19 70)

.

The following modifications were introduced into the experi-

mental procedure: 1) samples were fused for 30 minutes and

2) the fusion cakes were agitated in an ultrasonic water bath

for approximately 30 minutes. The latter procedure proved

very effective in ensuring that all samples went into solution

after fusion.

Major element analysis of major components was performed

on a Perkin Elmer 403 Atomic Spectrophotometer. U.S.G.S.

Powders AGV - 1, G - 2, BCR - 1, GSP - 1, PCC - 1, and DTS - 1

were used as reference standards (Flanagan, 1969) . To obtain

aluminum values in the range of the Hayes River lavas, the

following combinations were also prepared: 1 BCR-1: 1 PCC-1,

2 BCR-1: 1 PCC-1, 3 BCR-1: 1 PCC-1, and 4 BCR-1: 1 PCC-1.

In addition, the lack of intermediate values for MgO necessi-

tated the use of 6 internal standards developed from rocks

studied by W. Jolly (1971) .

FeO was deteirmined for 47 of the mafic volcanic rocks

by the titration technique outlined in Shapiro (1967, p. A48) .

As a check on the accuracy of the totals, water and

carbon dioxide were determined for some thirty samples (method

of Shapiro, 1967)

.

The precision of the above analytical techniques was
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established by the preparation of fourteen duplicate samples

as well as by deviations from standard curves. On this basis

the following precision limits (in weight percent) can be

considered when examining the data: SiO„ + 1.0%; Al_0- +

1.0%; Fe^O^ + 0.05%; FeO + 0.05%; K^O + 0.10%; Na-O + 0.10%;

CaO + 0.20%; MgO + 0.30%, Ti02 + 0.10% and MnO + 0.005%.

Appendix 1 lists major oxide values obtained by the

above procedures. Where values for both FeO and Fe„0_ were

determined, these are listed separately; total iron as FeO

is expressed as FeO . The upper half of each page in Appendix

1 lists the actual analytical results obtained, while in the

lower half of each page the results have been recalculated to

one hundred percent minus volatile content. This minimizes

the effect of volatiles, most of which were probably introduced

during metamorphism (Irvine and Baragar, 19 71)

.

High volatile contents (up to 12%) can be ascribed to

the presence of H-O in the crystal lattices of metamorphic

micas, chlorites and amphiboles, and to C0„ in secondary

calcite. A review of recent literature reveals that similar

high volatile contents are reported in analysis from several

other suites of Archean lavas (Beggs, 19 75; Gelinas and

Brooks, 1974)

.

In addition to the above analytical work performed by

the author, ninety analyses completed at the laboratories of

the Geological Survey of Canada on samples collected by

Ermanovics et. al . (1975) from the Bigstone and Stevenson Lake

belts were available. These results were obtained mainly by

XRF techniques. This second batch of data was used strictly

for comparative purposes in the present report.





- 11 -

Terminology

Certain of the terms used in the section on volcanic

geochemistry require definition, to leave no doubt as to the

context in which they are used.

The tholeiitic series of volcanic rocks is characterised

by marked iron enrichment with respect to magnesium in the

intermediate members. Basalts are the predominant component

of this series. Examples of the tholeiitic series include:

ocean ridge basalts (Engel et al., 1965), Hawaiian lavas

(MacDonald and Katsura, 1964) and the Columbia River flood

basalts (Waters, 1961).

Volcanic rocks of the calc-alkaline series are charac-

terised by a predominance of intermediate members and no iron

enrichment with respect to magnesixim (Green and Ringwood,

1968) . A good part of the volcanic sequences of island arcs

are calc-alkaline in nature (Jakes and Gill, 1970).

Inconsistent field characteristics necessitated the use

of SiO- content to subdivide the volcanics. The following

SiO- classes have been adopted (Jakes and White, 1971)

:

Rock Type ^^^2 ^^^^^t Percent

Basalt < 52 %
Basaltic andesite 52 - 56
Andesite 56 - 62
Dacite 62 - 70
Rhyolite > 70 %
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GENERAL GEOLOGY

Geological Setting of the Island Lake Belt

The Island Lake greenstone belt is located within the

Cross Lake subprovince of the Superior Structural Province

of The Canadian Shield (Stockwell, 1964, 1969; Bell, 1970).

This litho-structural division of the northwestern Superior

Province has also been referred to as the God's Lake block

(Wilson, 1971) and the Sachigo belt ( Ermanovics, 1973) .

Long linear volcanic-sedimentary belts with a pronounced

east-west trend are the predominant characteristic of the

Cross Lake subprovince. The greenstones are in part intruded
a

by and separated from each other by abundant gijjiitoid material,

probably of several ages. The northern boundary of the Cross

Lake subprovince is defined by a northeasterly-trending belt

of granulite facies gneiss which also delineates the boundary

between the Superior and Churchill Structural Provinces

(Stockwell, 1969). Other salient features of the Cross Lake

subprovince include (after Bell, 1970): 1) a scattering of

anomalous potassium argon dates ranging between 1.6 3 and 2.4

billion years (see G.S.C. Map 1256A) , which are younger than

those obtained from the rest of the Superior Province; 2) a

proportionately larger aerial distribution of unreplaced

Archean sedimentary and volcanic rocks; 3) a predominance of

potash poor, rhemorphic and anatexic gneiss; and 4) a limited

number and volume of sialic intrusions. The southern boundary

of the Cross Ledce subprovince is marked by a chronocontour,

south of which potassium argon dates are Kenoran (Stockwell,
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1964) . The younger potassium argon dates of the Cross Lake

subprovince are suggested to represent a masking effect of

the Hudsonian orogeny (Bell, 1970) .

General Statement

As outlined in the review of previous work, a major two-

fold stratigraphic division is recognised within the supra-

crustal succession of the Island Lake area. The lower unit

is named the Hayes River Group after Wright (1928) . It

consists of a lower sequence of pillowed to massive, locally

pyroclastic, basalts to andesites. These rocks may be sub-

divided into several cycles of predominantly mafic lavas

followed by those of predominantly intermediate affinities.

Occupying a thin central zone in these rocks are flesic flows

and pyroclastics. All of these volcanics are interbedded with

and overlain by thick sequences of turbidite facies rocks such

as greywackes and argillites.

The upper stratigraphic division in the Island Lake

greenstone belt, the Island Lake "Series" (Wright, 1928)

,

consists of a thick lower unit of conglomerate which is

rhythmically interbedded with coarse sand size material.

This conglomerate unit is overlain by a generally massive,

but locally laminated sequence of thickly bedded arkose.

In addition to the major twofold stratigraphic sub-

division outlined above, there are three other distinct

lithologic components of the Island Lake supracrustal rocks.

These are: 1) coarse-grained gabbroic sills which are generally

restricted in occurrence to the mafic to intermediate members

of the Hayes River lavas; 2) a large serpentine body in the
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western part of the belt; and 3) quartz and/or feldspar

porphyries which appear to be intrusive into both the Hayes

River Group and the Island Lake "Series".

Structural Relationships

The Island Lake greenstone belt can best be viewed as

a large synclinorium, the main axis of which trends west to

west-northwest. The lavas and sediments of the Hayes River

Group have all been isoclinally folded and are steeply dipping.

Near the margins of the belt these rocks generally dip homo-

clinally away from granitoid bodies although some are over-

turned (Herd, personal communication) . Sediments of the

Island Lake Series occupy central zones within the Hayes

River strata (Fig. 1) . Dips within the Island Lake Series

vary from steep to almost nil.

Fyson (in Herd and Ermanovics, 1976) through reconnais-

sance field work and re-interpretation of available maps, has

developed a framework structural evolution for the Island Lake

belt which is summarized in Table 1.

Deformation of the greenstones varies from zones of

intense schistosity to areas in which no macroscopic or

microscopic secondary fabric is recognised. Most of the eastern

part of the belt is remarkably free of deformation (also Quinn

and Meinert, 1956; Fyson in Herd and Ermanovics, 1976).
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Event

Deposition of volcanics and sediments of the Hayes
River Group.

Emplacement of large granodioritic plutons - locally
intrusive into the Hayes River Group.

Uplift and erosion of the plutons, resulting in
deposition of the Island Lake Series.

Further uplift of the marginal plutons resulting in
the formation of steep homoclinal successions of
volcanics and sediments.

Development of F, folds which trend northwest to west,
with steep axial surfaces. These folds die out
against the marginal homoclinal sequences.

Only locally preserved as the planar alignment of
muscovite and chlorite.

Defined by the trace of bedding on S, ; has a low
plunge which suggests S remained horizontal until
^1-

Development of small scale F folds with subvertical
axial surfaces. S_ trends west-northwest to east-
northeast.

Passes into granitoid masses at some localities as a
cataclastic foliation.

Growth of cordierite and biotite at the east end of
Cochrane Bay.

Local open folding F^ about north-northeast vertical
axial surfaces.

TABLE 1

Structural development of the Island Lake greenstone bait as
suggested by W. K. Fyson (in Herd and Ermanovics, 1976)

.
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DETAILED GEOLOGY AND PETROGRAPHY

Hayes River Group

Mafic to Intermediate Lavas

Field Relationships

The bulk of the volcanic rocks of the Hayes River Group

are fine-grained pillowed to massive flows, with locally

thick accumulations of pyroclastic material. These rocks

vary in composition from basalt to andesite, commonly

weathering various shades of drab to dark green to dark grey.

Within some of the thicker units (in particular in the western

part of the lake) medium to coarse-grained gabbroic phases

are developed. Away from zones of intense deformation,

numerous primary volcanic structures are observed. These

include: 1) flow breccias (Fig. 3) ; 2) pillows - many of the

varieties in Schrock's (1936) classification were observed,

such as bun shaped, balloon shaped (Fig. 4) and mattress

forms (Fig. 5) ; 3) lava tubes usually associated with the

pillows and 4) primary pyroclastic structures such as bomb

sags in laminated tuffs.

There appears to be a general absence of amygdules in

the pillowed volcanics (see also Godard, 196 3a) . Observations

in modern pillow forming environments in Hawaii and Iceland

(Jones, 1969; Moore, 1965) suggest a decrease in the size

and number of vesicles with water depth, such that below

depths of two kilometers these structures are virtually absent.
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Fig. 5 - Mattress form basaltic pillow
lava. The largest pillow
measured in this outcrop was
2 m in length. Note the thin
selvages and the absence of
amygdules. (sample site 401
on Fig. 1; GSC 202993-G)
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Application of this analogy to the Hayes River lavas, would

tend to suggest that these rocks were in part extruded at

abyssal depths. Alternatively, a magma deficient in volatiles

may be implied by the absence of amygdules.

In zones of intense deformation, the volcanics exhibit

an extreme schistosity which resulted in the destruction of

all primary features. In some of these zones, the rocks are

entirely altered to sericite and/or carbonate schists. In

many of these more schistose rocks, compositional banding

is present. The bands are defined by: 1) thin lenses of

olive green to light green epidote and/or chlorite in a dark

green matrix of actinolite, chlorite, epidote and albite

(Fig. 6) ; 2) elongate light gray lenses (of varying thickness)

of plagioclase, quartz and epidote in a dark greenish gray

matrix of actinolite, epidote, sericite and sodic feldspar

(Fig. 7) . In many instances it is difficult to unequivocally

state whether this distinct compositional banding is the

result of elemental migrations (metadomains : Jolly and Smith,

1972) or a primary feature such as might result from the

extreme stretching of a heterolithic coarse- grained pyro-

clastic unit (Fig. 8) . Both types possibly exist. All

gradations between strongly schistose metavolcanics and those

which are essentially undeformed are present within the area.

Petrography

All of the basic to intermediate volcanic rocks of the

Hayes River Group are characterised by secondary mineral

assemblages; only a few exhibit relict primary volcanic

textures. The predominant secondary assemblage consists of
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Fig. 6 - Moderately schistose outcrop of mafic
metavolcanics. Note the presence of
compositionally distinct lenses,
(sample site 491 on Fig. 1; GSC 202993-B)

Pig. 7 - Strongly schistose outcrop of metavolcanics
with distinct compositional banding,
(sample site 435 on Fig. 1; GSC 20299 3-C)
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varying amounts of the tremolite-actinolite series (which

here will be referred to as actinolite) , saussurite (in

coarser-grained varieties, individual grains of epidote and/

or clinozosite can often be identified), albite, calcite,

chlorite, quartz and leucoxene, with occasional development

of biotite and rare stilpnomelane. This assemblage is

characteristic of the greenschist facies of regional metamor-

phism (Winkler, 1974; Turner, 1968; Miyashiro, 1962)

.

Locally, near the contact with the surrounding granitoid

rocks, the grade of metamorphism is lower amphibolite facies,

in which hornblende and oligoclase are the diagnostic minerals.

In conformity with current practice in the G.S.C. metamorphic

maps, the terms greenschist and amphibolite facies are used

to include the aureoles.

Microscopically the relict volcanic textures in the

mafic to intermediate rocks can be subdivided into two main

varieties: 1) randomly oriented euhedral to subhedral elongate

laths of clouded (often heavily saussuritized) sodic plagio-

clase in a matrix of actinolite, chlorite, and saussurite

(Fig. 9) . This appears to represent some type of ophitic

to subophitic texture; 2) preferentially oriented tiny euhedra

of extremely elongate laths of platioclase in a very fine

grained dark somewhat amorphous matrix of actinolite and

chlorite. Some of these laths appear to be skeletal in

nature with swallowtail terminations (Fig. 10) . This feature

has been recognised in several mafic lavas in the Canadian

Shield and elsewhere, and is generally attributed to a quench

mechanism (Gelinas and Brooks, 1974). The subtrachytic

alignment of the laths probably represents flow texture (see.
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Fig. 8 - Outcrop of strongly schistose coarse pyroclastic
material. Note the extreme stretching of hetero-
lithic fragments in the plane of schistosity
(sample site 278, GSC-202993-M)

.

Fig. 9 - Photomicrograph' of a relict volcanic texture, defined
by lath shaped phenocrysts of plagioclase in a fine-
grained matrix of calcite, chlorite and epidote (sample
site 425) . Crossed nicols.
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for example, Moorhouse, 1959). These relict primary textures

are only preserved in rocks of the greenschist facies.

Greenschist Facies .

Actinolite is the predominant secondary ferromagnesian

mineral in most of the finer grained mafic to intermediate

volcanic rocks. It occurs in a variety of habits ranging from

single acicular fibres to fibrous aggregates, to single

elongate prismatic grains to prismatic aggregates (Fig. 11)

.

In specimens in which an obvious schistosity was evident, the

long axes of these various forms are aligned in the plane of

schistosity. A definite lineation of the actinolite crystals

is evident, while in samples collected from non-schistose

outcrops the actinolite grains are randomly oriented.

The colour of individual actinolite grains varies from

those which are colourless to pale green to those which exhibit

marked pleochroism with Z green to blue green. As noted by

many authors (Moorhouse, 1959; Miyashiro, 1962; Jolly, 1974;

Winkler, 1974) the more pleochroic varieties of actinolite

are difficult to distinguish from hornblende since in fact

the transition from ferroactinolite to hornblende is more or

less a solid solution series based on increasing aliominum

content (Liou et_ al . , 19 74). In this study, amphiboles with

Z brownish green to brown were arbitrarily called hornblende.

Some of the actinolite grains display colourless interiors

with irregular greenish pleochroic rims. The highest incidence

of these is noted towards the margins of the belt. Shido and

Miyashiro (1959) use similar features as evidence for a

miscibility gap between actinolite and hornblendes in pro-

gressively metamorphosed lavas from the Abukuma plateau.
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Most of the thin sections contain varying amounts of

titanium and iron oxides , usually in various stages of

alteration. In some instances these grains have a simple

alteration halo of leucoxene while in others, they are

altered to a lamellar intergrowth of opaque oxide and

leucoxene

.

Chlorite occurs as fine-grained platy masses, usually

interstitial to actinolite (Fig. 11) . This mineral usually

exhibits a drab green birefringence. There appears to be a

relationship of decreasing chlorite content with increasing

intensity of pleochroic colour in the Z direction in actinolite,

Plagioclase in those specimens in which larger relict

grains are preserved commonly displays Carlsbad and poly-

synthetic twinning. In a few thin sections, sufficiently

preserved and properly oriented plagioclase crystals are

present to permit determination of the An:Ab ratio. In all

of these specimens, the compositions were An_ or less.

Commonly, however, the plagioclase phenocrysts are recrystal-

lized into granular aggregates which vary from those clouded

with saussurite intergrowths to those of a clear untwinned

nature. In some of the more schistose varieties, these

recrystallized polygonized varieties exhibit a dimensional

orientation in the plane of foliation.

The occurrence of various minerals of the epidote

group is widespread throughout the mafic to intermediate

volcanic rocks. Exact identification of the particular

epidote mineral is not possible in most rocks as the mineral

occurs as a fine-grained granular aggregate; the broad term

saussurite is employed. In some rocks, it is possible to
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Fig. 10 - Photomicrograph of small laths of plagioclase
in a fine-grained matrix of chlorite. Note the
sub-trachytic alignment of the laths, (sample
site 419 on Fig. 1) . Crossed nicols.

Fig. 11 - Photomicrograph of a typical greenschist facies
metavolcanic of the Hayes River Group. Note the
fibrous habit of actinolite and the heavily
saussuritized nature of the plagioclase; chlorite
is intergranular (sample site 397 on Fig. 1)

.

Crossed nicols.
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define varying amounts of clinozosite and pistacite.

Commonly the fine-granular saussurite aggregates are pseudo-

morphous after feldspar laths. This relationship would seem

to imply that epidote has been derived by the breakdown of

the anorthite component of an initially more calcic plagio-

clase.

Calcite is rarely present or occurs strictly as a minor

phase (1-2%) in most samples; a few samples contain a

patchy network of up to 45% of this mineral. Although such

high calcite concentrations are usually restricted to the most

schistose rocks, this is not always the case. A sample collec-

ted from site 425 for instance has a good relict texture of

randomly oriented laths of twinned albite in a patchy network

of 45% calcite.

Biotite constitutes a minor phase (3-5%) in a few of

the mafic to intermediate lavas. This mineral occurs as

isolated brown pleochroic flakes and aggregates. Dark

reddish brown spindles of stilpnomelane are observed in a

thin section from station 12 (Fig. 12) . This mineral is

identified by its deep pleochroism (X = Y = dark reddish

brown) and lack of mottled texture in the extinction position.

X-ray studies will be required to determine the exact composi-

tion of this mineral.

The medium to coarse grained gabbroic phases of the

mafic to intermediate volcanic rocks have a secondary mineral

assemblage similar to their finer grained counterparts

(although the obvious difference in grain size results in a

somewhat different texture) . In most thin sections, large,

ragged grains of actinolite are the predominate ferromagnesian
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mineral. Albite occurs as heavily saussuritized elongate

to equant granular masses. Minor aggregates of chlorite

are commonly interstitial to the actinolite, except in the

finer-grained rocks where saussurite ^ epidote and clinozosite

can usually be identified. Again these minerals are intimately

associated with the albite, suggesting all these phases are

the result of breakdown of plagioclase. High concentrations

of Tl-Fe oxides, often altered to lamellar intergrowths of

black opaques in leucoxene, may have resulted from crystal

settling. Most of the gabbroic phases are non-schistose.

Amphibolite Facies .

Relict textures are absent in virtually all samples of

amphibolite facies metavolcanics , which are restricted in

occurrence to certain parts of the margins of the greenstone

belt or near small granitic plugs. The most common texture

is a mineralogical layering defined by alternating lenses

and layers of ferromagnesian minerals along with epidote,

plagioclase and quartz (Fig. 13) . The major mineral constitu-

ent of the mafic layers is somewhat elongate, prismatic grains

of pleochroic hornblende (X = light brown, Y = greenish brown

and Z = brownish green to light brown) ; such grains have a

strong dimensional orientation in the plane of the foliation.

A few flakes of brown biotite constitute a minor phase in

some samples. The felsic layers consist of a granular mosaic

of clear untwinned plagioclase with minor quartz . Individual

grains of quartz and feldspar are usually slightly elongate

in the plane of foliation, with grain boundaries meeting in

irregular triple junctions. Occasional dustings of saussurite

are present in some sections. Black opaque grains with
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Fig. 12 - Photomicrograph of randomly oriented spindels
of stilpnomelane in a medium grained mafic
metavolcanic (sample site 12 on Fig. 1)

.

Uncrossed nicols.

Fig. 13 - Photomicrograph of a strongly foliated amphibolite
facias metavolcanic. Note the development of a
mineralogical layering defined by layers and lenses
of hornblende alternating with plagioclase and quartz,
Only a thin dusting of epidote remains in this slide.
Uncrossed nicols. (sample site 494 on Fig. 1).
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leucoxene halos are sporadic in occurrence

.

In the medium to coarse grained gabbroic phases of the

mafic to intermediate lavas, hornblende occurs as single

prismatic crystals or as prismatic aggregates. Other minerals

are of the same varieties as described above.

Felsic Volcanics

Field Relationships

Felsic rocks are largely restricted in occurrence to a

central zone within the greenstone belt (Fig. 1) . These rocks

have two primary modes of occurrence: 1) as massive lensoid

flows, and 2) as pyroclastic and epiclastic derivatives.

Outcrops of the massive acidic flows display a distinct

porphyritic texture. Both euhedral phenocrysts of plagioclase

and anhedral quartz crystals can be identified with the

unaided eye. When traced out along strike, the porphyritic

felsic flows are found to be lensoid in shape. In zones of

more intense schistosity, these flows have developed a cata-

clastic foliation.

The bulk of the more felsic members occur as fragmental

rocks, which may be subdivided into two main varieties using

the criteria of Fisher (1960, 1961 and 1966) and Parsons (1968)

1) pyroclastic rocks which appear to be a direct accumulation

of volcanic ejecta, and 2) epiclastic rocks, made up of

volcanic debris which has been reqorked by water before final

deposition and consolidation.

Agglomerates, lapillistones and tuffs are the main

lithologies of the pyroclastic suite. These rocks weather





- 30 -

Fig. 14 - Porphyritic dacite overlain by a
laminated to thinly layered epiclastic
sequence (Sample site 272 on Fig. 1;
GSC-202993-0)

.
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varying shades of grey. Stratification is commonly present

at the outcrop scale, and is defined by sharp planar breaks

in particle size; a lapilli size layer followed by a layer

of bomb size material.

The development of secondary textures ranges in these

rocks from extreme deformation in some, to nearly undisturbed,

in which primary textures and structures are preserved in

detail. The strongest deformation occurs near the contact

of the felsic lavas with the granitic rocks ^and is characteri-

sed by the elongation of bomb and lapilli sized fragments in

the plane of schistosity (Fig. 8)

.

Exposures of epiclastic rocks are characterised by

layers of laminations of varying thickness (range from

1 mm to ^ m) and granularity; graded bedding is frequently

evident (Fig. 14) . Such rocks weather light grey in colour

in the more felsic derivatives to varying shades of green

in the more intermediate members. Epiclastic rocks occur in

a variety of associations: 1) interbedded with pyroclastic

units. In one instance an epiclastic volcanic sandstone was

observed to overlie a lapilli tuff; 2) interbedded with more

mafic to intermediate flows; and 3) associated with flyschoid

metasediments. Petrographic examination is required to prove

the epiclastic nature of many units.

Petrography

The massive felsic flow units are usually porphyritic

with euhedral to subhedral phenocrysts of plagioclase and

anhedral, rounded or embayed phenocrysts of of quartz .

Carlsbad emd polysynthetic twinning is present in many of the
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phenocrysts; dustings of sericite, in some cases extensively

developed, are common. The groundmass is characterised by a

fine-grained mosaic of quartz and plagioclase with minor

sericite, chlorite and calcite .

Thin section studies of the pyroclastic specimens

reveal that they consist of angular to siobrounded fragments

of varying size, usually elongate in the plane of bedding.

The framework components are invariably heterolithic in

nature. Angular to subrounded fragments consisting of a fine

granular mosaic of quartz and feldspar characterise the

tuffaceous units. Many of these fragments contain phenocrysts

of quartz and feldspar similar to those described in the

massive felsic flows. Individual framework components are

separated from each other by a matrix of chlorite and/or

sericite .

Metasediments of the Hayes River Group

Field Relationships

Metasediments of the Hayes River Group consist of grey-

wackes, pebble greywackes, siltstones and slates, with minor

arkose and iron formation. Preservation of macro-primary

structures, such as graded bedding and flame structures,

suggest that the bulk of these rocks belong to the turbidite

fades.

Within the western region of the map area, and in

particular where exposed in Cochrane Bay, light grey weathering

beds of greywacke varying in thickness from 2 5 to 65 cm.

alternate with dark grey weathering slates and argillites from
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15 to 20 cm. thick. Graded bedding is common in the grey-

wackes and in at least one locality, flame structures were

observed (R. Herd, personal communication) . The bedding

contacts between the greywackes and slates are sharp with

individual beds having a great lateral continuity. These

observations suggest that such exposures can be described in

terms of the A (greywacke) and E (shale) members of the

classic Bouma sequence and as such may be classified as

proximal turbidites (Walker and Mutti, 19 74) .

At other outcrop localities (sample site 374) , units

of massive greywacke constitute homogenous sequences.

Individual beds are up to 3m thick, with the bedding contacts

defined by an irregular scoured surface. In the absence of

shale partings, such a contact is termed amalgamated after

Walker and Mutti (1974) . The base of individual beds contain

granule to coarse sand sized particles (Fig. 15) , which grade

upward in the coarser fraction. These units are assigned to

the "proximal exotic facies" of Walker and Mutti (19 74)

.

A third type of turbidite facies observed in the Hayes

River Group sediments consists of numerous thin beds and

laminae of sand, silt and clay size material (Fig. 17)

.

Individual beds and laminae do not exhibit the great lateral

continuity characteristic of the more proximal facies described

above. Grading is common in the sand size layers. It may be

possible to describe these sequences in terms of the Bouma

subdivisions of B C D and E. These sequences can be ascribed

to more distal facies turbidites. (Walker and Mutti, 197 3)

.

Macroscopically, the development of secondary structures

is variable in the sedimentary units of the Hayes River Group.
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Fig. 15 - Granule to coarse sand size particles in the basal
portion of a bed of greywacke characterisitc of
the proximal 'exotic' facies of turbidites.
(sample site 374; GSC-202993-I)

Fig. 16 - Isoclinally folded, laminated argillites of the
Hayes River Group, (sample site 370 on Fig. 1;
GSC-202993-E)

.
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Fig. 17 - Thinly bedded to laminated distal
turbidite facies sediments of the Hayes
River Group. In addition note the
presence of numerous closely spaced
ice straie which indent the outcrop
surface, (sample site 367 on Fig. 1;
GSC-202993-A)

.
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In the proximal A-E facies rocks, the A division sediments

are usually undisturbed to only weakly schistose^ while the E

(slate to argillite) division, rocks vary from undisturbed to

those with a prominent fracture cleavage. Rocks of the

proximal exotic facies generally exhibit no macro-secondary

structures. In zones of moderate to intense deformation, a

variety of secondary structures are observed in the distal

facies rocks: 1) small scale isoclinal folds (Fig. 16);

2) the development of moderate to intense schistosity ; and

3) crenulation cleavage. At one locality, distal sediments

are dotted with secondary development of knots of green

actinolite elongated in the plane of schistosity (Figs. 18

and 19)

.

Petrography

Greywackes .

Microscopically, the greywackes of the Hayes River Group

can be subdivided into at least three distinct textural sub-

divisions that appear to reflect progressive metamorphism.

The following divisions are recognised:

1) Sand size grains (generally 1 to 2 mm) of quartz and felds-

par (mostly well-twinned sodic plagioclase ) , angular to sub-

rounded, with the original grain outline still preserved

(Fig. 20) . The average specimen is 65% framework and 35%

matrix. The matrix consists of biotite, sericite and chlorite

with scattered fine grains of secondary quartz and feldspar.

Thus, the primary sedimentary texture is preserved with the

development of secondary minerals in the matrix;

2) Sand size grains in which the angular to subrounded nature
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Fig. 18 - A thinly bedded to laminated sequence of greywackes
and argillites. The numerous tiny black specks which dot the
outcrop are secondary porphyroblasts of actinolite. Note the
presence of graded bedding defined by light gray colours at the
bottom of a bed to dark gray at the top. (Sample site 369 on
Fig. 1; GSC-202-993-F)

.

Fig. 19 - Photomicrograph of a porphyroblast of fibrous
actinolite shown on the outcrop scale in Fig. 18.
Uncrossed nicols.
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is still defined although individual grain boundaries are

coitunonly ragged (Fig. 21) . Some of the feldspars still display

twinning although individual twin boundaries are often

indistinct. Parts of the matrix have been recrystallized to

a granular mosaic of quartz and feldspar. A higher incidence

of undulose extinction is observed in the relict quartz frag-

ments of the framework;

3) Sand size grains of quartz and feldspar with the original

degree of roundness and sphericity now destroyed; the grains

are nearly equant in habit (Fig. 22) . The matrix has been

recrystallized to a fine grained granular mosaic of quartz,

feldspar, chlorite, biotite and sericite. This texture appears

similar to the mortar texture defined by Spry (1969)

.

It should be recognised that the above subdivisions of

greywacke microscopic textures are based on variations

developed during progressive metamorphism and as such are not

absolute but merely transitional groupings; all gradations are

recognised from one extreme to the other. In most rocks,

little or no schistosity is apparent. In the more schistose

varieties, quartz and feldspar develop elongate habits with

their long axes aligned in the plane of schistosity.

In summary, the secondary mineral assemblage of the

greywacke suite consists of sericite, muscovite , chlorite

and biotite with recrystallized quartz and feldspar . Two

exceptions to this consistent mineralogy should be noted:

1) At station 1, garnet was discovered in a specimen of grey-

wacke which is in close proximity to the contact of the

granitoid rocks (Fig. 1) . In thin section the rock appears

to have a compositional layering, which is defined by clear





- 39 -

Fig. 20 - Photomicrograph of a greywacke of the number one
textural subdivision. The sand size grains still
have their original outlines preserved, and there
is only scattered recrystallization occurring in
the matrix (sample site 380 on Fig. 1) . Crossed nicols,

Fig. 21 - Photomicrograph of a greywacke of the number two
textural subdivision. The angular to sub-rounded
nature of the sand size grains is still preserved
although individual grain boundaries are now ragged
(sample site 38 on Fig. 1). Crossed nicols.
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granular mosaics of quartz and feldspar rhythmically alternating

with irregular lensoid patches of biotite, saussurite and

feldspar. The garnet (var. almandine) is idioblastic to

subidioblastic in habit and restricted in occurrence to the

quartz- feldspar lenses. Small clots of chlorite occupy

irregular embayments in some of the garnet porphyroblasts

suggesting the mineral was involved in retrograde metamorphism;

2) At station 369, fibrous clots, elongate in the plane of

schistosity of green pleochroic actinolite, are developed in

a medium-grained greywacke (Fig. 19) . The close proximity of

this outcrop to a small granitic plug, coupled with the

consideration that it probably has a similar quantitative

composition as some of the Hayes River lavas, could account

for the development of this secondary mineralogy.

Pelitic Rocks .

The dominant lithologies are fine grained to very fine

grained argillites and slates with varying amounts of quartz ,

feldspar (mostly sodic plagioclase) , chlorite , sericite,

muscovite and biotite . Most are moderate to strongly schistose.

Primary bedding and laminations are defined by varying

proportions of micaceous minerals to quartz and feldspar.

Cordierite Schist

Field Relationships

An anomalous nodular cordierite schist unit stretches

from the eastern extremity of Cochrane Bay southeastwards to

Irving Lake (Fig. 1). At several sample localities, distinct

rhythmical bedding is still discernable in these rocks. The
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latter is defined by grey weathering, sand sized beds 15 to

30 cm in thickness, alternating with darker, greenish grey

weathering, finer grained beds of similar thickness. Many of

the sand size beds still exhibit relict graded bedding, this

being defined by both a decrease in grain size and a change

in the weathering colouration from light grey in the coarse

grained fraction to progressively darker grey with decreasing

grain size. Cordierite nodules appear to be almost exclusively

restricted in occurrence to the fine-grained dark grey weather-

ing beds.

Cordierite occurs as isolated ellipsoidal grains up to

3 cm, maximum in length. Although a strong shcistosity is

developed within the host rocks, the long axis of individual

nodules appear randomly oriented. Near the shoreline of the

lake, the cordierite nodules stand out in sharp relief with

respect to their encompassing matrix.

The turbidite-like nature of the above metasediments is

suggested by several factors: 1) at stations 43 and 49, beds

of rhythmically alternating greywacke and argillite are

present. These rocks display similar characteristics to the

cordierite-bearing stations except that no cordierite is

present; 2) graded bedding is still defined in the greywacke

beds of most outcrops; 3) the lateral persistence of individual

beds; and 4) the similarity of these lithologies to those

described from the western Cochrane Bay stations. In fact,

it would seem that these beds could be described in terms of

the A-E members of the Bouma sequence and thus considered as

proximal turbidites.

Although similar in lithology to other metasediments of
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the Hayes River Group, Godard (1963a) assigned this band of

cordierite schist to the Island Lake Series. This designa-

tion is not followed here because the sedimentary facies

association of the cordierite schist contrasts sharply with

the arkosic sediments characteristic of the Island Lake

"Series" to be described in a later section.

Petrography

Individual nodules of cordierite are surrounded by a

granular mosaic of fine grained quartz and feldspar with

biotite and varying amounts of chlorite and sericite . The

micaceous minerals usually exhibit a preferential dimensional

orientation. Fine sericite occurs as tiny laths intergranular

between the quartz and feldspar.

What appears to be two generations of biotite are

present in some thin sections: 1) a syntectonic variety of

brown blade-like flakes, all dimensionally oriented in the

plane of schistosity; and 2) a post tectonic variety of much

larger equant plates, usually twinned, with ragged grain

boundaries and poikiloblastically enclosed quartz. Many of

the biotite grains exhibit dark pleochroic halos around

minute inclusions of zircon. Local abundances or deficiencies

of micaceous minerals in the vicinity of cordierite poikilo-

blasts may suggest elemental migration associated with cordier-

ite nucleation. Examples of this relationship include:

1) concentrations of radiating laths of chlorite preferentially

located at the apices of some of the cordierite nodules;

2) abnormally high numbers of sericite grains entirely

encircling the cordierite poikiloblasts.
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Fig. 22 - Photomicrograph of a greywacke of the number three
textural subdivision. This texture is defined by sand size grains
of quartz and feldspar with the original degree of roundness and
sphericity now destroyed; the matrix has been entirely recrystal-
lized to a granular mosaic of quartz and feldspar (sample site 1

on Fig. 1). Crossed nicols.

Fig. 23 - Photomicrograph of an ellipsoidal shaped
poikiloblast of cordierite. Note the irregular isotropic rind
which embays the cordierite (sample site 50 on Fig. 1)

.

Crossed nicols.
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At least two distinct modes of occurrence of the

cordierite are recognised: 1) isolated, ellipsoidal to

spheroidal foirms which range up to a maximum length of 3 cm.

The grain boundaries of individual poikiloblasts are usually

rounded although some of the smaller varieties exhibit the

subidioblastic to idioblastic, pseudohexagonal crystal

outline characteristic of cordierite. Partial sector twinning

was observed in one grain; 2) coccoid or budded forms made

up of two to four subspherical grains in a 'budding' habit

similar to that observed in coccoid bacteria.

Most of the cordierite poikiloblasts have an irregular,

almost isotropic rind along the margins; some of the smaller

grains are composed entirely of such material (Fig. 2 3)

.

The cause of the development of this material is uncertain

although it might represent either a zone of incomplete

nucleation or a retrogressive shadow.

Inclusions usually account for between 35 and 4 percent

of the volume of any single cordierite poikiloblast . The

inclusions identified are as follows: 1) Innumerable tiny

elongate grains of quartz account for 80 to 8 5 percent of

all the inclusions in the cordierite. These grains appear to

exhibit a dimensional orientation paralleling the schistosity

within the rock. Comparison of the refractive indices of the

quartz with that of the cordierite, by the Becke line method,

reveals that the quartz has a consistently higher refractive

index. This relationshipsis indicative of a high MgO/FeO

ratio within the crystal lattice of the cordierite (Deer,

Howie & Zussman, 1967); 2) brown pleochroic biotite. Both

varieties described in the matrix are present although they
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usually occur in somewhat lesser concentrations than in the

host. The large poikiloblasts are concentrated primarily at

the cordierite poikiloblast boundaries; 3) prismatic flakes

or tiny fibers of chlorite; 4) tiny irregular embayed grains

of opaque titanium or iron oxides; and 5) scattered, tiny

zircons with irregular pleochroic halos which vary from

colourless to yellow.

Island Lake "Series"

Conglomerate

Field Relationships

Overlying the Hayes River Group is a thick, light grey

weathering conglomerate unit of the Island Lake Series.

Primary stratification is usually prominent in this unit; it

is defined by planar beds of pebble to cobble size material

rhythmically interlayered with coarse sand size beds. The

size of individual sand and conglomerate beds is variable.

At some localities, very thin beds of conglomerate occur in

thick amalgamated coarse sand beds, while at other localities,

the conglomerate beds thicken to 4 or 5 m with a corresponding

thinning of the interbedded sand size layers.

Sediment size in the framework of the conglomerate is

somewhat polymodal in nature, varying from the occasional

boulder size clast (the largest granitoid clast measured had

a diameter of 1.1 m) to predominantly cobble and pebble sized

material. Within some beds, there is almost a complete

gradation through cobble and pebble-size clasts down to





- 46 -

granule size material. Most of the conglomerate units

observed can be classified as framework supported, although

this is not a universal characteristic. The matrix is

generally composed of a coarse sand of a similar nature to

the interlayered sand units.

Generally there appears to be no well developed clast

fabric in the framework of the conglomerate. An exception

was observed at station 60, where there occurs pebble imbrica-

tion of the type a(p), a(i) in the terminology of Walker

(1975a, 1975b), where a (p) represents clasts with long axes

parallel to current direction and a(i) represents clasts with

long axes imbricate. This fabric has been observed in con-

glomerates associated with turbidites (Walker, 1975a, 1975b)

.

Lithologies of the clasts comprising the framework are

variable; a ratio of 80% granitoid to 20% metasediment and

metavolcanic is fairly common. The granitoid fragments are

usually well rounded (Fig. 24) .and of a fairly high sphericity;

the greenstone clasts are commonly elongate and vary from

rounded to siobangular (Fig. 24) . Common granitoid lithologies

include massive, generally leucocratic quartz diorite, grano-

diorite, diorite and quartz monzonite. Some clasts displaying

well developed gneissosity were noted (Fig. 25) . Greenstone

clasts observed include fine grained, massive to schistose

mafic to intermediate volcanic, finely laminated metasediments

and greywackes (Fig. 24) . Several of these clasts have

developed a 1 to 3 mm. wide dark rind which might represent

a predepositional weathering episode. About 15 percent of the

framework components at station 62 are felsic volcanics; the

significance of this observation will be discussed in the
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section on volcanic geochemistry.

Petrography

Thin section studies of the conglomerate unit emphasized

the matrix and coarse sand size interbeds.

The matrix of the conglomerate consists of sand size

grains which range from fine sand to granule size. The grains

are subrounded to angular and have a variety of shapes from

broadly spherical to elongate. The predominant intergranular

mineralogy of the matrix consists of varying amounts of

chlorite / sericite , minor biotite, Fe-Ti oxides with leucoxene

halos and epidote ; calcite is generally absent although in

some rocks it is abundant. As noted in the greywacke suite

of the Hayes River Group, metamorphism is reflected by pro-

gressive recrystallization of the matrix. At stations 448

and 449, for instance, the intergranular area consists of an

irregular, fine-grained mosaic of quartz and feldspar with

minor mica. Original grain boundaries of the framework

components are now masked by irregular or ragged overgrowths

and many of these grains are in mutual sutured contact.

At station 4 79, secondary pleochroic actinolite is

developed in the matrix of the conglomerate. The actinolite

occurs as elongate prismatic grains in random orientation.

Additional accessory minerals include biotite and chlorite.

This somewhat anomalous mineralogy may reflect heating from

the aureole of the small intrusive quartz diorite plug

exposed at station 481.

The sand sized beds interstratified with the conglomer-

ate consist of a framework of normally sand-sized grains of
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Fig. 24 - Conglomerate of the Island Lake Series. Note the pre-
dominance of well rounded pebbles of granitoid
lithologies over those of metasediments and meta-
volcanics probably derived from the underlying Hayes
River Group (sample site 447 on Fig. 1)

.

Fig, 25 - A well rounded bobble of leucocratic gneiss in the
conglomerate unit of the Island Lake Series
(sample site 447 on Fig. 1; GSC-202993-X)

.
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elongate to subspherical shapes with varying degrees of

roundness. Point count studies suggest that they consist of

approximately 80% framework and 2 0% matrix. A count of 200

points in sample 408 yielded 78% framework to 22% matrix

grains, while a similar count in sample 478 yielded 81% frame-

work and 19% matrix grains. The framework component of these

sand size interbeds consists of 44 to 47% quartz, 43 to 46%

sodic plagioclase, 3 to 11% potassic feldspar, 1 to 2% rock

fragments and up 2.5% detrital biotite. Using the classifica-

tion scheme of clastic rocks established by Pettijohn (1957)

,

these units would be properly termed feldspathic greywackes.

Arkose

Field Relationships

The upper unit of the Island Lake Series is a buff to

greenish weathering arkose. It consists of beds of coarse to

medium sand size grains, varying from 1 to 2 m in thickness.

Because of the monotonous grain size it is often difficult

to distinguish bedding contacts except when they are marked

by pebble horizons or by thin silt size beds and laminae.

Ripple marks, predominantly of the assymetrical type but

locally symmetrical (Fig. 26) are abundant throughout, as is

cross-bedding (Fig. 27) . Load deformation structures have

developed in one sequence of finely laminate to thinly layered

silt and sand-size material (Fig. 28)

.

Petrography

The framework of the arkose, which constitutes 88 to
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Fig. 26 - Asymmetrical ripple marks on a steeply
inclined bedding surface of the Island
Lake Series arkose unit (sample site 451
on Fig. 1; GSC-202993-D)

.
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Fig. 27 - Small scale cross-bedding in an arkosic unit of
the Island Lake Series (sample site 408 on
Fig. 1; GSC-202993-H)

.

4

Fig. 28 - Bedding deformation developed in a thinly
bedded to laminated unit within the Island
Lake Series arkose (sample site 458 on Fig. 1;

GSC-202993-U)

.
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90% of the rock, consists of fine to coarse sand size grains,

varying from subangular to subrounded in outline. Quartz

constitutes 4 8% of the framework, while 43% is plagioclase ,

6% is rock fragments , 2% is potassic feldspar and 1% is

magnetite, (based on 200 point counts of specimen from

station 452) . Quartz grains occur in a variety of types such

as clear grains with simple extinction, grains with complex

sutured extinction and grains with undulose extinction.

Plagioclase grains are generally twinned according to the

albite and/or Carlsbad twin laws with the twin planes distinct;

the occasional deformation twin was noted. Rock fragments

appear to be mbstly of a metamorphic provenance, consisting

of a fine grained mosaic of quartz and feldspar with the

occasional mica grain. Potassic feldspar occurs primarily

as perthitic intergrowths

.

The matrix of the arkose is predominantly siderite;

although the mineral is secondary, it may simply represent

recrystallization of primary material. Lesser amounts of

muscovite , sericite , fuchsite and chlorite are present. It

would appear that the siderite component of the matrix could

account for the buff weathering colour observed at the

exposure. Such an hypothesis is supported by the observation

that at those localities where the weathering colour had

changed to green, a high chlorite content was observed in the

matrix. In thin sections examined, the framework components

still exhibit their original grain outline.
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Quartz Feldspar Porphyry

Field Relationships

Occurring as a late stage intrusive cutting the green-

stones are leucocratic light grey to buff weathering quartz

feldspar porphyries. (Fig. 1) . Phenocrysts constitute between

50 and 60 percent of all samples. Phenocrysts of feldspar

are light grey in colour, varying from subhedral to anhedral

in habit; phenocrysts of quartz are anhedral. The largest

phenocryst size measured was about 12 mm.

An intrusive relationship was observed between this

unit and both the volcanic and sedimentary strata of the Hayes

River Group. Godard (196 3) reported that other similar

intrusive bodies also cut the Island Lake Series. Relation-

ships described in the section on stratigraphic relations

plus a reinterpretation of Godard 's (196 3a) maps, suggest

that these bodies may represent late stage melt phases

associated with the diapiric emplacement of granitoid masses

within the greenstones.

Petrography

In thin section the porphyries consist of isolated

seriate, euhedral to anhedral phenocrysts of plagioclase

with anhedral, often embayed phenocrysts of quartz . The

matrix is a fine-granular mosaic of quartz , plagioclase and

saussurite with the occasional knots of chlorite and sphene .

Many of the feldspars are twinned according to the Carlsbad

and Albite laws. Most of the phenocrysts of plagioclase are

extensively sericitized while others have an irregular rind
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of sericite with a central unaltered area. In addition,

most of the phenocrysts of plagioclase contain fine granular

saussurite; some of the smaller euhedra of plagioclase contain

(up to 20%) tiny elongate patches of clinozosite .

Table 2 presents a chemical analysis, recalculated to

100% minus the volatiles, for a sample of the quartz feldspar

porphyry unit from station 3 3 (Fig. 1) .
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TABLE 2

Chemical composition of the Quartz Feldspar Porphyry unit,
from the analysis of a sample collected at sample site 33.
This result has been recalculated minus volatiles.

Si02
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Serpentinite

Field Relationships

Exposed on several small islands and shoals off the

southern tip of Linklater Island (stn. 14) is a brownish grey-

to greenish grey- weathering serpentinite. On a fresh surface,

these rocks are dark green and generally fine-grained, although

several porphyritic lenses were observed. Irregular, closely

spaced lenses and veins of asbestisform serpentine dissect

many of the outcrops. This body displays a close, spatial

association with a major shear zone (Fig. 1)

.

Petrography

Examination of two thin sections of these rocks reveals

their somewhat variable nature: 1) Section 14a consists of

an aggregate of approximately 80% serpentine flakes, cut by

a mesh-like netowrk of thin calcite veins. From 3 to 4% of

the section is magnetite grains; 2) Section 14b consists of

50% pseudomorphs of olivine replaced by fibrous serpentine

(Fig. 29) . Flaky aggregates of serpentine have developed

between the pseudomorphs. A thin band consists of up to 50%

magnetite grains.

Classi fication

For the purposes of description, Scoates (1971) has

proposed a threefold classification of the ultramafic bodies

of Manitoba: 1) discrete bodies; 2) differentiated layered

sills and bodies; and 3) partially differentiated dykes.

Scoates (1971) classifies the Island Lake ultramafic body as

a discrete type, suggesting it is syntectonic in origin.
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Fig. 29 - Photomicrograph of a specimen from the serpentinite
body. Note the presence of serpentine pseudomorphs
aafter olivine. The scattered opaque grains are iron
and titanium oxides (sample site 14 on Fig. 1)

.

Fig. 30 - The contact of a small quartz diorite plug which
irregularly intrudes the lavas of the Hayes River
Group at sample site 470 on Fig. 1. Note the large
partially recrystallized mafic xenolith.
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Gabbroic Sills

Field Relationships

Dark green weathering, medivun grained to coarse-grained

gabbroic sills are an important component of the Island Lake

greenstone belt (Fig. 1) . The largest of these bodies is

approximately 1 km in width; they generally tend to be elongate

over several km in the direction of regional foliation. Most

of the gabbroic sills are intimately associated with the

volcanic members of the Hayes River Group. On the basis of

extensive observations of field relationships, Godard (196 3a)

suggested that these bodies were probably intruded at about

the same time as extrusion of the lavas.

Although no such relationships were observed in the

current reconnaissance study, Godard {1963a) observed that some

of these sills exhibit mineralogical layering. Nowhere was

the contact between the gabbroic sills and the encompassing

lavas exposed.

Six samples of these sills ( Fig. 1) were collected for

geochemical analyses.

Petrography

Mineralogical relationships within the gabbroic sills

are similar to those described for the mafic to intermediate

lavas of the Hayes River Group. No relict igneous textures

were discovered in the thin sections of members of this suite.
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Stratigraphic Relations

Perhaps the most useful key to unravelling the complex

evolutionary history of most Archean greenstone belts lies in

the careful examination of the nature of the contacts with the

surrounding granitoid rocks. Examinations of portions of this

contact in the Island Lake belt, provided the following genetic

information:

1) On the south shore of Cochrane Bay, the contact between

the Island Lake Series conglomerate (unit 3) and the surround-

ing granitoid terrane is separated by an apparent ancient

regolith (Herd et a]^, 1976) . Similar regoliths occur at

stations 285 and 382;

2) The bifurcating contact between the mafic lavas of the

Hayes River Group and the granitoid rocks of Loonfoot Island

is marked by an intense cataclastic foliation within the

margins of the granitic rocks; this deformation extends

inwards and gradually decreases in intensity across the 150

meters which was exposed. The lavas for up to 3 km from this

contact are heavily fractured and almost totally depleted

in K2O;

3) To the west of Harper Island (stations 470 to 475, fig. 1)|

a small quartz diorite plug irregularly intrudes lavas of the

Hayes River Group along its northern contact (Fig. 30) . On

its southern contact (station 475), the conglomerate unit of

the Island Lake Series is deposited on an irregular weathering

surface of this plug;

4) Another iregular quartz diorite plug at station 481

intrudes both the conglomerate and arkosic units of the Island
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Lake Series. Its aureole is defined by textural readjustment

as well as by the secondary development of hornblende in the

matrix of the conglomerate;

5) Migmatites are developed at the contact between the green-

stones and granitic rocks at the eastern shore of High Rock

Island (Fig. 31)

;

6) The huge mass of granodiorite to quartz diorite south of

High Rock and Grand Islands contains numerous mafic xenoliths

of varying sizes, shapes and degrees of recrystallization. In

addition, xenoliths of gneissic material were observed at some

localities. It is suggested that a great part of this southern

boundary may represent a fault elevated block of lower

(possibly mesazonal) tectonic levels;

7) The greenstone granite contact along the southern shores

of Confederation Island (sample sites 6 to 70) is characterised

by the intrusion of thin (0.3 to 1.0 m.), pinkish coloured

granitic dykes into the lavas. These dykes enter the green-

stones at shallow angles and are locally contorted;

8) The greenstone granite contact around the northwestern end

of Jubilee Island is somewhat irregular, and is defined by

the presence of scattered xenoliths of mafic greenstone

material within the granitoid rocks;

9) As the western contact to the quartz diorite body on

Jubilee Island is approached (Fig. 1) , a thin, concordant,

white weathering quartz-feldspar porphyry sill is encountered.

Continuing towards the quartz diorite, more of these prophyries

are observed, with each successive one increasing in thickness.

The contact between the quartz-diorite and the Hayes River

lavas is sharp and is marked by a moderate cataclastic
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Fig. 31 - Migmatite develof>ed at the contact between the
greenstones and granitic rocks where exposed
on the eastern shore of High Rock Island (sample
site 355 on Fig. 1; GSC-202993-K)

.
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foliation at the margin of the former;

10) Strongly schistose metasediments and metavolcanics are

in sharp contact with granitic rocks in the region of

Waasogomach Bay. At station 282, this contact is broken

by the intrusion of an irregular apophyses of granitic rock

into greenstones.
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METAMORPHIC SYNTHESIS

General

The secondary mineral asseinblages described in the

preceeding section suggest that the Island Lake greenstone

belt is primarily within the greenschist facies of regional

metamorphism,with local upgrading to amphibolite facies

occurring near the margins of the belt. Later intrusions of

small granitic bodies are responsible for the local develop-

ment of assemblages of the hornblende hornfels facies. This

latter distinction is somewhat arbitrary and the regional

terminology is adopted here. Petrographic studies of the

various lithologies within the greenstones suggest that the

mafic volcanic rocks were the most sensitive to the altera-

tions and therefore most accurately delineate the change from

greenschist to amphibolite facies. The following discussion

will be concentrated on the description of that facies as

developed within the mafic volcanics. Brief mention will be

made of the mineralogical phase relations in the pelites and

greywackes. A discussion of the significance of the develop-

ment of the zone of cordierite schist concludes this section.

Metavolcanic Assemblages

For some time, it has been recognised that the transition

from the greenschist facies to the amphibolite facies in

mafic rocks of regional metamorphic terranes is marked by the

more or less simultaneous occurrence of two chemical events

(Hyndman, 1972; Miyashiro, 1961; Liou et al., 1974):
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1) an increase in the Al-0_ content of amphibole. In the

greenschist facies the predominant amphibole is a low alumina

tremolite - actinolite , while in the amphibolite facies,

hornblende with A1_0, greater than 5 % is the common amphibole;

2) an increase in the anorthite content of plagioclase. In

the greenschist facies most plagioclase compositions are less

the An 7, while in the amphibolite facies it is greater than

An 20%. Many authors have used these two criteria alone to

mark the facies transition. In normal petrographic studies,

without the facility of an electron microprobe, it is difficult

to distinguish actinolite from hornblende, particularly since

the more iron rich members of the tremolite-actinolite series

have similar optical properties to some of the common horn-

blendes. Furthermore, in the suite of rocks studied, heavy

saussuritization coupled with the effects of recrystallization

and deformation leave few twinned feldspars for use in

accurate An:Ab ratio determinations. Recent experimental

studies on the transition from the greenschist to the

amphibolite facies in similar rocks, provide additional

insight into the nature of the phase changes involved and

allow the development of supplemental criteria for its

recognition.

Liou et al. (1974) subjected greenschist and amphibolite

contact metamorphic rocks of basaltic compositions to hydro-

thermal experiments for 1 to 2 months over a temperature range

of 400° to 800°C and at a P^ = Pfj^^^^j of 2 and 5 kbs . The

following observations from their study are pertinent:

1) at 2 kb. and 475 C, Fe chlorite appears to become unstable

and decreases in quantity, plagioclase increases in An content
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concurrent with a decrease in the volume of epidote and

amphibole becomes alumina rich (Fig. 32 summarizes these

reactions)

;

2) at 550 C and 2 kb. and 575 C and 5 kb. chlorite disappears

(Fig. 32) . From these studies the authors propose that the

upper boundary of the greenschist assemblages ab + ep + chl

+ act is at 4 75 C while the lower limit of the amphibolite

facies is at 550 C (Fig. 32) . A transition zone of varying

width, depending on bulk composition/ fluid content and f^
°2

occurs between these two boundaries. The generalized

reaction, suggested by Liou et al. (19 74) characterising the

zone in which chlorite progressively decreases is

albite + epidote + chlorite + quartz =

oligioclase + schermakite + magnetite + water

The generalized reaction which characterises the "chlorite-

out" boundary is suggested as

chlorite + sphene + quartz =

aluminous amphibole + ilmenite +- water

Epidote in minor quantities was observed to persist past the

chlorite out boundary, although it had totally disappeared

by 595°C.

On the basis of previous studies, plus the experimental

work reviewed above, the boundary marking the transition from

greenschist to the amphibolite facies in the basic volcanic

rocks of the Hayes River Group was delineated using the

following criteria: 1) the disappearance of chlorite,

2) the dramatic decrease in the abundance of epidote, 3) the

appearance of brown colours in the pleochroic formula of

amphiboles with Z = greenish brown to brown, and 4) the
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appearance of plagioclase with anorthite content greater than

20%.

Table 3 lists the mineral assemblages characteristic of

the greenschist and amphibolite facies basic rocks. A plot

of the distribution of the metamorphic phases (Fig. 33) reveals

that while most of the greenstone belt is of the greenschist

facies, locally near the contact with the margins of the

granitoids the grade rises to the amphibolite facies. The

width of this zone of amphibolite facies ranges from approxi-

mately to 500 m; it is absent where greenschist facies rocks

abut against the granitoids (Fig. 33, station 415). Addition-

ally, hornfelsic halos are developed around small granitoid

bodies which have intruded into the greenstones (Fig. 1)

.

Figure 34 is an ACF diagram of the greenschist facies

assemblages. Each of the points plotted on this diagram

represents the composition of one of the mafic to intermediate

Hayes River lavas. To determine the plotting position of the

whole rock analysis the computations suggested by Eskola (as

outlined by Winkler, 1974) were employed. Table 5.1 of

Winkler (1974) was used to determine the ACF values for the

minerals represented. All of the analysis plot in the

peidote, chlorite actinolite field, a characteristic assemblage

of greenschist facies metamorphism of basic igneous rocks.

Pelitic assemblages

Pelitic rocks, graywackes and other metasediments are

subdivided into two zones within the greenschist facies. The

lower grade zone of the greenschist facies is denoted by the

presence of chlorite and absence of biotite, while the higher
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TABLE 3

Metamorphic Paragenesis of the Island Lake Greenstone Belt

Amphibolite
Facies

Hornblende + Plagioclase + Quartz + biotite

Hornblende + Plagioclase + Quartz + Epidote
+ biotite, sphene

Transitional Plagioclase + Quartz + Epidote + Biotite +
Garnet + Sphene

Greenschist
Facies

Actinolite + Albite + Epidote + Chlorite +
Quartz + Sphene + biotite

Plagioclase + Quartz + Chlorite + Biotite
+ calcite, sericite

Plagioclase + Quartz + Biotite + sericite,
calcite, muscovite

Plagioclase + Quartz + Chlorite + calcite

Albite + Epidote + Quartz + Chlorite
+ calcite, sphene
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+ quartz
+ albite
+ sphene

Epidote

Chlorite

Actinolite

Fig. 34 - Greenschist facies, Hayes River basic to intermediate
volcanic rocks. ACF diagram for rocks with excess SiO„
Mineral compositions after Winkler (1974) . Each
solid dot represents a plot of a whple rock analysis
from this suite.
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grade zone is distinguished by the appearance of biotite.

Figure 33 shows the distribution of these phases in the study

area; Table 3 lists the diagnostic mineral assemblages. This

somewhat artificial breakdown into a chlorite and biotite zones

must be approached with some caution because: 1) the grade

at which biotite first appears depends at least partially on

the magnesiiam content of chlorite (an iron rich sediment will

develop biotite earlier (Winkler, 19 74) than one with a higher

magnesium content) and the potassium content of the whole rock

(a rock with a very low K„0 will not develop biotite at all)

,

2) the reacionts leading to the formation of biotite are not

clearly understood (Winkler, 1974) .

The occurrence of garnet in one greywacke sample from

near the margin of the belt (Fig. 33) appears to be diagnostic

of an assemblage of the upper greenschist facies. More

detailed compositional studies both of this garnet and of the

associated plagioclase will have to be completed to determine

if its occurrence can be used to mark the transition from the

greenschist to the amphibolite faces as is done in other

greenstone belts of the Archean of Manitoba (McRitchie, 1971a,

1971b)

.

Cordierite Schist

The random orientation of nodular poikiloblasts of

cordierite in a strongly schistose metasediment suggests

that its formation occurred after the main deformational

events (D. and D^ of Fyson in Herd and Ermanovics, 1976).

Further, the suggested high MgO/FeO ratios in the crystal

lattice of the cordierite, coupled with the absence of garnet
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in these schists, supports a low pressure environment of

formation (Winkler, 1974) . Godard (1963a) reports the co-

existence of garnet and cordierite in some outcrops in this

belt, an observation that indicates somewhat higher pressures.

Because no garnet was found in the detailed sampling at the

eastern end of the belt, the first appearance of garnet may

occur more towards the southwest (Fig. 1)

.

Summary

In summary, the greenstones of the Island Lake belt are

predominantly of the greenschist facies , with local upgrading

to amphibolite facies occurring near the margins of the belt

(Fig. 33) and in the vicinity of small granitic plugs. This

distribution of metamorphic facies would appear to be somewhat

different from that reported for other greenstone belts in

the Archean of Manitoba where all greenstone granite contacts

are reportedly in the amphibolite facies (McRitchie, 19 71b)

.
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VOLCANIC GEOCHEMISTRY

General

Of the initial 92 analyses of volcanic rocks completed,

34 were eliminated as a result of suspected chemical changes

during metamorphism. Two criteria were used in the filtering

process to eliminate the more highly altered samples: 1) thin

section studies; specimens showing the development of meta-

domains (abnormal concentrations of one or two minerals) were

eliminated; 2) deviation from standard variation diagrams;

phases which showed anomalous large displacement from normal

suite trends on Harker diagrams were eliminated (Fig. 35) . In

this respect the greatest fluctuation was observed in the

alkalis, a trait which seems common in moderately metamorphosed

lavas from Archean terrains (Condie, 1975; Jolly, 1975).

The fluctuation in alkali values rendered the use of

normative calculations somewhat suspect. Rather than the

use of norms to subdivide the lavas (as suggested by Irvine

and Baragar, 1970) , the arbitrary SiO„ classes defined earlier

in the text were employed. Also, because of the somewhat

variable nature of the alkali components (Fig. 35), traditional

techniques of analysing the geochemical data (i.e. A F M

diagrams, alkali vs SiO„ variation diagrams, etc.) must be used

with caution. A review of the literature reveals that TiO_,

MnO, A1_0^ and FeO/MgO were also good discriminates for

interpreting the volcanic geochemical data.
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Tholeiitic Suite

To review, the tholeiitic fractionation trend is

characterised by marked iron enrichment in the intermediate

members (Carmichael, 1964). Basalts, basaltic andesites, and

andesites are the predominant lava types of the tholeiitic

suite (Fig. 36, Table 4) of the Hayes River Group. A plot

of FeO vs MgO (Fig. 37) denotes the strong iron enrichment

trend for these lavas. This iron enrichment trend is not as

pronounced as that reported by Jolly (19 75) for the tholeiitic

rocks from the Abitibi area of Ontario, although a somewhat

decreased iron enrichment trend was observed in the lavas

transitional to the overlying calc-alkaline suite. The trends

of high iron enrichment of tholeiitic flood basalts from

Thingmuli Iceland (Carmichael, 1964) and moderate iron

enrichment characteristic of arc tholeiites from Talasea

(Lowder and Carmichael, 1970) are plotted on Figure 37 for

comparative purposes. Data points for most of the Hayes

River tholeiites plot between these curves.

TiO- values for basalt from the Hayes River tholeiitic

suite average 1.95 weight percent, while those for basaltic

andesite average 1.83, and those for andesite 1.95. These

values are conspicuously higher than those reported for

Archean tholeiitic basalts from South Africa and Western

Australia (Glikson, 1971; see Table 5), the Yellowknife lavas

(Baragar (1966) and Knee Lake (Green, 1976) . Similar Ti02

values are reported for the tholeiitic suite of the Abitibi

Subprovince (Baragar, 1968; Jolly, 1975)

.

Chayles (196 4) observes that TiO- content is perhaps one

of the most useful factors in discriminating oceanic island
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Table 4 Average Compositions of Hayes River Volcanic Types
in weight percent. All values have been recalculated
less volatiles.
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tholeiites from those of circumoceanic affinities. Engle

et . al . (1965) report an average TiO„ content of 1.51 for

oceanic tholeiites dredged from the Atlantic and Pacific

rises; an average value of 2.52 is reported for basalts from

the oceanic islands. Basalts from the modern arc tholeiitic

association of Talasea, New Guinea, generally have TiO„

contents of less than 1.0 weight percent. Comparable TiO„

contents to those of the Hayes River suite characterise the

continental tholeiites of which the Columbia River flood

basalts are a prime example (Waters, 1961).

The average aluminum content for basalts from the

tholeiitic suite of the Hayes River Group is 14.3 weight

percent (Table 4); averages of 14.5 and 13.8 characterise the

basaltic andesites and andesites respectively. This low

aluminum nature appears to be a common characteristic of

Archean tholeiites as similar values are reported from the

Yellowknife Group (Baragar, 1966) , Abitibi (Baragar, 1968;

Jolly, 1975) , ten areas in the Canadian Shield (Wilson, 1965)

and several representative suites from South Africa and

Australia (Glikson, 1971) . In terms of comparison with modern

analogues, these low aluminum values seem comparable to those

reported by Chayles (1964) for certain members of his oceanic

suite, examples of which include the Hawaiian Islands (MacDonald

and Katsura, 1964) and Iceland (Carmichael, 1964)

.

Manganese oxide in the tholeiitic basalts of the Hayes

River Group averages 0.2 7 weight percent. Averages of 0.2 4

are characteristic of both basaltic andesite and andesite.

These values are generally higher than those reported for

tholeiitic suites from Australia and South Africa, (Glikson,





- 78 -

1971; see Table 5) . Similar MnO trends are reported from

the tholeiitic suite of Abitibi (Baragar, 1968; Jolly, 1975).

Calc-alkaline Suite

A straight line plot of FeO vs MgO is the defining

characteristic of the calc-alkaline igneous series, (Green

and Ringwood, 1968; Smith and Carmichael, 1968) . Fig. 38

shows such a trend for certain of the lavas of the Hayes River

Group. This trend is comparable to that reported by Jolly

(1975) for the primitive calc-alkaline suite of the Abitibi

subprovince. Both of these Archean trends have a somewhat

shallower slope (Fig. 38) than that of the definitive trend

for the Cascades.

The TiO- content of the calc-alkaline suite averages

1.38 weight percent for basaltic andesite, 1.3 7 for andesite,

0.81 for dacite and 0.78 for rhyolite. The discriminating

power of Ti02 as a tool in differentiating members of the calc-

alkaline suite (lower relative values) from those of the

tholeiitic suite is particularly obvious in classes present in

both suites, basaltic andesite and andesite; see Table 4

and Fig. 36. Ti02 contents similar to those of the Hayes

River suite are reported from calc-alkaline rocks of the

Yellowknife Group, (Baragar, 1966) , Abitibi (Jolly, 1975) and

10 greenstone belts from the Superior province (Wilson, 1965)

.

The lavas of the Hayes River calc-alkaline suite are

slightly enriched in Ti02 in comparison with the calk-alkaline

rocks of the island arc environment (Jakes & White, 1972)

.

The MnO contents for members of the calc-alkaline suite

average 0.22 percent for basaltic andesite, 0.16 for andesite.
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0.06 for dacite and rhyolite. As was observed with TiO_

,

MnO appears to be a good supplemental indicator of calc-

alkaline (lower relative values) or tholeiitic suite affinities

(Fig. 36; Table 4)

.

Aluminum oxide content averages 15.8 weight percent for

basaltic andesites, 14.6 for andesite, 15.8 for dacite and

13.2 for rhyolite in the calc-alkaline suite. In general

these values are of a slightly higher range and therefore plot

distinctly from those of corresponding SiO_ content from the

tholeiitic suite. Comparable aluminum values are reported by

Wilson (1965) for the averaged compositions of lavas from 10

greenstone belts in the Canadian Shield, and by Baragar (1966)

from the Yellowknife calc-alkaline suite; those reported by

Baragar (1968) and Jolly (1975) from the Abitibi area appear

to be slightly higher.

Jakes and Gill (1970) note that the calc-alkaline

suite of modern island arcs is high in Al„0- with averages

of not usually less than 16.0 percent and not higher than

17.5. High aluminum values are also characteristic of the

calc-alkaline suite of continental margins such as the Cascades

(Smith and Carmichael, 1963; Hyndman, 1972)

.

Transitional Lavas

It should be recognised that in the previous summary,

the averaged characteristics of each suite have been illustrated.

Some lavas which have been arbitrarily assigned to a particular

suite are in fact transitional in nature between the two.

Transitional lavas are defined by data points which fall off

the normal calc-alkaline trend in the FeO-MgO variation
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diagram for the tholeiitic suite. In fact it would appear that

with increasing stratigraphic height, the normal tholeiitic

trend becomes increasingly depressed.

Synthesis

In summary then, the lavas of the Hayes River suite are

subdivided into a primitive tholeiitic suite and a primitive

calc-alkaline suite with some members seemingly transitional

between the two

.

Table 4 presents averaged analyses for the various

classes of each suite. A plot of lava type and suite affinities

on the geology map of the Island Lake area (Figs. 36 and 39)

suggests that a complex mixing of the two suites exists.

Initial interpretations tend to suggest the presence of

several cycles of tholeiitic and calc-alkaline volcanism.

An individual cycle in the tholeiitic lavas is charac-

terized by basalts to andesites; lower cycles in the calc-

alkaline suite generally range from basaltic andesite to

andesite in composition; a thin unit of felsic rocks of calc-

alkaline affinities occupies a central zone in the greenstone

belt (Figs. 36 and 39) . In a broad sense then, it would appear

there is an overall evolution in volcanism from lavas of

primarily mafic to intermediate characteristics lower in the

pile, to more fielsic derivatives at higher levels.

Gabbroic Sills

Two of the six analyses of the gabbroic sills had to be

eliminated because of their sever ly altered nature. The

remaining four analyses are listed in the appendices.
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A plot of these four analyses on a Harker variation

diagram (Fig. 35) denotes enrichments of depletions in various

phases for each of these samples. Field relationship described

in the section on General Geology suggests mineralogical

layering is common in the sills; the variations in the Harker

diagram (Fig. 35) seem to reflect this acciamulative aspect.

In Figures 37 and 38, FeO vs MgO relationships for the gabbroic

sills are compared with those of the calc-alkaline and

tholeiitic suites. Even with the few number of analyses

presented, the similarities in trends is obvious.

Although much more detailed studies will obviously be

required, it is suggested that the gabbroic sills probably

represent high level magma holding chambers for the lavas of

the Hayes River Group.

Petrogenetic Considerations

Interpretation of the geochemical data for the Hayes

River lavas, in terms of a petrogenetic model, is hampered by:

1) sparse preservation of any primary phases or textures; and

2) the secondary nature of the alkali contents, which prevents

effective use of normative calculations. On the positive side

however, certain trends and tendencies within the lavas do

provide an insight into their genesis: 1) the cyclical nature

of volcanism; 2) the general progression of volcanism with time

from mafic to felsic in nature; 3) the low aluminum content of

the tholeiitic suite; 4) the presence within the lavas of thick

coarse grained gabbroic sills of similar chemical affinities;

and 5) high FeO/ FeO + MgO ratios for both suites.

Numerous theories have been proposed to account for the
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origin of volcanic rocks of tholeiitic and calc-alkaline

affinities. The reviews of O'Hara (1965, 1968) , Green and

Ringwood (196 7) and Hyndman (1972) are particularly enlighten-

ing on the various theories of genesis of the tholeiites;

summaries by Green and Ringwood (1968) , O'Hara (196 8) and

Hyndman (19 72) , elegantly review the thesis on the genesis of

the calc-alkaline suite. These papers provide the following

insight into the petrogenesis of the Hayes River volcanics:

1) the initial source of tholeiitic magma probably resulted

from some type of partial melting event within the mantle

(numerous geophysical studies reveal that the mantle is the

source of virtually all tholeiitic volcanic activy, i.e. Eaton

and Murata (1960) document the classic work carried out in

Hawaii in this respect) ; 2) this melting event, or at least

the fractional crystallization of the melt occurred at shallow

depths. Evidence for this is suggested by: i) the low aluminum

nature of the tholeiites (Green and Ringwood, 1968, have

demonstrated that past 15 km, plagioclase becomes ynstable

resulting in the formation of high aluminum basalts) ;ii) the

absence of any lavas with alkaline affinities (O'Hara (1968)

has demonstrated that pressure and thermal divide constraints

require lavas to be derived from great depths) ; iii) a high

FeO/FeO + MgO ratio (this can be attributed to a period of

olivine fractionation; Glikson, 1971) ; 3) iron enrichment

with respect to magnesium in the mafic to intermediate members

of the tholeiitic suite is caused by low or decreasing P-. ,

"2
which seem to imply a dry magma (Osborn, 1959, 1962) , or one

with a high CO- vapour content (Bottcher, 1975) ; 4) conversely,

no marked iron enrichment in any of the members of the calc-
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alkaline suite is indicative of a high constant p„ COsborn, 1959,
2

1962) with continuous fractionation of magnerite

.

Compilation of the above conclusions suggests the following

generalised model of volcanism for the Island Lake greenstone

belt:

1) A partial melting event in the mantle caused the for-

mation of an initially anhydrous melt, the 'parental magma';

2) As this melt slowly rose to shallow depths, fractionation

resulted in enrichment in TiO„ in the residual liquid;

3) In shallow magma chambers (the thick gabbroic sills)

,

fractionation continued causing a removal of some plagioclase

and resulted in an initial pulse of low alumina tholeiitic

basalt;

4) Contamination of the margins of the magma chamber

by wet sialic material (primitive crust?) caused an increase

in P and resulted in the emanation of mafic to intermediate
^2

calc-alkaline lavas;

5) Continued pulses of the tholeiitic parental magma

were responsible for a cyclical nature to steps 3 and 4;

6) With a cessation of supply of 'dry' parental magma

fractionation of the residual melt resulted in a final pulse

of felsic effusives.





CONCLUSIONS

Evolution of the Island Lake Greenstone Belt

The lithologic, geochemical and metamorphic relation-

ships described above, allow the formulation of a preliminary

model for the evolution of the Island Lake greenstone belt.

The following sequence of events is recognised:

1) The first rocks preserved in the area resulted from

the widespread subaqueous effusion of mafic to intermediate

lavas of complex affinities. This corresponds to the 'Platform

stage' recognised by Goodwin (196 8) for most greenstone belts.

Initial interpretation of the chemical data suggests

that volcanism was probably initiated by a melting event at

high levels within the mantle. The alternating tholeiitic and

calc-alkaline nature of the lavas seems to imply a rhythmical

sequence of magma generation, differentiation and expulsion.

The presence of several large differentiated sills within the

lavas with identical characteristicp, can be used as evidence

for near surface magma chambers.

The paleobasement of the Platform stage has not been

recognised; evidence as to the nature of basement is contra-

dictory: 1) the general absence of amygdules in the pillow lavas

suggests emplacement at abyssal depths such as those of present

ocean floors; 2) conversely, several outcroppings of tonalitic

gneiss in close proximity to the greenstone granitoid contact,

plus the presence of gneissic clasts in the Island Lake

"Series" conglomerate, might suggest an initially sialic

basement;

- 85 -





- 86 -

2) The ciJiaulation of volcanic activity was marked by

the eruption of calc-alkaline felsic volcanic rocks, the bulk

of which were pyroclastic in nature. The more or less rest-

ricted occurence of the felsic rocks to thin linear zones,

suggests that they were emplaced along a chain of eruptive

centers rising above the Platform stage. Goodwin (1968) has

termed this the 'Edifice stage' in the evolution of Archean

greenstone belts;

3) The volcanic phase was followed by the deposition

of thick sequences of greywacke, siltstones and argillites.

Preservation of primary sedimentary structures suggests that

the bulk of these strata can be classified as various mem-

bers of the turbidite facies. Turbidite sedimentation was

in part contemporaneous with volcanic activity as is eviden-

ced by lateral facies changes from volcanic rocks to sediments.

These events, Goodwin (1968) has labelled the 'Erosional stage'.

4) The intrusion of granitic masses into the margins of

the greenstone belt. Stratigraphic and contact relationships

imply that this was a long and varied process. It is suggested

that the thick supracrustal succession that was developed in

steps (1) to (3) may have begun to sink back into the mantle

because it was of a higher density than the basement strata

upon which the sequence was resting. This downward settling

of the pile may have initiated folding within the supracrustals

,

as well as causing doming of the surrounding sialic bodies.

At least three distinct modes of emplacement are recog-

nised for the granitoids: 1) as cold diapirs - these are def-

ined by: i) the presence of an intense cataclastic foliation

in their margins near contacts with the greenstones, ii) knife

sharp contacts with the greenstones, and iii) greenschist facies





- 87 -

assemblages in lithologies in direct contact with these bodies;

2) diapirs which were ballooned upwards by the intrusion of a

melt phase. Contacts between these bodies and the greenstones

are characterised by thin granitic dykes or quartz feldspar

porphyry phases. Metamorphic assemblages are still of the

greenschist facies; 3) Smaller granitic plugs which were

characterised by a melt phase. Contacts between these bodies

and the greenstones are irregular, with the marginal granitoid

rocks containing many mafic xenoliths. Greenstones in the

vicinity of these bodies are upgraded to amphibolite facies

assemblages

.

5) The formation of sialic massifs surrounding the

greenstones initiated renewed erosional activity resulting in

the deposition of the Island Lake Series conglomerate. These

coarse clastic sediments are composed predominantly of granitoid

clasts. As denudation of the granitoids culminated, sediment

size decreased and sediment reworking was initiated. The

arkoses of the Island Lake "Series" were deposited.

6) Structural activity on both a local and regional

scale occurred throughout a good portion of the events outlined

in the previous paragraphs. Fyson (in Herd and Ermanovics,

1976) suggests that the main deformational events may have

postdated most of the granitoid activity.
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Comparison of the Island Lake Greenstone Belt with Possible
Modern Analogues

In attempting to find a modern analogue to the Archean

greenstone belt, many investigators have directed their com-

parisons towards either Cenozoic island arc systems (White,
i

Jakes and Christie, 1970) or oceanic tholeiites (Glikson, 1971) .

The following account provides a brief overview of the

'typical' features of modern island arcs and abyssal tholeiites,

comparing these with the Island Lake greenstone belt.

Magmatic arcs occur at the compressive margins of

major plates. There are two broad structural classes of

magmatic arcs (Dickinson, 1974): 1) continental margin, and

2) intraoceanic. Only the latter type will be considered

in this summary, as the facies association of modern con-

tinental margin arcs (i.e. the Andes) are atypical of most

Archean greenstone b^lts.

A mature magmatic arc complex includes: 1) volcanic

rocks, 2) syngenetic plutonic rocks, 3) volcaniclastic sed-

iments, and 4) metamorphic root components
. (Dickinson, 1974).

Island arc complexes are characterised by the explosive

eruption of predominantly andesitic magmas of calc-alkaline

affinities; in young or emergent island arc complexes (Tala-

sea. New Guinea for instance; Lowder and Carmichael, 1970)

pillowed to brecciated lavas of the moderate iron enrich-

ment ' arc tholeiite ' series predominate. There appears to

be a general and orderly progression in the nature of vol-

canism from tholeiitic through calc-alkaline to shoshonitic.

This distinct chemical variation in the nature of volcanism

varies laterally away from the subduction zone as well as
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with stratigraphic height.

Chemically, the 'typical' island arc tholeiite is

characterised by: Al which ranges from 14 to 17.5 weight

percent, a combined NaO + K^O content of less that 4%, TiO„

less than 1 % and moderate iron enrichment with respect to

magnesium (see trend of Talasea on Fig. 37). In the 'typical'

arc calc-alkaline suite: A1„0- is high, ranging from 15 to

19%, total alkali content increases, TiO„is low and there

is little or no iron enrichment with respect to magnesium.

Rocks of basaltic compositions are the predominant component

of the 'arc tholeiitic' suite, while andesites are the

most abundant rock in the calc-alkaline arc suite.

A review of the average chemical traits of the lavas

of the Island Lake greenstone belt (Table 4) reveals that:

1) the members of the tholeiitic suite are conspicuously

lower in Al-0_ and CaO and higher in TiO_ and MnO (compare

Table 5) than 'arc tholeiites'; 2) the members of the calc-

alkaline suite are lower in A1„0_, and higher in CaO and

TiOp/ while being comparable in MnO.

The sedimentary budget of the magmatic arc is dom-

inated by volcanic detritus. Dickinson (1974) recognises

three genetic types of facies within a mature arc site:

1) the central eruptive facies - this constitutes the im-

mediate area around the volcanic centers, being characterised

by sediments interstratified with both lavas and pyroclastic

derivatives; 2) the dispersal facies, which ranges from

fluviate sediments to those of proximal turbidite associations

(i.e. proximal exotic facies , resedimented conglomerates

etc.; Walker, 1975a, 1975b; Walker and Mutti, 1973).
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3) basinal facies, in which turbidite derived submarine

fans are the main depositional association.

Components of each of the sedimentary facies des-

cribed above were recognised in the metasediments of the

Hayes River Group.

On the basis of seismic evidence, the deep ocean

floor is thought to be underlain by three layers : (Christensen, 1970)

1) Layer 1 is thought to consist primarily of unconsolidated

sediment. This division is absent from the crests and flanks

of oceanic ridges; in areas of older ocean floor, removed

from active spreading centers, this unit may be several

kilometers thick. Much of the sediment deposited on the

deep ocean floor can be derived from continental detrius.

2) Layer 2 is believed to be composed mostly of basalt,

although it may include some sediment (Christensen, 1970).

Where exposed at mid-ocean ridges, this unit consists

primarily of pillowed to brecciated basalt. Characterised

by low total iron, K-O and TiOj/ and high CaO , (Table 5) lavas of

this association are known as oceanic or abyssal tholeiites

(Engel et al. , 1965)

.

3) As it is nowhere exposed, the exact nature and composition

of Layer 3 ,has been the subject of a great deal of speculation.

Basalt, peridotite and amphibolite have all been suggested

as possible components of this unit (Christensen, 1970)

.

The basalts of the tholeiitic suite from the Island

Lake greenstone belt are quite dissimiliar from those of

abyssal basalts . (compare Tables 4 and 5).

In summary, the genetic facies associations of the

Island Lake greenstone belt are similiar to those found

in modern island arcs. Although the lavas of the Hayes River
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appear to change from tholeiitic to calcalkaline with

stratigraphic height, each of these primitive suites is

chemically distinct from their counterparts in modem island

arcs. Perhaps a chemical evolution of the upper mantle

could account for these differences.
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Recommendations

Perhaps one of the most significant goals of any broad

geological study is to outline those areas where more detailed

studies would be most beneficial. The following recommendations

are made for future studies in the Island Lake belt:

1) A detailed interpretation of the structural history

of the entire greenstone belt, extending upwards of others,

such as Fyson (in Herd and Ermanovics , 1976)

.

2) Facies studies of the sediments of both the Hayes

River Group and the Island Lake Series. Objectives of such a

study should include delineation of the basin of deposition,

provenance of the sediments and the nature of the contact

between the Hayes River Group and the Island Lake Series.

In this regard, chemical studies might prove of value as

provenance indicators.

3) More detailed chemical studies of both the Hayes

River lavas and the associated gabbroic sills. Studies of

the lavas might include trace element geochemistry which

appears to be a useful tool for identifying altered Archean

lavas (Condie, 1976). Closely spaced sampling across the

gabbroic sills might yield useful information on near surface

fractionation processes.

4) Microprobe studies of the secondary mineral assem-

blages, especially those involved in the transition from the

greenschist to the amphibolite facies. Such analysis would

help confirm the relationships suggested in the current study.

5) A complete and thorough examination of the contact

between the greenstones and the surrounding granitoid terrain.

As suggested by cursory observations recorded in the section
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on stratigraphic relations, a key to a good portion of the

history of the belt is obscured by these contacts.
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APPENDIX I

Data From Whole Rock Analyses

Note: in the tabulated data which
follows, rock types are represented
by abbreviations:

tbas = tholeiitic basalt
tband = tholeiitic basaltic andesite
tand = tholeiitic andesite
cband = calc-alkaline basaltic andesite
cand = calc-alkaline andesite
cdac = calc-alkaline dacite
crhy = calc-alkaline rhyolite
gph = gabbroic phase
gbsil = gabbroic sill
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