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ABSTRACT

The Thompson Nickel Belt is a tectonic mobile belt'éhat
lies in a northeasterly direction on the ' boundary between
the Churchill and Superior Provinces in north-central Mani-
toba. Abundant sill-like bodieé of serpentinized ultramafic
rocks, associated with nickel sulfide deposits, are found on
the western side of the Thompson Nickel Belt near the Moak-
Setting Lakes cataclastic fault zone, The ultramafic rocks
range in composition from dunite to orthopyroxenite. all
feature wvariable alteration. Common mineral assemblages
are : Ol+Opx+Tr+Sp; Opx+TE+Sp+Phl (in order of decreasing
modal amount). Ultramafic rocks in the Thompson Mine were
found to.be partly altered prior to being progressively me-
tamorphosed under upper amphibolite facies conditions. The
maximum temperature reached during metamorphism is estimated
toc have been 700°C. Rocks were deformed during meétamorphism
and were subsequently recrystallized, which resulted in the
formation of equigranular mosaics of olivine neoblasts. As
a result of a.retrogressive metamorphism, following prograde
metamorphism, rocks were serpentinized to various degrees.
This second stage of sérpentinization is believed to be res-
ponsible for the pervasive dserpentinization that affected

-the majority of ultramafic rocks in the belt.

_iv_



These complex events, however, do not 'seem to have af-

fected the chemistry of some of the bodies, especiallyxgpose

: ' N
that were slightly altered or unaltered during the retro-

gressive metamorphism. Chemical variation across the bodies
ig suggestive of in-situ differentiation that is controlled
mainly by olivine and ofthopyroxene.' Thus it is s@ggested
that relative abundances of some elements, incompat{ble for
olivine and orthopyroxepe, should represent original liquid
composition; this liquid being kematiitic.

T

Both ,uitramafic and mafic focks are petéégenetically
linked. It is believed that a high degree of partial melt-
ing of mantle material an{ subsequent low-pressure crystal
fractfonation are responsible for the spectrum:)of composi-

tions from ultramafic to mafic.

"Parallel to the Thompson Nickel Belt, northeasterly
trending Cuthbert Lake dikes of ultramafic to mafic composi-
tions cut the Pikwitonei gneisses which constitute the nor-
thwesterﬁ edge of the Superior Province in norfh-central
Manitoba. The major Cuthbert Lake dike is approximately 60
meters in width and can be traced approximately 160 km along

its length,

These dikes are laterally differentiated; that is, the
modal amQunt-of olivine shows an increase vhereas plagioc-
lase decékhses toward the dike center. This feature is pro-

bably due to flowage differentiation. ’ Moreover, Mg/(Mg+Fe)



tic liguids. These differing liguid compesitions probably-

.

ratios of olivines and of the bulk rock increase from the

dike margins inward. .

Bulk chemistry of the dike rocks iS‘éontrolled mainly by
olivine. The crystallization sequence, at 1 atm pressure,
is:. 0l, Cpx, Opx, Pla.” At highe;\bréssures orthopyroxene
crystallized before clinopyroxene since the :or;hopyroxene

étability field expands at the expense of cliﬁopyroxeﬁe {and

plagioclase). Equilibration of orthopyroxene and cli%opy-
. (

‘“rqxene was reached at 1150°C,

Thé‘liquid composition of major dikes is regarded as ko-

matiitic. Minor dikes were’formed from more evolved basal-

resulted from fractional crystallization processes that took

place in a subcrustal magma *chamber.

N

e

‘- - vi -
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Chaptér I
INTRODUCTION
1.0.1 Previous Study
. \
The Thompson Nickel Belt, containing important nickel

sulfide deposits, lies on the boundary between the Churchill
and Superior Provinces; therefore, the belt is structurally
and economically important. For these reasons, the belt has
been mapped in detail and various geological aspects have

been studied. \

A brief regional geology accompanied by a compilation map
is given in Coats et al. (1972). Wilson & Brisbin (1961)
considered the belt as a remnant root of an island-arc or
alpine mountain belt. According to Bell (1971), the belt
could be 1) an autochthonous slice from the Flin Flon sub-
province, 2) a horst of Archean basement underly?né the
Churchill Province, or 3) an Archean allochthon related to
- ‘the Pikwitonei-Superior continental block. Peredery (per-
son. comm., 1980) interprets the belt as a long graben-like

structure, favouring the third possibility of Bell (197{).

Previous studies concerning the ultramafic and mafic

rocks are summarized as follows: Coats (1966) studied the
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petrography,‘chemisﬁry and serpentipization of the ultramaf-
ic rocks of the belt, concentrating mainly on a body in the
Setting Lake area. He interpreted the rocks‘to be typical
of-alpine-type pe;idotites that.we¥e emplaced as a crystal
mush along faults originating from the mantle. Bliss (1972)
studied the ultramafic rocks covered by Paleozoic sediments
near the southern part of the belt. According to him, the
bodies may have crystallized in-situ, based on the absence
of relict deformational textures commonly aécompanying the
solid intrusion of such bodies. Stephenson (1974), from 5
study of rocks around the Ospwagan Lake area, considered the
ultramafics to ™ be genetically related to picrites and ba-
salts, DeSaboia (1978) studied Pipe 2 and West Manasan ul-
tramafic bodies and interpreted them to be derived from a
tholeiitic magma by gravity differentiation and flow differ-
entiation respectively. According to Peredery (1979), ul-
tramafic rocks of the belt were formed from ultrabasic magma
by in-situ fractional crystallization that also produced me-

tapicritic rocks.

The Cuthbert Lake dikes cut the Pikwitonei granulites

- ‘which constitute the northwest part of the Superior Pro-

vince, adjacent to the Thompson Nickel Belt. The Pikwitonei
region has been considered as a separate province (Bell
1971, Cranstone & Turek 1976), and conversely as part of the

Superior Province (Weber & Scoates 1978).
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There are several studies on the Cuthbert and/or Molson
dikes: - 1) petrology of the Cuthbert Lake dike (McDo-
nald,1960), 2} chemistry and -paleomagnetism of dikes near
Molson, Cross and Playgreen Lakes (Ermanovics & Fahrig,

1975), and

petrology and chemistry of dikes around Wit~

Cuthbert, Cross and Gods Lakes

\

N

chai, Pikwitondi, Landing,

(Scoates & MaceR,._1978),

1.0.2 Purpose of the Study

Objectives of this study of the Thompson ultramafic rocks
are to inveétigate 1) thé effects of metamorphism on the
mineralogy, chemistry, and texture of the rocks, 2) .the ig-
neous petrogenesis of the rocks, 3) the genetic link with
the mafic rocks in terms of partial melting vs. fractional
crystallization processes. The purpose for the study of the
Cuthbert Lake dike is to de;ermine 1) the geological condi-
tions before, during and following emplacement, -2} whether
they can be the feeders to the spatially associated Thompson

ultramafic rocks.

1.0.3 Methods of Study

Field work and sample collection were carried out during
the summer of 1980, The majority of ultramafic rocks were
collected from the Thompson Mine:; 1included are cores from

two diamond-drill holes and specimens from different levels
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of the.miﬁe. Other samples were taken from the Mystery Lake
deposit, Birchtree mine, and Pipe 2 mine. Mafic rocks were
collected from the Ospwagan Lake and Mystery Lake areas in
addition to those from the Thompson mine. Cuthbert Lake
dike samples were collected from a diamond-drill hele that

represents a cross section of the dike.

Approximately 150 thin and polished thin sectioﬂé, sup-
ported by X-ray diffraction analyses, were used in petrolo-
gical investigations. The chemistry of 226 mineral grains
was determined by electron microprobe. Major and trace ele-

ments from 95 rock samples were determined wusing X-ray

fluorescence.

-



Chapter I1
GENERAL GEOLOGY

The Thompson Nickel Belt, lying in a noriheastefly‘direc—
tion, separates the Churchill and Superior Provinces of the
Canadian Shield in northfrn Manitoba (Figure 1). The belt
coincides with a gravity low (Wilson & Brisbin 1961). The
Moak-Setting Lakes cataclastic fault zone, a steeply dipping
zone of variable width (0.9 to 1.5 km), defines £he nor-
thwestern boundary with the Churchill Province. The south-
eastern boundary with the Pikwitonei region is partly é ca-

taclastic fault zone and partly a metamorphic transition

zone (Cranstones& Turek 1976). ) -

This belt has been extended southwar@ to the Canada-U.S.A
border underneath the Paleozoic sediments using gravity data
(Wwilson & Brisbin 1961). A continuation of the structure
extends northeasterly along the Fox River Belt, Hudson Bay
and through the Cape Smith-Wakeham Bay Belt in Ungava penin-

-‘sula (Wilson & Brisbin 1961: Béra ar & Scoates 1981).
L_\g
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Figure 1: Regional sattiné and location of the study area.
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2.1 THE THOMPSON NICKEL BELT

The Thompson N{erl Belt 1is underlain predomiﬁéntly by
migmatf(?; gneisses which comprise parégneiss, orthognéiss
and porphyroblastic gnéfggi These ‘gneissic basemeht rocks
contain mainly amphibolite facies mineral assemblages. How-‘
ever, granulite facies mineral assembiages are also common
in the belt and are interpreted by Weber & Scoates (1978)?
Peredery (1979), and Russell (1981; as relict Archean granu-

lites that survived the Hudsonian orogeny.

These Archean rocké include layered basic to ultrabasic
rocks as well .as gneisses (Peredery 197%), mafic to ultra-
mafic banded gneisses and. enderbitic gneisses (Russell
1981). They é}e interpreted as remobilized (Cranstone & Tu-
rek 1976), retrogressed (Weher & Scoates 1978; Russell 1981)
equivalents of the Pikwitonei basement rocks. Rb/Sr age
determinations (Cranstone & Turek, 1976) on the basement
gneisses reflect Hudsonian overprint (1.7 Ga) and an older
event (2.8 Gé). The Hudsenian metamorphic event at about
1.7 Ga {Bell, 1971) is recorded by K-Ar age determinations

>

as well.

ear theé western margin of the belt, these basement rocks
:; areoéverlain by thin {150-1500 meters) Aphd&jan supracrustal
rocks (Peredery %982) which include metasedimentary and me-
tavolcanic assemblages (Figure 2). These sﬁpracrustal rocks
contain ‘abundant subvolcanic mafic .and uvltramafic intru-

sions, and economic nickel sulfide deposits,



Thomps'on Nickel Belt Rocks

Migmatitic gneisses

- Supracrustal rocks

Felsic intrusives

' Pikw&!onei Rocks

Granulites

Figure 2: _Geological map of the Thompéon Nickel Belt and
Pikwitonei region (simplified from the Geological Map of
Manitoba, Manitoba Mineral Resources Division, 1979?.
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The metasedimentary Semblages include siliceous, calca-
reous,, pelitic and ferruginous rocks (Pereﬁéry.1979). They
show~i range of metamorphic grade from middle amphibolite to
upper amphibolite fac1es and carry effects of retrogre551ve
metamorphism. Peredery ‘(1982) has dlgtlngu1shed two me-

. . . } .
tasedimentary assemblades: the Thompson sequence and .the

Pipe sequence. The Thompson sequence that includes the

-

units around the Thompson mine is separated from the Pipe

-sequence, by a fault zone. The Pipe seguence extends from

the Pipe mine In the south to Moak Lake in the hofth. Both
sequences. start with siliceous rocks at fhe bottom’:hich ov-
erlie gneisses. These siliceous rocks are first overlain by
calcareous assemblages _and followed by iron formation and
quartzites on top. The Thompson gequencé has minerals such

as sillimadite and garnet in pelitic rocks; grunerite, gar-

.net, clinopyroxene and orthopyroxene in iron formation; oli-

vine and diopside in calcareous rocks, indicating upper am-
phibclite-granulite facies metamorphism. However, mineral
assemblages of the Pipe seguence correspond to middle amphi-

bolite facies metamorphism. These are staurolite and garnet

in pelites; grunerite and garnet-in iron formation; diopside

and microcline in skarn, According to Brooks & Theyer
(1982), the Pipe sequence metasediments have a maximum age

of 2.1 Ga based on.the Sr evolution diagram.

The majority of the metavolcanic rocks are found around

Ospwagan and Mystery Lakes. These include basaltic, picri-
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tic and ultramafic récks. Metabasalts are the most common
varietj which consist of-pillowed and massive flows and mi-
nor fragmental rocks (Peredery 1979). They . are generally
fine grained‘and have strongly foliéted fabrics. The pil-
lows are generally highly deformed and elongated, this fea-
ture being well documented in the variolitiec varieties in
which the varioles are stretched along the regional folia-
tion. Minor fragmental rocks associated with metabasalts
contain close}y packed elongaied fragments of amphibeolites
and gneisses. Magnesian metabasalts are characterized by
quench texture long, needle-like mafic crystals forming par-
allel, radiating and shéaf-like patterns similar to spinifex
texture (Figure 3). Ultramafic flows, in the form of pil-
lowed lavas are found south of Lower Ospwagan Lake (Peredéry
1979). They are composed of fine grained amphibole and mi-

nor colourless chlorite. k‘

Abundant mafic and ultramafic sill-like bodies are found
in the gneisses and metasedimentary rocks. Whether they are
sills, flows or dikes is not certain since original textures
and contacts with country rocks are largely obliterated by

- ‘metamorphism and tectonism.” The mafic varieties, mainly am-
phibolites, are generally massive and/or foliated. In the
massive variety, textures such as 'diabasic ,texture' are
found whereas no relict texture is present ih the foliated
variety. According to Stephenson (1974), sill-like bodies
of amphibolites occurring within the gneisses represent me-

tamorphosed igneous rocks.
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Figure 3: Quench texture in magnesian basalts at Mystery
Lake. ’

A large majority of the wultramafic rocks occurs close to
the northwestern side of the belt. They are generallyllen-
soid or tabular in shape and vary in width from several me-
ters to several hundreds of meters. The most common ultra-
mafic rock types are serpentinite and serpentinized
.peridotites. A descriptive field term 'ultramafic amphibol-
ites' is used .by Peredery (1979) to describe a variety of
ultramafic rocks that ranges in composition from picrite to
pyroxenite. They are péfﬂ}cularly associated with serpenti-

nites in the Thompsen mine area. According to Zurbrigg
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(1963) these rocks may have developed from serpentinized
peridotite through progressive metamorphism. According to
Peredery (1979), however, they represent differentiates of
an ultrabasic magma because they have mineralogical banding
suggestive of primary layering and because contacts with the

serpentinites are gradational.

Nickel sulfide deposits occur for a length of 130 km or
more along the belt from Wabowden to Mcak Lake., The majori-
ty of them are associated with ultramafic rocks. Their mode
of occurrence is: 1) as disseminated sulfides.with partly
preserved net-texture (Figure 4) in ultramafic rocks, 2} as
veins and matrix in brecciated serpentinite, 3) as massive
sulfide bodies adjacent to ultramafic bodies, 4} as discrete
massive bodies with abundant wall—fock.fraghents (Figure 5)
within metasediments, 5) as stringer; ﬁgrallellto.the folia-
tion of country rock. The dominant sulfide minerals are
pyrrhotite, pentlandite, and some pyrite and chalcopyrite
(Figurg_s). Pb isotope dating of the sulfides has recorded
events of four distinct ages (Cummings et al 1982), among
which the.oldest age, 2320%30 Ma, islinterpreted as the time
,aoE emplacement of the nickel sulfide deposits and their ul-

tramafic hosts.

Migmatitic gneisses and supracrustal.- rocks of the belt
were intruded by hornblende-gquartz monzonite and porphyritic

or porphyroblastic granodiorite, K-Ar age determinations of
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Figure 4: Interstitial sulfides in peridotite. Grey
interstitial material is chlorite.

——

these intrusions gave Hudsonian ages and they are, there-

fore, either syntectonic with or preﬁectonic to the Hudscni-
an orogeny according to Cranstone & Turek (1976). Also,
older acidic intrusions, called orthogneisses by Peredery

(1978

exist in the belt in addition to these ycunger in-
trysicns. These acidic intrusions are extensively cut by a

network of pegmatite, veinlets.

Northwesterly trending nearly vertical diabase dikes,
part of the Mackenzie dike swarm, cross cut most of the

rocks in the belt and the Moak-Setting Lakes cataclastic
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Figure 5: Massive nickel sulfide with abundant wall rock
fragments.

fault zone, postdating the Hudsonian orogeny. The rocks are

‘fresh and unmetamorphosed,
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Figure 6: Massive nickel sulfide. Pyrrhotite, dark yellow;

pentlandite, light yellow; chalcopyrite, gold yellow. Grey

and black patches are wall rock fragments. Diameter of the
core is 7 cm. ’

2.2 PIKWITONEI REGION

The Pikwitonei-region is underlain predominantly by gran-
ulite facies gneisses and minor amounts of amphibolite fa-
.cies rocks. Bell (1971) considered these rocks which formed
during a pre-Kenoran metamorphic event, as a basement to the
Superior greenstone belts. Cranstone & Turek (1976), fol-
lowing this hypothesis, consider the Pikwitonei region as
the oldest geological unit in the area which is unconforma-

bly overlain on the southeastern margin by rocks of the Su-
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perior Province. Weber & Scoates (1978} argued against this
hypothesis because the unconformity at fCross Lake.which had
been used by Bell (1971) and Cranstone & Turek (1976) as the
main supporf for their hypothesis, may represent an uncon-
formity within the supracrustal succession and not the base

of the greenstone belt.

The Pikwitonei region rocks are cut by a northeasterly
trending dike swarm, parallel to the Thompson Nickel Belt
(Figure 2). The dikes range in composition from mafic.to
ultramafic. The Cuthbert Lake dike, trending from Cuthbert
Lake to Begg Lake is mostly ultramafic in composition énd is
éonsid%red as a part of the Molson dike swarm by Scoates &
Macek (1978). Mafic dikes are more common than the ultra-
mafic ones. Although mafic dikes with similar trend occur

in the Superior Province as far as 92°00 . W, the majority of

" the dikes occur to the west side of the Nelson River. There

are no known N~NE striking dikes in the Thompson Nickel Belt
according to Bell (1971). However, taking into account the
complex deformation and metamorphism in the belt, their ab-
sence is not surprising. Rare amphibolite dikes (Rance
1966) and metamorphosed and deformed dikes on the eastern
side of the belt {(Cranstone & Turek 1976; Peredery, pers.
commun. 1982) are present, The northern extension of the
dikes is bounded by the Split Lake fault. They are absent

from the Churchill Province.



Chapter III

ULTRAMAFIC-MAFIC ROCKS OF THE THOMPSON NICKEL
: BELT -

'}Ll_,;"/)-PETROLOGY AND GEOCHEMI STRY

/

/) Special attention was given in this stqdy to an ultramaf-
ic body (T-3) at the 4000 level Qf the Thompson mine, since
it is unusually fresh. Mineralogical and petrographical de-
scription of the rocks seen along the body resemble those of
the other ultramafic rocks from other 1localities in the
belt; some of which are relatively fresh and others ¥hich

are highly altered; therefore, their descriptions are not

>

3.1.1 Mineralogy and. Petrography

given separately.

- The ultramafic body at the 4000 level of the Thompson
mine, as seen along two diamond-drill holes (Figure 7), is
130 meters thick, probably lensoid in shape and enclosed in

a garnet-sillimanite-biotite schist.

The body is composed of dunitic, peridotitic, olivine-or-
"thopyroxenitic, orthopyroxenitic, and amphibolitic rocks.
Using the scheme of Evans (1977), the. rocks can be named

tremolite peridotite-and tremolite pyroxenite (Figure 8).

_17_
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Ultramafics

SE

3600 N vertical section cf the Thompson mine

(T-3)

Figure 7:
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Figure 8¢ Ultramafic body as observed through two diamond-
drill holes Samples were obtained from each of
the zones as indicated in Table 7 (Appendix B),-

The unit which is named 'amphibole-rich pyroxenite'! in
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Figure 8 is_mineralogically similar to ultramafic amphibol-
ite of Peredery (1979). The main sulfide mineralization is
found in the enclosing schist in the form of massive, brec-
ciated and stringer ore. Minor disseminations of sulfides
are present in the ultramafic body, close to its contact
with mineralized schist., As observed in cores from diamond-
drill hole 64599, tremolite peridotite and its serpentinized
equivalents amount to one half of the body, whereas the tre-
molite pyroxenite makes up more than one third (Figure 8).
Tremolite-olivine pyroxenite is the main rock type seen

along the diamond-drill-hole 64816,

3.1.1.1 Tremolite peridotite

Olivine crystals in the peridotitic zones are of two
types: megacrystic (2-4 mm) olivine and fine grained (less
than 1lmm) olivine. Megacrystic olivines are usually black;
due .to fine opague dusty material disseminated and/or con-
centrated along irregular fractures in olivine (Figure 9).
This material, possibly a magnetite, may be the product of

high temperature oxidation of olivine (Haggerty & Baker

'1967; Champness 1970; Putnis 1979). Alternately it may be

magnetite formed during previous serpentinization and in-
¢luded in metamorphic olivines during the progfessive meta-
morphism (Arai 1975; Vance & Dungan 1977). A simjlar tex-
ture, black olivine megacrysts with dense tiny ilmenite

granules occurring in the outermost zone of the Bergell au-
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reole in the Mélanco serpentinite, is described by Tromms-
dorff & Evans (1980). Fluid and fine solid inclusions are
commonly associated with this dusty material. Pale brown to
brownish yellow euhedral-subhedral sclid inclusions are pro-
bably spinel. Some of the clivine megacryéﬁs display undu-

latory extinction and kink banding (Figure 10).

>

v 0.5mm_,

Figure 9: Fine opague dusty material disseminated and
concentrated along irregular fractures in olivine. Fine
grained opague minerals distributed near -the margin of the
olivine are spinel.

Light?green coloured small olivine grains, on the other

hand, do not contain opague dusty material and are strain-

[
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Figure 10: Kink-banding in an olivine megacryst {(dark green
crystal}.
Parallel oriented crystals are amphibole and chlorite.

S
free. This variety-forms an equigranular mosalc texture
which is well developed in zone 5b (Figure 11). Among these
olivine grains, 120° interfacial aqgles a?e commonly seen
(Figure 12). Textural relations igdicate that. these fine
grained olivines are formed from megacrys£ic olivines by re-
crystalliza£ion processes. Recrystallization starts along
grain boundaries and dislocations (Figures 10 and 13). This"
new generation olivine is called 'neoblast’ follswing the
terminology which Mercier -& Nicolas (1975) used for deformed

upper mantle peridotites.
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6mm

Figure 11: Neoblastic olivines occuring together with
. megacrystic olivines from which they are derived.
_Megacrystic olivines are completely recrystallized into
neoblasts forming mosaic texture on the right hand side of
the photomicrograph.

IPeridotite in zone 5a consists of lobsely packed olivine
megacrysts, neoblastic olivine mosaic Iand light'green—gray
orthopyroxene-amphibole matrix {(Figure 11) giving the rock a
"spotted appearance'. Dunite in zone 5c, on the other hand,
is composed of closely packed olivine megacrysts with a mi-
nimum interstitial area which 1is filled by orthopyroxene,
amphibole, and aluminous chromite (Figure 14), displaying
cumulus texture. These equigrgnular olivine megacrysts very
often enclose tiny subhedral amphibole and chlorite inclu-
sions forming parallel oriented flakes or bunches (Figure

10} which .are somewhat similar to those constituting the ma-
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Figure 12: Fine grained neoblastic olivines occuring
together with corthopyroxene megacrysts. Idioblastic flakes
are chlorite.

0.5mm

Figure 13: Large olivine megacryst containing two zones of
clivine neoblasts, presumably developed alcng dislocation
planes.. :

“ .
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trix. Close to the serpentinized tremolite peridotite {zone
6}, there are anhedral chlorite inclusions in megacrystic
olivine. It seems that they develop along certain crystalr
lographic directions of host olivine and usually enclose

green~-yellow spinel (Figure 15).

Figure 14: Closely packed olivine megacrysts forming
cumulus texture.

- Tremolite peridotites in zones 2 and 6 are serpentinized.
The degree of serpentinization varies througﬁout the zones.
Thin serpentine veins form planar veinlet systems probably
parallel to the fabric of the body and to the foliation of
t he gnclosing schist. rThey cut megacrystic and neoblastic
olivines andltremolites. Magnetite occurs in stringers fol-
lowing serpentine veins and along the cleavages of chlorite.

Minor carbonate is also present in thin serpentine veins.

A
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Figure 15: Secondary chlorite developing along.certain
crystallographic direction of olivine megacryst, probably as
a result of olivine and spinel reaction. Small relicts of
spinel are enclosed by chlorite.

Orthopyroxene is medium grained. It is found interstitial
to olivine megacrysts, enclosing xenomorphic islands of oli-
vine showing communal extinction (Figure 16), and enclosing

medium grained amphibole and chlorite.

Amphfboles are colourless tremolite and cummingtonite,
They generally form small fibrous and prismatic crystals,

coexisting with olivine neoblasts.

Two types of spinel are present. One 1is pale brownish
yellow chromian-spinel which is commonly seen as fine disse-
minated grains in the olivine-orthopyroxenitic and orthopy-

roxenitic units, It is randomly disseminated throughout the
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Figure 16: Orthopyroxene (at extinction) replacing olivine
megacrysts. : , g

peridotitic zones. In some places, however, it is preferen-
tially concentrated along the grain boundaries ©of olivine
megacrysts. It usvally forms fine anhedral zoneékgrains,
the cores of thch are always . darker than the rims. The
other type of spinel is opaque aluminous chromite which is
coarser than the former type. It occurs interstitial to the

olivine megacrysts in zone 5b where the olivines are closely

packed forming cumulus texture (Figure 17).
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Figure 17: Euhedral-subhedral olivine megaérysts. Al-
chromite and minor orthopyroxene are interstitial to
olivines.

3.1.1.2 Tremolite orthopyroxenite

Orthopyroxenes form coarse, slightly elongated equigranu-
lar grains, pale brownish in colour. Grain size ranges from.
'0.3.to 1 cm. Abundant fine grained amphibole, phlogopite
and brown spinel disseminations are present in ' some of the
orthopyroxene megacrysts. The interstices of the orthopy-
roxene megacrysts are occupied by fine grained 1light green
amphibole and phlogopite which are similar to those enclosed

in orthopyroxenes but coarser in grain size (Figure 18).
L I [N



) 29
Thin lameliae1 parallel to (100) of orthopyroxene (Figures
is,and 19), are observed in some grains. Strained crystals
of orthopyroxene are common. The orthopyroxene megacrysts
in zone 1 are elongated probably along the foliation plane
of the enclosing schist. Tremolite is common. 1t is found
as medium to coarse grained xenoblasts whereas anthophyllite
forms randomly. oriented, radiating prismatic blade-like
crystals in a finer grained matrix. Phlogopite is seen as
strained platy and- fine grains. It is partly replaced by
orthopyroxene iq zone 1. In zone 12, on the margin of the
body, phlogopites are recrystallized and . pseudomorphed by
green chlorite,. Minor olivine is present as small inclu-
s{ons in orthopyroxene, close to zone 3. Brown to greenish
-yellow spinel is very common as small subhedral to anhedral
crystals, commonly zoned (with brownish core and yellow rim)
disseminated grains, preferentially concentrated in the in-
terstices of orthopyroxene megacrysts or in orthopyroxene
clqsa to its.margins. Sulfides are present as disseminated

anhedral grains.

,3.1.1.3 Tremolite olivine orthopyroxenite

Texture is quite uniform in this unit, Olivine grain
- size is 4 mm and less and it forms xenomorphic grains which

are usually enclosed in coarser (1-1.5 cm) orthopyroxenes.

Lamellae have very low Ca content.
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Figure 1B: Elongate orthopyroxene megacrysts enclosing fine
inclusions similar to those constituting matrix.

Some of these .orthopyroxenes have triple junctions with 120°

interfacial angles.

3.1.1.4 Amphibolite x

The unit seen in zone B is composed of amphibole, phlogo-
pite and minor plagioclase. Amphibole forms a medium
grained (1 mm) granular texture with a weak fabric. Two am-
phiboles, magnesian cummingtonite and anthophyllite, are
present. Medium grained phlogopite forms the groundmass for
equigranular amphiboles. It shows foliation parallel to the
margin of the body. Plagioclase, on the other hand, is fine

to medium grained occurring in the interstices of phlogopite
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Figure 19: Deformation lamellae in orthopyroxene.

and amphibole. This wunit is cut by several thin (up to 1

cm) pegmatite veins.

3.1.2 Mineral Chemistry

Analytical procedure and the precision of the analyses
obtained from replicate determinations are given in Appendix
A, Table 1. Analyses of olivine, pyroxene, amphibole, and
spinel are listed in Table 2., FeO and/or Fe are reported as
total iron throughout the thesis except for spinel. Ferric
and ferrous iron content of spinel were calculated assuming

ideal spinel stochiometry.
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3.1.2.1 Olivine

The compoéition-oﬁ olivine in the dunitic zone 5b is uni-
form, ranging from 3688 to FoB9. However, it @s not uniform
in zone 5a, and exhibité a rapid change from Fo89 to Fo85
towards zone.4; In zcne 3, it is slightly more magnesian,
being F089.5. The olivines from diamond-drill hole 64816
are more iron~rich showing a compositional range £from F683

to Fo87. This compesitional variation is controlled mainly

'by the bulk-rock composition (Figure 20). The NiO content

of olivine ranges from the limit of detection to 0.40 (wt.
%), increasing with the magnesian content (F}gure 21). How-
ever, this relationship is not the same as that shown by
magmatic olivines. The olivines with.low nickel content
fall outside the compositional range of clivines in cumu-
)

lates and mantle peridotites. The MnO content ranges from
0.1 to 0.35 (wt. %) and shows negative correlation with

forsterite content.

The compositional differegce between meéacrystic‘ and
neoblastic ‘varieties is small, although the neoblastic oli-
vines tend to be slightly enriched in Ni and Mn compared to
the megacrystic olivines from which neoblastic olivines are
forhed (Figure 21). The individual grains of olivine mega-

crysts seem to be compositionally homogeneous.
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Figure 20: Relationship of bulk rock chemistry to the
constituting minerals.

3.1.2,2 Orthopyroxene

The Mg/(Mg+Fe) atomic Eptio (XMg) of the orthopyroxénes
ranges from 0.84 to 0.91. It is 0.89 in zone 5b and de-
creases to 0.87 in zone 5a showing a similar pattegn to EMg
of olivines. In zone 4, this ratio is about 0.85 and shows
an increase toward zone 3. It reaches a maximum value of

0.91 in zone 3, close to zone 4 and decreases toward zone
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Figure 21: Plots of Mg0 vs. NiO and MnO in olivines. Tie-
lines connect neoblastic olivine (triangle) to megacrystic
ones (solid circle) from which they are derived.

2. The orthopyroxenes from =zones 11 and 12 are more iron-
lrich; ranging from En85 to EnB7, similar to the coexisting
olivines (FoB83-FoB7). XMg of both olivine and orthopyroxene

is probably controlled by the bulk-rock chemistry (Figure
20). '

The partition coefficient for the distribution of Mg and

Fe _ between coexisting olivine and orthopyroxene
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(Kd=(XMg/XFe)y .'(XFe/XMg)OP,“) is 0.985 (Figure 22). 'This is
similar to the partition coefficient of rggi;;;\&z;ggtamprp-
hosed peridotites from the Alps (0.96;' Trommsdorff & Evans
1974) and smaller than those of zone IV of the Tari-Misaka

contact metamorphosed ultramafic complex (1.03; Arai 1975),

Totalp serpenfinites (1.05; Peters 1968) and metaperidotites .

of Paddy-Go-Easy Pass (1.10; Frost 1975). According to Me-
daris (1969), Mg and Fe partitioning between olivine and or-
thopyroxene is not sensitive to temperature over the range
700°C to 1300°C. However, recent thermodynamic formulations
(Sack 1980) show that it is a potentially useful geothermom-

eter.

Ca0 concentrations in orthopyréxene are very ‘low (less

than 0.21 wt. %), similar to orthopyroxenes from contact me-'

tamorphosed peridotites (Arai 1975) and from regionally me-
tamorphosed peridotites (Evans & Trommsdorff 1974).  A1203

content of orthopyroxenes is less than 1.75 (wt. %) and has

been shown to be essentially a function of temperature (Do-

bretsov 1968; Fujii 1976; Merciér 1976) and of coexisting
minerals? - Its pressure dependence is restricted to tempera-
“"tures above 1000°C according, to the T-P phase diagram 6f
Gasparik & Lindsley (1980).‘ Low alumina ana calcium con-
tents are characteristics of orthopyroxenes in the amphibol-
ite facies, though there is a gradual increase in these com-
_ponents as the higher temperature parts of the facies are

reached (Evans 1977). ' Highly aluminous orthopyroxenes, on
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Figure 22: Partitioning of Mg and Fe between olivine and
coexisting silicates

the other hand, are well known in alpine spinel periﬁdtites

of the granulite facies (Evans 1977).

n

-]

3.1.2.3 Amphibole

Calcic amphibole analyses plot bétween tremoclite and par-
gasite end member compositions forming a linear ltrend, on

- “Yhe AY® -(Na+K) diagram (Figure 23)s  This trend is in the
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field of metamorphic amphibples defingd by Jamieson (1981},
'A1203 content ranges from 3.3 to 8.4 (wt. %), increasing
with an increase in alkali content. “The Ca0O content is re-
iatiﬁely constant being about 12.5 (wt. %). . Mg/(Mg+Fe) rat-
iés of these calcic amphiboles range from 0.90 to 0.94 and

are higher than those of coexisting olivine and orthopyrox-

,ene (Figure 22) and of the bulk rock (Figure 20).

I Metamorphic amphibale

I]Im Magmatic amphibole

2.0+

Na+K

(i

1.0 Ed.emte Purnguslte

- 4 ‘ _
1 1o AMES Tschermakite

T ;
1.0 ty 20 3.0

/} Al

Figure 23: Plot of Al¥ vs..Na+K
(number of atoms per 23 oxygen ions) of calcic amphiboles
{triangles). Location of end member compositions are after
Deer et al. (1966). Metamorphic and magmatic amphibole
fields are after Jamieson (1981).
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3.1.2.4 Spinel .

In the peridotiﬁic parts of the body, spinel ranges in
composition from aluminous chromite'éo chromian spinel wher-
eas in the pyroxenitic parts it is chromian spinel to Mg-Al-
spinel. Accordiﬁg to Bvans (1977) these compositional rang-
es are confined close to the granulite and pyroxene hornfels
facies transition. Evans also indicated that spinels are
chromian magnetite in loW grade serpentinites, ferritchrom-
ite in antigorite serpentinites and chromite in talc-olivine

-

rocks.

Cr/(Cr+Al+Fe***) ratios (¥Cr) are between 0.60 and 0.75
in the dunitic part of zone 5b and range from 0.75 to 0.10
in the rest of zone 5. Some part of this wide range .is con-
fined to zoned grains and to grains in the samé sectibn.
Rims of zoned spinels are eﬁriched in Al and Mg relative to
Cr and Fe** (Figure 24). Similar paths from core to rim are
reported by Evans & Frost (1975). This ratio is rather uni-

form in zone 4 ranging from 0.10 to 0.20.

Thé“effec£ of temperature on ¥YCr of spinel and the'Mg—
Fe** partition between spinel and coexisting silicates, was
first investigated by Irvine (1965), followed by Evans &
Frost (1975), and Frost (1975). In general spinel becomes
more Al- and Mg-rich relative to Cr anlee‘; similar to the
-path seen in Figure 24, as the grade-of metamorphism in-

~

creases.



39

0.6-
- 0.6
:
*o
I
AN
<
+
ey
Q
0.4
[&]
0.2+
1 S
02 ' 04 ' o6 08

Mg/(Mg+Fe™)

Figure 24: Plot of XMg vs. ¥Cr in spinels. Core and rim
squares) compositions of zoned spinels are connected.
Spinel changes from opague to green colour as the
temperature increases.

i



. . Minor elements such as Ti,

rich varieties (Figure 25).

Ni, Ti02 goes up to 0.30 (wt. %) whereas V203 reaches a
maximum of 1.90 (wt. %).
5T 04
:i- ) : ' - -"-
&'0.21 . te
| A AN
154 .
3 1o . - .
-
051 . .
_-::...': -:-:- . T i I’ r
08
~ 06 . <
3 04] oo
o & .
5 PO :
02f .1t Wt . -
' 50 €0

Figure 25:

40

V and Mn are enriched in Cr-
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3.1.3 Geotemperature Estimates

3.1.3.1 Olivine-spinel geothermometer

'Olivine-spinel geothermometer based on the partition of
Mg and Fe** between coexisting spinel and olivine has been
applied to the Thompson olivihe-spinel pairs. Two different
calibrations of this geothermometry have been used. One of
them is that of Roeder et al.(1979) which is basically the
geothermometer of Jackson (1969)' except that a different
:ree energy value for FeCr204 has been used. The other is
by Fabries (1979) which is based on the tentative graphical
calibration of Evans & Frost (1975). The equation of Roeder
et al (1979) is:

3480YCr+1018YAl-1720YFe** *+2400
S
2.237Cr+2.56YAl-3.08YFe***~1.47+1.9871nKd
and of Fabries (1979) is:
4250YCr+1343
L U —
1.825¥Cr+0.571+1nKd
where;
YCr=Cr/{Cr+Al+Fe***) _ _
YA1=A1l/(Cr+Al+Fe***) ’
YFe***=Fe***/(Cr+Al+Fe**"*)
Kd=(XMg/XFe), x(XFe''/EMg)gp
XMg=Mg/ (Mg+Fe**)

XFe=Fe**/(Mg+Fe* ")
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Temperatures obtained from these two calibrations are

different, Those which are obtained from the equation of

Roeder et al.(1979) vary from 400}
to 1100°C for the Al-rich spine] se temperatures are
unreasonable for the mineral assemblagesg \The applicabi%i;y
of the Roeder et al.{1979) ‘ ha “

lenged since their isotherms are incdyke with recent

reversed experimental data at lowftemperatures and with
rocks (Engi & Evans
1980) and since the free eneffy values for the end member

spinels are not known accurately (Fabries 1879).

In contrast to the isotherms of Roeder et al.(1979) (Fig-
ure 26), those of Fabries (1979) coincide with the regres-
sion line of the Thompson olivine-spinel pairs. They plot
linearly with a correlation coefficient of 0.996 in the
1nKé—YCr diagram (Figure 26). The regression line lies bet-
ween the 600°C and B00°C isotherms and intersects the 700"(;;>
isotherm where ¥Cr is 0.16. This may indicate that not all
the samples have equilibrated under the same thermal condi-
tions but some of them, with ¥Cr<0.16, have reequilibrated

-'during prog:essive metamorphism. As already mentioned, spi-
nel changed its composition during progressive metamorphism;
thereforg, the regression line may represent the path of

progressive metamorphism,

A
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Figure 26: Plot of 1lnKd vs. YCr. Two spinel cores
(triangles) and their rims (squares) are shown for
comparison. Dashed line (2.97YCr-1nKd+0.755=0) is the
regression line of plots with a correlation coefficient of
0.996. Solid lines are the isotherms calculated from the

equation of Fabries (1979); dashed-dot lines are calculated
using the equation of Roeder et al.{1879).

o .
The pfesence of | zoned spinels indicates that complete
equilibrium between olivine and spinel was not achieved at
high grades. In the 1nKd-¥Cr diagram, cores of-two zoned
spinel crystals plot neaf the 660°C isotherm. If we assume

that the olivine is in eguilibrium with spinel rims, it
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plots very close to the 700°C isotherm (Figure 26). Preci-

sion error for this geofﬁermometer is within x50°C.

3.1.3.2 Alumina solubility in orthopyroxene

On the basis of experiments in the system Mgo—A1203—§i02,
it has been shown by Fujii (2976) that alumina solubility in
orthopyroxeﬁe is useful as a geothegmometer. Iﬁ order to
estimate geotemperature values, the T-P phase diagram of

-Gasparik & Lindsley (1980) is used instead of the diagram
given by Fujii (1976) because the diagram of PFujii (1976)
deals with temperatures above 800°C but the former one has é
temperéture range which covers the range of interest (Figure

27).

Extrapoiated temperatures using Mg-Ts {(mol.%) isopleths
in the orthopyroxene solid solution are approximately 640°C.
The reason for the low temperature is probably because of
the limitation of the geofhermometer. This geothermometer
in the Al203-Mg0-Si02 system is an approximation to the
ideal solid sclution models. According to Danckwert & New-
ton (1978), ideal solution corrections for FeO and Cr203 in

coexisting spinel would raise temperature estimates.
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Figure 27: Magnesium-tschermak (mol%) isopleths in the
phase diagram for the system Mg0-Al1203-5i02
after Gasparik & Lindsley (1980).

3.1.4 Rock Chemistry
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T-P

Analytical procedure, precision and accuracy of the ana-

lyses are given in Appendix B, Tables 3 and 4. Complete

-sets of analyses are listed in Table 5.

The chemical data are plotted on various diagrams.

seen on the Al203, FeO, CaQ, TiO2 vs Mg0 (Figure 28),

It is
Al203
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" vs FeO/(Fe0+Mg0) (Figure 29), and AlZOBJGLO—MgO diagrams
(Figure 30) that the rocks with a few exceptions, plot along
distinct trends. The spread in plots along tﬁe trends is
small. These coherent variations ;hown by most element
pairs suggest that the originai chemistry of the rocks has
been preserved and not been greatly affected by metamorphism
or alteration. If this was not the case, systematic changes
in composition would not be apparent. This is justified in
the cartesian diagrams of Pearce (1968 & 1969) on.which the
axes are represented by ratios of two elements with an immo-
bile element (Figure 31). Al203 is chosen as the constant
denominator since it is generally considered to be immobile.
This is also suggested by the strong positive corfelation of
Al203 with other immobile elements such as Ti02 and 2r (Fig-
ure 32). Most of the rocks follow straight trends indicat-
ing little or no change to their major element chemistry.
Several samples (Tl.é4, Tl.68, T1.76) that plot away from
the general trends in Mg0/31203, Fe0/Al1203, Ca0/Al1203,
Ti02/A1203, MnO/A1203 vs $i02/Al1203 diagrams, ‘are likely to

—_—

represent altered samples.

i

The ultramafic roéks are compared with lherzolitic no-
dules, tectonite peridotites of ophiolite complexes, 'ultra-
mafic komatiites and some inferred mantle compositions (Fig-
ure 28). Most of the oxide vs Hgo variations show similar
patterns to the regression lines of spinel lherzolites of

which the field overlaps the peridotitic rocks. 5i02, Mgo,
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Figure 28: MgO variation diagrams. Filed circles,
peridotitic rocks; triangles, olivine orthopyroxenitic
~ rocks; squares, orthopyroxenitic rocks; A, estimated Archean
-mantle; K, representative peridotitic komatiites from
Munro Township; M, average upper mantle composition; P,
pyrolites {(sources given in text?
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Figure 29: Al203 vs. Mg0Q/(MgO+FeQ) discrimination plot.
Filled circles, peridotitic rocks; triangles, olivine .
orthopyroxenitic rocks; squares, orthopyroxenitic rocks;
dotted area, estimated Archean mantle (Sun & Nesbitt 1977).
Inclined line separating komatiites from tholeiites is after
Naldrett & Cabri (1976).

FeO, Ca0, A1263, Na20 and TiO2 concentratioﬁsqof'ﬁhe infer-
red mantle {Maaloe & Aoki 1977) are very close ﬁo the peri-
ldotitic' rocks, SiO2, Mgo, FeO, Al203, CaO, MnO, and Cr203
. concentrations of the calcuiated Archea; mantle (Sun & Nes-
bitt 1977) and pyrolites {Ringwood 1966, Green & Ringwood
1970) plot in the peridotitic ‘field, close to the olivine‘
orthopyroxenitic rocks. TiOZ aﬂé Na20 " concentrations are

similar in the peridotitic rocks and the Archean mantle;

\
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Figure 30: MgO—CaO—KiZ&S\diagram. See Figure 29 for

symbols.

\ d
\

L
however, they have hfgﬁir abundances in the pyrolitic man-

tle. The trends of peridotitic komatiites?® (Arndt et al
1977} in the Si02, Al1203, Ca®O, TiO2, MnO vs MgO diagrams are
similar to those shown by the Thompson ultramafics. In the
.:Mg0-Cr203 diagram, peridotitic rocks plot away from the or-
_thcpy;oxenitic and olivine orthOpyrokenific rdcks and show

scatter. However, a trend from peridotitic towards orthopy-

-

Included here are three representative analyses: cumulate
peridotite, spinifex-textured peridotitic komatiite and
flow top of a spinifex—textured peridotitic komatiite
flow, from Munro Township.

H
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Figure 32: Ti02 vs. Al203 and Ca0, and Ti vs. Zr plots,
Circles, peridotitic rocks; triangles, olivine
orthopyroxenitic rocks; squares, orthopyroxenitic rocks.
Ti/Zr ratio of chondrites is after Kay & Hubbard (1978);

CaO/Ti02 and Al203/Ti02 ratios of chondrites are after Sun &
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Nesbitt (1977).
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roxenitic rocks, similar to the trend of the peridotitic

komatiites is distinguished. Spinifex-textured peridotitic’

komatiites plot close to the orthopyroxenitic rocks whereas
cumulate peridotite plot near the peridotitic rocks. - Except
for two samples (T1.26 and T2.56) with nickel sulfides, all
orthopyroxenitic rocks have vefy low Ni content. There is
an enrichment in Ni ‘through the_oli%ine orthépyroxénitic
rocks to peridotitic rocks in the MgO-NiO diagram. Perido-
titic rocks that are highlx' serpentiniz%g or have some sul-

“fide disseminations show scatter.

Ratios of Al203/TiO2 and Ca0/TiO2 are similar to those of
chondrites and komatiites from Munro, Rhodesia, and Scotia
(Figure 32). Ti/Zr ratio is smaller than the chondritic ra-

tio (Figure 32}.

In the K-Rb diagram (Figure 33}, orthopyroxenitic and

olivine orthopyroxenitié rocks of the body plot along the
trend of most igneous rocks defined by Shaw (1968). ~ They
have higher K and Rb contents combgred to the peridotitic
komatiiites. Peridotitic rocks, howevér,' have very low Rb
jcontents»and show scatter. This scatter is probably due to
analytical uncertainty for those samples with very - low Rb
contents and metasomatism for thosé with high K cSntents.
Ba and Sr contents of the peridotitic rocks are similar to
peridotitic komatiites whereas olivine orthopyroxenifés and
some of the orthobyroxenitic rocks have distinctly higher Ba

contents (Figure 33}, .

Fi
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Figure 33: K vs. Rb and Ba vs. Sr plots. Filled circles,

peridotitic rocks; filled squares, orthopyroxenitic rocks;

open circles, komatiites from Canada, Africa, and Australia

{villaume & Rose 1977 and Nésbitt et al 1979). The trend in

the K-Rb diagram is for m?st i?neous rocks defined by Shaw
: 1968). .
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Variations of maj@r, minor and trace eiements along the
DDH 64599 and DDH 64%16 are shown in Figures 34 and 35. One
serpentinite sample in zone 2 and a schistose tremolite or-
thopyroxenite sample rich in phlogopite (zone 4) show abrupt
changes in most of the wvariation pattérns. They plot away
from the general trends and are attributed to metasomatism
as previously described. Mgd”decreaées towards the margins
of the body and from the peridotitic towards the orthopyrox-
enitic portions as expected. NiO exhibits variation pattern
similar to that of MgO. Cr is enriched in the orthopyroxen-
itic rocks. There are abrupt increases in Cr content from
the peridotitic towards the orthopyroxenitic portions; ex-
cept 1in the dunitic portions with interstitial_ éﬁromite.
Ca0, Al203 and TiO2 show similar variations. NaZO; K20, Rb
and Ba are enriched on the margins of the bcdf and 1in the
orthopyroxenitic rocks compared to the peridotitic rocks.
Mg/(Mg+Fe) ratio ranges from 0,88 in zone 2 to 0.84 near the
contact of zone 4 with 5 and from 0.90 in zone 5a to 0.82 in
zone 8. This type of variation suggests two magmatic cy-
cles, formed by-replenishment of magma. Similar‘VAriation
is observed across a picritic body in the Upper Ospwagan
Lake area (Peredery 1979). Cycle I includes zcnes 1 to.4
and cycle II zones 5 to 8. At the bottom of .cycle iI, Jin
zone 5a, there is an increase in the Mg/(Mg+Fef ratio. This
increase is  similar to what has been described by Irvine

(1980} as a consequence of 'infiltration metasomatism’'.

P
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However, oxide and elemental variations along the DDH
64816 are rather ﬁniform, reflecting their uniform modal
mineralogy and do not correlate with those of DDH 64599
(Figure 35). Precluding the possible effects of metamorp-
hism, the relationship of the tigfintersections is now dis-.

cussed. Mineralogical and chemjcal uniformity along théd DDH
64816 and some irregular variipgons along the DDH 64599 can

be interpreted as alte : £?ons of the same wunits due to
tight folding. Actually, tight folding is commonly seen in
less competent: metaéediJ;ntary rocks and it is the major
factor controlling the thickness of the biotite schist and’
nickel sulfide mineralization in the Thompson mine. Alter-
nately, .olivine orthopyroxenitiq_rocks seen along DDH 64816
may be interpreted as the result of migration of the residu-
al liquid during crystallization of the peridotitic‘portion
of the body. This is indicated by the fact that olivine or-
thopyroxenitic rocks plot between the peridotitic and ortho-
pyroxenitic roqks'in the variation diagrams. However, the
létter pbssibility does not rule out the former intérpfeta—'
tion. 1In other words, the thickness of the olivine orthopy-
..roxenitic units, for instance, may still be due to tight
folding. Magnesium shows a slight decrease from SE to NW
side of the body. Cr and Ni variations are similar to MgO
excluding several samples with Ni-disseminations. Although
very little variation is seen in Mg/(Mg+Fe). ratio, it de-

creases slightly towards™the NW side of the body.
pi
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3.2 PETROGENESIS

3.2.1 Ignecus Petrogenesis’

It appears that the ultramafic body was formed from a ko-
matiitic liquid by crystal fractionation. Nearly all the
rocks plot in the komatiite fiéld in the Al1203-Fe0/(FeO+Mg0O)

jagram (Figure 29}, forming a linear t:énd from peridotitic
rocks through olivine orthopyroxenitic rocks to orthopyrox-
enitic members where there is general FeO/(MgO+FeO) and alu-
mina enrichment. In the'MgO-CaO—Al2Q3 diagram (Figure 30),
the rocks form a trend from peridotitic to pyroxenitic rocks
where there 1is general Al203 and CaO enrichments. .This
trend indicates an olivine control. Orthopyroxene ﬁay also
beiconsidered as a controlling phase if the fractionation
takes place in a low pressure environment. Controlling min-
eral phases in the bulk composition of the rocks are clearly
justified in O'Hara's (1968) polybaric phase diagrams
(Figure 36). In the clinopyroxene projection, the peridoti-
tic and partly olivine-orthopyroxenitic rocks lie along an
olivine-control line. This control 1line may represent the
path of differentiated liquid during olivine fractionation.
"Alternately, the magma that is already olivine-rich, meg be
responsible for tﬁ?é trend. Orthopyroxenitic rocks form a
distinct trend which is controlled by orthopyroxene and mi-
nor olivine, In the olivine projection, orthopyroxene con-
trol is evident. As seen on the enstatite and olivine pro-

jections, the olivine-orthopyroxene control line intersects

-



~

59
the 1 atmosphere phase boundary where plagioclase is the
third phase to crystallize. These diagrams suggest that
clinopyroxene does not seem to have been invélved. ‘Perido~
titic komapiite samples from Munro Township (Arndt et al.
1975) also form an olivine éontrol trend, although the trend
is towards the clinbpyroxene phase boundary‘(enstatité pro-
jection) or very close to the triple point (olivine projec-
tion). Average composition of continental and oceanic spﬁ—
né& lherzolites and the pyrolites plot'cldSe to the olivine
control line. B;;altic rocks including a spinifex textured
variety, lie around the olivine—orthopyroxéne phase bounéary
in the diopside préjection (Figure 37). On the olivine pro-
.Jection, they plot around the olivine:orthopyroxene control

line but slightly more dispersed.

Among the first transition elements, V, Cr, Mn, Fe, Cb,
and Ni are considered as compatible during fractionation of
mafic minerals; therefore, they ére useful indicators for
understanding the c¢rystallization process in mafic and ul-
tramafic suites. Abundgnces of transition elements

-{Ti,Cr,Mn,Fe,Ni,Zn) together with Ca and Al, relative to

‘‘chondrites and a spinifex textured peridotitic komatiite are

shown on Figure 38. Ca and Al are added in order to see the
behaviour of plagioclase. Ca is also useful for clinopyrox-

ene, since Sc analyses® are not available. From Ca to Cr,

3

_t~ Sc stron ly partitions into <clinopyroxene (strongly com-
patible- 1ts mineral/melt ratio is 3 -Frey et al.,1974).
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Figure 36: O'Hara's polybarlc phase diagrams. Phase
boundaries are at 1 atm. Also shown is the 9 kb phase
. boundary (dashed line). Circles, peridotitic rocks;
triangles, olivine orthopyroxenitic ‘rocks; squares,
orthopyroxenitic rocks. Abbreviations: Dio, d10ps1de, En,
enstatite; Ol, olivine; Opx, orthopyroxene; Pla,
plag1oclase, Sp, spinel.
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the patterns of the three rock types are similar. There is
a continuous enrichment of these elements from peridotites -
throggh olivine orthopyroxenitic rocks té orthopyréxenitic
rocks. All three have similar ébundances of Mn, Fe and Zn
but differ 1in their Ni content. Both oiivine orthopyroxen-
itic and orthopyroxenitic rocks have negative Ni anomalies.
These patterns indicate that Ca, Al, Ti and partially Cr
were relatively incompatible whereas Ni, Fe, Mn, and Zn were
compatible during the crystallization of peridotitic parts.
Ca /Al ratios of the peridotitic rocks are controlled by
interstitial 1liguid trapped during fractionation of * oli-
vines. This ratio is similar to that of calcic pI;gioclase.
gome patterns with Ca /Al rati&;\ greater than 1 i
some c¢linopyroxene fractionation. Cr with slighy positive
to negative anomalies is noteworthy and probably gaused by a
minor chromite fractionation and incompatible haviour of
Cr during fractionation. From these diagrams, it is infer-
red that olivine is the only fractionating min€ral and is
responsible for -the chemical differentiation observed within

the body. ' -

The overall composition® of the ultramafic bedy is too .
magnesian to be representative of original liquid. Avefage
MgO content of the body (34.11 wt%) is higher than suggested

liquid compositions for komatiites which are in the rangé of

* Calculated assuming the two diamond-drill le intersec-

tion represent the body.
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Al and transition metal abundances :in the
T-3 ultramafic bedy, plotted as multiples of chondrites and
a spinifex-textured peridotitic komatiite (STPK).
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20 to 30 wt %: The composition of the 1liguid, in
equilibrium with the.most magnesian olivine {FOBB) is calcu-
lated.using a set of partition coefficient values. The par-
tition coefficient K4, where Kd=(XMg/XFe)“q/(XMg/XFe)d is
practically independent of temperature and pressure (Irvine
1979). However "it is worthwhile mentioning here that it is
sensitive to temperature and pressure ' under upper mantle
conditions (Mysen 1975). Kd values range from 0.30 to 0.36
 for melt compositions encompaising terrestfial basaltic and
ultr;basic liguids (Irvine 1979), Values of 0.345 for 1li-
‘quid without ferric iron and 0.293 for liquid with ferric
iron which comprise 15 % of total iron, are suggested by
Bickle (1982). Calculated XMg composition of- liquid, in
equilibrium_uith Fo89, ‘rangeé from 0.70 to 0.74 for thg Kd
values rangiﬁé from 0.293-to 0.36. - This is much lower than
the average composition (0.868)" H therefore, the average
composition can not represent th; original liquiad. Conse~-
quently, alterng;e conclusions are as follows: 1} the body
may have formed from a 1liquid containing an‘appreciaSIe am-
ount of olivine pliencecrysts, 2} some diffe;entiated liquid

..may have escaped, 3) less magnesian parts of the body may

have been sliced off during deformation. The second possi-:

bility.is a likely case; since XMg composition of the ultra-

e

mafic ambhibolites described by Peredery (1979) cover the

4

range of XMg of liquids with which the most magnesian oli-"

‘viﬁé equilibrated. In fact, ultramafic amphibolites (pi-
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crites) associated with serpentinites are interpreted as

fractional differentiates of an ultpabasic magma by Peredery
(1982).° " S . ¢
. v

3.2.2 Metamorphism

-~

As deduced from the mineral asseﬁblages and textures, the
ultramafic body has experjenced a serieé of complex hyara-b
.. tion and dehydration reactions during, before and following
p;ogressivé metamogéhism; - The'“ﬁominant mineral assemblage
is olivine;tremoliEe+or;hopyroxehe+aluminous spinel, sug-
gesting dpper amphigoliﬁe facies ‘conditions. The presence
of tremolite asr a Ca-bearing silicate instgaa of diopside,
.and the gbsénce of £alc‘and cordierite constrain the pres-
suré and’éemperature éoqdﬁtions for tpé ultrémafic rocks in
the MgO-Caé—AlZOﬁ—s{Oé;HZO sySfém (é&gure'39).' This corres-
ponds to the aﬁp—anth-éhl peridotite, amp-chl pe;idofite and
"amp-peridotite .rock types of Jenkins (1981). - Occurrence of
minerals representing'lowe% grades such qé aluminian-chrom-
ite, chlorite, Ca-poor amphibole togethef with olivine and
orthopyroxene may be explained by bolymetamorphism or local-
"ly varying ‘gﬁuid phége composition aécording to Evaﬁs
(1977}, The fine opague material as previously discussed,
can be relict magnetite stringers fqrmed during serpentin%;
zation and‘g;éiosed in olivine dufing_dé;%?pentinization, or
alternately, fit may be aﬁﬁresult of high-temperature oxida-

. - s . . .=
tion of olivine, $ince high-temperature oxidation products
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usually form more regular patterns (Haggerty & Baker. 1967),

.pyrokene and magnetite usuaily forming a _dendritic inter-

growth (Putnis 1979), the former possibility is favoured for

the formation of the fine ' opague material. In addition to .

these relict magnetite stringers, amphibole and chlorite in-

clusions fifmlng parallel oriented flakes, optically gonti-
nuous with grains adjacent to enclosing olivine megacrysts
indicate metamorphic growth of olivine. Similarly, very ir-

regular.grain boundary relations of anhedral olivine with

other metamorphic minerals stronglj‘§ﬁggest this. Subhedral

and euhedral olivine megacrysts, partly forming cumulus tex-
ture, may be interpreted as recrystallized igneous olivines
with Einor_metamorphic modification, since formation 6E
equant oliviﬁe grains by metamorphic 'processes would be un-
likely. This is suppérted by relatively unifgrm‘forsterite
conteﬁi\ﬁf olivines within .individual specimens and uniform
MgC-NiO and Mgd—Mno relationships of subhedral-euhedral oli-

vines.

Low Ca0 and Al203 content of the orthopyroxene megacrysts’

and their poikiloblastic nature indicate that they are meta-

boie; chlorite and phlogopite are similar to the matrix ma-
terial but smaller in EHZe. They probably resulted from
high growth rate of orthopyroxeneg relative to the rate of
diffusion of components of the inclusions throggh the hos£

orthopyroxene. Accordlng to the phase relations in Figure
) .

morphic, not relict igneous. Minute inclusjons of amphi-_

-
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Figure 39:
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T-P(H20) phase diagram for the ultramafic rock
assemblages. Mineral assemblages indicate that
conditions of metamorphism are to the right of
the Fo+Ta field and w1th1n the Fo+Tr field, i.e
between about 700 and 900°C at 6 kb. A poss1ble
path of increasing metamorphism is shown. Solid
lines are experimentally determined curves; -
dashed lines are theoretical (calculated)
curves, after Evans (1977) and Jenkins (1981).
Abbreviations: Anth, anthophyllite; Antig,
antigorite; Chl, chlerite; Co, cordierite; Dio,
diopside; En, enstatite; Fo, forsterite; Gt,
garnet; Serp, serpentine; Sp, spinel; Ta, talc;
Tr, tremolite; w, water. .

o
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39, enstatite forms from forsterite and anthophyllite at

temperatures above 700°C, below 8 kb pressure.

_ Duriﬂg progressive metamorphism spinel changed in compo-
sition\from Al-chromite through picotite and Cr-spinel to
Mg-Al-spinel as suggested already by Evans (1977). Equili-~
bration of coexisting Al-chromite and olivines was probably
achieved at approximately 660°C. This opaque Al-chromite
changed to a dark. bro#nish-red semiopague . variety at its
margin which became moge'Al— and Mg-rich relative t6 Cr and
Fe during an increase of temperature, ~ Pale brownish yellow
and yellgwish green spinels, on the otherihand, have proba-
bly formed at temperatures of 685°C and‘720°c respectively.
Spinel‘may be formed from chlorite according to the dehydra-

)

tion reaction: -
\ clingchlore=forsterite+2enstatite+spin£1+4H20

- This reaction in the Mg0~CaO-Al203-$i02~H20 system (Evans
1977, Jenkins 1981) takes placé between 750°C and 800°C at
\\\_,AZ% kb pressure. Addition of iron into this S component
system, however, shifts the reaction curves téwaras lower-
"Femperatures. Additionally reaction boundaries in the sys-
tem will be shifted to‘lowe; fgmperatures- and préssures‘if

the actjvitg of H20 in the ambient £luid is not close to
,unity for ultramafics (Jenkins 198l). As a result, geotemp-
erature results of approximately 720°C, obtained from Mg-Al-
spinel and olivine pairs would be-realisticQTgor the forma-

tion of spinel.
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Anhedral chlorite (chromium bearing clinochlore) inclu-

sions developed along certain éqxg&gllbgraphic directions of
. 3 ’

host olivine ar

interpretéd as being a reaction proéuct of
host olivine and\ spinel inclusions which are - still present

as pseudomorphs eficlosed by chlorite (Figure 15).

SerpentinigZati}®dn seen in zones 2 and 6 is a late stage

event, devgloped following metamérphism and deformation.
This is in catea by thin serpentine veins cutting eolivine
neoblaség/js ;ell as other metamgrphic minerals,  ©On the
margin of the body (zone 12), recrystallized phlogopites are

pseudomorphed by later g?ﬁen chlorite.

Deformation of the body is indicated by the fabric, kink
banding and undulatory extinction of olivine and'orthopyrox—
ene megacrysts. According to Poirier & Nicolas (1975) spi-
nel in peridotite nodules is progressively scattered with
inéreasing flow since it is less ductile-than the silicates.
From their'inferpretation, the scatter seén in Mg-Al-spinel
may be due to increasihg deformation. However, the situa-
tion is different in zone 5b where the spinel is Al-chromite
occupying the interstices of oiivine megacrysts. This zone
is probably the leaqt‘deformed"part of the body. This fact

is further supported by the unfécfystallized olivine grains.

Deformation was followed or accompanied by recrystalliza-’
tion processes; It is not clear ‘whether the reérystalliza-

tion was of annealing (static)  or syntectonic (dynamic)
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character. It may. be en annealing type because ef the large
grain size, equant grain shapes, polygonal grain boundaries,
and the absence of intragranular strain features (Green et
al. 1970) as opposed to.inequent grain .shape;.and strong
preferred orientation which are characteristics of syntec-
tonic reeryetallization. The presence of bimodal texture
seen in zone 5a,  however, suggests that it is syntectonic
recrystallization (Goetze 1975). If this fs the case, some
features such as equant and large grain §ize_,may have.been
formed with the help of small amounts -of water (Green et
al. 1970) during the recovery stage. The driving force of
primary recrystallization 1is strain energy stored in mega-
crfsts.and has developed élong grain boundaries and disloca-
tiohs, some of which are obscured by the development of fine
grained neoblasts (Figure 13)}. Where the seconaary recrys- .
tallization is evident, olivine forms equigranulae mosaics
in which the grains have 120°“inter§acial angles or xeno-
morphic outlines, well developed in zone 1l1. - The driving-

force for this secondary recrystallization is grain boundary

4

and surface energy but not'strain energy. o

.k L

3.3 ULTRAMAFIC AND MAFIC MAGMATISM

- i
Coherent chemical variations shown by ultramafic, * pichN-

tic and basaltic rocks of the belt suggest that they may be
Cogenefic (Figure 40). Most of the ultramafic rocks found
. (3 : ’

ag discrete bodies have some mafic portions. The transition

=
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zones from ultramafic to mafic portions are chemically
gradationél, implying formation ffom a differentiating mag-
ma. Chemical variations across sill-like ultramafic bodies
and relict textures suggest that crystal ' fractionation has
occurred in-situ. Vériation of M%p/(MgO+Fe0) ratios acigii/

. ’ -
individual bodies differs considerably; that is, " some” show

less variation (e.g. South Manasan: 0.84 to 0.88) whereas
some others show great'variation ﬂe.é. Pipé'z: 0.40 to 0:86)
(Figure 41).  These differing compqéitional.variations may
reflect the extent of differentiation; that is, the amount

of the differentiated liquid that is separated and/or the

time when it is separated, 'may differ among individual in-

' A}

trusions. ~ On the other hand, the range of most magnesian

composition may suggest some range in ‘the composition~of.the
liquid groducing dhdividual’boaiés.: Alternately, it may be
that some parts of the ultramafic bodies have been tecton{-

cally sliced off after formation. . - .

On the ghohdrite normalized transition element diagram
{Figure 42), there are progressive enrichments in Ca, Al,
and Ti and prééressive depletions in Cr, and Ni from ultra-
‘mafics through picritgc‘and Mg-basalts to basagtic rocks.
The patterns indicate crystal f?gctionation as a viable ﬁio-
cess.l Otherwise, rapid degfease of compatible transition
metals (Cr and Ni) in liquids would not have been expected.
Ni deplqtioﬁ is. due to olivine fractionation whereas minor
chrogztgﬁfractionation seems to be rbsp?nsible for the Cr

A
T
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South Manasan
Birchiree
Mystery

"‘Moak

Burntwood ' : j(-_
Pipe?2 . >

- Ospwagan
Nichols
. Kipper'

“ Soab North
Setting

40 50 60 70 80 90
100MgO/{MgO+FeOt!) "

Figure 4l1: Variation of MgO/(MgO+FeQ§7across individual
ultramafic bodies. Data sources: S.M&%asan, Birchtree,
Mystery, Moak, Burntwood, Pipe2, Ospwagan, Nichols, Kipper
and Soab North are after Peredery (1982); Setting is after

Coats (1966). '

depletion. In the ultramafic.rocks the Ca /Al ratio is
less than 1 and this is similar to the calcic plagioclase
. ratio. This ratio, in the picritid and basaltic rocks is
.+greater than 1 aq; may indicate involvement of clinopyrox-

ene.

On the ‘Hg-‘variatio. diagrams, the ultramafic and mafic
rocks of the belt display cohérent and serial chemical vari-- _
ations, suggesting that they.are' petrogenetically linked.

LY
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trends of Duke & Naldrett (1978). ' C
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- N ) f\‘
The trends are broadly consistent with either partial melt-
ing or fractional crystallization models. Scatter of some
of the ultramafic rocks in the Mg0 vs. NiC and Mg0 vs. Cr203
diagrams is due to low-pressure fractionation. Olivine-or-

thopyroxenitic and orthopyroxenitic rocks plot away from the

general trend in the MgO vs. NiO diagram. It is unlikely

that this,répid depletion may only be due to seperation of
olivine alone, but it becomes more acceptable when it is ac-
companied by molten sulfide fractionation from a sulfide-sa-

turated 1liquid by analogy with the model fractionation

The basaltic rocks of the belt plot near the low-pressure
olivine-orthopyroxene boundary and the lo;ipressure invari-
ant point in the clinopyroxene projection of the CMAS tetra-
'hedron (Figure 37). .This may ' indicate derivation of mafic
rocks from pewidotitic komatiite lidﬁid by Iow~ﬁressurq oli-

"vine and orthopyroxene fractionation.
&

Apart from the effects of low-pressure fractionation,

there are imprints of an early partial melting eventh%s in-

. ,dicated by some element pairs with chondritic ratios, such

as CaO/TiO2 and A1203/TiO2 (Figure 43). To produce a koma-
! toe .

tiitic liquid with chondyitic Ca0/Ti02 and Al203/Ti02 rat-
ios, the degree of melting should be at a level where clino-

pyroxene and an aluminu "bearing phase ( garnet,® spinel or

" plagioclase dependiﬁg/ upon the depth‘ where the ligquid was
L AT A - ) )

-

‘t
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produced) must be completely melted. The residuum should be .

highly refrac£ory in order not to retain significant amounts
of these elements. 'Siﬁce orthopyroxene can hold some alumi;
num at cerigin éépths,- it should not be regarded as an im-
port;nt residual ;mineral. This requires approximately 40-50
% meltang:TJaguéz & .Green 1?80; Scarfe et al.’ 1978) where

olivinetis*the principal residual mineral.
. - .

In sumﬂéry, petrogenesis of the ultramafic rocks can be

explainéd in two stages: " 1) High degrees of partial melting
of mgntie ﬁateéial with chondritic abundanées of CaO, Al203,
TiO2 producing a komatiitic melt. 2) Emplacement of the
melt, fqllowed by low-pressure fractionation in'which cli-

vine and orthopyrqxéne played important roles.

-
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_%TIC MODELS FOR THE NICKEL SULFIDE DEPOSITS

S

[y

The P1pe 11, Mystery, and Mbak'deposits are'mainly‘in the

form of disseminated sulfides in the ultramafic rocks. In

the Thompson . mine, nickel sulfides are found maiply as mas-

sive sulfide-bodies together with ultramafic rocks in peli-

' L)

tic metasedimentary rocks. The main ore zone corresponds to
the biotite-schist unit, .and is continuous for a”length of
5.5 km. Although lerger ultramafic bodies are not uncommon
in the Thompson mine, their volume is smellutelative.te the
Lamountﬂof sulfides. The features observed (e.g; ore-host

rock, relationships, texture) in the Pipe 1I, Mystery, and

Moak deposits are suggestive of magmatic origin. However,

-

- these features are rare at the Thompson mine, which has led '

some peoble (e.g. Gale, pers. comm. 1980; Sangster, perSw

COMR. 1980){to consider a volcanogenic-exhalative origin.

Accordlng to the magmat1c theory, sulfldes are.carried as
immiscible dropletS'r1n a - sulfur saturated ascending magma
"that is’ generally komat11t1c in comp051t10n. _Separatlon of
1mmlsc1ble sulfides from the silicate magma -occurs either
following. emplacement due to dens1ty dlfference between the

.

,s1l1cate and the sulfide phases (Naldrett 1973), ~or during

. ascent of the magma, due to viscosity dlfference-between the‘

two phases (Ross & Hopkins 1975). The volcanic-exhalative

_model was pgpposed by Lusk (1976) for lenticular n1ckel su1-°

Fd

f1de dep051ts to explain -some features wh15h-are similar to

Y 768
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volcanogenic Cﬁ-Zn deposits (e.g. occurence of pyrite in
massive sulfide, mineralbéical layering, striﬁger ore).,
However, most of the features used by Lusk (1976) to support
volcanogenic-exhalative model were lérgely due to metamorp-
hism (Groves et al 1976) . Péredery (1982) also explains
that ;he presence of siﬂilarkfeatures (;fg. occurence of py-
fite, mineralogical layering, stringer ore) in the Thompson
mine has been largely due to seggndary p;ocessgs (e.g. me-
tamorphism}. Additionally, hydrothermally altered footwall
rocks are absent in the Thompson mine. Moreover, the pres-
ence of source rocks from ﬁhich Ni can be extracted is unc-
ertain. Generally. speaking, features suppo}ting a volcano-
genic origin are rare as well in.the Thompson mine. .Thus,
one must-unfavei the effects of complex metamorphism and
deformatjon on the nickel sulfides and thir host rocks be-

fore attempting to favour any genetic model.



Chapter 1V
THE CUTHBERT LAKE DIKES
- © _

- The Cuthbert Lake @ikes are a number of vertically dip-
ping ﬁérallgl @ikes, sttiking épproximately N30-~E. They can
be trac%g aloﬁg their strikes for about 160 km on the geclo-
gical map of Manitoba (Manitoba Department of Mines 1980).
The dikes consist of a number of 'en-echelon' dike segments,
a féature which.was hentioned in McDonald (1960}, ) The com-
position of the dikes range from ultramafic to mafic and
they cut the'Pikwitonei granulites which consist.of gneiss-

es, gabbro and minor pyroxenites (Figure 44).

L
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Geological boundary .
——-... Observed approximate assumed

237 Matic dike . '

—.— Metamorphic boundary

.| Gabbro-pyroxenite complex

D Granulite gneisses & migmatites

~~~~ Fault, mylonite

Geological map of the area around Cuthbert Lake.
Simplified from the Geological Map of INCO
Metals Ltd. Manitoba D1v151on.

Figure 44:
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4.1 PETROLOGY AND GEQCHEMISTRY

The Cuthbert Laké_dikes-wére studied as seen along DDH
64830. The diamond-drill hole in;ersected a 10 meter thick
mafic dike whicﬁ will be referred as the minor dike and a 60
meter thick ultramafic' dike which will be referred as the

major dike throughqut the text.

4.1.1 Mineralogy and Petrography

4.1.1.1 The major dike

The major dike, as-observed along*thé diamond-drill holé
intersectioq is composed mainly of olivine-pyroxenite, A
minor websterite unit is present near the northwestern con-
tact (Figure 45). A thin pyroxené-picfitic unit close to
the southeastern side of the major dike does not seem to be

part of the major dike and will be discussed later.

o 1 '

The chilled margin is composed of fine grained chlorites
that show weak foliation and finely disseminated iron okides,
‘(Figure 46). Fine grained chlorites may. represent devitri-

fied glass. ' ‘ T

There is a mineralogical zonation ‘acroess the major dike.
The modal amount of olivine appears to show an increase,

wQereas that of plagioclase seems to decrease toward the
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Figure 45: Cross section of the Cuthbert Lake dike as seen
along the DDH 64830. Contacts are drawn as measured from
ngle of the DDH axis with the contact.
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Figure 46: Margin of the major dike. Crossed. polars.
-
dike center, similar to those found by Scoates & Macek
11978)'in another dike of the swarm, JAv::cording to them, or-
thopyroxene shows a distribution similar to that of plagioc-
lase, and to some extent, clinopyroxene distribution is si-
milar to that of olivine. Similar miﬁeralogical'variafion
has been noted in the ultrabaéic' dikes of the Isle of S$ye,
Scotland (Gibb, 1968); that is, olivine increases toward the
center whereas plagioclase and clinopyroxene décrease in

that direction,

Olivine is found as subhedral-euhedral prismatic crys-
tals._. Some of them form‘elongate crystals of which the iong
'axes are up to 4 times longer than their short axes (Figure

47). Commonly, they display rounded corners and some Show

P
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. embayed ‘outlines (Figure 48), iﬁdigating partial fesSEQEion
of olivin; during the magmatié stage. ' Grain size is not
uﬁifofm, Qarying froﬁ 0.1 to 2 mm, even within the limit of
a thiﬁ sectapn; There does not seem to be a sfstematic var-
lation in the.grain size of olivine across the dike. Near
the margin; however, the olivines are mostly small (averag-
ing b.2,mm) with a few coarse grains. In the center of the
diké,,;he‘amount of coarse grains (1}2 mm) increases. Erma-
novics & Fahrig (1975) have also noted that.coarse olivine

.and orthopyroxene are concentrated in the center of the Mol-

_son dikes.

Figure 47: Elongate olivine crystals sitting in finer
grained olivines, pyroxenes(white-grey) and plagioclase.



. COLOURED PICTURES
Images en couleur

P G .

1

86

Figure 48: Olivine crystals with rounded outlines. Large
euhedral crystal is orthopyroxene. Interstitial mineral is
amphibole. '

Close to the SE side of the major dike, coarse elongate
olivine crystals show a preferred orientation: that is, . the
long dimensions of the elohgate olivine crystals are orient-

ed parallel to the dike margin. This - fabric may indicate

flow direction.

Thin serpentine veins and magnetite stringers are found
cutting olivine grains. In some places, the serpentiniza-

tion is complete leaving no relicts of olivine.

Orthopyroxene is pinkish, weakly pleochroic and forms
equant euhedral and subhedral grains (Figure 49). The grain

size also varies considerably (0.2 to 1.5 mm), like that of

LA
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olivine. Some grains display zonation; Exsolution blebs
and oriented platelets parallel to the c-axis of the host
orthopyroxene have been observed in some grains. These pla-
telets have oblique extinction. Orthopyroxenes rarely enc-
lose olivines. Where they are in grain to grain contact,
the grain boundary is usually straight indicating equilibri-

um between these two minerals.

Figure 49: Euhedral-subhedral orthopyroxene grains (x),
clinopyroxene (c), olivine (o) , and plagioclase (p). Note
rounded olivines are surrounded by brownish corona in

. plagioclase.

Clinopyroxene is in the form of eguant subhedral grains,
similar to orthopyroxene. It is usually coarse grained (0.5

to 1,6 mm) compared to other minerals nearby. It is~weakly

[,

ple&gﬁig}gﬁvﬁth shades of light green (Fi@ure 49). Some of
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the grains have tiny blebs concentrated near the margin, and
oriented platelets similar to those observed in the orthopy-
roxenes (Figure 50}. Alteration preferentially developed in
the exsolution-rich pérts of the cliﬁopyroxeﬁgs, complicat-
ing the texture and positive identification of the exsolving
phase. However, parallel_extinction of the oriented platel;
ets suggests that they are orthopyroxene. .Grain boundary

relationship with amphiboles indicates , partial replacement

of clinopyroxene by amphibole,

0.2mm

Figure 50: Fine exsolution blebs and rods developed around
the margin of clinopyroxene.

) :
Plagioclase occurs as medium to coarse anhedral, interst-
itial grains, Several small laths /pf plag:oclase are also

observed., The former type po1k111t1;ﬁﬁly encloses 011v1ne,
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orthopyroxene and clinopyroxene (Figure 51). Olivines enc-
losed in plagioclase have reaction rims. Two tyﬁes of reac-
tion rims are present. One is a kelyphitic rim with radial
fibrous texture (Figure 52). The other type seems to be a
corona structure which consists of two silicate layers (Fig-
ure 53). The inner iayer, adjacent to olivine, is an ortho-
pyroxene. The outer layer consists mainly.of an amphibole;
intergrown with a dark brownish phase, fq:min% a vermicular
texture. Similar textures have been not;h in the Michael
Gabbro, Labrador by Emslie (1983). He‘explains the double
coronas separating olivine from plagioclase as an inner co-
rona which consisfs of prismatic, colourless hyperstene with
elongation perpendicular to olivine mgrgins and an outerfrim

_which is an amphibole (pale-medium green) and may contain
very fine spinel near the inner corona. The kelyphitic rims
are interpreted as secdndary, whereas the other reaction rim
is believed to be a subsolidus phenomenon, No reaction rim

was observed between pyroxene and plagioclase.

Amphibole, a'hornblende, is always in the form of large
interstitial grains (Figure 54). It is characteristically

- ‘brownish to greenish with distinct pleochroism.

;I,Opaque chromian spine}l isAfine'grained, generally smaller
than™.1 mm. It occurs as euhedral crystals which are even-
ly disseminated and found to be enclosed by olivine and oth-

_er silicates. Some of these fine grained spinels have tiny
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Figure 51: Coarse plagioclase grain
poikilitically enclosing clinopyroxene, orthopyroxene and
. olivine.

Figuré 52: Kelyph1t1c rims around olivine grains enclosed
in plagioclase.
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\ 0.9mm

Figure 53: Corona with double layers between olivine and
. plagioclase. v

0.6mm

—

Figure 54: Coarse interstitial amphibole enclosing rounded
olivines, subhedral pyroxenes and plagioclase laths.

ey
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silicate inclusions (Figure 55) which are identified as oli-.
vine and amphibolg' by microprobe analyses. Chromian spine}é o
display zonation where the enclosing material is highly al-'
tered. Zoned spinels have opaque core and semi-opaque rims:
indicating alteration that starts at the margin and develops
inward.  Among these zoned spinels, there are .also some
semi*opagug dirty-greenish spinels, They are believed to
represent completely altered varieties. Under reflected
light{ chromian spinels are light grey in colour. Almost
all tPe grains contain needle-like, .highly reflective ex-
solved phases which are arranded preferentially along crys-

\E?{Tﬁgraphic directions of the hosé chromian-sp?nel. . That -
phase is interpreted to be hematite. A . similar exsolved

phase 'is found in chromian-spinels in basalts (Hadgger-
. , <t !
- ty,1976) and in chromites of the Bird River Sill, southern

Manitoba (Paktunc, unpublished). The exéolved phase was in-
terpreted as the result of high ;temperaturé oxidation of

chrom?;h-spinel by Haggerty (1976).

. \ & . . .

Minor pyrrhotite and chalcopyrite .occur as fine anhedral
grains. .
4.,1.1.2 The minor dike

The minor dike is gomposed.oﬁ px;oxedg picrite and gab-

14 M . ~ - . . . .
bro. Pyroxene picrite forms the central portion whereas the

"marginal .phase'is gabbroic. The boundary between: . these’
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D.1Tmm

Figure 55: Olivine inclusion in euhedral chromian spinel.
o, olivine; p, plagioclase; s, chromian spinel; x,
orthopyroxene.

units ig gradational. The margin of the,dike contains abun-
dant phenocrysts of clinopyroxene of wﬂich the size reaches
up té 2 mm (Figure 56). Some of the Flinopyroxene pheno-
crysts are partly altered around their margins. Others are
completely altered to a éreenish pleochroic material. Pla-
gioclase, minor olivine and orthopyroxene phenocrysts are
also pfesent. The matrix is composed of fine plagioclase

microlites, opague material and fine greenish chlorite.

The rest of the dike is fine grained and shows ophitic
texture {(Figure 57). Cliﬁopyroxene is coarse grained with
subhedral outlines, partly surrounded by secondary micro-
crystalline rims (kedeyphitic rims). Some of the grains show

optical zonation and twinning. Several grains are found to
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Figure 56: Margin of the minor dike containing phenocrysts
: of clinopyroxene.

be composed of small irregular mosaics of clinopyroxenes.

This is similar to the 'multigrain aggregate' of Scoates &

Macek (1978). Fine exsolution

in several grains.

é

lamellae have been observed
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2mm

Figure 57: Minor dike showing ophitié texture,

4.1.2 Mineral Chemistry

4.1.2.1 Clivine

The composition of olivine in the major dike ranges from
Fo76.5 to FoBl. This range corresponds to the change of Fo
content from the dike margins inward. Mg/(Mg+Fe) ratios
(XMg) of olivines are identical to those of the bulk-rock.
In ofher words, olivines seem to control the XMg of the
bulk-rg;k. A - chromian-spinel grain which is enclosed in
olivine, has a tiny olivine inc}usion in it. This tiny oli-
vine inclusion (FoBﬁ;B? is more magnesian than the olivine
that encloses spinel (Fo79.3). Similarly, an olivine inclu-
sion in a euhedral clinopyroxene grain. is more magnesian

the olivines not enclosed by clinopyroxene. This may
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indicate that the olivines that are trapped preserve their
composition while others reacting with the'magma in which
they are suspended,‘changg their combosition. However, the

difference in composition is too small to be important.

The NiO content of olivine ranges :from 0.11 to 0.41 (wt.
%), unrelated to MgO content. This variation is even shown
among individual grains in a given thin section. MnO dis-
plays less variation, ranging ffom 0.20 to b.43»and shows a
weak negative correlation with the Mg0 content.

4.1.2.2 Pyroxenes

The compositions of the ﬁyroxenes are shown on the pyrox-
ene quadrilateral diagram {(Figure 58). Orthopyroxenes plot
close to the enstatite corner; whereas clinopyroxenes are
near the diopside corner. The composition of orthopyroxenes
in a given sample is variable. However, the variation ob-
served among individual grains in a given sample may be com-

. pPlicated .due to the presence of finely exsolved pyroxenes. -
The Mg/(Mg+Fe) ratio of the orthopyroxenes, ranging from
,0.80 to 0.84 is generally higher than that of coexisting

olivines. This feature, acccording to Bowen & Schairer

(1935) suggests that equilibrium conditions have been

reached at low pressures.

Several clinopyroxene analyses indicate that their
Mg/(Mg+Fe) ratios are slightly higher than those of orthopy-

roxenes.
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Figure 58: Pyroxene quadrilateral diagram and the
composition of olivineg. Lines connect coexisting
orthopyroxene (triangles), clinopyroxene (circles) and
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CaC and Al203 concentrations of the orthopyroxenes are

high, rénging-from 1.07 to 2,28~ (wt. %) and 0.30 to 4.46
(wt. %) respectively. On the Al203“vs Mg/(Mg+Fe) " diagram
(Figure 59) ‘it is observed that there’is a weak negative

correlation between these two parameters,

A

" CroOs {w1.%)
°

«%
.t .:,
05 |
[ ]
[ ]
07 08 09 1o
5 1 o
L ]
]
4 . o
*®
E 3 *
S .
s
g 2 ] .

0.7\. 08 09 10
/{Mg+Fe}
3

Figure 59: Mg/(Mg+Fe) vs. A1203 and Cr203 plots for
pyroxenes,
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+*421.2.3  Amphibole

Amphibolé analyses plot linearly between the pargasite
and Fremdlite end members on the Al¥ -(Na+K) diagram-:(Fig-
ure 60). They are distinetly richer in A1203 0?.45—13.94
wt. %) and slightly 1®8ss calcic (9.22-11.27 wt. %) than the
amphiboles of the Thoﬁpson ultramafic body. The Mg/(Mg+Fe)

ratios (0.74~0.82) are in the range of those of - the oli-

vines,

Na+ K

=3

[Tremns )
. | 2 3
AT

Figure 60: Composition of amphiboles (solid dots). Also
shown are the Thompson amphiboles (triangles). Number of
atoms per 23 oxygen ions, Ed, edenite: Par, pargasite; Trem,
tremolite.

.t *

_. 4.1.2.4 Plagioclase

Only two plagioclase grains have been analysed. The one
in the major dike, near the margin is bytownite whereas the

other in the minor dike is labradorite in composition.
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4.1.2.5 Chromian-spinel

Variation of trivalent ions in the opaque spinels is °
shown on Figure 61. It is seen that ' the chromian spinelé
are rich in ferric iron which requires formation under high
oxygen fugacity condigaops. As pointed out earlier, tﬁé\\\
chromian-sﬁinels have experienced a high temperature oxida- e
tion which has resulted in the formation of hematite exsolu-
tion lamellae. The Cr/(Cr+Al+Fe***) ratios range from 0.24
to 0.40, On the Mg/(Mg+Fe**) vs Cr/(Cr+Al+Fe***) diagram
(Figure 62), they form a linear trend which is parallel to
but distinctly different from the trend of the spinels of
the Thompson ultramafic body. = Their V203 content is high,

around 2 § wt.

Fe*s

Cr Al

Figure 61: Variation of trivalent ions in spinels. Fe***
is calculated assuming ideal spinel stoichiometry.
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4.1.3 Geotemperature Estimates

A
Alumina solubility in orthopyroxene, single pyroxzene and

two pyroxene geothérmometers have been used to estimate
temperature conditions. Olivine-spingl geothermometry could
not be used since the chromian spinels have been iritensely
oxidizeq; that is, most of the ferrous iron has been con-

verted to ferric iron.

4,1,3.1 Alumina solubility in orthopyroxene ~

The magnesium-tschermak coﬁponent of the orthopyroxene is
used to extrapolate temperature values from the temperature-
pressure phase diégram of Gasparik & Lindsley (1980) (Figure
27). Alumina solubility i%_'orthopyroxeneé coexisting with
forsterite and spinel in the system MgO-Al203-5i02 is prac-
tically independent of pressure 1in the range of interest
(i.e. below 15 kb. and 1100°C). Extrapolated values are in
the range of 900°C to 1000°C.

4.1,3.2 Single pyroxene geothermometer

The single pyroxene geothermometer CM;;:EEr, 1976 and
1980) is based on alumina solubility in pyroxenes coexisting
with an Al-rich phase. The details of this method are given
in Mercier (1976) with some revised thermodynamic parameters

and formulae in Mercier (1980).

The equations for enstatite coexisting with spinel are:
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A=(Al-Na)/2 1}

W=Ca/(Ca+Mg+Fe+Mn)
FCr=Cr/(Al+Cr-Na)
Ka=(a/(1-A))/(1-2.87FCr)*
Rw=6W/(1-2W) )

D 1nKax1lnKw-8. 67511an+2 25951nKa+24. 568
T( K)=(-6308. S51nKw+45449) /D

The equations for diopside coexisting with spipel are:
Kw=(1-2W)/(0.667+0.667W)
Ka=(£/(1—A))/(1-1.27FCr)=
D=1nKaxlnKw-11.27241nKw+2.25951nKa+32.371
T(°K)=(“7537.51an+61152)/D

(element symbols represenf number of atoms per 6 oxygen ions).

Temperatures obtained range from 1093 to 1324°C, peaking
at 1150°C (Figure 63). Precision is estimatéd to be 270°C.
4,1.3.3 Two pyroxene geothermometer

Transfer and exchange equations derived by ' Kretz (1982)

s

are used-to estimate geotemperature conditions,

The transfer reaction is'a change in the solubility of

°C :
T(°K)=1000/(0.468+0.246XFe—0.3041n(ﬁszdé))

the enstatite component in diopside crystals.
The equation.for temperatures above 11§g7

for temperatures below 1080°C- :
T(°K)=1000/(0.054+0.608XFe~0.3041n(1-2YCa))
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Figure 63: Frequency histogram of the geotemperature
¢ estimates.

- .

where; XFe and YCa are fractiéns of Fe** and Ca in clinopyroxene.
XFe=Fe**/(Mg+Fe**)

"fCé=Ca/(Mg+Fe"+Ca)

The exchange reaction is bgsed on Mg-Fe** partition bet-
ween clinopyroxene and orthopyRoxene.
The équation:
T(°K)=1130/(1nKd+0.505)

where;
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are ignored in the method. g

Rd=(XFe/XMg) oox X (XMg/XFe)
XFe=Fe**/(Mg+Fe*"*)

cpx

XMg=Mg/(Mg+Fe**)

Temperatures calculated using the transfer eguation give

- 1040+60°C and 1220#60°C whereas estimates obtained from

the exchange equation give 980°C " and 1540°C. This large
variation may result from failure to analyse for ferrous

iron.

4.1.3.4 Comparison of the géotemberature estimates

Temperatures obtained from the single pyroxene geother=-

mometer and from the transfer equation are consisteny’

peak .at 1150°C (Figure 63}); therefore, th?gp—zgzﬁe can b

taken as the equilibration tempefature of the orthopyroxeﬁe

and clinopyroxene. Low temperatures (900-1000°C) obtained

from the alumiria solubility in o:th@yroxene are probably
3

because of the effects of FeO, »:FEQ ;' Cr203 and CaC which

v

.+4.1.4 Rock Chemistry - '  _'//,~wKFT\\

The dike rocks were sampled and analyéed approximately
every 6 meters along DDH 64830. The chemical analyses are

given in Table 5.

2

TN
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The effect of alteratlon seems-to be negl1glb1e, .because
several altered “samples glsplay-sympathet1q' var‘:.a_tion"patL

terns with the unaltered roeﬁsffor most of the oxides and-

.

o - . - o T ! - )
Contamination of the.dike*from__the enclosing gneisses is

also negligible for most of'the ox{des and elements. The

.gneissic country rock on *the NW side of the dike is low in

Ti02, whereas the -other side (SE) of the dike 1is rich in
Ti02 Ba, Sr, Rb appear to have. been enrlched in the coun-

try rock (see Table 5, sample 08 and 955); however, no ap-'

is seen along the dike .

Unusual enrichment of TiO2 near\the minor r Pyroxene= picri-
tic- gabbrozc dike which 'is found /to be 1ntrudxng into the

major dike, close to the SE margin, is observed. The minor

- dike itself is rich in Ti02 (1.97 wt. %); therefore, it is

likely that the titanium has been introduced during the em-

blacement of the minor dike.

Chemical variation across the major dike and minor dike

‘nearby is seen on Figure 64. MqO, ranging from - 20 to 28

(wt. %), increases toward the center 'of the major dike. Si-
milarly, FeO (total), Ni and Cr'display enrichments inward.
$i02 seems to. slightly decrease in the same direction.

A1203 and Ca0 show varzatlons 51m11ar to those of Si02. Mn0O

is uniform (around 0.2 wt. %)uwhereaS'TiOZ shows large vari-
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ation. Concentrations of Na20, K20, Ba are rather uniform
across the major dike. Variations of oxides across the mi-
nor dike are not as regular as in the major dike, although

similar variations seem to be présent for most of the oxides
from the gabbroic-ﬁ;rgins toward the thin pyroxene-picritic

center.

On the MgO-Ca0-Al1203 and AFM digrams (Figure 65), the ma-
jor and minor dikes follow the trend of the Molson dike
swarm given by Scoates & Macek (1978). Olivine control on
the MgO—CaO-AlZO} diagram for the major dike samples, with a
few exceptions, is obvious. The samples from the minor dike
plot along the trend of the major dike on the Mg0 vs NiO,
Cr203 and Al203 diagrams (Figure 66). On the MgO;CaO plot,
samples from the minor dike form a trend indicating clinopy-
roxene fractionation. This trend which has a positive
slope, is different from the negative sloped trend of the
maﬁor dike. On Pearce diagrams, some of the scatter
shown by some element pairs is eliminated, resulting in
more distinct trends for most of the oxides (Figure 67).
The trends on the MgO/Al203, FeO/Al203, MnO/Al203, NiO/A1203
-'vs §102/A1203 diagrams are similar to those of the Thompson
ultramafic. body. The trend on the Cr203/aA1203 vs
Si02/A1203 diagram is similar to the trend of the orthopy-

roxenitic rocks of the Thompson ultramafic body.
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Figure 65: Mg0-Ca0-Al203 and AFM diagrams. Circle, major
dike; triangle, minor dike. Lines are the regression lines
of the Molson dike swarm after Scoates & Macek (1978).



2 ™
N ol
© .1 £ °
- A
L Py .
Qo0
10 20 30
|8" \
A
} A
A
12 A .
L]
[ 3
R R,
< g | <,
ot
'ﬁ - " L v
1o 20 30
12 - 2
A [ ]
3 "G
L
604
0
!2 4 q.ﬁ’dk‘.
9 40-
10 20 30

Figure 66:

MgO (w1.%)

MgO variation diagrams.

110

MgO {w1.%)

0.2 A; .
o Y amde
c .
z [ ]
0.l v T T T T
10 20 30
006-
4 L
e
. 0-4" g§
Y o5
W
Q o
0.2 A
A
Fs
d. A‘
) 10 20 30
02
:o
N °
z 7
0.1 o
rS
of
iy T Y Y
10 20 30
124 a °a*
- f oé&éh
< ’ *® o,
2
L 64
L - T A 4 T
10 20 30

1 Ciréle, major dike:
triangle, minor dike.



111

6-1
» L2 L]
4 L
..
MgO/AL05 od
..
2 &
w.l
2 4 6 8 o
4
2 | o
FeQ/ALO -] - »
2% et
e b
2 4 é 8 10 h
3 -
COO/A[203 . .
| 44 “.“. o L ]
FvY
' 2 & 5 8 10
Q.31
No,0 /AL,0 | "
A
3 0.'J Al A :.:‘.... e .
[ ]
: 2 4 6 8 10 o
0.2
— ::*;h_sn.nq.a_. aa__ 8 -
2 4 6 10

Si 02/A1203

Figure 67: Pearce-type ratio plots. Circle, major dike;
triangle, minor dike. . '



Cf203/A|20 3

NiQ/Al05

Ti0,/A1,05

o121
L ]
c.08- -
*
oe®
004- r
[ ]
1] e" ‘l 11 T T 1]
2 4 6 8 @o
0.06 1
0.02 3 % *
R L L Y
[ ] '9.’
T fué £ T T T
2 4 6 8 10
0.06
- [ ]
LY
'.
0oz 22
2 4 & 3 10
0_2.‘ [ ]
0.1.4 . .
“: L ] L s ] [ ]
P . .‘. [ ]
T T T g | e T
2 4 6 8 10
Si0,/A 103

Figure 67 cont,

111la



112

The_dat; show scatter on the Ca0O-Ti02 and Al203-Ti02 dia-
grams (Figure 68), ~ Al203/TiO2 and CaO/TiO2 ratios of the
chilled margin, 16.8 and 14.7 respectively aée slightly low-
er than chopdritic ratios. The sémples form a trend with
positive correlation on the Ti-Zr diagram (Figure 68). Ti/
2r ratio of the chilled margin (145) is higher than the
chondritic ratio (110) and much higher than the ratio of the

Thompson ultramafic body (80).



2.0

.6 | ' | . ) 113

8 12 Is 20
CaQ wtn

2 3 4 5 6 7 8 9 10
Ti x10% (ppm)

Figure 68: Plots of Ti0O2 vs. CaO and Al203 and Ti vs. Zr.
Stars, dike margins.
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4.2 PETROGENES1S

4.2.1 Petrogenesis of Individual Dikes

o

It appeafs that most of the olivine has formed before
and/or during the émplacement of the faike and has been car-
ried in suspension , segregating away from the walls of the
veftical conduit due to a flowage effect. This is indicated
by (1) increase in modal olivine toward the dike interior,
coupled with an increase of bulk MgO, (2) alignment of some
eérly—formed clivines along their long axis, (3) olivines
with resorbed outlines, (4) strong similarity of XMg between

olivine and whole rock.

Abundances of trénsition. metals, Ca and Al relative to
chondrites give nearly parallel patterns with a narrow range
of variation for each element across the dike (Figure 69).
When they are normalized to the spinifex~textured porido—
titic komatiite (STPK) from Munro Township (Arndt et al
1977),  they form a nearly flat pattern with concentrations
being more or less similar to the STPK. The dike margin is

slightly enriched in Ca, Al, and Ti and slightly depleted in

,Cr, Fe, Mn, Ni, and Zn compared to the STPK and to the rest

of the dike sampleés. This indicates that the chilled margin
has experienced a slight olivine fractionation during flow.
However, the flow differentiation does not. seem to have
changed the bulk composition of the magma. The bulk compo—

sition of the samples across the dike lie along an olivine

in
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control line on O'Hara's polybaric phase -diagram and Ir-
Qine's phase diagram (Figures 70 & 71). This is partly con-
sistent withrthe observed modal mineralogy across the dike
showing that the olivine is an abundazﬁl phase, However,
clinopyroxene and orthopyroxene forming euhedral—suﬁhedfal
crystals are also abundant as early-formed minerals. 1If the
presence of clinopyroxene and orthopyroxene in the dike is
simply due to fractionation, either by removal or accumula-
tion of phases, the observed fractionation trend of the bulk
composition would have been destroyed. Euhedral-subhedral
clinopyroxene and orthopyroxene cr}étals displaying straight
grain boundaries with the enclosing interstitial material
suggest equilibrium ~conditions during cfystallization.
Thus, clinopyroxene and orthopyroxene crystals equilibrate
with the liquid and simultaneously settle tﬁzough a distance
which is much smaller than the height of the vertical con-
.duit, similar to the 'compensated crystal settling' hypothe-
- sis of Cox et al (1979). Since the magma chamber is actual-
ly a vertical conduit, crystals that are settling déﬁn would
not have a chance to accumulate, probably those reaching to
"deep levels would have dissolved iﬁ hotter liquids. Provid-
ing that crystals that settle down are }eplaced bf settliﬁg
of similar crystals from above, .the bulk composition of the

magma does not change significantly, as already mentioned.

Here the dike rocks may be termed 'accumulates' following

the terminology of Irvine (1979). Accumulates are rocks in
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-

‘Figure 70: Diopside projection of CMAS tetrahedron.
Squares, major dike; triangles, minor dike; stars, dike
margins. Note that minor dikes and their margins plot near
the 5 kb olivine-orthopyroxene boundary. Hyperstene- and
olivine-gabbro planes are shown for reference.
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Figure 71: Clinopyrozene-and plagioclase projections of the
Ol-Cpx-Pla-Qz system. Liquidus boundaries are at 1 atm.
Squares, major dike; triangles, minor dike; stars, dike

margins. For construction method see Irvine (1979},
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which the separatién of crystéls and liquid is less complete
as opposed to fractionated rocks that havé only small am-~
6unts of trappeé ligquid. Actually, the dike rocks plot in
the field of picritic-peridotitic accumulates on'the Ir-

vine's AL/(Mgﬁfe) vs Mg/{Mg+Fe) diagram (Figure 72). -

The compoéitioq'of the chilled margin is not in chemical
equilibrium with the most magnesian olivine (Fo81) in the
dike. This is much smaller than the forsterite composition
of 92 'which'ig calculated for -the olivine in equilibrium
ﬁafhgthe composition of the chilled margin by usiﬁg the‘Mg/
Fe distribution coefficient (Kd) of 0.33 (Irvine, 1979).
Thus, it is conélﬁﬁed that the olivines have reacted with
the magma‘in which they are .suspended and have changed com-
position. This is also supported by the texture of the dike

rocks (i.e. rounded, resorbed outlines of olivines).

. h ]
The crystallization sequence can be inferred from the

quarternary phase diagram of the system olivine-clinopyrox-
enerlagioclase;quartz after Irvine (1979).®* Olivine with

composition of Fo92 forms first from the liquid of which the

composition is similar to the chilled margin (Figure 73).

The composition of the remaining ligquid moves directly away

from the olivine corner along the path 'ij', as crystalliza-

tion of olivine proceeds. When the liguid and the suspended

® Crystallization sequences that are inferred from the three
projections (olivine, clinopyroxene, and plagioclase pro-
jections) are combined in the quarternary diagram,

«
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Figure 72: Plot of Mg/(Mg+Fe) vs. Al/{(Mg+Fe). Circles,
major dike; triangles, minor dike; stars, dike margin. Two
squares connected with a dashed line are assumed derivative
and calculated primitive liquid compositions for the Kilauea

and Mauno Loa lavas (Irvine 1979). Model basaltic and
picritic liquids are also from Irvine (1979).
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olivine mixture reach the olivine-clinopyroxene plane,
clinopyroxene starts to crystailize. Along the path 'jk',
olivine reacts witﬁ the liquid, changes its composition and
becomes resorbed while clinopyroxene is crystallizing.
Crystallization of orthopyroxene. begins'where the olivine-
clinopyroxene-orthopyroxéne boundary} 'de', 1is reached and
continues along it toward.the point 'ar. At that point,
Four phaseg; 'olivine, clinopyroxene, orthopyroxene and pla-
gioclase are in equilibrium with the femaining liquid. The
crystallization sequence would then be: ‘

(i-3) ol

{j-k) ol+cpx

(k-=d) . ‘ol+cpx+opx

(d) ol+cpx+opx+pla

However, this crystallization sequence.differs SIightly
at higher pressures. The pyroxene volumes expand as the
pressure increases (Irvine 1979). Use of phase boundaries
at 4.5 kb (Irvine 1970) causes crystallization of orthopy-
roxene following olivine, The inferred crystallization se-
guence at 4.5 kb would be:

. ol

ol+opx
ol+opx+cpx

ol+opx+cpx+pla
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Cpx

Cation-unit

&

Ol

Figure 73: . Inferred liquid path of the major dike in the
Olivine-Clinopyroxene-Plagioclase-Quartz system (after
y _ Irvine, 1979).

]
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The crystallization sequence deduced from O'Hara's
polybaric phase diagrams is: (Figure 70) |
‘ol
ol+opx

ol+opx+pla

Chilled margins of the minor dikes* plot close to
point 'd’ (1 atm) where the four phases are in equlibrium
yith liquid; therefore, it is difficult to infer a liquid
path, At 1 atmosphere pfessure, the crstallization sequence
would roughly be: |

ol+cpx

ol+cpx+pla
At 4.5 kb pressﬁre, it would be:

ol+opx |

ol+opx+cpx y
This sequence is consistent with the one inferred from QO'-~
.Hara's polybaric phase diagram. The chilled margins plot
along the olivine*orthopyroxene 5 kb boundary, indicating
coprecipitation of orthopyroxene and olivine. Most of the
minor dike samples cluster around the olivine—orthopyrﬁxene

"boundary.

¢ Includes diabase dikes of Ermanovics & Fahrig (1975) and
;integmediate' and 'minor' ~dikes of Scoates & Macek
1978).
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4.2.2 Petrogenesis of the Dike Swarm

Chilled margins of the major and minor dikes are piotted
on the Mg/(Mg+Fe) vs Al/(Mg+Fe) diagram and compared with
the 'calculated primitive liquids' and 'assumed derivative
liquids' of the Muskox intrusion, Kilauea, Mauna Loa voica-
noes and abyssal tholeiites (Irvine 1979). One of the
chilled margiﬁi of the major dikes plots near the 'calculat-
ed primitive.liquids’ which corresponds to the model picri-
tic liquid of 1Irvine (1979). The tie-line conﬁecting the

- chilled margin of the major dike with the chilled margins of
the minor dikes is parallel to the tie-l@nes connecting
primitive and derivative liguid compositigns. Al/(Mg+Fe)
ratio 6£ the other dike margin is similar to that of STPK
(e.g. flowtop of a STPK flow; Arndt et al. 1977); therefore,
it may be regarded as a komatiitic liquid. From these, one
can interpret that the major dikes are formed from komatiit-
ic and picritic 1liquids whereas the minor dikes are formed

from more evolved basaltic liquids.

These ligquids witﬁ differént compositions can represent
..batches of magmas derived by partial melting of mantle, or
alternately, a spectrum produced by differentiation of magma
in a subcrustal magma chamber. The latter hypothesis;is
favoured since the relationship of the chondrite normalized
transition eleﬁent patterns of the chillegd margins (Figure

' 69) is more compatible with it (i.e. progressive depletion

5
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of Cr and Ni, indicating olivine and minor chromite frac-
tionation). Ca0/Ti02 ratio of one of the two major dike
margins is similar to chondritic ratio and that of the other
is sligﬁtly smaller. Al203/TiO2 ratios of the two dike mar-
gins, on the other hand, are similar to each other and
smaller than chondritic ratio, This is consistent with the
proposed model dealing with a minor chromite fractionation
as well as of olivine, This fractionation changes the ori-
ginal alumina content of the liquid without altering CaO
content of the liquid. The texture of the dikes also sug-
gests the existence of olivine and minor chromite prior to
intrusion, Thus, the liquid that produced the major dikes
must have originated from a zone accumulating olivine and

minor chromite.

The ultramafic dikes are usually thicker and longer than
mafic ones; therefore, emplacemenf of the ultramafic dikes
is related to major breakﬁps nin the crust during tensional
failure. Whether major tensional failure occurred first and
was followed by minor fracture or major breakups followed
the minor fracturing which led the emplacement .of mafic
dikes, is not known. Scoates and Macek (1978) 'speculaté
that the major dikes are earlier than the minor dikes. How-
ever, any model concerning magmatism and emplacement of the
dike swarm can not be based on such a relationship, since
they do not give any supporting evidence to their hypothé-

sis.

<



Chapter V
CONCLUSION

5.1 THE THOMPSON ULTRAMAFIC ROCKS

‘?Z.
Ultramafic rocks of the Thompson Mine were altered prior

to metamorph1sm, as 1nd1cated by 1) relict magnetite string-
ers in 011v1ne megacrysts, 2) parallel orientation of amphi-
bole and chlorite flakes in oliVine megacrysts, 3) abundant
minute inclusions of amphibole, chlorite, and phlogopite in

orthopyroxene megacrysts.

Olivine megacrysts may have recrystallized from partly
altered olivines during progressive metamorphism. Orthopy-
roxene may have formed at the expense of olivine and proba-

bly anthophyllite at temperatures aboﬁe 700°C.

Mg-Fe** partitioning‘between.olivine and Al-chromite was
blocked at 670°C. Formatign-of more Al- and Mg-rich margins
_wrelative to‘Cr— and Fe-rich cores of spinels probably took
place at higher gradeS'oﬁf“\Bg{esszve metamorphism, This
could be con51dered as a partlék‘reequ111brat10n of Mg-Fe**
exchange reaction between olivine and spinel at higher temp-

eratures,

- 126 -
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Geotemperature estimates and the mineral assemblage of
olivine+tremolité+orthOpyroxene+Al-spinel correspond to up-
per amphibeolite facies metamorphism. During or following
metamorphism, the ultramaficlbody was deformed and su?se*

quently recrystallized,

Localized secondary serpentinization is the latest event
observed. This secondary serpentinization probably accounts
for the ‘extensive serpentinization of peridotitic rocks

elsewhere in the belt.

Complex metamorphism and tectonism, however, do not seem
to have affected the chemistry of some of the rocks, espe-
cially:those that were slightly altered or not altered dur-
ing the retrogressive metamofphism. Chemical wvariation
across tﬂ;\hpdies suggests in-situ differentiation. Chemi-
cal evolution of the bodies was controlled mainly by oli;ine
and 6rthopyroxene. Relative abundances of some of the in-
qompatible elements for olivine and orthopyroxene suggest
that the original 1liquid was komatiitic in composition:
Differing compositional variations among individual bodies
~.may be explained either by the e§tent of differentiation,
{gnd/or by varying amounts of differentiated liquid that is

separated. Another possibility is that some parts of the

bodies may have been sliced off during deformation.

Ultramafic and mafic rocks of the belt are linked by a

combination of partial melting and crystal fractionation



processes,. lIt is, believed that high degrees of partj

melting of mantle material, with chondritic abundahces oiﬂ

elt.

Emplacement of the melt seems to have been followed by low-

Ca0, Al203, and TiO2, may have produced the komatiitic

pressure olivine and orthopyroxene fractionation that re-

sulted in the formation of a suite of rocks ranging in com-

~position from ultramafic to mafic. \\\\\\/

o

5.2 THE CUTHBERT LAKE DIKE

Olivine .formed before and/or during the empIéceme?t\gf —
major dikes and was carried in suspension, concentrgtinﬁ
toward the center of the dike due to a flowage effect. Puik
chemiséry of dike rocks 1is controlled mainly by oliv{}éhl
Although-flowage differentiation seems to have been efiggfi
tive, the bulk composition of the magma along the vertic’1
conduit does not seem to have changed significantly, indi-
cating that crystals settling down are reTlaced by a set-

tling of similar crystals from above. Equilibrium crystal-
lization is favoured to explain the chemistry and texture of

these rocks.

P

Crystallization sequence, as inferred ffom the 1 atm li-
quidus relationships is: 0l, Cpx, Opx, Pla. At higher
pressures (e.g. 4.5 kp} orthopyroxene replaces the position
of clinopyroxene; that is, ofthopyroxené crystallizes before
clinopyroxene. Equilibration of&orthopyroxene with ¢linopy-

. roxene was reached at 1150°C.
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From dike margin compositions, it is concluded that the
major dikes were formed from komatiitic liquids whereas the
minor dikes were forﬁed frzm more evolved basaltic liquids.
These liquids are regarded as the spectrum~produced by dif-

ferentiation of magma in a subcrustal magma chamber.

ULTRAMAFICS

5.3 RELATIONSHIP QOF THE DIKE SWARM TO THE THOMPSON

The possibility of a genetic 1link between the Thompson
ultramafics and Cuthbert Lake dikes has been mentioned else-
where (eg. Bell, 1971; Scoates & Macek, 1978). Bell (1971)
suggested the dike swarm could form feeders to.ultramafic
rocks of the Thompson Nickel Belt, To warrant this possi-
bility, the two suites of rocks must be related in space and

time and show similar chemical affinities.

Parallelism of the dike swarm to the Thompson Nickel Belt
and the presence of deformed dikes in the belt may indicate
that they are spatially related. - However, the major concen-
tration of dikes occurs in the Pikwitonei region, whereas
the Thompson ultramafic fbcks ‘are concentrated near the
"ﬁestern margin of the belt. The distance between these two

is about 30-35 km and should be taken intoc consideration.

Age relationships between the two suites are poorly un-’
derstood. The age of metasedimentary -rocks enclosing ultra-

mafic rocks is interpreted to be 2.1 Ga using a Sr-evolution

e
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diagram (Brooks & Theyer 1981). Pb-ages from nickel sul-
fides which are believed to be cogenetic with fhe ultramaf-
ics, suggest emplacement at 2.3 Ga (Cummings et al. 1982).
These relationships have led Cummings et al.{(1982) to postu-
late a ;elative age of 2.3 ‘Ga for ultramafic rocks of the
belt. Ages for the dike swarq are rather tenuous. A range
from 1.8 to 2.0 Ga is given as the magnetisation age of the
Molson dikes {(Ermanovics & Fahrig 1975). Thus, the dike

swarm and Thompson ultramafics appear to be Aphebian in age.

Apart from the effects of in-situ differentiation on both
the dikes and Thompson ‘ultramafics, it has been shown that
both suite of rocks have komatiitic affinities. Chemistry.
of the orthopyroxenitic and picritic rocks of the belt is
similar to that of the Cuthbert Lake dike. This suggests
that they may haye:a common origin. Since Thompson ultra-
mafics have experienced low-pressure olivine and orthopyrox-
ene fractionation, elements Ehat are incompatible for these
minerals {(e.g. CaO, Al203, Tid?) should provide some infor-
mation about the composition of the liquid. Thus, compari-
sion of the concentration of these elements gives some
constraints about the possible genetic relationship of the
two suites.  Al203/Ti0O2 and CaO/TiOZ ratios of the Thompson
.ultramafics are chondritic, whereas those of the dike mar-
gins are found to be smaller. As pointed out earlier, the
dike margins have ' experienced olivine and minor chromite

fractionation; the latter being responsible for the low
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Al203/Ti02 ratio. Thus, these relationships preclude the
possibility of Cuthbert Lake dikes being feeders to thé
Thompéon ultramafic rocks. However, two suites of rocks may
be relafed by some ofher means during the mafic-ultramafic
magmatic activity along the northwestern edge of the Superi-
or Province. Both suites may be the products of the same
. partial melting event; however, they may have experienced
different fractionation histories during their ascent and/or
‘emplacement, This reduires establishment of better age re-

lationships of the ultramafic and mafic rocks in the region,
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Appendix A
MINERAL ANALYSES

Mineral analysis was performed with a Cambridge Mark-v
electron microprobe at the Department of Geology, Dalhousie
University. The instrument is equipped with an Ortec energy
dispersive spectrometer and it is automated to produce sim-
ultaneous multi-element analyses and data reduction using
program 'EDATA 2' of Smith & Gold (1979). Natural and syn-
thetic minerals Qere used as standards. Precision of the
analyses obtained from replicate determinations is given in

Table 1. Mineral analyses are listed in Table 2.

1 .
Since-it was impossible to have subscripts printed with

the text editor used, some of the chemical formulas with
subscripts were written informally throughout the thesis.
Thgir formal equivalents ére as follows: $Si02, SiOp; TioZ,
TiO; Al203, Al;03; Cr203, Cr,03; V203, V,03; Fe203, Fe,03;

Na20, .Na,0.

. | | \
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§i02
TiO2
Al203

Cr203
V203
MgO
FeO{t)
Ca0

Mno

Nio

Naz20

R.M, Range or mean; 2s, confidence limit given as 2-times
standard deviation; v, coefficient of variation (%):

TABLE 1

‘? Precision of Mineral Analyses

0l, Opx, Amp
Opx, Sp

Opx

Amp

Sp

Opx

Amp

Sp

0l, Opx, Amp
Sp

0l, Opx

Opx, Amé
Amp

v=100s/mean.

R.M
40-58
0.30~0.50"
0.33
5.35
14-17
- 0.05
0.44
47-54 -
0.25
20-50
. 6-12
6-12
2.59
22-25
0.11
12.34
0.07
0.14
0.21
0.5
0.13
0.1
0.66

2s
+0.23
+0.04
+0.19
+0.17
+0.89

" +0.06
-+0.07

+1.20
+0.04
+0.23
*0.30
+0.15
+0.01
+0.28
+0.04
+0.03
+0.03
+0.02
*0.04
$0.32
+0.08
0.2

+0.04

3]
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TABLE 2

Mineral Analyses
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Appendix B

WHOLE ROCK ANALYSES

Analyses of ﬁajer ‘elementq and trace elements - were car-'
ried out on a Philips 1410 automated X-ray fluorescence.unit
at the Department of Geology, /Un1ver51ty of Ottawa. The
determlnatlons were made on fused disk (Li2B4Q7, Lico3 apd
the sample) using a Cr tube and the technigue of;alpha coef-
ficients described by DeJongh (1975). Precision and accura-
cy of the analyses obtainpd from replicate analyses and runs

on USGS standards (DTS-1, PCC-1, 'RCR-1), are given in Table

3 and Table 4, respectively. Analyses afe likted inyTable
5. Average comp051t10n of the'T-3 ultramafic Body and mis-
cellaneous analyses referred in the text are/éiven in Table
.6. Description and 1location of analysed samples from DDH
64599 and DDH 6481\3 are listed in Table 7, whereas those

from various locations in the Thompson Nickel Belt and from

DDH 64830 (Cuthbert Lake dike) are given in Table 8.
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 TABLE 3

Precision of Whole Rock Analyses

Range 2s e
S§i02 40-65 $1.0
Al203 3-16 $0.3
Fe203(t) 6-13 +0.2
- MgO 4-10 0.2
24-35 +0.9
Ca0 . 4-12 0.2
Na20 <1.0 +0.15
1-2 +0.34
K20 <0.1l2 +0.01
TiO2 0.1-0.%9 . 0.0
MnO 0.1-0.2 . %0.01
ppm
Ba 20-35 4
Cr 1400-3500 +100
100-200 +26
Zr 20-40 14
-Sr 15-130 9
4 <10 *10
Zn 25-80 +8
Ni 1000-2700 150
<200 50

2
25, confidence limit glven as 2 times standard deviation.
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TABLE 4

Accuracy of Whole Rock Analyses

PCC~1 DTS-1 . BCR-1
n 9 . 10 . 14
mean 2s R.V mean 2s R.V mean 2s R.V

§i02 42.14 0.53 42,10 40.61 0.77 40.61 54.65 0.63 54.53
Al203 0.68 0.02 0.73 0.23.0.03 0.25 13.68 0.18 13.72
Fe203 8.30 0.12 8.28 8.62 0.06 8.70 13.51 0.23 13.41
MgO 43.68 0.99 43.50 49.74 0.8% 49.80 3.44 0.18 3.48

Ca0 _  0.54 0.01 0.55 0.12 0.01 O0.14 6.95 0.08 6.97
Na20 = 0.14 0.28 0.01  0.05 0.06 0.01 3.30 0.23 3.30
K20 0.00 0.00 0.00 0.00 0.00 0.00 1.7Z 0.02 1.70°

Ti02  0.00 0.00 0.00 0.00 0.00 0.00 2.25 0.02 2.26
P205 0,00 0.00 0.01 0.00 0.00 0.00 0.36 0.05 0.36

MnoO 0.12 0.01 0.12 0.12 0.00 0.12 0.18 0.10 0.18
S 0,01 0.0 0.01 0.00 0.00 0.%0 0.03 0.02 0.04
ppm . :
Ba . 7 3 nr 6 3 2.4 694 15 . 680
Cr . 3033 30 3000 4443 79 4400 29 15 16
Zr 7 8 nr 6 5 nr 171" 9 185
_Sr 2 5 0.4 2 5 0.4 '384 13 330
Rb 2 2 0.1 1 2 0.1 48 7 47
Y 2 6 nr 0 0 nr 41 1 37
Zn : 41 4 36 44 6 45 119 10 120
Ni - 2466 , 33 2500 2428 15 2400 0 0 13

n, number of sample; 2s, confidence limit given. as 2 times
standard deviation; R.V, recommended value {(Abbey,1977);
nr, not reported; Fe203 is total iron.
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TABLE 5

Whole Rock Analyses
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" TABLE 6

Miscellaneous analyses referred to in the text-

o TL . T2 M P1L P2 KI K2 K3

$i02 45.71 46.00 44.20 43.20 43.95 40.00 41.40 41.10
Al203 3.86 5.01 2.05 4.01 3,88 3.70 6.90 B.74 d
FeO(t) 8.81 9.71 8.29 8,20 8,18 8.20 12.40 12.80
MgO 35.43 32.79 42.21 39.54 39.00 35.10 25.60 22.10

Ca0 2.57 3.01 1.92 2,67 2,60 3.28 5.90 B8.76
Na20 0.23 0.44 0.27 0.61. 0.60 0,07 0.06 0.11
K20 0.26 0.65 0.06 0.22 0.22 0.10 0.07 0.01

Ti02 0.17 0.21 ©0.13 0.58 0.57 0.14 0.33 0.42
P205 0.0 0.01 ©0.03 - . - - . -

MnoO .0.15 0.16 0,23 -0.13 0.13 0.15 0.24 0.20
Ni0 - 0.24 0.10 =0.28 - - 0.03 0.02 0.01
Cr203 0.35 0.60 -0.44 0.42 0.41 0.26 0.45 0.48

Tl, average composition of the ultramafic body calculated
along DDH 64599; T2, average composition_of the ultramafic
body calculated along DDH 64816: M, compoBition of upper-
most mantle (Maaloe & Aoki 1977); Pl and P2, \pyrolites
(Ringwood 1966 and Green & Ringwood 1970); K1) cumulate
peridotite; K2, STPK; K3, flow top breccia; KJ, K2, K3
~are after Arndt et al 1977. ’ :

¥

A ' ' C‘(ppm)
Si02  45-52 e Al /12308 .~
Al203 3.59-4.94 ca / 13500 '
FeO(t) 8.6-9.7 - Ti 720
MgO 38 cr \. 3460
‘ca0  2.96-4.07 Mn \ 2590
Na20 0.32-0.43 Fe Qﬁsaﬁg :
K20 0.02-0,03 | Ni 12100
Ti02 0.18-0.24 ° Zn 460
P205 0.02 Ir 7

_MnO 0.15

A, estimated Archean mantle composition {Sun & Nesbitt 1977);
C, ordinary chondrites (Kay & Hubbard 1978}.
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TABLE 7 | ‘

Description and 1o§ation of samples analysed

DDH 64599
no d t no 4 0t no .da ot
1 50 gns. 79 2324 4 132 2469 5b
2 172 ampte 82 2335- 4 133 2471 5b
9 1260 spert 85 2353 4 134 2472 5b
25 2190 1 86 2358 4 135 2475 5b
26 2193 - 1 90 2377 4 137 2478 5b
35 2200 2 95 2402 Sa 139 2483 5b
41 2210 2 . 98 2410 52 141 2490 Sc
22 2227 2 99 2411 5a 144 2496 5c
55 2238 2 100 2415 5a © 145 2500 5¢
56 2242 2 103 2418 5a . 147 2504 5c
59 2260 2 104 2419 S5a 150+ 2513. 5S¢
« 60 2262 3 105 2421 5a 152 2518 5c
63 2269 3 107 2435 Sa 156 2528 6
64 2272 3 110 -2438 5b 158 2539 6
65 2273 3 111 2439 5b 160 2543 6
67 2279 .3 112 2440 5b 163 2548 7
68 2284 3 113 2442 5b 168 2560 7
70 2287 3. 114 2443 5b . 174 2580 7
72 2289 4 - 119 2540 5b 177 2591 7
73 2291 4 120 2451 5b 178 2605 8
76 2306 4 127 2459 5b 179 2612 8
77 2314 4 130 2467 5b 181 2633 scht
DDH 64816
no d t no - d t ~ no . d t
201 5652 ampte 218 6149 1llc 242 6298 1lle
202 5701 gabb 224 6187 1llc 248 6332 1lle
203 5983 9 227 6205 1lc 253 6371 lle
206 6032 10 X 232 6228 1l1d 254 6381 lle
208 6072 lla 233 6233 114 255 6391 12
210 6091 1lla 237 6260 lle 256 6411 12

T 211 6110 11b

no, sample number; d, distance along DDH (feet); t, rock type or
zone number referred in the text and Figure 8; gns, basement
gneiss; ampt, amphibolite; gabb, gabbro; spert, serpentinized
peridotite; scht, garnet-sillimanite-biotite schist.
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P TABLE 8

1

Description and location of samples analysed

Thompson Nickel Belt

721 Lower Ospwagan Lake bas

Cuthbert Lake dike-DDH 64830

. no d t no a Ot no d

| 4

no ' 4 t <§

4§01 Thompson Mine, 2400 Lv., 330 stop ‘serp
402 Thompson Mlne, 2400 Lv., 330 stop opxt

501 . Thompson Mine, 2400 Lv., 315 stop oclopxt
600 Mystery Lake Mine olopxt
6l1 Mystery Lake Mine . : olopxt
622 ’'Mystery Lake i Mgbas
623 Mystery Lake Mgbas
711 Lower Ospwagan Lake bas

712 Lower Ospwagan Lake bas

t

'901° 396 gabb 915 586 pxp 941 720 olpx
903 410 pxp 916 591 pxp 944 739 olpx

905 426 gabb 919 610 olpx 946 765 per

906 440 mmin 923 627 olpx 948 780 per .’

996 440 mmin 924 632 . olpx 951 803 - per
908 - 550 ggn 927 648 olpx 953 820 pxt

909 557 olpx 930 665 olpx 954 827. mmaj

ggn
913 580 olpx 937 695 olpx 956 865 gabb

912 573 olpx 934 685 - olpx 955 835
938 - 706 olpx

serp, serpentinite; olopxt, olivine orthopyroxenite;
Mgbas, magne51an basalt; bas, basalt; gabb, gabbro-
Pxp, pyroxene picrite; olpx, olivine pyroxenite;
per, per1dot1te- mmin, minor dike margin; ggn, -
,granulite gneiss; pxt, pyroxenite; mmaj, major dike

" margin; opxt, orthopyroxen1te' see Table 7 for other

symbols.
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