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ABSTRACT

Samples of spinel lherzolite, harzburgite, dunite and
chromitite from the Bay of Islands, Lewis Hills, Table
Mountain, Advocate, North Arm Mountain, White Hils
Peridotite, Point Rousse, Great Bend and Betts Cove
ophiolite somplexes in Newfoundland were analyzed for
the platinum-group elements (PGE) Pd, Pt, Rh, Ru and
Ir. The ranges of concentration (in ppb) observed for all
rocks are: <0.5 to 77 (Pd), <l to 120 (Pt), <0.5 to 20
(Rh), <100.to 250 (Ru) and <20 to 83 (Ir). Chondrite-
nsrmalizsd PGE ratios suggest differences between rock
tlpes and between complexes. Samples of chromitite and
dunite show relative enrichment in Ru and Ir and relative
depletion in Pt and Pd. These trends are similar to those
from ophiolite complexes in Turkey, Iran, Oman,
southwestern Oregon, northern California, New Caledonia,
Greece, and the Polar Urals, USSR. Partial melting of man-
tle matedal, either by a single-stage or multistage process,
and either in sulfur-saturated or unsaturated conditions,
which produces a residue and melt with different pGE con-
centrations, coupled with the crystallization of the melt ro
form the upper portions of the ophiolite, is invoked to ex-
plain the distribution of the PGE in the rocks.

Keywords: ophiolite complexes, Newfoundland, platinum-
group elements, platinum, palladium, rhodium,
ruthenium, iridium, peridotite, chromitite,

SOMMAIRE

Nous avons dosd les 6l6ments du groupe du platine @Gp)
Pd, Pt, Rh, Ru et Ir dans des dchantillons de lherzolite d
spinelle, harzburgite, dunite et chromitite des massifs ophio-
litiques de Terre-Nzuve, situ6s e Bay of Islands, Lewis Hills,
Table Mountain, Advocate, North Arm Mountain, White
Hill, Point Rousse, Great Bend et Betts Cove. Les domai-
nes de concentration observ6s sont les suivants [concentra-
tion exprimde en millisldllmss (ppb)l: pour Pd, <0.5 d
77, pour Pt, < I d 120, pour Rh, <0.5 e 20, pour Ru, ( 100
d250 et pour Ir, <20 e 83. Les concentrations des EGP,
normalis6es p:r rapport i la chondrite, montrent des dif-
ferences entre types de roches et entre complexes. Les 6chan-
tillons de chromitite et de dunite montrent :rn enrichisse-
ment relatif en Ru et Ir et un appauvrissement en Pt et pd.
Ces tendances sont semblables d celles qu'on observe dans
les complexes ophiolitiques de Turquie, de I'Iran, de
I'Oman, du Sud-Ouest de l'Or6gon, de Californie septen-

trionale, de Nouvelle-Cal6donie, de GrCce et de I'Oural
polaire, URSS. Une fusion partielle du manteau en un ou
plusieurs stades, dans des conditions de saturation ou de
sous-saturation en soufre, qui produirait un rdsidu et un
liquide ayant diff6rentes rdpartitions des EGP et, d'autre
part, une cristallisation de la phase liquide pour donner les
parties superieures de I'ophiolite, expliqueraient la distri-
bution des EGP dans ces roches.

(Traduit par la R6daction)

Mots<l4s: complexes ophiolitiques, Terre-Neuve, 6l6ments
du groupe du platine, platine, palladium, ruthenium,
iridium, pdridotite, chromitite.

INTRoDUcTIoN

Previous studies of the distribution of the
platinum-group elements (PGE) in ophiolite
assemblages from Cyprus, Oman, New Caledonia,
the Polar Urals and southwestern Oregon (Agiorgitis
& Wolf 1977, 1978, Page et al. 1979b, 1982, 1983,
Oshin & Crocket 1982) and summaries of other
available data on PGE in ophiolite assemblages
(Naldrett & Cabri 1976, Crocket 1979) suggest that
Os-Ir-Ru-enriched patterns of chondrite-normalized
ratios of PGE in rocks, particularly chromitites, are
characteristic of ophiolite assemblages and distinc-
tive from other mafic and ultramafic environments.
Mineralogical studies of placer deposits associated
with known ophiolitic assemblages, such as those in
Tasmania (Cabri & Harris 1975, Ford l98l) and in
Papua - New Guinea (Harris & Cabri 1973), and in-
vestigations of platinum-group minerals in
chromitites from ophiolites such as in Cyprus (Con-
stantinides et al. 1980), Shetland Islands (Prichard
et al, l98l), Canada (Talkington et al, 1982a, b),
southwestern Oregon (H. Stockman, pers. conrm.
1980) and New Caledonia (2. Johan, written conun.
1980), show the predominance of Os-Ir-Ru minerals
and the scarcity of Pt-Pd minerals, thus supporting
the distinction in PGE distributions. In addition,
comparison of the PGE distribution in ultramafic
xenoliths (Jagoutz et al. 1979, Morgan & Wandless
1979, Morgan et al. 1980, Mitchell & Keays l98l)
with those from ophiolite sequences seems to indicate
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or suggest hypotheses for processes that affect the
PGE distributions in different parts of the ophiolite
assemblage.

The purposes of this report are (l) to review the
geological setting of the ophiolite complexes in New-
foundland and to focus on the necessary geological
and petrological details of the complexes sampled
and analyzed, (2) to present the results of PGE
analyses and to examine their chondrite-normalized
patterns in relation to the petrology of the samples,
in order to characterize the distribution of PGE from
well-documented ophiolites of late Precambrian and
Paleozoic age, (3) to compare their PGE distribu-
tion with ophiolites elsewhere, and ( ) to explore
various hypotheses that might account for the
distribution of PGE in ophiolite assemblages.

This report has not been reviewed for conformity
with standards of stratigraphic nomenclature and
classification adopted by the U.S. Geological Survey.

Gnotoctcel SBrrtNcs

The geology of Newfoundland has been sum-
marized by Williams (1979), who divided the island
into four geological zones based on contrasts between
Middle Ordovician and older rocks. These zones are,
from west to east, Humber, Dunnage, Gander and
Avalon, as shown in Figure 1. Only ophiolites from
the Humber and Dunnage zones are discussed in this
paper.

An thony

In the Humber Zone, which contains the Bay of
Islands, Advocate and St. Anthony ophiolitic com-
plexes, the Middle Ordovician and older rocks are
separated into three elements on the basis of tectonic
similarities and lithology: (l) Precambrian basement,
(2) Cambro-Ordovician autochthonou$ and neo-
autochthonous sequences of predominant car-
bonates, with minor clastic and volcanic rocks, and
3) Cambro-Ordovician allochthonous sequences of
clastic material, carbonates and ophiolite sequences.
These tectonolithologic elements are believed to
record the development and destruction of an
Atlantic-type continental margin (Stevens 1970,

. Church & Stevens 1971, Williams & Stevens 1974).
The Dunnage Zone represents vestiges of the

Paleozoic Iapetus Ocean (Williams 1979, Hibbard
& Williams 1979), where arc-basin rocks rest on
oceanic crust (Hibbard & Williams 1979). Ophiolitic
rocks occur at the western and eastern margins of
the zone. At the western margin, the Advocate and
Point Rousse ophiolite complexes occur at the Baie
Verte - Brompton Line, which defines a zone of in-
tense deformation and is the boundary between con-
tinental material to the west and oceanic material to
the east (St-Julien et ol. 1976, Williams & Talkington
1977). The Betts Cove ophiolite occurs near the
western margin. At the eastern margin of the Dun-
nage Zone, mafic-ultramafic rocks of the Gander
River Belt, especially the Pipestone Pond and Great
Bend bodies, have been interpreted as ophiolitic
fragments and mantle diapirs, respectively (Kean
1974, Stevens et al. lW4). However, recent mapping
by Colman-Sadd (1981) suegests that these and other
mafic-ultramafic bodies along the eastern margin of
the Dunnage Zone are ophiolites.

OPHIoLITES oF THE Hulrssn ZoNs

The Bay of Islands Complex

The ophiolite suites making up the Bay of Islands
Complex have received considerable study (Smith
1958, Irvine & Findlay 1972, Williams et al. 1972,
Malpas 1976, Karson 1977) thar has identified the
major lithological components, geochemistry, petro-
genesis and tectonic evolution of these late Precam-
brian - early Paleozoic remnants of oceanic material
(Fie. 2). Three of the four ophiolites in the Bay of
Islands Complex have been sampled for this study:
Lewis Hills, North Arm Mountain and Table Moun-
tain. Sample locations are shown on Figure 2' and
petrological details of individual samples are
presented in the appendix.
Lewis Hills: The geology of the Lewis Hills has been
discussed by Karson (L977) and Karson & Dewey
(1978). The stratigraphic relations of this ophiolite
are more complex than those of the other three Bay-
of-Islands ophiolites. Nevertheless, most of the

Frc. 1. Tectonic, lithostratigraphic zones of Newfoundland
(after Williams 1979) and location of complexes
sampled. H Humber Zone, D Dunnage Zone, G Gander
Zone. A Avalon Zone.
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Ftc. 2. Geological map of the Bay of Islands Complex (after Williams & Smlth 1973),
showing location of analyzed 5amples.
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lithological components that occur in other Bay-of-
Islands ophiolites are present here.

Podiform deposits of chromite appear to be
situated in a zone approximately 600 m below the
'critical zone' (Smith 1958, Malpas 1976) na region
of interlayered dunite and peridotite (harzburgite).
Pyroxenite veins parallel to layering are locally abun-
dant. The lithologies analyzed include harzburgite
from the tectonized peridotite, cumulus dunite
stratigraphically above the tectonized peridodite, and
chromitites (see Table 1 and the appendix for details
of individual samples). Samples were selected from
the Springer's Hill deposit that crops out in a zone
that strikes east-west and is approximately 300 m x
20 m (Snelgrove 1934, Berger 1962). Extensive
trenching and small-scale mining operations of many
chromite pods have left only the enclosing dunite
sheath.

North Arm Mountain: The geology and stratigraphy
of North Arm Mountain have been discussed by
Williams et al. (1972) and Malpas (1970. NorthArm
Mountain preserves a nearly complete ophiolitic sec-
tion, except for a lack of lherzolitic material at the
base of the tectonite peridotite.

A sample has been selected from the Stowbridge
chromite deposit, which is located approximately 400
m stratigraphically below the 'critical zone'. The
chromite is found in seams, patches and small pods
(20 cm in diameter) within dunite (Snelgrove 1934),
but is also closely associated with pyroxenite layers
and lenses. The analyzed material is a sample of a
chrornite seam enclosed by dunite in pyroxenite (see
appendix).
Toble Mountain: The stratigraphy of Table Moun-
tain has been discussed by Williams et al. (1972) and
Malpas (1976). The stratigraphic sequence for the
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Frc. 3. Simplified geological map of the southern part of the St' Anthony Complex
(after Jamieson 1979, Talkingfon l98l), showing location of analyzed samples.
Key: I Maiden Point Formation, 2 Ireland Point Volcanic Suite, 3 Goose Cove
Schist, 4 Green Ridge Amphibolite, 5 White Hills Peridotite.

ophiolitic rocks from base to top consists of spinel
lherzolite (-200 m), harzburgite (-3,000 m), dunite
(-300 m), 'critical zone' (-200 m) and gabbro
(-1,000 m) (Malpas 1976). The spinel lherzolite,
which is representative of partially depleted upper
mantle, in the opinion of Malpas (L976), was sam-
pled in the Winterhouse Brook area.

St. Anthony Complex

The ophiolite, which is part of the St. Anthony
Complex, has been described by Cooper (1937),
Smyth (1971), Riccio (1976), Jamieson (1979, 1981),
Talkinglon (1979, 1981), Talkington & Jamieson
(1978), Jamieson & Talkinglon (1980), Talkineton
& Malpas (1980a,b) and Williams & Smyth (1983)'
These studies have shown that the St. Anthony Com-
plex, and specifically the White Hills Peridotite @ig.
3), has features that distinguish it from the general
(reconstructed) appearance of most ophiolites of the
world, and more specifically from the Bay of Islands
Complex. These differences are: (l) only the
ultramafic section of the ophiolite is preserved; (2)
harzburgite interlayered with spinel lherzolite forms
approximately 8590 of the peridotite outcrop; (3)
dunite occurs as layers, lenses and dykes throughout
the peridotite; (4) gabbro veins are found only in the
eastern peridotite massif, and (5) alkali pyroxenites
are found between the peridotite and a well-
developed metamorphic aureole. However, owing to
the lack of cryptic layering of minerals and bulk-rock

variations and to structural complexities, stratr-
graphic relations cannot be determined for the White
Hills Peridotite (Talkington l98l).
White Hills Peridolife; This late Precambrian - ear-
ly Paleozoic ophiolite segment is composed of two
large ultramafic massifs and one small dissected body
that crops out in a belt trending approximately east-
west on the northern tip of the Great Northern
Peninsula (Fie. 3). Eleven samples of the various
lithologies were selected from previously collected
samples (Table I and appendix) and include spinel
lherzolite, harzburgite, dunite and chromite-bearing
orthopyroxenite. These lithologies are interpreted to
be petrogenetically related as source material (spinel
lherzolite), refractory residue (harzburgite), crystal
cumulates from a first-stage partial melt (dunite)' and
crystal cumulates from a second-stage partial melt
(chromite-bearing orthopyroxenite) (Talkington
1981).

Advocate Complex

The Advocate Complex (Fie. l) lies along the
northeastern part of the Baie Verte lineament and
consists of ultramafic rocks, massive and foliated
gabbros, sheeted dykes, pillow lavas and slates
(Williams & Talkington 1977, Williams et al. 1977 '
Bursnall 1975). The complex is cut by steep
northeast-trending shear zones and contains a steep
northeast-trending foliation. The large ultramafic
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body on the northwestern margin contains the Ad-
vocate asbestos deposit, from which a serpentinized
peridotite and chromite-bearing dunite were collected
from dump materials (appendix). Another sample
was collected from a m6lange block of metaperidotite
in garnet schists of the Fleur de Lys Supergroup
(Williams 1977).

OpHrorrrrs oF Tm DUNNAcB ZoNs

Point Rousse Complex

The Point Rousse Complex, of Early Ordovician
age or older, described by Norman & Strong (1975)
and Williams et al. (1977), is composed of several
structural blocks that contain sections of ophiolite
stratigraphy (Fig. 4). Three samples were collected
from the complex and include drill core of dunite
and harzburgite from Grassy Island and dunite from
Ming's Bight (Table I and appendix).

Greqt Bend ultrama/ic body

- The roughly circular Great Bend ultramafic body,
described by Kean (1974), is composed of a core of
dunite and peridotite with an outer zone of anor-
thosjte and gabbro (Fig. 5).Along the western side,
the body is in contact with hornfelsed sediments,
which prompted Kean (1974)to suggest that the body
may have intruded the sediments. One dunite sam-
ple, selecled from previously collected samples,
comes from a pit on the east side of the Bay d,Espoir
Highway. Stratigraphic relations of the'duniti to
other units of the complex are not known.

5{)" N

FIc. 4. Generalized geological map of the point Rousse
Complex (after Hibbard 1978), showing location of
analyzed samples. Key: 2a ultramafic rocks, 2b cumulate
ultramafic rocks and gabbro, 2c gabbro, 2d sheeted
dykes, 2e mafic volcanic rocks.

Ftc. 5. Generalized geological map of the Great Bend
ultramafic body (after Kean 1974).

Betts Cove Complex

The Betts Cove Complex (Fig. l) consists of a
basal ultramafic unit overlain by poorly developed
gabbroic unit (Upadhyay et al. l97l). A sheeted dyke
complex that locally grades upward into mafic
volcanic rocks overlies the gabbroic unit. A
metaperidotite and metapyroxenite were collected
from near Kitty Lake in the complex (appendix).

ANALYTICAL TECHNIQTES AND RESULTS

Analytical information for palladium, platinum,
rhodium, iridium and ruthenium, along with brief
sample descriptions, is given in Table l. Platinum,
palladium and rhodium analyses were performed by
a fire-assay atomic-absorption method described by
Page et ol. (1980) and simon et a/. (1978). The tech-
nique has detection limits of 1, 0.5 and 0.5 ppb (parts
per billion) for Pt, Pd and Rh, respectively, as de-
fined by sample size and limitations of the method.
The analyses for iridium and ruthenium were done
by the method of Haffty et al. (1980), with detec-
tion limits of 100 and 20 ppb for Ru and Ir, respec-
tively. Both methods involve a fire-assay preconcen-
tration step similar to that described by Haffty et
al. (1977). Precision of the analytical techniques is
discussed by Simon et al. (1978) arrd Haffty et al.

DEVONIAN AND EABL IER' |  
Gabbro.  anorthosi te

2  Dun i t e  pe r i do t i t e ,  py roxen i t e
3 Si lur ian sediments
.  Samole locat ion
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Table I demonstrates that the analytical technique
for Ru and Ir is not sufficiently sensitive for most
samples from ophiolites in Newfoundland. There are
only five determinations of Ru and six determina-
tions of Ir above the detection limit, and only one
analysis for Ir pertains to a rock that is not chromite-
rich. Based on analytical results presented by Oshin
& Crocket (1982) for ophiolitic rocks from the Thet-
ford area (Quebec), one can suggest that the Ir con-
tent of the samples from Newfoundland might be
in the range of 1/100 to t/2, the limit of detection of
the method used by Haffy et a/. (1980). Therefore,
calculations of chondrite-normalized ratios for Ir and
Ru represent maximum ratios.

Andytical results for the ophiolite complexes and
rock types from Newfoundland are summarized in
Table 2. These averages and ranges are similar to the
data for the ophiolites in New Caledonia (Page et
al. 1982), Turkey and Iran (Page et ol. (1979a),
Pakistan (Page et al. 1980a), Greece (Agiorgitis &
Wolf 1977, 1978), Oman (Page et al. 1979b),
southwestern Oregon (Page et ql. 1975,Page 1969),
and elsewhere in the world (Crocket 1979). The
averages and standard deviations (Table 2) should
be viewed with caution, considering the number of
samples representing each complex and rock type.
Nevertheless, differences in content of Pd, Pt and
Rh between different ophiolite complexes in New-
foundland appear to be small, i.e., within a factor
of 10. When the samples are grouped by rock type,
dunite, harzburgite and spinel lherzolite tend to have
similar contents and ranges of Pd, Pt and Rh;
however, samples of chromitite have the widest range
in PGE content and higher contents of Ru and Ir
compared to the other rock types. The higher Ir and
Ru contents are due to sulfide and alloy inclusions
containing Ir, Ru and Os; these phases occur en-
closed in the chromite (Talkington et al. 1982b) (see
appendix). No Pt- or Pd-bearing phases were iden-
tified. Similar PGE minerals have been identified in
chromitite from other ophiolite complexes (Constan-
tinides el ol. 1980, Prichard et al, l98l,Z, Johan
written comm. 1980, H. Stockman, pers. comm.
1980). These inclusions are also dominated by Os,
Ir and Ru minerals.

Another way to examine the PGE data sum-
marized in Table 2 or for individual samples is to
normalize the concentrations with respect to average
concentrations in chondrites and to plot the ratios
on diagrams similar in appearance to those used for
rare-earth elements. A similar plot has been used by
Naldrett et al. (1979) for nickel sulfide deposits of
the Sudbury district and for those associated with
komatiites. Chondrite concentrations used in nor-
malizing the data are Pd 1,200 ppb, Pt 1,500 ppb,
Rh 200 ppb, Ru 1,000 ppb and Ir 500 ppb, which
are the average values given by McBryde (1972).
Although other estimates of average values for chon-
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TABLE 2. RAIIGE, AVERAGE. AITD STANDARD DEVIATION OF PGE IN COI'/IPLEXES AND ROCI(S FROM NEI,IFOUT.IDLAND
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<0.5-5 .0
<0.5-4.5

1 .9-20

2.611.6 119.3+70.2 32.7+7.5-5.2 -(100 -<20

0.6 <100 <20
2.7+1.8 173.3+70.2 32.7+7.5
4.{5.1 

- 
250 83

5.3{.6 <1n0 <30
J-.C <100 <20
2.9 <tnn 25
<5 <10n <30

2..3!i.7 <lnn <20

3.n+1.9 <100 <2n
3.ri-+0.8 <1n0 ?5
b.5t6.8 r73.3+70.2 49.3+30.1

<1n0
<100

<t6o
(100

<100
<ln0

<100-250

<3n
<20

;;
<2r

<20
<20-25
<20-83

lDoes not lnctude hlgh value for 77UH19. zDoes not include sanple 7FDL77 rJth chronlte clots.

drite abundances are available, the usage of
McBryde's data is retained in this paper because
previous data used for the comparison were nor-
malized to chondrite using those data. The absolute
values adopted for average chondrite abundances are
not important; they only give a way of comparing
PGE data in a graphical manner. The chondrite-
normalized ratios for the average spinel lherzolite,
harzburgite, dunite and chromitite are compared on
Figure 64,, B, C and D; the boundaries of the fielqs
are based on the chondrite-normalized standard
deviations. In general, normalized patterns for
dunite, harzburgite, spinel lherzolite and chromitite
appear similar. Because of the lack of sensitivity for
the analytical method for Ir and Ru, chondrite-
116slalizgd patterns for the spinel lherzolite (Fig. 6,4)
and harzburgite (Fig. 68) samples do not necessari-
Iy show overall negatively sloping patterns; only the
part of the pattern including Pd, Pt and Rh is
documented. However, the overall patterns for
dunite and chromitite appear to have negative slopes.
Examination of absolute concentrations and
chondrite-normalized ratios for individual rock-
samples from the different complexes suggests dif-
ferences between rock types and between complexes.
Average chondrite-normalized PGE ratios for the in-
dividual complexes derived by using all the rock types
available from the complexes are compared in Figure
7. Major differences in the patterns produced involve
the relative enrichment or depletion of Pt with
respect to Pd and Rh and the concentrations of the
PGE in the rocks of the individual complexes. For
example, the chondrite-normalized ratio derived for
the White Hills Peridotite shows relative deoletion
in Pt with respect to Pd and Rh, whereas thit ratio
in the sample from Table Mountain shows relative
enrichment in Pt with respect to Pd and Rh.

CoMpARrsoN wrrH OrI{ER Opruolnps
AND INTERPRETATION

The results of PGE analyses of ophiolites from

lr Ru Rh Pl
E L E M E N T

k R u R h P i
E L E | l l E N T

0s lr Ru Rh Pi Pd
E L E M E N T

Frc. 6. Average chondrite-normalized PGE ratios by rock
type from Newfoundland ophiolites. Bar represents one
standard deviation. A. Spinel lherzolite, B. harzburgite,
C, dunite, D. chromitite; lower limits of one standard
deviation for Rh, Pt, Pd not shown.
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Ftc. 8. Average chondrite-normalized PGE ratios for

chromitite rocks from various ophiolites compared with
the average for all complexes sampled in Newfoundland.

patterns for rocks from ophiolites involves a number
of hypotheses about the origin of these complexes,
which are not universally accepted by all in-
vestigators, and also involves the identification of
which rocks are representative of the hypothesized
process. The first problem is the identification of
mantle samples that are undepleted in PGE. Results
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Frc. 7. Chondrite-normalized PGE ratios for averages of
all rock types for ophiolite complexes in Newfoundland.

Turkey, Iran, Oman, southwestern Oregon, nofrhern
California, New Caledonia and Greece, summarized
in Page et al. (1982), and the Polar Urals, U.S.S.R.
(Page et al. 1983) suggest that the chondrite-
normalized patterns are similar to those obtained
from ophiolite complexes in Newfoundland.
Chondrite-normalized patterns for chromitite
averages from these complexes and for chromitites
from two layered complexes are compared in Figure
8. The average chromitite patterns with negative
slopes appear to be diagnostic of ophiolitic
chromitite. As in the Newfoundland complexes,
other rock types, such as harzburgite, dunite, spinel
lherzolite, wehrlite and clinopyroxenite, have more
complex patterns and relations (Page et ol. 1983).

The interpretation of chondrite-normalized PGE

Ru
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of analyses of ultramafic xenoliths from basalt and
kimberlites (Jagoutz et al. 1979, Morgan & Wandless
1979, Morgan et al, 1980, Mitchell & Keays l98l)
suggest that chondrite-normalized PGE patterns of
rocks that may be undepleted mantle are relatively
flat and have low ratios that reflect the low contenr
of PGE. Flat or approximately flat patterns for lherz-
olites, harzburgites and dunites observed in other
complexes may represent mantle that is undepleted
or slightly depleted with respect to PGE. Partial
melting of mantle material, either by a single-stage
or multistage process under sulfur-saturated or
unsaturated conditions would produce a residue and
melt with chondrite-normalized PGE ratios that are
dependent upon the distribution coefficients for each
PGE between the residue and melt. If Pd and Pt are
associated with interstitial sulfides in the undepleted
mantle, they would probably be removed preferen-
tially from the mantle with the sulfides in the early
event of partial melting, thus leaving a residue
relatively enriched in Os, Ir and, perhaps, Ru. Some
of the spinel lherzolite, harzburgite and dunite from
the ophiolite complexes in Newfoundland have been
interpreted to represent such a residue. Malpas (1976)
postulated approximately 23t/o panial melting of a
spinel lherzolite source for the Bay of Islands Com-
plex, and Talkington (1981) proposed a similar
degree of melting of spinel lherzolite for the White
Hills Peridotite to produce a harzburgite residuum.
Negatively sloping chondrite-normalized PGE pat-
terns, such as in the dunite samples @g. 6C), ap-
pear consistent with these hypotheses; however, pat-
terns with concentrations of Ir and Ru below detec-
tion limits, such as in the spinel lherzolite and harz-
burgite samples (Fig. 64,,8) are evidence neither for
nor against the hypotheses. The melt produced, if
sulfur-saturated, could consist of two immiscible
phases, a silicate liquid and sulfide liquid, or only
a silicate liquid if it is not sulfur-saturated. Such
melts could be the parent of other rocks in the im-
mediate ophiolite complex or they could form rocks
unrelated spatially to the residuum. Such rnelts are
probably the source of the pyroxenite and gabbro
dykes, cumulus ultramafic and mafic rocks deposited
on the residuum, and gabbro and mafic rocks that
form the rest of ophiolite complexes. If podiform
chromitite forms from a magma in a conduit, as
postulated by Cassard et al. (1981), it is feasible thar
such a process might be higher in temperature than
the accumulation of chromitite in stratifonn com-
plexes. Enrichment of the podiform chromitites in
Os, Ir and Ru could be due to the entrapment of an
immiscible Os-Ir-Ru alloy or sulfide at high
temperatures as discrete inclusions in chromite (Talk-
ington and others, in prep). The PGE mineralogy
and negatively sloping chondrite-normalized patterns
for chromitite from the ophiolites in Newfoundland
seem to be consi$tent with this hypothesis. The ma-

jor amount of magma produced by the partial
melting, which may be relatively depleted in Os, Ir
and Ru, is most likely the parent of the cumulates
and the volcanis part of an ophiolite. Upon
crystallization, such a magma could produce relative
enrichment patterns in Pl, Pd and Rh. Data from
the upper parts of the Polar Urals ophiolite and in
southwestern Oregon @age et al. 1983) support such
a hypothesis.

CoNcr-ustoNs

Samples of spinel lherzolite, harzburgite, dunite
and chromitite from the Bay of Islands complex and
Lewis Hills, Table Mountain, North Arm Mountain,
White Hills Peridotite, Point Rousse, and Great
Bend ophiolite complexes contain low concentra-
tions, in the part-per-billion range, of palladium,
platinum, rhodium, ruthenium and iridium.
Chondrite-normalized ratios for individual samples
of rock and different complexes indicate differences
in the distribution of PGE between rock types and
between complexes. The differences between rock
types are considered to be the result of partial melting
of mantle material, either by a single-stage or
multistage process in sulfur-saturated or -unsaturated
conditions, which produced a residue and melt with
different PGE distributions, coupled with crystalliza-
tion of the melt to form the cumulate upper portions
of the ophiolite.

REFERENCES

Acroncrrrs, G. & Worr, R. (1977): Zur Platin-,
Palladium- und Goldverteilung in griechischen
Chromiten. Chem. Erde 36. 349-351.

- & - (1978): Aspect of osmium, rutheniurn
and iridium contents in some Greek chromites.
Chem, Geol. 23. 267 -272.

Bencrn, A. (1962): Chromite exploration, Table
Mountain, North Arm Mountain, and Lewis Hills.
Nfld. Resource Div., intemal report.

BunsNarr, J.T. (1975): Stratigraphy, Structure, and
Metamorphism llest of Baie Verte, Burlington
Peninsula, Newfoundland, Ph.D. thesis, Cambridge
University, Cambridge, England.

Cesnr, L.J. & Henms, D.C. (1975): Zontne in Os-Ir
alloys and the relation of the geological and tectonic
environment of the source rocks to the bulk
Pt:Pt + Ir + Os ratio for placers. Can. Mineral. 13,
26G274.

Cassanp, D., Rarnovrrcs, M., Nrcolas, A., Mourrn,
J., Lnnr-arc, M. & Pnrnznor n, A. (1981): Struc-
tural classification of chromite pods in southern New
Caledonia. Econ. Geol. 76. 805-831.



146 THE CANADIAN MINERALOGIST

Cnuncr, W.R. & Srevsl,rs, R.K. (1971): Early
Paleozoic ophiolite complexes of the Newfoundland
Appalachians as mantle - oceanic crust sequences.
J. Geophys. Res. 76, 1460-1466,

Cor-rvnN-Seon, S.P. (1981): Geology of the Burnt Hill
map ruea QD/5), Newfoundland. .Le Current
Research (C.F. O'Driscoll & R.V. Gibbons, eds.).
Dep, Mines Energy, Govt. Nfld. Labrador, Rep.
E1-1,4049.

ComrarrrNrors, C.C., KrNcsroN, G.A. & Frsnen, P.C.
(1980): The occurrence of platinum group minerals
in the chromitites of the Kokkinorotsos chrome
mine, Cyprus. .|lt Ophiolites (A. Panayiotou, ed.).
Proc. Int. Ophiolite Symp. (1979). Cyprus Geol.
Surv. Dep., Ministry of Agriculture & Natural
Resources, Nicosia, Cyprus.

Coppsn, J.R. (1937): Geology and mineral deposits of
the Hare Bay area. Geol. Sum. Nfld. Bull. 9.

Cnocrm, J.H. (1979): Platinum-group elements in
mafic and ultramafic rocks, a survey. Can. Minerol,
t7,39t-402.

Fono, R.J. (1981): Platinum-group minerals in
Tasmania. Econ, Geol. 76, 498-504.

Herrry, J., Heusenr, A.W. & Pacn, N.J (1980):
Determination of iridium and ruthenium in
geological samples by fire assay and emission spec-
trography. U.S. Geol. Sun. Prof. Pap. ll29-A-I,
cl-c4.

Rlt,sv, L.B. & Goss, W.D. (1977): A manual
on fire assaying and determination of the noble
metals in geological materials. U.S. Geol. Sun. Bull.
t4d,'.

Hannrs, D.C. & Cesnr, L.J. (1973): The nomenclature
of the natural alloys of osmium, iridium, and
ruthenium based on new compositiondl data of
alloys from world-wide occurrences. Can. Mineral.
12, lM-112.

Hrssano, J. (1978): Geology east of the Baie Verte
Lineament. .In Repofi of Activities for 1977 (R.V.
Gibbons, ed.). Nfld. Dep. Mines Energy, Rep.lE-l^,
103-109.

& Wn t.taus, H. (1979): Regional setting of the
Dunnage Melange in the Newfoundland Ap-
palachians. Amer. J. Sci. 279,993-1021,

InvNe, T.N. & Frnplay, T.C. (1972): Alpine-type
peridotite with particular reference to the Bay of
Islands igneous complex. Publ. Earth Phys. Branch,
Dep, Energy, Mines Resources Can. 42,97-128.

Jecornz, E., Par-nan, H., Beoorxuausru, H., Brur,t, K.,
CsNDALss, M., Dnsnus, G., Smtrrl, 8., LonrNz,
V. & WasNKE, H. (1979): The abundances of ma-
jor, minor, and trace elements in the earth's man-
tle as derived from primitive ultramafic nodules.
Lunar Planet. Sci; 10. 610-612.

Jeurrsox, R.A. (1979): The St. Anthony Complex,
Northwestern Newfoundland: a Petrological Study
of the Relationship Between a Peridotite Sheet and
its Dynarnothermal Aureole. Ph. D. thesis,
Memorial University of Newfoundland, St. John's.

(1981): Metamorphism during ophiolite
Anthonyemplacement - the petrology of the St.

Complex. J, Petrology 22,397-M9.

& Tarrrxcrorrl, R.W. (1980): A jacupirangite-
syenite assemblage beneath the White Hills
Peridodite, northwestern Newfoundland. Amer. J.
Sci.2E0,459477.

KensoN, J. (1977): Geology of the Northern Lewis
Hills, Western Newfoundlond. Ph.D. thesis, State
University of New York, Albany, N.Y.

& Drwsv, J.F. (1978): Coastal complex,
western Newfoundland: an early Ordovicran oceanic
fracture zone. Geol. Soc. Amer. Bull. E9'7037-1M9.

KraN, B.F. (1974): Notes on the geology of the Great
Bend and Pipestone Pond ultramafic bodies. N/d.
Mineral Development Div., Rep, Activities 1973,
33-42.

Mer-pes, J.G. (1976): The Petrology qnd Petrogenesis
of the Bay of Islands Ophiolile Suite, Westem New'
foundland. Ph. D. thesis, Memorial University of
Newfoundland, St. John's.

McBnvpp,W.A.E. (1972\: Platinum metals. It? The En-
cyclopedia of Geochemical and Environmental
Sciences (R.W. Fairbridge, ed.). Van Nostrand
Reinhold, New York.

Mncrsr.r, R.H. & KsAvs, R.R. (1981): Abundance and
distribution of gold, palladium and iridium in some
spinel and garnet lherzolites: implications for the
nature and origin of precious metal-rich in-
tergranular components in the upper mantle.
Geochim. Cosmochim, Acta 45, 2425-2442.

MonoeN, J.W. & War.Dless, G.A. (1979): Terrestrial
upper mantle: siderophile and volatile trace element
abundances. Lunar Planet. Sci. 10. 855-857.

-, Psrnrr, R.K. & Invnc, A.J. (1980):
Earth's upper mande: volatile element distribution
and origin of siderophile element col;:terLt, Lunar
Planet. Sci. 11. '740-'742,

Nalonnrr, A.J. & Canu, L.J. (1976): Ultrarnafic and
related mafic rocks: their classification and genesis
with special reference to the concentration of nickel
sulfides and platinum-group elements. Econ. Geol,
71 ,  l13 l -1158.

& Durs, J.M. (1980): Platinum metals in
magmatic sulfide ores. Science 20E, 1411-1424.

-, HomrlaN, E.L., Gnmt, A.H., Cnou, CnnN-
LrN. Nerpnsrr, S.R. & Arcocr, R.A. (1979): The
composition of Ni-sulfide ores, with particular
reference to their content of PGE and Au. Can,
Mineral. 77.403-415.



Pd, Pt, Rh, Ru AND Ir IN OPHIOLITE COMPLEXES FROM NEWFOUNDLAND t47

NonueN, R.E. & Srnorc, D.F. (1975): The geology
and geochemistry of ophiolitic rocks exposed at
Ming's Bight, Newfoundland. Can. J. Earth Sci. 12,
777-797.

Ossnr, I.O. & Cnocxpr, J.H. (1982): Noble metals in
Thetford Mines ophiolites, Quebec, Canada. I.
Palladium in the ultramafic and gabbroic rocks.
Econ. Geol. 77. 1556-15'70.

Pacr, N.J (1969): Platinum content of ultramafic
rocks. /z U.S. Geological Survey Heavy Metals Pro-
gram, Progress Report 1968 - Topical Studies. U.S.
Geol. Sum. Circ.622,

Anuscavacr, P.J. & Herrry, J. (1983):
Platinum-group elements in rocks from the Voikar-
Syninsky ophiolite complex, Polar Urals, U.S.S.R.
Mineral. Deposita 18, M3-455.

Cassano, D. & Harrrv, J. (1982): Palladium,
platinum, rhodium, ruthenium, and iridium in
chromitites from the Massif du Sud and Ti6baghi
Massif, New Caledonia . Econ. Geol. 77, 157l-1577 .

-, ENcrN, T. & Hasrrr, J. (1979a): Palladium,
platinum, and rhodium concentrations in mafic and
ultramafic rocks from the Kizildag and Guleman
areas, Turkey, and the Faryab and Esfandagheh-
Abdasht areas, Iran. U.S. Geol. Sum. Open-File
Report 79-840.

Herrry, J. & Asr'lao, Z. (1980a): Palladium,
platinum, and rhodium concentrations in mafic and
ultramafic rocks from the Zhob Valley and Dargai
Complexes, Pakistan. .In Shorter Contributions to
Mineralogy and Petrology, 1979. U.S. Geol. Surv.
Prof. Pap. ll2/-F.

-, JouNsol,r, M.G., Harrrv, J. & RAMI, L.
(1975): Occurrence of and platinum-group metals
in ultramafic rocks of the Medford - Coos Bay 2o
quadrangles, southwestern Oregon. U.S. Geol. Surv.
Misc. Field Studies Map NIB-694.

-, Mvsns, J.S., Herrrv, J., Snvot, F.O. &
Anuscevecp, P.J. (1980b): Platinum, palladium,
and rhodium in the Fiskenaesset Complex,
southwestern Greenland. Econ. Geo l. 75. 907-9 I 5.

-, Pel-I-rstsn, J.S., Bnoml, M.A., SnarwtNc, J. &
Harrry, J, (1979b): Platinum-group metals in
chromite-rich rocks from two traverses through the
Semail ophiolite, Oman. Amer. Geophys. Union
Trans. 60, 963 (abstr.).

Pnrcneno, H.M., Porrs, R.J. & NeARv, C.R. (1981):
Platinum group element minerals in the Unst
chromite, Shetland Isles. lzsL Mining Metall. Trans.
90, Bl86-8188.

Rrccro, L. (1976): Strotigraphy and Petrology of the
Peidotite-Gabbro Component of the Wqtem New-
foundland Ophiolites. Ph. D. thesis, University of
Western Ontario, London, Ont.

Sr-Jurrcr, P., Huaenr, C. & Wnrravs, H. (1976): The
Baie Verte - Brompton Line and its possible tectonic
significance in the Northern Appalachians. Geol.
Soc. Amer. Abstr. Programs E,259-260.

SuraoN, F.O., AnuscavecB, P.J. & Moonr, R. (1978):
Determination of platinum, palladium, and rhodium
in geologic spectroscopy using electrothermal
atomization.,4mer. Chem. Soc., 176th Nat, Meeting
(Miami Beach) (abstr.).

Srrarrs, C.H. (1958): Bay of Islands igneous complex,
western Newfoundlandu Geol. Surv. Can. Mem.2X).

Srvrrrn, W.R. (1971): Stratigaphy and structure of part
of the Hare Bay allochthon, Newfoundland. Proc,
Geol. Assoc. Can. M,47-51.

Swrrcnow, A.K. (1934): Chromite deposits of New-
foundland. Nfld. Dep. Natural Resources Bull. l.

SrewNs, R.K. (1970): Cambro-Ordovician flysch
sedimentation and tectonics in west Newfoundland
and their possible bearing on a Proto-Atlantic
Ocean. Geol. Assoc. Can, Spec. Pap.7,165-177.

SrnoNc, D.F. & KEar.r, B.F. (1974): Do some
Eastern Appalachian ultramafic rocks represent
mantle diapirs produced above a subduction zone?
Geology 2, 175-178.

TALrrNcroN, R.W. (1979): An unusual occurrence of
gabbro veins in a west Newfoundland ophiolite:
white Hills Peridotite, St. Anthony Complex. Geol.
Assoc. Can. Mineral. Assoc. Can, Program Abstr.
4 , 8 2 .

(1981): The Geology, Petrology, and
Petrogenesis of the White Hills Peridotite, St. An-
thony Complex, Northwestern Newfoundlond,
Ph.D. thesis, Memorial University of New-
foundland, St. John's.

& JalrmsoN, R.A. (1978): The geology of the
St. Anthony Complex, northwestern Newfoundland
- a note. .& Ophiolites of the Canadian Ap-
palachians and Soviet Urals (J. Malpas & R.W.
Talkington, eds.). Memorial Univ. Newtoundland,
Dep. Geology, Rep. E (I.G.C.P. Proj. 39),43-52.

& Mauas, J. (1980a): Spinel phases of the
White Hi[s Peridotite, St. Anthony complex, New-
foundland. I. Occurrence and chemistry. In
Ophiolites (A. Panayiotou, ed.) Proc. Int. Ophiolite
Symp. (1979). Cyprus Geol. Surv. Dep., Ministry
of Agriculture & Natural Resources, Nicosia,
Cyprus.

& - (1980b): A layered ophiolite mantle
peridotite section from Newfoundland: the White
Hills Peridotite. Geol. Soc. Amer. Abstr. Programs
12,86.



148 THE CANADIAN MINERALOGIST

WerxrNsoN, D.H., Wnrrrercn, P.J. & Jowrs,
P. (1982): The petrological significance of platinum-
group minerals and other solid and fluid inclusions
in chromite of ophiolitic and stratiform complexes.
.Ile Ophiolite and Oceanic Crust Symposium (Nov.
17-19,1982). J. Geol. Soc. Lond., p. 32 (abstr.).

IJraouyey, H,D., Dnwev, J.F. & NEelE, E.R.W.
(1971): The Betts Cove ophiolite complex, New-
foundland: Appalachian oceanic crust and mantle.
Geol, Assoc, Can, Proc. U.27-34.

Wrlueus, H. (1977): Ophiolitic m6lange and its
significance in the Fleur de Lys Supergroup, north-
ern Appalachiars. Can. J. Earth Sci.14,987-1003.

(1979): Appalachian Orogen in Canada. Can.
J. Earth Sci. 16. 792-807.

NAM.78.3 (chromite seam in dunite & pyroxenite): An opa-
-, Hnnano, J.P. & Bunsxalr, J.T. (1977): que massive chromite seam approximately I cm wide is

Geologic setting ofasbestos bearing ultramafic rocks enclosed by a thin sheath of serpentinized olivine. Trap-
along the Baie Verte Lineament, Newfoundland. ped intercumulus material in the chromite seam is also
Geol. Sum. Can. Pop. 77-1, Part A, 351-360. serpentinized. The serpentine sheath is bordered by a coarse-

grained orthopyroxene-clinopyroxene-olivine-chromite
-, Mar,res, J. & Corvrseu, R. (1972): Bay of cumulate.Thesesilicatesareunalteredexceptattheserpen-

Islands map area, Newfoundland. Geol. Sum. Can. tine sheath - pyroxenite border and along late-stage
Pap. 1Ll, Part A, 14-17. fractures.

& Srrarrn, W.R. (1973): Metamorphic aureoles
beneath ophiolite suites and alpine peridotites: tec-
tonic implications with West Newfoundland ex-
amples. Amer. J. Sci. 273, 594-621.

& - (1983): The Hare Bay Allochthon,
northern Newfoundland, Geol, Sum, Can, Mem.
,()0. 109-141.

& Srrvrus, R,K, (1974): The ancient continen-
tal margin of eastern North America. In The
Geology of Continental Margins (C. A. Burk & C.
L. Drake, eds.). Springer-Verlag, New York.

& TnnrrcroN, R.W. (1977): Distribution and
tectonic setting of ophiolites and ophiolitic m€langes
in the Appalachian Orogen. .Iz North American
Ophiolites (R.G. Coleman & W.P. Irwin, eds.).
Oregon Dep. Geol. & Mineral Industries, Bull,95,
t - l  t .

Received August 19, 1982, revised manuscript accepted
May 12, 1983,

APPENDIx

Lewis Hills

77LH59,61,62,64: All samples are 10090 serpentinized
olivine. The cumulus chromite is deep red, euhedral to
anhedral. Size is approximately 1.5 mm. Pull-apart texture
is ubiquitous. Resorption of chromite (embayed contact)
is common. Solid inclusions (silicate material, sulfides and
native silver) and fluid inclusions are also present in
chromite.

77LH94 (harzburgite): This sample consists of olivine, or-
thopyroxene and spinel and is approximately 7090 serpen-
tinized. Only kernels of olivine remain, which produce a
mesh texture where not associated with orthopyroxene. The
ofihop).roxene shows undulatory extinction and is slightly
elongate parallel to the dominant foliation. Minor altera-
tion (bastite) is present along fractures and cleavage planes.
The spinel is reddish brown, anhedral, and typically has
embayed and scalloped grain boundaries. Magnetite-
ferritchromite alteration is present along the spinel rim and
internal fractures. Size is generally less than 0.3 mm. Spinel
is a groundmass phase and associated with olivine, or olivine
+ orthopyroxene as a reaction product.

77LHll3 (dunite): Sample lost.

North Arm Mountain

Table Mountain

TMH.L.5 (spinel lherzolite): The sample is approximately
4090 serpentinized. However, most of the orthopyroxene
and clinopyroxene grains are unaltered. These two phases
are variably deformed (undulatory extinction, kink-band
development in the orthopyroxene). The spinel is reddish
brown, anhedral, and has magnetite developed along the
boundary with the silicates and along fractures. Spinel is
associated predominantly with olivine + orthopyroxene as
a wormy or patchy intergrofih, but also with clinopyrox-
ene + olivine and olivine alone.

White Hills Peridotite

78I5,795 (spinel lherzolite): Sample 7815 is approximate-
ly 6090 serpentinized and sample 795 is approximately 1090
serpentinized. Alteration of orthopyroxene to bastite in 7815
is extensive (- 6090). Clinopyroxene is relatively unaltered
in both samples. Spinel is light brown and intergrown with
orthopyroxene + olivine or othop)'roxene. Magnetite
alteration has developed along the boundary with silicates
and along fractures.

781,7818 (harzburgite): Both samples are approximately
3590 serpentinized. Minor incipient alteration of or-
thopyroxene to bastite is included in this total. Undulatory
extinction is present in olivine kernels and orthopyroxene
porphyroclasts. In addition, elongation along cleavage
planes and minor kink-banding of orthopyroxene are locally
developed. Spinel is light reddish brown to reddish brown,
anhedral 1o subhedral, and has irregular grain boundaries
with neighboring silicates. Spinel preserves a vermicular tex-
ture with olivine and orthopyroxene and interstitial texture
with, in some cases, occluded olivine and orthopyroxene.
In sample 7818, spinel forms a linear chain with complete-
ly or partly occluded silicates.
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77WH93, 78114,78141,78147 ,799 (dunite): These samples
have been variably serpentinized (e.g., 77WH93 50V0, 78114
40r/0,78141 50t/o:78147 80t/0,799 3090). In addition, rhese
dunites crop out interlayered with spinel lherzolite
(77WH93), wehrlite and clinopyroxenite (78141) and harz-
burgite (78147), as a dunire lens in peridotire (78114), and
as a dunite dyke (799). The spinel of each sample is op-
tically and chemically sirnilar to spinel of the adjoining
lithology, except for 78114, which has a distinctive chemical
composition. All samples contain approximately 2 modal
9o spinel.

77W}Il9, 30 (chromite seam in orthopyroxenite): Both
samples are orthopyroxenite with chromite concentrations.
In 77WHl9, orthopyroxene is euhedral to anhedral and
ranges in size, depending upon the intensity of shearing,
from 1.5 mm to less than 0.1 mm. Undulatory extinction
is common, and alteration to bastite and serpentine general-
ly restricted to shear zones and fractures. Olivine is inter-
cumulus (- 3i/o) and is variably altered to serpentine in
shear zones. Chromite is deep reddish brown, euhedral to
dominantly anhedral, and varies in size depending upon
shearing. Grain-boundary alteration to ferritchromite is
restricted to fractures and shear planes. Laurite, native Ag,
(Ni,Fe) arsenide and (Ni,Fe) alloy occur interstitial to
silicates and chromite or as inclusions in chromite. In
77WH30, orthopyroxene is euhedral to anhedral and has
an average grain-size of 2 mm. Incipient alteration to bastirc
is minor, although locally intense where olMne is present
and at the chromite seam. Olivine is intercumulus (- lgo)
and is approximately 3090 altered to serpentine. Chromite
is deep reddish brown and euhedral to anhedral. Grain size
is variable. Alteration to ferritchromite is developed along
fractures. Ni sulfide and (Ni,Fe) alloy occur as inclusions
in chromite.

Advocate Complex

5FDL77 (peridotite): The sample, a metaperidorite, occurs
as a small body of ultramafic rock in contact with garnet-
mica schist. The rock consists of antigorite, carbonate
minerals and magnetite.

6FDL77 (harzburgite): The sample is a peridotite from the
dump of the Advocate Asbestos open pit. Rock is 8090
serpentinized. Relict olivine and orthopyroxene with exsolu-
tion lamellae of clinopyroxene show deformation features
(kinked orthopyroxene and undulatory extinction in the
olivine). Anhedral spinel grains contain a core of reddish
brown, translucent spinel (presumably chromite) rimmed
and veined by opaque spinel (probably magnetite or fer-
ritchromite). Secondary magnetite associated with serpen-
tinization is abundant.

7FDL77 (dunite): The sample is dunite with spinel clots
from the dump of the Advocate Asbestos open pit. The

rock is 10090 serpentinized; the anhedral spinel grains con-
tain a reddish brown, translucetrt core (chromite) and are
rimmed and veined by opaque spinel (magnetite); these
grains occur in clots in the serpentinite matrix.

Point Rousse Complex

PR78.3D (dunite): This sample is approdmately 20o/o
serpentinized, with serpentinization locally intense. Olivine
is approximately 3 mm across, shows undulatory extinc-
tion and minor kink-banding. Grains have an ameboid
shape, with embayed grain-boundaries. Spinel is red to red-
dish brown and subhedral to anhedral. Ferritchromite-
magnetite is developed on spinel-silicate boundaries and
internal fractures. Embayed grain-boundaries with olivine
are common as are serpentine inclusions.

MB78.lm (dunite): This sample is totally serpentinized. The
spinel is approximately 9590 altered to magnetite. However,
in the core of some grains, a deep, reddish brown spinel
is preserved.

PR78.3H (harzburgite): This sample is approximately 2090
serpentinized. Grain size of olivine and orthopyroxene is
3 mm. Undulatory extinction and ameboid grain-shapes are
dominant. Spinel is reddish brown and anhedral, with
scalloped and embayed grain-boundaries with silicates. Ex-
solved spinel is associated orthopyroxene and spinel.
Ferritchomite-magnetite alteration is present along spinel-
silicate boundaries and internal fractures.

Great Bend

T76@l (dunite): This sample is approximately 9590 serpen-
tinized; only kernels of olivine remain. Spinel is deep red-
dish brown and euhedral to subhedral, Bimodal grain-size
is present: 2 mm and 0.4 mm. The larger grains occur in
a 0,5-cm-wide seam and contain hydrous silicate inclusions.
The smaller grains are disseminated throughout the dunite
and are devoid of inclusions.

Betts Cove

28C77: The sample is a metaperidotite; the rock now con-
sists totally of secondary assemblages of l) talc, actinolite,
serpentine and magnetite pseudomorphs after subhedral to
euhedral orthopyroxene, 2) talc, serpentine and magnetite
pseudomorphs after subhedral to euhedral olivine, 3)
tremolite-actinolite after interstitial clinopyroxene, 4)
epidote perhaps after interstitial plagioclase, and 5) clots
and veinlets of secondary magnetite and serpentine. The
rock probably was an olivine-orthopyroxene cumulate.

38C77 (pyroxenite): The sample is a metapyroxenite. The
rock consists of tremolite-actinolite, carbonate minerals,
minor epidote and magnetite.


