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Abstract: Nickel sulfides occur as minute grains in a pyroxenite xenolith
enclosed in a garnet-biotite gneiss from Langhovde, Llitzow-Holm Bay, East
Antarctica. They include pentlandite, millerite, violarite and Ni-bearing pyrite
in the decreasing order of appearance. The Ni/Fe ratio in pentlandite is high
and that in violarite is so variable that reaches Fe(Fe, Ni) 2S, with Fe>Ni. Cobalt
is exclusively found in violarite. The mode of occurrence and mineral assemblage
of the pyroxenite indicate it to have been derived from an ultramafic igneous rock
probably corresponding to an ultramafic component of a tectonic melange.

1. Introduction
The origin of ultramafic rocks, so-called metabasites, enclosed in upper amphib
olite- to granulite-facies gneiss along the coast of Liltzow-Holm Bay has been discussed
based on bulk chemistry and mineral assemblage by many workers (e.g. HIROI et al.,
1986; SuzuKI, 1986). We have found nickel sulfides in a pyroxenite xenolith collected
from Langhovde during the geological survey of the 24th Japanese Antarctic Research
Expedition in 1983. The present paper reports their first occurrence in the Liltzow
Holm Bay region and discusses the origin of this pyroxenite.
2. Occurrence
In Langhovde garnet-biotite gneiss and pyroxene gneiss cover a wide area (IsHI
KAWA et al., 1976). They include numerous blocks of mafic to ultramafic rocks. The
collecting site of the studied pyroxenite is located about 2km SE of Mt. Tyoto in the
northern area of Langhovde (Fig. I). It occurs as a large lens approximately 4 X 9 m
across in the garnet-biotite gneiss and consists of coarse grains of hypersthene and
diopside with minor phlogopite and actinolite. Hypersthene is pale yellowish brown
and diopside is pale green in color, and their euhedral to subhedral crystals reach 5 cm
in size. Phlogopite is pale yellowish brown in color and rarely occurs interstitially in
pyroxene grains, and minor actinolite is found along the rim of diopside grains.
Under the microscope many minute opaque grains less than 0.5 mm across are
observed in pyroxene crystals and along the boundary of them (Figs. 2 and 3). Opaque
minerals include chromite, chalcopyrite, pentlandite, millerite, violarite and nickel-
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bearing pyrite. Pyrrhotite is absent. The mineral assemblages of opaque minerals are:
I) chromite-pentlandite-(millerite)
2) pyrite-pentlandite-(millerite)
3) pentlandite-millerite
4) pentlandite-violarite-millerite-(cha1copyrite)
Among them pentlandite is most abundant and is often partially replaced by
millerite (Fig. 4). Yiolarite occurs rarely as euhedral-looking crystals irregularly inter
sected by millerite veinlets (Fig. 5). It is also intergrown with millerite and occurs as
an alteration product of pentlandite. Chromite and nickel-bearing pyrite are found in
association with pentlandite (Figs. 6 and 7).
3.

Chemical Composition

The chemical analyses of the principal minerals were made using a Link Systems
energy-dispersive X-ray spectrometer. The results of selected analyses are given in
Tables I and 2. Diopside and hypersthene are rich in MgO and free from A12 03 •
Chromium in diopside is increasing with the increase of total iron, but Cr2 Q3 is always
less than I wt%. The nickel content of pyrite reaches 2.6 wt% and is variable within
one grain. The Ni/Fe ratio in pentlandite ranges from 1.41 to 2.05, indicating the Ni
richer nature after the solid-solution limits defined by KNOP and IBRAHIM (1961).
Millerite includes iron up to 2 wt%. Violarite is cobaltian and its Ni/Fe ratio reaches
0.46. If the boundary between violarite (FeNi2 S4 ) and greigite (FeFe2 S4 ) is drawn at
Fe (Fe, Ni)2 S4 with Fe : Ni= I : I in the parentheses, the composition is involved in the
greigite area (Fig. 8).
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Fig. 2. Photomicrograph of the thin
section of the pyroxenite. Opaque
grains are observed in ortho
pyroxene. One polar. Field view:
approx. l.4X 1.9 mm.

Fig. 3. Photomicrograph of the thin
section of the pyroxenite. Opaque
grains are observed along the
boundary of orthopyroxene and
clinopyroxene. One polar. Field
view: approx. 0.6X0.8 mm.

Fig. 4. Photomicrograph of the
backscattered electron of pentlan
dite (pn) and mi/lerite (ml). The
bar indicates 100 11m.
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Fig. 5. Photomicrograph of the
backscatterd electron of violarite
(dark gray) irregularlv intersected
by millerite (white) in pentlandite
(gray). The bar indicates JOO pm.

Fig. 6. Photomicrograph of the
backscattered electron of chromite
(dark gray) associated with pent
landite (white). The har indicates
JOO 11m.

Fig. 7. Photomicrograph of the
backscattered electron of nickel
bearing pyrite (gray) associated
with pentlandite (white). The bar
indicates 100 wn.
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Table l.

Representative chemical analyses of pyroxenes and chromite.
Hypersthene

Diopside

Chromite

2

3

4

57.04

56. 79

Si02
Al2 0a
Cr2 03
FeO*
MgO
CaO

54.77

54.87

0.89
2.90
16. 76
24.80

0. 34
l.75
17.84
25.28

10.20
32.34
0.37

9. 82
32.83
0.43

Total

99. 72

100. 08

99.95

99.87

5

6

6.47
57. 19
32. 75
3.54

5. 75
59.46
29.21
5.47

99.95

99. 89

,:, Total Fe.
I: Cao.96Mgo.91Feo.09Cro.o a Si2.oo Oo, 2: Cao.9sMgo.91Feo.05Cro.01Si1.9906, 3 : Cao.o 1 Mgl.6!lFeo.30Si 2.o 006,
4: Cao.02Mg1.71Feo.2 9Sii.990u, 5: Feo.9RMgo.1 9Cr1.1,�Aln.2104, 6: Feo.H6Mgo.29Cr1.66Alo.H04.
Table 2.

Representative chemical analyses <�l Ni-bearing suffides.

s

Fe
Ni
Co
Total

53.60
43.77
2.59

Millerite

Pentlandite

Pyrite

Violarite

2

3

4

5

6

7

8

9

IO

11

53.10
44.98
I.97

53. 74
44.90
I. 44

32.85
25.60
41.48

33.03
21.27
45.94

32.99
26.75
39. 74

35.23
I. 30
63.48

35.43
I.86
62. 35

42.02
31. 62
25.50
0.53

42.07
18. 13
35. 19
4.52

43.12
19. 77
33.59
3.44

99.48 100.01

99.64

99.67

99.91

99.92

99.96 100.05 100.08

99.93 100.24

3 : Feo.95Nio.o3S 2 , 4: Nir..52Fea.5sSs, 5: Nio.oRFe2.m$ 8,
I: Feo.94Nio.o 5S2, 2: Feo.91Nio.04S2,
6: Ni.'i.2 6Fea.12Ss, 7: Nio.9RFeo.02 S, 8: Nicl.90Feo.03S, 9: Ni1.33Fe1.1:1Coo.03S4, 10: Ni1.R3Fe1.00Co0•23 S4,
11: Ni1.70Fe1.or,Coo.11S4.
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Fig. 8.
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Composition diagram <�l violarite
(solid circle) and greigite (small
open circle).

Discussion

The mode of occurrence of the pyroxenite xenolith and Mg-Fe distribution between
coexisting orthopyroxene and clinopyroxene show it to be a member of Type A after

Nickel Sulfides in Pyroxenite from Langhovde

115

the ultramafic granulite grouping by SuzuKI (1986) (Fig. 9).
The phase relationship of the present sulfide minerals is indicated in Fe-(Ni, Co)-S
diagram (Fig. 10). The assemblage pyrite-violarite does not appear. It seems that
pyrite and/or violarite were firstly, and subsequently millerite and pentlandite were
formed, respectively, after the interpretation of observed textural relations. However,
violarite usually appears in lower temperature than pentlandite. This throws doubt on
the above sequence. The most probable interplatation of the texture is that violarite is
a pseudomorph after cobaltian pentlandite which might have appeared in the earlier
stage.
In considering the genesis on sulfides, a source of nickel is the most important
problem. If nickel-iron sulfides were originally included, the present sulfide aggregates
are considered as recrystallized products during metamorphism. If the original rock
included olivine which is the most reasonable source of nickel in a silicate phase, nickel
might have been derived from decomposition of olivine by a reaction, olivine+ Si02 -+
orthopyroxene. This reaction is highly expectable seeing from the existence of nearby
silica-oversaturated sediments unless the supply of silica is impeded. In the first and

Fig. 9. Mg-Fe distribution between coexisting
orthopyroxene and clinopyroxene. Star:
present study. Circle: Type A (solid)
and Type B (open) after SuzuKI(1986).
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Fig. 10.

Ni+Co

The phase relationship of pentlandite (pn), millerite (ml),
violarite (vi) and nickel-bearing pyrite (py).
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second cases, websterite and wehrlite or lherzolite are the most probable original rocks,
respectively. It is distinct that the studied pyroxenite has been derived from ultramafic
igneous rock, which is probable as an ultramafic component of a tectonic melange.
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