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Abstract: Sparsely distributed mafic to ultramafic granulite lenses and boudins occur included in metapelitic and
quartzo-feldspathic gneisses in the Bolingen Islands, Prydz Bay, East Antarctica. The rocks are chemically similar
to ultramafic cumulates, having high Mg/Mg+Fe?* ratios (0.83-0.89), and high Cr (up to 4914 ppm) and Ni (up to
926 ppm) contents. They probably represent remnants of boudinaged dykes or sills of ultramafic rock types. In one
of the ultramafic boudins, spinel is rimmed by plagioclase and olivine coronas and symplectites. Plagioclase and

olivine form by the reaction:

orthopyroxene + clinopyroxene + spinel = plagioclase + olivine

This reaction, which constitutes the transition between the spinel and plagioclase-peridotite stability fields, produces
plagioclase and olivine with decreasing pressure. The textures are consistent with near isothermal decompression
immediately after mid-crustal (5-7 kbar) granulite metamorphism for the Bolingen Island terrane.
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Introduction and Geological Setting

South-eastern Prydz Bay, East Antarctica, is part of an
extensive Proterozoic metamorphic terrane, extending from
the Rauer Group in the east, through the northern Prince
Charles Mountains (NPCM) to the Rayner Complex of
Enderby Land in the west. The general geology of the Prydz
Bay region has been described by Sheraton and Collerson
(1983), with more recent work in the area summarised by
Harley and Hensen (1990).

The region comprises highly deformed upper amphibolite
to granulite facies rocks. South-west of the Rauer Group
sillimanite and cordierite-bearing garnetiferous metasedi-
mentary gneiss (paragneiss) is a common rock type, and is
predominant in the Larsemann Hills. Pyroxene + horn-
blende + quartz + plagioclase meta-igneous gneiss
(orthogneiss) is also present, and becomes increasingly
common towards the south-west. The region is distinguished
from the nearby Archaean Vestfold Hills and mixed Ar-
chaean-Proterozoic Rauer Group by the lack of unequivocal
deformed mafic dykes (Sheraton and Collerson, 1983).
Isotopic data suggests that the metasediments were derived
from the erosion of mid-Proterozoic crust, subsequent to the
emplacement of the youngest recognised dykes in the
Vestfold Hills (Sheraton et al., 1984).

This paper presents chemical data and describes meta-
morphic textures preserved in volumetrically minor, though
widespread, mafic to ultramafic granulites from the Bolingen
Islands, located 135 km south-west of the Vestfold Hills.
The samples discussed herein were collected during the
198788 Australian National Antarctic Research Expedi-

tions’ (ANARE) austral summer field season, from the
localities shown in Fig. 1.

Mode of Occurrence

Mafic to ultramafic granulites occur sporadically along
the Prydz Bay coastline (Sheraton and Collerson, 1983;
Stiiwe et al., 1989; Nichols and Berry, 1991; Thost et al.,
1991; Fitzsimons and Harley, 1991). In the Bolingen Islands
they crop out as isolated dark podiform and lens shaped
bodies, trains of boudins (occasionally traceable along strike
for hundreds of metres), and as layers generally less than 0.5
m thick, parallel to the gneissic foliation. Layers of mafic
granulite are most common in the northern and southern
outcrops of the Group, and on Sgstrene Island, where they
comprise a considerable proportion of a composite mafic-
felsic orthogneiss (Thost et al., 1991).

The pods and boudins are generally 1-2 m in length,
although they do range in size from as small as 10 cm up to
10 m. In some outcrops, metasomatic reaction between the
mafic boudin and the enclosing felsic gneiss has resulted in
the development of a concentric mineral zonation within the
boudin, though this is not common.The samples considered
here all occur as boudins. Samples 8871512-514 are from
Stordy Island, from three separate boudins 1-2 m in diam-
eter, within 20 m of each other. Sample 8872712 is from a
group of similarly-sized boudins from Berrneset. These
occurrences are hosted within pelitic to psammitic paragneiss.
Sample 8812407 is from a group of large (10 m sized)
boudins within felsic orthogneiss on “Sydney” Island.
Samples 88115104 (Stordy) and 8811605 (Vogdy) are
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Fig. I Inset “A” shows the eastern side of Prydz Bay, and localities mentioned in the text: VH = Vestfold Hills, R
=Rauer Group, LH = Larsemann Hills, B = Bolingen Islands, S = Sgstrene Island. “B” The Bolingen Islands, showing
the location of the mafic to ultramafic boudin samples discussed in the text. Islands were named during a 1939
Norwegian expedition to the area. “Sydney” Island is an informal field name.

texturally similar boudins within paragneiss and felsic
orthogneiss respectively.

Geochemistry of the Mafic to Ultramafic Rocks

Whole-rock geochemical analyses for the Bolingen Is-
land samples are presented in Table 1. All the rocks have an
“M” component (M = modal mafic and related minerals, i.e.
amphibole, pyroxene, olivine) exceeding 70%, and in some
cases, up to 90%. They are thus classified as mafic to
ultramafic rocks. Based on their CIPW normative mineralogy
(M-component), they can be classified as melanocratic
gabbros, with the most mafic samples (88115104, 8811605)
being classified as olivine websterites. Silica contents range
from 44.93-51.37 wt %. Bulk rock Xmg (=atomic Mg/
Mg+Fe?") is high, and varies between 0.83 and 0.89.

The compositions of the rocks are consistent with their
original formation as magmatic cumulates, with all samples
having exceptionally high concentrations of Cr (>1000
ppm) and Ni (>200 ppm), probably reflecting originally
high proportions of cumulus olivine, pyroxene, and Cr-
spinel. The Al,05-Ca0O-MgO and Ti-Cr-Ni diagrams (Figs.
2aandb) support the view that these rocks are metacumulates,
with the Bolingen Island boudins plotting in the ultramafic
cumulate field of Coleman (1977) and Palethorpe (1972; cf.
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Fig. 2 (a) Al,03-Ca0-MgO plot (with fields after Coleman, 1977)
showing the distribution of the mafic to ultramafic boudins from
the Bolingen Islands (@), Sestrene Island (<), the NPCM () and
dykes from the Napier Complex (0J: average of 4 metapyroxenite
dykes, B,; l: norite dyke, B;. Sheraton ez al., 1987). (b) Ti-Ni-Cr
diagram for the mafic to ultramafic boudins. Fields shown are for
ultramafic rocks of residual mantle and cumulate origin (after
Palethorpe, 1972). Symbols as in (a).

Sivell and Rankin, 1983). In these diagrams we also show
the compositions of ultramafic boudins from the NPCM
(Munksgaard et al., 1992) and Sestrene Island (D. E. Thost,
unpublished data), as well as average analyses of dykes from



Table 1. Major and trace element analyses and CIPW normative mineralogies of ultramafic granulite boudins from

the Bolingen Islands.

Sample 8811510 A 8811512 8811513 8811514 8811605 8812112 8812407
Si0, 50.12 45.19 45.95 46.06 51.37 44.93 46.60
TiO, 0.85 0.36 0.32 0.30 0.24 0.56 0.75
AlL,O3 7.72 11.00 9.72 8.80 4.26 11.27 10.19
Fe,O3 13.01 12.11 12.00 11.37 14.92 12.95 11.62
MnO 0.21 0.17 0.17 0.16 0.31 0.21 0.19
MgO 16.66 19.90 22.90 2393 19.00 20.50 16.41
CaO 9.46 7.46 7.07 6.78 7.21 8.23 9.29
Na,O 0.66 0.96 0.93 0.78 0.43 0.61 1.40
K0 0.56 0.30 0.04 0.55 1.34 0.09 1.06
P,05 0.21 0.02 0.02 0.02 bld 0.04 0.11
H,O* 0.36 1.47 0.81 1.14 0.24 0.69 1.30
SO3 bid 0.50 0.28 0.38 bld 0.10 0.10
Total 99.82 99.44 100.21 100.27 99.32 100.18 99.02
Trace elements, ppm

Ba 240 bld bld bld 121 bld 124
Cr na 1770 2373 2537 4914 na 1572
Cu bld 50 50 31 bld 109 140
Ga 18 13 9 10 10 12 14
Nb 11 2 2 1 3 4 1
Ni 283 661 872 895 815 926 584
Pb 7 10 9 10 13 11 11
Rb 18 19 6 41 m bld 34
Sr 61 14 28 30 20 27 65
Th bld bld bld bld bld 3 bld
U 2 bld bld bld bld 1 bld
\ na 125 111 112 96 na 200
Y 14 11 9 13 39 8 14
Zn 251 136 91 110 214 83 93
Zr 68 13 14 19 18 31 40
Mg/Mg+Fe2+ 0.84 0.87 0.88 0.89 0.83 0.86 0.85
CIPW norms

or 3.37 1.84 0.24 3.33 8.10 0.54 6.49
ab 5.68 8.43 8.03 6.75 3.72 5.25 12.26
an 16.73 25.75 22.67 19.32 5.87 28.24 19.04
di 23.84 10.02 10.35 11.92 24.77 10.46 2243
hy 4157 19.58 21.35 18.75 46.85 20.75 7.73
ol 4.40 3147 34.59 37.30 7.60 31.31 28.24
mt 2.28 217 2.11 2.01 2.63 2.27 2.07
ilm 1.64 0.71 0.62 0.58 0.47 1.08 1.47
ap 0.51 0.05 0.05 0.05 0.00 0.10 0.27

Analyses were determined by XRF techniques at the University of New South Wales following
the method of Norrish and Hutton (1969). bld = below level of detection, na = no analysis made
for this element. CIPW norms expressed as wt% and calculated assuming initial oxidation ratio

for iron of Fe,0,/FeO = 0.15.

the Archaean Napier Complex (Sheraton et al., 1987) for
comparison.

Petrology of the Mafic to Ultramafic Rocks

The mineral assemblages of the mafic to ultramafic
boudins, and representative mineral analyses are presented
in Tables 2 and 3. With the exception of samples 88115104
and 88711605 (described below), all are medium to coarse-
grained granoblastic textured hornblende-rich rocks, and
contain varied amounts of orthopyroxene and/or

Table 2. Mineral assemblages of the ultramafic boudins.
Sample
ol spl pla  opx cpx  hbl other

8811512 +2 ++ +2 + ++ opaque

8811513 +2 ++ +2 + + ++ opaque

8811514 + + + ++ phlogopite, opaque
8812112 + ++ -2 + ++ opaque

8812407 + + ++ biotite

8811510 A + + + biotite

8811605

biotite

(+) = common (++) = abundant () = minor (2) = secondary.

Mafic to Ultramafic Rocks, Bolingen Islands
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