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Abstract: A study of the high grade metamorphic rocks in the Larsemann Hills, East Antarctica, shows that besides
the dominant lower pressure metamorphism in the area, earlier granulite facies relics are also present. The lower
pressure metamorphism experienced four episodes (M5! to M%), and all can be discerned from both the felsic and
mafic rocks. 207Pb/206Pb ages of zircons from a syenitic orthogneiss formed in M,! concentrate at ¢. 550 Ma.
Temperature of the episodes and pressure of some have been estimated. A qualitative P-T path of the lower pressure
metamorphism (M,) is sketched, My! — M,2 is decompressional heating, M,2 — M, isothermal decompression
(ITD) and M,3 — M,* isobaric cooling (IBC). A rare assemblage grandidierite—kornerupine—tourmaline is discov-
ered in blue gneiss in Stornes Peninsula, and the borosilicate crystallization corresponded mainly with the M3
substage. The late greenschist facies overprint (M3) on high grade rocks is related to shear zones which may exist
between the Bolingen Islands and the western Larsemann Hills. It is this presumable boundary which might be
accompanied by the ultramafic rock of olivine-bearing mafic granulite that makes two structural domains, the west
with early high pressure relics, while the east without, but with higher geothermal gradient than the west in later high
grade metamorphism.
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Introduction

Prydz Bay comprises one part of the generally recognized
late Proterozoic mobile belt. The high grade metamorphism
isascribed tothe ¢. 1000 Maevent (Stiiwe et al., 1989; Stiiwe
and Powell, 1989a; Sheraton et al., 1984). This data is ac-
quired by geological comparison with neighbouring Rayner
Complex, Enderby Land (Black ez al., 1987) and Rauer Group
(Harley, 1988; Fitzsimons and Harley, 1991).

The Larsemann Hills are located in the centre of Prydz
Bay (Fig. 1). The study of metamorphic geology on the
outcrops (Stiitwe and Powell, 1989a) shows that the high

Fig. 1. Location map of the Larsemann Hills in Prydz Bay. VH:
Vestfold Hills, RG: Rauer Group, BB: Brattstrand Bluffs coast-
line, S: Stornes Peninsula, B: Bolingen Islands, S. L.: Sestrene
Island.

grade event is lower pressure granulite facies metamor-
phism occurring c¢. 1000 Ma. No earlier metamorphic relics
have been found, and a model of perturbation in the asthe-
nosphere is put forward.

According to our observation on petrographic and reac-
tion features, earlier granulite facies relics have been dis-
cerned, and asymmetry exists on both sides of the Larsemann
Hills. Furthermore, a c. 550 Ma age for the upper limit of the
lower pressure granulite facies metamorphism is obtained.

Our study is based on detailed petrographic observation
on the felsic and mafic rocks, with reference to some
borosilicate minerals, being combined with appropriate
pressure and temperature calculation.

Geological and Petrological Outline

The Larsemann Hills sequence consists essentially of four
lithological units: (1) Layered paragneisses comprise amajor
part of the outcrops and can be subdivided into banded
gneiss, migmatitic gneiss, leucogneiss and felsic gneiss:
between them concordant or transitional contacts are ob-
served (Fig. 2). Garnet, sillimanite, biotite, K-feldspar and
cordierite occur regionally. Orthopyroxene poikiloblasts
can be found locally. Garnet or orthopyroxene segregations
are sometimes present. (2) Mt—[lm—Spl-Sil-Crd gneiss or
“blue gneiss” as defined by Stiiwe et al. (1989), is hetero-
geneous in texture. Garnet is present or not. In the Stornes
Peninsula a rare grandidiertite—kornerupine—tourmaline
assemblage of borosilicate is found. Cordierite or sillimanite
segregations have also been found. (3) Syenitic orthogneiss
or “pink granite” by Stiiwe et al. (1989), crops out in
northern Mirror Peninsula. Besides its dominant granitic
feature, relic garnet and biotite (Fig. 3a) and biotite—
sillimanite coronas around magnetite and/or ilmenite (Fig.
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Fig. 2. Lithological map of northern Mirror Peninsula. Inside the
dotted circle is the garnet-absent area.

3c) have been discerned. Locally garnet segregations are
present. (4) Mafic and ultramafic granulites are character-
ized by the garnet-absent assemblage: orthopyroxene—
clinopyroxene-hornblende—plagioclase, and an assemblage
of olivine—orthopyroxene—clinopyroxene—hornblende—
spinel as a 10 x 5 m lens is found in northwestern Stornes
Peninsula.

The structural evolution of the Larsemann Hills has been
discussed by Stiiwe ez al. (1989) and Fitzsimons and Harley
(1991). The intensity of development of D5 of Fitzsimons
and Harley (1991) or D; of Stiiwe et al. (1989) in the
Larsemann Hills appears to increase towards the west,
namely, from the Mirror Peninsula in the east to the Stornes
Peninsula in the west, where the foliations are more dense
than in the east. Shear zones have been discovered in the
Bolingen Islands, west of Larsemann Hills (Stiiwe ez al., 1989;
Thost et al., 1988).

Petrography, Reaction and Mineral Chemistry

Mineral assemblages developed in representative felsic
rocks (including the blue gneiss, felsic gneiss and syenitic
orthogneiss) and mafic granulites are summarized in Table
1. The term “felsic rocks” is used because the comprising
rock types have similar mineral assemblages in the meta-
morphism evolution of interest. Three metamorphic events
inall have been discriminated, among them, the M, (present
as relics) is an independent earlier history, M, is a con-
tinuous process and can be subdivided into four substages,
i.e. Mp!, My2, M,? and M,*. While M; is a later overprint
effect on high grade rocks. Representative textures of the
constituent minerals corresponding with the metamorphic
events are presented in Fig. 3. Some of the mineral analyses
are exhibited in Table 2. The detailed discussion about the
assemblages and reactions evolved in different rocks types
will be given as follows.

The first metamorphic event (M,)
In the felsic rocks the earliest minerals is the garnet—
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biotite inclusion association in K-feldspar (Fig. 3a). The
biotite has the highest TiO, content (6.57 wt%) in the area
(Table 2). Both present as inclusions, the cordierite is
magnesio-richest (Mg/(Mg+Fe) =0.84) (Table 2), while the
plagioclase (Ans; ;) is relative albitic to the later ones
(Anzs_43).

In the mafic rocks the M, event is shown by the inclusion
association orthopyroxene—clinopyroxene-plagioclase (Fig.
3e, g and i) in hornblende. The orthopyroxene is unique in
that it has the highest Al,0; content (up to 2.49 wt%) (Table
2) in mafic rocks in the area, and the plagioclase (Anyy) is
most albitic in the rock type.

The second metamorphic event (M)

Four substages can be discerned in this event of meta-
morphism through the assemblage evolution of both the
felsic and mafic rocks.

The first substage (M,') in the felsic rocks is characterized
by the preferred orientation of biotite—sillimanite—feldspar—
quartz * ilmenite + magnetite + garnet. The syenitic
orthogneiss is probably formed at this stage because the
garnet of M,? and M,> (see next section) can be observed
overgrown in part of the orthogneiss (Fig. 2).

In the mafic rocks the M,! hornblende grains form a pre-
ferred orientation, as is the case for the Brattstrand Bluffs
coastline (Fitzsimons and Harley, 1991). The assemblage at
this stage is hornblende—plagioclase(An,y) + magnetite +
ilmenite.

The second substage (M,?) is distinguished in the felsic
rocks as the garnet—cordierite—sillimanite-K-feldspar—spinel
assemblage, which is ascribed to incongruent fluid-absent
melting reactions (Grant, 1985) as the following:

biotite + sillimanite + quartz
= garnet + K-feldspar + melt 1)

biotite + sillimanite + quartz
= garnet + cordierite + K-feldspar + melt 2)

The anhedral garnet rich in the inclusion association
biotite-sillimanite—quartz is formed through the above re-
actions. This garnet is generally fine grained and aligned
along the foliation. The geologic characteristic of the
Larsemann Hills is to some degree similar to that of the
Brattstrand Bluffs coastline (Fitzsimons and Harley, 1991),
and the garnet may equate here to the garnet I in the
Brattstrand Bluffs area described by Fitzsimons and Harley
(1991).

The spinel-cordierite symplectite and spinel-quartz
intergrowth are generally considered to reflect reactions
like:

garnet + sillimanite = cordierite + spinel 3)

garnet + sillimanite = spinel + quartz (€)]

which are indicative of decompression (Bohlen et al., 1986,
Fig. 2; Clarke and Powell, 1991).

The spinel was considered as one phase of the peak
assemblage (Stiiwe and Powell, 1989a), while in the Rauer
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