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Abstract: The role of volatile species in the stabilisation of the lower (granulitic) crust is contentious. Opposing
models favour pervasive infiltration of CO,-rich fluids or generally vapour-absent conditions during granulite facies
metamorphism. Stable isotopic and petrological studies of granulite facies meta-carbonates provide critical con-
straints on these models. In this study data are presented from two granulite facies meta-carbonate associations in the
polymetamorphic Rauer Group, East Antarctica; a) decimetre-scale calcite-poor wollastonite+grandite garnet calc-
silicate boudins metamorphosed during the late Proterozoic, and b) metre-scale forsteritic marble boudins within

Archaean felsic orthogneisses. Wollastonite-grandite garnet calc-silicates contain low to moderate aco, (<0.35-0.5)

assemblages and calcite with extremely heterogeneous stable isotopic compositions (813C = -20.3 to -3.3%.PDB,
8180 = +7.3 to +13.5%:SMOW). These features are inconsistent with pervasive infiltration of large volumes of CO,
during late Proterozoic metamorphism. Forsteritic marble boudins preserve heterogeneous calcite isotopic compo-
sitions on a centimetre to metre scale (513C =—-9.9 to —3.0%.PDB, 5180 = +4 to +12.1%:SMOW). Coupled trends of
513C- and 8!80-depletion across boudins (A%0 = 4.5-6%., A13C = 1-2%o) are inconsistent with pervasive CO,-
infiltration during granulite facies metamorphism but do indicate localised fluid-rock interaction. These trends are
modified to lower values by the development of small-scale metasomatic reaction zones (massive clinopyroxene- and
hornblende-rich skarns), which are the locus of locally intense decarbonation. The timing of fluid-rock interaction

in these boudins remains uncertain.
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Introduction

Therole and nature of fluid species during granulite facies
metamorphism remains the subject of debate. The common
occurrence of CO,-rich fluid inclusions in granulite facies
terrains such as the Southern Indian Craton (Newton et al.,
1980) has led to the development of models which invoke
pervasive infiltration of deep-seated CO, to account for the
low ay o required to stabilise anhydrous granulite facies
mineral assemblages (Newton ef al., 1980). The CO,-in-
filtration model requires the presence of a large, deep-seated
external fluid reservoir, and should result in the external
buffering of mineral assemblages to uniformly high values
of X¢p, , and in the elimination of stable isotopic gradients
between lithologies with greatly dissimilar precursor stable
isotopic compositions. Conversely, several petrological and
stable isotopic studies have demonstrated the occurrence of
local fluid-buffering assemblages (Waters and Whales, 1984)
and outcrop-scale gradients in volatile species activity and/
or stable isotopic composition in granulite terrains (Valley
and O’Neil, 1984; Baker, 1990). These observations are
more consistent with a non-pervasive, transient nature for
granulite facies fluids or with vapour-absence. Vapour-
absent conditions may be favoured by processes such as the
metamorphism of already dry rocks (Valley and O’Neil,
1984), the partition of water into silicate melts (Fyfe, 1973),
or the passage of dry magmas through the lower crust.

Granulite facies meta-carbonate horizons provide impor-

tant constraints on the extent of granulite facies fluid-rock
interaction because a) they contain mineral assemblages
which buffer acq, andb) their sedimentary precursor stable
isotopic composition is generally distinct from that of other
common granulite facies lithologies. In this paper prelimi-
nary petrological and stable isotopic data supporting com-
mon vapour-absence and limited pre-granulite facies fluid-
rock interaction are presented from two suites of granulite
facies meta-carbonates from the Rauer Group, East Ant-
arctica.

Geological Setting

The Rauer Group (Fig. 1), East Antarctica, is an
orthogneiss-dominated granulite terrain which preserves a
polymetamorphic and polydeformational history (Harley,
1987, 1988; Harley and Fitzsimons, 1991). Two types of
granulite facies meta-carbonates occur in the Rauer Group,
and are the focus of this study.

The first meta-carbonate type comprises volumetrically
minor, calcite-poor calc-silicate boudins which occur within
layered paragneiss successions of interlayered Fe-rich
(garnet- and sillimanite-bearing) pelites and semipelites,
quartzites, leucogneisses and rare mafic granulite (Harley
and Fitzsimons, 1991). This layered paragneiss sequence
was metamorphosed to pressures and temperatures (P, 7) of
(7-9 kbar, 800-850°C) during the last major metamorphism
(M3) to affect the Rauer Group (Harley, 1988; Harley and
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Fitzsimons, 1991; Harley and Buick, 1992). The M3 event
occurred at ~1030-1000 Ma (Kinny and Black, 1990) and
was related in time to two deformational phases (D3 and D4;
Harley, 1987). D3 deformation resulted in pervasive fabrics
which developed under peak-M3 conditions, whereas D4
deformation was non-pervasive and occurred after the M3
peak, although still under granulite facies conditions. The
post-M3 evolution involved near-isothermal decompression
through 2 to 4 kbar at temperatures in excess of 750°C
(Harley, 1988; Harley and Fitzsimons, 1991; Harley and
Buick, 1992). The relative timing of static post-peak M3
decompression textures and D4 deformation remains,
however, ambiguous because of the non-pervasive nature of
fabrics associated with D4 (Harley and Fitzsimons, 1991).

The second meta-carbonate type is characterised by
forsteritic marble rafts, which occur within homogeneous
felsic to intermediate opx-bearing orthogneisses (Harley
and Fitzsimons, 1991). These orthogneisses are preserved in
areas of low D3 strain in the N and NE Rauers (Fig. 1), and
together with the forsteritic marble and associated magne-
sian (garnet + orthopyroxene + sillimanite-bearing) pelite
rafts, locally preserve deformation events and metamorphic
histories which are not observed in the layered paragneiss
sequences that were pervasively metamorphosed during
M3. Preliminary zircon SHRIMP results (Kinny and Black,
1990) indicate Archaean ages for felsic orthogneisses which
enclose forsteritic marble rafts from selected localities within
the region. Moreover, associated magnesian metapelitic
rafts preserve evidence of extreme metamorphic conditions
(10-12 kbar, 1000-1050°C; Harley and Fitzsimons, 1991)

and a P-T-t segment of high temperature decompression not
observedinthe layered paragneiss sequence metamorphosed
during M3.

It is thought, therefore, that the forsteritic marble and
magnesian pelite rafts and associated orthogneisses preserve
evidence of Archaean metamorphism, whereas the lower-
(P, T) history recorded in the layered paragneiss sequence
which contains the calcite-poor calc-silicates reflects re-
working of this Archaean material during the late Protero-
zoic (Harley and Fitzsimons, 1991). Throughout this paper
it will therefore reasonably be assumed that assemblages in
the forsteritic marble boudins are related to Archaean
metamorphism.

Lithologies of Interest

Calcite-poor calc-silicate boudins

Carbonate-poor calc-silicates are volumetrically minor
components (<1%) of the layered Fe-rich paragneisses,
where they occur as 5-25 cm thick eliptical bodies, produced
through early D3 boudinage of folded layers typically 5-15
cm in width. Boudin cores are characterised by granoblastic
or annealed mosaics of wollastonite (Wo), grandite (gros-
sular-andradite rich) garnet (Grs Grt), clinopyroxene (Cpx),
calcic scapolite (Scp) and sphene (Spn). Calcite (Cal) and
quartz (Qtz) are locally present, and occur with wollastonite
in granoblastic peak-M3 aggregates. Peak M3 anorthitic
plagioclase (An) is generally absent. Detailed descriptions
ofboudin core assemblages, phase relationships and mineral
chemistry are given in Harley and Buick (1992).

The Rauer Group, Prydz Bay
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Fig. 1. Locality map showing the distribution of meta-carbonate lithologies in the Rauer Group. Abbreviations: N
=Napier Complex, R =Rayner Complex, NPCM = Northern Prince Charles Mountains, M = Mawson Base, D=Davis
Base. The folded hatched layers represent major horizons of Fe-rich paragneisses which were metamorphosed during

the M3 event (see text).
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