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Abstract: Ion microprobe U-Pb ages of zircons in metasedimentary and metaigneous rocks from six widely separated
localities throughout the Liitzow-Holm Complex (LHC) show that the timing of regional metamorphism and folding
in the LHC was between ~520 Ma and ~555 Ma as recorded by new growth of metamorphic zircon. We report for the
first time, the existence of a Pan-African mobile belt within the East Antarctic Shield. The U-Pb ages tend to become
younger towards the west, which correlates with westward increase in grade of regional metamorphism. We suggest
that the overall thermal structure of the metamorphism controlled the time of crystallisation of the newly formed
zircon component. Many zircons contain centres which record a wide range of inherited ages from ~2900 to ~1500
Ma. An ~1000 Ma zircon component has been identified in three locations. This may indicate that either the ~1000
Ma adjoining Rayner Complex to the east was a source for the Liitzow-Holm paragneisses or that a similar crustal
prehistory is recorded in parts of the LHC. This work provides additional evidence for an improved fit to the once
contiguous fragments of Gondwana. The Highland Series and Southwestern Group of Sri Lanka have remarkable
petrological similarities to the LHC. This is now supported by the identification of 500—-600 Ma age for both the LHC

and Sri Lankan (Highland Series and Southwestern Group) metamorphism.
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Introduction

A variety of isotopic dating techniques have shown the
East Antarctic metamorphic Shield between longitudes 30°W
and 150°E consists of a number of Archaean blocks sepa-
rated by larger Proterozoic mobile belts of various ages and
styles. Thermal activity at ~500 Ma was generally believed
to have reset Rb-Sr and K-Ar mineral isotopic systems over
wide areas of the East Antarctic Shield and to be locally
manifested in the presence of granitoid intrusions but does
not appear to have been accompanied by folding (James and
Tingey, 1983). These ~500 Ma ages are coeval with the Ross
Orogeny in the Transantarctic Mountains and the “Pan-
African event” in Africa (James and Tingey, 1983).

The Liitzow-Holm Complex (LHC; between 30°E and
45°E) has been well characterised geologically and petro-
logically (e.g. Shiraishi et al., 1987; Hiroi ef al., 1991).
However, previous geochronological data were insufficient
and the techniques applied were not always suitable for
unravelling the complex metamorphic history. Previous
work (based on Rb-Sr whole rock isochron) suggested that
the LHC was of Late Proterozoic age (e.g. Shibata et al.,
1986). The effects of Pan-African events within the East
Antarctic Shield, including the LHC, had been thought to
have been restricted to minor, though widespread granitic
activity, as well as pervasive Rb-Srand K-Ar isotopic partial
resetting within Proterozoic and Archaean terrains (Grew,
1982).

We report results of an ion microprobe U-Pb study of
zircons in metasedimentary and metaigneous rocks from six
widely separated localities throughout the LHC (Fig. 1).

Results presented here form part of a continuing ion micro-
probe study of zircons from this complex. The major con-
clusion from the present study is that the timing of regional
metamorphism and folding in the LHC is between ~520 Ma
and ~555 Ma in age over the entire outcrop length of this
mobile belt. This therefore shows, for the first time, the
existence of a Palacozoic orogenic belt within the East
Antarctic Shield and which may correlate with similar Pan-
African “mobile” belts in Sri Lanka and Africa.

Geological and Petrological Outline

The LHC is bounded to the east by the Late Proterozoic
Rayner Complex and to the west by the Yamato-Belgica
Complex of Late Proterozoic to Early Palaeozoic age (our
unpublished data). The LHC contains a diversity of rock
types, including calcareous, pelitic, quartzo-feldspathic,
intermediate, basic and ultrabasic rocks. Tectonically sig-
nificant is the ubiquitous occurrence of ultrabasic rocks,
though small in amount, as isolated blocks and sheets
enclosed within metasedimentary rocks. They are inferred
to have been derived from various parts of layered gabbros
including allivalite and pyroxenites (Hiroietal., 1986,1991).

Metamorphic grade continuously increases from the up-
per amphibolite facies in the east to granulite facies to the
southwest (at the outlet of the Shirase Glacier) and then
metamorphic grade again decreases further westwards (Fig.
1). Six isograds have been mapped (Hiroietal., 1991). Inthe
upper amphibolite facies zone associated migmatisation is
widespread. Clockwise prograde metamorphic evolution of
the LHC rocks from the kyanite to the sillimanite stability
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Fig. 1. Map showing the samples localities and various ages indicated by the ion microprobe analyses.

fields is constrained by the well-preserved reaction textures
of minerals in various rock types. For example, relict kyan-
ite occurs as inclusions in garnet and plagioclase in many
pelitic gneisses where sillimanite is ubiquitous as the stable
phase with other minerals (Hiroietal., 1983,1991; Motoyoshi
etal., 1985, 1989). Ultramafic granulites of allivalite origin
contain garnet with inclusions of hornblende, spinel and
occasionally sapphirine, and the garnet is partly replaced by
symplectitic intergrowths of orthopyroxene, anorthite and
spinel (Hiroi et al., 1986, 1991). These features are also
consistent with a clockwise P-7-t evolution.

Previous Geochronological Studies

More than 40 mineral and whole-rock K-Ar, Rb-Srand U-
Pb ages of ~500 Ma have been reported for the granites,
pegmatites and metamorphic rocks (e.g. Yanai and Ueda,
1974). Shibata et al. (1985) determined Rb-Sr mineral iso-
chron ages of 469—-483 Ma (K-feldspar, plagioclase, biotite
and whole-rock), biotite K-Ar ages of 480 Ma, and a horn-
blende K-Ar age of 502 Ma for the metamorphic rocks from
Ongul Islands (Syowa Station). These ages were considered
to reflect the thermal effects of Early Palacozoic granites
and pegmatites (Hiroi et al., 1991) whereas the orogenic belt
(regional metamorphism and folding) was considered to be
Proterozoic. Rb-Sr whole-rock isochron ages ranging from
680 to 1200 Ma obtained for the metamorphic rocks from
widely separated localities have been thought to date an
earlier regional metamorphism of the complex (Shibata et
al., 1986). Nakajima et al. (1988) reported a Rb-Sr whole-
rock isochron age of 3020 + 470 Ma at Rundvégshetta
although the data were based on only three of five analysed
granulites. They suggested the possibility of the existence of
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Archaean fragments in the complex, however little signifi-
cance can be placed on such a highly selective poorly
constrained Rb-Sr whole-rock isochron.

Ion Microprobe (SHRIMP) U-Pb Zircon Dating

Ton microprobe analyses were carried out at the Research
School of Earth Sciences, ANU. The methods have been
described by Compston et al. (1984, 1986) and Williams and
Claesson (1987). Analyses were undertaken for 10 to 25
zircon points per rock sample. Most of analyses were carried
out using the normal aperture giving a 20 x 30 pm spot size
but in some cases where there were very thin zircon rims a
smaller primary beam aperture was used to obtain an ~10
pm spot. Representative analytical data are presented in
Table 1 and summarised in Fig. 1 with sample localities. U-
Pb concordia plots are given in Fig. 2. For Late Proterozoic
to Palaeozoic zircons correction for common Pb has been
made by extrapolation of the mixing line between measured
ratios and common Pb using Tera-Wasserburg plots as
outlined in Compston et al. (1992). Descriptions of the
samples and results are as follows.

Sample S-74

This sample is a medium- to coarse-grained migmatitic
sillimanite-garnet-biotite gneiss from Sinnan Rocks. Relict
kyanites are included in plagioclase. The zircons are relatively
small, elongate grains with round to subround terminations.
Twenty areas were analyzed in fourteen zircon grains. Rim
analyses are characterised by extremely high U contents,
ranging from ~2200 to ~5000 ppm, whereas the centres are
generally less than 1000 ppm. The zircons appear to have
undergone little loss of radiogenic Pb except for two rim
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Ion Microprobe Study of Cambrian Liitzow-Holm Complex






