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Abstract: Modern geochronological data, derived largely from U-Pb zircon systematics (mostly obtained by ion-
microprobe), demonstrate the existence of at least seven Archaean nucleii within the (dominantly Proterozoic) East
Antarctic Shield. Although most, if not all of these, have unique integrated chronostratigraphies, some ages are
common to different cratons. The 1400 Ma long Archaean history of the ancient (3900 Ma) Napier Complex contrasts
markedly with only 50 Ma of such evolution within the 2500 Ma Vestfold block. Major events at 3300 Ma and 2800
Ma in the Rauer Block produced chemically similar orthogneisses, which are too old to be reworked equivalents of
rocks exposed in the adjacent Vestfold Hills. Tonalitic orthogneiss in the Obruchev Hills was derived from 2640 Ma
precursors. Lithologically comparable orthogneiss from west of the nearby Denman Glacier represents the 2900 Ma
reworking of 3000 Ma precursors. Less precise evidence indicates that parts of the southern Prince Charles Mountains
and of western Dronning Maud Land are also of Archaean age. Such criteria as the presence of mafic dyke swarms
or the regional development of granulite-facies rocks are not definitive for the identification of Archaean terranes,

and should be used with caution.
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Introduction

The bedrock of the East Antarctic Shield appears to
consist predominantly of extensive zones of Middle to Late
Proterozoic high-grade metamorphic rocks, such as the
Rayner Complex (Enderby and Kemp Lands), the Rauer
Islands (Princess Elizabeth Land) and the northern Prince
Charles Mountains (MacRobertson Land). Interspersed
amongst those younger fold belts are Archaean terranes
whose relative antiquity was inferred either from the pres-
ence of mafic dyke swarms (e.g. James and Tingey, 1983),
that are absent in surrounding mobile belts, or from the
regional development of granulite-facies assemblages (e.g.
Ravich and Grikurov, 1976; Ravich, 1982).

The judicious application of isotopic dating techniques
provides the only means of determining the absolute ages of
such terranes, which have complex geological histories
incorporating multiple tectonothermal events. A major
problem is the fact that none of the established techniques is
immune to isotopic resetting during crustal evolution, and it
is exacerbated by the varied responses of different isotopic
systems to geological processes, which can lead to partial
resetting, and meaningless “ages”. However, careful selec-
tion of isotopic technique(s) and good geological (and/or
geochemical) control, can turn the different characteristics
of the isotopic dating schemes to advantage for determining
the geochronology of particular regions.

Most Antarctic cratons were initially dated, some decades
ago, by K-Ar and Rb-Sr mineral techniques. Subsequent
experience has shown that such ages are commonly not
primary, butreflectat least some degree of post-crystallisation
isotopic resetting. Early in its development, Rb-Sr whole-
rock chronology seemed destined to be a panacea for the
derivation of unequivocal primary crystallisation ages, but
it is now also known to be subject to isotopic resetting over

a very wide range of geological conditions. Although Sm-
Nd whole-rock isochrons also appeared initially to yield
unambiguous primary ages, even when an active post-
crystallisation history was documented, this system is now
also recognised as being not entirely immutable under sub-
solidus conditions (Black and McCulloch, 1987). The U-Pb
system in zircon crystals is currently the technique most
likely to produce primary crystallisation ages in metamor-
phosed and deformed terrains, but it too must be applied
with discretion. For example, the multigrain populations
used for conventional analysis can comprise morphologi-
cally similar, but temporally different, zircons, which as a
group yield meaningless, mixed ages. This situation can be
alleviated considerably through ion-microprobe analysis of
restricted volumes (with relatively simple isotopic system-
atics) within single grains.

The past decade or so has seen a concerted effort by the
Australian Bureau of Mineral Resources and associated
researchers from Australian earth science institutions to
understand the geological evolution of the East Antarctic
Shield. This article is drawn mostly from their results,
particularly those in which U-Pb zircon ages have been
obtained using the Australian National University (ANU)
sensitive high-mass resolution ion-microprobe (SHRIMP).

The Vestfold Hills (Princess Elizabeth Land)

A combination of field observations, Rb-Sr and Sm-Nd
isotopic dataled Collerson and Arriens (1979) and Collerson
etal. (1983) to propose that the 400 km? Vestfold Hills (Fig.
1) represent a Middle to Late Archaean craton. They con-
cluded that the region had experienced two major granulite-
facies tectonothermal events, at about 2800-3000 Ma (D;-
M) and 2400-2500 Ma (D,-M;). Comprehensive SHRIMP
analyses now show that the age of the earlier event was
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Fig. 1. Map showing the relative locations of the regions discussed in the text. The names of regions proven to be
of Archaean age by U-Pb zircon data are encased in a rectangle. Those yielding Archaean age(s) by other isotopic

techniques are encased in an oval.

substantially overestimated, because of the grouping on a
Rb-Sr “isochron” of rock analyses which were either not of
the same age or origin, or had different isotopic responses to
post-emplacement disturbances. The exclusion of a single,
atypically high 87Sr/86Sr analysis (which was derived from
an outcrop well distant from the remaining Rb-Sr samples)
produces a Rb-Sr (and Sm-Nd) dataset completely consis-
tent with both events being of nearly the same age.
SHRIMP U-Pb zircon data (Black et al., 1991) reveal that
the precursors of the felsic orthogneisses which dominate
the Vestfold Hills were emplaced, strongly deformed and
metamorphosed twice, and then regionally cratonised within
a 50 Ma time span. The mainly tonalitic Mossel gneiss has
the oldest igneous precursors, which range in age from 2526
+ 6 Ma in the type area in the south of the Vestfold Hills, to
2501 £ 4 Ma in the north. The Crooked Lake gneiss, of
predominantly dioritic, quartz monzodioritic, and monzo-
nitic to quartz monzonitic composition, also appears to
display a northerly decrease in age, from 2501 + 4 Ma in the
type area, through 2493 £ 5 Ma to 2484 £ 6 Ma. Two
outcrops of the newly recognised Grace Lake granodiorite
yield a pooled mean age of 2487 + 6 Ma. An undeformed
post-granulite facies quartz diorite dyke was emplaced at
2477 £ 5 Ma, indicating that the region was uplifted imme-
diately after, or during the final phase of, tectonic activity.
Mossel gneiss precursors crystallised before Dy, those of the
Crooked Lake gneiss were apparently emplaced between D;
and D», and the Grace Lake granodiorite was emplaced
during D, Therefore, D; probably occurred at 2501 + 4 Ma
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and D, at 2487 + 6 Ma.

At the northern extremity of the Vestfold Hills, one
outcrop of Mossel gneiss and another of Grace Lake grano-
diorite were found to contain abundant inherited zircon with
ages extending up to ca. 2700 Ma and 2800 Ma, respectively
(Black et al., 1991). In combination with Sm-Nd data, these
xenocrystic and core zircon ages indicate that rocks sig-
nificantly older than 2500 Ma possibly underlie this region,
even though they have not been located in surface outcrop.
However, note that the subsidiary mafic and ultramafic
orthogneisses and the metasediments of the Chelnok
supracrustals have not yet been analysed by ion-microprobe.

The Rauer Islands (Princess Elizabeth Land)

The 200 km? Rauer Group of islands and promontories
lies to the southwest of the Vestfold Hills, being separated
from them by the 12 km wide Sersdal Glacier. High-grade
orthopyroxene-quartz-feldspar orthogneisses and biotite-
garnet-quartz-feldspar paragneisses are dominant, with
subordinate metamorphosed mafic rocks. They were con-
sidered as a Late Proterozoic orogenic belt (Tingey, 1982)
until Sheraton ef al. (1984) reported two Sm-Nd model ages
for orthogneisses from the northeastern part of the area, the
first isotopic evidence of an Archaean component. Harley
(1987) restricted such rocks to less than 10% of the total, but
on the basis of further mapping and a substantial quantity of
new SHRIMP data, Kinny and Black (1990) revised this
proportion to about 50%. Restriction of these Archaean
rocks to the eastern part of the Rauer Islands, could indicate






