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EAST ANTARCTICA—AN OVERVIEW

P. G. QUILTY
Australian Antarctic Division, Channel Highway, Kingston, Tasmania 7050, Australia

Abstract: Coastal East Antarctica has thin sediment sequences of Pliocene and younger ages. Most are marine and
few show evidence of deposition in a glacial environment. Marine Plain in the Vestfold Hills contains a 9 m thick
section of 3.5-4.2 Ma diatomite and sandstone which is important because of cetacean remains including a dolphin,
three species of whale, fish and possibly penguins. The sediments contain no evidence of glacial debris, and oxygen
isotope analysis of bivalves suggests water considerably warmer than today. The icecap margin was considerably
inland, and the icecap smaller. Stornes Peninsula in the Larsemann Hills contains a 40 ¢m thick unit, covering a few
hectares, that has provided well preserved benthic foraminiferids of Pliocene age. Diatoms indicate that this is in the
2-3 Ma range. More work is needed to obtain its full palacoenvironmental significance. In the Windmill Islands,
sediment entrained in ice contains diatom floras, mostly marine, but one lacustrine, indicating an age of 1-2 Ma but
lacking expected cold water indices. Work on these floras is in its infancy. Near Davis in the Vestfold Hills are marine
sediments with a diverse biota, including both planktonic and benthic foraminiferids. Various dating techniques lead
to an age estimate of 300 Ka—1 Ma. Oxygen isotope analysis suggests a water temperature a little above that of today.
Thin Quaternary sequences are widespread and represent several episodes of deposition, some marine, some
subglacial, some fluvial. These sequences represent intervals of warm water and high sea level. They provide data
supporting hypotheses apparently in conflict with some ideas generated from deep sea sections. Much work, including
deep sea drilling, is needed to make all stories compatible.
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Introduction
The path of evolution of the modern Antarctic glaciation

through the late Neogene has become of general interest for

the following reasons:

- Overthisinterval, Antarctica has evolved from a continent
with a small ice cover to the present ice cap,

- It is now believed that amplitude of change under the
“Greenhouse” scenario will be greatest in the polar regions
and will be detectable early there,

- The path of evolution of the climate has had great, but as
yet insufficiently studied, impact on the evolution of the
Antarctic fauna and flora,

- Itis necessary to document the natural rate and amplitude
of change so that human-induced change can be differ-
entiated from the natural,

- It is desirable to place human-induced change in the
context of the natural,

- Recently there has been interest in identifying possible
palaeoanalogues of the conditions that may prevail should
the “Greenhouse” scenario come into play,

- In a broader geological context, the region is a large one
about which little is known, and it is necessary to add
Antarctic data to the global evolution story for other
geological reasons.

Sources of information to aid the study are deep sea
drilling (by either the Deep Sea Drilling Project - DSDP, or
the Ocean Drilling Program - ODP), onshore sections (such
as those of the Sirius Formation of the Transantarctic Moun-
tains, and the Pagodroma Tillite sections of the Prince
Charles Mountains), and for the younger part of the section,
the record in the thick ice. The latter has provided very fine

scale data for the last 160,000 years (Jouzel et al., 1987) and
has the potential to yield data of comparable definition over
the last 400,000-500,000 years.

There seems to be developing a dichotomy in scientific
hypotheses arising from studies based on onshore data and
those based on offshore data. This dichotomy relates par-
ticularly to the interpretation of the Antarctic environment
during the Early Pliocene when one school identifies a warm
interval and the other does not. This dichotomy needs to be
addressed and resolved. The East Antarctic coastal sections
are important sources of data relevant to this debate.

This paper provides a summary of what is known from
sediments occurring in a series of small localities on the East
Antarctic margin between longitudes 75—115°E. The number
of outcrops and the range of ages represented suggest that
the area will continue to increase in importance as the years
pass. In addition to the coastal sections recorded here, there
are further outcrops, including in the Framnes Mountains,
south of Mawson, and farther inland, particularly in the
Prince Charles Mountains (Bardin, 1982; McKelvey and
Stephenson, 1990; McKelvey et al., 1991). Localities
mentioned in the text are shown in Fig. 1.

Theregionistectonically very stable lacking any evidence
of significant post-depositional tectonically controlled el-
evation change, or of volcanic activity. Post-glacial eustatic
readjustment is active at about 1-1.5 mm/y and has been
analysed by Adamson and Pickard (1986).

Some of the known outcrops have been studied enough
that an indication of the significance can be given here, but
for most, research has not advanced beyond the recognition
of the potential significance. Steps are being taken now to
focus research effort on these occurrences. The area with the
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best studied and most diverse sections known is the Vestfold
Hills, an oasis of some 400 km? on the northeastern corner
of Prydz Bay. Over the last ten years many important
discoveries have been made and led to a focus on the East
Antarctic coastal region.

The outcrops are thin (maximum known about 9 m),
scattered, small in area (maximum about 10 km?) and
sometimes consist of reworked debris, commonly of un-
known but probably local source. The age range extends
from approximately 4.2 Ma to the present day and much of
the interval probably is not represented. Dating is based
primarily on biostratigraphic methods, using molluscs,
foraminiferids, protein racemisation and particularly marine
diatoms. In addition, there has been some radiocarbon
dating in the younger parts of the section, uranium series
dating on carbonates, and a little oxygen isotope analysis has
been carried out on some mollusc material.

What is known suggests that the sediments known to date
represent deposition during intervals of high sea level,
relatively warm water conditions and thus they constitute a
very biassed record, but one that cannot be ignored. The
sediments are sources of a great amount of data concerning
a small part of the time since 4.2 Ma, in contrast to the deep
sea marine sections which potentially provide a complete
time record, but with small samples of the time interval
recorded on land.

Pliocene

Marine Plain, Vestfold Hills

The area includes both Marine Plain (sensu stricto) and the
Poseidon Basin, which are separated by a ridge of Pre-
cambrian rocks. The sediments unite south of this ridge. The
Marine Plain section is the better studied to date.

The section at Marine Plain lies about 10 km southeast of
Davis Station and consists of in situ 8-9 metres of Early
Pliocene sediment overlain by 0.5-1 metre of Holocene
(6.49 Ka; Quilty, 1991) glacial debris. It covers an area of
some 10 km?, is an essentially horizontal, undisturbed di-
atomite and sandstone with subsidiary limestone lenses, and
is within 15 metres of modern sea level. Adamson and
Pickard (1986) and Pickard et al. (1986, 1988) documented
many aspects of the Early Pliocene of the Marine Plain/
Poseidon Basin area including its age and the basis for its
determination and Quilty (1991) discussed the geology of
the region.

The sediment in outcrop appears to be white diatomite,
but is more sandy when excavated. There has been little
opportunity to examine unweathered material because there
is a deep weathering profile on the sequence. Drilling
should, in the near future, allow access to fresh sediment at
depths greater than 2 or 3 metres. There are several horizons
in the upper half of the section in which carbonate is
concentrated, with abundant molluscs (including Chlamys
tuftsensis Turner). The carbonate is in the form of lenses and
there are some areas where these are continuous enough to
be regarded as a limestone bed. Poorly preserved fish
remains have been recovered from one such bed. The upper
part of the section has suffered significant diagenesis and in
places is leached of all carbonate to a depth of over two

metres. Limestone is replaced by gypsum over this interval
and walking commonly releases obvious SO, suggesting,
with the gypsum, that the upper part of the section, when
fresh, has a significant pyrite component, consistent with
deposition in a reducing environment. There are no glacial
features in the sediment.

Age

Pickard ef al. (1986, 1988) explored the basis for the age
determination of the sequence (radiocarbon dating, bivalve
molluscs, amino acid racemisation, diatoms). Diatoms have
been used to date the section of diatomite as 3.5-4.2 Ma.
This date is a minor revision (Harwood, personal commu-
nication) of that included in earlier papers (Pickard et al.,
1986, 1988).

Pickard’s initial attempt at dating the Pliocene section was
based on radiocarbon techniques and suggested an age of
>24 and 28 Ka, indicating that the age is beyond the limits
of the radiocarbon technique. Zhang and Peterson (1984)
also recorded Quaternary radiocarbon dates (31 Ka) but
Zhang (1985, 1989), in contrast to Pickard ez al. (1986, 1988)
and other authors, continues to accept these dates, even
though they are in conflict with other widely accepted
Pliocene dates.

Environment of deposition

The presence of abundant benthic marine diatoms indicates
that water depth at the time of deposition of the Marine Plain
section was less than 75 m, and other features indicate that
for the upper part of the section it was much less. Pickard ez
al. (1988) referred to a coarsening upward of the sediment,
consistent with shallowing with time.

The cetacean fauna occurs only in the upper two metres of
the section. The specimens occur as large assemblages of
vertebral columns, skulls and even complete specimens,
normally about two metres or more in length. They are not
broken, disarticulated fragments typical of beach specimens.
They do not represent strandings as several species occur
together and are from sediments deposited over an interval
estimated at several thousand years although the interval of
deposition is indeterminate at this stage.

Fordyce (personal communication) states that the ceta-
ceans are non cryophilic in affiliation and essentially tem-
perate water vertebrates. This is further consistent with the
diversity of the bivalve mollusc fauna which is much greater
than that in the modern marine environment, and with the
apparent absence of seals and penguins (but note that the
question of the presence or absence of penguins is debated).

Sediment characters and those of the fauna suggest that
the water depth for the upper two metres of the section was
quite shallow, perhaps of the order of two metres but not
shallower. The features of the dolphin, supported by oxygen
isotope data (Quilty, 1991), are consistent with a water
temperature of some +5°C.

Thus, at 3.5-4.2 Ma, Marine Plain seems to have been an
embayment filled with water much warmer than at present,
suggesting a much smaller ice cap than exists at present and
thus consistent with the higher sea level documented for the
time by Haq et al. (1987). The environment was fully marine
and shallow as suggested by the diverse mollusc fauna, and
the characteristics of the preservation of the cetacean fauna.
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