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THE PLIOCENE ENVIRONMENT OF ANTARCTICA
by Patrick G. Quilty

(with three text-figures)
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Debate continues about the environment of Antarctica during intervals in the Pliocene (5.2-1.8 Ma), particularly during the Late Pliocene
(3.5-1.8 Ma). Two schools of thought — dynamic versus stable ice sheet — have developed. One hypothesis calls for the Antarctic ice
sheetto vary dramatically, for Antarcticaat times to be vegetated and for circum-antarcticwaters to be significantly warmer than at present.
The other calls for a stable ice sheet, no vegetation and water temperatures much less varied. During 1995, the two sides converged by
recognising that the change to conditions suitable for vegetation may not have been as marked as originally thought, and that oxygen
isotope data may contain scope for more flexibility in interpretation than the stabilist view has supported. New data and new participants
have emerged, but there is a long way to go in resolving the issue.

The key issue remains the age of the Sirius Group in the Transantarctic Mountains and the source of its contained diatoms. Diatoms
of Pliocene age have been recovered from the Sirius Group bur also from modern ice, and this raises the question of whether the Sirius
Group diatoms arc actually i sizu.

New data and re-evaluation of existing darta are necessary. Ocean Drilling Program activity, particularly in the Prydz Bay region, and
analysis of samples from the Prince Charles Mountains can be expected to contribute significantly to a solution, by providing more
information on past temperatures and evidence of possible terrestrial vegetation.
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INTRODUCTION

Antarctica has loomed large in the question of global change
for several reasons, including

(1) the potential impact of global change on the Antarctic
(reductioninicevolume, changedsea-ice regime, vegetation
invasion),

(2) the impact of changes in the Antarctic on other parts of
theworld (changed Southern Hemisphereweatherpatterns,
sea-level rise, human migration), and

(3) therole of Antarcticaas a source of records on past global
change (global ice volume, past atmosphere composition)
and for monicoring future change.

The Pliocene has become a global issue in itself, because
there is a school of thought that suggests that the environ-
ment during parts of the Pliocene may be the environment
into which the world will evolve under some scenarios of
human-induced global change (referred to in Houghton ez
al. 1990). It is, thus, important to reconstruct the global
Pliocene palacoenvironment, to examine how different it
was at key times, and to ascertain whether humanity would
be content to live in such a world.

One issue that has led to a very contentious debate has
been the matter of the Pliocene environment of the Anrarctic
continent. It is the purpose of this paper to review that
debate briefly. For this paper, the Pliocene is taken as that
part of geological time between 5.2 and 1.8 Ma (Truswell
et al. 1991) and is divided into the Early Pliocene, or
Zanclean, and the Late Pliocene, or Piacenzian, with the
Zanclean/Piacenzian boundary placed at about 3.5 Ma.
Localities mentioned in the text are shown on figures 1
and 2.

An evolving issue, not addressed here, concerns the role
of variations in Northern Hemisphere ice volume (and,

hence, sea level) during the Pliocene and perhaps earlier.
Unitil recently, it was believed that Northern Hemisphere
ice-sheet glaciation began at 2.6 Ma. Recent Ocean Drilling
Program activity is providing evidence that this belief needs
to be re-evaluated.
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FIG. 1 — Antarctica showing localities mentioned in the text.
1-Prydz Bay; 2-Beardmore Glacier; 3-Prospect Mesa; 4-
Cockburn Island; 5-Marine Plain; 6-Vestfold Hills; 7-Dry
Valleys Block; 8-Wilkes/Pensacola Basin; 9-Transantarctic
Mountains; 10-Taylor Valley; 11-Wright Valley; 12-Prince
Charles Mountains; 13-Admiralty Block; 14-Victoria Land
Basin.
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FIG. 2 — Details of localities in the Transantarctic

Mountains—Victoria Land region.

THE GLOBAL CONTEXT

It is clear from many indicators that the global environment
during the Pliocene (particularly prior to approximately
2.6 Ma) was different from that at present, and this often is
taken to mean warmer prior to 2.6 Ma.

Many marine oxygen isotope records (e.g. fig. 3 from
Tiedemann ez al. 1994) from the last 5 million years show
that the modern global glacial regime began between 3.1
and 2.5 Ma (Lare Pliocene). Since then, the waxing and
waning of Northern Hemisphere ice sheets, and the resultant
sea-level changes, have generated an ocean system in which
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FIG. 3 — Curve of oxygen isotope anomaly (6'50) for the last
5 Ma from Ocean Drilling Program Site 659, central Atlantic
Ocean. Data obtained from the benthic foraminiferid
Cibicidoides wuellerstorfi. Reproduced from data supplied
by R. Tiedemann, from Tiedemann eval. (1994). I = magnetic

polarity reversal pattern; black is normal and white reversed.
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the long-term average $'30 has drifted over the last million
years from 3%o to the modern 4.0%o (PDB), varying
within the limits of +3 and +5%o. The amplitude increases
with time (e.g. Tiedemann er #/ 1994, based on benthic
foraminiferids) and the signal is dominated by the 100 000-
year cycle of the orbiral forcing paramerers (Berger er 4l
1982), especially over the last 0.6 million years. Prior to
2.6 Ma, there was a different regime, during which §%0



was centred on 3%o, varying between the limits of +2.5
and +3.4 with constant amplitude, and variation domin-
ated by the 41 000-year cycle. The change from 41 ka to
100 ka dominated system occurred progressively between
3.15 and 2.5 Ma (Tiedemann ez a/. 1994) as the Northern
Hemisphere ice sheets became emplaced.

The change in 880 baseline from 3 to 4% is duc to
global ice volume being smaller on average prior to 3 Ma,
consistent with a generally higher sea level, perhaps enhanced
by generally warmer and, thus, thermally expanded ocean
waters. The higher sea level is also consistent with the view
of Haq er al. (1987), based on analysis of global offshore
seismic data, although there is debate on the calibration of
the Haq et al. sea-level curve (see below).

Truswell (1990) referred to the “warm wet phase” in the
Pliocene of the Lake George region, and Martin (1991)
reviewed evidence for the existence, during a shortinterval,
of rainforest vegetation (the Nothofagus phase) in the Early
Pliocene of southeastern Australia, indicating that evidence
of global warmth also comes from the terrestrial record.
Martin’s work suggests the presence of an interval of high,
non-seasonal precipitation.

For Africa, DeMenocal (1995) has outlined the evolution
of climate during the Plio-Pleistocene and reinforces the
argument made by Tiedemann ez 4l (1994). DeMenocal’s
reference to a change in the mid-Pliocene, from closed
canopy to open savannah with reduced rainfall and increased
seasonality, indicates that similar changes occurred in
Australia and Africa, but the evidence is not yet strong
enough to show that the changes occurred simultaneously.
He refers to considerably warmer and more humid
subtropical West and East Africa during the Late Miocene
to mid-Pliocene (8-3 Ma). Some of the implications for
the evolution of the human species are obvious.

THE ANTARCTIC PLIOCENE DEBATE

How did Antarctica fare in the context of a globally warmer
Pliocene? Did the ice sheet on Antarctica remain the same
size during a warmer Early Pliocene, or were there massive
reductions and expansions of ice-sheet volume?

The models (also used to label the antagonists)
oversimplify the real situation. The debate, under either of
the opposing hypotheses, has been about conditions during
the Pliocene. Under the stabilist hypothesis, conditions
throughout this entire interval are thought to have been
uniform. This is an unrealistic approach, because we know
how great global change can occur over much shorter
intervals, for example, the last 18 000 years since the Last
Glacial Maximum (LGM), and as suggested for the Pliocene
by the oxygen/carbon isotope record, now so well known
(e.g. Tiedemann et al. 1994, Shackleton and co-workers).
The Pliocene was about 3.4 million years long and the
Early Pliocene (Haq ez al 1987) some 1.7 million years.

The issue of warmth and possible reduced ice volume
arises at two different intervals in the Pliocene, one in the
Early Pliocene and the other later in the Pliocene, the latter
being the bigger problem.

The dynamicist argument is that the Antarctic ice sheet
has undergone dramatic changes in volume over the last
5 million years.

The Early Pliocene warm interval (or short intervals)
may have been parc of the global warmth at the time, and
the changes called for in the size of the Antarctic ice sheet
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are relatively modest, compared with the 60-65% reduction
postulated by the dynamicists for other intervals during the
Pliocene. Early Pliocene warmth can be related to peaks in
the 8'80 baseline curve, and conditions may have been
similar to or warmer (Tiedemann et /. 1994) than those
today.

The Late Pliocene problem arises because of the occur-
rence of fossil roots, wood, leaves and pollen of Nothofagus
and other vegetation in Sirius Group sediments adjacent to
the Beardmore Glacier at 86°S, in lake sediments contained
within glacial sediments which are claimed, on the basis of
fossil diatoms, to be younger than 2.6-3.0 million years,
the age of the diatoms. The model proposed to explain the
occurrence calls for a series of Late Pliocene (or even
earliest Pleistocene) variations in ice-sheet volume, to trans-
port and deposit the glacial sediments with their contained
diatoms (probably from a marine source under the east
Antarctic ice sheet in the Wilkes/Pensacola Basins), followed
by climatic amelioration, to allow the development of lakes
and vegetation. This model for the Antarctic seems to have
developed independently of the model of a warmer earth
during the Early Pliocene.

If there was a Late Pliocene dramatic expansion and
reduction in Antarctic ice volume, there seems little evidence
beyond the Antarctic.

THE EVIDENCE FOR THE STABLE MODEL

Shackleton & Kennertt (1975) developed oxygen isotope
curves from benthicand planktonic foraminiferids recovered
from Deep Sea Drilling Projectsites 277,279 and 281 south
of Tasmania and New Zealand. These curves were used to
derive the evolution of Southern Hemisphere sea-water
temperature and the history of Antarctic glaciation, bur the
fevel of discrimination in the Late Miocene and younger was
rather poor. The history derived from these curves has been
summarised again by Wilson (1995). It has become the
generally accepted hypothesis. A key feature is a marked
increase in marine 880 in the Middle Miocene (14 Ma),
which is taken to reflect the development of the East
Antarctic ice sheet. The stable model suggests that this has
been stable since then. The concept of a “warm”, vegetated
Pliocene Antarctica (in its entirety or during particular
intervals) appears to be in conflict with this established
hypothesis.

The stable hypothesis does not demand that there has
been no deglaciation or rise in sea-water temperature; it
simply places limits on what is seen as consistent wich the
data available.

Evidence for a stable Antarctic ice sheet comes from a
variety of sources, including geomorphology, oxygen isotope
records, the absence of palynological evidence of much
vegetation, and possible preservation of ancient ice.

The supporters of the stable ice-sheet model held a
symposium (the Vega Symposium) in 1993 and published
the results (Sugden ez 2/ 1993) to support their case.

Denton and a variety of co-authors, in several detailed
papers in Sugden ez a/. (1993), discussed the evolution of
the landscape in the Dry Valleys region (for localities men-
tioned, see fig.1) of the Transantarctic Mountains. They
ascribed the valleys and the general landscape to an origin
in the Middle Miocene or earlier, arguing for very little
evolution since that time, certainly nothing consistent with
the history the dynamicist hypothesis would suggest. They
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compared the origin with that of several similar appearing
arid zone landscapes elsewhere in the world and brought a
great deal of radiometric and other data together in support
of their case. They believe that an expansion of the ice sheet
late in the Pliocene, called for in the dynamicist hypothesis,
would obliterate much of whar is preserved in the Dry
Valleys region and leave its own mark. They argued that the
evidence is for an older and essentially unmodified landscape.

The marine oxygen isotope record has been used as
definitive evidence against a dynamic ice sheet, especially
by Kennett and co-workers {e.g. Kennett & Hodell 1993,
1995, Prentice & Matthews 1991). Their argument is that
the evidence opposes the concept of any significant decrease
(in the extreme model of Kennert and Hodell, the limic is
equivalent to a sca-level rise of 35 m but with very little
increase in seawater temperature) in global ice volume, or
of any significant increase in global seawater temperature
(Kennett and Hodell allow a maximum temperature rise of
2.5°C but with little sea-level change). More recent, very
detailed curves for the last few million years (such as those
in Tiedemann et 2l 1994) are used in support.

Burckle & Pokras (1991) noted that palynology has not
yielded evidence of vegetation other than from the plant-
bearing beds of the Sirius Formation. Despite the
recognition of an Early Miocene flora (Jiang & Harwood,
in Kurtz 1955), the earlier statement is still generally true.

Sugden er al. (1995) reported the discovery, in the Dry
Valleys region, of ice which they argued to be 8 million
years old (Late Miocene) and, thus, deduced that there can
have been no significant Pliocene warming of the Antarctic.
Van der Wateren & Hindmarsh (1995) registered some
concerns about acceptance of the age of the ice. This
occurrence needs to be studied further.

THE EVIDENCE FOR THE DYNAMIC
ICE-SHEET MODEL

Webb & Harwood (1991) have reviewed the debate and
Harwood (1994) and Wilson (1995) have responded to
criticisms of the hypothesis, including reference to many
papers not cited here. Webb and Harwood are leaders in the
reduced ice sheet/vegerated side of the debate. The intervals
during which warm conditions are alleged to have occurred
are in the Early Pliocene (about 4-3.5 Ma, consistent with
the proposals of Ciesielski & Weaver 1974, Keany 1978,
Brady 1982, Quilty 1991) and Late Pliocene (sometime
after 3 Ma, to explain the transport of material from the
Wilkes/Pensacola Basins to form the Sirius Group,
consistent with the views of Webb ez @/ 1984, McKelvey
& Stephenson 1990, Webb & Harwood 1991, Wilson
1995).

The evidence that the Early Pliocene was warmer comes
from both offshore and onshore data. The data and types
of analysis are very different for the two environments.
Conclusions from offshore information are based on
(1) oxygenand carbon isotopessignals contained in calcareous
microfossils,

(2) analysis of intervals of erosion (identified as times of high
cutrent flow of the Antarctic Circumpolar Current) and
deposition (evidence of decreased flow),

(3) variations in the timing and amount of ice-rafted debris,
and

(4) features of the microfossils and the biota they represent,
which are used as evidence of water temperature and its change.

The first “modern” evidence for a warmer Pliocene came
from the study of silicoflagellates from the marine
environment (Ciesielski & Weaver 1974), which showed
that che Pliocene silicoflagellate flora is consistent with sea-
water temperature about 10°C warmer than present. Keany
(1978) also spoke of Early Pliocene warming, as did
Ciesielski ez @/, (1983). The warming is not for the entire
Early Pliocene, but during the interval 4.5-3.9 Ma, part of
the Gilbert Chron. Brady (1982) referred to the presence
of marine fjord conditions in the Taylor and Wright Valleys
in the Transantarctic Mountains during roughly the same
interval. Abelmann et al. (1990) proposed a temperature
higher by 5-10°C on the basis of radiolaria and diatoms.
Burckle & Pokras (1991) argued that a lower increase in
temperature (< 3°C) was possible and Kennett & Hodell
(1995) indicated that they could accept a temperature no
greater than 2.5°C warmer than now.

Several authors (Kennett 1985, Shackleton & Opdyke
1977, Shackleton & Cita 1979) have identified and
commented on a 8'80 shift towards heavier ocean water at
about 3.5-3.4 Ma, indicating a different global ocean
environment and decreased Pliocene global ice volume
prior to that dme. This transition was regarded as a time
of possible Antarctic ice-volume growth (Kennete 1985).

Three lines of evidence are derived from onshore infor-
mation. Pickard er 2/ (1986, 1988) reviewed data from
Marine Plain, East Antarctica, based mainly on the resules
of examination of diatoms which showed that much of the
in situ section there was deposited without evidence for the
existence of sea ice. Shortly afterwards, Quilty (1991, 1992,
1993) recovered fossil dolphins and whales which appear
to be from waters warmer than exist around Antarcrica at
present. The recent discovery of a palinurid crustacean
(Feldmann & Quilty, in press) may be further evidence of
warmer waters, as such crustaceans do not now occur
around the Antarctic continent,

The most convincing evidence for warm conditions in
the Late Pliocene/earliest Pleistocene comes from the
discovery (Webb & Harwood 1987, Carlquist 1987) of
wood and leaves in the Sirius Group. The leaves (Nothofagus
beardmorensis) have been described (Hill & Truswell 1993,
Hill et «l, in press) and the wood by Francis (1995)
and Francis & Hill (1996). These occur near the margins
of the Beardmore Glacier at 86°S, and much has been
made of this as clear evidence of conditions much warmer
there than exist at present, and consistent with an Antarctica
ice sheet only about one-third of its present size. The time
of alleged reduced ice sheet is 3-2.6 Ma, to explain the age
of the youngest reworked fossils in the Sirius Group.
Opponents (e.g. Burckle 8 Pokras 1991) argue for a much
greater age for the sediments (Oligocene or older).

DEVELOPMENTS DURING 1995

Since the publication of the Sugden er 2/ (1993) and
Harwood (1994) reviews, the issue hasadvanced significancly,
with the conduct by National Science Foundation of a
workshop in Woods Hole, Massachusetts, in April 1995, to
determine a way forward in resolving the debate, and also
through papers presented at the 7¢h International Symposium
on Antarctic Earth Sciences (7 ISAES) held in Siena, Iealy,
in September 1995.

There have been some moves towards an acceptable
common position on many issues. The antagonists seem to



be able to accept the direction of the opposing argument,
but never to the degree proposed. There appears to be
consensus that there have been reductions and expansions
of glaciation during the Pliocene, bur not to an agreed
position. There is agreement that there has been uplift of
the Transantarctic Mountains (TAM), but not to the
amount. Sea waters were warmer, but the amount is not
agreed. It is agreed that sea level was higher, but the
amount is disputed

At the Woods Hole workshop, both sides were well
represented and a spirited debate allowed quite clear
identification of the viewpoints. Abstracts of that meeting
are included in Kurz (1995), and van der Wateren &
Hindmarsh (1995) referred to the results. At the meeting,
more evidence was presented to show that
(1) the Dry Valleys region has been little changed since the
Miocene (Brook ez al., Ivy-Ochs, Marchant),

(2) sea level varied by up to 60 m during the Late Pliocene
and 40 m earlier than that (Brigham-Grette, Cronin ez a/.,
Ishman, Wilson),

(3) amino-acid racemisarion studies on the Sirius Group
wood yield a result consistent with a Pliocene age (Hill ez
al.),

(4) the extremes possible in the debate are a sea-level rise of
50~60 m orwarming of the deep ocean by as much as 2.5°C
(Hodell), and

(5) early evidence from the Prince Charles Mounrains is
consistent with Late Pliocene~Pleistocene glacial expansion
of the scale needed to emplace the Sirius Group sediments
{McKelvey).

At 7 ISAES, some stated well-known positions, but major
advances were made by scientists outside the core groups.
Francis (1995), in particular, reviewed the likely mode of
existence for Nothofagus beardmorensis and compared it,
not with the Tasmanian N. gunnii or other Nothofagus
species, but with the Arctic Dwarf Willow (Salix arctica).
This lives to 85'N as a ground-hugging, straggling plant,
which survives in an area with light conditions comparable
with those in which N. beardmorensis existed but with an
annual temperature regime distincely cooler than that
required by the N. gunnii analogue.

At the same time, further discussion of the potentdial of
the 820 record to include some flexibility has paid
dividends. This and other analyses allow a movement south
of the Antarctic Polar Frontal Zone during the Early
Pliocene, reduction in Antarctic ice volume by as much as
one-third present volume (with consequent global sea-level
rise signal) or a rise in seawater temperature around
Antarcrica by 1-2°C. Kennett & Hodell (1995) reviewed
the issue again and stated that their analysis of the data
allows extreme positions of a 35 m sea-level rise in the
Early Pliocene, with a 1.4°C water temperature rise, or a
seawater temperature 2.5°C warmer than present, but with
little sea-level rise. Significant sea-level rise implies, of
course, reduced Antarctic ice volume. It appears to be
consistent with a sea-level rise of up to 25 m and water
temperature about 2°C warmer than the present.

These hypothetical movements taken by the “general
community” have taken much of the heat from the debate,
while still leaving some way to go and also leaving the key
antagonists locked in battle as a side issue.

The move should not be seen as any form of consensus
science but as a genuine analysis of existing and new data
to bring new ideas to the debate. Barrett ez 2/ (1995) and
Barrett (in press) helped this issue by calling for removal
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of labels (Stabilist, Dynamicist) from the groups and
recognising that, in reality, there is scope for flexibility in
each stated position.

In addition, Harwood and Burckle, at 7 ISAES, both
noted thar the time involved is long and that there is scope
for significant variation within the interval. Thus the idea
of one model for the entire time is now gone.

RESOLVING THE DEBATE

The issue in question is whether or not the Anrarctic ice
sheet has been stable or dynamic between the Middle
Miocene (say 15-14 Ma) and the present, even during
intervals of relative global warmth, such as times within the
Early Pliocene. There are quite profound implications for
the world under an Enhanced Greenhouse Effect
stemming from each case. If the stabilist view is correct,
Anrtarctica may be expected to remain as it is now under
some scenarios of a warmer carth; the dynamicist view isless
reassuring.

A major issue remains the question of the age of the
Sirius Group. There is no doubrt that Late Pliocene diatoms
and other fossils have been recovered from the sediments
that constitute the Sirius Group in the TAM. But are the
diatoms windblown in modern times or were they emplaced
at the cime the Sirius Group sediments were deposited? Are
all sediments regarded as Sirius Group of one age or are
many ages involved?

Pliocene diatoms are being windblown around Antarctica
at present (Kellogg & Kellogg 1996), and Burckle & Potter
(1996) recovered diatoms from many unusual sources,
raising seriously the issue of the source of diatoms in the
Sirius Group. At issue here are such questions as whether
the Beardmore Glacier Sirius Group sediments are Late
Pliocene {or even earliest Pleistocene), or much older but
with windblown Late Pliocene diatoms. Burckle & Pokras
(1991) stated the case in support of a view that the sediments
and their contained leaves are older Cenozoic (Oligocene
or older), in conflict with the views of Harwood and
collaborators, who believe the diatoms are coeval with the
deposition of the sediments and macrofossils. It is essential
that this problem be resolved by obraining fresh samples
from deep inside the formation and searching for diatoms
that clearly are of the same age as the sediments (see Barrert
et al 1995).

These questions can be resolved only by amajor dedicated
program of documenting each outcrop in detail, including
grain size, composition and source analysis, palacontological
study, palaeoenvironmental reconstruction, palacomagnetic
studies and eventual integration.

One major problem in the debate lies in the fact that a
high proportion of the biostratigraphic data said to support
the warmer Pliocene model is still unpublished. This
shortcoming must be remedied before all the evidence can
be evaluated and a conclusion reached.

The prime need in the debate is for new data on the issue
and re-cvaluation of some data that already exist. The
region over which debate ranges is very large and the
sources of data frustratingly few. The only in situ sediments
arc offshore cores and a few onshore sites, including Marine
Plain in the Vestfold Hills, the Sirius Group sediments of
the Transantarctic Mountains (which, while iz situ as
glacially deposited sediments, are not 7 szzu as far as recycled
fossils are concerned) and a few other localities, possibly
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Cockburn Island {Gazdzicki & Webb 1996) and Prospect
Mesa (Schiiichrer & Helfer in Kurz 1995).

The sedimens attributed to the Early Pliocene could all
have been deposited in a small part of this time, perhaps
during some of the small peaks of apparenty low ice
volume/high sea level indicated on the curves reproduced
in Tiedemann er al. (1994). There is a very real need ro
define betrer the time that is regarded as having been
warm. Several authors (Brady 1982, Ciesielski ez 2/ 1983,
Ciesielski & Weaver 1974) have indicated that the duration
probably was during the interval 4.5-3.9 Ma, about one-
third of the Early Pliocene.

How dynamic were the Transantarctic Mountains?
Estimates of the amount of uplift of the TAM since the
Pliocene vary from a few hundred metres to 3000 m. Were
the rate and amount constant along the entire mountain
chain or do the blocks diffcrentiated by Tessensohn (1994)
have very different histories? Denton and co-authors in
Sugden ez al (1993) argued a case for stability, buc all their
evidence came from the Dry Valleys Block (van der Wateren
& Verbers 1994, fig.1), where Sirius Group sediments are
thin and limited in extent and have yielded only rarc
Pliocene diatoms (Harwood, pers. comm.). Van der
Wateren & Verbers (1994), reporting on the Admiralty
Block of the Northern Victoria Land region, presented a
very different case, with marked tectonism and uplift in the
Pliocene. The story is consistent with the dynamicist
argument but suffers from the apparent absence of Sirius
Group sediments in the arca. Similarly, Webb ez 2/ (in
press) argued for an uplift of at least 1331 m for Pliocene
(possibly latest Miocene) sediments in the Queen Alexandra
Block, south of the Dry Valleys. The contrasr between the
histories of the Dry Valleys and Admiralty and Queen
Alexandra Blocks scems to be very suriking. Detailed analysis,
akin to that conducted by Denton and co-authors for the
Dry Valleys Block, is needed for each of the TAM blocks.
Webb er al (in press) began the process. Perhaps the
history of the Dry Valleys Block, strongly linked with that
of the Victoria Land Basin offshore, is different from that
of other parts of the TAM, as suggested by Webb ez 2/ (in
press).

A major source of data may lie in the Prince Charles
Mounrains (PCMs) of East Antarcrica, where recent studies
(Bardin 1982, McKelvey & Stephenson 1990, Laiba &
Pushina, in press) have proved the existence of young
marine and nonmarine (Late Miocene—Pliocene) sediments
conrtaining diverse fossils and sequences that are in place.
These indicate the existence of marine condidons during
an interval which the stabilist hypothesis suggests should
have been one of ice sheet comparable with the present.
They show evidence of major changes of environment
since deposition and of fjordlike depositional environments
on a scale not known on earth at present. The area is under
study in a coordinated program covering the entre area,
not on the more piecemeal approach thar scems to have
been used in the Transantarctic Mountains. A corollary to
the onshore work in the PCMs is the need for marine
drilling of the Ocean Drilling Program type in the area
offshore from the PCMs, in the Trough Mouth Fan in
Prydz Bay (O’Brien & Harris 1995), where much of the
evidence eroded from the PCMs will lie.

One feature that needs to be examined (and Prydz Bay
Ocean Drilling may provide the answer) is the apparent
absence of any Pliocene palynomorphs from sediments
other than those in the Sirius Formation. If a Nothofagus

flora existed at high altitude at 86°S, it probably existed
elsewhere, especially in those areas which were farther north
and at lower altitude and thus considerably warmer. While
organic-walled microfossils are abundant in the in situ
Early Pliocene at Marine Plain, none can be related to
rerrestrial vegetation {work in progress). If sediments of the
Prydz Bay Trough Mouth Fan originated in the Prince
Charles Mountains or around the margin of Prydz Bay,
they should conrtain evidence of vegetation, if it existed.

Haq er 4l (1987) produced curves of past sea-level
variation, based on analysis of offshore seismic records
from a great variety of locations around the world, excluding
Antarctica. They identified several peaks of high sea level
during the Pliocene, at 5-4 Ma about 90 m above modern
sea level, at 3.9 Ma ac about 60 m, and at 2.6, 2.0 and
1.2 Ma abour 20 m above modern sea level. These have
been used to support the concept of Antarctic Early Pliocene
warming and deglaciation (Quilty 1992). Other analyses
(Dowsett & Cronin 1990, Wardlaw & Quinn 1991),
based on other continental margin and island studies,
indicate that there are problems with the calibration of the
Haq er al. curve, and that sca-level rises of greater than
35 m during the Pliocenc are very unlikely (but see Brigham-
Grette in Kurz 1995, who argues for variation by as much
as 60 m). The 2.6, 2.0 and 1.2 Ma peaks are considerably
lower than those during the Early Pliocene, and this scems
to be in conflict with the idea of a greater fluctuation in
global ice volume and sea level during the Late Pliocene
than during the Early Pliocene. Further work is needed to
resolve the difference between the different approaches. If
the Haq e /. curve is correct, it is very difficult to avoid
the conclusion that the East Antarctic ice sheet is very
dynamic.

Analyses of isotope data and of global ice-volume variation
assume thar all the factors are known and understood. [t is
essential that these assumptions do not detract from the
debate about the facts based on field and laboratory
observations. It is possible that there are factors not as yet
taken into account.

CONCLUSIONS

The fascinating debate about the Pliocene environment of
Antarctica has not been resolved and will continue for many
years. New data will emerge from more focussed research
and a new group of scientists will become involved. Already,
we have seen some convergence from whar were deeply
entrenched opposing views. The debate will lead o initiatives
thataredirected rowardsitsresolution rather than to unrelated
small projects which arc of purely intrinsicscientific interest.
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