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Introduction to dlong-term changes in Southern high-latitude ice

sheets and climate, the Cenozoic historyT
1. Introduction

The Cenozoic evolution of the Antarctic cryo-

sphere and fluctuations in its ice sheet cover are

considered to be one of the major influences on low-

and mid-latitude deep-sea sedimentary records.

Long-term Cenozoic trends and short-term climate

fluctuations (V40 ka) alike are inferred to have been

driven or modulated by changes in Antarctic ice

sheet volume (Kennett, 1977; Imbrie and Imbrie,

1980; Zachos et al., 1997, 2001; Shackleton et al.,

1999; Lear et al., 2000; Naish et al., 2001).

Similarly, changes in sea level elevations at con-

tinental margins are also inferred to result from

growth and decay in Antarctic ice sheet volume

throughout the Cenozoic (Barrett et al., 1987; Haq et

al., 1987). Yet, direct records of the Antarctic

cryosphere and its ice sheets are sparse at best, and

much of the inference remains untested.

Recent efforts have begun to change this, and the

last decade has seen several expeditions to the

Antarctic and Southern Oceans, which have recovered

new high-quality sedimentary core and seismic

reflection records of Southern high-latitude Cenozoic

ice sheets and climate. These include the Cape

Roberts Project (CRP) (Cape Roberts Science Team,

1998; Hambrey et al., 1998; Cape Roberts Science

Team, 1999; Barrett et al., 2000; Cape Roberts

Science Team, 2000; Barrett et al., 2001; Davey et

al., 2001), ODP Leg 177 (Gersonde et al., 1999,

2003), Leg 178 (Barker et al., 1999, 2002), Leg 182
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(Feary et al., 2000; Hine et al., 2004), Leg 188

(O’Brien et al., 2001; Cooper et al., 2004), and Leg

189 (Exon et al., 2001, in press), and various RVIB

NB Palmer and Polarstern cruises.

Recent results from these expeditions were pre-

sented at a special session of the EGS–AGU Joint

assembly held in Nice, France, in April 2003. The

focus of the session was the many orders and scales of

variation of Antarctic ice sheets and climate from

Antarctic and sub-Antarctic records derived from

outcrop studies, deep sea and continental margin

drilling, and seismic reflection investigations. The

session also included new modelling results utilizing

new data from these recent expeditions and prelimi-

nary results of geophysical surveys defining sub-ice

shelf and sea ice sedimentary basins identified as

drilling targets in the near future under the ANDRILL

program (Harwood et al., 2002; Florindo et al.,

2003a).

Like the Palaeogeography, Palaeoclimatology,

Palaeoecology special issue bAntarctic Cenozoic

palaeoenvironments: geologic record and modelsQ
(Florindo et al., 2003), this special issue is linked to

the Antarctic Climate Evolution (ACE) project, a

new Scientific Committee on Antarctic Research

(SCAR) initiative to study the climate and glacial

history of Antarctica by linking climate and ice sheet

modelling studies with geophysical surveys and

geological studies on and around the Antarctic

continent (Florindo et al., 2003b; http://www.ace.

scar.org/).
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2. Organization and contents

The contributions presented in this special issue of

Global and Planetary Change represent only a small

subset of the scientific results presented at the 2003

EGS–AGU Joint assembly special session, which are

included in Volume 5 of the Geophysical Research

Abstracts Journal (http://www.copernicus.org/EGU/

gra/gra.html). However, they demonstrate the range

of activity and some of the significant recent advances

in understanding of Cenozoic evolution and behavior

of Southern high-latitude ice sheets and palaeocli-

mate. The papers represent new geologic information
Fig. 1. Polar stereographic projection to 308S with general locations of a

Peninsula; DP, Drake Passage; DML, Dronning Maud Land; EAIS, East A

Sea; STR, South Tasman Rise; TAM, Transantarctic Mountains; WAIS, W
or new interpretations or compilations of existing data

sets from around the Antarctic continent (Fig. 1).

Interpretations are based on a range of geological

information from seismic reflection surveys to studies

of geological drill cores. Two papers also include

significant contributions to palaeoclimate modelling

of the Antarctica region. The contributions also cover

a broad range of Cenozoic time at varying resolutions

from the mid-late Eocene to present (Table 1). The

volume is organized such that modelling results of the

early development of the psychrosphere are presented

first (Pollard and DeConto, 2004; Hay et al., 2004)

followed by the results of a comparative geomorpho-
reas studied in this issue. Abbreviations of locations: AP, Antarctic

ntarctic Ice Sheet; KP, Kerguelen Plateau; PB, Prydz Bay; RS, Ross

est Antarctic Ice Sheet; WL, Wilkes Land; WS, Weddell Sea.

http://www.copernicus.org/EGU/gra/gra.html


Table 1

Geologic time intervals that are discussed in the contributions of this special issue
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logical model of the pre- and postglacial landscape

evolution of the Lambert Basin as the psychrosphere

developed (Jamieson et al., 2004). The new modelling

results are followed by a series of papers discussing

evidence for Cenozoic ice sheet fluctuations from the

Antarctic margin. The first three papers discuss

seismic reflection data from Wilkes Land (Escutia et

al., 2004), beneath the McMurdo–Ross Ice Shelf

(Horgan et al., 2004) and from the Weddell Sea

(Maldonado et al., 2004), respectively. The next six

papers present new results from drilling and coring

studies of the Antarctic margin. The first two present

results from ODP Leg 188 drilling in Prydz Bay

(Grützner et al., 2004; Junttila et al., 2004), the third

from ODP Leg 178 drilling in the Antarctic Peninsula

region (Hillenbrand and Ehrmann, 2004), the fourth

from Holocene coring offshore Cape Hallett in the

western Ross Sea (Finocchiaro et al., 2004), and the

last two from Cape Roberts Project coring in

McMurdo Sound, SW Ross Sea (Bellanca et al.,

2004; Florindo et al., 2004). The final paper in the
volume presents an analysis of subglacial topography

beneath the West Antarctic Ice Sheet from an analysis

of radio-echo sounding data (Siegert et al., 2004).

The first contribution in the volume (Pollard and

DeConto, 2004) presents an assessment of the

importance of hysteresis in a coupled 3-D ice sheet

and global climate model (GCM) in Antarctic ice

sheet fluctuations across the Eocene–Oligocene

boundary ~34 Ma. In this model, the relatively

sudden growth of the Antarctic ice sheet is

successfully simulated as a nonlinear response

triggered by a high-frequency orbital forcing super-

imposed upon a gradual decline of atmospheric

CO2. The authors suggest that the same type of

nonlinear responses of the Antarctic ice sheet could

have played important roles in many of the

subsequent 105 to 106 year fluctuations in the

composite D18O record since 34 Ma.

In another assessment of the initiation of Antarctic

glaciation at the Eocene–Oligocene boundary, the

second paper in the volume (Hay et al., 2004) takes a
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speculative look at the mechanism for the major

isotopic excursion at the Eocene–Oligocene boundary.

Many workers now contend that this excursion

resulted from continent-wide glaciation of Antarctica,

and they justify the ice volume explanation above

temperature because, if the isotopic excursion were

due solely to temperature, it would require freezing of

the ocean to a significant depth (Kennett, 1977;

Flower, 1999). Hay et al. (2004), however, contend

that higher salinity oceans in the Palaeogene would

lower the freezing point to the degree that such a

claim no longer holds and only a secondary part of the

D18O change is related to the formation of permanent

sea ice on the Arctic and perhaps in areas around

Antarctica. Their observations of modelling and ocean

drilling data point to early formation of the psychro-

sphere at the Eocene–Oligocene boundary, coincident

with the development of the modern oceanic structure,

but they contend that content-wide glaciation may not

have been fully developed until the middle Oligocene.

The third modelling paper presented in the volume

(Jamieson et al., 2004) evaluates the relative influence

of fluvial vs. glacial processes pre- and postdevelop-

ment of the psychrosphere. In the model, previously

eroded sediment is back-stacked onto the Antarctic

craton using a sediment volume estimated from ODP

drilling in Prydz Bay. The paper identifies that a

preglacial fluvial topography survives beneath the

Lambert graben and that this preexisting topography

has been the principal forcing factor on subsequent

erosion. An interesting discovery is the model

prediction of the existence of a large preglacial lake

in the cratonic interior of Antarctica. While somewhat

speculative, the validity of the findings is qualified by

a sensitivity test on the volumes of sediment back-

stacked by the model.

The first of the papers discussing evidence for

Cenozoic Antarctic glaciation from the Antarctic

margin is from Escutia et al. (2004) and outlines the

nature of glacial stratigraphy, sedimentation, and

processes in the Wilkes Land margin of Antarctica.

In addition, it provides inferences about the nature and

timing of Cenozoic glacial events from the onset of

glaciation in this margin to the Holocene. The authors

outline a strategy for deep sampling (i.e., IODP-type

techniques) that would ground truth their inferences

on the long-term record of multiple growth and

collapse of the EAIS and related sea level, palae-
oceanographic, and palaeoenvironmental changes

from the Wilkes Land margin. An IODP proposal

(482) is currently under review (see details at

www.isas-office.jp/active_pdf/482-Full3_Escuti.pdf).

Horgan et al. (2004) present new multichannel

seismic reflection data collected from the McMurdo–

Ross Ice Shelf, Antarctica. The authors, from the

analysis of seismic geometry, stratal terminations, and

the interpretation of seismic facies, develop a strati-

graphic architecture for the moat-fill succession and

speculate on the timing of development of accom-

modation in response to the evolution of the Ross

Island volcanic complex. The moat region has

accommodated a well-stratified regionally extensive

sedimentary succession in the deepest part of the

depression, providing a unique opportunity to recover

highly sensitive and complete record of the dynamics

and variability of the West Antarctic Ice Sheet and

McMurdo–Ross Ice Shelf in western Ross Sea. This

stratigraphic record is scheduled to be drilled by the

ANDRILL Programme in the austral summer of 2006

(see details at http://andrill-server.unl.edu/).

The contribution by Maldonado et al. (2004)

reports on multichannel and high-resolution seismic

profiles complemented by swath bathymetry showing

an extensive field of contourite deposits in the

northern Weddell Sea. From these data, they draw

inferences about the influence of the Weddell Sea

Bottom Water flows on sea-bottom processes and

related depositional patterns in the northern Weddell

Sea and define its palaeoceanographic evolution since

the early Miocene.

In the first contribution presenting new results from

drilling and coring studies of the Antarctic margin,

Grützner et al. (2004) report on the sediment record

recovered during ODP Leg 188 at Site 1165 (Prydz

Bay), focusing on the late Miocene–early Pliocene

time interval, and compare these findings with the

results from ODP Site 1095 (Antarctic Peninsula) and

1088 (Agulhas Ridge, Southern Ocean). Using bio-

genic opal depositional rates, they report evidences of

an early Pliocene reduction in sea ice at Sites 1165

and 1095 that is in agreement with a warm period, as

documented from other proxies in the Southern Ocean

(e.g., Hillenbrand and Ehrmann, 2004). East and West

Antarctic ice sheet growth at about 7 and 5 Ma is

inferred from enhanced mass accumulation rates of

terrigenous-derived particles.

http:www.isas%1Eoffice.jp/active_pdf/482%1EFull3_Escuti.pdf
http://andrill%1Eserver.unl.edu/
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Ocean Drilling Program Site 1165 is also the focus

of the next paper (Junttila et al., 2004). Aiming to

show the possible intervals of expansions of the ice

sheet across the continental shelf off Prydz Bay and

possible expression of the bmiddleQ Pliocene warm

period, the authors report a detailed clay minerals

study of the uppermost sediment column between 0

and 50 mbsf, which consists of a section of hemi-

pelagic and pelagic Pliocene–Pleistocene sediments.

These results, integrated with oxygen isotopes and

magnetic properties determinations, indicate a general

long-term cooling trend from 5 Ma to the present,

with evidences of a general warming trend towards

3.2 Ma.

The contribution by Hillenbrand and Ehrmann

(2004) provides late Neogene records of clay miner-

alogy and biogenic opal for the Antarctic Peninsula

(ODP Leg 178 and Sites 1095 and 1096). Short-term

clay mineralogical fluctuations in the ODP cores

indicate that repeated ice advances and retreats in

response to a varying size of the Antarctic Peninsula

ice cap are likely to have occurred throughout the late

Neogene and Quaternary. In addition, by comparing

the Pliocene–Pleistocene opal record from the Bel-

lingshausen Sea with corresponding records from the

Atlantic and Indian sector of the Southern Ocean (RV

Polarstern cores), the authors point out that the opal

record on the Pacific margin of the Antarctic

Peninsula is also representative for the East Antarctic

continental margin.

The contribution by Finocchiaro et al. (2004)

presents new results from an interesting core that

records palaeoenvironmental conditions through the

transition from glacial to interglacial conditions of the

Holocene. Important changes in diatom production

and seasonal laminations document the state of the

water column and the influx of sediments from the

surrounding mountains. This high level of resolution

enables the authors to discuss processes associated

with the sediment record and thus obtain greater

information on the nature of Antarctic palaeoenvi-

ronmental change. The results mirror data from other

regions of Antarctica.

Recently, a series of three holes was drilled in

McMurdo Sound, Ross Sea as part of the Cape

Roberts Project (CRP) (Cape Roberts Science Team,

1998, 1999, 2000; Hambrey et al., 1998; Barrett et al.,

2000, 2001). This project was a cooperative venture
between scientists from seven countries, i.e., Aus-

tralia, Britain, Germany, Italy, The Netherlands, New

Zealand, and the USA, and it was set-up to investigate

the early history of the EAIS and the West Antarctic

Rift System by coring approximately 1500 m of

Cenozoic strata and 100 m of Palaeozoic-age Beacon

Supergroup rocks at the edge of the present ice sheet

and close to the TAM.

Florindo et al. (2004) synthesize the results of

palaeomagnetic analyses carried out on the CRP-1,

CRP-2, and CRP-3 sediment cores and present an

integrated chronology for the Eocene–Miocene suc-

cession (1472-m cumulative record). These results

permit comparison with lower latitude records and

allow rates and modes of sedimentation to be

established for the western margin of the Victoria

Land Basin in close proximity to the Transantarctic

Mountains and East Antarctic craton.

Bellanca et al. (2004) provide the first record at

adequate resolution of bulk carbonate isotope compo-

sitions and carbonate petrography from upper Eocene

and lower Oligocene siliciclastic sediments of the

CRP-3 sediment core. The D18O record exhibits a

number of steps in an upward increasing trend that are

thought to reflect the evolution of ice sheet growth

over the late Eocene to early Oligocene in response to

a global cooling trend. Low carbonate D13C values

suggest that organic reactions have played a signifi-

cant role in modifying the pore fluid chemistry. Some

anomalously light carbon compositions are interpreted

as a record of methane-derived CO2 addition to the

system.

The last contribution dealing with palaeoclimate

modelling of the Antarctica region is presented by

Siegert et al. (2004). The authors detail the subglacial

roughness across East Antarctica from the spectral

analysis of radio-echo sounding data. Roughness

calculations are compared with numerical ice sheet

modelling results to establish relationships between

modern ice sheet dynamics and the roughness of its

bed. Of particular interest, the authors try to identify

whether the roughness of subglacial East Antarctica is

consistent with an unchanging or changeable ice mass.
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