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eleo Antarctic ice streams were underlain by 
weak sediments is indicative of a dynamic, 
fast-flowing ice sheet at the LGM, much 
like it is today in West Antarctica, allowing 
rapid ice-sheet responses to sea level and 
ocean temperature changes.

Future activities
Although our appreciation of Antarctic 
history has improved dramatically over the 
past decade, there is still much to learn. 
Significant questions exist about the evo-
lution of Antarctic landscape, both above 
and below the ice cover; its connection 
with ice-sheet development; past and 
present large-scale ice-sheet dynamics 
and stability; the role of sub-glacial water 
in the ice-sheet system; and the influence 
of ice-sheet evolution on Antarctic biology. 
In 2004, the Scientific Committee on Ant-

arctic Research (SCAR) recognised the im-
portance of understanding past changes 
in Antarctica with the establishment of its 
Antarctic Climate Evolution (ACE) scientific 
research program. This program, in con-
junction with other SCAR program’s (SALE 
– Subglacial Antarctic Lake Environments; 
AGCS – Antarctica in the Global Climate 
System; and EBA – Evolution and Biodiver-
sity in Antarctica), aims to further integrate 
numerical models with geological data, in 
order to understand the processes respon-
sible for the growth and decay of large ice 
sheets and to comprehend the global sig-
nificance of such changes.
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Terrestrial and marine paleoclimate records 
are very sparse in the southern hemisphere, 
particularly at high latitudes. However, this 
is where ice cores come into their own. 
Antarctic ice cores provide a firm and well-
resolved anchor for our understanding of 
how climate has evolved over 800 kyr, and 
provide climate information for assessing 
how the Antarctic Ice Sheet may have var-
ied over the same period. They are also the 
best archive for determining the history of 
greenhouse gas concentrations and offer 
unique data on other important forcings, 
such as volcanic aerosol and solar.

Characteristics of Antarctic ice 
cores
Almost the whole of the Antarctic ice 
sheet fulfils the basic requirements for 
good ice core records, namely that snow 
is laid down in regular layers without sig-
nificant loss or percolation by melting. In 
near coastal areas, relatively high snow 
accumulation rates allow the collection of 
records for which annual layer counting is 
possible. This is the area of choice for well-
resolved and precisely dated records of 
recent centuries. In central regions of the 
Antarctic plateau, the ice is very thick (~3 
km) but the snow accumulation rate may 
be as low as 2 cm water equivalent. It is in 
this region that records extending back 
over hundreds of thousands of years can 
be found, although the dating is necessar-
ily less precise. 

The water isotopes in the ice act as a 
good proxy of Antarctic temperature and 
also provide information on conditions 
over the ocean (the source of the water 

vapor). Due to the low impurity content 
of the ice, Antarctic cores are well suited 
to analysis of trace gases, and the chemi-
cal content provides information about 
environmental conditions in the Southern 
Ocean and other southern continents.

Recent centuries
As atmospheric measurements of green-
house gases have only been carried out 
routinely for, at most, a few decades, ice 
cores have for some time been relied upon 
to show how greenhouse gas concentra-

tions increased during the past two centu-
ries, and how they varied in the preceding 
period. A new study (MacFarling Meure et 
al., 2006) has extended the period of high-
resolution to 2 kyr, expanded the high-res-
olution work from CO2 and CH4 to include 
N2O, and filled in gaps in the previous re-
cords. Together with the existing data and 
other data from sites with lower-resolution 
that confirm most of the details, this work 
provides a definitive account of green-
house gas variability and trend; it is indeed 
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Figure 1: Map of cores and locations mentioned in text. Inset: photo of WAIS Divide site, with camp in center and 
drilling site top left corner (E. Brook).
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much quoted in the recent IPCC 4th as-
sessment report.

Other studies of the recent past have 
moved on from interpreting single records 
and focussed on combining sets of ice core 
records, in order to establish the reliable 
common signal and discard the “noise” in 
the proxy (e.g., Schneider et al., 2006). This 
kind of work will make ice core data more 
suitable for inclusion in multi-proxy recon-
structions of southern hemisphere climate 
from different archives. It is now becom-
ing more common to compare data with 
atmospheric reanalyses to establish rela-
tionships and calibrations that might be 
applied to earlier periods. Both features of 
the pressure field (for major ionic species) 
and sea-ice extent (for methanesulfonic 
acid (Abram et al., 2007)) have been used 
as targets for reconstruction.

Glacial-interglacial cycles
Probably the biggest excitement in the 
ice core community in the last few years 
has come from analyzing the oldest parts 
of three newly completed deep ice cores: 
the EPICA cores at Dome C and Dronning 
Maud Land, and the Dome Fuji core (Fig. 
1). Much of the new science coming from 
these cores has relied on advances in dat-
ing the cores. The discovery in the Dome C 
core of signals (in the 10Be concentration) 
of the Brunhes-Matuyama magnetic re-
versal some 780 kyr ago gives a very firm 
anchor to the deepest part of the record. 
An entire journal special issue (www.clim-
past.net/special_issue7.html) devoted to 
the dating and synchronization of the two 
EPICA cores shows that this subject is now 
being treated very seriously; the new EDC3 
age scale for Dome C (Parrenin et al., 2007) 
is much more compatible with the best 
marine age scales (Lisiecki and Raymo, 
2005), making combined studies much 
more feasible. Use of N2/O2 in the gases 

in ice (Kawamura et al., 2007), which ap-
pears to be related to local insolation, has 
opened up the possibility of absolute age 
scales that are accurate enough to allow 
reliable conclusions to be made regard-
ing the phasing of insolation forcing and 
climate changes.

The water isotope analysis of the 
Dome C core has now been completed at 
high resolution and reveals the tempera-
ture history of Antarctica back to just be-
yond 800 kyr (Fig. 2) (Jouzel et al., 2007), 
confirming that glacial cycles recurred at 
100 kyr intervals throughout but with dif-
ferent styles and amplitudes. It has now 
been shown that every Dansgaard-Oe-
schger (DO) event in the northern hemi-
sphere appears to have a subdued coun-
terpart in the south (EPICA Community 
Members, 2006); further improvements 
in the definition of the phasing between 
northern and southern records are still 
needed but this result is highly sugges-
tive of ocean heat transport as the main 
player in these changes. The pattern of cli-
mate variability seen in each glacial cycle 
strongly suggests that DO events occurred 
in earlier glacial periods (Jouzel et al., 
2007). Chemical records (Wolff et al., 2006) 
covering the EPICA Dome C period open 
up the possibility of assessing the causes 
of climate change through a range of en-
vironmental parameters, since the chemi-
cal signals provide information about, for 
example, South American climate, aerosol 
concentrations, inputs for iron fertilization, 
sea-ice extent and marine productivity.

Ongoing projects and future 
plans
The brief summary above omits numerous 
interesting data sets, analytical develop-
ments and interpretative improvements. 
Further progress will also come from a 
number of projects that are currently un-

derway. The US West Antarctic Ice Sheet 
(WAIS) Divide ice core (Fig. 1) is intended 
to provide a high-resolution (comparable 
to Greenland) record of the last glacial 
cycle in West Antarctica; this should be a 
particularly good core for assessing the 
phasing between north and south and 
between climate and CO2. The camp con-
struction and pilot hole were completed in 
2006/07 and the core should be drilled in 
the next 3 seasons. Meanwhile, other sites 
have progressed and contribute to a spatial 
network of cores covering a similar period. 
At Berkner Island (Fig. 1), sand was col-
lected from the cold base of the ice sheet 
in 2005/06 and 948 m of ice is now being 
processed. This core is revealing both the 
climate and the ice sheet configuration 
in the Weddell Sea sector of Antarctica. 
Meanwhile, drilling is continuing at Talos 
Dome in Victoria Land, from the depth of 
1300 m reached in 2006/07 (Fig. 1).

For the future, IPICS (International 
Partnerships in Ice Core Sciences; www.
pages-igbp.org/science/initiatives/ipics/
whitepapers.html) has defined a series of 
4 priority science projects and associated 
technical challenges. Of the 3 projects in-
cluding Antarctica, one has the ambitious 
aim of reaching still older ice and assessing 
the climate and trace gas content during 
40 kyr climate cycles that preceded the 
mid-Pleistocene revolution. Other projects 
aim to construct a network of cores cover-
ing the last 40 kyr, to assess the spatial pat-
tern of change during rapid climate events, 
and a network of cores representing 2 kyr 
to contribute Antarctic data to climate re-
constructions.
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Figure 2: Estimated difference in Dome C temperature, compared to today, over the last 810 kyr, calculated from 
deuterium data. Figure based on data in Jouzel et al. (2007).


