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Abstract

Past rates of ice accumulation in central East Antarctica are defined poorly for the Last Glacial period. Ice cores, from which

current estimates are based, are limited in number (there is one deep ice core at Vostok Station, one at Dome F and two others

currently being extracted at Dome C and Dronning Maud Land), and are restricted spatially (they are one-dimensional). Here,

spatial variations in ice accumulation rates during the Last Glacial are calculated from isochronous internal ice sheet layering,

measured by airborne ice penetrating radar data. The layers are used to identify the stratigraphy around five East Antarctic ice

domes. Isochrons are dated by linking them to the Vostok ice core and, in one case, the EPICA Dome C ice core. This

chronostratigraphy allows the depth–age function to be identified across the ice sheet. A simple ice flow model, using the depth–age

measurements as input, is then used to determine the spatial and temporal variation in East Antarctic ice accumulation over the Last

Glacial cycle. The lowest rates of ice accumulation were predicted in the full glacial period to the south of Dome A and Ridge B.

There are two possible explanations for this: (1) the ice divide topographies may have caused a ‘precipitation shadow’ in the ice age;

(2) with the expansion of the Ross ice shelf the area to the south of Dome A and Ridge B would be at the very centre of the ice sheet

and, hence, at a maximum distance from the ocean moisture source.

r 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

Past rates of accumulation of ice in East Antarctica
are difficult to quantify, as there are few direct or proxy
records from which calculations can be made. The
Vostok ice core (Fig. 1) has been dated by an ice flow
model (aided by isotopic stratigraphic control points at
1534m (110 kyr) and at 3254m (390 kyr)) under an
assumption that the rate of accumulation of ice varies
proportionally to the derivative of the water vapour
saturation pressure, which is itself dependent on
temperature (Jouzel et al., 1993; Petit et al., 1999).
Essentially, this assumption means that accumulation
rates reduce with elevation. As the Vostok ice core’s
d18O record is a proxy for past temperatures, past
accumulation rates at Vostok Station can be estimated
(Fig. 2). Ice accumulation at Vostok is currently
about 2.2 cm yr�1 (Fig. 2) (note that all accumulation

rates in this paper refer to ice accumulation). At the
Last Glacial Maximum (LGM), however, it was
only 1.2 cmyr�1, and was well below 2 cmyr�1 for
a period of about 100,000 years subsequent to the
Last Interglacial, at which time the accumulation
rate (2.5 km yr�1) was slightly higher than today
(2.2 cm yr�1) (Fig. 2).
An ice core can be dated by using the past

accumulation rates as input to a simple ice compression
model (Petit et al., 1999). The time scale established for
Vostok has been refined recently in two ways. First, an
inverse method has been used to ‘link’ the depth–age
relationship at Vostok to the calculated dates of orbital
variations (Parrenin et al., 2001). Second, an ice flow
model has been used to predict the real flow of ice
between the Vostok ice core and the Ridge B ice divide
(Fig. 1). This model has been used to calculate englacial
ice flow paths and isochronous surfaces, which are
matched to internal radar layers using an optimal
matching approach (Hindmarsh et al., unpublished
data). These refinements effectively disassociate the
depth–time function at Vostok Station from the
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accumulation rates estimated from the ice core’s d18O
record.
In this paper, isochronous radar layers are traced

from the Vostok ice core (where they are dated) to
several sites in central East Antarctica. Further radar
layers are traced to Dome C (where the uppermost layer
is dated). All the radar transects presented in this paper
are, thus, linked directly to an ice core site. The depth–
age function at any point along a radar transect is,
therefore, able to be predicted. A simple 1-D ice
compression model is then used to calculate past rates
of ice accumulation, using the depth–age information as
input, for both full glacial and Holocene periods.

2. Internal radar layers

Internal radar layers in central East Antarctica are
formed by ice density variations in the upper 700–900m
of the ice sheet, and acidic layers of ice caused by the
aerosol product of volcanic events deposited formerly
on the ice surface (Fujita et al., 1999). Under conditions
of enhanced shear stress, layers of contrasting ice crystal
orientation fabric may develop from acidic-based layers
(Fujita et al., 1999; Siegert and Fujita, 2001). Internal
layers are often continuous and traceable over long
distances across the central regions of Antarctica, and
they are believed to be isochronous (e.g. Millar, 1981).

Fig. 1. The location of Dome A, Ridge B, Dome C, Titan Dome and Vostok Station, and the position of radar lines used in the analysis of internal

layering. Ice surface contours are provided in 100m intervals and the area of the investigation is shown in the inset. Note that the radar link between

Vostok and Dome C is not continuous.
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Internal layers, recorded by ice-penetrating radar
(using a frequency of 60MHz and a pulse width of
250 ns), were traced across central East Antarctica, in
order to identify the stratigraphy around the five
following ice divides: Dome C (where the current
EPICA ice coring is taking place; Jouzel et al. 1996),
Ridge B (200 km upstream of the Vostok ice core), Titan
Dome (near South Pole), an unnamed ice dome located
near to South Pole (referred to in this paper as Dome X
after Siegert and Hodgkins, 2000), and Dome A (the
highest region of the East Antarctic plateaux) (Fig. 1).
No new radar layer tracing was required between

Dome C and Vostok, and Ridge B and Vostok, as the
stratigraphy at these sites have been assessed in previous
work (Siegert et al., 1998; Siegert and Kwok, 2000).
Several more layers are added, however, to the existing
stratigraphic connection from both Titan Dome and
Dome X to Vostok (after Siegert and Hodgkins, 2000).
A new stratigraphic connection is made between a site
near to Dome A and Vostok. Unfortunately, no radar
data are available across the crest of Dome A; layers
can only be traced to within 100 km of the ice
divide. Further, the quality of the radar data permits
only two layers to be traced confidently near to Dome
A. Radar data exist between the shortest direct route
between Vostok and Dome A, but the layers here are
broken (i.e. non-traceable) and, thus, cannot be used in
this study.
Although several internal layers are coherent over

hundreds of kilometres, no single layer is continuous
across all the radar transects. Ages of internal layers that

are not linked directly to Vostok Station were estimated
by constructing depth–age functions from dated layers,
from which the ages on undated layers could be read.
This method was also used to date layers at the
intersection between radar lines.

3. Modelling past rates of ice accumulation

In East Antarctica, where the change in ice thickness
over glacial–interglacial cycles is small compared with
the total ice thickness, and the ice undergoes ‘slow
inland flow’ as defined by Bamber et al. (2000), the
position of an internal layer within the ice column
is a function of two processes: ice accumulation and ice
flow around subglacial obstacles. Around ice divides
there is very little lateral flow of ice and so this latter
process is assumed not to be important. Under this
assumption, a simple 1-D ice compression model can be
used to calculate past ice accumulation rates in the
centre of an ice sheet if the depth–age relationship is
known.
Subsequent to snowfall, ice undergoes thinning due to

the weight of ice and snow above. The model used here
assumes that the strain rate of the ice is constant with
depth to a level h above the base, below which the strain
rate decreases linearly to zero at the ice sheet base
(Dansgaard and Johnsen, 1969). The mean rate of ice
accumulation responsible for the burial of an internal
layer is given by

c02t ¼ �
2H � h

2t
In

2H � h

2y � h

� �
; hpypH; ð1Þ

Where c02t is the accumulation of ice from the present
day to time t, H is the total ice thickness, and y is the
distance above the bed of an internal layer. This model
requires a value for h, which has previously been
estimated at 400m in Greenland (Fahnestock et al.,
2001), although it is acknowledged that the real value is
actually not known. Despite this problem, the model is
thought to be inaccurate only in the lowerB20% of the
ice column (Philberth and Federer, 1971), which makes
its use here appropriate as the dated internal layers used
in the calculations are mostly within the upper half of
the ice column. It should be noted that the model was
developed to calculate depth–age relationships at the ice
divide. Its use here, between ice divide sites, assumes
that ice divergence does not affect calculations ad-
versely.
The model predicts the spatial variation in accumula-

tion between ice divides averaged over two periods
during the Last Glacial cycle, the exact dates of which
are dependent on the ages of the available isochrons.
Between Vostok Station and Ridge B, for example,
mean accumulation rates were determined for 0–45,804
years and 45,804–84,747 years.
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Fig. 2. Ice accumulation rates at Vostok Station during the last

150,000 years, calculated from the ice core’s d18O record (from data
supplied by F. Parrenin) (Petit et al., 1999).
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Holocene accumulation rates were estimated by
assuming: (1) that the period of the Holocene was for
the last 10,000 years (i.e. 0–10 ka BP); (2) that there is a
linear increase in ice accumulation rate from 15,000
years ago, when ‘glacial’ rates prevailed, and the start of
the Holocene (i.e. 15–10 ka BP); and (3) that the rates of
ice accumulation calculated during full glacials are
representative of those in the period between 15,000
years ago and the date of the youngest ‘full glacial’
isochron. These assumptions were derived from the
general time-dependent form of the Vostok Station
accumulation rate history (Fig. 2).

4. Depth–age relationships

4.1. Ridge B to Vostok

Ice within the Vostok ice core originates from the west
(upstream), and has passed along a flowline from the
Ridge B ice divide. The ice core is located over a
subglacial valley that houses a large subglacial lake
(Siegert et al., 2001). Consequently, the thickest ice
along the Ridge B–Vostok flowline is actually located at
the ice core site (recorded at 3741m). Five internal
layers were measured along the line of ice flow from
Ridge B to Vostok Station (Siegert and Kwok, 2000).
These layers were dated at their intersection with Vostok
Station, using the Vostok depth–age function (Petit
et al., 1999) (Fig. 3a). As a consequence of the
divergence of internal layers as ice flows onto Lake
Vostok, the depth–age function at Vostok Station
(Fig. 4a), which is relatively linear, appears different to
that of the upstream of the lake. In point of fact, at
Ridge B the depth–age function is strikingly non-linear
(Fig. 4b), with the greatest increase in age with depth
occurring between 60,000 and 80,000 years, and the least
between 0 and 50,000 years and from 110,000 to 130,000
years. The magnitude of these gradients reflects the
former rate of ice accumulation. During full glacial
periods the accumulation rate is low and, hence, the age
of ice increases with depth more rapidly than for
interglacial ice, which was deposited when the accumu-
lation rate was greater.

4.2. Dome C

Five internal layers are linked to the site of the EPICA
ice core currently being drilled at the summit of Dome C
(Fig. 3b) (Siegert et al., 1998), where the upper layer is
dated at 32 ka from the time scale provided by
Schwander et al. (2001). Across the radar transect,
internal layers gradually submerge to greater depths
from south to north (Fig. 3b). These layers are not
linked to Vostok or any of the other radar transects
presented here (see Fig. 1). An earlier stratigraphic

connection between Vostok and Dome C (Siegert et al.,
1998) has, in the light of new data from the EPICA
project, been found to overpredict ages at the new ice
core site. This mismatch is due to the fact that internal
layers were not traced continuously between the ice core
sites. Consequently, the depth–age function published
by Siegert et al. (1998) is not used in this paper.

4.3. Titan Dome, Dome X and South Pole

Several isochrons were traced from Ridge B across
over 1000 km of the ice sheet to Titan Dome, located
near South Pole (Fig. 3c). The pattern of layering across
this radar section shows isochrons becoming first
shallower and then progressively deeper as ice flows
from Ridge B to Titan Dome, such that at the dome
itself, the deepest internal layers are about 130,000 years
old, and there is very little ice between these layers and
the bed (Fig. 3c). It is not possible to trace internal
layers to the pole, as they become broken and buckled as
ice flows further south. The depth–age function at Titan
Dome can be used to constrain the age of ice at South
Pole, as ice flows directly from the dome to the Pole
region. Unless deep ancient ice builds up beneath
younger ice downstream of Titan Dome (which is very
unlikely), ice aged 130,000 years must be near to the
base of the ice sheet at South Pole, as it is at Titan
Dome. This is consistent with the depth–age relationship
for South Pole determined by an assessment of dust
concentration peaks from deep beneath the ice surface,
gained from measurements of the scattering
and absorption of light (Price et al., 2000). The depth–
age relation at Titan Dome is markedly non-linear
(Fig. 3d), reflecting a large change in the accumulation
of ice during interglacial periods, compared with full
glacials.
Part of the radar transect that links Dome X to

Vostok (i.e. from Dome X to Line 003) is parallel to the
radar line at Titan Dome (Fig. 1). The pattern of
internal layering along these transects is similar (Fig. 3c
and d); i.e. isochrons are located deeper within the ice
sheet as ice flows from north to south, toward the South
Pole. The age of the oldest ice at Dome X is about
150,000 years (Fig. 3d), which is consistent with the
depth–age function expected at South Pole (Price et al.,
2000). The depth–age function at Dome X is rather
more linear than at Titian Dome, because although
there is essentially little difference in the age of the ice at
the base, the ice thickness is about 500 times greater at
Dome X, which results in the depth–age function having
a more vertically ‘stretched’ appearance.
Internal layers were traced along another radar

transect (part of Line 009) parallel to those across Titan
Dome and Dome X (Figs. 1 and 3e). As in the previous
two cases, the depth of internal layers beneath the ice
surface increases from north to south. The oldest
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traceable internal layer has an age of 124,000 years at
the southern end of the transect. As there are only a few
hundred metres between this internal layer and the ice
sheet bed, the basal ice is unlikely to be older than about
150,000 years.

4.4. Dome A

Although Dome A is the highest region of the central
East Antarctic plateaux, the ice thickness in this area is
only around 2 km because the region is underlain by the

Fig. 3. Processed radar data, revealing internal layers across six transects in central East Antarctica (Fig. 1): (a) Line 009: Ridge B to Vostok Station,

(b) Line 136: Dome C, (c) Line 121: Titan Dome to Vostok Station, (d) Line 133: Dome X to the intersection with Line 003, (e) Line 009: a region

near South Pole to the intersection with Line 003, and (f) Line 009: from the intersection with Line 003 to Dome A. Ages of internal layers are

provided to the nearest year in (a) and to the nearest 1000 years elsewhere.
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Gamburtsev Mountains. Only two internal layers are
continuous over these mountains, and these have ages of
94,000 and 103,000 years (Fig. 1). There are, however,
numerous shorter layers, from which the general
internal structure of the ice sheet can be established.
Layers positioned at mid-depths at the intersection
between Lines 009 and 003 (Fig. 3f) are located much
closer to the base of the ice at Dome A (Fig. 3f). In other
words, as ice flows from Dome A toward South Pole the
internal layers diverge from the ice base much more than
they do from the ice surface. This internal layer pattern
is similar to that observed between Ridge B and Vostok
Station (Fig. 3a).

5. Ice accumulation in space and time

The depths of dated isochronous layers identified in
Fig. 3 were used as input to Eq. (1) in order to determine
past accumulation rates. Unfortunately, as no single
layer was traceable across all transects, the periods in
which calculations can be made vary between lines
according to the ages of the available isochrons. Two
general periods could be selected, however, for all
transects apart from Line 009 between Dome A and
South Pole: one from the present day to the middle of
the Last Glaciation, and one within the Last Glaciation
(between Dome A and South Pole, it was only possible

to calculated mean accumulation rates for the past
94,000 years). Holocene accumulation rates were esti-
mated by the procedure outlined at the end of the
section ‘modelling past rates of ice accumulation’.

5.1. Ridge B to Vostok

Mean ice accumulation rates were calculated between
Ridge B and Vostok Station for the periods 0–45,904
years ago, and 45,904–83,474 years ago (Fig. 5a). At
Vostok Station, the accumulation rates are 1.60 cm yr�1

for the full glacial period, 1.75 cmyr�1 for the more
recent episode and 2.2 cm yr�1 for the Holocene
(Table 1, Fig. 2). Upstream of Lake Vostok, the model
calculates significantly less ice for the glacial than the
more recent period (Fig. 5a). There is, however, no
noticeable spatial pattern in the accumulation rate
across the 200 km between Vostok and Ridge B.
Accumulation rates averaged in both time and space
between these two sites are 2.1 cm yr�1 for the past
45,904 years, and 1.5 cmyr�1 between 45,904 and 83,474
years ago.

5.2. Dome C

Across the Dome C ice divide, mean accumulation
rates are calculated between the period 0–32,000 years.
Over the first few hundred kilometres of the transect
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(Fig. 1), the ice accumulation is between 1.5 and
2.0 cmyr�1, (Fig. 5b). There is a noticeable spatial
pattern in accumulation rates, which increase from
south to north across the transect (Fig. 5b). At the
Dome C station, the accumulation rate is 2.3 cm yr�1. At
the northern end of the transect the 32,000 year ice
accumulation rate increase with distance from Dome C
such that at 600 km it is over 6 cm yr�1 (Fig. 5b).

5.3. Titan Dome, Dome X and South Pole

Between Ridge B and Titan Dome, rates of ice
accumulation were calculated for the periods 0–34,000
years and 34,000–80,000 years. The more recent
accumulation rates are always greater than those during
the full glacial, and there is a noticeable spatial pattern
in both sets of rates (Fig. 5c). At Ridge B, ice
accumulation rates are 2.1 and 1.5 cm yr�1, respectively
(and 3.3 cmyr�1 estimated for the Holocene). These are
reduced, however, across the first 400 km of the transect,
to where they are about 1.5 and 0.5 cmyr�1 (and
2.5 cmyr�1 for the Holocene). Further south, toward
Titan Dome, the accumulation rates increase so that
across the dome they are 3.5 and 1.8 cmyr�1 (and
5.5 cmyr�1 for the Holocene), respectively (Table 1). At
the southern end of the transect, the more recent
accumulation rates are around 5 cm yr�1 (and
7.0 cmyr�1 in the Holocene). The horizontal accumula-
tion ‘lapse’ rate determined for the 400 km across Titan
Dome is about 1 cm per 100 km.If this lapse rate is
applied to the 200 km or so from Titan Dome to South
Pole, the Holocene accumulation rate will be
B9 cm yr�1 at the pole, which corresponds with a
measured rate of B7 cmyr�1 averaged over the last
900 years by van der Veen et al. (1999).
The spatial ice accumulation pattern at Dome X is

similar to Titan Dome (Fig. 5d) in two ways. First, the

rate of ice accumulation for the last 25,000 years is
about 2.5 cmyr�1, which is 1 cmyr�1 more than that fell
on average between 25,000 and 65,000 years, and
3.5 cmyr�1 estimated for the Holocene (Table 1).
Second, there is significant north to south gradient in
the rate of accumulation, similar to that across Titan
Dome, albeit lower at about 1 cm per 200 km. At the end
of the transect, at around 350 km, ice flow across a
subglacial hill results in the internal layers rising up the
ice column over the stoss face, and descending across the
lee side (Fig. 5d). According to the model, this layer
pattern reflects a reduction in accumulation above the
subglacial hill. It should be noted, however, that as the
model does not account for horizontal flow of ice, this
accumulation pattern might be an artefact. The more
likely scenario is for ice accumulation to increase from
north to south, as it does across the former part of the
transect.
Along Line 009, between the intersection with Line

003 and the end of the transect near South Pole, the
radar equipment was unable to sound to the base of the
ice sheet in all but two places (at 320 km, and for 100 or
so kilometres at the end of the transect; Fig. 3e). As the
model requires the total ice thickness as input, mean ice
accumulation for the past 94,000 years is only calculated
where the bed was measured (Fig. 5e). At 320 km, the
accumulation rate is calculated at 1.6 cm yr�1, whereas
at the end of the transect the ice accumulation increases
to on average, 2.5 cm yr�1 (Fig. 5e), suggesting a north–
south increase in the long-term accumulation rate.

5.4. Dome A

Mean accumulation rates were calculated along Line
009 to Dome A, for the past 94,000 years (Fig. 5f). The
radar line is about 100 km from the summit of Dome A
(Fig. 1) between the 700 and 900 km markers (Fig. 5f).

Table 1

Accumulation rates for (1) glacial, (2) ‘Holocene and glacial’, and (3) Holocene periods at Vostok Station and five East Antarctic ice divides

Vostok

Stationa
Ridge B Dome Cb Titan

Dome

Dome X Dome A

Glacial accumulation rates

(cmyr�1) (time period in

parenthesis)

1.2

(LGM)

1.6

(45,904–83,474)

1.5 (LGM) 1.5

(34,000–80,000)

1.8

(25,000–65,000)

n/a

Glacial and Holocene

accumulation rates (cmyr�1)

(time period in parenthesis)

1.6

(0–110,000)

2.1

(0–45,904)

2.3

(0–32,000)

3.7

(0–34,000)

2.4

(0–25,000)

1.6

(0–94,000)

Holocene accumulation rates

(cmyr�1)

2.2 3.0 3.4–2.7 5.5 3.0 n/a

aCalculated from the Vostok ice core accumulation (Parrenin et al., 2001).
bTaken from the EPICA Dome C ice core accumulation (Schwander et al., 2001).

Ridge B results are averaged between 160 and 200 km of the transect 009 (Fig. 3a). Dome C results are calculated at the 360 km position in Line 136

(Fig. 3b). Mean accumulation rates at Titan Dome are taken between 1100 and 1200 km along Line 121 (Fig. 3c). Dome X values are taken at the

250 km mark along Line 133 (Fig. 3d). Results for Dome are calculated from the average rates between 760 and 820 km along Line 009 (Fig. 3f).
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The mean accumulation rate across this part of the
transect is 1.6 cm yr�1 (Table 1). Further south, how-
ever, between 500 and 700 km, the mean accumulation is
only 1.4 cm yr�1. Ice accumulation thus reduces across
the first few hundred kilometres to the South of the
Dome A ice divide.

6. Assessment of uncertainty

Unfortunately, no two Antarctic ice core sites have
been linked continuously by radar, and so a quantitative
assessment of the uncertainty of the layer tracing (and
thus the accumulation rate calculations) is not possible.
There are two ways of assessing the general uncertainty
of the approach, however. First, the age of the basal ice
at Titan Dome (B170 ka BP, Fig. 3c) is compatible with
the depth–age relationship measured at South Pole
(Price et al., 2000). This provides some confidence that
the younger layers have been traced correctly. Second, in
Greenland, using a similar technique to that detailed in
this paper, Fahnestock et al. (2001) identified the error
in age estimates at Camp Century, traced from the
GRIP ice core, to be between 10% and 20%.

7. Discussion

Rates of ice accumulation, calculated along several
radar transects in central East Antarctica, allow a
picture to be built of past and present spatial
accumulation patterns.
The lowest accumulation rates were calculated to the

south of Ridge B and Dome A. For example, across
Line 121 (between 300 and 700 km; Fig. 5c), the
accumulation rate was on average 0.5 cm yr�1 for the
46,000-year period between 34,000 and 80,000 years ago.
At Vostok Station, the ice accumulation during this time
was significantly higher, at 1.4 cm yr�1 (Fig. 2), whilst
close to Dome A the accumulation for the past 94,000
years was 1.7 cmyr�1 and at Ridge B it was 1.4 cmyr�1

between 45,904 and 83,474 years ago (Fig. 5). Minimum
rates of Holocene ice accumulation are also predicted at
this location (Fig. 5c). There are two explanations for
why this minimum occurs south of the ice divides. First,
the topography of the ice divides may result in a
‘precipitation shadow’ across their southern side, both
in the Holocene and during full glacial conditions.
Second, during the ice age, as a consequence of the
expansion of the Ross Ice Shelf the region to the south
of Dome A and Ridge B would have been at the centre
of the Antarctic glacial continent and, so, would be at a
maximum distance from the southern ocean moisture
source. If this explanation is correct it would mean that
the relationship between ice sheet elevation (i.e. air
temperature) and accumulation, used commonly to

calculate accumulation rates, may be simplistic for
central East Antarctica. In particular, ice sheet models
that use this relationship may over-estimate the accu-
mulation of ice at the centre of the continent, especially
during full glacial conditions.
In full glacial conditions, ice accumulation rates

generally increase from the region of minimum accu-
mulation (south of Dome A and Ridge B) toward both
South Pole and Dome C. Holocene accumulation rates
also display this large-scale pattern (Fig. 5; Table 1),
which suggests that the spatial climatic patterns of
Antarctica were similar during the Last Glacial period
compared with today.

8. Conclusions

Internal ice sheet layers, measured by ice penetrating
radar, were traced along a number of transects from
Vostok Station. Five ice domes, Dome A, Ridge B,
Dome C, Titan Dome and an unnamed dome referred to
in this paper as Dome X, were linked stratigraphically as
a result. The internal layers were dated at their
intersection with the Vostok ice core. This chronostrati-
graphy was used as input to an ice compression model to
determine the mean accumulation rates required for the
internal layers to exist at their measured location within
the ice sheet. These calculations allow the spatial
variations in ice accumulation to be determined for (1)
the period in which full glacial conditions prevailed, and
(2) more recent times, in which Holocene accumulation
has occurred. Holocene accumulation rates are also
estimated. Details of the main conclusions of this study
are as follows:

* The lowest rates of ice accumulation (around
0.5 cmyr�1) were calculated to the south of Dome
A and Ridge B during full glacial conditions.
Explanations for these low rates include (1) a
precipitation shadow effect caused by the topography
of the ice divides, and (2) the increased distance from
this site to the moisture source caused by the
expansion of the Ross Ice Shelf during full glacial
conditions.

* From Dome A and Ridge B (and the zone of
minimum accumulation to the south), the accumula-
tion rates increase toward the South Pole, and toward
Dome C.

* At Ridge B, Titan Dome and Dome X, the typical
accumulation rates during glacial periods are 1.4, 1.8
and 1.8 cm yr�1, respectively. Holocene accumulation
rates at these sites are estimated at 3.3, 5.5 and
3.0 cmyr�1 (Table 1).

* The rate of ice accumulation is consistently less
during full glacials than more recent periods. The
spatial pattern of ice accumulation is, however,
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largely unchanged between glacials and interglacials.
This suggests the large-scale climate regime of
Antarctica remains largely unchanged across gla-
cial–interglacial periods.

This paper is a first attempt to calculate past accumula-
tion rates in central East Antarctica. There are three
ways in which the results presented here may be
improved. First, a model that accounts for ice diver-
gence could be used to determine ice accumulation rates
away from the ice divide. Second, deeper, older layers
could be employed to determine accumulation rates
further back in time than has been possible here. Third,
internal layers from additional radar lines could be
extracted to describe the 3-D form of englacial East
Antarctica. These refinements may make it possible to
construct maps of former ice accumulation rates ion
central East Antarctica.
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