
Annals qfGlaciology 27 1998 
© International Glaciological Society 

Fluctuations of the East Antarctic ice-sheet ll1.argin 
since the last glaciation from. the stratigraphy of 

raised beach deposits along the Soya Coast 

HIDEKI MIURA/ KnCHI MORIWAKI/ HIDEAKI MAEMOKU,2 KAZUOMI HIRAKAWA
3 

INational Institute qf Polar Research, 9-10, Kaga 1-chonze, Itabashi-ku, Tokyo 173-8515, Japan 
2 Yamaguchi University, Yoshida 1677, Yamaguchi 753-0841, Japan 

3 Hokkaido University, N10, W5, Kita-ku, SaP/Joro 060-0810, Japan 

ABSTRACT. The fluctuation of the East Antarctic ice-sheet (EAlS) margin and rela
tive sea-level change since the last glaciation are discussed from the stratigraphy and 
TAMS 14C ages of raised beach deposits in the northern part of the Soya Coast. The beach 
deposits reveal two marine sediment layers with in situ fossil shells of Laternula elliptica, 
and an interbedded fluvial sediment layer. The 14C ages of fossils in the lower, older 
marine beds ranged from 36 to 43 ka, and in the upper, younger beds from 4.9 to 5.2 ka 
without reservoir correction. Neither marine layers nor in situ fossil shells were disturbed 
by ice-sheet loading or scouring. The interbedded fluvial sediments appear to have been 
deposited by a stronger fluvial process than present meltwater activity in the area. The e 
facts lead us to the following conclusions: (1) marine transgression occurred during the last 
interstadial around 40 ka or the Last Interglacial, and in the Holocene around 5 ka; (2) 
the EA IS possibly retreated from the northern Soya Coast prior to the Last Glacial 
Maximum (LGM); (3) the fluvial process may have occurred during a period of low sea 
level which may have been a warmer period than the present, probably during the late
glacial to postglacial age; and (4) the EAIS did not readvance over these sediments during 
or since the LGM. 

1. INTRODUCTION 

The Antarctic ice sheets are a critical factor in the global 
climate and oceanographic system. In particular, the con
tribution of the East Antarctic ice sheet (EAIS) to global 
sea-level fall during the Last Glacial Maximum (LGM) 
has been an important problem for Quaternary research. 
From glaciological models, Hollin (1962), Stuiver and others 
(1981) and Denton and others (1991) proposed that the EAIS 
at the LGM extended to the edge of the continental shelf 
surrounding the Antarctic coast (CLIMAP model ). 
Colhoun and others (1992), however, judging from the alti
tude and ages ofHolocene raised beaches around East Ant
arctica, concluded that the ice margin during the LGM was 
thinner and less extensive than had been thought in the 
CLIMAP model. Igarashi and others (1995) also thought 
that expansion during the LGM was slight, on the basis of 
the occurrence and distribution of 33- 42 ka aged in situ 
marine fossils, albeit without stratigraphical description, in 
the Ongul Islands and northern Langhovde around 
Lutzow-Holm Bay (Fig. I). 

Although it is a matter of great importance, there has 
been little agreement on the extent of the Antarctic ice sheet 
at the LGM. This is because no studies have so far been 
made that have included precise strati graphical obser
vations and accelerator mass spectrometry radiocarbon 
dating of fossils in emerged beaches. New data on the strati
graphy and ages of raised beach deposits on the Antarctic 
coast are important for the history of both the ice-sheet 

extent and relative sea-level change during the Late Qua
ternary. In the present paper, we describe the stratigraphy 
of raised beaches, and TA MS (Tandetron Accelerator Mass 
Spectrometry) 14C dating ages of fossils on the northern 
Soya Coast, where older dated fossils occur in close prox
imity to younger dated fossils, and discuss the peripheral 
fluctuation of the EAIS and sea-level change since the last 
glaciation. 

2. RESEARCH AREA 

On the northern Soya Coast facing LLitzow-Holm Bay, 
several small raised beaches are located on ice-free rocks. 
Langhovde is the second largest ice-free area (50 km2

), after 
Skarvsnes, in the Lutzow-Holm Bay region (Fig. I) and is 
bounded in the east by the Langhovde Glacier which drains 
northward from the EAIS. The topography of northern 
Langhovde is characterized by a low-relief erosional surface 
with whaleback-shaped outcrops (e.g. Mount Tyoto: 380 m 
altitude). The landform features are controlled by the lithol
ogy and geological structures of the gneiss bedrock, and the 
surface is strongly weathered. These bedrock surfaces were 
entirely covered by an ice sheet during a glacial maximum 
stage of unknown age and were subjected to erosion, as evi
denced by glaciated land forms and scattered erratic 
boulder in every locality. Ko-minato Inlet is an oval
shaped depression probably eroded by a glacier, and con
nected to Lutzow-Holm Bay by a narrow passage (Fig. 2). 
Small raised beaches occur around Ko-minato Inlet, which 
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Fig. 1. Localities and classified 14 C dates if marine fossils 
sampledfrom raised beaches along the northern S&a Coast, 
East Antarctica. Data sources are Hayashi and Yoshida 
(1994, appendix 3), Igarashi and others (1995) and this study. 
Contour lines if 200 and 500 m on land are quoted from the 
1: 250 000 topographic map ( Liitzow-Holm Bay) published 
by the Geographical Survey Institute, Japan. Isobaths if 500 
and 200 m are quotedfrom Moriwaki and Yoshida (1990). 

is about 5 km away from the margin of the present ice sheet. 
Kominato-higashi beach is the eastern one, and is charac
terized by several step-like topographies with a geologically 
controlled depression and a triangular opening to the inlet. 
During the summer, water supplied from snow patches and 
an active layer of permafrost melt to form small streams 
which flow westward and cross perpendicular to the step
like topography on the beach. We intensively surveyed the 
Kominato-higashi beach, where abundant fossil shells are 
found in sediments for the present shoreline up to 12 m a.s.l. 

3. STRATIGRAPHY OF RAISED BEACH DEPOSITS, 
AND TAMS 14C AGES OF IN SITU MARINE FOSSILS 

Two trenches were excavated by digging into the raised 
beach deposits on the left bank of the stream to reveal the 
stratigraphy and geomorphology and collect fossil marine 
organisms. The detailed stratigraphy of the trenches is des
cribed in Maemoku and others (1997). They were named 
east trench (E-trench ) and west trench (W-trench) (Figs 2-
4). Altitude measurement was done with auto-Ieveling 
equipment and staff, and referred to the sea level observed 
at Ko-minato Inlet without tidal correction. Twenty-three 
samples were collected, and 16 samples were measured by 
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the TA MS 14C dating method at Lawrence Livermore 
National Laboratory (California, u. S. A.) through Beta 
Analytic Inc. (Florida, U.S.A.). All 14C ages were re-exam
ined by the 813 C correction for isotopic fractionation effect 
on 14C;13 C ratio (see Table 1). However, we treat 14C ages 
without the reservoir correction, which involves subtracting 
about 1300 years for Holocene marine organisms in the 
Antarctic region (Berkman and Forman, 1996). 

The trench profiles (Figs 3 and 4) revealed two marine 
sediment layers with several bedding planes. The sediments 
yielded abundant fossil shells composed of Laternula elliptica 
buried in living position (in situ ), and unbroken shells of 
Adamussium colbecki. The marine layers are separated by a 
fluvial gravel layer (M in E-trench and W-trench ). The 
boundary between the lower marine layer and the fluvial 
layer shows a clear unconformity. The marine sediment 
layers are cut obliquely by subaerial processes that exposed 
them at the surface. Most of the beds are composed of well
sorted fine- to medium-grained sand with granule- or 
pebble-size gravel. Such facies with in situ marine fossils 
indicate that most deposits were formed in a beach and/or 
river-mouth environment. 

Fig. 2. Topograpfry around Kominato-higashi beach, and sites 
if east trench ( E) and west trench (W). Base maps are the 
1: 2500 scale color photo map ( Ko-minato Inlet ( east)) with 
5 m contour interval, and the 1 : 25 000 scale topographic map 
( Langhovde: the northern part) with 10 m contour interval, 
published by the Geographical Survey Institute, Japan. 

3.1. Lower layer 

The lower beds probably extended to more than 7 m above 
present sea level, but the higher part has probably been re
moved by subsequent erosion. The lower layer is subdivided 
into two sublayers, L-I and L-2. 

L-2 is composed offine- to medium-grained sand with in 
situ fossil Laternula elliptica. The 14C ages of fossils range from 
46420 ± 1500 to 39440 ± 580 14C years BP. 

L-I, conformably overlying L-2, is composed of medium
to coarse-grained sand with pebble-size gravel. The upper 
part of L-I in E-trench is interbedded with pebble- to cob-
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Fig. 3. Prifile if E-trench on Kominato-higashi beach. The location is shown in Figure 2. Numbers with a1'1'OWS indicate radio 
carbon dating ages (14C years BP) if in situfossil shells, calibrated by bl3C corrections but not correctedfor reservoir if.fect. 

ble-size gravel beds, and the upper part of L-l in "V-trench 
has deltaic foreset structure. The 14C ages of in situ fossil 
shells collected from L-I are 35970 ± 410 14C years BP (E
trench ) and 32430 ± 270 14e years BP (W-trench ). 

3.2. Middle layer 

In the E-trench, the middle layer (M ) overlies part ofl ower 
sublayers (L-I and L-2) with rugged unconformity. It is 
composed of unfossiliferous cobble- to boulder-size (about 
260 mm maximum diameter) subangular gravel. It seems 
to consist of cut-and-fill deposits, suggesting deposition in a 
fluvial environment. In W-trench, the middle layer (M ) is 
composed of scattered pebble- to boulder-size (about 
600 mm maximum diameter) gravel under the bottom of 
upper subl ayer U-3. 

3.3. Upper layer 

The upper layer is subdivided into three sublayers (U-I, U-2, 
U-3). In E-trench, the lower part ofU-3 does not yield in situ 
fossil shells, but reworked shell fragments interstratified in 

coarse-grained sand beds with cross-lamination, Pebble- to 

cobble-size gravels are also scattered in the layer bottom. 
This part is inferred to have been laid down in very shallow 
water such as a river mouth. The upper part of U-3 is com
posed offine- to medium-grained sand with abundant in situ 
fossil shell s (Laternula elliptical. Several boulders originating 
from the upper slope are also observed in the fine beach de
posits near the bedrock slope. The 14C assay of fossil shells 
was 4850 ± 60, 4920 ± 60 and 5270 ± 60 14C years BP. In 
W-trench, abundant in situ fossil shells are observed in the 
sandy layer of U-3. The He age of one of the shells indicates 
an age of 4360 ± 70 14e years BP. 

U-2, unconformably overlying U-3, is composed of 
medium- to coarse-grained sand with granule- to pebble
size gravel. In E-trench, the higher part of U-3 is flattened 
by marine or fluvial abrasion during the period of deposi

tion of bed U-2. The U-2 bed yields only reworked shell 
fragments in coarse-grained sand beds with cross-lamina
tion. This sublayer probably had been laid down in a river 
mouth in a simil ar environment to the lower part ofU-3 of 
E-trench. Unsorted angular to subangular pebble gravels 
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Fig. 4. Profile ifW-trench on Kominato-higashi beach, The location is shown in Figure 2, Numbers with arrows indicate radio 
carbon dating ages t C years BP) as explained in Figure 3. 
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Table 1. Radiocarbon dates of in situ fossil shells obtained from Kominato -higashi beach 

Trench SampLe No. Altitude NC agea {PC' 8/3C corrected ageC Method Code (Laboratory) Material 

ma.s.l. 14C years BP 0/00 I'IC years BP 

E-trench 951227-1e 8.58 4460±60 + 1.7 4900±60 TAMS Beta-94673 (LLNL d ) LatemuLa eLLiptica 
951227-ld 9.22 3920± 70 +LI 4350± 70 TAMS Beta-94672 (LLNL) LatemuLa eLLiptiea 
951227-la 9.22 4480±60 + 1.4 4920±60 TAMS Beta-94669 (LLNL) LatemuLa eLLiptiea 
951227-lb 8.90 4440±60 0.0 4850±60 TAMS Beta-94670 (LLNL) LatemuLa eLLiptiea 
951227-1c 8.50 4850±60 +0.8 5270±60 TAMS Beta-94671 (LLNL) Laternula elliptiea 
951227-lf 7.68 4580±50 +0.7 5000±50 TA MS Beta-94674 (LLNL) Laternula ellipliea 
951227-lh 6.45 45970± 1500 + 2.4 46420± 1500 TAMS Beta-100347 (LLNL) LatemuLa elliptiea 
951227-li 6.14 35550±410 + 0.1 35970±410 TAMS Beta-94675 (LLNL) LatemuLa elliptiea 
951227-lk 5. 18 39330±600 +0.9 397601600 TAMS Beta-94676 (LLNL) LaternuLa eLLiptica 
951227-lm 4.70 42310±920 - 1.0 42710±920 TAMS Beta-94677 (LLNL) LaternuLa elliptiea 

W-trench 951220-la 4.50 3610±80 + 1.4 4050±80 TAMS Beta-100341 (LLNL) LatemuLa elliptiea 
951220-1b 4.20 3670±80 +0.8 4090±80 TAMS Beta-100342 (LLNL) LatemuLa elliptica 
951220-ld 3.20 3600±60 + 2.5 4060±60 TAMS Beta-100343 (LLNL) Laternula elliptiea 
951220-le 2.20 3910± 70 + 2.2 4360± 70 TA MS Beta-100344 (LLNL) Latemula e!lipliea 
951220-lj 2.80 32010±270 + 0.1 32430 ± 270 TA MS Beta-I00346 (LLNL) Latemula elliptica 
951220-li 2.20 39020±580 +0.7 39440±580 TAMS Beta-100345 (LLNL) LatemuLa eLLiptica 

a Conventional laboratory-reported 14C ages ± I 0; based on the Libby half-life of 5568 years, with reference to 1950. 
b 813C '" {[e3CjI2C),ample- e3Cj12C) pU1l1 /e3CjI2C) PDB} x 1000, where (13C/2 C)PDB '" 0.0112372. 
C Calculated from conventional laboratory-reported 14C ages and 813C value. 
d Lawrence Livermore :'IIational Laboratory (California, U.S.A.). 

are laid on U-2 with a terrace scarp. In situ fossil shells 
(Laternula elliptical occur just below the beach surface which 
cut obliquely through the sediment layers with a shell dated 
4350 ± 70 14C years BP. This is younger than fossils yielded 
by the U-llayer (see below). In W-trench, the lower part of 
U-2 does not yield in situ fossils, but reworked shell frag
ments interbedded in coarse-grained sand and gravel layers 
with cross-lamination. This part is also regarded as having 
been laid down in a fluvial environment such as a river 
mouth. Other parts of U-2 contain abundant in situ fossil 
shells, two of which were dated at 4090 ± 80 and 
4060 ± 60 14C years BP. 

The uppermost sublayer (U-I) is composed of medium
grained sand with granule- to pebble-size gravel, and in
cludes in situ fossil shells of Laternula elliptica. In E-trench, 
an unsorted angular to subangular pebble gravel is laid on 
U-l and forms a terrace scarp. One of the in situ fossil shells 
was dated 4900 ± 60 14C years BP. This I+C age is inconsis
tent with the stratigraphy ofU-1 and U-2. The lower part of 
U-J in W-trench scoured the upper part of U-2, and yields 
only reworked shell fragments included in coarse-grained 
sand and gravel layers with cross-lamination. On the other 
hand, the upper part ofU-l includes in situ fossil shells, and 
one of them was dated at 4050 ± 80 14C years BP. 

4. DISCUSSION 

4.1. Relative change of sea level and fluvial activity 
since the last glaciation 

Several 14C ages from fossil shells have been obtained by 
previous studies of beach deposits on the Soya Coast. These 
radiocarbon dates have been classified into two groups: one 
is postglacial in age between 1 and 10 ka, and the other is 22-
34 ka or more (Hayashi and Yoshida, 1994). Recently, using 
the TA MS 14C dating method for the fossil shells, Igarashi 
and others (1995) showed that their ages also clearly fell into 
two groups: the younger group is 3- 8 ka and the older is 33-
42 ka without the 813C and reservoir corrections. However, 
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it was difficult to distinguish the younger fossils from the 
older ones on the surface, and to differentiate sea level accu
rately. 

From stratigraphical observations in this study, the 
lower layers of marine sediments are subdivided by their 
facies into sublayers (L-l and L-2) that are composed of 
beach sand including in situ fossil shells of Laternula elliptica. 
14C ages of these fossils ranged from 46420 ± 1500 to 
39440 ± 580 14C years BP (L-I) and from 35760 ± 600 to 
32430 ± 270 14C years BP (L-2), from bottom to top of the 
lower layers. Such progressive decrease of radiocarbon ages 
suggests the occurrence of a transgression and marine de
position during the last interstadial or Last Interglacial, 
since a 14C age measured as older than 40 ka has a true age 
older than the measured age. The upper level of L-I, about 
7 m a.s.l., indicates the lower limit oft"elative sea level at that 
time without consideration for crustal uplift. Its highest alti
tude was estimated to be more than 7 m a.s.l., indicated by 
the upper level ofL-2. 

The upper layers of marine sediments (U-I, U-2, U-3) are 
composed of fine marine sand with interbedded coarse del
taic sand and gravel. In situ fossil shell s of Laternula elliptica 
occurred in the marine sand layer and partially in the del
taic sediments. The deltaic a lso included reworked shell 
fragments. The HC ages of the in situ shells ranged from 
5270 ± 60 to 4050 ± 80 14C years BP. The upper layer 
clearly indicates Holocene transgression around 5 ka 14C 

age. Interbedded deltaic sediments with reworked shell 
fragments suggest that minor regression (s) occurred during 
the Holocene transgression. The highest Holocene sea level 
was estimated at more than 9.6 m a.s.!., which is indicated 
by the upper level ofU-3 at E-trench. 

The higher part of the lower marine layers (L-I and L-2) 
was eroded and filled by a fluvial process that formed small 
channels on the lower layers, with overlying fluvial sedi
ments composed of coarse sand and gravel. The fluvial pro
cess appears to have been stronger than at present, since the 
present meltwater cannot transport gravels in the area. 
These erosion and filling processes may have occurred in a 
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sti ll low-stand sea-level period during the Late Glacial and 
postglacial before 5.3 ka. 

4.2. Ice-sheet fluctuation since the last glaciation 

The extremely fragile shell s of Laternula elliptica (dated in 
the interstadial and Holocene) remain in situ, indicating 
that they have never been disturbed by ice-sheet loading 
and scouring. This suggests that the EA IS had retreated 
from the northern part of Langhovde, probably the north
ern Soya Coast, prior to the LGM and has not re advanced 
over the northern part of Langhovde. We also obtai ned the 
14C age of the in situ Laternula elliptica included in the raised 
beach on the Ongul Islands, about 20 km north of Ko mina
to-higashi beach (Fig. I): this was 30- 44 ka (Igarashi and 
others, 1995 and unpublished data), and the EAIS has prob
ably not readvanced over the northern Soya Coast since 
that time. 

Evidence on ice-sheet retreat and readvance from late 
Pleistocene to Holocene has been reported from other areas 
along the East Antarctic margin. Vestfold and Bunger Hills 
were deglaciated after 10000 14C years BP and complete by 
6000 14C years BP (Colhoun, 1991; Gore and others, 1996), Lar
sen Hills were deglaciated by less than 10000 14C years BP 

(Burgess and others, 1994) and Windmill Islands were de
glaciated by 5500- 8000 14C years BP and readvanced after 
4000 14C years BP (Goodwin, 1993, 1996), so that these areas 
may not have been overridden by Last Glacial ice. Although, 
at this stage, we cannot know the deglaciated age and the 
location of the ice-sheet margin during the LGM and the 
evidence of Holocene readvance, the 14C dating ages of in 
situ fossil shells indicate that the last deglaciation on the 
northern Soya Coast was earlier than in other East Antarc
tic margin areas. 

5. CONCLUSIONS 

Detailed description of stratigraphy and TAMS 14C ages of 
raised beach sediments on the northern Soya Coast indicate 
that: (I) two transgressions have occurred during the last in
terstadial or the Last Interglacial and Holocene; (2) Ouvial 
processes were more active before the 5 ka transgression 
than at present; and (3) the EA IS retreated from the north
ern Soya Coast prior to the LGM, at least from the northern 
part of Langhovde. These data suggest that the ice extent of 
East Antarctica during the LGM was less than the CLIMAP 
model expansion of about 60- 80 km offshore for the Soya 
Coast, proposed by Stuiver and others (1981) but agrees with 
the lesser model of East Antarctic glaciation during the 
LGM ofColhoun and others (1992). 
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