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FOREWORD 

The papers in this Memoirs volume are based on presentations at a workshop* 

that addressed environmental changes in Antarctic coastal '1,reas during the Holocene. 

This period, which extends over the last 10000 years, represents the Earth's most recent 

environmental excursion. Understanding the dynamics of this recent climate system and 

its major components is a necessary first step in developing accurate predictions about 

future environmental events and responses. One of these major components is the 

cryosphere, and on the Earth today, 90% of the ice is located in Antarctica. The 

Antarctic ice sheets influence poleward temperature gradients, oceanic circulation 

patterns, water mass formation, and sea level. The relevance of Antarctic coastal areas 

is that they contain integrated environmental records about the glaciological, geological, 

chemical and biological dynamics around the continent during the Holocene (Fig. I). 

The Antarctic coastal zone is the circumpolar region which is directly impacted by 

ice-sheet expansion, retreat and melting. Most of the 32000 km of Antarctic coastline 

is occupied by ice shelves, ice streams, ice walls and outlet glaciers (Table I). When the 

ice sheets extend into the ocean, coastal marine habitats are eliminated. During periods 

of ice-sheet retreat, coastal marine habitats are impacted by pulses of meltwater that 

Fig. J. The rosette of interdisciplinary research in Antarctic coastal areas during the Holocene. 

* Based on discussions from the "International Workshop on Holocene Environmental Changes in 

Antarctic Coastal Areas" which was held at the National Institute of Polar Research in Tokyo, Japan, from 

October 20-23, 1993. Workshop Participants: AHN, 1.-Y. (Korea); BARONI, C. (Italy); BERKMAN, P. A. 

(U.S.A.); HAYASHI, M. (Japan); KIM, Y. (Korea); McMINN, A. (Australia); MORIWAKI, K. (Japan); WADA, 

H. (Japan); YOSHIDA, Y. (Japan); and ZHANG, Q. (China). 
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Table 1. Coastal types around the Antarctic margin (from DREWRY et al., 1982). 

Ice shelf 

Ice walls 

Ice stream/outlet glacier 

Rock 

Total distance 

---------� -----------·-··===cc============�� 

Distance 

(km) 

14110 

12156 

3954 

1656 

31876 

Coastal percentage 

44 

38 

13 

5 

alter their hydrochemistry. The reduced ice volume also will affect the isostatic emergence 

of these coastal habitats and their associated marine fossils. Analyzing the interaction 

between Holocene climate changes and ice-sheet marginal variations can best be 

interpreted in these coastal areas where the initial impacts in the marine environment 

occur. 

Within the Holocene, however, the relationship between the Antarctic ice sheets 

and the ocean is poorly understood. Sea level has risen more than 30 m over the last 

10000 years (FAIRBANKS, 1989), but there is no definitive evidence about the meltwater 
source. It has yet to be determined whether the Antarctic ice sheets contributed 25 m 

of meltwater to Holocene sea level (NAKADA and LAMBECK, 1988; TusHINGHAM and 

PELTIER, 1991) or less than 2.5m (KIRK, 1991; COLHOUN et al., 1992). Over shorter time 

scales, the relationship between the Antarctic ice sheet and decadal oceanographic 

climate shifts (DAYTON, 1989) also has not been resolved. The underlying unknown is 

the dynamics between the Antarctic ice sheets and climate during various time intervals 

over the last 10000 years (ALLEY and WHILLANS, 1991; JACOBS, 1992). 

Antarctic ice-covered areas contain high-resolution Holocene records of en­

vironmental change (CIAS et al., 1992). Comparable high-resolution records also are 

found in adjacent offshore areas (DUNBAR et al., 1985; DoMACK et al., 1991). In the 

exposed coastal oases around the continent there are numerous lakes (PICKARD, 1986; 

GREEN and FRIEDMANN, 1993), moraines (SUGDEN and CLAPPERTON, 1980; DENTON et 
al., 1989) and raised beaches (YOSHIDA, 1983; ZHANG and PETERSON, 1984; BERKMAN, 

1992; BARONI and 0ROMBELLI, 1994) which often contain biological records of past 

environments. These geological, chemical, glaciological and biological phenomena re­

present an integrated framework for interpreting the dynamics between the Antarctic 

ice sheets, sea level and climate in a circumpolar context during the Holocene (Fig. 1 ). 

Interdisciplinary and international research in Antarctic coastal areas ideally 

complements the broad objectives of the Scientific Committee on Antarctic Research 

and the International Geosphere-Biosphere Program (WELLER and LORIUS, 1989). It is 

our hope that these presentations will facilitate the shared task of hypothesis development 

and interpretation of Holocene environmental variability in Antarctica. 
Each of the manuscripts and data inventories was reviewed by at least two experts 

whose assistance is gratefully acknowledged. This workshop with interdisciplinary 

scientists from six nations was generously supported by the. Scientific Committee on 

Antarctic Research, the National Institute of Polar Research and the Japan Polar 
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Research Association. We also would like to thank K. HASEGAWA and her staff for 

their timely preparation of this volume. 

References 

May 15, 1994 

Paul Arthur BERKMAN 

y oshio y OSHIDA 

ALLEY, R. B. and WHILLANS, I. M. (1991): Changes in the West Antarctic Ice Sheet. Science, 254, 959-963. 

BARONI, C. and 0ROMBELLI, G. (1994): Abandoned penguin rookeries as Holocene paleoclimatic indicators 

in Antarctica. Geology, 22, 23-26. 

BERKMAN, P. A. (1992): Circumpolar distribution of Holocene marine fossils in Antarctic beaches. Quat. 

Res., 37, 256-260. 

CIAS, P., PETIT, J. R., JOUZEL, J., LoRIUS, C., BARKOV, N. I., LIPENKOV, V. and NICOLAIEV, N. (1992): Evidence 

for an early Holocene climatic optimum in the Antarctic deep ice-core record. Clim. Dyn., 6, 

169-177. 

CoLHOUN, E. A., MABIN, M. C. G., ADAMSON, D. A. and KIRK, R. M. (1992): Antarctic ice volume and 

contribution to sea-level fall at 20,000 yr BP from raised beaches. Nature, 358, 316-319. 

DAYTON, P. K. (1989): Interdecadal variation in an Antarctic sponge and its predators resulting from 

oceanographic climate shifts. Science, 245, 1484-1486. 

DENTON, G. H., BocKHEIM, J. G., WILSON, S. C. and STUIVER, M. (1989): Late Wisconsin and Early Holocene 

glacial history, inner Ross Embayment, Antarctica. Quat. Res., 31, 151--182. 

DoMACK, E.W., JULL, A. J. T. and NAKAO, S. (1991): Advance of East Antarctic outlet glaciers during the 

Hypsithermal: Implication for the volume state of the Antarctic ice sheet under global warming. 

Geology, 19, 1059-1062. 

DREWRY, D. J., JORDAN, S. R. and JANKOWSKI, E. (1982): Measured properties of the Antarctic ice sheet: 

Surface configuration, ice thickness, volume and 1:,edrock characteristics. Ann. Glaciol., 3, 83-91. 

DUNBAR, R. B., ANDERSON, J. B., DOMACK, E. w. and JACOBS, s. s. (1985): Oceanographic influences on 

sedimentation along the Antarctic continental shelf. Oceanology of the Antarctic Continental Shelf, 

ed. by S.S. JACOBS. Washington, D.C., Am. Geophys. Union, 291-312 (Antarctic Research Series, 

Vol. 43). 

FAIRBANKS, R. G. (1989): A 17,000-year glacio-eustatic sea level record: Influence of glacial melting rates 

on the Younger Dryas event and deep-ocean circulation. Nature, 342, 637-641. 

GREEN, W. J. and FRIEDMANN, E. I. ed. (1993): Physical and Biogeochemical Processes in Antarctic Lakes. 

Washington, D.C., Am. Geophys. Union, 216 p. (Antarctic Research Series, Vol. 59). 

JACOBS, S. S. (1992): Is the Antarctic ice sheet growing? Nature, 360, 29-33. 

KIRK, R. M. (I°99I): Raised beaches, Late Quaternary sea-levels and deglacial sequences on the Victoria 

Land Coast, Ross Sea, Antarctica. Quaternary Research in Australian Antarctica: Future 

Directions, ed. by D. GILLIESON and S. FITZSIMONS. Special Publication No. 3, Department of 

Geography and Oceanography, University College, Australian Defense Force Academy, Canberra, 

85-105. 
NAKADA, M. and LAMBECK, K. (1988): The melting history of the Late Pleistocene Antarctic ice 

sheet. Nature, 333, 36-40. 

PICKARD, J. ed. (1986): Antarctic Oases: Terrestrial Environments and History of Antarctica. Sydney, 

Academic Press, 367 p. 

SUGDEN, D. E. and CLAPPERTON, C. M. (1980): West Antarctic ice sheet fluctuations in the Antarctic 

Peninsula area. Nature, 286, 378-381. 

TusHINGHAM, A. M. and PELTIER, W.R. (1991): Ice-3G: A new global model of Late Pleistocene deglaciation 

based upon geophysical prediction of post-glacial relative sea level change. J. Geophys. Res., 96, 

4497-4523. 



Vl P. A. BERKMAN and Y. YOSHIDA 

WELLER, G. and LoRIUS, C. (1989): The Role of Antarctica in Global Change: Scientific Priorities for the 
International Geosphere-Biosphere Programme (IGBP). Cambridge, ICSU Press/SCAR, 28 p. 

YOSHIDA, Y. (1983): Physiography of the Prince Olav and the Prince Harald Coasts, East Antarctica. Mem. 
Natl Inst. Polar Res., Ser. C (Earth Sci.), 13, 1-83. 

ZHANG, Q. and PETERSON, J. A. (1984): A geomorphology and Late Quaternary geology of the Vestfold 
Hills, Antarctica. ANARE Rep., 133, 84 p. 


