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Accurate rates of sediment accumulation must be established
to unravel the complex glacial history of the antarctic conti-
nental margin. To understand the transition from a glacial to
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an interglacial regime during the past 20,000 years, measure-
ment of naturally occurring carbon-14 activity (half-life of 5,730
years) in organic matter or shell material is a powerful tool.
Although carbon-14 dates have been established on samples
from several dry-valley sites on the antarctic continent (see
Stuiver and Braziunas 1985 for summary), carbon-14 chron-
ologies have been established on fewer than ten cores from
the antarctic continental shelf (Kellogg, Osterman, and Stuiver
1979; Venkatesan and Kaplan 1987). Because of the glacial his-
tory recorded in the sediment column as well as the importance
of these deposits in the global chemical cycles of silica and
carbon (DeMaster et al. 1987), additional carbon-14 chronol-
ogies are needed from the antarctic continental shelf.

During January and February of 1986, research teams from
North Carolina State University and Rice University collected
47 box cores and 55 piston cores from the western continental
shelf of the Antarctic Peninsula (see Anderson, DeMaster, and
Nittrouer 1986 for review). Field areas sampled during this
cruise of the U.S. Coast Guard icebreaker Glacier included the
Bransfield Strait, Gerlache Strait, and Marguerite Bay (figure
1). For carbon-14 analyses, subsamples from all of the box cores
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Figure 1. Location of box core and piston cores stations occupied during austral summer 1985-1986 by the U.S. Coast Guard icebreaker
Glacier. Field areas include the Bransfield Strait, Gerlache Strait, and Marguerite Bay.
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and 11 of the piston cores were dried on board ship to prevent
bacterial degradation of the sedimentary organic matter. Ad-
ditional samples from the box cores were collected for lead-
210 and cesium-137 analyses to evaluate rates of sediment ac-
cumulation on 100-year time scales and contrast these shorter-
term accumulation rates with the carbon-14 chronologies.

Lead-210 and carbon-14 data from a Marguerite Bay box core
(BC-107) and piston core (PC-ill) are shown in figures 2 and
3. The slope of the excess lead-210 activity versus depth plot
corresponds to an "apparent" sediment accumulation rate of
0.20 centimeters per year. This value is an upper limit for the
true accumulation rate, because the effects of biological mixing
have not been resolved. In the absence of biological mixing,
nuclear bomb-produced cesium-137 should be observed to a
depth equal to 34 years (the time elapsed between the arrival
of the cesium-137 signal in the Antarctic and core collection)
multiplied by the accumulation rate (0.20 centimeters per year),
or 7 centimeters. Cesium-137 activity was detected only in the
upper centimeter of BC-107. The lack of cesium-137 penetration
into the seabed probably results from the low flux of the bomb-
produced radionuclide to this area, which causes cesium-137
activities to be below our analytical detection limit. Neither the
cesium-137 profile nor the lead-210 profile suggests deep mix-
ing by biological organisms in this area, thus the lead-210 ac-
cumulation rate probably represents the real rate of sediment
accumulation. On a Holocene time scale, the carbon-14 profile
from the Marguerite Bay piston core yields an accumulation
rate of 0.037 centimeters per year, considerably lower than the
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Figure 2. Excess lead-210 (Pb-210) activity versus depth profile
from a Marguerite Bay box core (G8601-BC107). The least-squares
line shown in the figure corresponds to an accumulation rate of
0.20 centimeters per year. (cm denotes centimeter. dpm/g denotes
decays per minute per gram.)

0

50

1100
C.)

1150I-0-w 200

250

300
Figure 3. Carbon-14 (C-14) age versus depth profile from a piston
core (G8601-PC111) collected near the site of BC-107. The age
versus depth relationship corresponds to an accumulation rate of
0.037 centimeters per year. (cm denotes centimeter. ky  denotes
thousand years.)

lead-210 value. Little of the difference between the lead-210
and carbon-14 accumulation rates may be attributed to the
effects of biological reworking; therefore, most of the discrep-
ancy between these values should be the result of real differ-
ences in sediment accumulation rates on 100-year and 1,000-
year time scales.

The mean of the lead-210 accumulation rates from Mar-
guerite Bay, Gerlache Strait, and Bransfield Strait is 0.16, 0.27,
and 0.18 centimeters per year, respectively. In the Bransfield
Strait (the most northern of the three field sites), the depth of
cesium-137 penetration in the seabed is consistent with that
predicted from the apparent lead-210 accumulation rate (Nel-
son et al. in preparation). Therefore, the biological reworking
of sediments has a minimal effect on the lead-210 profiles in
this area as well, and the apparent lead-210 accumulation rates
approximate the true values. Carbon-14 data from a Bransfield
Strait kasten core (Venkatesan and Kaplan 1987) yield an ac-
cumulation rate of 0.27 centimeters per year, confirming the
high lead-210 values.

The carbon-14 and lead-210 measurements on the Marguer-
ite Bay, Gerlache Strait, and Bransfield Strait core samples will
enhance our understanding of glacial sedimentation in high-
latitude environments. The radiochemical chronologies de-
veloped as part of this study complement the sedimentological
data collected by the Rice University research team. We will
merge these data sets and contrast patterns of sedimentation
in the relatively confined waters of Marguerite Bay, the fjord-
dominated environments of the Gerlache Strait, and the more
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dynamic areas of the Bransfield Strait. During the final stages
of the research, a stratigraphic model integrating sedimento-
logical and radiochemical data from the three Antarctic Pen-
insula sites will be developed.

This work was supported in part by National Science Foun-
dation grant DPP 85-12514. We would like to thank the crew
of the Glacier as well as D. Brewster, R. Elliott, and B. McKee
for their time and efforts during the 5-week field program.
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Depositional environments
of the antarctic continental

shelf: Fjord studies
from the RN Polar Duke

EUGENE W. DOMACK

Geology Department
Hamilton College

Clinton, New York 13323

On 22 December 1987 the RN Polar Duke left Punta Arenas,
Chile, for the Antarctic Peninsula. Scientific operations in-
cluded two programs and commenced on Christmas Day. Eight
undergraduate students from Hamilton college, under my di-
rection, conducted water-column and bottom sampling ex-
periments within fjords along the western side of the Peninsula,
between 62°S and 65°S latitude. A second group under the
direction of John Anderson (Rice University) investigated the
continental shelf between 68°W and 63°W longitude (Antarctic
Journal, this issue).

The fjord survey intended to test current models for glacial
marine sedimentation by assessing the relative role of modern
biogenic and terrigenous (meltwater-derived) sedimentation.
The Peninsula region is ideally suited to this study, because
mean summer temperatures (the major determinant of surface
melting) range from 2°C in the north to - 2°C in the south.
The field program also attempted to aquire a sedimentary re-
cord suitable for examining temporal changes in sedimentary
process, in so much as they may reflect climatic variation dur-
ing the Holocene.

Data collected included water-column measurements, bot-
tom sampling (table 1), and seismic profiling. Water-column
data were collected using a combination conductivity, tem-
perature, depth, and transmissometer system (CTDT, Sea Bird
model SBE-19 & Sea Tech model ST010-A). Over 211 high-
quality casts were made with the system using both the RIV
Polar Duke and its complement of small craft (zodiacs; table 2).
Over 200 water samples were collected for quantitative analysis
of suspended sediment and approximately 100 oxygen mea-

surements were also completed. Approximately 86 Smith-
McIntyre grab samples were obtained and 28 modified piston
cores were collected as part of the fjord survey (table 1). Sed-
iment samples are available to investigators and are currated
at the Antarctic Research Facility of Florida State University.
Copies of the oceanographic data are available upon request.

The water-column data indicate that significant amounts of
suspended particulates are transported within fine-scale den-
sity layers in mid-water depth (figure, block a). Surprisingly,
we observed this phenomenon within fjords which are polar
to sub-polar in climatic regime (i.e., mean summer temperature
of around 0°C). These layers are not interfiows, because they
do not occur along mid-water pycnoclines. Rather, they may
be related to differential melting along the glacial terminus or
evacuation of basal melt from within sub-ice tunnels, possibly
under tidal influence. Fine-scale salinity maxima (figure, block
a) are associated with the features and may be related to dif-
fusive mixing or boundary layer effects. Attenuation of such
layers takes place within the innermost basins of the fjord
system. Hence, ice-proximal sediments in these polar fjords
contain significant fine-grained terrigenous facies. Beyond the
innermost sill, biogenic (siliceous) muds dominate. This facies
change is accompanied by a ubiquitous increase in organic
carbon and iceberg rafted debris, away from the glacial ter-
minus. The gradient of these facies changes within each fjord
appears to reflect the regional variation in climatic regime. In
addition, some piston cores from ice-proximal basins show
well-defined interbedding of biogenic and terrigenous facies,
with a dominance of biogenic muds observed below the up-
permost few meters down to at least 10 meters. This may reflect
a relatively recent increase in terrigenous input, hence melting.

In sub-polar regions, such as Admiralty Bay (King George
Island), meltwater processes and terrigenous sediment trans-
port appeared in the form of conventional overflow plumes,
of infrequent occurrence (figure, block b). These surface layers,
of relatively low salinity, contained the highest suspended
sediment concentrations observed in our study (i.e., up to 12
milligrams per liter). Overflow transport does not restrict ter-
rigeneous components to the inner basins. Rather, terrigenous
muds are found in both ice-proximal and relatively distal (outer
bay) environments.

Other processes such as sediment gravity flows, coastal cur-
rents (figure, block c) and ice rafting exert strong control on
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