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Based on lead-210 chronologies (100-year time scale) and
measurements of biogenic silica and organic carbon content,
the average rates of biogenic silica accumulation and organic
carbon accumulation in Bransfield Strait sediments are 180 and
60 micromoles per square centimeter per year, respectively.
Comparing these values with estimates of surface production
(Gersonde and Wefer 1987) indicates that the silica accumula-
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lion rate in Bransfield Strait sediments accounts for approx-
imately half of the surface production rate, whereas carbon
accumulation is only 10 percent of production. If the rates of
biogenic silica accumulation in this area are typical of basin
deposits on the antarctic continental shelf, as much as 25 per-
cent of the dissolved silica reaching the marine environment
may be accounted for in antarctic shelf deposits.

During January and February of 1986, 47 box cores were
collected aboard the USCGC Glacier from the western continental
margin of the Antarctic Peninsula. Field areas included the
Bransfield Strait, Gerlache Strait, and Marguerite Bay. Subsam-
pies for lead-210, cesium-137, biogenic silica, organic carbon,
and grain-size analyses were collected at 1-centimeter intervals
from each core. Pore water samples were extracted at 1-cen-
timeter intervals in four cores to evaluate nutrient recycling and
carbon remineralization. X-radiographs were made from all box
cores in order to reveal biological and physical sedimentary
structures. A 5-centimeter diameter subcore was collected from
each box core and sent to the Antarctic Core Library at Florida
State University. To evaluate chronologies on Holocene time
scales, subsamples from 11 piston cores were collected (in con-
junction with J.B. Anderson, Rice University) and dried on
board for analysis of carbon-14 activity of the organic carbon
fraction.

This report focuses on our initial results from the Bransfield
Strait samples (see figure 1 for station locations). The lead-210

Figure 1. Location of box core stations in the Bransfield Strait (bathymetry modified from Ashcroft 1972).

108	 ANTARCTIC JOURNAL



0.1
0

10
E
C)

0

20
0

.c

30

40

Excess Pb-210 Activity (dpm/g)

1.0	 10.0	100.0

14.0

Less than 700 meters water depth

4
.

521 •25

.
38

I	 I
0.2	0.4	0.6	0.8

ci
C)

0.0

0

0
C

6.0

2.0

profiles from this area typically exhibit a 2- to 5-centimeter
surface mixed layer overlying a 20- to 30-centimeter region of
exponential decay (figure 2). The sediment accumulation rates
determined from the lead-210 and cesium-137 data range from
0.08 to 0.34 centimeters per year with a mean of 0.18 cen-
timeters per year. The mean biogenic silica content of Bransfield
Strait box core samples was 11 percent (range 3.3 to 16.8 per-
cent), whereas the mean organic carbon content was 1.1 percent
(range 0.46 to 1.69 percent). These values are fairly typical of
antarctic shelf sediments collected below 500 meters (Dunbar et
al. 1985). As expected, there is a reasonable correlation between
biogenic silica content (primarily diatoms) and organic carbon
content (R = 0.67; see figure 3). Sediments collected from water
depths greater than 700 meters have distinctly more biogenic
silica and organic carbon than the sediments obtained from
shallower depths, (typically 450 meters) which correlates with a
decrease in mean grain size with increasing water depth (5.9
versus 8.6 phi).

Combining biogenic silica and organic carbon measurements
with the lead-210 accumulation rates yields a mean biogenic
silica accumulation rate of 180 micromoles per square cen-
timeter per year and a mean organic carbon accumulation rate of
60 micromoles per square centimeter per year. This mean bio-
genic silica accumulation rate is comparable to that observed by
Ledford-Hoffman, DeMaster, and Nittrouer (1986) in the Ross
Sea (220 micromoles per square centimeter per year). If these
silica data are typical of fine-grained antarctic shelf deposits

Figure 2. Excess lead-210 profile from station G8601-34. Cesium-1 37
data from this core indicate that deep mixing by benthic fauna is
negligible; therefore, the 1.6 millimeters per year value is the actual
accumulation rate (and not just an upper limit).
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Figure 3. Biogenic silica and organic carbon data from the upper 2 centimeters of Bransfield Strait cores. The correlation between the biogenic
silica and organic carbon data is good (R = 0.67). The biogenic content of the sediment collected from water depths greater than 700 meters is
greater than in shallower samples, which can be explained in part by a decrease in mean grain size with increasing water depth.
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(water depths greater than 500 meters), then as much as 25
percent of the dissolved silica supplied to the marine environ-
ment may be accounted for in antarctic continental shelf deposi-
ts.

A comparison of biogenic accumulation rates with surface
primary production rates is useful, despite the effects of lateral
transport and differences in the characteristic time scale of
measurement. Based on the data of Gersonde and Wefer (1987)
and Jennings, Gordon, and Nelson (1984) and the assumption
that primary production is proportional to the solar intensity
curve for this area over a 150-day growing period (November-
April), first-order estimates of accumulation as a percentage of
production can be calculated for silica and organic carbon. Ap-
proximately half of the silica produced in surface waters ac-
cumulates in bottom sediments, whereas only 10 percent of the
carbon production in surface waters is preserved in the seabed.
Additional field research is needed to establish the mechanism
and site of fractionation between the organic and siliceous
phases.

This work was supported in part by National Science Founda-
tion 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 effort during the 5-week field program.
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As part of the Pelagic Ross Ice Shelf Measurement project, 29
current meters were deployed in the Ross Sea near the ice-shelf
edge during the 1983 and 1984 field seasons (Pillsbury and
Jacobs 1985); the figure shows their positions. The data from
these meters give current speed and direction every hour for
over a year in most locations. These data should reveal the
characteristics of Ross Sea ocean circulation and indicate which
processes are most important in ventilating the cavity below the
Ross Ice Shelf. One way to analyze these data is to identify
periodicity in the currents and thereby to obtain a characteristic
fingerprint of ocean dynamics. If the periods in the currents are
found to be the same as tidal or seasonal, for example, then the
currents are probably caused by tidal or seasonal forcing. To
identify such periodicity, a method is needed to discriminate
between natural periodicities and apparent periodicities caused
by measurement error and random fluctuations.

Fisher (1929) developed, and Grenender and Rosenblatt
(1957) extended, one such method for distinguishing signifi-
cant periods (unlikely to have been caused by random fluctua-
tions), when there is no trend in amplitude of the currents with

respect to period. This method could not be applied directly to
the current-meter data, because the amplitudes do have a trend
with respect to period. For example, current fluctuations with a
period near 1 month have amplitudes 10 times larger than those
with a period near 8 hours. For this situation, I used the devia-
tion of current amplitude from the estimated trend to judge the
significance of the period tested. I also required that a given
periodicity be considered significant on several (at least three)
of the current meters before concluding that it was probably
physical. Although this method for identifying periods was
developed for velocity analysis, it will work for other times
series, such as temperature.

The table shows the periodic currents which were identified
in the above manner. As expected, many of these periods are at
or near tidal periods. The periods near 8 hours (ter-diurnal) and
9 long-period oscillations (0 15,) have no apparent atmospheric
or tidal forcing. These periods could be forced by:
• interaction between waves,
• meteorological forcing at periods other than seasonal and

daily, and
• feedback with the Ross Ice shelf.

Pedley, Paren, and Potter, (1986) also found ter-diurnal oscilla-
tions in data from underneath the ice shelf in George VI Sound,
and suggested that they are related to the presence of an ice
shelf. MacAyeal (1985) found that rectification of the daily and
twice daily tides was insufficient to flush the cavity below the
Ross Ice shelf at the derived rate. The long-period (longer than 1
day) oscillations found in the current-meter data may provide
oscillations which can be rectified to form currents strong
enough to flush the sub-ice cavity at the derived rate.

This work was supported by National Science Foundation
grant DPP 84-15207, and National Aeronautics and Space Ad-
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