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Modern antarctic shelf sediments have unusual sources and
transport paths unique to the present glacial setting. There are
no fluvial supply systems, and sediment input by meltwater is
considered to be minimal along most areas of the antarctic
coastline. Terrigenous material is supplied directly by subglacial
sedimentation or by ice-rafting of material entrained in icebergs
or floating ice tongues. In basins and other low-energy areas of
the antarctic shelf, sediments enriched in biogenic phases are
accumulating rapidly, attesting to the low rate of supply of
terrigenous components from the continent. To depths of 500
meters, marine currents are key sedimentary agents and are
effectively winnowing and transporting biogenic phases and
fine-grained terrigenous debris.

We have begun to characterize sedimentary processes on the
antarctic shelf through a program of surface sediment analysis
(Dunbar, Dehn, and Leventer 1984; Dunbar et al. 1985) and
water-column particulate sampling. Our particulate-sampling
program involves the collection of both suspended material
(Leventer and Dunbar, Antarctic Journal, this issue) and the
vertical sediment flux. During austral summer 1984 - 1985, we
sampled the vertical sediment flux in the McMurdo Sound
region via deployment of sediment traps suspended beneath
the annual sea ice.

Sources of "new" sediment in McMurdo Sound include
aeolian transport (Barrett, Pyne, and Ward 1983), ice rafting by
icebergs or ice tongues, and biologic production within the
photic zone (figure 1). Significant primary production may oc-
cur within the basal layer of the annual sea ice (Sullivan et al.
1982), within the sub-ice platelet layer (Palmisano and Sullivan
in press), and in near-surface waters of ice-free areas. Greatly
enhanced productivity may occur in open water adjacent to the
receding ice-edge (Stirling 1982; Smith and Nelson 1985). Be-
cause of the dependence of both terrigenous and biogenic sedi-
ment sources on temperature, sunlight, sea-ice conditions, and
wind regime, we expect major variations in the quantity and
style of the vertical sediment flux as the annual cycle of sea-ice
formation, maintenance, and decay proceeds. Once delivered
to the water column, particulate matter may he influenced by
helf currents. At the seafloor, sediments may be sorted and

transported by resuspension, mass-flow processes, and densi-
ty currents, and at shallow depth, by the action of anchor ice
(Dayton, Robillard, and DeVries 1969). During austral summer
1984— 1985, our principal objective was to determine spatial and
temporal variations in sediment supply and secondary rework-
ing processes.

During the season, we deployed 45 sediment traps at 14 sites
within McMurdo Sound (figure 2). Water depths at the trap sites
ranged from 40 to 750 meters. Our traps are open-cone, single-
cup se Jiment traps similar in design to those of Soutar (Dy-
mond et al. 1981). At each site, between two and eight sediment
traps were suspended beneath the sea ice on wire rope or

braided nylon (e.g., figure 1). Traps were hauled out, serviced,
and redeployed approximately every 2 weeks from mid-
October to mid-December resulting in a season total of 128
discrete samples of the vertical flux. On 20 December, eight
traps were set out for a 1-year deployment on two moorings
attached to glacier tongues in Granite Harbour and New Har-
bour (sites M and N, figure 2). Auxilliary samples collected
during the season include suspended particulates (by Niskin
sampling), aeolian debris from the sea-ice surface, and the
microbial community from the basal sea-ice layer (by SIPRE

auger).

Figure 1. Sketch model of sediment sources and distribution pro-
cesses in McMurdo Sound. Also shown is a representation of six
sediment traps suspended on a mooring line beneath the annual sea
ice. Depth scale is not linear. ("m" denotes "meter:')

Total particulate flux to traps at sites I, L, and E for several
different sampling intervals is given in figure 3. Total fluxes at
these sites range from less than 3 to greater than 230 milligrams
per square meter per day. These fluxes are lower than those
measured in the water column of the Antarctic Peninsula region
(Dunbar 1984) under open-water conditions. These values are
also lower than the fluxes calculated from lead 210 based sedi-
ment accumulation rates in the southern Ross Sea (Ledford-
Hoffman, DeMaster, and Nittrouer in press). It is likely that
significant fluxes of biogenic debris occur during and after
break-up of the sea ice, an event which we were unable to
sample this year. Terrigenous input is likely to be episodic as
well, related to iceberg calving, the intensity of marine currents,
and the frequency of winter storm events. Further elucidation
awaits measurement of sediment accumulation rates in south-
ern and western McMurdo Sound, full-year deployment of time
series collecting traps, and examination of the remainder of our
samples from austral summer 1984 - 1985.

Biogenic phases are important components of all sediment-
trap samples analyzed to date. Opal contents (weight percent
biogenically produced silica) typically range from 10 to 45 per-
cent. The diatom tests of species of Am phiprora, Pleurosigfna,
Nitzschia, and T/lalassiosira dominate the opal flux. Carbonate
components include the tests of pteropods, and both
planktonic and benthic foraminifera. Fecal pellets of marine
zooplankton are relatively rare, and most biogenic particulate
matter in vertical transit appears to settle as undigested aggre-
gates of organic opaline debris. This is in sharp contrast to our
observations from the Antarctic Peninsula where pellet trans-
port is a dominant sedimentary process (Dunbar 1984; Ger-
sonde and Wefer 1984).
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Figure 2. Location of sediment-trap moorings deployed through fast ice between October and December 1984.

Vertical sediment flux increases with depth at all three sites in
figure 3. At site E, the increased flux within the lower 50 meters
of the water column primarily reflects the addition of ter-
rigenous detritus. This is not a steady state process, however,
and near-bottom fluxes during mid- to late December are lower.
At sites I and L, both opal content and opal flux increase with
depth. We attribute these trends to the winnowing action of
shelf currents which erode fine-grained sediments from shal-
low regions of the shelf and redeposit some portion of this
material in basins and other low-energy areas. Low-density
biogenic phases are more susceptible to transport, both within
the water column and at the seafloor.

At sites for which we have time-series data, we observe an
increase in vertical particulate flux by a factor of 4 to 10 between
October and December (figure 3) reflecting the late season

growth of the sea-ice community. Ultimately during ice break-
up and melting, large amounts of biogenic and aeolian debris
must be released to the water column. Short-term biogenic and
terrigenous flux events are most likely the rule, rather than the
exception, governing sedimentation on the antarctic shelf.

This work was supported by National Science Foundation
grant DPP 83-12486.
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Figure 3. Total vertical particulate flux to sediment traps at sites I, L, and E, for given collection intervals. ('rn" denotes "meter." 11mglm2ld"
denotes "milligrams per square meter per day:')
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