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The rate of delivery of sediment from the antarctic continent
to the shelf is presently unknown, but several recent studies
suggest that modern terrigenous supply rates are quite low
(Anderson, Brake, and Myers 1984; Dunbar et al. 1985; Barrett
in preparation). In this unique setting, pelagic production in
surface waters provides an important source of "new" sediment
which transits the shelf water column to the seafloor. Produc-
tion of biogenic silica (opal) and organic carbon varies sea-
sonally in direct response to the available sunlight. The highest
rates of primary production occur during December and Janu-
ary when levels in excess of 3 grams of carbon per square meter
per day have been reported from ice-free areas of the continent-
al shelf (El-Sayed 1970).
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Although the presence of ice greatly attenuates solar irra-
diance in the upper water column, large standing stocks of
phytoplankton have been observed within the base of the an-
nual ice and the subjacent platelet layer (Bunt, 1963; Sullivan et
al. 1982; McGrath-Grossi et al. in preparation). Productivity
within the sea ice rapidly increases during the period from
October through December and is largely a function of snow
cover and the angle of incidence of sunlight. Net annual pro-
duction within the sea ice and platelet layer of McMurdo Sound
may reach levels as high as 40 to 80 grams of carbon per square
meter per year (McGrath-Grossi et al. in preparation; Sullivan
personal communication).

Sea-ice cover in the waters overlying the antarctic continental
shelf exceeds 60 percent throughout the year. In areas where
annual ice forms and persists well into the austral summer,
cumulative production in and directly below annual ice may
approach or exceed that of the more prolific but short-lived
open-water community. Very little information is available con-
cerning when and how the products of the sea-ice and platelet
communities are released to the water column and the efficien-
cy with which these sediments are transported to the seafloor.
During the 1984-1985 austral season, we began to examine
biogenic fluxes beneath the annual fast ice of McMurdo Sound
as part of an integrated study of modern shelf sedimentation
(Dunbar, Leventer, and Marty 1985). One-hund red -and-twen-
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Figure 1. a. Fluxes of organic carbon versus depth for 41 sediment traps deployed beneath fast ice in McMurdo Sound during October through
December 1984. b. Weight percent organic carbon of trap samples versus depth. ("C" denotes "carbon." "m" denotes "meter:' 11 mglm 2" denotes
"milligrams per square meter:")
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ty-eight samples of the vertical flux beneath the fast ice of
McMurdo Sound were collected with sediment traps between
October and December 1984. Preliminary results based on the
diatom fluxes are given in Leventer and Dunbar (Antarctic Jour-
nal, this issue; in preparation). Here we present our initial
findings based on the measurement of opal and organic carbon
fluxes in 41 trap samples.

Sediment traps were deployed on 14 moorings concentrated
in three areas, the southeastern Sound near McMurdo Station,
in New Harbor, and in Granite Harbor (see location map in
Leventer and Dunbar, Antarctic Journal, this issue). Organic
carbon fluxes range from approximately 2 to 80 milligrams of
carbon per square meter per day with average values of 25 to 30
milligrams of carbon per square meter per day in the upper 100
meters and 5 to 10 milligrams of carbon per square meter per
day at greater depths (figure 1). Opal fluxes range from 5 to
nearly 400 milligrams of silicon dioxide per square meter per
day and are highest in near surface waters and adjacent to the
seafloor. Although we have observed significant carbon fluxes
to the upper water column beneath fast ice, the cumulative flux
through late December represents only a small fraction (5 to 20
percent) of the total production estimated for sea-ice commu-
nities in McMurdo Sound (McGrath-Grossi et al. in prepara-
tion). Opal fluxes to the traps are lower than the opal accumula-
tion rates measured at the seafloor in basinal areas of the south-
western Ross Sea (Ledford-Hoffman, DeMaster, and Nittrouer
in press). It is likely that large fluxes of biogenic debris occur
both during and after the breakup of the annual ice, events
which we plan to sample during the 1986-1987 austral summer
using free-vehicle moorings.

Weekly fluxes to traps at 25 and 103 meters adjacent to the tip
of the Erebus Ice Tongue are shown in figure 2. Terrigenous

debris normally accounts for less than 20 percent of the total
flux. The increased terrigenous flux to the shallower trap in late
December may well represent fine-grained sediment intro-
duced from melting of the Erebus Ice Tongue. Fluxes increase
by a factor of 6 during the 5-week experiment, primarily due to
increased production and sinking of opal and organic carbon.
The mid-December flux maximum is followed by a week of the
lowest opal fluxes recorded at this site. The products of the sea-
ice and platelet-layer communities are apparently released as a
series of pulses during the late austral spring. The material
collected within these traps consisted mainly of fresh di-
atomaceous debris, including both large organic aggregates as
well as numerous tests which appear to have settled as individ-
ual particles. Zooplankton pellets are rare.

Large compositional variability is evident in the vertical sedi-
ment flux. For example, the carbon/opal ratio in the upper 100
meters ranges from 0.4 to nearly 3.0 (figure 3). We attribute this
range to modification of the sinking flux through dissolution of
delicate diatom tests (Leventer and Dunbar, Antarctic Journal,
this issue) and rapid degradation of organic matter. With further
settling the oxidative loss of organic carbon apparently outpaces
the dissolution of opal; below 200 meters the trap samples
exhibit very low carbon/opal ratios similar to those found in
surficial bottom sediments. While carbon fluxes generally de-
crease with depth, opal fluxes increase near the seafloor at
several locations. We attribute this to resuspension and lateral
transport of refractory opal-enriched sediment in an environ-
ment of very low primary terrigenous input.

We have observed large spatial and temporal variations in
both the composition and quantity of the vertical sediment flux
over short distances in McMurdo Sound. It is apparent that at
least in this setting, and probably on much of the antarctic shelf,
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Figure 2. Fluxes of opal, organic carbon, and terrigenous debris to traps deployed at 25 and 103 meters adjacent to the Erebus Ice Tongue
during November and December 1984. Fluxes are averages for weeks ending on the dates given on the horizontal axis. Total undifferentiated
flux is given for the week ending 23 November. ("m" denotes "meter:' "Mg/M2" denotes "milligrams per square meter:')
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Figure 3. Organic carbon/opal weight ratios versus depth for 41
sediment trap samples from McMurdo Sound. ("m" denotes
"meter:')

regional extrapolation from single mooring sediment trap ex-
periments is not possible. In general, the patterns of the shal-
low-water flux are not well preserved at the seafloor, attesting to
the importance of water column processes in controlling the
nature of the bottom sediments. Although significant amounts
of biogenic debris are transiting the shelf water column during
the austral spring, it is likely that large short-term flux events
occur during and after melting and breakup of the annual ice in

December and January. Further elucidation of the cycles of
carbon and silica on the antarctic shelf awaits sampling of these
events.

This work was supported by National Science Foundation
grant DPP 83-12486.
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Diatom production within the photic zone is the dominant
mechanism for the uptake of dissolved silica from the oceanic

water column (Heath 1974). Annual silica production on the
antarctic shelf ranges between 100 and 500 grams per square
meter per year, with diatoms accounting for more than 99 per-
cent of the total (Lisitzin 1972). In lower latitude oceanic gyre
settings, annual silica production is much lower, less than 100
grams per square meter per year, and diatoms may account for
less than 35 percent of the total Lisitzin 1972). Removal of silica
from the ocean to long-term storage reservoirs occurs via burial
of opal-bearing sediments, particularly in the southern oceans
(DeMaster 1981). Ledford-Hoffman, DeMaster, and Nittrouer
(in press) have estimated that as much as one-third of the
dissolved silica supplied to the oceans is ultimately sequestered
on the antarctic shelf. A study of silica production, transport,
dissolution, and sedimentation on the antarctic margin is essen-
tial to an understanding of the global silica cycle.
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