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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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Dissolution and transport of
particulate silica

McMurdo Sound, Antarctica
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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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In this paper, we describe the first use of diatom fluxes to
study systematically the dynamics of sinking particulate matter
in an area covered by annual sea ice. Despite the presence of
extensive seasonal ice cover in the Antarctic (Zwally et al. 1979)
and its influence on primary productivity (Sullivan et al. 1983;
McGrath-Grossi et al. in preparation), little is known about
vertical transport processes in such a setting. Our strategy has
been to examine variability in the character and composition of
biogenic particulate debris collected using sediment traps. Sam-
pies were collected from October through December 1984 from
12 sites in McMurdo Sound (figure 1) (Dunbar, Leventer, and
Marty 1985). The sites were chosen to encompass a variety of
glacial subenvironments and a wide range of water depths.

The average vertical flux of diatoms from October through
December, is 100,000-10,000,000 individual tests per square
meter per day (figure 2). The cumulative flux for this 3-month
period is thus approximately 10 million to 1 billion individuals
per square meter. Although the sub-ice diatom flux cannot be
compared directly with the concentration of diatoms in the sea
ice of McMurdo Sound to range between 10 million and 1 billion
individuals per square meter, the same order of magnitude as
the total cumulative diatom flux from October through De-
cember, as measured in the sediment traps. This rough com-
parison alone implies that when the sea ice melts, diatom and
opal flux must increase significantly, as a result of the release of
biogenic components previously trapped in the ice. In addition,
ice-edge blooms (El-Sayed and Taguchi 1981; Stirling 1982;
Smith and Nelson 1985) may provide another source for an
increased flux of particulates while the sea is melting. Wilson
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Figure 1. Location of sediment-trap moorings deployed through fast
Ice between October and December 1984.

and Smith (1984) found 1 billion to 10 billion cells per cubic
meter in an ice-edge bloom in the Ross Sea.

Based on our results, we have observed significant dissolu-
tion of diatom frustuies in the upper water column. At site I,
approximately 45-80 percent of the diatom tests dissolved be-
tween 34 meters and 220 meters (figure 3). A similar upper
water-column decrease in diatom flux is not seen at the other
sites (figure 2), but this may be a consequence of the sampling
depths at sites D, E, and F, with a significant reduction in diatom
numbers occurring above the shallowest sediment traps at
those moorings. Our findings at mooring I are consistent with
previous observations from open-water portions of the south-
ern oceans. Koziova (1961, 1964) estimated that more than 80
percent of the diatom frustules produced in near-surface waters
of the Indian and Pacific sectors of the antarctic dissolve by 100
meters.

Nelson and Gordon (1982) estimate that as little as 18 percent
to as much as 58 percent (by weight) of the biogenic silica
produced in surface waters of the Pacific sector of the southern
oceans dissolves in the upper 100 meters. We find similar re-
sults based on the sediment-trap data in McMurdo Sound,
where opal-flux decreases between 13 and 40 percent within the
upper column (figure 3). In contrast, in an upwelling region off
northwest Africa nearly none of the diatom tests escaped dis-
solution in the upper 60 meters (Nelson and Goering 1977).
Nelson and Gordon (1982) suggest that the relatively low
amount of silica dissolution in the southern oceans water col-
umn, as compared to lower latitude regions, may be a function
of the very low water temperature, since the dissolution in the
southern oceans water column, as compared to lower latitude
regions, may be a function of the very low water temperature,
since the dissolution rate constant for silica is strongly tem-
perature dependent (Hurd 1972; Kamatami and Riley 1980).

In areas covered by sea ice, the presence of the ice inhibits
wind mixing and subsequent particulate resuspension in the
upper water column. As a result of the shorter residence time of
particulates within the upper water column, less dissolution of
biogenic silica may occur.

While absolute diatom flux decreases between 47 and 79
percent in the upper water column, biogenic silica flux de-
creases by only 13 to 40 percent. It appears that large numbers of
delicate, thin-walled frustules are rapidly recycled to the silica
mass flux to the degree suggested by numbers alone.

Following an initial decrease, diaton fluxes generally increase
slightly with depth (figure 2). The greatest increases in vertical
flux always occur in the bottom-most traps. The near-bottom
diatom flux at site E, for example, is as much as 30 times the flux
to shallow depths. This near bottom increase in diatom flux is
mirrored by increases in the biogenic silica flux (figure 3), and
suggests either bottom resuspension and/or lateral advection of
particulate material at depth.

In the deep-water traps at sites E, F, and I (figure 2), the early
season near-bottom increase in diatom flux exceeds that occur-
ring later in the season. Data from year-long current-meter
moorings near the Ross Ice Shelf indicate that maximum current
velocities in the mid and deep water column occur during the
austral winter, July through August. Velocities then decrease
through the spring and summer with some of the lowest cur-
rent velocities occurring in December and January (Pillsbury
and Jacobs 1985). High near-bottom diatom fluxes during the
early austral spring may reflect resuspension events linked to
greater current velocities at that time.

This work was supported by National Science Foundation
grant DPP 83-12586 and Sigma Xi grant-in-aid of research.
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Figure 3. Diatom and opal fluxes for site I, in Granite Harbor, for two different sediment-trapping intervals. Fluxes for 34 meters and 220 meter are
listed as well as the percentage decrease in diatom and opal fluxes from 34 meters to 220 meters. ("m" denotes "meter?' "#/m 2/day" denotes
"number per square meter per day?")
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