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An understanding of conditions by which sediment trans-
port is initiated is fundamental to the study of paleoceanogra-
phy. Earlier workers examining the relationship between grain
size and current velocity based their studies on distributions of
uniformly sorted, spherical grains or on distributions falling
within a narrow range of grain sizes. Although this approach
has proved useful in interpreting fluvial systems in which sedi-
ment undergoes sorting during transport, it does not account
for the ability of marine currents to winnow and transport
texturally homogeneous marine sediments.

Antarctica presents a unique environment where glacial and
glacial marine sediments have undergone little or no sorting
prior to their deposition in the marine environment. One of the
most puzzling questions in studying modern sediments on the
antarctic continental margin is the degree to which these sedi-
ments are being reworked and resedimented by bottom cur-
rents. The best available oceanographic information suggests
that these bottom currents move rather slowly (generally less
than 15 centimeters per second). However, existing data suggest
that this sorting process occurs at much greater current ve-
locities (>40 centimeters per second). For this reason, the avail-
able data relating flow parameters to sediment erosion and
transport were seriously questioned. The existing data have
overlooked the role of benthic organisms in initiating sediment
erosion under low-velocity current conditions. The goal of this
research is to assess the role of benthic organisms in sediment
erosion and entrainment.

The action of benthic organisms has been documented by
various workers (Nowell, Jumars, and Eckman 1981; Rhoads
and Young 1970; Yingst and Rhoads 1978). The feeding activities
of benthic organisms have been shown to decrease compaction
and to increase both surface water content and bed roughness,
as well as to cause a resuspension of fine sediment. The distribu-
tion of benthic organisms on the antarctic continental margin
has also received attention. Dense benthic populations of
sponges and bryozoans having a biomass of 400-500 grams per
square meter (El-Sayed 1971) are known to occur on the antarctic
continental shelf (100-500 meters). Below 500 meters, the sessile
population is replaced by vagrant organisms having a biomass
of 1.3-2.8 grams per square meter (El-Sayed 1971), of which the
Ophiuroidea (brittle stars) locally may account for 75 percent of
the biomass (Dearborn 1977) (see figure).

To examine the role of organisms, a series of experiments was
performed in a recirculating flume in which an originally un-
sorted bed was continuously mixed so as to mimic bioturbation.
Currents in the range of 1.5 to 20.0 centimeters per second were
used, as this represented the range of current velocities mea-
sured to date near the antarctic seafloor. Textural data of the
suspended, intermittent suspension, and traction loads were
determined by methods outlined by Anderson and Kurtz
(1979).

Data compiled from the flume experiments are summarized
in the table. It is noteworthy that, with mechanical mixing of the
bed, material in the silt and clay size range was transported at
the lowest current velocity established in the flume (1.5-2.0
centimeters per second). When the sediment was not mechan-
ically mixed, currents of up to 20.0 centimeters per second had a
negligible effect on the bed.

With mixing, particles 3.75 to 4.00 were winnowed from the
bed at velocities of from 5.0 to 7.0 centimeters per second and
were transported in intermittent suspension. Particles 3.00 to
3.75 in size were eroded from the bed at 9.0 centimeters per
second and were transported in traction. The increase in cur-
rent velocity from 7.0 to 9.0 centimeters per second appears to
mark an energy transition involving both size of material erod-
ed and mode of sediment transport. This energy "break" is
commonly found in sediments from piston cores from the Ross
and Weddell Seas.

Mean grain size of the silt size fraction has been used by
Ledbetter (1979), Huang, Ledbetter, and Watkins (1982), and
Ledbetter and Ellwood (1982) to identify fluctuations in the
intensity of antarctic bottom water (AABW) related to glacial and
interglacial periods (associated with increased or decreased pro-
duction of AABW). However, results from my flume experiments
suggest that efficiency of mixing is an important factor to con-
sider when interpreting textural data. Mean grain size may not
be only an indication of paleovelocity; it may also reflect the
efficiency of biological mixing.

This research was supported by National Science Foundation
grant DPP 81-16623 to John B. Anderson.

References

Anderson, J. B., and Kurtz, D. D. 1979. RUASA: An automated sedi-
ment, analysis system. Journal of Sedimentary Petrology, 49(2), 625-627.

Bottom photograph showing brittle stars, at 63°02'S 52°03'W; water
depth, 1,200 meters. Note that the bottom sediment consists of a lag
deposit; the fine sediment was eroded by the action of benthic
organisms.
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Summary of data from a series of flume experiments

Size range
Sediment component	 (0

Clay and fine silt	 7.00-10.00
Fine silt	 6.25-7.00
Clay and fine silt	 6.25-10.00
Coarse silt	 4.25-6.00

Fine sand	 3.50-4.00
3.00-3.50

Medium sand	 2.00-3.00

1.00-2.00

Coarse sand	 -.50-1.00

-1.00--.50

a intermiftent suspension.
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Cruise 107, leg 6, of the 'v Atlantis II left Punta Arenas, Chile,
on 4 March 1980 and arrived at Cape Town, South Africa, on 7
April 1980. Principal shipboard programs included rock dredg-
ing under the direction of H. J . B. Dick, chief scientist, sediment
coring under the direction of B. Corliss (Woods Hole
Oceanographic Institution), heat flow measurements in the
Scotia Sea under the direction of V. Zlotnicki and W. Loy, and
underway geophysical data collection (12- and 3.5-kilohertz
echo-sounding, air-gun profiling, magnetics, and gravity).

The east Scotia Sea is an actively spreading marginal sea that
lies behind the active South Sandwich Islands arc (Barker 1972).
Oceanic crust of the South American plate is being subducted in
a westward direction beneath the South Sandwich arc and the
east Scotia Sea at the South Sandwich Trench. Barker (1972)
identified magnetic anomalies generated by seafloor spreading
in the east Scotia Sea, thus allowing estimation of the age of the
ocean floor. Heat flow measurements can be used to understand
the thermal regime of the oceanic crust and the influence of the
cool subducted slab on active seafloor spreading in a marginal
basin only if the age of the underlying oceanic crust is known.
The heat flow program was aimed at correlating heat flow and
age in this marginal basin and comparing these relationships
with those found for normal oceanic crust.

On the Atlantis 11107-6 cruise, a 300-kilometer survey was
run prior to the heat flow investigation. This survey produced
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