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A major objective of our sediment transport research
is to develop criteria for identifying mass flow deposits,
particularly debris flow deposits, in glacial-marine se-
quences on the continental margin of Antarctica. We are
seeking an understanding of how the type of mass flow
is related to glacial and oceanographic conditions and
margin physiography. The study also is intended to pro-
vide field data for documenting sediment gravity flows
transitional between debris flows and turbidity currents,
such as grain flow or fluidized flow mechanisms.

The Antarctic is especially suited for such a study be-
cause the glacial environment strictly controls the type
of source material available to the various marine agents.
A knowledge of source sediment characteristics makes
it possible to more clearly define the textural changes
that occur during transport and therefore aids in deter-
mining the hydrodynamic character of the mass flow.

Antarctica is one of very few environments, if not the
only one, in the world in which such good source sedi-
ment control is coupled with a natural contrast in several
of the parameters critical to mass transport and depo-
sition. Variations in the physical oceanographic, bathy-
metric, and glacial conditions provide an excellent test-
ing ground for mass transport models. Much of antarctic
glacial marine research to date has been conducted in
the Ross and Weddell seas, both of which exhibit the
physical contrasts needed for the study of sediment mass
transport (Anderson, Kurtz, and Weaver, 1979; Kurtz
and Anderson, 1979).

The Ross Sea is divided into two strikingly different
physiographies by the Pennell-Iselin Banks (figure 1),
which also coincide approximately with the ice drainage
divide between East and West Antarctica. The continen -
tal slope of the West Antarctic sector is relatively straight
and smooth, in contrast to the irregular, canyon-dis-
sected slope of the East Antarctic sector. The Ross Ice
Shelf is the major glacial feature in the West Antarctic
sector of the Ross Sea (Hughes, 1973), while the East
Antarctic sector is characterized by direct valley-glacial
input from the Transantarctic Mountains.

Piston cores studied from the West Antarctic sector
differ considerably from those of the East Antarctic sec-
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Figure 1. Bathym.try of Ross and Weddell seas showing
piston core locations

tor (Anderson, Kurtz, and Weaver, 1979). The former
commonly consist of a vertically homogenous unit con-
taining gravel dispersed in a poorly sorted sand-silt-clay
matrix (Eltanin cores 52-1, 32-10, 32-33, 27-16, and 32-
40, in figure 1). This unit is overlain by nonpebbly lam-
inated muds. The textural homogeneity, sharp bound-
ing contacts, and displaced foraminifers in this lower
pebbly mud is indicative of transport and deposition by
debris flows. These cores were collected well beyond the
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2.2. Typical graded gravel and sand units from Weddell
Sea. ARA Islas Orcadas cores:

maximum ice grounding line, below the continental
shelf break. Cores sampled from the East Antarctic sec-
tor of the Ross Sea (Eltanin cores 32-5, 32-43, and 27-
19) consist of graded calcarenites, calcareous hash, and
well-sorted clean quartz arenites, which represent prox-
imal turbidites.

The Weddell Sea also exhibits marked contrasts in
physiography and sea ice conditions, which again are
reflected in the sediment sequences. The western Wed-
deli Sea (figure 1) is characterized by a broad continental
shelf and a fairly smooth, gently sloping continental
slope. This configuration differs from the narrow shelf
and steep, canyon-dissected slope of the far eastern
Weddell Sea. Because of the presence of a grounded ice
sheet and an associated proglacial isostatic depression,
the shelf in the eastern Weddell Sea slopes toward the
continent; the continental shelf in the western Weddell
Sea is overridden by a vast floating ice shelf and slopes
toward the ocean basin.

The western continental shelf is covered by perennial
sea ice, as is the continental shelf in the northeastern
Weddell Sea. The south-central Weddell Sea is free of
ice much of the year. The presence or absence of per-
ennial ice affects sedimentation through direct control
over the effectiveness of wind- and wave-generated shelf
circulation.

Circulation also differs between those sectors because
of the presence of antarctic bottom water. In the eastern
Weddell Sea, where no significant bottom water is pro-
duced, the contour flow of warm deep water intersects
the upper slope and shelf and reworks sediment. In the
western sector of the Weddell Sea, newly formed bottom
water displaces warm deep water to a position north of
the shelf break, causing more sluggish bottom circula-
tion. Sediments are more fine-grained here than in the
east.

Recent sampling work during cruise 1578 of ARA Islas
Orcadas and analyses of cores collected during several
Operation Deep Freeze expeditions have verified the
existence of both debris flow and turbidity current de-
posits in the Weddell Sea (Anderson, Kurtz, and Weaver,
1979). Debris flow deposits are concentrated most in the
western Weddell Sea (Deep Freeze cores G -19, G -20,
G -21), where the source material is very poorly sorted
glacial debris. Any marine reworking is precluded by the
ice cover and resulting lack of strong current activity. As
in the western Weddell Sea, much of the source sedi-
ment in the eastern Weddell Sea is nonsorted glacial-
marine till; however, current activity has produced sub-
stantial reworking and winnowing. While debris flow
deposits are found here, there is strong evidence that
turbidity flow is a dominant process.

Graded gravel and sand units (Islas Orcadas cruise 10-
1578 cores 32-1 and 27-4 and Deep Freeze cores G-11,
G-13, and 3-11-3), several of which display increasing
mineralogic and textural maturity upcore, have been
cored on the continental slope in the Weddell Sea (figure
2). These deposits are easily explained by turbidity cur-
rent deposition. It is very likely that these and other
turbidity flows were initiated first by slump and/or. de-
bris flow activity (Hampton, 1972; Middleton and
Hampton, 1973; and Lowe, 1976), which in theory can
be transitional into other types of flow mechanisms. At
least one core (Islas Orcadas- 1578-3 1 - 1) penetrated mass

io-1578-18-1: Well-washed ungraded gravels from base to
40 centimeters (see arrow) overlain by graded coarse sand
to fine muddy sand at top of unit

10-1578-27-4: Gravels grading through coarse sand to muddy
sand in sharp contact at 787 centimeters (see arrow) with
silt unit

10-i 578-32-1: Coarse sand from base grading to medium
sand at 60 centimeters (see arrow) overlain by a second
graded coarse to medium sand unit at top of core

uo-1277-42-3,1: Coarse sand from base grading into medium
sand at 310 centimeters (see arrow) where graded gravel
through sandy-silt unit continues to 257 centimeters (see
arrow)

io-1277-43-1: Medium quartz sand grades from base to fine
quartz sand at top of core

flow deposits that appear to represent a complete mass
flow transitional sequence as proposed by mass flow
theoreticians. Muddy, sandy gravels show no grading
near the base of the core, but the coarse gravel fraction
appears to fine upward through the muddy interval
within the middle of this core.

Such a texture implies that the support mechanism
was still matrix suspension, which is definitive of a debris
flow (Middleton and Hampton, 1973). Grading of the
gravels, however, suggests that the flow regime at some
point had become turbulent and that the mechanism,
therefore, is something between the pure end-member
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definitions of debris flow and turbulent flow (Hampton,
1972; Middleton and Hampton, 1973; Enos, 1977).

It appears now that sediments such as these may in-
dicate the existence of those transitional mechanisms of
sediment mass transport for which little field evidence
has been obtained. Further study to determine the hy-
drodynamic nature of such transitional deposits will en-
able a clearer application of mass movement models in
both the modern and ancient environments. It is also
important to learn to recognize mass flow deposits as
such. Otherwise paleo-oceanographic and paleoglacial
reconstructions from continental margin deposits, where
the most dramatic changes have occurred, cannot be
made with confidence.
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Hydrographic data from ARA Islas Orcadas cruises are
being used, in conjunction with the historical data set,
to study water mass spreading and mixing in the South
Atlantic Ocean. Specific issues being studied include the
attentuation. of the water masses of the Pacific and the

North Atlantic in the South Atlantic, the source of Wed-
dell Gyre deep water, and the spatial pattern and water
mass alteration in the Weddell Sea.

It has been found that the wind-driven Sverdrup
transport in the Weddell Gyre region is quite different
from the baroclinic flow of the upper kilometers (figure
1, derived from Gordon, Molinelli, and Baker [1978]
and Gordon and Martinson [in preparation]). The sur-
face flow, relative to 1,000 db, may not reflect the large-
scale wind-driven flow, but rather the circulation in-
duced by pycnocline warping from thermohaline pro-
cesses. If so, there is an important difference between
the subpolar Weddell Gyre and subtropical gyres, where
dynamic topography matches the baroclinic flow of the
upper kilometer quite well (Stommel, Niiler, and Anati,
1978; Leetmaa and Bunker, 1978).

It is known that Pacific waters enter the Atlantic
Ocean by passing over the ridge system forming the

Figure 1. Streamlines of Sverdrup transport in Weddell Gyre (from Gordon and Martinson, 1979). Streamlines are given in 106
cubic meters per second. Light dashed line = 0-1,000 db dynamic topography; heavy dashed line = 1,000-2,500 db dynamic

topography (from Gordon, Molinelli and Baker, 1978); shaded area = site of the 1976 Weddell poiynya.
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