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Processes of Modern Sedimentation
in the Southern Weddell Sea, Antarctica -
Evidence from Surface Sediments

By Martin Melles', Gerhard Kuhn?, Dieter K. Fiitterer? and Dieter Meischner?

Abstract: Seventy surface sediment samples from the continental shelf and
slope of the southern Weddell Seca have been analysed for grain-size distribu-
tions, chemical composition, mineral assemblages in the clay fraction, biogenic
and terrigenous components in the coarse fraction, and stable isotope ratios in
planktonic foraminifera. New information is presented on modern sedimentary
processes and their dependence on the present-day physiographical,
glaciological and hydrographical setting. The circulation of the water masses
as reflected in the surface sediments differs in detail from that known from in
Situ measurements.

Regional differences in both the biogenic production and the preservation of
biogenic components are controlled by the physical and chemical properties of
the water masses rather than by differences in the sea-ice coverage or in water
depth. The terrigenous sediment supply to the ocean is dominated by ice-rafted
debris eroded on the Antarctic continent. The debris from different source ar-
eas is characterized by individual petrological and textural compositions. After
the release of this debris into the water column, marine currents cause differ-
ential lateral transport of grain-size fractions. Resuspension from surface
sediments probably plays a major role in sediment redeposition, whilst iceberg
ploughing, grounding-line advances, and gravitational transport presently are
negligible.

Kurzfassung: An siebzig Oberflachenproben vom Kontinentalschelf und -hang
des stidlichen Weddellmeeres wurden die KorngroBenverteilung, die chemische
Zusammensetzung, die Mineralverteilung in der Tonfraktion, die biogene und
terrigene Zusammensetzung der Grobfraktion und die Verhaltnisse der stabilen
Isotope in planktonischen Foraminiferen bestimmt. Die Verteilungsmuster der
Sedimentparameter liefern neue Erkenntnisse zu den heutigen Sedimentations-
prozessen und ihre Abhingigkeit von den physiographischen, glaziologischen
und hydrographischen Gegebenheiten. Die Zirkulation der Wassermassen, wie
sie in den Oberfldchensedimenten abgebildet ist, unterscheidet sich im Detail
von der aus in situ Messungen abgeleiteten Zirkulation.

Regionale Unterschiede in der biogenen Produktion und in der Uberlieferung
biogener Komponenten werden eher durch die physikalischen und chemischen
Eigenschaften der Wassermassen als durch Unterschiede in der Meereisbedek-
kung oder in der Wassertiefe gesteuert. Der terrigene Sedimenteintrag in den
Ozean erfolgt hauptsdchlich durch Material, das auf dem antarktischen Konti-
nent durch Eis erodiert und transportiert wird. Dabei ist das Eisfrachtsediment
aus unterschiedlichen Liefergebieten durch individuelle petrologische und tex-
turelle Zusammensetzungen charakterisiert. Nach der Freisetzung des Eisfracht-
sedimentes in die Wassersdule fiihren Meeresstromungen zum lateralen Trans-
port von ausgewihlten Korngrofenfraktionen. Bei der Umlagerung von Ober-
flachensedimenten spielt wahrscheinlich Resuspension eine wesentliche Rolle,
wogegen Grundberiihrungen von Eisbergen, Vorschreiten der Grundlinie des
Eises sowie gravitativer Sedimenttransport heute vernachlédssigbar sind.
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INTRODUCTION

Sedimentological analyses on undisturbed surface sediments are
important techniques for the study of modern sediment forma-
tion. In high latitudes they may be used to assess the effects of
glaciology, bathymetry, and hydrography on the sedimentary
processes.

Because surface sediment samples from the uppermost 0.5 to
1.0 cm in the southern Weddell Sea span up to several centu-
ries (MELLEs 1991), they document a long-term mean of the en-
vironmental conditions. Hence, they may provide information
complementary to in siru measurements, which in Antarctica
have been carried out for only a few years, have often been re-
stricted to the short austral summer season, and over large ar-
eas still have extensive gaps.

The first sampling of bottom sediments was carried out in the
southern Weddell Sea during the 1914-1917 drift of ,,Endur-
ance” (WorpiE 1921). Thereafter, no sediment samples were
taken before the Deep-Freeze 1 expedition in 1957 (Rex et al.
1970), followed by the Argentine Antarctic Expedition of 1964/
65 (ANnGINO & ANDREwS 1968), the International Weddell Sea
Oceanographic Expeditions (IWSOE) 1968, 1969, and 1970
(A~DERSON 1975a), and the Norwegian Antarctic Research Ex-
peditions (NARE) in 1976/77, 1978/79, 1984/85, and 1992/93
(ELverHE & MAISEY 1983, SoLHEM & KRISTOFFERSEN 1985). A
few samples from the Deep-Freeze 11 and Argentine expeditions
were recovered with grab sampler. Subsequent expeditions used
phleger, piston, gravity, or vibro corers to obtain long sediment
sequences and dredges to get information on the coarse-grained
sediment components from near the surface. Interpretations of
grain-size and foraminiferal distributions supplied the first in-
formation concerning the general composition of surface
sediments and modern sedimentary processes in the southern
Weddell Sea (AnpErRson 1975a, ANDERSON et al. 1983).

Comprehensive sampling of undisturbed surface sediments
started in the southern Weddell Sea in 1983 during the German
Antarctic Expedition ANT-I using large box corers, multi-box
corers and van Veen grabs. Until 1988 (ANT-VI), altogether 70
surface samples were obtained between 30° and 47° W, quite
regularly distributed and covering wide areas of the continen-
tal shelf and slope (Figs. 1 and 2). Based on this material, pre-
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Fig. 1: Physiographic map of the southern Weddell Sea showing the study area and schematically the circulation pattern of the Weddell Gyre and of the major
shelf water masses (MWDW = Modified Weddell Deep Water, ESW = Eastern Shelf Water, WSW = Western Shelf Water, ISW = Ice Shelf Water). Bathymetric con-
tours (after Jonnson et al. 1981) are in meters. The dotted line indicates the position of the Filchner Ice Shelf edge prior to a calving event in austral winter 1986.

Abb. 1: Die physiographische Karte des siidlichen Weddellmeeres zeigt die Lage des Untersuchungsgebietes und schematisch das Zirkulationsmuster des Wed-

dellwirbels und der wichtigsten Wassermassen auf dem Kontinentalschelf (M WDW = Moditiziertes Weddellmeer-Tiefenwasser, ESW = Ostliches Schelfwasser,
WSW = Westliches Schelfwasser, ISW = Eisschelfwasser). Tiefenlinien (nach Jonxsox et al. 1981) in Meter. Die gepunktete Linie markiert den Verlauf der Filch-

ner-Schelfeiskante bis zu einem Kalbungsereignis im Siidwinter 1986.

liminary grain-size analyses (FUTTERER & MELLES 1990, MELLES
& Kunn 1993), the distribution of opal and organic carbon in
the bulk sediment (ScHLOTER 1990), and the distribution of
kaolinite and illite in the clay fraction (EHrRMANN et al. 1992)
were discussed with respect to the Recent glaciological and
hydrographical setting.

This study analyses the grain-size distribution and chemical
composition of the bulk surface sediment, the mineral assem-
blage in the clay fraction, the biogenic and terrigenous compo-
sition of the coarse fraction, and the stable isotope ratios in
planktonic foraminifera with the aims of determining Recent
sedimentary processes active in the southern Weddell Sea, and
of resolving their dependence on the physiographical,
glaciological and hydrographical conditions. For that purpose
the distribution patterns of the sediment parameters are com-
pared with the present-day environmental setting.
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ENVIRONMENTAL SETTING
Physiographic conditions

The Antarctic continental shelf differs from other continental
shelves mainly in having a greater water depth, a general slope
towards the continent, and a rough topography. The mean wa-
ter depth on the continental shelf of the Weddell Sea is about
450 m. The shelf edge corresponds approximately to the 600 m
depth contour (Fig. 1).

In the southern Weddell Sea, two northward trending shelf de-
pressions, the Ronne and Crary Troughs, separate relatively
shallow (<400 m) shelf areas north of the Berkner Island ice rise
from the Antarctic Peninsula in the west and Coats Land in the
east (Fig. 1). The Crary Trough shows an asymmetric profile
with a gentle western flank (0.3°) opposing a steeper eastern
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flank (1.1°); maximum water depths are about 1200 m at the
actual Filchner Ice Shelf edge (Fig. 1). The trough continues
south beneath the ice for more than 600 km reaching water
depths of more than 1400 m (Jankowskr & Drewry 1981, Roin
et al. 1983, VaucHan et al. 1995). The sill at the shelf edge,
which forms the transition between the Crary Trough and the
Weddell Basin, shows water depths of ca. 600 m and a seaward
convex extension in the continuation of the trough axis (Fig. 2).

The upper continental slope down to a water depth of about 2500
m is markedly steeper (1.6°) than the lower slope (0.7°). Be-
tween 36° W and 34° W, an asymmetrical channel extends
downslope to the north (Fig. 2). Its steep, 200 to 400 m high
western flank marks the change between rugged terrain with
northward trending ridges and troughs to the west, and smooth
topography to the east. The channel can be traced beyond the
study area to at least 72°15'S (MELLEs & Kunn 1993). A sec-
ond asymmetrical channel starts on the lower eastern slope, at
ca. 31° W (Fig. 2).

75°

Fig. 2: Sampling locations and bathymetry
(depth contours in meters) in the area studied.
The bathymetric map is based on echo-sound-
ing data of R.V. ,,Polarstern® cruises ANT-I to
ANT-1V (1983-1988), supplemented on the
western continental slope by data of Y.
KristoFFERSEN (Oslo). The dotted line indi-
cates the position of the Filchner Ice Shelf
edge prior to a calving event in austral win-
ter 1986.

Abb. 2: Probennahmestationen und Bathy-
metrie (Tiefenlinien in Meter) im Untersu-
chungsgebiet. Die bathymeirische Karte ba-
siert auf Echolotdaten der FS ,,Polarstern®-
Fahrten ANT-1 bis ANT-TV (1983-1988), am
S westlichen Kontinentalhang ergdnzt durch
Daten von Y. KRISTOFFERSEN (Oslo). Die ge-
punktete Linie zeigt den Verlauf der Filchner-
Schelfeiskante bis zu einem Kalbungsereig-
nis im Stidwinter 1986.

Oceanographic conditions

The oceanic circulation in the Weddell Sea is dominated by the
clockwise movement of the Weddell Gyre which comprises all
water masses down to the sea floor (Carmack & FosTer 19754,
Deacon 1979, Gorpon et al. 1981, Fig. 1). The upper ca. 200
m of the water column are formed by Winter Water (WW) with
specific thermohaline characteristics (Fig. 3). In summer, as a
consequence of sea-ice melting, the WW is overlain by a thin
low-salinity surface layer (CARMACK & FosTER 1975a). In depths
between ca. 200 m and 1500 m, Weddell Deep Water (WDW,
FoLpvik et al. 1985a) occurs, which is also called Warm Deep
Water (FosTER & Carmack 1976). The WDW is underlain by
Antarctic Bottom Water (AABW). In the eastern Weddell Ba-
sin, the AABW extends to the sea floor, whilst in the southwest-
ern, western, and northern Weddell Basin it is underlain by
newly formed, colder Weddell Sea Bottom Water (WSBW,
CarRMACK & FosTer 1975a).

The oceanographic situation on the continental shelf is rather
complex and until now not fully understood. At ca. 30° W and
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Fig. 3: Potential temperature versus salinity for the major Weddell Sea water
masses (after FoLpvik et al. 1985b). The rectangle within the ISW sector indi-
cates thermohaline characteristics of the ISW at the sill in the north of Crary
Trough, the dashed line T, represents the surface freezing point (WDW = Weddell
Deep Water, AABW = Antarctic Bottom Water, WSBW = Weddell Sea Bottom
Water, MWDW = Modified Weddell Deep Water, ESW = Eastern Shelf Water,
WW = Winter Water, WSW = Western Shelf Water, ISW = Ice Shelf Water).

Abb. 3: Temperatur/Salzgehalts-Diagramm der wichtigsten Wassermassen im
Weddellmeer (nach FoLpvik et al. 1985b). Das Rechteck im ISW-Feld charak-
terisiert das ISW am Schelfrand nérdlich der Filchner-Rinne, die gestrichelte
Linie 7, gibt den Gefrierpunkt fiir die Meeresoberfliche an (WDW = Weddell-
meer-Tiefenwasser, AABW = Antarktisches Bodenwasser, WSBW = Weddell-
meer-Bodenwasser, MWDW = Modifiziertes Weddellmeer-Tiefenwasser, ESW
= Ostliches Schelfwasser, WW = Winterwasser, WSW = Westliches Schelfwas-
ser, ISW = Eisschelfwasser).

40° W Modified Weddell Deep Water MWDW, Fig. 3), which
results from mixing of WW and WDW, spills over the shelf
break and flows to the southwest at water depths of 300 - 500
m (Foster & Carmack 1976, Forpvik et al. 1985b, Fig. 1). This
flow possibly occurs periodically, because MWDW was found
at the Filchner Ice Shelf edge in 1979 but not in 1969 and 1980
(FoLpvik et al. 1985b).

As part of the Weddell Gyre, the cold and fresh Antarctic
Coastal Current flows southwest along the coastline of the east-
ern Weddell Sea (Deacon 1937, Fig. 1). Atca. 27° W the Ant-
arctic Coastal Current splits (G 1973); one branch flows fur-
ther to the west along the shelf edge, the major part flows to the
south along the coastline at the eastern flank of the Crary Trough
(Carmack & FosTer 1975b). This branch has thermohaline char-
acteristics of the Eastern Shelf Water (ESW, Fig. 3). The ma-
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jor part of the near-surface flowing ESW is believed to be de-
flected to the west at the Filchner Ice Shelf edge, which extends
several hundred meters beneath sea level (FoLpvik et al. 1985¢).

The high salinity Western Shelf Water (WSW, Fig. 3) is formed
on the shallow shelf off the Berkner Island ice rise (Fig. 1) by
salt rejection due to sea-ice formation (Mossy 1934). This proc-
ess is most effective during wintertime, promoted by prevail-
ing katabatic winds (GiLL 1973) and strong tidal currents
(GamMELSR@D & Srotsvik 1981), which produce open water
areas (polynyas). Due to its high density, the WSW flows near
the bottom into the Crary Trough and, at its eastern flank, far
beneath the Filchner Ice Shelf (CarMack & FosTer 1975b,
Forpvik et al. 1985b). Inferred from the shelf topography,
Forpvik & GamMELSR@D (1988) deduced a second WSW branch
from the shelf off Berkner Island beneath the Ronne Ice Shelf
and further to the Filchner Ice Shelf (Fig. 1). Geophysical data
support their suggestion, showing a water column of more than
500 m beneath the ice south of the Berkner Island ice rise
(VauGHan et al. 1995).

Beneath the Filchner/Ronne Ice Shelf, cooling and freshening
transform WSW into Ice Shelf Water (ISW), a water mass char-
acterized by temperatures below the freezing point at the sur-
face (Carmack & FosTer 1975b, Fig. 3). The ISW flows from
beneath the ice shelf at the western flank of the Crary Trough
in water depths of 300 - 800 m and follows the bathymetric con-
tours to the north. It spills over the shelf edge as a bottom cur-
rent with velocities exceeding 100 cm/s (FoLpvik 1986). At the
continental slope, where the ISW turns to the west due to
Coriolis Force, mixing with WDW results in the formation
of WSBW (FoLpvik et al. 1985b). According to CARMACK &
FosTer (1975b), part of the ISW recycles within the Crary
Trough and, at its eastern flank, again flows beneath the Filchner
Ice Shelf in lower water depth and with slightly higher tempera-
ture (Fig. 1). However, this contradicts model calculations of
MacAvEAL (1985) and HeErimER & OLBERS (1989), who pro-
posed that the ISW at the eastern flank of the Crary Trough also
flows to the north.

Glaciological conditions

In the austral winter, between April and December, almost
the entire Weddell Sea, including the study area, is to more than
80 % covered by sea ice (SEa Ice CLivaTiC ATLAS 1985). The
sea-ice coverage then decreases rapidly, in the southern Weddell
Sea from northeast to southwest above the continental slope and
from southeast to northwest above the continental shelf. At the
time of minimum ice coverage, in mid-February, the northwest-
ern part of the study area is still to more than 50 % covered by
ice, whilst along the ice shelf edges a coastal polynya occurs.
Off the Filchner/Ronne Ice Shelf the polynya is ca. 50 km wide,
whereas west of Coats Land it is ca. 200 km (ZwaLLY et al.
1985).

The Weddell Sea is bordered to the south by the ca. 500 km
broad Filchner and Ronne Ice Shelves (Fig. 1). The Ronne Ice



Shelf is supplied predominantly by ice streams from West Ant-
arctica, whereas ice streams flowing into the Filchner Ice Shelf
have their source area in East Antarctica, in the Transantarctic
Mountains (DREwrY 1983, SwitHINBANK et al. 1987). The <200
km broad ice shelves, ice cliffs, and outlet glaciers of the east-
ern Weddell Sea are supplied also by ice streams from East
Antarctica, in the southern part from the Transantarctic Moun-
tains, and further to the north from Dronning Maud Land.

The position of the ice shelf edge is not constant. Between 1980
and 1984 the Filchner Ice Shelf edge moved to the north with a
velocity of ca. 1 km/a. This rate corresponds approximately to
the flow rate of the ice, indicating a northward movement over
decades, before huge calving events result in a recession of the
ice shelf edge (ZakHarov & KoTLyakov 1980, LANGE & KoHNEN
1985). Such a calving event took place in the southern Weddell
Sea in the austral winter of 1986, when three large ice plates and
some smaller tabular icebergs broke off from the Filchner Ice
Shelf (Figs. 1 and 2).

MATERIAL AND METHODS

Seventy undisturbed sediment surface samples were recovered
in the southern Weddell Sea (30°- 47° W) during six cruises of
R.V. ,Polarstern® between 1983 and 1988 (Fig. 2). Samples
were taken using a large box corer, a Van Veen grab, and a
multi-box corer. Detailed information on the sampling technique
and sampling locations can be obtained from the cruise reports
(HemperL 1983, 1985, Kounen 1984, FUTTERER 1987, 1988,
MiLLEr & OrrTER 1990). Immediately after recovery, surface
samples were taken from the uppermost 0.5 to 1.0 cm of the
sediment and stored at +4 °C.

In order to register as wide a grain-size spectrum as possible,
analyses were determined on two sediment sub-samples. The
maximum grain size was limited to 6.3 mm. The larger sub-sam-
ple (50-100 ml) was wet-sieved through 2 mm and 63 um
meshes and the gravel/sand ratio determined from the dry
weights. Sand and gravel were further subdivided by dry sieving.
The smaller sub-sample (3-10 ml) was also wet-sieved through
2 mm and 63 um meshes. Additionally, the fine fraction was
split up into clay (<2 tm) and silt (2-63 [Lm) using the Atterberg
method (settling time based on Stokes” Law). From the dry
weights of sand, silt, and clay of the smaller sub-sample, and
the gravel/sand ratio of the larger sub-sample weight percent-
ages of the bulk dry sediment were calculated for each fraction.

The carbonate and organic carbon contents were determined
with a Coulomat (Stréhlein, type 702) on freeze-dried and
ground bulk sediment samples by the method described by
Hermann & KNAKE (1973). Measurements were conducted on
CO, generated by combustion (1100 °C) for analysing the total
carbon content, and in corresponding samples by treatment with
H,PO, (14 %) for the carbonate-bound carbon content. Carbon-
ate was calculated from the contents of carbonate-bound carbon,
organic carbon from the difference between total and carbon-
ate-bound carbon.

The mineral composition of the clay fraction was determined by
XRD on texturally oriented aggregates with an internal MoS,
standard. Semiquantitative evaluations of the mineral assem-
blages were made on the integrated peak areas. The relative
percentages of each clay mineral (smectite, illite, chlorite, and
kaolinite) were determined using empirically estimated weight-
ing factors (Biscaye 1964, 1965, BRinpLEY & Brown 1980).
Additionally, the calculated peak areas of all investigated min-
erals were set in relation to the basal reflection of the MoS,
standard (at 6.15 A). More detailed information on the method
is given by EdrMann et al. (1992).

The composition of the coarse fraction (63 - 6300 pum) was de-
termined by grain-counting within isolated sub-fractions simi-
lar to the method described by SarRNTHEIN (1971). Only major,
easily identifiable biogenic and terrigenous groups of compo-
nents were distinguished. In each sub-fraction at least 400
grains, if available, were identified and counted using a binocu-
lar microscope. Of 23 samples, which were sieved into 1.0 Phi®
classes, all seven sub-fractions were counted. Of the remaining
47 samples, which were sieved into 0.33 Phi® (0.1 Zeta®) classes,
all five gravel fractions and every second of the fifteen sand frac-
tions were counted. In the intermediate sand fractions, grain
numbers were calculated by linear interpolation. Check count-
ing on two samples confirmed the admissibility of the interpo-
lation (MELLES 1991).

Different calculations were carried out for biogenic and
terrigenous components. For the individual groups of biogenic
components the grain percentages were calculated in every
grain-size fraction by their grain numbers and multiplied with
the corresponding weight percentages in the bulk dry sample.
In this way frequency percentages were obtained which were
summed up for the coarse fraction. The relative portions of the
terrigenous component groups in the bulk terrigenous material
within the sand fraction were calculated by multiplying the grain
percentages within every sand fraction by the corresponding
weight percentages of the sand fractions, summing them up, and
setting them in proportion to the bulk terrigenous material.

Stable oxygen and carbon isotopes in planktonic foraminiferal
tests were measured on sinistrally coiled Neogloboquadrina
pachyderma. All measurements were made on a Finnigan MAT
251 mass spectrometer in conjunction with an automatic carbon-
ate preparation device. The amount of carbonate used for one
measurement varied between 40 and 60 Lg. This corresponds
to 2-6 specimens of N. pachyderma in the 125-315 pm fraction.
Isotope ratios are given in & notation versus VPDB (Viena Pee
Dee Belemnite). Standard deviations of measurements are 0.04
%o for carbon and 0.06 %o for oxygen (HUBBERTEN & MEYER
1989).

COMPOSITION OF SURFACE SEDIMENT

Surface sediment parameters were plotted in maps of the study
area. Isopleths were drawn from those parameters which show
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significant gradients, with increments dependent upon the total
range and the accuracy of the measurement. In order to exam-
ine the proportions of three interdependent parameters, the
grain-size distribution of the bulk sediment (gravel, sand, mud)
and the composition of terrigeneous components in the sand
fraction (rock fragments, quartz and feldspar, other minerals)
were plotted in triangular diagrams and mapped according to
areas defined in the diagrams.

Grain sizes

The grain-size distribution of surface sediments in the southern
Weddell Sea is clearly depth-related (Fig. 4). The Crary Trough
shows a distinct succession from coarse to fine-grained
sediments with increasing water depth, leading from well-sorted
sand north of the Berkner Island ice rise, through muddy sand
and sandy mud, to mud in the axis of the trough. The eastern
flank exhibits similar conditions but, besides well-sorted sand,
gravelly sand occurs in shallow water off the Luitpold Coast.
High gravel contents (up to 40 %) were also found in deeper
water in a zone beneath and in front of that part of the Filchner
Ice Shelf which broke off in the austral winter of 1986. In con-
trast to the upper flank, gravel in this area occurs in a fine-
grained, muddy matrix.

On the continental margin north of the Crary Trough two, prob-
ably separate, regions of well-sorted sand and gravelly sand
occur. With increasing water depth, and towards the northeast
on the continental slope, the content of the coarse fraction gradu-
ally decreases, resulting in almost pure mud on the lower east-
ern slope.

Carbonate and organic carbon

High carbonate contents (>2 %) were found along the ice shelf
edge of the Luitpold Coast, in deep water of the southern Crary
Trough, along the continental margin, and on the western con-
tinental slope (Fig. 5). The highest values (up to 55 %) occur
on the continental margin beween 600 and 1000 m water depth.
Low carbonate values (<0.1 %) were found off the Berkner Is-
land ice rise and in the central Crary Trough.

The total organic carbon content shows maximum values (>0.4
%) in front of the Luitpold Coast, in a wide area of deep water
in the Crary Trough, and on the northeastern continental slope
(Fig. 6). Minima (<0.2 %) occur off Berkner Island, on two lo-
cations on the middle eastern flank of the Crary Trough, and on
the western continental margin.

Biogenic components in the bulk sediment

Of the siliceous biogenic components, only sponge spicules and
radiolaria occur in significant amounts in the coarse fraction.
The sponge spicules are most frequent in the bulk sediment (up
to 16.6 %) in a narrow zone off Luitpold Coast (Fig. 7). Except
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for two regions on the continental margin and slope, where they
reach up to 1 %, their percentages are very low in the rest of the
study area. The distribution pattern of the radiolaria is rather
complicated (Fig. 8). Although in some areas mapping is uncer-
tain, the radiolarian distribution pattern shows some trend op-
posite to that of the sponge spicules. This is most obvious along
the Luitpold Coast, where the radiolaria, in contrast to the
sponge spicules, have very low contents or are even absent. The
two areas of radiolarian minima on the continental slope also
show some relation to those of higher sponge spicule contents.
However, in that area of the southern Crary Trough which un-
til 1986 was covered by the Filchner Ice Shelf, both the sponge
spicules and radiolaria have distinct minima.

The distribution pattern of the arenaceous foraminifera is char-
acterized by high contents on parts of the upper slope and in the
central Crary Trough, with a maximum (>3 %) in front of the
ancient Filchner Ice Shelf edge (Fig. 9). Minima (<1 %) occur
along the Luitpold Coast, off Berkner Island, and partly on the
continental margin and slope.

Both calcareous benthonic and planktonic foraminifera have
distinct maxima in narrow zones along the Luitpold Coast and
on the continental margin (Figs. 10 and 11). Minima occur in
the central Crary Trough, off Berkner Island and on the lower
continental slope. A similar pattern is shown by the bryozoa
(Fig. 12), whereas the molluscs and the barnacle species
Bathylasma corolliforme show a slighly different distribution
(Figs. 13 and 14). The molluscan maximum on the continental
margin is restricted to the western part and, besides the narrow
zone along the Luitpold Coast, high contents also occur in the
southern Crary Trough. In contrast, B. corolliforme was found
only on the continental margin and slope; on the southern shelf
this species is absent.

A distribution pattern similar to that of the calcareous
foraminifera is also indicated by all other calcareous biogenic
components, including indeterminable calcareous fragments as
well as ostracods, sea-urchin spines, and corals. Because the
latter components are very rare, they have not been mapped.

Terrigenous components in the sand fraction

The terrigenous composition of the sand fraction (Fig. 15) is
dominated by the quartz and feldspar group, which contributes
between 29 and 97 %. Rock fragments show a wide range from
0 to 58 %. Other minerals occur with 3 to 28 %. The highest
quartz and feldspar contents were found off Berkner Island, in
the northwestern Crary Trough, on the western and eastern con-
tinental shelf break and slope, and along the Luitpold Coast. In
contrast, relatively high contents of rock fragments occur in deep
water of the Crary Trough and in the remaining parts of the shelf
break and slope. Other minerals have their lowest values (<10
%) on the continental shelf, in particular along the upper west-
ern and eastern flanks of the Crary Trough.
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Fig. 4: Grain-size distribution of the bulk dry surface
sediment in the southern Weddell Sea: (a) Triangular
diagram showing the ratios of mud to sand and the per-
centage content of gravel (for sample locations see Fig.
2), (b) Triangular diagram equivalent to (a) showing the
boundaries and patterns of areas defined for mapping,
(c) Map of the grain-size distribution as defined in (b).

Abb. 4: KorngroBenverteilung im Gesamtsediment der
Oberfldchenproben im siidlichen Weddellmeer: (a)
Dreiecksdiagramm mit den Verhiltnissen von Sand zu
Ton plus Silt sowie den prozentualen Gehalten an Kies
(Probennahmestationen siche Abb. 2), (b) Dreiecksdia-
gramm entsprechend (a), mit den Grenzen und Mustern
der kartierten Wertebereiche, (c) Karte der Korngrofien-
verteilung entsprechend der Einteilung in (b).
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Minerals in the clay fraction

The assemblage of clay minerals in the clay fraction of the sur-
face sediments is dominated by illite, which contributes between
51 and 82 %, followed by chlorite (8-38 %), smectite (2-19 %)
and kaolinite (2-16 %). The distribution patterns of the calcu-
lated relative percentages of these minerals are very similar to
those of their mineral/standard-ratios.

The kaolinite distribution (Fig. 16) is characterized by very low
contents (<6 %) on the lower continental slope, off Luitpold
Coast, and in front of the actual edge of the western Filchner
Ice Shelf. Significantly higher values (>11 %) occur in two re-
gions on the continental margin, in an area in front of the
Schweitzer and Lerchenfeld Glaciers, and at one location north
of Berkner Island. Compared to kaolinite, smectite shows less
clear differences and a rather simple distribution pattern. Rela-
tively high values (>9 %) occur on the entire continental slope
and northern shelf, in deep water of the Crary Trough beneath
the former Filchner Ice Shelf, and in front of the Berkner Island
ice rise. Although chlorite has a wider concentration range than
kaolinite and smectite, only indistinct general trends are recog-
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Fig. 5: Distribution of the carbonate content (in % of
S the bulk dry sediment).

Abb. 5: Verteilung der Karbonatgehalte (in % am Ge-
samtsediment).

nizable. Highest contents (>30 %) occur in the central Crary
Trough in front of that part of the Filchner Ice Shelf which broke
off in 1986, whereas low values were found mainly below the
former ice shelf, and at most locations in front of the Luitpold
Coast and on the continental margin and slope. Illite shows
maximum values (>70 %) on the northeastern continental slope
and in front of the northern part of the Luitpold Coast, with de-
creasing contents towards the west (Fig. 17). Another maximum
occurs in front of the actual edge of the western Filchner Ice
Shelf.

Distribution patterns very similar to that of illite are presented
by the mineral/standard-ratios of talc (Fig. 18), amphibole (Fig.
19), and feldspar (Fig. 20). These minerals all have maxima on
the northeastern continental slope, along the Luitpold Coast, and
in the central Crary Trough beneath the former Filchner Ice
Shelf. In contrast, the ratio quartz/standard shows distinct
maxima (>0.8) in two regions at the shelf break and minima
(<0.5) on the northeastern continental slope and in the central
and western Crary Trough.
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Stable isotopes in planktonic foraminifera

The stable oxygen isotope ratios (8'*0) in foraminiferal tests of
the planktonic N. pachyderma (Fig. 21) show a very distinct,
continuous shift from light values (<3.50 %o) in front of the
Luitpold Coast and the actual Filchner Ice Shelf edge to heavier
values towards the north, reaching maxima (>3.80 %¢) on the
lower continental slope. Although the carbon isotope ratios
(613C) vary between 0.79 %o and 1.19 %o, they show a much less
clear distribution pattern than the oxygen isotope ratios. Rela-
tively low values of <0.95 %¢ are common in the southwestern
and eastern Crary Trough and on the eastern continental slope,
whereas relatively high values of >1.10 %¢ were often found on
the western continental slope.

GLACIOLOGICAL INFLUENCE ON SEDIMENT
FORMATION

The sediment composition on the continental margin of the
Weddell Sea is dominated by terrigenous rather than biogenic

/ \chweitzer -
Le,, Glacier

75°

76°
77°
78° Fig. 6: Distribution of the organic carbon content (in
S % of the bulk dry sediment).
Abb. 6: Verteilung der Gehalte an organischem Koh-
30°W lenstoff (in % am Gesamtsediment).

particles (ANDERSON et al. 1979, ELvErH@! 1984, FUTTERER et al.
1988). The distribution of both the biogenic and terrigenous
components in the surface sediments is controlled (1) by their
quantity produced in or supplied to the ocean, (2) by their bio-
logical, chemical and/or mechanical destruction, (3) by their
lateral transport in the water column, (4) by their redeposition,
and (5) by their dilution with other sediment components. All
these processes are controlled by the Recent glaciological,
physiographical, and hydrographical conditions.

Biogenic accumulation and ice coverage

The biogenic primary production in the area investigated is lim-
ited neither by nutrients nor by oxygen, which are both suffi-
ciently available in the water masses (FoLbvik & GAMMELSR@D
1988, Voss 1988). Hence, the major limiting factor is the scar-
city of light (EL-Sayep 1971). The light intensity decreases
within the upper 25 cm of sea ice by 90 %; at the underside of
one-year ice with a snow-coverage of 5 cm, the light intensity
amounts to only <0.5 % of the primary radiation (BARTSCH
1989). The plankton blooms on the Antarctic continental mar-
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gin, therefore, are restricted to a few weeks within the austral
summer, when the sea-ice coverage partly breaks off. Due to the
particle and nutrient flux through the water column, the limit-
ing influence of the sea-ice cover on the planktonic biogenic
production may finally result also in a limitation of the benthonic
biogenic production.

During the minimum sea-ice coverage in February, polynyas
occur along the coastline of the southern Weddell Sea, whilst
the northwestern part of the area investigated is still more than
50 % covered by ice (SEa ICE CLiMaTIC ATLAS 1985). Based on
the oxygen and nitrate profiles in near-surface sediments,
ScHLUTER (1990) calculated a general decrease in organic car-
bon flux with increasing distance from the ice edge in the south-
ern Weddell Sea. However, this pattern is reflected neither by
the organic carbon contents, nor by the contents of radiolaria and
planktonic foraminifera, and the 8"*C ratios in planktonic M.
pachyderma, which all lack an obvious decrease towards the
northwest (Figs. 6, 8, 11). This indicates that differences in pri-
mary production due to variations of 0-50 % in yearly minimum
sea-ice coverage are too small to be resolved by these param-
eters, or that their distribution patterns are masked by other proc-
esses in the water column.
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Fig. 7: Distribution of the sponge spicule content in
S the coarse fraction (in % of the bulk dry sediment).

Abb. 7: Verteilung der Gehalte an Schwammnadeln in
der Grobfraktion, bezogen auf das Gesamtsediment.

30° W

The distributions of sponge spicules, benthonic foraminifera,
bryozoa, molluscs, and B. corolliforme, being similar to the
planktonic organisms and organic carbon, show no distinct de-
creasing trend towards the area of denser sea-ice cover (Figs.
7,10, 12-14). The biological production on the sea floor, there-
fore, is largely independent of differences in primary produc-
tion in the study area.

In contrast to sea ice, coverage by ice shelves results in a total
lack of primary production. In that area of the southern Crary
Trough which until 1986 was covered by the Filchner Ice Shelf,
seven surface samples were recovered two years after the calv-
ing event (Fig. 2). Whilst the radiolarian contents exhibit dis-
tinct minima in all these samples (Fig. 8), the organic carbon
as well as the planktonic foraminifera have high contents at
some locations (Figs. 6 and 11). These frequencies substantiate
a lateral supply of both nutrients and planktonic foraminifera
beneath the former Filchner Ice Shelf.

The nutrient supply is further evidenced by the occurrence of
benthonic organisms. High contents at some locations are shown
by benthonic foraminifera and bryozoa, and especially by mol-
Tuscs (Figs. 10, 12, 13). Indication for a living molluscan fauna
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beneath ice shelves is given also by the species distribution in
front of the present-day ice shelf edges in the Weddell and
Lazarev Seas (Hain & MELLEs 1994). The absence of B.
corolliforme at all locations does not necessarily depend on the
lack of primary production, because this species is absent on the
entire southern shelf (Fig. 14). The sponge spicules, in contrast,
exhibit distinct minima, whilst showing high contents in front
of the former eastern ice shelf edge (Fig. 7). This similarity to
the radiolarian distribution, together with very low opal contents
in the bulk surface sediments (ScHLOTER 1990), may indicate a
limitation for all siliceous microfossils due to the former ice
shelf cover.

Sediment transport by ice

Due to the scarcity of ice-free areas in the surrounding region,
aeolian sediment transport plays a minor role in the terrigenous
sediment supply to the ocean. In contrast to temperate glacial
regimes, such as Alaska, melt-water transport is also negligible
in the present polar glacial regime of Antarctica. Because the

chWeit;er—
Le,,, Glacier

75°

o
78 Fig. 8: Distribution of the radiolarian content in the
S coarse fraction (in % of the bulk dry sediment).

Abb. 8: Verteilung der Gehalte an Radiolarien in der
Grobfraktion, bezogen auf das Gesamtsediment.

sea ice in Antarctica, unlike the Arctic Ocean, is predominantly
free of a terrigenous sediment load (PrirMaN et al. 1990), sea-
ice transport is also insignificant. Hence, most of the terrigenous
sediment particles are supplied to the ocean by ice shelves, ice
cliffs, and outlet glaciers, which form 92 % of the Antarctic coast
line (DREWRY & RoBmN 1983). The material is eroded on the
continent and incorporated into the ice sheet, where it is trans-
ported predominantly in the basal zone (Gow et al. 1968,
ANDERSON et al. 1980a). The sediment load is deposited either
directly from grounded ice forming lodgement tills or seaward
of the grounding line producing glacimarine sedimentation
(ANDERSON et al. 1980b).

Huge ice shelves, such as the Filchner and Ronne Ice Shelves,
have lost most of the basal debris when reaching the calving line
due to basal melting close to the grounding line (Rosmv 1979,
OruemM & Evrvernger 1981, HAMBREY et al. 1992, OrRTER et al.
1992). In an ice core located 30 km from the edge of the Ronne
Ice Shelf, the ice originating from the Antarctic ice sheet
amounts to only 17 m (OerTeR et al. 1992). This thin layer is
covered by ca. 140 m of meteoric ice formed by snow accumula-
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tion on the ice shelf, and it is underlain by ca. 85 m of basal
marine ice formed in the central and northern parts of the ice
shelf by accumulation of ice platelets. The basal marine ice con-
tains fine-grained sediment particles which were scavenged by
the ice platelets on their ascent through the water column. How-
ever, these particles probably have little influence on the sedi-
mentation in front of the ice shelf because with up to 0.1 g/l
(Ercken pers. comm. 1995) their contents are very low compared
to 47-78 g/l measured in the debris zones of icebergs ( ANDERSON
et al. 1980a). In addition, the particles in the marine ice are con-
centrated in the central rather than in the basal part of the ice
column. Most of them, therefore, are transported over long dis-
tances by icebergs, before being released to the water column.

In contrast to huge ice shelves, small ice shelves, ice cliffs, or
outlet glaciers may at their ice margins still contain significant
amounts of basal debris eroded on the continent (DREwWRY &
Coorer 1981, KELLoGG & KELLOGG 1988). Most of this debris
is deposited from icebergs within short distances from the calv-
ing areas (DREwrY & Cooper 1981). So far, only a few samples
of ice-rafted debris (IRD) were obtained from Antarctic ice-
bergs. They show a wide grain-size spectrum from clay to boul-
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Fig. 9: Distribution of the arenaceous foraminifera
content in the coarse fraction (in % of the bulk dry se-

diment).
S
Abb. 9: Verteilung der Gehalte an agglutinierenden
Foraminiferen in der Grobfraktion, bezogen auf das
30°W Gesamtsediment.

ders, poor sorting, and sand contents predominantly between
40 % and 70 % (ANDERSON et al. 1980a, PETsSCHIK pers. comm.
1995). Indirect information on the grain-size distribution of the
IRD comes from the lodgement till, which was deposited dur-
ing the last glacial maximum directly from the grounded ice on
the Antarctic continental shelf. Although the lodgement till
shows regional and even local variations, it is always charac-
terized by poor sorting (Fig. 22). Because most of the surface
sediments in the area investigated are much better sorted than
this till, marine sorting processes must have taken place on the
ice-rafted particles during and after their settlement through the
water column.

Differences in IRD supply due to different melting rates of ice-
bergs are improbable in most of the area investigated, because
the Eastern Shelf Water (ESW) and Winter Water (WW) show
similar temperature ranges (-1.8 °C to -1.9 °C) and small dif-
ferences in salinities (<0.2 %e, Fig. 3). The only exception is the
area in front of Berkner Island, where Western Shelf Water
(WSW) is formed. This water mass could result in higher melt-
ing rates, because it is characterized by much higher salinities
at the same temperature range (Fig. 3).
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The IRD composition reflects the petrology of surface rocks in
the catchment area of ice streams (DREMANIS 1976). In the south-
ern Weddell Sea, the general movement of icebergs is from east
to west due to the East Wind Drift south of ca. 70° S and the
Weddell Gyre. Hence, the calving areas of icebergs reaching the
outer continental shelf and slope are situated in the northeast-
ern Weddell Sea. In the catchment area of the northeastern
Weddell Sea outcrops of predominantly magmatic and espe-
cially metamorphic rocks are found (Roots 1969, Juckes 1972,
Wormarans & Kent 1982). Evidence for a similar petrological
composition in the presently ice-covered catchment area is de-
duced from the petrology of ice-rafted pebbles and boulders in
adjacent glacimarine sediments (OskiErsk1 1988, ANDERSON et
al. 1991, Kunn et al. 1993). An IRD supply of magmatic and
metamorphic rocks to the outer continental shelf and slope of
the area investigated is confirmed by the composition of the
lithic coarse fraction. Due to similar melting rates and a large
distance from the calving areas, a more or less constant flux of
IRD can be assumed.

In contrast, on the inner continental shelf the surface sediment
composition may be influenced by more local IRD sources of
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Fig. 10: Distribution of the calcareous benthonic fora-
minifera content in the coarse fraction (in % of the bulk

78° dry sediment).
S
Abb. 10: Verteilung der Gehalte an kalkigen benthi-
schen Foraminiferen in der Grobfraktion, bezogen auf
30°W das Gesamtsediment.

individual textural and petrological composition. OSKIERSKI
(1988) recognized two petrological provinces by the composi-
tion of ice-rafted pebbles in glacimarine sediments. Whilst the
province in front of Berkner Island and the Filchner Ice Shelf
is dominated by sedimentary pebbles, the province along the
Luitpold Coast is characterized by equal contents of magmatic,
metamorphic, and sedimentary rocks. Based on pebbles and the
coarse sand in lodgement tills and subice shelf deposits,
ANDERSON et al. (1991) distinguished four provinces. They
showed a succession from predominantly sedimentary rock frag-
ments off Berkner Island to predominantly magmatic rock frag-
ments off Coats Land. In the latter area, Kunn et al. (1993) also
found high contents of magmatic pebbles in glacimarine
sediments.

Although these studies are based on sediments of different ages,
the results are similar to the terrigenous composition of the sur-
face sediments. Off Berkner Island and in front of the present-
day Filchner Ice Shelf edge, the lithic coarse fraction is charac-
terized by high contents of sedimentary rocks. They include
calcareous rocks as well as sandstones with a carbonate matrix.
This composition is also reflected in high carbonate contents in
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the southern Crary Trough (Fig. 5) which cannot be explained
exclusively by the contents of biogenic calcareous components
(Figs. 10-14). A sedimentary origin of the IRD is also indicated
by the mineral composition of the clay fraction. High contents
of kaolinite and minima of illite, talc, amphibole, and feldspar
were found off Berkner Island and in front of the Schweitzer and
Lerchenfeld Glaciers (Figs. 16-20).

The IRD in these two areas differs from that farther north not
only in its petrological composition but also in its grain-size
distribution. In front of Berkner Island, the surface sediments
are composed of very well-sorted, almost pure quartz and feld-
spar sands (Figs. 4 and 15). This composition may indicate an
IRD with extraordinary high sand contents, which could be
formed by erosion of kaolinite bearing, calcareous sandstones
exposed on Berkner Island. This interpretation is in agreement
with Oskierski (1988) and FUTTERER & MELLES (1990), who
deduced that sedimentary rocks of the Beacon Supergroup are
exposed on Berkner Island. Rocks of this type were also found
in the Theron Mountains (STEPHENSON 1966), close to the catch-
ment area of the Schweitzer and Lerchenfeld Glaciers (DREwWRY
1983). In front of these glaciers, the surface sediments below
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Fig. 11: Distribution of the planktonic foraminifera
content in the coarse fraction (in % of the bulk dry sedi-
°

78 ment).

S
Abb. 11: Verteilung der Gehalte an planktischen Fora-
miniferen in der Grobfraktion, bezogen auf das Ge-
30°W samtsediment.

ca. 800 m water depth are characterized by high gravel contents
in a fine-grained, muddy matrix. Their very low sand contents
(mostly <25 %; Fig. 4) can only be explained by an extraordi-
narily high gravel content of the IRD, and its enrichment by fine-
grained material due to marine processes. A similar grain-size
distribution was found in surface sediments at the western mar-
gin of the Ronne Ice Shelf in front of outlet glaciers flowing
from the Antarctic Peninsula (Haase 1983, FUTTERER & MELLES
1990).

Besides the supply of terrigenous particles, the continental ice
could play an important role in the redeposition of glacimarine
sediments. Both advances of the ice grounding-line and plough-
ing of icebergs may result in incorporation and freeze-on of
glacimarine sediments, as well as in local debris slides (Domack
1982, SoLuemM & KRisTOFFERSEN 1985, DowpesweLL 1987,
KeLLoce & KeLroce 1988, LiEN et al. 1989). An influence of
these processes on the surface sediment composition, however,
is unlikely because none of the samples contained sediment
clasts indicative of glacial redeposition. In addition, no evidence
was found of a higher degree of consolidation due to iceberg
loading.
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PHYSIOGRAPHICAL INFLUENCE ON SEDIMENT
FORMATION

Water depth and biogenic accumulation

During vertical transport through the water column, unknown
quantities of both the skeletons of planktonic organisms and the
organic carbon are decomposed. However, the distribution pat-
tern of radiolaria, for example, shows no systematic decrease
with increasing water depth (Fig. 8). The planktonic
foraminifera have the highest values in shallow water in front
of the Luitpold Coast and at the continental margin, whereas on
the shallow shelf area off Berkner Island their contents are very
low (Fig. 11). Except for high values at two shallow locations
in front of the Luitpold Coast, the organic carbon contents tend
towards higher rather than lower values with increasing water

depth (Fig. 6).

The distribution patterns of all benthonic organisms also argue
against a limitation of nutrients in deeper waters of the area in-
vestigated, because none of them shows a significant trend to-
wards lower values with increasing water depth (Figs. 7, 9, 10,

73°

75°

78° Fig. 12: Distribution of the bryozoan content in the
S coarse fraction (in % of the bulk dry sediment).
Abb. 12: Verteilung der Gehalte an Bryozoen in der
30°W Grobfraktion, bezogen auf das Gesamtsediment.
12-14). This is also supported by intense bioturbation of the

near-surface sediments at all locations investigated. Hence, a
simple depth-dependence of the decomposition in the water
column can be excluded. The distinct differences in the contents
of planktonic and benthonic organisms, and of organic carbon,
therefore, must depend mainly on the chemical and physical
properties of the water masses.

Gravitational sediment transport

Gravitational sediment transport processes (turbidity currents,
slumps, debris flows, etc.) have been frequently described from
the Antarctic continental slope and from the flanks of shelf de-
pressions such as the Crary Trough (Kurtz & ANDERSON 1979,
WRIGHT et al. 1979, 1983, WriGHT & ANDERSON 1982, SOLHEM
& KRISTOFFERSEN 1985, FUTTERER et al. 1988, MELLES & Kunn
1993, KunN & WEeBER 1993). However, there are some indica-
tions that these processes have not affected the surface sediments

in the study area.
For example, the undisturbed surface sediments of the box cores
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contained living macrobenthos at almost all sampling sites. In
addition, on the continental margin and on the upper eastern
flank of the Crary Trough, continuous zones with high contents
of calcareous biogenic components occur along the bathymetric
contours (Figs. 10-14), showing bryozoa and B. corolliforme in
living positions at various locations. Furthermore, gravitational
sediment transport to the lower continental slope and deeper
Crary Trough seems unlikely, because the mineral compositions
in the clay and sand fractions differ significantly from those in
the shallower parts (Figs. 15-20). Finally, the coarse-grained
sediments at the continental margin cannot be proximal depos-
its of sediment gravity transport, because they extend upwards
onto the very flat continental shelf (Fig. 4).
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Fig. 13: Distribution of the molluscan content in the
S coarse fraction (in % of the bulk dry sediment).

Abb. 13: Verteilung der Gehalte an Mollusken in der
Grobfraktion, bezogen auf das Gesamtsediment.

HYDROGRAPHICAL INFLUENCE ON SEDIMENT
FORMATION

Properties of water masses and biogenic accumulation

The above discussion demonstrated that the distinct differences
in the contents of planktonic and benthonic organisms, and of
organic carbon reflect neither an ice-cover influence on biogenic
primary production nor a depth-dependence on decomposition.
In addition, an influence of redeposition processes due to gla-
cial sediment reworking or gravitational sediment transport can
be excluded. Hence, the biogenic composition of the surface
sediment is predominantly controlled by the chemical and physi-
cal properties of the different water masses.

The maxima of planktonic foraminifera on the continental mar-
gin and in the narrow zone along the Luitpold Coast (Fig. 11)
coincide remarkably with the two branches of the Antarctic
Coastal Current (Fig. 1). This relation was noticed already by
ANDERSON (1975b) and traced back to a high production in the
surface water. Very low contents of radiolaria in these areas (Fig.
8) indicate that the production comprises especially planktonic
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foraminifera, but is reduced with respect to radiolaria. This con-
forms with the calcite saturation, which reaches more than 280
% in the coastal surface water in the Lazarev Sea (RUTGERS VAN
pER LOEFF et al. 1992). The surface water of the Antarctic
Coastal Current consists of Eastern Shelf Water (ESW). This
water mass is formed by the incorporation of meltwater along
the ice margin and, therefore, is characterized by low tempera-
tures and salinities (Fig. 3). The major flow of the Antarctic
Coastal Current along the upper eastern flank of the Crary
Trough is clearly reflected in light d'*O values in planktonic
foraminiferal tests (Fig. 21). Continuously increasing values
with increasing distance from the ice margin indicate that the
second branch of the Antarctic Coastal Current, which flows to
the west along the continental margin, is of much smaller inten-
Sity.

On the upper eastern flank of the Crary Trough, the ESW
reaches the bottom down to 300-400 m water depth (FoLbvix
et al. 1985¢). In this area, sponge spicules, calcareous benthonic
foraminifera, bryozoa, and, less pronounced, molluscs show
distinct maxima (Figs. 7, 10, 12, 13). A dense settlement of
sponge and bryozoan faunas has repeatedly been reported from
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Fig. 14: Distribution of the content of the barnacle spe-
cies Bathvlasma corolliforme in the coarse fraction
(in % of the bulk dry sediment).

S
Abb. 14: Verteilung der Gehalte an der Seepockenart
Bathylasma corolliforme in der Grobfraktion, bezogen
30°W auf das Gesamtsediment.

shallow waters of the eastern Weddell Sea shelf (ELvErHOI &
RoALDSET 1983, Voss 1988, Hav 1990). ANpERSON (19754, b)
found a dominance of calcareous forms in the benthonic
foraminiferal assemblage along the eastern Weddell Sea ice
margin and concluded that bottom conditions were suitable for
both precipitation and preservation of calcium carbonate. The
continuation of the narrow zone of high molluscan, planktonic
and especially calcareous benthonic foraminifera contents be-
neath the former Filchner Ice Shelf (Figs. 10, 11, 13) indicates
that a significant part of the ESW flowed beneath the ice prior
to the calving event of 1986.

In that branch of the Antarctic Coastal Current which flows to
the west along the continental margin, the ESW is underlain by
Modified Weddell Deep Water (MWDW) and Ice Shelf Water
(ISW, Figs. 1 and 3). High contents of planktonic foraminifera
in that area (Fig. 11) again could be due to their high produc-
tion rate in the ESW. BERGER (1968) has shown that a high cal-
careous primary production generally results in a depression of
the carbonate compensation depth (CCD), the depth at which
calcium carbonate supply exceeds dissolution. However, this
alone cannot explain the maxima of calcareous benthonic
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Fig. 15: Distribution of terrigenous components in the
sand fraction (in % of the terrigenous sand): (a) Trian-
gular diagram showing the ratios of the quartz and feld-
spar group to the rock fragments and the percentage
content of the other minerals (for sample locations see
Fig. 2), (b) Triangular diagram equivalent to (a)
showing the boundaries and patterns of areas defined
for mapping. (c) Map of the terrigenous component
distribution as defined in (b).

Abb. 15: Verteilung der terrigenen Komponenten in
der Sandfraktion (in % des terrigenen Sandes): (a)
Dreiecksdiagramm mit den Verhiltnissen von Quarz
plus Feldspat zu Gesteinsbruchstiicken und den pro-
zentualen Anteilen an sonstigen Mineralen (Proben-
nahmestationen siche Abb. 2), (b) Dreiecksdiagramm
entsprechend (a) mit den Grenzen und Mustern der
kartierten Wertebereiche, (c) Karte der terrigenen
Komponentenverteilung entsprechend der Einteilung
in (b).
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foraminifera, bryozoa, molluscs, and the barnacle B.
corolliforme, which at some locations reach values much higher
than in front of the Luitpold Coast (Figs. 10, 12-14). Hence,
additional factors have to support the high benthonic calcare-
ous production and/or reduced dissolution on the continental
margin.

ANDERsON (1975b) noticed a coincidence of high calcareous
foraminiferal contents with very coarse-grained surface
sediments, and traced this relation back to reduced dissolution
due to a high clastic accumulation with associated rapid burial.
This process could be of significant influence on the continen-
tal margin, where high postglacial accumulation rates are indi-
cated by sediment coring and sub-bottom profiling (MELLES
1991, MELLEs & Kunn 1993). In front of the Luitpold Coast, in
contrast, high accumulation rates are unlikely despite the prox-
imity to the narrow ice shelf, because in that area a very thin or
no cover of glacimarine sediments was found above the base-
ment (ELVERHGI & MAISEY 1983, SoLHEM & KRISTOFFERSEN
1985, Kunn et al. 1993).

The continental margin as well as the area in front of the

78° Fig. 16: Distribution of the content of kaolinite in the
S clay fraction (in % of the clay minerals).
Abb. 16: Verteilung der Gehalte an Kaolinit in der Ton-
30°W fraktion (in % an den Tonmineralen).

Luitpold Coast are associated with high bottom current veloci-
ties. CARMACK & Foster (1977) calculated velocities of up to 40
cm/s for the Antarctic Coastal Current to the east of its point of
divergence (ca. 27° W).&Because the main portion of this cur-
rent follows the coastline to the south, only slightly lower cur-
rent velocities can be expected for the ESW off the Luitpold
Coast. In the ISW on the continental margin, current meter
moorings have registered even higher mean velocities of
>50 cm/s in the ISW close to the bottom (FoLbvik 1986). The
flow of ISW across the shelf edge is probably traced by the
coarse-grained surface sediments (Fig. 4, FOTTERER & MELLES
1990, MELLES & Kunn 1993).

On the one hand, high current velocities may favour the settle-
ment of sessile organisms with filtering feeding habitats, such
as bryozoa, sponges, and barnacles. This suggestion is supported
by the occurrence of bryozoa in front of the Ronne Ice Shelf,
where tidal current velocities perpendicular to the ice edge ex-
ceed 40 ci/s (Voss 1988, Rosiv et al. 1983). The barnacle spe-
cies B. corolliforme also settles in a high-energy current envi-
ronment, for example at the shelf edge of the Ross Sea
(BuLLivanT 1967). The absence of B. corolliforme at the

63



| ilite (%] |

< 60

60 -70

> 70

0 50 100

1 I3 }
kilometers

N )
PPN

ceShelf‘::‘:\:\:‘:\ 1 ] !
400 88° 36° 34°  go°

Luitpold Coast (Fig. 14) may indicate that the current veloci-
ties of the ESW are too low for this species, whereas low sponge
spicule contents on the continental margin (Fig. 7) could be
limitated by the stronger currents of the ISW.

On the other hand, high current velocities of the bottom water
may cause a restriction of organic carbon accumulation or its
erosion, resulting in a well oxygenated, non-corrosive intersti-
tial water in the uppermost sediment, favouring the preserva-
tion of calcareous components (ANDERSON 1975b, MACKENSEN
et al. 1990). In front of the Luitpold Coast, high organic car-
bon contents argue against the importance of this process,
whereas on the continental margin low contents at some loca-~
tions indicate a significant influence (Fig. 6). In addition, the
ISW is formed beneath the ice shelf and flows north at inter-
mediate depths until it makes contact with the bottom at the
shelf edge. The ESW, in contrast, is exposed to organic carbon-
rich sediments over a long distance in the eastern Weddell Sea
(Mackensen et al. 1990), which in addition is an area of high
primary production. The ESW, therefore, should have incorpo-
rated more CO, by oxidation of organic carbon than the ISW.
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Fig. 17: Distribution of the content of illite in the clay
fraction (in % of the clay minerals).

Abb. 17: Verteilung der Gehalte an I1lit in der Tonfrak-
tion {in % an den Tonmineralen).

Whilst the high-energy flows of ISW and ESW obviously fa-
vour calcareous production and preservation, they seem to re-
tard accumulation of radiolaria and arenaceous foraminifera
(Figs. 8 and 9). In front of the Luitpold Coast, high contents of
sponge spicules (Fig. 7) argue against silicate dissolution in the
ESW. Hence, the perforate, generally small (<315 um)
radiolarian skeletons are more likely swept farther westward
during settling through the water column. On the continental
margin, in contrast, dissolution in the MWDW or ISW cannot
be excluded. The minima of arenaceous foraminifera in both
areas could be the result of their vulnerability against strong
bottom currents.

Maximum contents of arenaceous foraminifera occur in the cen-
tral Crary Trough in front of the former Filchner Ice Shelf (Fig.
9). High mud contents in this area (Fig. 4) indicate a low cur-
rent velocity of the Western Shelf Water (WSW), which is flow-
ing into the trough and further south beneath the ice shelf. Be-
sides this faunal group, only molluscs show relatively high con-
centrations (Fig. 13). All other benthonic calcareous organisms
have very low contents on the entire western shelf (Figs. 10, 12,
14), the area of both WSW formation and flow. This indicates
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an undersaturation of the WSW at the water/sediment interface
in respect to calcium carbonate. However, the occurrence of the
CCD in the water column on the continental shelf, as assumed
by AnpersoN (1975a), can be excluded due to the molluscan
distribution and the presence of calcareous foraminifera at al-
most all locations (Figs. 10 and 11).

Low contents but a presence of calcareous organisms also oc-
cur on the lower continental slope and on that part of the outer
shelf and upper slope where the ISW is absent (Figs. 10-14).
Hence, besides the WSW also the Antarctic Bottom Water
(AABW), Weddell Deep Water (WDW), and Modified Weddell
Deep Water (MWDW) probably cause carbonate dissolution in
the surface sediment as assumed earlier by ANDErRsON (1975a)
and Mackensen et al. (1990). This interpretation is consistent
with the calcite saturation in the water column and pore water
in the Lazarev Sea, which show oversaturation of calcite in the
water masses above ca. 3200 m, whereas the pore water in 4 cm
sediment depth is clearly undersaturated below 1000 m
(RutGers van DER LOEFF et al. 1992). In contrast to the areas of
ESW and ISW flows, calcite undersaturation in the surface
sediments of the remaining study area could be the result of dif-
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Fig. 18: Distribution of the content of talc in the clay
fraction (as ratio to an internal MoS, standard).

Abb, 18: Verteilung der Gehalte an Talk in der Tonfrak-
tion (als Verhaltnis zu einem internen MoS -Standard).

ferent ages, formation processes and flow paths of the AABW,
WDW, and MWDW. In addition, it could be due to lower cal-
careous primary production or accumulation rates in this area
or to lower current velocities retarding winnowing of organic
carbon and settlement of bryozoa and B. corolliforme. The lat-
ter process could also be responsible for the low contents of
sponge spicules (Fig. 7). ‘

Sediment transport in the water column

The composition of the ice-rafted debris (IRD) can be altered
by marine processes after its release into the water column
(Crriss & Fraxes 1972, ANpeErsoN et al. 1980b). Whilst strong
currents may cause a depletion of fine fractions, a decrease in
current velocity may result in accumulation of the suspended
load and, by this, dilution of the IRD by fine fractions. The same
processes could influence the accumulation of planktonic organ-
isms. High current velocities on the sea floor may additionally
cause resuspension and redeposition of both terrigenous and
biogenic sediment components. In the Weddell Sea, the energy
fevel in the water column is controlled predominantly by
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thermohaline currents. In coastal areas tidal currents could also
be influential. Melt-water streams and wind-induced waves, in
contrast, are negligible due to the climatic situation, the dense
sea-ice coverage, and the deep continental shelf.

On the continental margin, well-sorted sands and gravelly sands
occur in two apparently isolated regions, surrounded by poorly
sorted muddy sands (Fig. 4). For this area, the discussion of
sediment transport by ice has demonstrated a more or less con-
stant flux of poorly sorted IRD. The flow of the Antarctic
Coastal Current along the continental margin cannot be respon-
sible for the coarse-grained surface sediments, because it has
current velocities of only 6 to 7 cm/s, measured at the shelf edge
close to the bottom at ca. 40° W (FoLpvik et al. 1985a). Hence,
the sands and gravelly sands have to be formed under the influ-
ence of the Ice Shelf Water (ISW).

The ISW flows from beneath the Filchner Ice Shelf (Fig. 1),
follows the isobaths along the western flank of the Crary Trough
in intermediate water depth, and spills out over the shelf break
as a bottom current with mean velocities exceeding 50 cm/s
(FoLpvik 1986). At this velocity, the ISW is able not only to
erode particles of medium-sand size from the bottom, but also
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Fig. 19: Distribution of the content of amphibole in the

78° clay fraction (as ratio to an internal MoS2 standard).
S
Abb. 19: Verteilung der Gehalte an Amphibolen in der
Tonfraktion (als Verhiltnis zu einem internen MoS -
30°W Standard).

to transport gravel-sized IRD particles (Heezen & HOLLISTER
1964). Whilst the gravelly sands on the continental margin could
be due to winnowing of the finer fractions during and after set-
tling of the IRD, the well-sorted sands must be the result of sand
supply by the ISW itself. Hence, the coarse-grained surface
sediments on the continental margin are probably both com-
pound and residual glacimarine sediments as defined by

ANDERSON et al. (1980b).

The flow of ISW over the shelf edge takes place without sea-
sonal variations in a ca. 150 km wide, 150 - 250 m thick layer
(FoLpvik et al. 1985d). On the continental slope at least three
separate, meandering plumes were identified; the major plume
can be followed from ca. 33°30” W at the shelf edge to ca.
35°50” W in 1800 m water depth (Forpvik & GAMMELSR@D 1985,
1988). This coincides remarkably with the eastern area of
coarse-grained surface sediments. The occurrence of two appar-
ently isolated areas could be due to a step-wise shift of the main
flow from the western to the eastern area within the time inter-
val presented in the surface sediments. However, there is some
evidence for two separate ISW branches from individual
sources.
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For example, the loss of three current meter moorings, deployed
on the upper continental slope in the western coarse-grained
area, could be due to a very strong ISW flow exceeding 150 cm/
s (Foupvik 1986, FUTTERER & MELLES 1990). In addition,
hydrographic sections across the Crary Trough show two ISW
plumes on its western flank and a third, slightly warmer plume
flowing in the opposite direction on its eastern flank (FoLpvik
et al. 1985b, DiEckmany et al. 1986). All of them occur in wa-
ter depths similar to those of the shelf edge (FUTTERER & MELLES
1990). Different sources of the ISW flows are indicated also by
the carbon isotopes in the benthonic foraminifera Cassidulina
biora. On two locations in the eastern coarse-grained area they
are more than 0.2 %o lower than in the western area. Possible
explanations for two individual ISW flows could be the exist-
ence of a second circulation cell beneath the Filchner Ice Shelf
as assumed by HELLMER & OLBERs (1989) or an additional cir-
culation of WSW beneath the Ronne Ice Shelf and around
Berkner Island to the Filchner Ice Shelf (Fig. 1) as concluded
by FoLpvik & GAMMELSR@D (1988).
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Fig. 20: Distribution of the content of feldspar in the

78° clay fraction (as ratio to an internal MoS, standard).
S
Abb. 20: Verteilung der Gehalte an Feldspéten in der
Tonfraktion (als Verhiltnis zu einem internen MoS -
30° W Standard).

On the continental margin, the suspended load close to the bot-
tom is much lower than in some other glacimarine environments
(ELverHel & RoaLpseT 1983). This indicates considerable sta-
bility of the ISW flow paths in those areas, where it extends to
the sea floor. In this manner the ISW could stream predomi-
nantly above coarse-grained sediments already winnowed of
most of the fine-grained material. The little-remaining clay frac-
tion shows a mineral composition similar to the southern shelf.
High contents of kaolinite (Fig. 16) and low contents of illite,
talc, amphibole, and feldspar (Figs. 17-20) point to a significant
impact of the IRD from Berkner Island, and the Schweitzer and
Lerchenfeld Glaciers on the suspended load in the ISW.

Redeposition of biogenic components by the ISW is indicated
by the occurrence of up to 8 cm long, always empty shells of
the barnacle B. corolliforme at sites PS1417 and PS1492 (Fig.
2). Both sites are situated on the upper continental slope, ca. 20
km in ISW flow direction from site PS1611, where the box corer
contained living species of B. corolliforme .

The extension of the western coarse-grained area (Fig. 4) indi-
cates that the major part of the inferred western ISW plume on
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the upper continental slope crosses a striking, 200 - 400 m high
western flank of an asymmetrical channel, which trends north-
wards into the deep sea (Fig. 2). The eastern ISW plume, and
that part of the western ISW plume deflected at the channel flank
and conducted along it to the north, extend to about 2000 - 2200
m water depth, as indicated by low temperatures and salinities
of bottom water in this area (MeLLEs & Kunn 1993). Even for
the bottom water in 3500 m depth, an ISW source is assumed
from temperatures as low as -0.7 °C, measured directly east of
the flank (Baver et al. 1990). However, the current velocities
of this bottom water can only be weak, as evidenced by very
fine-grained surface sediments (Fig. 4).

The mineral composition in the clay fraction of the fine-grained
sediments on the continental slope differs considerably from that
on the continental shelf. High contents of illite, talc, amphibole,
and feldspar, and low contents of kaolinite (Figs. 16-20) indi-
cate a source area dominated by magmatic and metamorphic,
rather than sedimentary rocks. Such a petrological composition
is found in ice-free areas of the eastern Weddell Sea (RooTs
1969, Juckes, 1972), and is believed to be similar to the
terrigenous sediment transported by icebergs from this region.
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Fig. 21: Distribution of the stable oxygen isotope
ratio in the planktonic foraminifera Neogloboquadrina
pachyderma (in %c VPDB).

Abb. 21: Verteilung der stabilen Sauerstoff-Isotopen-
verhéltnisse in den planktonischen Foraminiferen Neo-
globoquadrina pachyderma (in % VPDB).

The IRD supply, however, must be enriched in fine material by
marine currents, because the surface sediments on the lower
slope show mud contents of more than 80 %, much higher than
assumed for the IRD in the Weddell Sea (Fig. 22).

In the southern Weddell Sea, the Weddell Deep Water (WDW)
and the Antarctic Bottom Water (AABW) flow westward along
the continental slope as part of the Weddell Gyre. Current ve-
locity measurements within these water masses are scarce;
whilst in the northwestern Weddell Sea they show up to 10 e/
s (BarBER & CraNE 1995), in the castern and northern Weddell
Sea all of them show velocities of less than 6 cm/s (CARMACK
& Foster 1975a, FosTER & MippLETON 1979), enabling a maxi-
mum grain-size of coarse silt to be transported (SINGER &
ANDERSON 1984). Hence, accumulation of mud suspended in the
WDW and AABW can be expected. Accumulation in fact is
indicated by similarities between the fine-fraction compositions
in the study area (Figs. 16-20) and in the eastern Weddell Sea.
For example, ELVERH@T & RoaLpseT (1983) found high illite and
amphibole contents in the clay and mud fractions in front of the
Fimbul Ice Shelf. Sediments from a submarine terrace on the
slope show a combination of high illite and very low kaolinite
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Fig. 22: Mean grain-size distributions (<2 mm; n = number of samples) of the
lodgement till from different continental shelf areas of Antarctica showing re-
gional differences but similarly poor sorting in all areas. Data from the Crary
Trough (a) after MELLES (1987), data from the entire Weddell Sea (b), Ross Sea
(c) and George V Coast (d) after ANpERSON et al. (1980b).

Abb. 22: Die mittleren Korngrofienverteilungen (<2 mm; n = Probenzahl) von
glazialen Diamiktiten aus unterschiedlichen Schelfgebieten der Antarktis zei-
gen regionale Unterschiede aber dhnlich schlechte Sortierungen in allen Gebie-
ten. Daten von der Filchner-Rinne (a) nach MELLEs (1987), von den Kontinen-
talschelfen des gesamten Weddellmeeres (b), des Rossmeeres (c) und der
George V-Kiiste (d) nach Axpersox et al. (1980b).

contents in the clay fraction (GrRoBE 1986, GROBE & MACKENSEN
1992). The same composition with additional high amphibole
contents occurs on the continental slope and shelf between 25°
and 29° W, adjacent to the area studied (WEBER 1992).

The influence of sediment accumulation by that part of the Ant-
arctic Coastal Current, which flows along the continental mar-
gin to the west, is less clear. FoLpvix et al. (1985a) measured
current velocities of 6 to 7 cm/s close to the bottom at ca. 40°
W. GiLL (1973) calculated a decrease of 40 % in velocity west
of 24° W. Although accumulation of fine material may, there-
fore, be expected, this is demonstrated neither by the clay com-
position nor by the grain-size distribution. This indicates that
sedimentation on the entire continental margin of the area stud-
ied is more or less dominated by the ISW flows, masking any
other marine influence.

In contrast, on the upper eastern flank of the Crary Trough,
where the major branch of the Antarctic Coastal Current flows
to the south, a marine sediment supply is evident from the min-
eral composition in the clay fraction. The similarity to the lower
continental slope, namely low kaolinite and high illite, talc,
amphibole, and feldspar contents (Figs. 16-20), again indicates
a source area situated in the eastern Weddell Sea. The narrow
zone in front of the Luitpold Coast which shows this character-
istic clay composition extends below the former Filchner Ice
Shelf, indicating a lateral sediment supply by the Eastern Shelf
Water (ESW), as assumed also for planktonic foraminifera and
nutrients. In front of the Schweitzer and Lerchenfeld Glaciers,

the ESW-signal is overprinted by enhanced IRD supply rich in
sedimentary rocks.

The Western Shelf Water (WSW) is formed on the shallow shelf
in front of Berkner Island and descends towards deeper areas.
It probably occurs on the bottom of the remaining western con-
tinental shelf in those regions not influenced by the Antarctic
Coastal Current. There, the composition of the clay fraction is
relatively homogeneous, characterized predominantly by high
kaolinite and low illite, talc, amphibole, and feldspar contents
(Figs. 16-20). The grain-size distribution, in contrast, shows a
continuous increase in mud content with increasing water depth
(Fig. 4).

The well-sorted sands in front of Berkner Island are composed
almost exclusively of quartz and feldspar (Fig. 15). An early
interpretation as interglacial dune and beach deposits (Rex et al.
1970), was first disproved by ANpERson (1971), who assumed
a marine origin from the grain-size distribution and the presence
of a marine microfauna. FUTTERER & MELLES (1990), in contrast,
deduced a glacimarine accumulation with a dominance of gla-
cial sediment supply of Beacon Group sedimentary rocks from
Berkner Island. This interpretation is in conformity with the
discussion of terrigenous sediment transport by ice (see above).
In addition, a marine sand supply is unlikely, because there is
some evidence for only sluggish bottom water circulation in
front of Berkner Island. For example, tidal currents, which reach
up to 40 cm/s perpendicular to the edge of the Ronne Ice Shelf
(Rosix et al. 1983), are probably of minor importance, because
no large floating ice shelf occurs at the coastline off Berkner
Island, and because the sands cover a much wider area, extend-
ing ca. 300 km farther to the north (ANDERSON et al. 1983). The
strong flow of ISW, on the other hand, is located further east of
the well-sorted sands (FoLpbvik et al. 1985b, DisckmaNN et al.
1986). Finally, the distinct minima in sponge spicules and
bryozoa (Figs. 7 and 12) and the absence of the barnacle B.
corolliforme (Fig. 14) are probably due to low current veloci-
ties.

In contrast to the well-sorted sands off Berkner Island, the
muddy sands on the upper western flank of the Crary Trough
(Fig. 4) could be influenced by the ISW flow. Because the ISW
overlies the WSW, it could only winnow the fine fractions from
the IRD as it settles through the water column. The sandy muds,
gravelly muds and muds in the central Crary Trough, in contrast,
are probably caused by enrichment of the IRD with fine-grained
material, which is supplied by both the ESW and ISW flows.
Hence, the Crary Trough acts as a sediment trap. This is also
evident from the thickness of postglacial sediments recovered,
which ranges from about a metre in the axis of the trough to only
a few centimetres along the flanks (FUTTERER & MELLES 1990).
IRD-enrichment with fine-grained sediments was found also in
other depressions on the Antarctic continental shelf, e.g., in the
region of the Antarctic Peninsula, in front of the Adelie-George
V Coast, and in the Ronne Trough in the western Weddell Sea
(ANDERSON et al. 1983, FUTTERER & MELLES 1990).
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SUMMARY AND CONCLUSIONS

The composition of surface sediments yields important infor-
mation on the modern processes of sedimentation in the south-
ern Weddell Sea and their dependence on the present-day
glaciological, physiographical, and hydrographical setting. In
addition, some new conclusions may be drawn concerning the
controversially discussed present-day oceanographic circulation,
and the stability of the environmental conditions within the time
period represented in the surface sediments.

Most of the terrigenous material is delivered to the ocean by
glacial transport. In the northern part of the area studied the ice-
rafted debris (IRD) is probably supplied from the eastern
Weddell Sea (Fig. 23). This IRD is characterized by poor sort-
ing and a dominance of crystalline source rocks (Fig. 24). On
the southern continental shelf, in contrast, the IRD contains sig-
nificant portions of sedimentary rocks. Whilst the IRD from the
Schweitzer and Lerchenfeld Glaciers is abnormally rich in
gravel, that from Berkner Island probably consists of almost
pure sand.
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Fig. 23: Map showing the modern ice-rafted debris
(IRD) supply, areas of highest biogenic carbonate ac-
cumulation, and water mass circulation in the south-
77° ern Weddell Sea (AABW = Antarctic Bottom Water,
WDW = Weddell Deep Water, ESW = Eastern Shelf
Water, WSW = Western Shelf Water, ISW = Ice Shelf
Water).

Abb. 23: Karte mit dem rezenten Eintrag an Eisfracht-
sedimenten (IRD), den Gebieten héchster biogener
78° Karbonatakkumulation und der Zirkulation der Was-
S sermassen im siidlichen Weddellmeer (AABW = Ant-
arktisches Bodenwasser, WDW = Weddellmeer-Tiefen-
wasser, ESW = Ostliches Schelfwasser, WSW = West-
liches Schelfwasser, ISW = Eisschelfwasser).

Biogenic production and preservation are controlled by the
physical and chemical properties of the water masses rather than
by differences in the sea-ice cover or in water depth. The strong
bottom water flows of the ISW at the continental margin and
of the ESW off the Luitpold Coast favour the settlement of ses-
sile organisms with filtering feeding habitats such as bryozoa,
barnacles, and sponges (Figs. 23 and 24). In addition, they re-
duce carbonate dissolution at the water/sediment interface. Car-
bonate dissolution on the other hand takes place in the areas of
the slow WSW, WDW, and AABW flows. These areas are char-
acterized by very low contents of most calcareous biogenic com-
ponents, with the exception only of molluscs, which reach rela-
tively high values beneath and in front of the former Filchner
Ice Shelf. In contrast to the calcareous organisms, the radiolaria
and in some parts the arenaceous foraminifera have their maxi-
mum contents in the areas of the WSW, WDW, and AABW
flows.

No evidence was found for sediment redeposition by grounded
ice or gravitational transport. Resuspension by flowing water,
in contrast, is believed to play a significant role in sediment for-
mation. However, incorporation of fine-grained material, which
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Fig. 24: Schematic presentation of the processes domi-
nating modern sediment formation in the southern
Weddell Sea. Of major importance are differences in
the ice-rafted debris (IRD) supply, and in sediment
transport and biogenic accumulation in dependence
from the water mass properties (AABW = Antarctic
Bottom Water, WDW = Weddell Deep Water, ESW =
Eastern Shelf Water, WSW = Western Shelf Water, ISW
= Ice Shelf Water).

Abb. 24: Schematische Darstellung der dominierenden
Prozesse fiir die rezente Sedimentbildung im siidlichen
Weddellmeer. Von besonderer Bedeutung sind Unter-
schiede im Eintrag der Eisfrachtsedimente (IRD) so-
wie im Sedimentiransport und in der biogenen Akku-
mulation in Abhingigkeit von den Eigenschaften der
Wassermassen (AABW = Antarktisches Bodenwasser,
WDW = Weddellmeer-Tiefenwasser , ESW = Ostliches
Schelfwasser, WSW = Westliches Schelfwasser, ISW =
Eisschelfwasser).

is released to the water column as part of the IRD, probably
dominates the lateral transport. The water masses of the Weddell
Gyre (AABW, WDW, and ESW) supply mud from the eastern
Weddell Sea to the lower continental slope and to the eastern
flank of the Crary Trough (Figs. 23 and 24). Some fine-grained
material is also transported from the shelf area off Berkner Is-
land to the central Crary Trough by the WSW flow. The ISW,
in contrast, transports up to sand-sized particles from the south-
ern shelf area to the continental margin.

Most of the sedimentary parameters show significant regional
differences within the area investigated. This indicates that the
environmental conditions were more or less stable during the
time period of a few decades to several centuries as represented
by the surface sediments. The oceanographic circulation during
this time period, reflected by the sediment composition, differs
in detail from that deduced from in sifu measurements available
so far. For example, there is strong evidence from the sediment
composition that significant parts of the ESW in front of the

Luitpold Coast have flowed beneath the former Filchner Ice
Shelf prior to the calving event in 1986 (Fig. 23). In addition,
the sediments indicate the occurrence of two individual ISW
plumes at the continental margin. Their probable source area is
the Filchner Ice Shelf; however, it is uncertain, whether both
plumes originate from those ISW cores measured on the west-
ern ice shelf edge, or whether the eastern plume represents the
ISW core on its eastern edge. In contrast, no evidence was found
of branches of MWDW regularly spilling over the shelf break
and flowing as far south as the ice shelves of the southern
Weddell Sea.
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