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Sedimentation processes on the antarctic continental margin
at Kapp Norvegia during the Late Pleistocene

By HANNES GROBE, Bremerhaven®)

With 7 figures

Zusammenfassung

An vier Sedimentkernen eines Profils am antarktischen
Kontinentalhang vor Kapp Norvegia wurden Eisfracht,
biogene Komponenten, Korngréfienverteilungen und
Tonmineralvergesellschaftungen bestimmt. Die Verteilung
der sedimentologischen Parameter zeigt eine zyklische Ab-
folge von drei verschiedenen Sedimentfazies, die die klima-
tisch gesteuerten Verinderungen innerhalb der Hydros-
sphire und der Kryossphire widerspiegeln.

Die drei Sedimentfazies werden warmen und kalten Kli-
maperioden sowie einer kurzen Ubergangszeitzugeordnet.
Der fiir polare Sedimente ungewdhnlich hohe Gehalt an
kalkigen benthonischen und planktonischen Foraminiferen
sowie die Verzahnung vorwiegend terrigener mit biogen-
reichen Sedimenten bei zunehmender Entfernung vom
Kontinent lassen den Einflufl der Weddell See-Polynyaund
die Oszillationen von Schelfeiskante und Packeisbildung
wihrend des spiten Pleistozins erkennen.

Abstract

Sedimentological analyses concerning ice rafted debris,
grain size distribution, biogenous components, and clay
mineral composition of four sediment cores from the Ant-
arctic continental margin off Kapp Norvegia reveal a cycli-
cal pattern of three different sediment facies. These are clas-
sified into warm and cold types representing warm and cold
a climatic periods and short transition period from cold to
warm events.

The sedimentological parameters reflect the variations
within the cryosphere and the hydrosphere, which are di-
rectly influenced by the climatic fluctuations. The unusu-
ally high content of carbonaceous planktonic and bentho-
nic foraminifera in these polar sediments, as well as the in-
terfingering of terrigeneous and biogeneous-rich sediments
with increasing distance from the continent, might reflect
the influence of the Weddell Sea Polynya and the oscilla-
tions of polynya, packice and ice shelf extent during the late
Pleistocene.

Résumé
Des analyses sédimentologiques ont été effectuées sur 4

carottes prélevées lelong d‘un profil dans les sédiments de la

*) Authors’ address: H. GROBE, Alfred-Wegener-Institut
fiir Polarforschung, 2850 Bremerhaven.

marge continentale antarctique au large du cap Norvegia.
Elles ont porté sur les débris amenés par les glaces, la granu-
lométrie, les composants biogéniques et la composition des
constituants argileux. Ces analyses révélent une succession
cyclique de 3 facies sédimentaires; ceux-ci correspondent 2
des périodes climatiques chaudes et froides, ainsi qu‘a de
courtes périodes de transition du froid vers le chaud.

Les parametres sédimentologiques refletent des varia-
tions de [‘hydrosphére et de la cryosphére, directement In-
fluencées par les fluctuations climatiques. La teneur anor-
malement élevée de ces sédiments polaires en foraminiféres
carbonatés planctoniques et benthoniques, ainsi que I‘in-
dentation de sédiments terrigénes et de sédiments riches en
éléments biogéniques, peuvent traduire I‘influence de la po-
lyniede la Mer de Weddell, ainsi que les oscillatons des sur-
faces occupées par la polynie, le pack et Iiceshelf, au cours
du Pleistocene tardif.

Kparkoe conepskanne

Bbl1 Mcciie1oBaH MaTepUall U3 4eThIpeX KepHOB Oy-
DOBBIX CKBAXUH aHTADKTUYIECKOT0 KOHTHHEHTAIBHOLO
CKJTOHA B pavloHe Mblca Hopseruu. B 3ToM Matepuase
OMpee TN OUOTEHHbIE KOMITOHEHTbI, 8 TAKXe TPaHy-
JIOMETPUYECKUU U TJTUHUCTOMUHEPAJIOTUYECKUHN CO-
craB. PacripeiesieHue CeMMEHTOIOTMYECKUX Mapame-
TPOB yKa3bIBaeT HA LMK/JIWYECKHE CMEHBI TpeX pas-
JTMYHBIX 0CafoyYHBIX Galluy, 0ToOpaXalolluX U3MeHe-
HUSL B rulipocdepe 1 Kpuocdepe, 1 CBA3IAHHBIX ¢ KJIUMa-
TOM.

Bricokoe comepxaHue U3BECTKOBBIX (dopamMuHUbED
OeHTOChI UM TIUIAHKTOHA, CTOJIb HEoOBIUHOEe ISt
TTOJISIPHBIX 0CaJI0YHBIX MOPOJ, KaK U CMeLIaHUe Ipeu-
MYILIeCTBEHHO TEPPUTEHHBIX CETUMEHTOB ¢ TAKOBBIMHU,
OoraThiMu OUOTEHHBIM MAaTepPUaJIOM TIPU  BO3pa-
CTAlONIeM OTHAIEHUU OT MATEpH, pa3pellatdT yCTaHO-
BuTh BiusiHue Weddell See-Polynya u xonebanust mpu
0o0pa3oBaHuM INOJIBIHEH, TUIaBy4ero M lUenb(hOBOTro
JIbJa BO BPeMsT MO3JIHEro IieCToLeHa.

Introduction

Ice and snow cover a significant portion of the
earth’s surface and thus strongly influence global
climate. The Antarctic ice, pack ice as well as the
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large ice shield, is an important factor here. The se-
diments around the Antarctic continent will tell us
something about the role and behavior of the cryo-
sphere and the hydrosphere and their interrelations-
hip with climate during the past ice ages, which is
important for the understanding of the palaeoclima-
tic variations during recent geological times.
Hitherto very little work has been done on this
subject. ANDERSON (1972) originally proposed a mo-
del for the reconstruction of ancient glacial-marine
environments as determined from different forami-
niferal assemblages in the Weddell Sea. The Southern
Ocean marine sedimentation model of WEeaver
(1973) puts more emphasis on ice and current derived
sediments but only deals with Pliocene sediments, as
does CHAPIUS (1974). FiLLON (1977) reconstructed pa-
leotemperatures in the Ross Sea by using ice rafted
debris sedimentation rates and WaTkins et al. (1982)
worked out a model of IRD accumulation during al-
ternating climatic cycles at different latitudes of the
Southern Ocean. Also radiolaria (Cooxe & Havs,
1982) and silicoflagellates (CisisLski, 1974) were
used to reconstruct climatic conditions in Antarctica.
This paper’s goal is to submit the first results of se-
dimentological analyses of sediment cores taken on a
profile at the Antarctic continental margin in the
Weddell Sea close to the edge of the ice shelf. The re-
sults are interpreted with respect to palaeoclimatic
variations in Antarctica during the late Pleistocene.

Methods

Four sediment cores were taken on the first cruise
of RV Porarstern during the southern summer
1983/84, on a profile off Kapp Norvegia located at
the northeastern coast of the Weddell Sea (Fig. 1).
The morphology shows a shelf at a depth of about
250 m with grooves made by icebergs (plough marks;
Lien 1981) followed by a steep slope to a depth of
1800 m. Between this slope and another one between
3000 and 4600 m, we find a flat terrace which, in this
location, is about 100 km wide (Fig. 2). On this pro-
file preliminary seismic investigations by multichan-
nel reflection seismic have been done by Hmz &
Krause (1982). To obtain information about the up-
permost sediment layers, the profile was presur-
veyed with a 3.5 kHz echograph. Core locations
were selected, where the seismic profile showed se-
veral reflectors down to a depth of about 100 m, be-
cause in these locations a good core recovery was to
be expected (Fig. 2). The sediment cores were analy-
sed for the content of ice rafted debris (IRD), and
biogenous components, grain size distribution and
clay mineralogy.

Fig. 1. Location of the sediment cores on the profile at the
northeastern continental margin of the Weddell Sea.

To obtain information about the distribution of
IRD within the sediment column, a new method was
used. In the X-radiographs the amount of gravel lar-
ger than 2 mm was counted in one centimenter hori-
zons down core and plotted against depth with
length of lines corresponding to the number of grains
(Groze 1985). The X-radiographs also were used for
the determination of bedding characteristics.

The computation of the grain size parameters of
the cumulative curves after FoLk (1966) is not possi-
ble because these glaciomarine sediments contain
more than 25% clay. In this particular case the
25%-point of the cumulative curve was used to ob-
tein information about the sediment’s relative mean
grain size.

The content of biogenous and terrigenous compo-
nents in the sand fraction was determined by coarse
fraction analyses (SarnTHEIN 1972). The data have
been multiplied with the percentage of sand to obtain
values related to the bulk sample.

Clay mineral composition was analysed by X-ray
diffraction and evaluated using the methods by
LANGE (1982) and Stein (1984). Montmorillonite is



Sedimentation processes on the antarctic margin 99

NNW

Waterdepth
>M¢

1000

2000

3000

N\ EROSION CHANNEL

Fig. 2. Morphology of the profile off Kapp Norwegia. Grooves on the shelf are made by icebergs (plough marks; LIEN
1981). The lower part of the slope terrace is separated by a small erosion channel. Core locations were selected wherethe 3.5

kHz seismic survey showed several reflectors.

plotted as the percentage of the three observed clay
minerals clorite, illite and montmorillonite because it
shows the strongest variations. Kaolinite is absent, as
it is a product of chemical weathering processes
which do not occur on Antarctica and the source re-
gion for these sediments are primarily the cristalline
rocks of East Antarctica.

Sedimentation rates in core 1021 were determined
by 230-Thorium- (MaNGint 1984, unpubl. data) and
in the uppermost part of core 1224 by 14-Car-
bon-isotopes.

Results

The sediments near Kapp Norvegia contain several
horizons rich in biogenous components, although
most of them have been altered by diagenetic proces-
ses. The high amount of arenaceous foraminifera in
the sediment surface samples already decreases shar-
ply down to nearly zero percent in the uppermost
centimeters of the cores. As for biogenous opal, dia-
tonis have been found only in the surface layers of the
cores, whilst radiolaria and sponge spicules also de-
crease with depth, but can still be found at the bot-
tom of some cores at a depth of about six meters.
Carbonaceous foraminifera tests are only affected by
dissolution in core 1224, at the deepest part of the
profile, because of the influence of the lysocline. The
carbonate content of up to 25 %, which is unusually

high for polar sediments, is mainly composed of the
left coiling planktonic foraminifera, Neogloboqua-
drina pachyderma (sinistral). Thereis a good correla-
tion between the occurence of this planktonic fora-
minifera and several species of benthonic carbonace-
ous foraminifera.

A detailed description of core 1021 will give an in-
dication of the sediment character (Fig. 3). The sedi-
ment exhibits cyclical colour fluctuations, which the
sedimentological analysis proved to be fluctuations
in sediment type. The IRD content reveals cyclical
variations, which correlate well with the grain size
distribution. Coarse sediment contains, in most ca-
ses, a large amount of planktonic foraminifera and
very often there is a radiolarian peak at the base of 2
foraminiferal peak, If the mean grain size is fine and
the clay content is high, the amount of montmorillo-
nite is also high. As the X-radiographs show, the se-
diment is generally heavily bioturbated, but if it is
very rich in clay, it tends to be laminated. The distri-
bution of the sedimentological parameters shows a
good correlation between high IRD content, coarse
mean grain size, high carbonate content and low con-
tent of montmorillonite, The present investigations
show that three characteristic sediment facies can be
differentiated, here termed as the »warm, cold and
transition types« (Fig. 4).

Type cold is a fine sediment with high clay con-
tent, consisting mainly of montmorillonite with little
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Fig. 3. Distribution of sedimentological parameters of core 1021. Lithostratigraphic unit A has a greyish, unit B a brownish
colour. The cyclical pattern of two dxffe1 ent units is also found in the dlstubunon of ice rafted debris (IRD), grain size, and
the percentage of foraminifera and montmorillonite. There is a good relationship between high IRD, coarse gmin size, high
content of foraminifera and low content of montmorillonite. Radiolarian peaks are mostly at the base of a foraminiferal
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Fig. 4. Three sediment facies can be distinguished. Type warm and type cold are very different and are supposed to be depo-
sited during warm and cold climatic periods. Type transition is a sediment which is very similar to type warm and appears
only as a short event during the transition from cold to warm. The histograms show the typical grain size distributions.
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orno biogenous components. IRD is low or absent if
the sediment is laminated. In contrast to this, the se~
diment type warm has a coarse mean grain size and a
high content of IRD. The clay minerals are mainly
chlorite and illite and the bioturbated sediment con-
tains up to 25% carbonate exclusively consisting of
foraminifera. Very similar to type warm in most pa-
rameters is the type transition. Grain size can be in-
termediate but the main difference is a high content
of radiolaria instead of foraminifera. Type transition
is only found at the base of type warm. Sedimenta-
tion rates at both ends of the profile are about 2
c¢m/1000y, and are twice as high as the middle (1.1
c¢m/1000y). An increasing interfingering of biogene-
ous sediments with terrigeneous sediments from
south to north can be found.

Discussion

The sediment characteristics described above sug-
gest, that the dillerent types of sediment are formed
by four main sedimentation processes. The produc-
tion of plankton and benthos is responsible for the
content of biogeneous components, whilst terrige-
neous material 1s transported by currents, icebergs
and downslope movement. The primary sediment
composition may be modified by diagenetical altera-
tions such as the solution of the biogenic particles
and formation of authigenic minerals eg. glauconite
and manganese-micronodules.

Sediment transport and biogeneous productivity
are controlled by three processes, in turn controlled
by the cryosphere and hydrosphere, which are di-
rectly linked to climatic variations. These are, first
the fluctuations of the ice shelf edge, second the for-
mation of pack ice, and third the varations in the ex-
tent of the Weddell Sea Polynya.

The polynya, observed since 1973 by satellite
(Carsey 1980) and on particular expeditions (GOr-
DON 1982), is an ice-free enclosure in the pack ice, si-
tuated in the eastern part of the Weddell Sea during
winter time. This polynya does not form every year,
but when it does, itis always found in approximately
the same position in the vicinity of Kapp Norvegia
(ZwaLLy et al. 1983).

The only limiting factor for the productivity of
plankton in the nutrient rich Antarctic waters is the
lack of sun light. There is no sun light under the pack
ice, therefore productivity starts in spring when the
pack ice is melting. SAKSHAUG (1984) mentions that
there is a delay of the spring bloom with increasing
latitude due to light and ice effects. If there is a poly-
nya instead of pack ice, the plankton bloom can start
earlier, is higher and lasts for a longer time. This

could be the reason for the high content of biogene-
ous components at the seaward end of the profile.
ANDERSON (1972) suggested that the high amount of
microfossils at the east coast of the Weddell Seais due
to upwelling. This upwelling may also be the cause of
the polynya.

The genesis of the type warm and type cold sedi-
ment are supposed to be formed during warm and
cold periods by the interplay of different hydrogra-
phic and ice conditions. High sedimentation rates at
the northern end of the profile are due to a high pro-
ductivity of plankton and benthos under the influ-
ence of the Weddell Sea Polynya during warm condi-
tions (Fig. 5). The biogeneous input decreases to-
wards the southern end of the profile, where we find,
in contrast, the high sedimentation rates being cau-
sed by the high input of terrigencous material from
the continent. The lowest sedimentation rates of
both processes can be found in the middle of the pro-
tile.

During cold periods (Fig. 6) biogeneous producti-
vity is reduced to nearly zero because of the large ex-
tent of packiceand ice shelf and the probable absence
of the polynya. Mostly at the beginning of a cold pe-
riod, the input of IRD is low. The ice shelves are
grounded because of a lower sea level, therefore cal-
ving of icebergs is strongly reduced. The edge of the
ice shelf extends beyond the continental slope (Hor-
LIN 1962). Under the ice shelf mostly current derived
sediment will be deposited. This drastic change in the
main sedimentsupply process, from ice rafted to cur-
rentderived sediments, is probably the reason for the
change observed in the composition of clay minerals.
Severe glacial conditions may result in very slow de-
position of muds, devoid of IRD and planktonic mi-
crofossils beneath the ice cover (ANDERsON 1972).
Sedimentation rates are low and more or less con-
stant along the profile.

Of course every transition type between these two
extreme stages is possible, but the transition from
cold to warm especially is very often accompanied by
the appearence of biogenous opal. The short event of
the type »transition« sediments, rich in radiolaria, is
only found at the base of the type »warm« (Fig. 7). It
seems that at the beginning of warm period there 1s
always a high productivity of siliceous organisms,
displaced with a little time delay by a high product-
vity of carbonaceous plankton and benthos, which
lasts throughout the whole warmer period. This in-
teresting ecological problem might reflect changes of
water masses, but is still not understood.

ANDERSON (1972) notes that the dry base condi-
tions of the Ronne and Larsen ice shelf in recent ti-
mes seem to suggest that the Weddell Sea is at the be-
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Fig. 5. During the deposition of a warm type sediment, there are high sedimentation rates at the northern end of the profile
due to a high productivity of plankton and benthos. This process decreases towards the continent where, instead, high se-
dimentation rates are caused by a high input of terrigeneous material, which is mainly ice rafted and transported down the
upper steep slope. The resultant sedimentation rate has its minimum in the middle of the terrace. The CCD is at about 3000
m.

PACK ICE ICE SHELF

TERRIGENEOUS
COMPONENTS

Fig. 6. Under cold climatic conditions the productivity of biogeneous material is strongly reduced. The edge of the ice shelf
is further north beyond the continental slope, so that mostly current derived sediment will be deposited. Sedimentation ra-
tes are nearly constant along the profile and the CCD might be very shallow.
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Fig. 7. Correlation of the cores with the three alternating sediment facies works well with the observed sedimentation rates.
The type transition appears only at the base of the type warm sediment and on top of the cores. The interfingering of the type
cold and type warm sediment represents the fluctuations of polynya, ice shelf and pack ice extent in response to the climatic

variations.

ginning of a new glacial interval. But the high amount
of opalin the uppermostparts of the cores shows that
during subrecent times a transition type sediment has
been deposited, indicating that this will be followed
by a warm period, which is the recent interglacial.

The fragmentation index, which gives the percen-
tage of broken foraminiferal tests, is low in cores
shallower than 2000 m water depth. Only core 1224
shows an index of up to 70%, especially in horizons
with a low content of foraminifera. This seems to re-
tlect the influence of an oscillating CCD which is
shallower during cold periods. FiLLon (1975) suggest
that an increase in the concentration of dissolved car-
bon dioxide under an expanded ice shelf during cold
periods is implied by a rise of the CCD. CorLiss &
THUNELL (1983) also found that cool intervals show
low carbonate values and increased foraminiferal
fragmentation in cores from the Southeast Indian
Ridge near the Polar Front. The CCD at present is at
a depth of about 3000 m in this part of the Weddell
Sea (AnDERSON 1972) which agrees with the findings
presented here. The reason for the cyclic fluctuanons
in the carbonate content between 0 and 15% in the
shallower cores must be a change of primary produc-
tion, not solution beneath the CCD, because the
deepest core 1224 contains carbonate throughout its

upper 7 meters which cover the period of about
300,000 years.

During severe glacial conditions the CCD may
have extended above the continental shelf because of
increased Antarctic Bottom Water thickness (An-
DERSON 1972). Such a rise of the CCD could have oc-
cured in the lower parts of the cores, where a broad
horizon of the type cold sediment, older than
300,000y and without any biogeneous component, is
found at any depth on the continental slope.

The warm as well as the cold type sediment, as des-
cribed here, represent the extreme stages of the facies
and agree in parts with ANDERsON'S (1972) observa-
tions of sedimentology and CCD-fluctuations. The
warm type sediment in this work is similar to ANDER-
sonss wet base stage and the cold type sediment to his
dry base stage. The correlation of all cores (Fig. 7)
shows the changes within the three different sedi-
ment types along the profile. With decreasing di-
stance from the continent more and more type
»cold« sediments can be found, whilst the biogene-
ous content of the type »warm« sediments also de-
creases on the shallower part of the continental slope.
The interfingering of the two main sediment facies is
the result of the oscillation of pack ice, ice shelf and
polynya extent in response to climatic variations.
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