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Abstract: Terrigenous sediment parameters in modem sea-bottom samples and sediment cores of 
the South Atlantic are used to infer variations in detrital sources and modes of terrigenous sediment 
supply in response to environmental changes through the late Quaternary climate cycles. Mass
accumulation rates of terrigenous sediment and fluxes of ice-rafted detritus are discussed in terms 
of temporal variations in detrital sediment input from land to sea. Grain-size parameters ofterrigenous 
mud document the intensity of bottom-water circulation, whereas clay-mineral assemblages constrain 
the sources and marine transport routes of suspended fine-grained particulates, controlled by the 
modes of sediment input and patterns of ocean circulation. The results suggest low-frequency East 
Antarctic ice dynamics with dominant lOO-kyr cycles and high rates of Antarctic Bottom Water 
formation and iceberg discharge during interglacial times. In contrast, the more subpolar ice masses 
of the Antarctic Peninsula also respond to short-term climate variability with maximum iceberg 
discharges during glacial terminations related to the rapid disintegration of advanced ice masses. In 
the northern Scotia Sea, increased sediment supply from southern South America points to extended 
ice masses in Patagonia during glacial times. In the southeastern South Atlantic, changes in regio
nal ocean circulation are linked to global thermohaline ocean circulation and are in phase with 
northern-hemispheric processes of ice build-up and associated formation of North Atlantic Deep 
Water, which decreased during glacial times and permitted a wider extension of southern-source 
water masses in the study area. 

Introduction 

The South Atlantic plays an important role in the 
global climate system, as it represents the central 
junction box of ocean currents and water masses 
(Figs. 1, 2) that drive interhemispheric heat ex
change (Keir 1988; Broecker and Denton 1989; 
Berger and Wefer 1996). The southern sector of 

the South Atlantic forms part of the circumpolar 
Southern Ocean, which provides the major conduit 
between the world oceans and maintains the ther
mal isolation of Antarctica. Marine sedimentary 
'proxy' records in the South Atlantic document 
palaeoceanographic changes related to regional and 

From WEFER G, MVLITZA S, RATMEYER v (eds), 2003, The South Atlantic in the Late Quaternary: Reconstruction o/Material Budgets 
and Current Systems. Springer-Verlag Berlin Heidelberg New York Tokyo, pp 375-399 
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Fig. 1. Polar to temperate South Atlantic with locations of studied sediment cores. Black arrows show surface 
currents and the frontal system of the Antarctic Circumpolar Current (A CC) (Peterson and Strarnma 1991; Orsi 
et at. 1995). The flow pattern of Antarctic Bottom Water (AABW), indicated by the white arrows, in many places 
appears independently from upper-level circulation (Georgi 1981 ; Tucholke and Embley 1984; Locarnini et al. 
1993). Dashed line shows position of vertical water-mass profile depicted in Fig. 2. Sea floor below 2000 m is 
gradually shaded in steps of 1000 m. 
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Fig. 2. Vertical distribution of water masses and potential temperatures on a north-south transect across the frontal 
system of the Antarctic Circumpolar Current (ACC) in the southeastern South Atlantic (see profile line in Fig. 1): 
(STF) SUbtropical Front, (SAF) Subantarctic Front, (PF) Polar Front, (Bdy) boundary betweenACC and Weddell 
Gyre, (SASW) Sub antarctic Surface Water, (AASW) Antarctic Surface Water, (AAIW) Antarctic Intermediate 
Water, (NADW) North Atlantic Deep Water, (CPDW) Circumpolar Deep Water, (AABW)Antarctic Bottom Water. 
Modified from Gersonde et al. (1999). 

global climate variability (Wefer et al. 1999). More
over, they provide insights into Antarctic ice dy
namics as a land-based factor of the southern-hemi
spheric climate system (Ehrmann 1994; Barrett 
1996). 

In this contribution, we will characterize ter
rigenous sediment supply to the temperate to polar 
South Atlantic and will highlight how terrigenous 
sediment parameters can be used to decipher the 
palaeoenvironment through the late Quaternary ice 
ages and interglacials. For a comprehensive over
view of all aspects of terrigenous sedimentation, the 
reader is referred to the detailed compilations in 
respective textbooks (Chamley 1989; Lisitzin 1996; 
Anderson 1999). Since terrigenous sediments origi
nate from terrestrial sources and are deposited in 
the ocean, they ideally record land-ocean links of 
climate processes. We will address fluxes of ter-

rigenous mud and ice-rafted detritus as well as the 
granulometric and mineralogical properties of the 
detrital particles. The terrigenous sediment param
eters will be reviewed in terms of Antarctic and 
Patagonian ice dynamics and regional ocean circu
lation. 

Material and Methods 

We refer to sea-bottom samples and sediment cores 
recovered in the South Atlantic and adjoining seas 
with research vessels 'Polarstern' (PS-samples) 
and 'Meteor' (GeoB-samples) during the last 
decades (Fig. 1, Table 1). Moreover, we present 
data from Site 1089 and Site 1090 of Leg 177 of 
the Ocean Drilling Program, which were drilled in 
the southeastern South Atlantic (Fig. 1, Table I). 
The Site 1089 record was used to extend the PS2821 



-; 
~ 
§ 
OIl 

] 
0 

0 

00 
I'
<") 

Sediment Core Gear Latitude Longitude Water Depth 

GeoB2110-4 Gravity Corer -28.650° -45 .521 ° 3003 m 
PS 1388-3 Gravity Corer -69.033° -5 .883° 2517 m 
PS 1565-2 Gravity Corer -63.924° -69.544° 3427 m 
PS1575-1 Gravity Corer -62.852° -43.332° 3452 m 
PS1648-1 Gravity Corer -69.740° -6.524° 2531 m 
PS 1752- 1 Gravity Corer -45.622° 9.597° 4519 m 
PS1754-1 Gravity Corer -46.770° 7.611 ° 2471 m 
PS 1756-4 Gravity Corer -48.899° 6.714° 3787 m 
PS 1768-8 Gravity Corer -52.593° 4.475° 3270 m 
PSI772-8 Gravity Corer -55.458° 1.164° 4135 m 
PS I 778-5 Gravity Corer -49.012° -12.697° 3380 m 
PS 1789-1 Gravity Corer -74.241 ° -27.300° 2411 m 
PS1 82 1-6 Gravity Corer -67.064° 37.479° 3981 m 
PS2082-1 Gravity Corer -43.220° 11.738° 4610 m 
PS2278-3 Piston Corer -55.970° -22.195° 4415 m 
PS2319-1 Gravity Corer -59.788° -42.683° 4320 m 
PS2495-3 Gravity Corer -41.288° -14.500° 3135 m 
PS2498-1 Gravity Corer -44.153° -14.228° 3783 m 
PS2515-3 Piston Corer -53.556° -45.3 10° 3522 m 
PS2564-3 Piston Corer -46.141 ° 35.900° 3035 m 
PS2813-1 Piston Corer -66.730° -50.000° 3499 m 
PS282 1-1 Piston Corer -40.943° 9.888° 4575 m 
ODP Site 1089 Advanced Piston Corer -40.936° 9.894° 4617 m 
PS2489-2 Piston Corer -42.873° 8.973° 3794 m 
ODP Site 1090 Advanced Piston Corer -42.9 I 3° 8.899° 3700 m 

Table 1. Sediment-core locations with references to age models used. 

Age Model Reference 

Plankt. Foram. BiostratJol 80 Gingele et al. (1999) 
Plankt.lBenth. Foram. 0180, Lithostrat. Grobe and Mackensen (1992) 
Lithostratigraphy Hillenbrand (1994) 
Litho-IChemostratigraphy Bonn et al. (1998) 
Lithostratigraphy Grobe and Mackensen (1992) 
Radiolarian Biostratigraphy Brathauer and Abelmann (1999) 
Planktonic Foraminifera 0180 Niebler (1995), Frank et al. (1996) 
Organic Carbon 013C, Radiol. Biostrat. Frank et al. (1996), Abelmann (unpubl.) 
Plankt. Foram. 0180/AMS 14C Niebler (1995), Frank et al. (1996) 
Diatom Biostratigraphy Frank et al. (1996) 
Radiolarian Biostratigraphy Brathauer and Abelmann (1999) 
Planktonic Foraminifera AMS 14C Weber et al. (1994) 
Lithostratigraphy Bonn et al. (1998) 
Benthic Foraminifera 0180 (80-250 ka) Mackensen et al. (1994) 
Diatom Biostratigraphy Gersonde (unpublished) 
Radiolarian Biostratigraphy Diekmann et al. (2000) 
Benthic Foraminifera 1)1 80 Mackensen et al. (2001) 
Benthic Foraminifera 1)180 Mackensen et al. (200 I) 
Radiol. Biostrat., Org. Carbo AMS 14C Diekmann et al. (2000) 

Benthic Foraminifera 0180 Mackensen (unpublished) 
Lithostratigraphy Michels (unpublished) 
Radiolarian Biostratigraphy (0-80 ka) Cortese and Abelmann (2002) 
Benthic Foraminifera 0180 (80-250 ka) Hodell et al. (200 I) 

Benthic Foram. 0180 (0-408 ka) Becquey and Gersonde (2002) 

Benthic Foram. 0180 (408-1800 ka) Venz and Hodell (2002) 
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record from the same location, which only covers 
the last 80 kyr, back to 250 ka. The Site 1090 record 
covers the last 1800 kyr and is spliced with the late 
Quaternary PS2489 record at 408 ka. Applied age 
models and assignments of marine isotope stages 
(MIS) are based on published foraminiferal 
8180 records, biostratigraphy, or lithostratigraphy 
(Table 1), using the SPECMAP time scale (lmbrie 
et al. 1984). For the time-slice reconstruction of 
clay-mineral ratios in marine sediments, the val
ues for the last glacial maximum (LGM) refer to 
average values found in samples of the recently de
fined LGM time interval between 23 and 19 ka (cal
endar years BP), which corresponds to uncorrected 
14C ages between 20 and 16.5 ka (Bard 1999). The 
GeoB sediment cores used for LGM reconstruc
tions are specified on the Internet (www. 
pangaea.de/Institutes/GeoB/Cores/LGM.html, 
compiled by H.S. Niebler and S. Mulitza). Strati
graphic information for PS sediment cores is given 
by Gersonde et al. (in press). The Recent time slice 
is based on data from sea-bottom samples. 

Mass-accumulation rates ofterrigenous sediment 
(MART [g cm·2 kyrl]) were calculated from 
sediment dry-bulk density multiplied by the relative 
proportion of the non-biogenic sediment fraction 
and linear sedimentation rates that depend on the ap
plied age models. The non-biogenic fraction was 
determined by substracting the measured percent
ages of biogenic carbonate, biogenic opal and or
ganic carbon (Kuhn and Diekmann 2002b). MART 
time-series were resampled to equal time increments 
of 2 kyr. The abundance of gravel clasts >2 mm, 
estimated from x-radiographs, was used as a 
parameter ofice-rafted detritus (IRD) (Grobe 1987). 
Time-series of IRD flux are expressed as clast 
abundances per area and time unit [# cm-2 

kyr-I
] , by integrating counted IRD abundances at 

equal time increments of 1 kyr. The proportions of 
non-carbonate silt and clay (referred to as ter
rigenous mud) were determined by grain-size sepa
ration in settling tubes, after sieving the bulk sam
ples through a 63-llm mesh for separation of the 
sand fraction and dissolution of carbonate with 
10-% acetic acid (Brehrne 1992; Kuhn and Diek
mann 2002a, b). Silt grain-size analyses were con-

ducted on sediment cores from the southern Cape 
Basin (Site 1 089/PS2821) and the northwestern 
Weddell Sea (PS2515). The non-carbonate silt frac
tion was dispersed in sodium-polyphosphate 
solution and measured with a 'Micromeritics Sedi
Graph 5000E' to determine the grain-size distribu
tion in lilO-Phi steps and hence the proportion of 
sortable silt (particle sizes 63-10 Ilm) in the mud 
fraction (McCave et al. 1995). The bias of the 
terrigenous grain-size signal caused by biosiliceous 
particles in the non-carbonate mud fraction is neg
ligible, because of relatively low opal concentrations 
that range between 3% and 7% in sediment core 
PS1575 (Bonn et al. 1998) and are ~15% in the 
record of Site 1989IPS2821 (Kuhn and Diekmann 
2002a, b). Moreover, no correlation exists between 
opal concentrations and grain-size variability for the 
latter record with the slightly elevated opal concen
trations (Kuhn and Diekmann 2002b). 

Clay-mineral data were obtained following 
standard procedures in marine geology (Biscaye 
1965; Ehrrnann et al. 1992; Petschick et al. 1996; 
Vogt 1997). Relative analytical precision for major 
clay minerals is 6-9% and 8-14% for minor clay 
minerals (Ehrrnann et al. 1992). Although kaolinite 
and chlorite mostly represent minor components 
in the studied sediments «25%), the calculation 
ofkaolinite/chlorite ratios is quite reliable, because 
the ratio is inferred from the double peak of3.54A 
(chlorite) and 3.58A (kaolinite) in the x-ray diffrac
tograms (see details in Biscaye 1964; Petschick et 
al. 1996). Repeated sample preparations and meas
urements revealed a relative analytical error of 
~1 0% for kaolinite/chlorite ratios between 0.5 and 
2.0 and around 20% for ratios <0.5 and >2.0 (Ehr
mann et al. 1992; Vogt 1997). Ratios <0.25 and 
>4.0 have lower statistical confidence, which are 
not considered in this paper. 

Temporal variation in grain-size spectra ofter
rigenous mud and the percentage of the four ma
jor clay-mineral groups smectite, illite, chlorite, 
and kaolinite are presented at equal time incre
ments of2 kyr. The conversion of original data into 
data at equal time steps was facilitated by the 
'AnalySeries' software through linear integration 
between original data points (paillard et al. 1996). 
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Spatial and Temporal Patterns of 
Terrigenous Sediment Supply 

Terrigenous sediments in the study area are domi
nated by silt- and clay-sized detritus with small 
proportions of sand and gravel delivered by 
icebergs and/or sea ice. High concentrations of ice
rafted detritus (IRD) only appear on the shelves off 
Antarctica, while they range below 15% beyond 
the shelves (Diekmann and Kuhn 1999). In this 
section, we will refer to mass-accumulation oftotal 
terrigenous sediment (MART) and discuss IRD 
fluxes during the last 250 kyr. 

Mass-Accumulation Rates ofTerrigenous 
Sediment (MART) 

The calculation of MARTs quantifies the deposi
tion of terrigenous sediment, mainly of mud, at a 
given location and thus gives an impression of the 
detrital input and the terrigenous sediment fluxes 
in the ocean. MARTs at the selected sediment-core 
locations show high spatial and temporal variabil
ity in the range between 0.1 and 10 g cm-2 kyr-l, 
with exceptionally high values of up to 150 g cm-
2 kyrl in the southeastern Weddell Sea (pS 1789) 
(Fig. 3). Compared to the tropical South Atlantic, 
where terrigenous input is dominated by almost 
pure aeolian sediment supply with MARTs that 
rarely exceed values > 1.2 g cm-2 kyr-1 through time 
(Ruddiman 1997), the often high MARTs in the 
temperate to polar South Atlantic document a va
riety of processes that are responsible for ter
rigenous sediment dispersal. 

On average, elevated MART values (>2.5 g 
cm-2 kyr-l ) appear off the continental margins be
cause of the proximity to detrital sources. High 
values are also evident in the distal regions of the 
Weddell Sea and the Scotia Sea, where the disper
sal of fine-grained glacigenic detritus and rework
ing of marine sediments by the bottom currents of 
the Weddell Gyre and the Antarctic Circumpolar 
Current is promoted. The sea floor in the Scotia Sea 
exhibits widespread scour features, which are of
ten associated with a lack of Quaternary sediment 
cover (pudsey and Howe 1998). Sediment accu
mulation is focused and restricted to current-shel
tered depressions, like at core locations PS2319 

and PS2515. High accumulation rates also ~har
acterize drift deposits in the southern Cape Basin 
(pS28211Site 1089), which are influenced by bot
tom contour currents (Kuhn and Diekmann 2002a). 
MARTs in the remote eastern ACC region are 
variable and mostly low «1.0 g cm-2 kyr-1), with 
slightly increased values at core location PS2498 
(>2.0 g cm-2 kyr-l) on the Mid-Atlantic Ridge. Spa
tial variability in average MARTs points to lateral 
particle advection within the water masses of the 
ACC, leading to marked winnowing and focusing 
effects. The importance of lateral sediment trans
port is also apparent from the calculation of tho
rium-normalized flux rates (230Thexess data) ofbio
genic sediment constituents (Frank et al. 1996). 

Glacial-interglacial MART fluctuations show 
an inconsistent pattern. Along Antarctica, MARTs 
are increased during glacial stages at core locations 
on drifts and levee deposits in channel systems that 
incise the continental margins of the Weddell Sea 
and the Bellingshausen Sea. Two examples are 
location PS 1565 on the continental rise off the 
Antarctic Peninsula (Hillenbrand 2000) and loca
tion PS 1789 on the continental slope in the south
eastern Weddell Sea. MARTs at the latter location 
were approximately 15 times higher during the last 
glacial stage than during the Holocene (Weber et 
al. 1994). Higher sediment fluxes during cold 
stages with low sea levels are caused by the 
"bulldozing effect" of shelf-grounded ice sheets 
that triggers turbidity currents to the deep-sea 
(Grobe and Mackensen 1992). The formation of 
levee structures documents the interaction of 
contour currents and turbidity currents (Weber et 
al. 1994; Rebesco et al. 1996; Diekmann and Kuhn 
1997; Hillenbrand 2000; Michels et al. 2002). It 
is assumed that the suspensions of the turbidity 
currents are deflected by coriolis forcing during 
their downslope movement through the channels, 
and that parts oftheir overspilling sediment loads 
are entrained in contour currents. 

In the Scotia Sea, high MARTs are also related 
to glacial stages (PS2319 and PS2515). Higher 
sediment fluxes in the ACC can be explained by 
strong glacigenic sediment input from the Antarc
tic Peninsula and from Patagonia in response to 
extended ice sheets that reach the open ocean and 
the shelf edges (Diekmann et al. 2000; WaIter et 



Terrigenous Sediment Supply in the Polar to Temperate South Atlantic 381 

GeoB2110 PS2498 PS2495 PS1 756 PS 1754 PS2821 /S ile 1089 PS2082 PS2564 
ID 2D o • 02 0.4 06 4.0 8.0 1.0 2D 

jIIIIIIIII"'" MIS2 

MIS3 

MIS4 

MISS 

\ ~ MIS8 
\ 
\ 

\ MIS7 

\ 0.07 0.26 
MIS8 

/ / 
PS1778 ." / 

0 2.04.06.0 ' ....,. Oka PS1768 \ 
\ 

50k Ca"" MlSl 
Ba. I" MIS2 

-" \ • -------'--. . MIS3 
100k 

~. MIS4 

-' ..- ·SO· MISS 
150k .~ .- · 55- MIS8 

200k ·so· PS 1772 

0.82 ~ 05 ID 15 

Gunnerus MlSl 
PS2515 ./ Ridge ·65· MIS2 

10 20 30 / 
MIS3 

MIS4 

I MISS 

1i01 

/ 
MIS8 

/ MIS7 

MlS8 

PS1565 / 
\ 

PS2319 PS2813 PS1575 PS 1789 PS1648 PS2278 PS1821 

5.0 7.0 9.0 10 15 2.0 4.0 12 0 50 100 150 4.0 8.0 0 I D 2.0 3.0 4.0 8.0 

MlSl 
MIS2 

46.30 MIS3 

MIS4 

MISS 

MIS8 

268 MIS7 

252 
MIS8 

Fig. 3. Temporal and spatial variability of mass-accumulation rates (MART) of terrigenous sediment (MART) 
recorded in sediment cores of the study area. Diagrams display MARTs in g cm-2 kye- I versus age in ka (last 250 
kyr) with indication of average MART value (italic number) and marine isotope stages (glacial stages in grey). 
Black circles on the map are proportional to average MARTs in the respective sediment cores. Bathymetry is 
indicated by the 3000-m contour line. 
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al. 2000). Furthermore, a stronger wind-forcing of 
the ACC during glacial times enhances transport 
capacity of the ACC (Pudsey and Howe 1998; 
Howe and Pudsey 1999). Elevated MARTs during 
glacial intervals that document increased detrital 
fluxes in the water masses of the ACC are also 
evident at many distal core locations farther east
ward from the Scotia Sea. This area is character
ized by dense nepheloid suspension layers 
(Biscaye and Eittreim 1977). 

It has been suggested that increased detrital 
fluxes might reflect an increased long-distance 
supply of air-borne dust from Patagonia due to in
creased continental aridity and/or enhanced wind 
strengths of the southern-hemispheric westerlies 
during glacial times (Martin 1990; Kumar et al. 
1995). However, this suggestion is not well sup
ported by provenance analyses taking into account 
the mineralogical and geochemical composition 
(major and trace elements, neodymium and stron
tium isotopes) of marine muds (Bareille et al. 1994; 
Diekmann et al. 2000; Walter et al. 2000). Clues 
for stronger atmospheric dust fluxes during glacial 
times actually arise from increased dust concen
trations ofPatagonian origin in the ice cores from 
the East Antarctic ice sheet (Petit et al. 1990; 
Grousset et al. 1992). The Vostok dust record for 
example suggests greater dust fluxes by a factor 
between 15 and 25 for the last glacial maximum 
(petit et al. 1990; Mahowald et al. 1999). However, 
in relation to the low present-day dust fluxes over 
the Southern Ocean (Duce et al. 1991; Husar et al. 
1997), dust fluxes were too low even during glacial 
times to strongly affect the observed MARTs in the 
Southern Ocean (Bareille et al. 1994; Diekmann 
et al. 1999; Maher and Dennis 2001). 

In the southern Cape Basin (PS2821), elevated 
MARTs occur during interglacial stages and are 
consistent with strong bottom currents that give 
rise to high sediment fluxes, as discussed below. 
At the continental margin off the Brazilian coast 
(GeoB 2110), higher MARTs appear during glacial 
periods and likely reflect a higher sediment input 
across the shelf edge, caused by low sea levels 
(Masse et al. 1996; Diekmann et al. 1999). 

Ice-Rafted Detritus (IRD) 

Although IRD only forms a small proportion of the 
terrigenous sediment fraction, its spatial and tempo
ral distribution provides important insights into ice
sheet dynamics and the extent of cold surface water 
masses that control the distribution and survival of 
both icebergs and sea ice. The spatial IRD 
distribution does not show a simple proximal to 
distal marine gradient as is more or less displayed 
by the MARTs (Fig. 4). High IRD fluxes (4.23 n cm 
2 kyrl) appear in the southeastern Weddell Sea off 
Coats Land (pS 1789), where prominent ice streams 
drain the East Antarctic ice sheet, while average IRD 
fluxes offDronning Maud Land (pS 1648, PS 1388, 
PS 1821) are moderate to low (0.04-1.16 n cm-2 kyr· 
I). Moderate IRD fluxes (0.48 n cm-2 kyrl) also 
appear in the Bellingshausen Sea off the Antarctic 
Peninsula (pS 1565). In the pelagic study area, the 
Polar Front delineates an area with low IRD fluxes 
(~0.15 n cm-2 kyrl) and warm surface waters to the 
north from the remaining area with moderate to high 
IRD fluxes (>0.2 n cm-2 kyrl), which is occupied by 
cold water masses. Unusually elevated average IRD 
fluxes (>2.0 n cm-2 kyrl) appear east of the South 
Sandwich Islands (PS2278) and near Bouvet Island 
(pS 1768). 

Temporal fluctuations reveal systematic regional 
trends. In the Weddell Sea, apart from location 
PS 1789, higher IRD fluxes are related to intergla
cial stages (Grobe and Mackensen 1992). Marked 
IRD fluxes in the Bellingshausen Sea off the Ant
arctic Peninsula (PS 1565) and in the southern 
(PS2319) and the northern Scotia Sea (PS2515) 
coincide with glacial terminations and moreover 
show small short-term spikes during MIS 3 and MIS 
2 (Hofrnann 1999; Diekmann et al. 2000). In the 
Bellingshausen Sea, short-term fluctuations in IRD 
supply for the last glacial period were also noted 
by Pudsey and Cammerlenghi (1998) and Cofaigh 
et al. (2001). At the two southern locations 
(pS 1565, PS2319), short-term IRD fluctuations are 
moreover evident for MIS 5. In the southeastern 
Atlantic maximum IRD fluxes appear during gla
cial stages. High-resolution IRD records from ODP 



Terrigenous Sediment Supply in the Polar to Temperate South Atlantic 

-I 
PS1778 

o 
Oka+-~~------i 

0,45 

250k 

PS2278 / 
o 5 10 

OkaE;l 

SOk.~ 

PS2515 j 

50k 

lOOk 
021 

'SOk~ ___ ..J 

PS2498 V 
0.5 ,.0 

0,06 

/ 
/ 

/, 

PS1565J PS2319'V 

PS2495 V 
0 .1 02 

0.002 , 

_e 

PS1756 / PS1754 ). PS1752 .; 
04 0.8 0 0.5 1 0 1.5 

\ 
\ 

\ 

Sout! Sandwich 
Islands 

PS1575 J PS1789 . / 
o 10 20 YD e I 

4,Z] 

028 

PS1648 ./ 

PS2082 v' 
OS 1.0 

/ 

40' / 
·20' 

/ 
-3D· 

/ 

-.0· 

·50' 

·55' 

· 60' 

·65-

· 70· 

· 80' 

PS1388J 
'0 

383 

PS2564 ,/ 

MIS. 
MIS2 

M153 

"'_~-IMIS4 

MISS 

MIS6 

MIS7 

..... -----;--'MIS6 

/ 
/ 

/ 

PS1768 J 
5 10 15 

Z 15 

MIS, 
MIS2 

MIS3 

M15' 

MISS 

_______ M156 

PS1772 / 

""'~-~-j MIS' 

0,42 

MIS2 

MIS3 

MIS' 

MISS 

MIS6 

MIS7 

--==-----" MlSa 

PS1821 V 
0.5 1.0 

-'o:--~--j MIS. 
MIS2 

M1S3 

MIS. 

MISS 

MIS6 

MIS7 

0,04 = ___ -'MIS8 

Fig, 4, Temporal and spatial variability of flux rates of ice-rafted detritus (IRD) recorded in sediment cores of the 
study area. Diagrams display IRD fluxes in # cm-2 kyr-I versus age in ka (last 250 kyr) with indication of average 
IRD value (italic number) and marine isotope stages (glacial stages in grey). Black circles on the map are propor
tional to average IRD values in the respective sediment cores. 
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sites in the same area were interpreted to mark short
term IRD events during MIS 3, which likely 
correspond to interstadials in the northern hemi
sphere (Kanfoush et al. 2000). 

For the interpretation of IRD fluxes , it is im
portant to consider the IRD sources inferred from 
petrographic and mineralogical studies. In the 
southern and eastern Weddell Sea, the composition 
of IRD generally points to nearby source rocks, 
with abundant clasts derived from East Antarctic 
crystalline basement rocks, carried by icebergs in 
the course of the Weddell Gyre (Oskierski 1988; 
Anderson et al. 1989; Diekmann and Kuhn 1999). 
In the northwestern Weddell Sea, a minor IRD 
contribution from the eastern Antarctic Peninsula 
slightly dilutes the East Antarctic signal (Edwards 
and Goodelll969; Diekmann and Kuhn 1999). In 
the Weddell Sea, the generally higher IRD fluxes 
during interglacial stages thus document increased 
calving rates of icebergs from floating ice masses 
of the East Antarctic ice sheet during high stands 
of sea level (Grobe and Mackensen 1992). 

IRD clasts in the Bellingshausen Sea originate 
from Mesozoic and Cainozoic intrusive and vol
canic rocks as well as meta-sedimentary rocks of 
the Antarctic Peninsula (Edwards and Goodell 
1969; Diekmann and Kuhn 1999). Magmatic rocks 
also make up a high proportion ofIRD in the Scotia 
Sea (Conolly and Ewing 1965; Diekmann et al. 
2000). In the northern Scotia Sea, the supply of 
IRD from the Pacific sector of the Southern Ocean 
is supplemented by IRD from the southern Andean 
magmatic belt during glacial times and termina
tions, when the Patagonian ice fields coalesce and 
expand to the open ocean (Diekmann et al. 2000). 
In contrast to East Antarctica, where intense 
iceberg calving is related to interglacial stages, 
maximum iceberg calving rates from Patagonia 
and the Antarctic Peninsula document the rapid 
disintegration of marine ice masses during climate 
amelioration associated with glacial terminations 
and less pronounced during short-term climate 
perturbations (Hofrnann 1999; Diekmann et al. 
2000). Patagonian land records are consistent with 
these findings and moreover suggest 
interhemispheric teleconnections with northern
hemispheric climate dynamics (Lowell et al. 1995; 
Heusser et al. 2000; McCulloch et al. 2000). 

The area between the southwest Atlantic and the 
Indian sector of the Southern Ocean represents an 
IRD province with high abundances of volcanic
lastic glass shards, pumice and volcanic rock frag
ments mostly derived from the South Sandwich 
Islands and other islands (Conolly and Ewing 1965; 
Smith et al. 1983). This fact is reflected by elevated 
IRD fluxes in the vicinity of such source areas, for 
example PS2278 northeast of the South Sandwich 
Islands and PS 1768 near Bouvet Island. The asso
ciation of high IRD fluxes with late Quaternary 
glacial stages and reduced IRD fluxes north of the 
Polar Front underlines the major control of sea
surface temperatures on the dispersal ofIRD (Smith 
et al. 1983; Labeyrie et al. 1986; Allen and Warnke 
1991; Becquey and Gersonde 2002; Pirrung et al. 
2002). The interpretation ofIRD fluxes in terms of 
Antarctic ice-sheet dynamics in this IRD province 
is hence complicated for several reasons: (1) the 
temperature effect on the survival of icebergs, (2) 
IRD sources from offshore Antarctica, (3) the 
possible sea-ice transport of volcanic ashes (Cooke 
and Hays 1982; Smith et al. 1983), (4) the impact 
of episodic volcanic eruptions that are not coupled 
with climate variability. An attempt to overcome 
these unpredictable volcanic influences is to 
calculate the fluxes of ice-rafted quartz, which 
presumably is solely derived from Antarctic sources 
(Smith et al. 1983; Labeyrie et al. 1986; Kanfoush 
et al. 2000). This approach has to be regarded with 
caution, because quartz as a major rock-forming 
mineral is supplied from a variety of Antarctic 
sources and because the temporal variability ofIRD 
supply from East and West Antarctic sources differs 
markedly. Furthermore, the glacial-interglacial IRD 
patterns observed in the south-east Atlantic clearly 
contradict those along the Antarctic continent. 

Sortable Silt and Bottom Currents 

Apart from the modes of sediment input (glacial, 
aeolian and fluvial supply), the grain-size distribu
tion of terrigenous muds is determined by bottom
current strengths and its impact on winnowing and 
focusing effects and selective grain-size transport 
within nepheloid layers. Granulometric analyses of 
the terrigenous mud fraction are often used to de-
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duce the influence of current-induced particle trans
port (Ledbetter 1986; McCave et al. 1995; Hoppner 
and Henrich 1999), although the method is not in
disputable (e.g. Anderson and Kurtz 1985). The 
basic idea is that the terrigenous mud fraction is 
mostly delivered by lateral sediment supply and 
susceptible to current sorting by deep-sea currents. 
In contrast, the grain-size distribution of biogenic 
particles, in addition to current sorting, is inherited 
from the modes of biological productivity and 
mainly originates from the vertical settling of 
skeletal planktonic remains through the water 
column, and is also affected and modified by 
dissolution processes in the water and the sediment 
column, especially in the South Atlantic (Bickert and 
Wefer 1996; Diekmann and Kuhn 1997; Dittert et 
al. 1999). One well established grain-size parameter 
is the percentage of so-called "sortable silt" (grain 
size 63-10 /lm in diameter) in terrigenous mud. It 
represents the mud fraction that is transported as 
single grains, whereas finer grained material is 
affected and modified by cohesive aggregation of 
particles (Mc Cave et al. 1995). 

In the study area, the reconstruction of palaeo 
bottom-current speeds on the basis ofterrigenous silt 
grain size provides information about the relative 
dynamics ofCircumpolar Deep Water (CPDW), the 
deepest water mass of the ACC, and Antarctic 
Bottom Water (AABW). AABW represents the 
deepest water mass in the study area, which is 
confined to the abyssal basins and trenches and 
directed by both thermohaline circulation and 
topography (Figs. 1, 2). The reconstruction of 
AABW dynamics is ofpalaeoclimatic interest, since 
its production is linked to Antarctic ice-sheet 
behaviour and at present depends to a large part on 
the presence of floating ice shelves. Today, it is 
formed as a mixture of various polar water masses 
around the Antarctic margins. A large proportion 
originates in the Wed dell Sea by processes related 
to sea-ice formation and associated brine release as 
well as supercooling mechanisms beneath the 
Fi1chner-Ronne Ice Shelves (Foldvik and Gam
melsr0d 1988; Fahrbach and Beckmann 2001). The 
northward spread of dense AABW contributes to the 
ventilation of the abyssal world ocean. 

Grain-size records of CPDW dynamics from 
the Scotia Sea basically indicate a stronger current 

~ctivity during glacial stages, because of a stronger 
wind-forcing of the ACC by the southern-hemi
spheric westerlies (Howe and Pudsey 1999; Hof
mann 1999). Previous studies on the timing of gla
cial-interglacial variability in AABW flow, how
ever, have revealed inconsistencies. In the chan
nel systems off the Fi1chner Trough, which partly 
drain cold Ice Shelf Water, the hemipelagic muds 
oflevee deposits tend to be coarser grained in gla
cial intervals (Weber et al. 1994). However, these 
grain-size records are likely affected by 
granulometric signals produced by turbidity cur
rents, as revealed by mineralogical provenance 
analyses of the muds (Diek-mann and Kuhn 1997). 
In the northwestern Wed dell Sea, coarse-grained 
muds are clearly associated with interglacial 
intervals (Fiitterer et al. 1988; Pudsey 1992; Gilbert 
et al. 1998). A grain-size record from the southern 
South Orkney continental slope (pS 1575) displays 
maximum values in sub stages of MIS 7 and MIS 
5 and in the Holocene (Brehme 1992) (Fig. 5). 
Along the western branch of the AABW outflow 
path, a maximum in the early Holocene contrasts 
with minimum values in MIS 2 and the late 
Holocene in a sediment core from the South 
Sandwich Trench (Diekmann and Kuhn 1997). 
Farther north, the Vema Channel between the 
Argentine Basin and the Brazil Basin represents 
another focus of AABW outflow, where relatively 
increased AABW current strengths coincide with 
interglacial-glacial transitions (Ledbetter 1986; 
Masse et al. 1994). 

The reconstruction of AABW dynamics gen
erally suffers from the poor age constraints of the 
sediment records under discussion, which all were 
recovered from water depths below the carbonate 
lysocline and thus do not permit any age assign
ments by foraminiferal oxygen-isotope stratigraphy. 
In the recent past, a well-dated and high-resolution 
grain-size record was obtained from sediment core 
PS28211Sitel089, which was recovered on a drift 
deposit in the southern Cape Basin and which al
ready was addressed for the discussion of MARTs 
(Kuhn and Diekmann 2002a) (Figs. 1, 3, 5). The 
carbonate-bearing drift sediments were deposited at 
high sedimentation rates (15-20 cm kyr-I) and 
MARTs (3-7 g cm-2 kyr-I) under the influence of 
clockwise contour currents that are prevalent in the 
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Fig. 5. Temporal variability (last 250 kyr) of percentages of sortable silt in two sediment cores from the north
western Weddell Sea (PS1575) and the southern Cape Basin (PS28211Site 1089). Small insets show silt-grain 
size distribution curves of characteristic glacial and interglacial sediment-core intervals, respectively. Diagrams 
include indication of marine isotope stages (glacial stages in grey). Black arrows delineate the flow paths of Ant
arctic Bottom Water. Bathymetry is indicated by the 3000-m contour line. 

abyssal Cape Basin. These bottom currents oppose 
the general eastward ACC jets and originate in the 
northward outflow of the AABW through gaps of 
the SW Indian Ridge (Bornhold and Sum-merhayes 
1977; Tucholke and Embley 1984) (Fig. 1). 

Downcore variations in the percentage of sort
able terrigenous silt at location PS28211Sitel089 
demonstrate fluctuations with affinities to glacial
interglacial cycles (Fig. 5). Minimum values are 
related to glacial intervals and point to a relative 
decrease in abyssal current strengths. Abundant 
pyrite streaks in the glacial sediment intervals in
deed support the interpretation of reduced bottom
water ventilation (Kuhn and Diekmann 2002a). 
Values of maximum sortable silt correspond to 
interglacial optimum values, comprising the sub
stages MIS 7.5 and 7.1, MIS 5.5, 5.3 and 5.1 and 
MIS 1. These maximum values actually exhibit a 

good correlation with maximum values recorded 
in sediment core PS 1575 recovered from the north
western Weddell Sea (Fig. 5), which was dated by 
litho strati graphic and chemostratigraphic methods 
(Bonn et al. 1998). Time-series analyses of the silt 
grain-size parameter at location PS28211Site 1 089 
reveal spectral power in the 100-kyr-l frequency 
domain of Milankovitch cycles, but lack signifi
cant spectral power in the 40-kyr-1 and 23-kyrl fre
quency bands (Kuhn and Diekmann 2002a). This 
fmding is consistent with maximum AABW for
mation during high stands of sea level that permit 
the supercooling mechanism of waters beneath 
floating ice shelves, particularly in the southern 
Weddell Sea. Since AABW production is strongly 
coupled with ice-sheet behavior, another 
conclusion is that the polar ice masses of Antarctica 
respond less sensitively to short-term climate 
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variability and sea-level fluctuations than the more 
subpolar ice masses of Patagonia. 

Clay Minerals as Tracers of Sediment 
Provenance and Dispersal 

A crucial aspect ofterrigenous sediment supply in 
the study area is the identification of terrigenous 
sediment sources. Because of the dominance of 
fine-grained muds, clay mineralogy is an appropri
ate tool to constrain the origin ofterrigenous sedi
ments. The composition of terrestrial clay miner
als reflects the development of prevailing weath
ering regimes in the continental source areas, which 
depend on the climate zonation that determine the 
intensity of pedogenesis and chemical and physi
cal weathering (Chamley 1989). In the South At
lantic, late Quaternary clay-mineral assemblages 
constrain the sources and marine transport paths of 
clay-sized material in response to climate variabil
ity and its impacts on the modes of sediment input 
and ocean circulation. 

Modern Clay-Mineral Provinces 

The general distribution pattern ofterrigenous clay
mineral assemblages in the whole South Atlantic 
highlights the sedimentary processes that control 
their distribution. A detailed clay-mineralogical sur
vey of modern sea-bottom sediments in the South 
Atlantic was frrstundertaken by Biscaye (1965) and 
more recently by Petschick et al. (1996). The latter 
authors particularly provided an improved 
knowledge of clay-mineral distributions in the 
higher latitudes of the South Atlantic. The major 
clay-mineral provinces are well displayed by clay
mineral assemblages, as defined by the proportions 
of the three clay-mineral groups iIlite, kaolinite, and 
chlorite in a ternary concentration diagram (Fig. 6). 
The interpretation of smectite minerals is enigmatic, 
because they can be of both terrigenous and 
authigenic marine origin (Chamley 1997). The con
figuration of clay-mineral provinces reveal 
kaolinite- and chlorite-bearing assemblages to 
represent contrasting end members of the low and 
high latitudes, respectively (Fig. 6). Provinces 
dominated by the kaolinite end member or by mixed 
kaolinite-ilIite assemblages appear north of the A CC 

region, whereas mixed illite-chlorite assemblages 
are restricted to the south. 

In the equatorial regions, kaolinite-dominated 
assemblages appear off tropical Africa and off the 
Brasilian Coast, increasingly diluted by illite toward 
the pelagic South Atlantic. In Africa, the large tropi
cal Congo and Niger rivers as well as trade winds 
from the Sahel Zone supply detrital particles rich in 
kaolinite from fossil and modem tropical soils 
(Aston et al. 1973; Pastouret et al. 1978; Van der 
Gaast and Jansen 1984; Gingele et al. 1998). Off 
Brazil, fluvial suspensions, originating from deeply 
weathered basement rocks (Iaterites) of the Santosl 
Sao Paulo Plateaus, provide the bulk ofkaolinite in 
marine sediments (De Melo et al. 1975; Gingele et 
al. 1999). The western coastal area of southern 
Africa is characterized by an illite-dominated clay
mineral province that passes to illite-kaolinite as
semblages farther offshore. Deserts and semi-arid 
regions of southern Africa are major contributors of 
illite, supplied by the southeastern trade winds and 
to a lesser degree by fluvial input (Bremner and 
Willis 1993; Gingele 1996). The transition to illite
kaolinite assemblages farther offshore indicates an 
increasing influence of kaolinite-bearing detritus 
from northern sources, supplied by deep-water 
advection (petschick et al. 1996). Kaolinite is also 
delivered by the Agulhas Current that brings detri
tal material from the subtropical regions of eastern 
Africa to the South Atlantic (Kolla et al. 1976). 

Marine sediments underlying the ACC exhibit 
highest chlorite concentrations of the entire South 
Atlantic. Chlorite originates from the Andean mo
bile belts of South America and the Antarctic Penin
sula distributed by the ACC, with possibly minor 
aeolian contributions (Petschick et al. 1996; 
Diekmann et al. 2000; Hillenbrand and Ehrmann 
2001; Hillenbrand et al. 2003). The influence of 
southern-source water masses on particle advec-tion 
is well displayed by latitudinal gradients ofkaolinitel 
chlorite ratios in sea-bottom sediments, with 
decreasing kaolinite/chlorite ratios from north to 
south. In the southwestern Atlantic, northward 
particle transport by deep southern-source water 
masses is also indicated by displaced Anatarctic 
diatoms (Jones and Johnson 1984) and the pattern 
of strontium isotope signatures in sea-bottom sedi
ments (Biscaye and Dasch 1971). Another illite 
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province fringes East Antarctica, reflecting the 
widespread presence of crystalline basement rocks 
(petschick et al. 1996). In contrast, southern Weddell 
Sea sediments include mixed clay-mineral 
assemblages (Ehrmann et al. 1992; Melles et al. 
1994). 

Temporal Variability of Clay-Mineral 
Assemblages 

Along the Antarctic continental margin, the down
core clay-mineral distributions show distinct glacial
interglacial variations off East Antarctica and the 
Antarctic Peninsula. A common leit-motif is the 
alternation of local clay-mineral input during gla
cial times versus lateral clay-mineral supply from 
more distant sources during interglacial stages, as 
indicated by typical key minerals that differ 
regionally (Fig. 7). The local signal can be attributed 
to the glacigenic sediment supply by advanced and 
grounded ice sheets on the shelves that dilute the 
lateral hemipelagic signal produced by deep and 
shallow coastal currents (Grobe and Mackensen 
1992; Diekmann and Kuhn 1997; Diekmann et al. 
2000; Hillenbrand and Ehrmann 2001). Thus, loca
tion PS 1821 at the Gunnerus Ridge during inter
glacials is bathed by water masses that carry 
kaolinite from the Indian sector to the west, while 
during cold stages it receives more illite from crys
talline basement rocks of the hinterland. Off Kapp 
Norvegia (PSI648), a higher supply of corrensite 
(mixed-layered smectite-chlorite clay mineral) from 
local magmatic sources admixes with illite-bearing 
water masses during glacial stages. In the 
Bellingshausen Sea (PS 1565), chlorite from the 
central Antarctic Peninsula dilutes the hemipelagic 
smectite signal during glacial stages. Also in the 
northern Scotia Sea (PS2515), continental ice dy
namics manifested itself as temporal clay-mineral 
fluctuations (Fig. 7). There, low smectite/chlorite 
ratios together with elevated MARTs indicate a 
strong chlorite supply from southern South America 
in response to extended Patagonian ice fields. 

In the northern part of the study area, downcore 
clay-mineral fluctuations are of lower amplitude 
than farther south, pointing to relatively constant 
sediment sources through time (Diekmann et al. 

1996). Downcore variations merely concern the 
proportions ofkaolinite and chlorite that originate 
from distant and opposite sources. Sediment cores 
from that area (GeoB2110, PS2498, PS28211Site 
1089) show common down core fluctuations in their 
kaolinite/chlorite ratios (Fig. 7). These glacial
interglacial contrasts are shown by maps of 
kaolinite/chlorite ratios in modem sea-bottom 
sediments and sediments of the last glacial 
maximum (Fig. 8). Both time slices exhibit 
pronounced latitudinal gradients of kaolinitel 
chlorite ratios, which underline the low-latitude 
character of kaolinite and the high-latitude 
character of chlorite. Compared to the modem 
situation, the map ofkaolinite/chlorite ratios of the 
last glacial maximum reveals a general shift oflow 
kaolinite/chlorite ratios towards lower latitudes. 
The clay minerals kaolinite and chlorite reflect the 
modes of sediment supply through time and are 
good tracers of water-mass advection, as revealed 
by the present distribution of clay-mineral 
provinces. 

Along the Brazilian continental margin (GeoB 
2110) (Fig. 7), temporal variations in kaolinitel 
chlorite ratios mainly monitor changes in glacial
interglacial changes in river runoff and the discharge 
ofkaolinite-bearing sediment plumes to mid-water 
depths in response to alternating humid and arid 
climate conditions in the Brazilian hinterland 
(Gingele et al. 1999). Accordingly, fluvial detrital 
input is reduced during arid glacial periods, caus
ing a decline in kaolinite supply. Another effect in 
glacial periods that reduces kaolinite/chlorite ratios 
is the farther northward and increased vertical 
extension of chlorite-bearing southern-source deep 
and bottom water masses, which enhance chlorite 
advection in the area (Jones 1984; Masse et al. 1996; 
Diekmann et al. 1999) and is also indicated by 
higher concentrations of displaced Antarctic diatoms 
in sediments related to glacial periods (Jones and 
10hnson 1984). On the time-slice maps, these 
modified processes are indicated by lower values 
and less pronounced vertical gradients ofkaolinitel 
chlorite ratios in the Vema Channel region for the 
last glacial situation (Fig. 8). 

Temporal variations of kaolinite/chlorite ratios 
on the Mid-Atlantic Ridge (PS2498) can be attrib
uted to alternating modes in water-mass advection, 
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with a wide propagation of chlorite-bearing water 
masses of the ACC and a reduced influx ofkaolinite
bearing NADW into the ACC during glacial periods 
(Diekmann et al. 1999). This interpretation is 
supported by the contour-line pattern ofkaolinitel 
chlorite ratios, which exhibit a marked 
north eastward bulge oflow values beyond the Mid
Atlantic Ridge for the last glacial situation (Fig. 8). 
Beside modified water-mass configurations, the 
changes in clay-mineral ratios can also be attributed 
to variable clay-mineral fluxes in the opposite water 
masses. As pointed out, ACC water masses are fed 
by glacigenic chlorite during glacial periods, 
whereas NAD W receives abundant kaolinite during 
interglacials, when kaolinite-bearing NADW passes 
the Vema Channel region and migrates towards the 
Mid-Atlantic Ridge. These contrasts may overprint 
the water-mass-related clay-mineral signal to a 
certain degree. 

The reconstruction of the operational modes of 
South Atlantic ocean circulation (Figs. 1, 2) in re
sponse to cyclic climate changes is of worldwide 
significance, because the water masses in the South 
Atlantic present part of the global conveyor circu
lation, which apart from atmospheric processes is 
responsible for the interhemispheric teleconnection 
of climate signals (Broecker and Denton 1989, 
Berger and Wefer 1996). Particularly in the south
eastern South Atlantic, kaolinite/chlorite ratios are 
a suitable parameter to reconstruct particle advec
tion within southern-source water masses of the 
ACC, within North Atlantic Deep Water (NADW) 
that is injected into the ACC, and within water 
masses of the Agulhas Current that enter the South 
Atlantic. High kaolinite/chlorite ratios in intergla
cial intervals document the inflow ofkaolinite-bear
ing suspensions, entrained in the filaments of the 
Agulhas-Current retroflection and within NADW. 
Glacial periods are represented by low kaolinitel 
chlorite ratios, when the region is mainly bathed by 
ACC water masses. In the time-slice maps of 
kaolinite/chlorite ratios, the influence of the Agulhas 
Current on detrital fluxes is displayed by a contour
line tongue of high kaolinite/chlorite ratios for the 
Recent situation that extends from the Indian Ocean 
into the South Atlantic (Fig. 8). For the LGM 
situation, kaolinite/chlorite ratios are lower. 

The palaeoclimatic relevance of the temporal 
variability in regional ocean circulation ·is under
lined by time-series analyses of the clay-mineral 
parameters (Diekmann et al. 1996; Kuhn and 
Diekmann 2002a). The results reveal significant 
spectral power in the 100-kyrl, 41-kyrl, and 23-
kyr 1 frequency bands of orbital eccentricity, 
obliquity, and precession. Moreover, the inferred 
palaeoceano-graphic variability is coherent and in 
phase with changes in (northern-hemispheric) ice 
volume and NADW production. Apart from 
Milankovitch cycles, variations in regional ocean 
circulation are also evident on a millennial time 
scale, particularly for MIS 3 (Kuhn and Diekmann 
2002a). Thus, for interglacial periods, the opera
tion of the modem warm-route conveyor mode is 
evident, implying a far southward injection of rela
tively warm and saline NADW into the ACC, com
pensated to a large extent by the northward outflow 
of warm surface and intermediate waters, which 
enter the South Atlantic via the Agulhas Current 
(Gordon et al. 1992). During glacial stages, the 
conveyor operates in cold route, which is charac
terized by prevailing cold southern-source water 
masses in the study area. 

These results support palaeoceanographic re
constructions on the basis of other water-mass 
proxies. A diminished leakage of the Agulhas Cur
rent to the South Atlantic during glacial periods is 
recorded by changes in nannofossil assemblages 
in marine sediments off the South African cape 
region (Flores et al. 1999) and by strontium iso
topes in detrital material in marine sediments of 
the southern Cape Basin (Goldstein et al. 1999). 
Benthic foraminiferal assemblages (Schmiedl and 
Mackensen 1997) and benthic foraminiferal 8 13C 
variations in South Atlantic sediment cores 
(Duplessy et al. 1988; Charles and F airbanks 1992; 
Mackensen and Bickert 1999) both suggest a 
weakened NADW influx to the south during gla
cial periods. Moreover, benthic foraminiferal8 13C 
records document a variable NADW influx on a 
millennial time scale, but on higher frequency as 
suggested by the clay-mineral proxy (Charles et al. 
1996). 

From these findings, it can be stated that re
gional ocean circulation in the South Atlantic is 
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connected with global conveyor circulation and 
northern-hemispheric climate processes. Other 
palaeoceanographic changes in the ACC region 
seem to be dictated by southern-hemispheric proc
esses, as suggested, for example, by variations in 
sea-surface temperatures that generally lead changes 
in conveyor circulation (Charles et al. 1996; 
Brathauer and Abelmann 1999). The coupling of 
northern-hemispheric processes with the South 
Atlantic is also evident on a longer time scale, as 
deduced from the Quaternary oxygen-isotope and 
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clay-mineral record of Site 1090, which was also 
drilled during Leg 177 of the Ocean Drilling Pro
gram in the southeastern South Atlantic (Diekmann 
and Kuhn 2002) (Fig. 9). Thus the onset of the 
modern glacial-interglacial pattern in regional cir
culation at 1200 ka and the development of strong 
glacial-interglacial contrasts after the mid-Pleisto
cene around 650 ka match a corresponding tem
poral pattern in NADW production in the North 
Atlantic and the adjoining northern seas (Henrich 
and Baumann 1994; Henrich et al. 2002). 
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Fig. 9. Temporal fluctuations ofbenthic foraminiferal 8180 ratios (Becquey and Gersonde 2002) and kaolinite/ 
chlorite ratios (Diekmann and Kuhn 2002) at ODP Site 1090 in the southeastern South Atlantic. Cyclicity and 
spectral amplitudes of 100-kyr and 41-kyr periods were deduced from Gaussian filtering. Evolutionary power 
spectra are based on Blackman-Tuckey time-series analyses on 400-kyr intervals at steps of 100 kyr. Note the 
development of 100-kyr cycles across the mid-Pleistocene climate transition between 1200 ka and 650 ka and 
their marked strengthening after 600 ka, displayed by both parameters. These common spectral features under
line the close relationship between global ice volume (oxygen isotope parameter) and ocean circulation in the 
southeastern South Atlantic (kaolinite/chlorite ratios). Modified from Diekmann and Kuhn (2002). 
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Conclusions 

Detrital sources and modes ofterrigenous sediment 
supply in the polar to temperate South Atlantic re
flect glacial-interglacial environmental changes in 
response to late Quaternary climate cycles. 

Mass-accumulation rates of terrigenous sedi
ment depend on the detrital influx driven by ad
vancing ice masses, fluvial discharge and aeolian 
influx and reflect the intensity of bottom-current 
transport. The spatial and temporal pattern of ice
rafted detritus (IRD) in marine sediments along 
Antarctica and in the Scotia Sea reflects the calving 
rates of Antarctic and Patagonian ice masses, while 
IRD abundances in the southeastern South Atlantic 
are related to the presence of cold surface waters. 
High proportions of coarse silt in the mud fraction 
ofterrigenous sediments point to increased bottom
current strengths. Clay minerals indicate the 
sources of terrigenous mud and trace the disper
sal of fine-grained suspensions by water-mass 
advection within ocean currents. 

The combined interpretation of the various 
terrigenous sediment parameters suggests East 
Antarctic ice dynamics with dominant 100-kyr 
cycles and high rates of Antarctic Bottom Water 
formation and iceberg discharge during intergla
cial times with floating ice shelves because of high 
sea level. The more subpolar ice masses of the Ant
arctic Peninsula and Patagonia respond with maxi
mum iceberg discharges during glacial termina
tions related to the rapid disintegration of advanced 
ice masses. In the northern Scotia Sea, increased 
sediment supply from southern South America 
points to extended ice masses in Patagonia during 
glacial times. In the southeastern South Atlantic, 
changes in regional ocean circulation are linked to 
global conveyor circulation and are in phase with 
northern-hemispheric processes of ice build-up and 
the associated formation of North Atlantic Deep 
Water, which decreases during glacial times and 
permits a wider extension of southern-source water 
masses in the study area. 
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