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ABSTRACTS

SPATIAL DISTRIBUTION PATTERN OF LIVING RADIOLARIANS - BASELINI:

STUDY FOR PALEOENVIRONMENTAL RECONSTRUCTIONS IN THE

SOUTHERN OCEAN

A. Abelmal111 1 & M.M. Gowil1g2

lAlfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany

2Institute ofMarine Sciences, Univ. California, Santa Cruz, CA 95064, USA

The horizontal and vertical distribution of living polycystine and phaeodarian radiolarians

was investigated at seven locations on a transect from the Antarctic Zone (54°S) to the

Subtropical region (300S) in the southeastern South Atlantic during austral autumn. Four to

five depth intervals from 0-1000 m depth were sampled with opening/closing nets in combi

nation with a hydrographie CTn survey.

Highest abundances of radiolarians occurred in the Antarctic Zone south of the Polarfrontal

Zone (up to 104/m3
) representing the highest abundances yet reported from the Southern

Ocean. There the phaeodarians dominated the assemblages, exceeding polycystine abun

dances by 1-2 orders of magnitude. Phaeodarian abundances decreased to the north in the

Polarfrontal Zone, while polycystine abundances decreased (to <102/m3
) further north in the

Subantarctic Zone. Thus phaeodarian abundances appeared to be strongly related to cold

waters south ofthe Polarfrontal Zone with high dissolved silica content (50-70 mmol m-3

&Si04), where biomass was estimated to be ca. 460 ).lg C/m3 in the upper 50-100 m. Poly

cystine and phaeodarian abundfances were low (ca. 101m3
) in the nutrient-poor subtropical

regIOn.

Abundances ofliving polycystines were generally highest from 50-200 m. Living phaeodari

ans were most abundant in the upper 200-300 m in the Antarctic Zone and below 100 m

further north. Abundfance maxima of polycystines occurred at depth intervals below the

mixed layer at the stations situated in the Antarctic Zone and close to the Subtropical Front.

At the other stations located in the Polarfrontal Zone, Subantarctic Zone and in the coastal

upwelling area offNamibia, highest density of polycystines were observed above and below

the mixed layer.
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PALEOPRODUCTIVITY VARIATIONS DUE TO UPWELLING OSCILLATIONS

OFF SW AFRICA DURING THE LATEST 180 KYRS

F. Abrantes1
, J. Moreno1

, J. Pinto1
, K. Winn2

, T. Bickere, P.J. Müller3

& R. Schneider3

lDepartamento de Geologia Marinha, Instituto Geol6gico e Mineiro, Lisboa, Portugal

2Geological-Paleontological Institute and Museum, Kiel University, Kiel, Germany

3Department of Geosiences, Bremen University, Bremen,Germany

The South Mrican margin has lang been known as an area of high productivity related to

the occurrence of coastal upweIIing throughout the year. The wind induced upwelling

regime extends from 15°S down to the Agulhas Bank, occurring preferentially in eight

distinct upwelling cells. Upwelling filaments and plumes that extend between 50 and 600 km

seaward ofthe main front are also found predominantly offthe major upweIIing cells.

A downcore study of several paleoproductivity tracers, foraminifera, diatoms, Corg and

~013C oftwo benthic foraminifera, for one core (GeoB 1710-3) recovered adjacent to the

Walvis Bay upweIIing cell and two at the Walvis Ridge (GeoB 1707-1 & VM29-135), indi

cate paleoproductivity variations during the last 180 kyrs, which are almost certainly

associated to oscillations ofthe upweIIing regime. The Corg downcore profile displays

marked increases during glacial episodes, Stages 6 and 4-2. A comparison ofthe Corg

record with the microfossil data indicates that Corg and diatom abundances correlate rather

weIl at the Walvis Bay site, where the highest diatom fluxes are observed. The Walvis Ridge

cores have diatom abundances one order of magnitude lower than those observed at the

upweIIing center and a diatom record which is inverse at the Corg record. At this location,

however, a good correlation is found between the Corg and the benthic foraminifera record,

probably reflecting the occurrence of different plankton communities at both locations.

The highly productive glacial periods are characterized by higher accumulation rates ofthe

benthic foraminifera, the benthic genus Uvigerina and increased percent abundances of up

weIIing related planktic forms such as N pachyderma and G. bulloides. In terms of diatom

assemblage, high percent abundances of the upwelling related genus Chaetoceros corrobo

rate the foraminifera indications. Terminations I and I! are also characterized by an increase

in diatom abundance, however, both the diatom and foraminifera assemblages composition

differ from the ones found for the glacial periods. TI! is dominated by T. nitzschioides and

TI by A. nodulifer. Both terminations are also characterized by high percent abundances of

the planktic foraminifera N dutertrei and a strong decrease (-1. 5%0)in the 0 13C values of the

planktic foraminifera G. bulloides reflecting an increase in the water column stratification

accompanied by the presence of still nutrient rich waters.
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COMPARISON BETWEEN THE FLUX OF C
37

-ALKENONES AND THE FLUX

OF PLACOLITHS OF E. HUXLEYl BASED ON A SEDIMENT TRAP STUDY

AT THE WALVIS RIDGE

N. Andersen, M. Cepek & G. Ruhland

Department of Geosciences, Bremen University, Bremen, Germany

The main source ofC
37

-alkenones in the marine environment is the ubiquitous cocco

lithophorid Emiliania huxleyi. With a sediment trap moored adjacent to the coastal up

welling area offNamibia the flux of these special biomarkers for E. huxleyi was

measured during aperiod of one year and compared with the flux ofthe placoliths ofE.

huxleyi at the same time. We found a dose relationship between both parameters deter

mined at a trap depth of 599 m.

It is possible to reconstruct the C
37

-alkenone-flux from the flux of placoliths ofE. hux

leyi because the measured and the reconstructed fluxes of these biomarkers have nearly

the same values. For the reconstruction we converted the fluxes ofplacoliths in cell

fluxes ofE. huxleyi using an amount of 17.5 placoliths per coccosphere ofE. huxleyi.

The concentration of C
37

-alkenones in one cell of E. huxleyi was taken from culture ex

periments done by Prahl et al. (1988). For the C
37

-alkenones, we proposed a similar

stability during transport in the water column as for particulate organic carbon of sinking

material. The destruction ofPOC in sinking material was simulated with the depth-rela

tionship according to Betzer et al. (1984). The fluxes ofthe C
37

-alkenones was corrected

to a water depth of 100 m and the fluxes of the placoliths was proposed to be invariable

in the water column to a depth of 599 m.

Since it is possible to reconstruct the C
37

-alkenone-fluxes by assuming a similar stability

as for POC of sinking material, we believe that the C
37

-alkenones react in sinking mate

rial as instable as POc. In contrast to sinking material, the C
37

-alkenones in suspended

partides were more rapidly depleted with depth compared to POC of the suspension

(Conte et al. 1992).
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DEEP EQUATORIAL ATLANTIC CHLOROFLUOROMETHANES

DISTRIBUTIONS IN JANUARY-MARCH 1993

C. Andriel
, M.J. Messias l

, L. Memeryl & J.F. Ternon2

lLODYC, ORSTOM-CNRS-Universite P. et M. Curie, Paris, France;

20RSTOM, Institut Francais de Recherche Scientifique pour le Developpement en

Cooperation, Cayenne, Guyane Franyaise

CFMs (CCbF and CChF2) measurements have been performed on board the RV

ATALANTE along a quasi-synoptic survey ofthe tropical Atlantic Ocean during the

CITHER 1 cruise (part of the french program CITHER - Circulation Thermohaline-) in

January-March 1993. Four sections at 35°W, 4°W, 4°30S and 7°30N between the Mrican

and Arnerican continents (A6 and A7 WOCE sections) have been sampled for CFMs. The

results reported here specially deal with the North Atlantic Deep Water (NADW). The

CITHER 1 sections occur just ten years after the first CFMs snapshot in the tropical Atlan

tic ocean obtained during the Transient Tracers in the Ocean Program TTO.

The detection limit ofthe method is around 0,002 pmol . kg- I for both CChF2 and CCbF.

This aIlows the determination ofthe "apparent"ages and "apparent" dilution factors for the

CFMs enriched tongues ofthe upper and lower North Atlantic Deep Water (uNADW cen

tered around 1600 m and INADW centered around 3800 m) respectively, principally origi

nating from the shaIlow Labrador Sea and from the Norwegian-Groenland overflow.

The distributions show the CFMs signal propagation into the eastern basin in both northern

and southern sections ofthe uNADW; on the eastern section at 4°W the CFMs core ex

tends from 4°S to 3°N with a maximum around 2°S. From the equatorial Fll/F12 ratios,

the dilution effect seems to be dominant compared to the advection process eastward.

The CFMs spatial distribution at the uNADW and INADW levels show an important vari

ability, probably linked to the important northern and southern deep recirculation gyres; in

both sections, CFMs enriched cells are the result of reversed currents.

The net decrease ofthe Fl1 contents in the IlNADW between 7°30N and 4°30S is partly

the result of the bifurcation of the deep flow at the equator weIl identified through the

ROMANCHE 2 CFMs data set sampled in November 1992 in the Equatorial Romanche

Fracture Zone.

A signal of Antarctic Bottom Water (AABW) is noticeable along the Arnerican continent in

the southern section : there is no real evidence, through CFMs alone, for a northward flow



13

ofthis "young" bottom water mass, probably blocked by the topography near the sampled

areas.

TRANS-OCEANIC HYDROLOGY SECTIONS ALONG 4°30S AND 7°30N IN THE

ATLANTIC OCEAN

M. Arhant, H. Mercier\ B. Bourles2 & Y. Gouriou3

lLaboratoire de Physique des Oceans, IFREMER, Brest, France;

20RSTOM, Cayenne, Guyane Franvaise; 30RSTOM, Brest, France

This is a presentation of the preliminary results from the hydrographie data along the two

WOCE lines A6 and A7 in the Atlantic Ocean. These zonal lines are complemented by two

other meridional ones across the equator along 4°W and 35°W carried out during the same

cruise CITHER 1 on the French Research Vessel l'ATALANTE in early 1993.

The presentation mainly rests on the vertical seetions ofthe CTD parameters, with some

focus put on the following aspects :

- The system of the western boundary currents conveying the various water

masses in either meridional directions.

- The bifurcation ofthese currents at the equator particularly visible on the 35°W

data.

- The east-west dissymetry in the basin interior.

- The equatorial current system and the upper layer where hydrology is

completed by shipborne ADCP records.
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CO2 AIR / SEA EXCHANGE OF THE SOUTH ATLANTIC OCEAN AND

OCEAN CURRENTS

D.C.E. Bakker, H.J.W. de Baar, E. de Jong & A.A.J. Majoor

Netherlands Institute far Sea Research, NIOZ, Den Burg, Texei, The Netherlands

Atmospheric carbon dioxide (C02) levels have been increasing since the start ofthe in

dustrial revolution corresponding to about half of the CO2-emission by fossil fuel burn

ing. The rise of atmospheric CO2 levels and the fate of the remaining part of the emitted

CO2 are of large concern as CO2 is a greenhouse gas and higher levels may trigger cIi

mate changes. Possible sinks are terrestrial ecosystems and oceans. It is complicated to

estimate an eventual net COruptake by these reservoirs as both exchange yearly large

amounts ofe02 with the atmosphere and contain a considerable amount ofcarbon. For

the oceans the exchange is highly variable with time and location as a function ofbio

logical and physio-chemical processes. Few CO2 air/sea-exchange measurements have

been made in the South Atlantic Ocean and a better estimate ofthe total net CO2 air/sea

flux is needed.

CO2 air/sea exchange is being measured as part of a five yearly program during the half

yearly home- and outwardbound cruises ofRV POLARSTERN across the South Atlan

tic Ocean from November 1991 onwards. Partial pressures ofC02 (p CO2) in marine air

and sea water, the skin temperature, alkalinity, contents oftotal inorganic carbon (T

CO2), nutrients and chlorophyll ofthe water are measured. The CO2 air/sea exchange is

determined as the product of the gas transfer velocity and the concentration difference

between dissolved CO2 at the sea surface and in the mixed layer. Gas transfer velocities

by Liss and Merlivat (1986) and Wanninkhof (1 992) are used. The effect ofthe skin

temperature difference on CO2 air/sea exchange will be estimated.

The first three cruises indicate strong contrasts in CO2 exchange between ocean currents

and sharp changes in the p CO2 ofthe water at oceanographic fronts. Reoccuring

general patterns in the p CO2 of surface water are apparent. The sea water was super

saturated upto 40 flatm with CO2 between 00 and l2°S, but strongly undersaturated

upto -50 flatm between 30 and 400 S during all the cruises. Differences between cruises

may be due to both temporal and seasonal shifts and will receive further study. Proc

esses that influence the CO2 chemistry of the water and the exchange will be assessed.



15

INTEROCEAN EXCHANGE OF BEAT, SALT AND MOMENTUM VIA

AGULHAS RINGS AND EDDIES

R.e. van Ballegooyent, M.L. Gründlingh2 & J.RJ.1: Liitjeharms l

IOceanography Department, University of Cape Town, Rondebosch, South Mrica

2CSIR, P.O. Box 320, Stellenbosch, South Africa

Interocean exchanges south of Africa are presumed to playa major role in global oceanic

circulations. Much of this interocean exchange is achieved via the shedding of rings and

eddies from the Agulhas and Agulhas Return Currents. In particular, Agulhas rings that

move into the Southeast Atlantic Ocean are expected to have significant impact on the cir

culation both within the Southeast Atlantic Ocean and further afield.

Hydrographic data collected during a dedicated research cruise in the Agulhas Retroflection

region in FebruarylMarch 1987 are analysed in conjunction with GEOSAT altimetry from

Decemher 1986 to Deeember 1988. Estimates of the eddy fluxes from hydrographie data

are combined with the altimetrie tracking of these feature to provide an insight into and

quantification ofthe exchanges occuring in this region.

Over the two year period a total of 14 anticycIonic eddies were generated by the Agulhas

Current. All of the eddies shed to the south of the Agulhas Retroflection were observed

ultimately to move westwards rather than southwards across the Subtropical Convergence.

Rings shed westwards from the Agulhas Retroflection travel far into the Southeast Atlantic

and remain energetic, distinguishable features for a number ofyears.

The estimated volume flux ofIndian Ocean water into the Southeast Atlantic via Agulhas

rings is estimated to be 6 . 106 to 10 . 106 m3S·I. Once shed, the thermohaline properties of

these Agulhas rings are rapidly modified by air-sea interaction. Large, episodic heat (up to

840 Wm-2
) and evaporative losses from these rings occur in the immediate vicinity ofthe

Agulhas Retroflection. The estimated mean heat and evaporative losses from Agulhas rings

are 300 Wm-2 and 1 cm day·l, respectively. While the heat anomalies associated with these

Agulhas rings are rapidly attenuated through heat loss to the atmosphere, the input of sah

and momentum into the Southeast Atlantic remains both substantial and significant.
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SOUTH ATLANTIC SURFACE TEMPERATURES AND CIRCULATION

DURING THE LAST GLACIAL MAXIMUM

M.S. Barash & I.G. Yushina

P.P. Shirshov Institute ofOceanology, Russian Academy ofSciences, Moscow, Russia

Interpretation of planktonic foraminiferal data from ocean sediments by means of statistical

methods supplies the diversity paleoceanographical information, for instance the surface

ocean paleotemperatures. For the reconstructions the new method based on factor analysis

and multidimensional splines was used. It allows to reconstruct all hydrological parameters

(temperature, salinity and density) for four seasons at several depths. The average annual

temperatures of the South and Equatorial Atlantic for the time of the last glacial maximum

ofthe northern hemisphere (about 18 ka) were reconstructed based on some dozens of

sediment cores.

The main peculiarities ofthe paleotemperature field and circulation were revealed. Thermal

equator was shifted to the northern hemisphere and placed on 5-7°N as it is now. The equa

torial divergence was much stronger. In the South Atlantic the powerful subtropical gyre

was situated with characteristic temperatures 16-22°C: It was limited from the South by the

strong latitudinal current expressed in the paleotemperature field by the high gradients. Cal

culations through 10-grade latitude belts showed that the biggest difference between the

recent and 18 ka temperatures took place in the belt 50-400 S. It can be explained by the

shift of the boundary between the subantarctic and notal climatic zones. During the final

stadium of the last glaciation the surface waters of the South Atlantic were colder than at

the present time, by an average of about 5°C.

The most evident regional difference is noted in the Benguela upwelling. The reconstruction

shows an intensification of the Benguela upwelling during the glacial epoch as compared to

the interglacial (recent) interval. Upwelling activity can be approximately defined as the

difference between the temperatures at the upwelling zone and the temperatures in the

central part of the ocean at the same latitudes. In the zone of the Benguela upwelling, the

relative cooling of the waters, as compared to the central area of the ocean, was no less

than 15°C (some 8.5°C greater than today). The upwelling extended along the Mrican coast

closer to the equator to at least 17°S.
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SEDIMENT RECORDS OF ACC VARIABILITY & WSDW INTERACTION IN

THE NORTHERN SCOTIA SEA AND FALKLAND TROUGH

P.F. Barker, A.P. Cunningham & R.D. Larter

British Antarctic Survey, Madingley Road, Cambridge CB3 OET, UK

The Antarctic Circumpolar Current (ACC) is the main means of interchange of water be

tween the Pacific, Atlantic and Indian Oceans, and appears also to control the degree of

isolation of the Antarctic water masses from others farther north. Although in the past other

channels (eg. Panama, N of Australia) may have been significant, the ACC has performed

these functions ever since a deep-water pathway was created at Drake Passage and through

the Scotia Sea, in the early Miocene.

The ACC axis runs eastward through northern Drake Passage, striking north through the

North Scotia Ridge near 48°Wand continuing east along the Falkland Trough, where it

interacts with northward-flowing Weddell Sea Deep Water - WSDW. In much ofthis re

gion, the ACC is sufficiently vigorous to prevent deposition, or to cause major re-erosion.

However, areas have been identified in the Scotia Sea and Falkland Trough where deposi

tion appears continuous but varied, reflecting changes in the strength of the ACC and its

interaction with southern-origin bottom waters, over several million years. We present here

a preliminary interpretation of seismic reflection and GLORIA sidescan data from three ar

eas in particular: a bank near 54°S, 48°W in the northern Scotia Sea, a well-developed drift

between 48°Wand 45°W in the Falkland Trough and the eastern mar in ofthe Falkland

Plateau near 52°S, 41°W, where ACC and WSDW interact. A complementary poster de

scribes sediment cores from the same areas.

In particular, mud waves at the seabed near 44°W in the Falkland Trough indicate westward

flow, probably a loop ofWSDW. Aseparate, buried field ofmud waves within the drift

near 47°W, with a similar polarity, reflects aperiod in the past when westward penetration

ofnorthward-flowing bottom water along the Falkland Trough was more marked.
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MODELLING THE OCEAN CIRCULATION IN THE SOUTH ATLANTIC

B. Barnier, A. de Miranda & P. Marchesiello

Laboratoire des Ecoulements Geophysiques et Industriels, Grenoble, France

The South Atlantic ocean is widely open to the Indian Ocean and the North Atlantic Ocean,

and has a large inflow from the Pacific Ocean through the Drake passage. Strategies of mo

delling the ocean circulation in this area require to consider inter-ocean exchanges. The pa

per discusses various numerical approaches of the problem. One consists in modelling the

world ocean and to study the South Atlantic as a sub-domain. Exchanges between the va

rious oceans are thus determined by the model, and the circulation obtained for the South

Atlantic depends upon the overall model behavioUf. It is a consistent way to diagnose the

circulation ofthe water masses in the ocean with coarse resolution models. This approach is

also possible at eddy resolving resolution since the global ocean modelling effort undertaken

by Semtner and Chervin (1988, 1992), and the simulation ofthe southern ocean circulation

realised by the FRAM Group (Webb, 1991). However, there still are large differences be

tween the various hydrographic or model estimates of the fluxes at the limits of the South

Atlantic.

Another approach is to limit the modelIed domain to the South Atlantic basin, and then have

to deal with the complicated problem of open boundaries. In that case, the simulated circu

lation ofthe South Atlantic williargely depend upon the fluxes prescribed at the boundaries.

Trus approach requires an a-priori knowledge of incoming mass, heat and salt fluxes, which

is generally derived from climatologies of hydrographic data. It appears suited to process

studies which characteristic time scales are short compared to the time evolution of the deep

circulation, and to sensitivity studies investigating the impact of the fluxes at the boundaries

on the estimates of the meridional mass and heat transports. This latest point is emphasised

from recent numerical model simulations. The choice for a modelling strategy has to match

scientific objectives and available computer reSOUfces. The circulation ofthe South Atlantic

is rich ofbasin scale patterns (the Weddell sea, the ACC, the subtropical gyre), separated by

thermohaline fronts. Therefore, the meridional transport of properties depends upon eddy

driven exchanges between gyres, and could be best studied with numerical studies perfor

med with a limited basin model allowing rugher spatial resolution. The paper presents new

results from such on-going numerical studies, which aim to quantify the importance of eddy

dynamics on cross-front mixing, as weil as on the winter convective processes related to the

formation of mode waters.
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FRONTAL STRUCTURE OF THE SOUTH ATLANTIC

I.M. Belkin

P.P. Shirshov Institute ofOceanology, Moscow, Russia

All available meridional sections were analyzed to determine the main zonal TS-fronts south

of300S. A new frontal scheme ofthe South Atlantic has been constructed (see Figure,

adapted from Belkin, 1993).

The Subtropical Front (STF) has been found to be a double structure, a broad frontal zone

(the Subtropical Frontal Zone, STFZ), bordered by the North and South STF. The South

Atlantic STFZ appears similar to the South Pacific STFZ (Belkin 1988). In the SW Atlantic,

the North STF is identified with the Brazil Current Front traced in the 300-500 m layer by

T=10°C and S=34.8. In the SE Atlantic, the STFZ is pressed to the south by the Agulhas

Current. The final fate ofthe STFZ in the SE Atlantic is unc1ear; the North STF probably

turns due north, joining the Benguela Current, while the South STF slips south ofthe Agul

has Retroflection (Belkin & Gordon 1994).

The Subantarctic Front (SAF) is identified with the Falkland Current. North ofthe Ewing

Bank and the Falkland Ridge, the SAF is often confluenced with the Polar Front (PF). East

of the Ewing Bank, the SAF and PF produce warm rings that ventilate the Georgia Basin.

East of300W, the SAF and PF split apart; the SAF shifts to 45°S, while the PF goes along

500 S.

The Scotia Front (SF, the northern boundary ofthe Weddell-Scotia Confluence) is traced

by a maximum thermal gradient in the deep Tmax layer, identified with the Upper Circumpo

lar Deep Water. It was found that the 1°C isotherm in the 300-500 m layer is a good indica

tor of the SFaxis up to the eastern Weddell Gyre where the SF turns cyc10nically to the

south and west.

References:

Belkin, I. M. (1988): Main hydrological features ofthe Central South Pacific. In: Ecosys

tems ofthe South Pacific Subantarctic Zone, Nauka, Moscow, 21-28.

Belkin, I. M. (1993): Frontal structure ofthe South Atlantic. In: Pelagic ecosystems ofthe

Southern Ocean, Nauka, Moscow, 40-53.

Belkin, I. M. & A. L. Gordon (1994): Southern Ocean fronts from the Greenwich Meridian

to Tasmania, 1. Geophys. Res. (in press).
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South Atlantic Fronts (Belkin 1993)
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EFFECT OF [C02aq] ON THE CARBON AND OXYGEN ISOTOPE

COMPOSITION OF FORAMINIFERAL CALCITE

J. Bijma1, H,J. Spero2, B.E. Bemis2 & D.W. Lea3

1Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany

2Dept. of Geology, University of California, Davis CA 95616, USA

3Dept. of Geological Sciences, University of California, Santa Barbara CA 93106, USA

The oxygen and carbon isotopic compositions of foraminiferal calcite are commonly used

in paleoceanographic reconstructions of oceanic temperatures, salinities, continental ice

volumes, aspects ofthe ocean's biological pump and shifts in terrestrial and ocean carbon

reservoirs. These interpretations are based on empirically derived relationships that relate

the isotopic composition of calcite to the parameters in question. A number of environ

mental (e.g. temperature, salinity, atmosphere-ocean equilibration times, etc.) and physio

logical (e.g. symbiosis. respiration, calcif1cation rates, etc.) parameters must be considered

for accurate reconstructions. Here we describe the results of laboratory experiments

which show that the carbon and oxygen isotopic composition offoraminiferal calcite is al

so a function ofthe carbonate chemistry ofthe sea water in which it grew. During the
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summer of 1993, the symbiont-bearing planktonic fDraminifera, Orbulina universa, was

grown in the laboratory under high light intensities (maximum photosynthesis) at 22°C in

seawater with different [C02aq] and [C032-]. The experimental results show that when

alkalinity is kept constant the 013C ofthe tests increases Iinearly from approximately 0 to

3.8 %0 (013C calcite equilibrium = 1.62 %0) as [C02aq] increases from 2 to 20 JlmolJI

(ambient = 11 JlM). Above 20 JlM, shell 013C remains constant. Across the same

[C02aq] range, 0180 values increase from -2.8 to -1.9 %0 and finally stabilize at -1.7 %0 at

a [C02aq] of45 JlM (0180ca1cite equilibrium = -1.82 %0). A clear covariance between 0

13C and 0 180 values is observed. In contrast, under conditions of constant pH, the 013C

of shell calcite decreases when [C02aq] increases above 20 JlM. In both sets of experi

ments, the 013C ofshell calcite decreases linearly as a function ofincreasing [C032-]. We

hypothesize that these relationships are a function ofboth kinetic fractionation and

phyisological factors such as symbiont photosynthesis.
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SILICA SIGNALS IN THE SaUTH ATLANTIC

A.J. van Bennekom

Netherlands Institute for Sea Research, Den Burg, Texei, Netherlands

The deep South Atlantic is a passage for a 3-layer system ofwater masses, where the

middle layer, North Atlantic Deep Water (Ni\PW) is squeezed in between Antarctic Inter

mediate and Bottom Waters (AAIW and AABW). NADW loses much ofits signals in the

south. This is seen in the conservative tracers, salinity and temperature, as weH as in non

conservative tracers like oxygen and nutrients. Because of large contrasts in NADW and

AABW, silicic acid is a valuable tracer. Bottom topography of gaps in the Rio Grande Rise

and the Walvis Ridge has a marked influence on bottom water composition in the eastern

and western parts: Predominantly NADW in the Angola and Guinea Basin; preominantly

AABW in the Argentine and Brazil Basin. Some AABW penetrates in the southern tip of

the Angola Basin, but north of 300 S aH bottom water originates from the Romanche and

Chain fracture zones.

The concentrations ofbiogenic silica (BSi02) in sediments and of silicic acid in interstitial

waters are high only on the Namibian shelf, the NE Angola Basin and parts ofthe Guinea

Basin. This reflects enhanced productivity by diatoms, caused by various kinds of upwelling.

BSi02 in the sediments ofthe Zaire deep-sea fan contains up to 6% of aluminium, which

contracts the amorphous structure and lowers its solubility and dissolution rate, thereby

greatly increasing its preservation. Similar relationships have been found in other regions,

but to a smaHer extent. Possible mechanisms for the incorporation of Al into BSi wiH be

discussed.
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LATE CENOZOIC PALEOCEANOGRAPHY OF THE SOUTH ATLANTIC: AN

OVERVIEW

W.H. Berger

Scripps Institution of Oceanography, University of California, San Diego, USA

The modern ocean begins with the formation of a strong asymmetry between North Atlantic

and North Pacific, with the deep North Atlantic collecting carbonate and the North Pacific

diatomaceous silica. This asymmetry starts roughly 10 million years ago, and has been

growing since, in response to northern hemisphere cooling, and perhaps as a result of clo

sure ofthe Tethys and ofthe Panama passage.

In consequence ofthese developments, the South Atlantic has become a thoroughfare for an

asymmetry-driven conveyor, moving warm water into the North Atlantic, and cold water

out. This Atlantic Conveyor, which is tied into the Circumpolar Ring Current ("Cold

Ring"), increases in strength as a result of overall cooling in the Late Cenocoic, but decrea

ses again beyond a certain level of cooling, presumably due to a decrease in evaporation and

(perhaps) development of sea-ice. Thus, it is weakened during glacial periods ofthe Qua

ternary, as recognized in fluctuations of carbonate preservation, benthic foram distribution

and Ö13C ofbenthic foraminifers in the South Atlantic. At depth, the boundary between

Antarctic Bottom Water (AABW) and North Atlantic Deep Water (NADW) is the proxy

most commonly used to reconstruct developments. This boundary is seen as a foram lyso

cline, and a discontinuity in physical properties. Hs depth level fluctuates (with a tendency

for deepening in the Late Cenozoic, but a shallowing during Quaternary glacials) and it also

displays a varying east-west asymmetry across the Mid-Atlantic Ridge ( the asymmetry be

ing stronger when NADW flows more vigorously).

The crucial importance of the South Atlantic in the climate evolution of the Late Cenozoic

derives from the following: 1) it acts as a major supplier ofwarm air and surface waters to

the North Atlantic, into the Intertropical Convergence Zone (which is north ofthe equator

but with varying distance from the equator); 2) it harbors a major upwelling system off

southeast Africa, where organic carbon is being sequestered on a large scale; and 3) it is

part of the circumpolar system, with varying production of thermocline waters and varying

sea-ice cover functioning as feedback mechanisms to climatic change involving NADW

production (which is sensed as warm influx into the Cold Ring).

The various elements of the system are recorded in the paleontology and the chemistry of

ocean sediments, from which reconstruction of the three major features of South Atlantic

circulation proceeds.
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LATE QUATERNARY DEEP WATER CIRCULATION IN THE SOUTH

ATLANTIC: RECONSTRUCTION FROM BENTHIC STABLE ISOPTOPES AND

CARBONATE DISSOLUTION

T. Bickert & G. Wefer

Department of Geosciences, Bremen University, Bremen, Germany

Ö13C records ofthe epibenthic foraminifer C. wuellerstOlfi and carbonate dissolution data

(carbonate content, sand fraction) from 15 gravity cores were used to reconstruct the hi

story ofthe deep water circulation in the South Atlantic for the last 360,000 years. The co

res were selected from depth-sections in the four main basins (Brasil-, Guinea-, Angola- and

Cape Basins) in water depths between 3000 m and 4600 m.

As a result ofthe reduction ofNADW during the last glacial maximum the Southern Com

ponent Water was higher in the water column and extended farther north than it does today.

In reconstructing this water mass it can be divided into an upper part (USCW) with ö13e
values between 0.2 and 0.7 %0 and a lower part (LSCW) characterized by values of -0.2 to

0.2 %0. The boundary, marked also by the calcite lysocline, lay in 3700 m water depth near

the equator and rose slightly toward the Southern Ocean. The asymmetry observed in bot

tom water circulation today (AABWILCDW in western basins, NADW in eastern basins

below 4000 m) was not present. From comparison to a deep western Pacific core (ODP

806B, Bickert et al. 1992) there is evidence, that the nutrient-enriched but oxygen-depleted

LSCW resembles the glacial Pacific Deep Water. This is also true for the older Ö180 stages

4,6,8 and 10.

In some warmer periods ofthe glacial substages 3, 8.1 and 8.5 a drop in the LSCWIUSCW

boundary to a little below 4000 m results again in a deep South Atlantic circulation asym

metry with USCW filling the deep Guinea- and Angola-Basin, leaving them a bit more oxy

genated than the deep western basins bathed in LSCW.
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INTEROCEAN EXCHANGE AND MERIDIONAL MASS AND HEAT FLUXES IN

THE SOUTH ATLANTIC

J. Boddem 1 & R. Schlitzer2

lInstitut f. Umweltphysik, Bremen Univ., 2Alfred-Wegener-Inst., Bremerhaven, Germany

The meridional transport of mass and heat in the South Atlantic as weIl as the inter-ocean

exchange with the South Pacific and Indian Ocean is examined using a model based on the

adjoint method. Large amounts ofhistorical temperature Cr) and salinity (s) data are assimi

lated and an optimal model circulation is searched for that satisfies two main objectives:

(1) the vertical shear of the model flows is consistent with geostrophic shear estimates and

(2) the model flows correctly reproduce the measured distributions of'T and s. Information

on baroclinic flows contained in the historical 'Tls-distributions is incorporated in the model

circulation via constraint (1) and the unknown reference velocities are chosen in a way such

that the resulting absolute flow velocities (horizontal, vertical) yield realistic 'T and s fields

(constraint (2)). The model is mass, heat and salt conserving and has realistic topography.

It is shown that realistic 'T and s model distributions can be obtained with flows that are

consistent with geostrophy. The model derived reference velocities (2500 db) show south

ward flow ofNorth Atlantic Deep Water (NADW) along the south American coast and

eastward flow along the path ofthe Antarctic Circumpolar Current (ACC). Satisfactory 'Tls

simulations are obtained for a variety of model flows that differ considerably with respect to

strength of the meridional overturning cell, magnitude of meridional heat transport and in

flow rate ofIndian Ocean Central (thermocline) Water (IOCW) into the South Atlantic. A

strong correlation is found between meridional heat transport, strength of the meridional

cell and inflow from the Indian Ocean. For small meridional heat transports the northward

transport in the South Atlantic is mainly of intermediate water and the inflow from the In

dian Ocean is relatively weak, whereas for the large meridional heat flux case northward

transports are almost equally split between the surface and intermediate layers. Inflow

(shallow and intermediate) from the Indian Ocean into the South Atlantic in the range of 4 

8 Sv can be accommodated by the model but larger values have to be rejected. Although

there is an inflow component of IOCW into the South Atlantic, the overall net warm water

transport is from the South Atlantic to the Indian Ocean.
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ANTARCTIC INTERMEDIATE WATER RECIRCULATION IN THE SOUTE

ATLANTIC

O. Boebel, C. Schmid & W. Zenk

Institut fur Meereskunde, Kiel University, Kiel, Germany

Results from fifteen RAFOS floats deployed in the Antarctic Intermediate Water (AAIW)

around the Rio Grande Rise are presented. The float trajectories cover the interval from

December 1992 to December 1993. They reveal an amazingly consistent westward flow

between 25°S and 35°S west of25°W. Mean speeds are oforder 5 crn/s. The general off

shore flow pattern is supported by a joint WHOI / IfM Kiel current meter data set from the

AAIW level, deployed across the Santos Plateau to the Vema Channel from January 1991

to December 1992. The mean speeds observed were of order 4 crn/s with west- to south

ward directions. Data from adjacent floats or current meters show high horizontal correla

tions in the low frequency band (periods greater than ten days). In addition, CTD data from

various sections in the area as weil as the current meter and float data indicate a strong ver

tical correlation in the low frequency band within the thermocIine and Antarctic Intermedi

ate Waters. Float and current meter data beneath the Brazil Current cIose to the shelfbreak

show a topographically controlled flow between 32°S and 22°S along the continental slope

to the southwest.

Our observational data strongly support the idea of a subtropical, basinwide, anticyclonic

recirculation cell of AAIW underneath the subtropical anticycIonic gyre as discussed by

Reid. The idea of a continuous flow of AAIW along the western boundary as suggested by

Wüst seems unlikely at these latitudes from this data, especially ifviewed in conjunction

with data from ALACE floats presented by R. Davis.
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OPAL AND BARIUM AS TRACERS FOR CHANGES IN I)ALEOPRODUCTIVITY

AT THE ANTARCTIC CONTINENTAL MARGIN

w. J. Bonn & F. X. Gingeie

Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany

Opal and Barium are major constituents of marine sediments and important parameters for

geochemical and paleoceanographic studies. Barium has been established as a new indicator

of fertility of the surface waters. Multielement analysis was performed including Ba, Al and

Ti measurements. Since only biogenic Ba, derived from discrete barite particles, which are

associated with decaying organic matter yields information on the flux of organic material to

the seafloor, Ba from other sources must be accounted for. Investigations in different sedi

mentary environments show that detrital Ba from continental weathering is most important,

while the input ofBa as a constituent of carbonate or biogenie silica can be neglected. A

normative approach is commonly used to distinguish between detrital Ba and Ba(bio). A

Ba/Al ratio ofO,0067, which was assessed for pure terrigenous sediments ofthe southern

Weddell Sea was used for detrital correction. Reeent investigations in the Pacific Oeean

have shown that Al might also be of biogenie origin and that Ti is more appropriate to rep

resent the terrigenous fraction of the sediment. Even there is no indication for biogenic Al

from Al/Ti ratios in our sediments, which are weIl within a terrigenous range, a normative

approach with Ti was also carried out. A Ba/Ti ratio of 0,126 was used to ca1culate a nor

mative Ba(bio) eontent.

Results from geochemical analyses allow a quantitative determination ofbiogenic opal and

Ba(bio) in the sediments ofthe southernmost part ofthe Southern Ocean. Together with

other sedimentological parameters and physical properties, these records represent the cy

clieity of paleoproductivity and sedimentary processes in response to the glacial/interglacial

changes. The correspondence of downcore biogenie barium and biogenie opal variations

indieates that dissolution of opal in the deep sea and sediment pore waters does not obscure

the surface productivity signal and that they can be used as proxy parameters for marine

paleoproductivity. Close to the Antarctic continent lower productivity prevailed during gla

cial times and higher productivity during interglacials. In surface sediments offKapp Nor

vegia biogenie opal ranges between Owt. % and 7wt. %. In older interglacials opal values

rise to 11wt. % thus indicating a higher productivity for the surface waters compared to pre

sent conditions.
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LATE PLEISTOCENE SEA SURFACE TEMPERATURE VARIATIONS IN THE

SOUTHERN OCEAN (ATLANTIC SECTOR)

U. Brathauer & A. Abelmann

Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany

The siliceous skeletons of radiolarians preserved in sediments provide a tool for the quanti

tative reeonstruetion of Quaternary environmental eonditions in southern high latitudes. The

quantitative analysis of taxa and taxa groups from surfaee sediments reeovered in the Atlan

tie seetor ofthe Southern Oeean shows that their distribution is weil related to surfaee wa

ter hydrography. This allowed the definition of a transfer funetion for the reeonstruetion of

surfaee water temperatures using the method deseribed by Imbrie and Kipp (1971). Present

day hydrographie data were taken from the Hydrographie Atlas of the Southern Oeean

(Olbers et al., 1992). The transfer funetion results in temperature estimates for surfaee se

diment sampies that eompare with present-day summer temperatures with an estimated

standard errar of 1.4oe.

This transfer funetion was used to estimate sea surfaee temperature in sediment eore

PS2082 reeovered from the Subantaretie zone in the Atlantie seetor of the Southern Oeean.

Paleotemperature estimates were made for the last 300.000 years. The time contral is based

on oxygen isotope stratigraphy (Maekensen et al., 1993) in eombination with the Cyclado

phora davisiana stratigraphy. During glaeial time periods (isotopie stages 2, 4, 6) summer

sea surfaee temperature estimates result in values 4-5°C lower than the present-day tem

peratures (11 °C). Interglaeial time periods (isotopie stages 5 and 7) show nearly present

day temperatures, exeept during the climatie optimum at stage 5.5 where temperatures ex

eeed the present-day values by 6°e.

A eomparison of the sea surfaee temperature reeord with atmospherie temperatures meas

ured in the Vostok iee eore present strang analogies for the last 220.000 years. Tempera

ture deviations versus present-day temperatures are similar at both sites. One exeeption is

the last interglaeial optimum (isotopie stage 5.5) where temperature deviation was about

2°C in the Vostok ice eore and about 6°C at the Subantaretic site. Further investigations

will determine the phase relationships between these records for understanding the links

between the ice sheet and the distribution of surfaee water temperature around Antarctiea.
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WATER MASS CHARACTERISTICS AND CIRCULATION IN THE SANTOS

BIGHT DURING PROJECT COROAS

E.J.D. Camposl & J.L. Miller2

lOeeanographie Institute, University of Sao Paulo, Sao Paulo, Brazil

2CCPO, Old Dominion University, Norfolk, VA, USA

The Brazilian WOCE program includes a major oeeanographie survey in the Brazil Basin

whieh has been underway sinee 1992. This effort, the COROAS projeet, investigates differ

ent aspeets of oeeanography. It ineorporates a high quality hydrographie survey, satellite

imagery, and Eulerian and Lagrangian eurrent studies. Part ofthe hydrography is being

performed in a set of stations distributed along transeets more or less perpendieular to the

eoastline, ranging from the 50 m isobath to oeeanie regions with depth greater than 2000 m.

As ofMareh 1994, three hydrographie eruises in this "meso-seale" array have been per

formed (Jan 93, Jul 93 and Jan 94). The Brazil eurrent was found following the topography

with its inner edge weIl over the eontinental shelf. T-S eharaeteristies of some waters ob

served on the shelf indieate that South Atlantie Central Water is upwelled at the Brazil

Current front and deposited on the shelf during summer, possibly by large-seale (100-

300 km) meanders. During winter, little interaetion between shelf and deeper water was

observed, however, waters of coastal origin were found on the shelf resulting in minimum

salinities about 3 PSU lower than those observed during summer. This very shallow tongue

of relatively eold (T < 19°C) and fresh (S < 34 PSU) water flows northeastward between

Brazil Current and the eoast and appears to originate south of Santos. At stations in and

east of the eore of the Brazil Current, the influenees of Antaretie Intermediate and Medi

terranean Waters are apparent at depth.
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SEASONAL FLUX OF COCCOLITHOPHORIDS IN THE SOUTH EAST

ATLANTIC (WALVIS RIDGE)

M. Cepek, G. Ruhland & G. Wefer

Department ofGeosciences, Bremen University, Bremen, Germany

SampIes from a time-series sediment trap deployed at a depth of 599 m on the Walvis

Ridge were examined for the seasonal distribution of coccolithophores from March 1989

to March 1990.

The amount oftotal coccolith carbonate-flux relative to total CaC0
3
-flux was found to

be relatively low with a mean of2.75 %. E. huxleyi was the dominant species throughout

the year. Cluster analysis was employed to distinguish the different communities.

Community 1 (e. leptoporus, 0. ft'agilis) appeared in austral summer and winter during

a time oflow total flux, community 2 (G. oceanica, S. pulchra) in austral spring and fall

in times ofhigh total flux, community 3 (u. sibogae, A. brasiliensis, S. lamina, S. fos

silis, U. irregularis) in austral fall and winter and community 4 (e. binodota, H. adriati

cus, H. carteri, U. hulburtiana, G. muellerae) in austral spring and summer.

These communities could be correlated to total flux and temperatures obtained by the

alkenone method. In this way affinities ofspecies to temperatures (ranging from 14.5°C

to 23. 5°C) and to the supply of nutrients could be determined.

Community 1 reflects conditions of high temperature and low productivity, community 2

indicates low temperatures (in this area) and high productivity. Communities 3 and 4

could only be assigned to different seasons because the temperature ranges assigned to

these communities overlap with communities 1 and 2. Both temperature and the intensity

ofupwelling are important factors for the growth of coccolithophores.
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CHANGES IN ANTARCTIC BOTTOM WATER PROPERTIES IN THE

WESTERN SOUTH ATLANTIC IN THE LATE 1980'S

V. J. Coles1, M. S. McCartney2, D. B. Olson1 & W. M. Smethie3

lRSMAS, Miami, FL, 2WHOI, Woods Hole, MA, 3LDEO, Palisades, NY, USA

Hydrographie data eolleeted in the western South Atlantie in 1987-1988 eompared with

older data sets indieates a c1imate change signal in the Antaretie Bottom Water (AABW).

Within the Argentine Basin the data suggest a C shaped deep reeireulation gyre in the

southwest part of the basin in whieh part of the westward and northward deep boundary

eurrent flow along the Falkland Plateau and eontinental slope of Argentina reeireulates

southward and eastward. The water supplied to this system by the outflow from Georgia

Basin was found to have a fresher theta-salinity relation, by about 0.01 salinity differenee at

a given density surfaee. The eoldest temperatures (at the bottom) were about 0.05°C

warmer in the late 1980's - volumetrieally signifieant due the the thiekness of the near bot

tom layer. The reeireulation gyre was "filled" with this altered watermass at the time of our

observations, with weaker signals to the north and east ofthe gyre suggesting ineomplete

alteration of that interior regime. Data from the same time frame in the Brazil Basin show

that the altered watermass had propagated (in 1988) through a seetion near

24°S, where the fresh relationship was observed in the deep boundary eurrent, but not the

basin interior. The dominant transport mode was warmer by about 0.3°C eompared to that

of a 1983 seetion at the same loeation, suggesting that in addition to the warming of the

eoldest AABW observed in the Argentine Basin a shift in the transport distribution in the

AABW to mueh warmer temperatures at least momentarily oeeured. Data farther north at

18°S did not show the fresher water mass having yet reaehed that latitude, although the

transport mode there also was warmer than in 1983.
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THE ANTARCTIC SECTION OF THE SOUTH ATLANTIC: WATER MASSES AND

PRODUCTIVITY IN THE EOCENE-OLIGOCENE

L. Diester-Haass

GEOMAR, Kiel, Gennany

After the early Eocene temperature optimum, cooling set on and led to glaciation ofAntarctica

in the early Oligocene. This cIimatic deterioration is reflected in major changes in the

paleoceanography ofthe world oceans.

Results from the southemmost part ofthe South Atlantic, the Weddell Sea, are presented (ODP

Leg 113, Site 689 and 690, Maud Rise).

Productivity in the surface waters (calculated from benthos foraminiferal accumulation rates after

the formula published in Herguera and Berger, 1991) was low in the middle Eocene, 40-

80 g C/m2
• y, increased during the late Eocene and reached maxima of250-400 g C/m2 • y in the

early Oligocene. Productivity varied in cycIes with a rhythm of400-450 ky.

The history of intermediate and deep water masses is still a problem.There are hints as to a

middle Eocene warm saline deep water (WSDW),which is responsible for excellent carbonate

preservation in the deeper parts ofthe Maud Rise. In the late Eocene and Oligocene the

influence ofthree water masses could be detected: an Antarctic Bottom Water (AABW), a

WSDW and an Antarctic Intermediate Water (AAIW). These water masses shifted vertically and

latitudinally with time and have been identified by means oftheir effect on carbonate

preservation.
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SEASONAL FORAMINIFERAL FLUX OFF CAP BLANC: REGISTERING OF

COASTAL UPWELLING AND TEMPERATURE DEVELOPMENT

B. Donner & G. Wefer

Department of Geoseienees, Bremen University, Bremen, Germany

From March 1988 (CB-1) to November 1991 (CB-4) the seasonal foraminiferal flux 200 sm

off Cap Blane, NW Mriea (21 oN, 200 W), was investigated. The mooring station was situ

ated between the primary coastal upwelling front and the open oeean (seeondary upwelling

zone, aceording to Mittelstedt 1991). In this region upwelling oeeurs throughout the year

with explieit maxima in spring and fall.

In total 16 different planktonie foraminiferal speeies are found, 11 speeies of these in sig

nifieant amount (> 100 ind./m2
• day in at least one ofthe four years).

During the seeond year (1989) the foraminiferal flux had its absolute maximum with more

than 500 ind./m2
• day for most speeies. 1991, on the eontrary, showed minimal foraminif

eral fluxes with maxima very less than 100 ind./m2
• day for most speeies.

The seasonal upwelling and long-term development oftemperature were registered as fol

lows:

The summer speeies G. ruber (white), loving high temperatures, manages flux

maxima during the first three years from September to November, with absolute

maxima during the seeond year. G. ruber (pink), prefering even higher temperatures

shows maxima during the same intervals, also with an absolute maximum in 1989. G.

sacculifer, third summer speeies, only oeeurs during the 2nd year (Sept./Oet. 1989).

The flux rates of aH three speeies prefering warm surfaee waters already indieate the

relatively higher temperatures during 1989.

G. inflata, known as the winter speeies of this region, shows its maxima during win

ter/spring, with highest amounts in the 3rd year.

The so-eaHed upwelling indieator G. bulloides obtains its maxima in aH four years

from May to June. In this region a seeond upwelling maximum was expeeted in faH,

but eould not be proved by abundanees of G. bulloides. In aH four years investigated,

G. bulloides is mainly restrieted to the spring upwelling. Flux rates ofN pachyderma

(right-eoiling) eoineide perfeetly with the abundanee of G. bulloides.

The oeeurenee ofN dutertrei eannot be eorrelated with special hydrographie events.

The results obtained with the speeies distribution are eonfirmed by 8180-measurements in G.

ruber. 8180 in G. ruber (white and pink variety) is relatively low in the summers of 1988

and 1989 (water temperature warmer) and high in the summers of 1990 and 1991 (water
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temperature cooler). During the eoolest year 1991, also the amount ofnutrients must have

been smaller, beeause the total foraminiferal flux was redueed drastieally. Even those spe

eies that prefer cooler water temperatures, showed low foraminiferal fluxes.

In summary it ean be emphasized, that both the sedimentation pattern of planktonie fora

minifera and oxygen isotopes ofthe shells show a eontinual deerease in temperature fi'om

1988 to 1991.

AN ANALYSIS OF THE EDDY FIELD OF THE SOUTH EAST ATLANTIC

OCEAN MEASURED BY THE BENGUELA SOURCES AND TRANSPORTS

(BEST) PROJECT

C.M. Duncombe Rae1
, A.L. Gordon2 & S.L. Garzole

lSea Fisheries Research Institute, Cape Town, South Mriea

2Lamont-Doherty Earth Observatory, Columbia University, New York, USA

In lune 1992 two lines of inverted echo sounders and eurrent meters were deployed in the

South East Atlantie Oeean aeross the Cape Basin to measure the variability and transports

ofthe eastern boundary current ofthe South Atlantie Oeean for the Benguela Sources and

Transports (BEST) ProjeeL The lines ofmoorings extended from the shelf-edge ofthe

south-western eoast of Mrica along 300 S to the Walvis Ridge and along a line south-west

ofCape Town, South Mriea. Most ofthe moorings were recovered in Oetober 1993. Hy

drographie data were obtained at the instrument mooring sites on the deployment and re

covery eruises. In addition, an extensive hydrographie survey of the Cape Basin and hy

drographie stations at the mooring sites was undertaken in May 1993. In this analysis the

hydrographie data from the three eruises and the sixteen month long time series from the

inverted echo sounder instruments deployed along 300 S are examined for evidenee of

mesoseale features of the same size range as eddies shed from the Agulhas retrofleetion. In

this way a eensus is made ofthe eddies erossing 300 S into the northern half ofthe Cape

Basin during the course of the experiment.
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A WINTER EDDY FROM THE AGULHAS RETROI?LECTION

C.M. Duncombe Rael & F.A. Shillington2

lSea Fisheries Research Institute, Cape Town, South Africa

20ceanography Department, University of Cape Town, South Africa

In the South East Atlantic Ocean, a number of Agulhas retroflection eddies have been de

tected hydrographically since 1968. All these hydrographic measurements relate to eddies

spawned from the retroflection during spring or autumn, or, in certain cases, at some inter

mediate time. During August 1990 an Agulhas eddy which separated from the retroflection

during austral mid-winter was detected south-west ofCape Town using XBT probes on a

survey extending along the southern African west coast shelf-edge from Engelbrecht

Seamount towards Port Nolloth. The eddy centre was located at 35°16'S, 11 °43'E, and

CTD, rosette sampIer, and XBT measurements were taken.

The expression ofthe eddy extended down to at least 3000 m: it was elliptical (430 km E

W; 385 km N-S) with the diameter ofmaximum geostrophic velocity at 180 km (74 cm S·l

wrt 1150db). Isotherm depression within the eddy varied from 250 m (for the 15°C iso

therm) to 500 m (9°C isotherm) and the maximum temperature anomaly ofthe centre with

respect to the edge was 4°C at 500 m. It was estimated that the eddy separated from the

retroflection in late June or early July 1990 (austral mid-winter).

The eddy had a deep isothermal surface mixed-Iayer, extending from the surface to a depth

of320 m at a temperature of 16.3°C (cooled STMW), and a deep pycnostad between 800

and 950 m depth was observed. The deep surface mixed-Iayer could be ascribed to the

winter shedding ofthe eddy and therefore enhanced heat exchange with the atmosphere

contributing to vertical mixing. The pronounced stad at depth within an Agulhas eddy has

not been observed before. Possible sources for this deep stad layer are suggested and inves

tigated: vortex stretching during eddy formation, eddy coalescence, and inclusion of an ex

ternal water mass. Water mass characteristics at the eddy centre were compared with the

Cape Basin, Brazil Current and Agulhas Current systems and showed substantial differences

from the south-eastern and south-western Atlantic water and a marked similarity to Agulhas

Current water down to the Intermediate Water level.
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DIRECT CORRELATION OF OCEANIC AND MARINE PALEOCLIMATIC

DATA FROM THE GULF OF GUINEA AND EQUATORIAL WEST AFRICA

DURING THE BRUNHES CHRON

L. M. Dupont

Institute ofPalynologie and Quaternary Sciences, Göttingen, Germany

Palynological analysis of dinoflagellate cysts from deep-sea gravity core M 16867-3 (2° 12'

S, 5°6' E; 3894 m waterdepth) show increased productivity and increased seasonality in the

Golf of Guinea during even isotope stages indicating a strong Benguela Current, strong

upwelling, and cool surface waters during the glacial periods of the Brunhes chron. During

interglacial periods, however, either coastal upwelling in combination with higher precipi

tation or warm and saline surface waters are recorded.

Pollen and spores from the same sampies reveal a large extension of afromontane forests

during cool and dry periods. In contrast to northwestern Africa, where vegetation zones

latitudinally shifted as a response to climatic change, lowland rain forest and dry open forest

is largely replaced by afromonate forest and vice versa. Still, the rain forest probably does

not completely dissapear in glacial periods.

During glacials, a high concentration of pollen and spores indicates strong atmospheric cir

culation. During the same periods, high percentages of dinoflagellate cysts ofNemato

sphaeropsis labyrinthus show enhanced seasonal contrast of sea surface temperatures,

while high percentages of cysts ofBrigantedinium species indicate high sea surface produc

tivity, increased oceanic upwelling, and cooler surface waters.

Within interglacials, warm and saline tropical surface waters as indicated by cysts of Impa

gidinium aculeatum exchange with cooler and less saline waters from coastal upwelling and

high precipitation as indicated by high percentages of the dinoflagellate cysts ofLingulodi

nium machaerophorum. These periods are simultaneous with an extension of the tropical

rain forest on the adjacent continent under humid conditions.
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CIRCULATION, TRANSPORT AND BOTTOM BOUNDARY LAYERS OF THE

DEEP CURRENTS IN THE BRAZIL BASIN

X. Durrieu de Madron1 & G. Weatherly2

ILab. de Sedimentologie et Geochimie Marines, Universite de Perpignan, France

20ceanography Department, Florida State University, Tallahassee, Florida, USA

Zonal and meridional hydrographie sections obtained for the South Atlantic Ventilation Ex

periment are used to study the circulation patterns and estimate the transports ofNorth At

lantic Deep Water (NADW) and Antarctic Bottom Water (AABW) in the Brazil Basin.

The NADW Deep Western Boundary Current (DWBC) appears to be a relatively large

(~800 km wide by 2 km thick), double core current, separated by counterflowing recircula

tion. It appears to split, branching seaward at the Cape SaG Roque near 50 S and again at the

Columbia-Trinidad Seamount Chain at 21 oS. As a result of this latter bifurcation, the

NADW DWBC flow in the southern basin decreases significantly.

In the southern part ofthe basin, the AABW DWBC is a relatively broad (- 1000 km), thin

(-700 m) flow which hugs the bottom of the continental rise. The densest waters that com

pose the core ofthe AABW DWBC eventually separate from the DWBC in the northern

part ofthe basin as they are topographically diverted to the east. The southward return flow

at the eastern edge ofthe AABW DWBC and a northward flow in the eastern part ofthe

basin suggest a meandering meridional recirculation of AABW in the interior ofthe basin.

In the north central part of the deep basin there is a cyclonic abyssal gyre with a large com

ponent ofWeddell Sea Deep Water (WSDW).

The along-isobath movement ofthe DWBCs over the sloping bottom drives cross-slope

advection ofthe bottom boundary layer. The up-slope advection of denser water within the

NADW DWBC is believed to set up a slippery bottom layer, while the bottom layer associ

ated with the down-slope advection of lighter water within the AABW DWBC is estimated

to be only partially slippery.

Geostrophic transports ofheat, salt and mass are used to estimate mixing in the AABW

flow in the Brazil Basin. The rates at which heat and salt mix are characteristic of diapycnal

turbulent mixing. The mixing processes appear to be more active along the western bound

ary.
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LATE QUATERNARY SEA-SURFACE TEMPERATURES IN THE UPWELLING

REGION OFF NAMIBIA: A COMPARISON OF UK
37

-BASED ANALYSIS WITH

FORAMINIFERAL ESTIMATES

I. Ehrhardt, G. Ruhland, T. Bickert, P.J. Müller & R.R. Schneider

Department ofGeosciences, Bremen University, Bremen, Germany

We estimated sea surface temperatures (SST's) based on the analysis ofthe unsaturation

ratio of long chain C37 alkenones produced by Prymnesiophyceae, mainly the coccolitho

phore Emiliania huxleyi on plankton and surface sediment sampIes from the eastern South

Atlantic and from a sediment core taken off Namibia (GeoB 1710-3 at 23°26'S, 11°42'E).

We found an excellent agreement ofthe plankton calibration analyses with culture results

obtained with E. huxleyi by Prahl & Wakeham (1987) providing evidence for the suitability

of the C37 alkenones as paleotemperature indicators in the South Atlantic. The alkenone

temperatures agreed weIl with the SST measured on board RV POLARSTERN at the same

time during the cruise ANT IX/4 (April/May 1991). For the equatorial region, alkenone

temperatures estimated on box-core-tops closely matched the annual mean temperatures

obtained from LEVITUS (1982) (oceanographic data). At the Angola-Benguela-Front

(ABF) at 14-16°S, the SST decreased rapidly from 25°C to 21°C. South ofthe ABF, the

estimated alkenone-temperatures appear to reflect seasonality as they were warmer than the

mean annual temperature ofthe LEVITUS record. Compared to the mean values ofthe

different seasons, alkenone derived temperatures show the best agreement with the SST

during the austral spring and summer (Nov to April) which is also believed to be the time of

maximum coccolithophore production.

Core GeoB 1710-3 shows a temperature difference of 5°C between the climatic optimum

(6 ky, 19,5°C) and the last glacial maximum (18 ky, 14,5°C). This difference is slightly

larger than what was recorded in the Angola Basin previously (cores GeoB 1008-3 and

GeoB 1016-3, 4°C, Schneider et al. 1994). A comparison ofthe late Quaternary alkenone

temperatures recorded in core GeoB 1710-3 to the SST based on transfer functions of

planktonic foraminifers in core RC 13-228 (Imbrie et al. 1989), located close to the position

of core GeoB 1710-3, demonstrates that the alkenone-temperatures agree weIl with the

transfer function temperatures calculated for the warm season. Both the foraminiferal winter

and summer SST's showed pronounced variations with a shorter period than 23 ky. These

shorter cycles are not recorded in the alkenone SST. This might reflect a change of fora

miniferal assemblages due to nutrient changes or subsurface cooling. However, the alke

none-based estimation of SST is thought to be less influenced by thermocline and seasonal

ity changes.
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THE MESOSCALE AND FINE STRUCTURE WATER CUARACTERISTICS

RELATIONSHIP IN TUE ANTARCIC POLAR FRONTAL ZONE

M. Emelianov & G. Shapiro

P.P. Shirshov Institute ofOceanology, Russian Academy of Sciences, Moscow, Russia

Mesoscale and fine structures ofthe thermohaline field ofthe frontal are investigated using

CTD-data gathered in Oct.-Nov. 1987 on the grid ofstations zone north ofthe South

Georgia Island. The parameters of main fronts, meanders and cold isolated spots are de

termined. Absolute and relative mesoscale characteristics (the degrees of "baroclinicity",

"thermoclinicity" and "compensation") ofthe Polar Frontal Zone (PFZ) are analyzed and

their relation with the fine structure parameters revealed. It is determined that the thermo

clinicity of Subantarctic (SAF) and Polar (PF) Fronts limiting PFZ from the north and south

respectively is ofhigher order. At the same time the baroclinicity of SAF was higher and

compensation lower, than that ofthe PF.

The method ofquasispectral analysis offine thermohaline structure is proposed. Using this

method, it is possible to calculate the thickness ofthe layer ofvertical movements and the

intensity of diapycnal and isopycnal mixing. The method is based on determining Pengree's

angles for the spectral components of the vertical fine structure profile.

It is shown that thermohaline fluctuations of smaller vertical scale are formed by diapycnal

processes and are more active in the region of PF with higher thermoclinicity and are absent

near SAF. Isopycnal processes are more intensive in PFZ and the closer to SAF the weaker

they grow. The weak stratification of Antarctic waters to the south ofPFZ corresponds to

the intensity of diapycnal processes. The weakening of the intensity of isopycnal processes

is accompanied by increasing ofthe order of SAF baroclinicity.
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SEDIMENTATION IN THE SOUTHERN ATLANTIC, HYDRODYNAMIC AND

UPWELLING

E. Emelyanov

Institute of Oceanology, RAS, Kaliningrad, Russia

Namibian shelf(70 st), polygon at Congo River Mouth (19 st), traverse of Angola-MAR

(80 st) and polygon in Brazil deep (47 st) were investigated in detail. Maps ofsediment

types, CaC03, Corg, SiOz, P, Fe, Mn, Cu, Ni, Co, thickness rates were compiled. The re

sults were compared with German data.

Diatomic ooze ofthe shelf(up to 67% SiOzam) contains up to 16.06% Corg, up to 1.06%

P, high contents ofMo, V, Cu and others. Carbonate-phosphate sands ofthis shelf contain

0.2 - 10.0% ofP, 1 - 4% ofCorg. Ferrugineous (hydrogetite-chamosite) sediments (up to

42.4% ofFe) are accumulated at Congo river mouth. Grey terrigenous muds with content

of 1 - 3% Corg are accumulated in Angola deep up to 5680 m. Interlayers of oxidized man

ganese muds (up to 3 - 10% Mn) are spread in Pleistocene and Holocene muds at Angola

continental slope feet. The interrelated brown terrigeneous pelagic clays (up to 3.0% Mn,

up to 6.5% ofFe), terrigeneous and diatomic-terrigeneous muds (0.5 - 2.0 Corg) are in

abyssal part of Angola basin. At Angola abyssal plain (4500 - 5000 m depth) and at hilly

MAR flank (4600 - 5300 m) there are Fe-Mn concretion field (15 - 25 kg/mz).

In Brazil Basin pelagic clays with zeolite (7.6% Fe, 1.8% Mn) are spread at more than 4700

- 4900 m. Metal-bearing interlayers are met (up to 13.8% ofFe, up to 2.9% ofMn) in clays.

Fe-Mn concretions (5 - 15 kg/mz) are spread mainly at hills approximately at CCD level.

Weak-oxidized pelagic clays with manganese microconcretions (level CCD at 5250 m) are

spread in Cape Basin. Fe-Mn concretions are spread at 4700 - 5200 m.

Distinct intercalation of oxidized pelagic and low-calcareous clays or nano-ooze is met at

each ofthese depths. It is stimulated by climatic changing (by surprise at 300 - 500 m of

CCD level during glaciation) and by scheme changing of surface and near-bottom currents.
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THE INFLUENCE OF CONGO RIVER AND HYDRODYNAMIC ON SEDIMEN

TATION (ANGOLA BASIN)

E. Emelyanov, J. Kornyshkov & R. Romankevich

P.P. Shirshov Institute ofOceanology, RAS, Atlantic Branch, Kaliningrad, Russia

90 stations were made in the Congo Cone Region (Emelyanov 1973, Emelyanov et a1.

1975, Kornyshkov 1987, Romankevieh 1994, Romankevieh et a1. 1994). At polygon V-20-I

(Congo River Mouth) the investigations have been made with the help of submersible

"Argus" as weIl. The investigations were complex: The age of sediments was determined by

210Pb and 14C methods and biostratigraphy. Grain-size distribution, mineralogy, 30 chemical

elements, forms of organic matter and metals were determined in sediments. In waters (0.3 

5.0 m above the bottom) there are distinct gradients in suspension concentrations - water

transperency, oxygen, pH, P-P04and Si03 at the polygon V-20-I.

Dur data corroborate strong impact ofthe Congo River both to the physical-chemical situa

tion in the Angola Basin and to sediment character. Sediments are terrigenous tiIl MAR

t1angs. They are grey, content 1 - 2% (maximum 4.5%) ofCorg (at a depth 5000m - 3.5%).

Recent CCD level is at 5600 - 5700 m. Content ofCaC03 is <10%. The flux of organic

matter is 100-600 mg Corg cm-2 per 1000 years. Sedimentation rates ofmuds in some re

gions are 1 - 20 mm per year in abyssal plain - 0.01 - 0.03 mm per year in Angola. Below

the thin upper oxidited layer there are anoxie conditions.

There are weIl expressed differentiation processes ofFe, Mn and microelements. On the

edge ofCongo Canyon sediments (with iron pellets) contain 30.0 - 42.2% Fe and 0.1 

0.2% Mn. On the continental slope there are manganese pleistocene sediments (5.0 - 10.0%

ofMn). There are four layers ofmuds enriched in manganese.

On the distal part ofthe Congo Cone in the mixed clayey-foraminiferal ooze there is a big

field ofFe-Mn concretions.
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VENTILATION OF THE SOUTH ATLANTIC CENTRAL WATERS

H.A. Figueroa, R.M. Key & J.L. Sarmiento

Atmospheric and Oceanic Sciences Program, Princeton Univ., Princeton, New Jersey, USA

The ventilation of the South Atlantic Central Waters is presented and discussed in the con

text of new hydrographic, nutrient and tracer data gathered in the South Atlantic over the

last decade. The analysis is focused on the large scale circulation of the South Atlantic

Central Waters, the upper ocean nutrients distributions and the mechanisms involved in the

ventilation of the main thermocline.

Salinity, oxygen, nitrate and potential vorticity fields mapped on isopycnal surfaces are used

to identify the prefered paths for the exchange of properties across the base of the mixed

layer. High oxygen concentration and low nutrients are observed near the outcrops at

around 600 S. The tracer distributions, however, show no c1ear sign ofthe subtropical gyre

circulation. The Angola Dome nutrient maximum and oxygen minimum appears as the

dominant signal on the northeastern South Atlantic.

From geostrophy and c1imatological wind fields the total ventilation rate over the South

Atlantic is estimated by considering the two components of the subduction velocity; the

vertical pumping at the base of the winter mixed layer and the horizontal advection of the

mixed layer depth. Preliminary calculations indicate a net transport into the thermocline

between 63.6 and 80.2 Sv (1 Sv = 106m3s-1) leading to ventilation time scales between 7 and

40 years depending on the isopycnal.
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DOWNWARD PARTICULATE MATTER FLUXES IN THE EASTERN ATLAN

TIC: YEAR-TO-YEAR VARIATIONS BETWEEN 1988 AND 1991

G. Fischer & G. Wefer

Department of Geosciences, Bremen University, Bremen, Germany

Particulate matter fluxes were measured with time-series sediment traps at four sites located

in the eastern Atlantic from 1988 to 1991: offMauritania, in the southern and northern

Guinea Basin and offNamibia. Mean annual total, lithogenic and biogenic fluxes generally

increased with depth with the exception of organic carbon fluxes which slightly decreased.

Besides the seasonal variability which was most strongly expressed adjacent to the coastal

upwelling area off Namibia, significant year-to year fluctuations were recorded at all sites.

Adjacent to the coastal upwelling offMauritania (Cap Blanc), mean annual total flux

measured in 3200 m water depth was 45.3 g m-z, exhibiting a strong variation of 62%

within four years. Holocene sediment accumulation rates taken from literature were much

lower (around 20 g m-z y(l). In the eastern equatorial upwelling area (Guinea Basin), the

mean total flux obtained at about 2°N amounted to 40.3 g m-z and the interannual variation

was 30% (determined at 3900 m water depth). South ofthe equator (2°S), the mean total

flux to 3400 reached 36.4 g m-z. Sediment accumulation rates ranged between 17 and

23 g m-2
, but revealed higher values in the southern part ofthe Guinea Basin. At the Walvis

Ridge site, we determined a mean total flux of 31.1 g m-z to 1660 m water depth with year

to-year variations of42% from 1988 to 1991. In comparison, sediment accumulation rates

amounted to 15 g m-z. Organic carbon preservation in the sediments of the eastern Atlantic

was generally poor and was estimated to 7.5% (Cap Blanc), 2.7%-2.8% (Guinea Basin) and

1.8% (Walvis Ridge), respectively, ofthe deep water mean carbon fluxes. With the excep

tion of the Cap Blanc site, these values appear to be typical for organic carbon preservation

in pelagic sediments.
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NUMERICAL SIMULATION OF THE SOUTH ATLANTIC CIRCULATION

WITH ASSIMILATION OF ALTIMETER DATA

P. Florenchie, E. B1ayo, J. Verron, J.M. Molines & B. Barnier

Laboratoire des Ecoulements Geophysiques et Industriels, BP 53X, Grenoble, France

A numerical modeling study ofthe circulation ofthe South Atlantic Ocean is performed.

The model extends from 16°S to 65°S and from 68°W to 32°E. It is connected to other

oceans (Pacific, Indian and Tropical Atlantic ) by opened boundaries. This model is based

on a multi-Iayer quasigeostrophic formulation. The horizontal resolution is 1/6° x 116° and

eddies are explicitly resolved. The assimilation technique used to insert sea-surface data into

the model is the "nudging". It is performed sequentially as data appears along Topex-Posei

don ground tracks. The synthetic data set ofthe sea-surface height actually assimilated is

computed from an addition ofTopex-Poseidon altimeter residuals and ofa mean sea-sur

face estimate. A first guess for this mean surface is first obtained from Topex-Poseidon

data. It is subsequently improved from the model iterative adjustment during successive

assimilation sequences. The main features of the mean and the eddy circulations are dis

cussed and compared to in situ data. The useful impact of assimilating Topex-Poseidon data

on the mean and turbulent flows is c1early demonstrated since the model predictions appear

to be more realistic than simulations realized without assimilation.

RADIONUCLIDE EVIDENCE FOR PALEOPRODUCTIVITY CHANGES IN THE

ATLANTIC SECTOR OF THE ACC: A TRANSECT FROM 55°S TO 43°8

M. Frankl , R. Gersonde2, M. Rutgers van der Loeff2 & A. Manginil

IHeidelberger Akademie der Wissenschaften, INF 366, Heidelberg, Germany

2Alfred Wegener Institute for Polar- and Marine Research, Bremerhaven, Germany

Five sediment cores forming a transect over the ACC (Antarctic Circumpolar Current) were

analyzed at high depth resolution for the concentrations ofthe radionuclides 230Th, lOBe

and 231pa. Besides a confirrnation of previous stratigraphic studies ofthese cores new infor

mation on time and duration ofhigh productivity events ofthe last 300 ky were achieved.

South ofthe present position ofthe Polar Frontal Zone (cores PS 1772-8, location at the

average present sea ice maximum and PS 1768-8, location north ofthe present sea ice

maximum) the beginning ofthe interglacial sections ofthe sediments is characterized by
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very high biogenic opal contents. Deduced from a constant flux model of 230Th it appears

that these sections represent only very short periods oftime. In PS 1772-8 the beginning of

interglacial stage 5 is represented by a 2 m thick opal rich core section which was deposited

in only 8 ky. Correspondingly the sedimentation rates increase from values of2.5 cm/ky to

up to 50 cm/ky, while at the beginning ofinterglacial stage 1 no significant increase ofthe

sedimentation rates occured (Fig. I). In PS 1768-8 a short core section of about 50 cm,

representing about 2.4 ky at the beginning of interglacial stage 5, shows sedimentation rates

which are higher than the average. The Holocene starts with a core section of 150 cm

length representing about 4.8 ky, with sedimentation rates increasing from values of

5 cm/ky to up to 50 cm/ky.

North of the present position of the Subantarctic Front (core PS 2082-1) the pattern is dif

ferent. The beginning of the interglacials is represented by a strong increase of the radio

nuclide concentrations, which can not be explained by variations ofthe sedimentation rates.

In oUf opinion this pattern, which perfecdy resembles the depth profile of 8180, is directly

related to the flux ofbiogenic particles.

The ratio of the fluxes of lOBe and 230Th may serve as a proxy for paleoproductivity be

cause of enhanced lateral transport of lOBe to areas of high biogenic particle fluxes.

PS 1772-8

J

1
J
i
j

-

PS 1768-8

2
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Fig. 1: Sedimentation rates ofthe cores PS 1772-8 and PS 1768-8 as deduced from the

230Th-constant-flux-model. The verticallines mark the isotope stage transitions

following Martinson et al., 1987.
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HEMISPHERIC ASYMMETRY IN THE VERTICAL STRUCTURE OF

ATLANTIC DEEP WATER

M.A.M. Friedrichs, M.S. McCartney & M.M. Hall

WHOI, Woods Hole, MA, USA

Subtropical studies of the Atlantic meridional cold water flow show a hemispheric contrast

in the dominant southward transport mode below 2000 meters: in the North Atlantic, lower

deep water (LDW: 1.8° <= e <= 2.4°C) dominates with small transport ofmiddle deep

water (MDW: 2.4° <= e <= 32°C), while in the South Atlantic the opposite is observed.

We use numerous observations in the western basins of the tropics to show that the transi

tion occurs rapidly near the equator in the western Atlantic, rather than smoothly due to

gradual warming and upwelling following the flow. A meridional section in the central

Brazil Basin suggests zonal flows are responsible for the transition. LDW transport from the

Guiana Basin flows eastward in the northern Brazil Basin, and is inferred to continue on

through the Romanche Fracture Zone into the eastern Atlantic. An opposing flow ofMDW

from the eastern tropical Atlantic flows towards the western boundary, where it bifurcates

to supply MDW to the DWBC ofthe Brazil Basin, as weIl as to feed the northward flow of

MDW in the Guiana Basin offshore ofthe DWBC. The magnitude of each ofthese oppo

sitely directed zonal flows is 7 Sv. We furthermore speculate that they are connected pre

dominantly by upwelling from LDW to MDW within the lowlatitude eastern basin.

The overall deep water transport system below 2000 meters in the western basin of the mid

and lowlatitude Atlantic is thus found to comprise three distinct components:

1) A strong DWBC transport ofLDW along with its associated recirculation dominates

the Guiana Basin north of the equator;

2) A zonal overturning cell south ofthe equator absorbs the exported LDW and carries

it eastward, and imports MDW into the western basin where it bifurcates;

3) The southward branch ofthis flow causes the MDW dominance in the Brazil Basin,

where the MDW dominated DWBC and associated recirculations are the third com

ponent of the deep water transport system.
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THE CIRCULATION AND ITS VARIABILITY OF THE SOUTH ATLANTIC

OCEAN: OBSERVATIONS FROM TOPEX/POSEIDON ALTIMETRY

L.-L. Fu

Jet Propulsion Laboratory, Califomia Institute ofTechnology, Pasadena, CA 91109, USA

Launched on August 10, 1992, the TOPEXJPOSEIDON satellite has been measuring the

height of sea surface relative to the Earth's center of mass on a global basis every 10 days.

Jointly conducted by the United States and France, this space mission has produced the

most accurate altimetric observations of the global sea surface elevation, with an uncertainty

less than 5 cm. Because ofthe superb accuracy ofthe TOPEXJPOSEIDON observations,

many ofthe large-scale aspects ofthe circulation ofthe South Atlantic Ocean are amenable

to the new data set. About one and half years' worth of data will be used to address a num

ber of topics. As of the writing of this abstract, no definitive conclusions have been obtained

yet; only a list oftopics is given below:

The absolute dynamic topography is accurate on the order of 10 cm at scales larger than

1000 km. How is this new information compared to the existing knowledge of the general

circulation of the South Atlantic?

The altimetric observations form a fairly dense array oftime series that allows the investiga

tion ofthe basin-wide wavenumber-frequency spectrum ofthe variability ofthe circulation.

Time series of geostrophic velocity vectors will be constructed at the altimeter crossover

locations. The Reynolds stress of the velocity field will be computed and analyzed in terms

ofthe eddy-mean flow interactions.

Coherent patterns of basin-wide mode ofvariability will be searched using the technique of

the empirical orthogonal functions. Special emphasis will be placed on the aspects of pos

sible inter-basin connections.



49

ORIGIN AND DISTRIBUTION OF MINERALS AND BIOGENIC OPAL IN RE

CENT SEDIMENTS OF THE ANGOLA BASIN AND THE INFLUENCE OF

GIBBSITE ON THE PRESERVATION OF OPAL

S.J. van der Gaast & J.H.F. Jansen

Netherlands Institute for Sea Research, Texei, Netherlands

Relative amounts of clay minerals and minerals, and concentrations of biogenic opal were

determined for surface sediments ofthe Angola Basin, (SE Atlantic Ocean) using X-ray

powder diffraction (XRD). The aim is to define their actual origin and distribution processes

in order to develop a tool for the study of time series in deep-sea cores. We expect that

such studies provide information on the African paleoelimate in connection with paleo

eanographic variability. We corrected the mineral amounts for mass accumulation rate, an

inevitable step for the preparation ofuseful distribution maps. The maps show five major

features.

1. The mineral assemblage of the Zaire River is dominated by kaolinite and poorly crys

taIlized smectite. Additionally, small amounts of quartz, feldspar, illite/mica, geothite,

and gibbsite are found. Except geothite and gibbsite, these minerals are present all

over the basin. All minerals are more abundant in a lobe offthe river mouth, where

terrigeneous accumulation rates are high.

2. The crystaIlinity of smectite fluctuates strongly in the basin sediments. The poorly

crystallized smectite from the Zaire River is probably mixed with weIl crystallized

smectite from older, Cainozoic deposits from the shelf. Apparently, the shelf is an im

portant sediment source for the basin during interglacial high-stands of the sea level.

3. Relatively high amounts of mica with additionaIly some chlorite, vermiculite I smec

tite, feldspar, and quarz occur in the southern part of the basin, with highest concen

trations occuring along the coast up to 15°S. Traces ofthese minerals, up to 60 S, are

present elose to the latitude ofthe rivermouth. The source ofthis material is probably

the Namib Desert and/or the Kalahari Savannah. Mica can be an excellent indicator of

changes in the position ofthese desert and savannah.

4. High accumulation rates ofbiogenic opal are found in front ofthe Zaire River Mouth,

reflecting increased productivity. The XRD opal bulge is shifted towards somewhat

smaIler spacings. This is caused by areplacement of Si by Al, resulting in decreased

solubility and thus increased opal preservation.

5. Gibbsite is absent in a zone between 6 Ih - SOE and 5-9°S. There are indications that

this is due to the uptake of its Al by opal. If this is true, the availability ofgibbsite is

limiting for the Al uptake and, consequently, may control the degree of opal preser

vation.
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EXCBANGES OF MASS, BEAT AND SALINITY BETWEEN TBE INDIAN AND

ATLANTIC OCEANS FROM A GLOBAL OCEAN MODEL

Z. D. Garraffo & S. L. Garzoli

Lamont Doherty Earth Observatory, USA

The mass, heat and salinity exchanges between the Indian and Atlantic Oceans are analyzed

from Semtner and Chervin's 0.25 averaged resolution ocean model. Transports are calcu

lated at the exchange zone in a section south of Mrica, at the Agulhas eddies exchange area

in a section off Cape Town, and at the Benguela Current in a section along 300 S. Time se

ries for the transports at these sections are obtained. The heat transport at the Indian-Atlan

tic ocean exchange zone vary with time from near zero to a maximum value of 10 PW by

Agulhas and 1 pW by both Agulhas and Agulhas retroflexion; maximum values are associ

ated with passage of eddies. The time mean transports are decomposed in contributions of

the time mean flow and ofthe eddies in the form of covariances. For individual eddies de

tached in the Agulhas retroflexion, the heat and salt content, and the heat and salt transport

associated with the advection ofthe eddy are obtained. Eddy trajectories in the South

Western Atlantic Ocean are analyzed. Results are compared with previous observations and

in particular with the extensive data set obtained during the Benguela Sources and Trans

port (BEST) Program.

BEST: BENGUELA SOURCE AND TRANSPORT

S.L. Garzoli l , A.L. Gordon l & D. Pillsbury2

ILamont-Doherty Earth Observatory, 20regon State University, USA

Preliminary results ofthe Benguela Sources and Transport (BEST) program are presented.

The BEST program was designed to investigate the form ofthe Benguela Current and the

ratio of the Agulhas Current and South Atlantic Current source water masses. An extensive

field work was carried out between June 1992 and November 1993. The transport ofthe

Benguela Current and its variability were measured by a moored array of instruments

(current meter moorings, inverted echo sounders, bottom deployed pressure sensor) as weIl

as by analysis of the TOPEXlPOSEIDON satellite altimeter data. Detectors of ambient

noise in the water column deployed with the inverted echo sounders provided a measure

ment of the local wind stress. The source ofwater is determined by analysis of the water

masses' properties measured from ship observations obtained during three hydrographie

cruises. An intensive Agulhas eddy survey was carried out during one ofthe BEST cruises.
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SOUTHERN HIGH LATITUDE PALEOENVIRONMENTAL EVOLUTION

DURING THE LAST DEGLACIATION AND THE HOLOCENE

(ATLANTIC SECTOR)

R. GersondeI, A. Abelmann1
, G. Bohrmann2

, M. Frank3
, J. Heinemeier4

, S. Niebler1

& A. Mangini3

lAlfred Wegener Institute, Bremerhaven, Germany, 2GEOMAR, Kiel, Germany

3Heidelberger Akademie der Wissenschaften, Heidelberg, Germany

4Institute ofPhysics and Astronomy, University of Aarhus, Aarhus, Denmark

Paleontologieal, geochemieal, and isotope studies on deep sea sediment eores recovered

from the sea ice free Antaretic Zone ofthe Antaretie Cireumpolar Current (ACC) in the

eastern Atlantic sector of the Southern Ocean allow the reconstruction of surface water

hydrology, sea iee distribution and paleoproduetivity during the last deglaeiation and the

Holoeene at high time resolution. The stratigraphie eontrol is based on a eombination of

oxygen isotope, 14C (AMS), 230Th, and siliceous microfossil fluctuation measurements.

The transition to interglacial conditions after the last glacial maximum is marked by a rapid

decrease of the sea ice coverage around 13 ka BP. The northern boundary of the winter sea

iee which was located during the last glacial maximum around 47° - 500 S in the investigated

sector shifted to its present day loeation (around 55°S). Simultaneous with the retreat ofthe

sea ice, biosilicous primary productivity increased signifieantly in the Antarctic Zone north

of 55°S, documented by the increase ofbiogenic opal sedimentation rates up to 50 cm/ky. A

signifieant reduction in surfaee water salinity at the glaeial/interglacial transition eould be

deteeted in Core 1768-8 indieating inereased influx ofmeltwater (ieebergs).

At the end of the deglaciation, between ca. 11 and 8 ka BP, paleotemperature estimations

(diatom transfer functions), indieate a warming of summer surface waters of up to 2.5°C as

compared to present temperatures. The winter sea ice boundary was located weIl south of

its present position. This warmer time period, whieh was also reported from the Antaretie

iee-eore record and South American pollen reeords, represents the Holoeene climatie opti

mum in southern high latitudes. It is synehronous with the maximum summer solar radiation

in the Northern hemisphere. A warming that would eorrespond to the climatic optimum

reeorded from the northern hemisphere (around 6 ka BP) and a eooling that ean be attrib

uted to the Younger Dryas (11 - 10 ka BP) were not detected.

The results show that also after the last deglaeiation the environment in southern high lati

tudes was affected by distinct changes. Influence on atmosphere and ocean circulation as

weil on atmosphere/oeean exchange rates due to changes in sea iee distribution and surface
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water temperature must be considered. The results also document that the Holocene c1i

matic evolution was not on agIobaI scale.

BENTHONIC FORAMINIFERA IN THE WESTERN SOUTH ATLANTIC

OCEAN: HYDROGRAPHIC INDICATORS

M. Giese

Department of Geosciences, Bremen University, Bremen, Germany

Foraminiferal assemblages are closely correlated to levels of organic matter input and dis

solved oxygen concentration in the near-bottom water. Species assemblages can be related

to food availability, regional organic carbon input and oxygen concentration. These obser

vations have applications to oceanography in that past environments can be interpreted

based on microfossil remains.

Sixty Rose Bengal-stained surface-sediment sampIes from the western South Atlantic Ocean

between the Equator and 300 S were investigated for their benthic foraminiferal content in

the >125 flm fraction. The live fauna was differentiated from empty tests composing the

dead fauna. Species assemblages determined by Q-mode principal component analysis re

fleet the recent hydrographie and trophic situtations.

In the region ofthe Brazil continental margin and in the adjacent Brazil Basin organic mat

ter fluxes are low. The temperatures ofthe bottom water can be estimated within about

2.5°C and the oxygen content within about 3 to 5 mI/I. These areas are represented by two

dead benthic foraminiferal assemblages. A fauna characterized by Amphistegina sp. and

Planorbulina sp. dominates the shallow Brazil continental margin and the region ofthe

Trinidade Seamounts. The areas ofthe Brazil Basin with water depths between 1500 m and

4000 mare characterized by an Epistominella exigua and Fontbotia wuellerstorfi domi

nated fauna, which is clearly associated with the North Atlantic Deep Water.

The live assemblage shows a more patchy distribution pattern. This can be attributed to the

occurrence of numerous agglutinating species, which disaggregate soon after death or re

production.
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SEDIMENT RECORD OF CYCLIC BOTTOM CURRENT VARIABILITY FROM

THE NW WEDDELL SEA

I.M. Gilbertl, c.J. Pudseyl & J. Murray2

IBritish Antarctic Survey, Madingley Road, Cambridge CB3 OET, UK

2Geology Department, University of Southampton, Southampton, S09 SNH, UK

The continental slope to the NE ofthe Antarctic Peninsula provides a semi-permanent resi

dence for sediment en-route from the shelfto deep water. Cores and 3.5 KHz echosounder

profiles coIIected from near 64°S, 52°W were used to characterize the transport and depo

sitional processes in this energetic slope environment. Previous studies of deep basinal

sediment indicate near cessation ofbottom water flow during glacial maximum. The rela

tively proximal position of the present study provides an ideal setting to investigate trans

port variability 'up-current' in shaIIower water nearer to source.

The slope sediments are sensitive indicators of change in the transport strength of the ther

mohaline currents. The cores show a compositional and textural cycIicity. Intervals of

poorly sorted sediment with mud dominated grain size distributions imply only minimal

bottom current activity. These sediments are interbedded with winnowed intervals compris

ing fine sands and silts with a higher degree of sorting, implying stronger current activity.

The latter intervals also contain up to 31 % carbonate, most ofwhich is present as plank

tonic foraminifera (restricted to cores from water depths less than c. 2400 m). A varied

benthic foraminiferal assemblage (associated with the planktonic forms) indicates that these

intervals lay above the CCD during deposition. Petrographic data suggest a West Antarctic

provenance throughout deposition of these cycIes.

It is obvious from the sediment record that the strength of thermohaline flow across the

slope has been highly variable on a cycIic basis. Complementary changes in the chemistry of

bottom water are also cIearly evident from the microfaunal data. These cycIes are tentatively

attributed to glaciallinter-glacial change. It appears that during glacial maximum nepheloid

transport is aII but arrested. Deep basins to the NE are starved of sediment and are not re

plenished with bottom water.
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LATE QUATERNARY VARIATIONS IN DEEP-WATER OCEANOGRAPHY IN

RELATION TO SURFACE PRODUCTIVITY: EXAMINATION OF THE

BENTHIC FORAMINIFERAL RECORD IN A DEEP-SEA CORE FROM THE

ANGOLA BASIN

H.J.W. Gipp & J.H.F. Jansen

Netherlands Institute for Sea Research, Den Burg, TexeI, the Netherlands

Relative abundances of deep-sea benthic foraminifera species from the southern Angola

Basin (Walvis Ridge) have been determined from a 16 m long piston core (3073 m water

depth). A statistical analysis ofmore than 150 subsampIes revealed the fluctuation patterns

of distinct species groups. One group dominates the benthic foraminiferal fauna during peri

ods ofwarmer climate, another group is positively correlated to glacial periods. Since these

groups appear to be "trophic groups" (i.e. faunal groups with distinct feeding habits), their

abundances in the fossil record reflect the input of organic matter and thus the changes in

productvity of the involved watermasses.

THE STRUCTURE OF THE WESTERN BOUNDARY CURRENT IN THE SOUTH

ATLANTIC OCEAN FROM SATELLITE ALTIMETRY

O. Gnade

Institut fur Meereskunde, Kiel University, Kiel, Germany

The structure ofthe Western Boundary Current offthe South American Shelf and the adja

cent areas are investigated using ERS-l fast delivery data from May 1992 to May 1993.

Individual satellite overflights are analyzed, using the method of collinear analysis, and dis

played in the area ofinterest located between 200 S and 400 S, 600 Wand 200 W.

Ship-based observational data show high velocity surface currents along the South Ameri

can Shelf, making this region a favourable spot for an altimetric analysis. A closer look at

the cross stream structure ofthe boundary current is taken in this investigation. The attempt

is made to resolve regions of strong current shear, a seasonal cyde of the altimetric signal

and the flow patterns east ofthe boundary current itself, suggesting the existence ofan ex

tended recirculation cell.
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SOUTH ATLANTIC'S ROLE IN TUE GLOBAL CIRCULATION

A.L. Gordon

Lamont-Doherty Earth Observatory, Palisades, New York, USA

Each ofthe major ocean basins is unique in its own way. There are too few examples to

structure a tenable generic ocean, but even with this in mind, the South Atlantic stands out

as having numerous singular features.

1. Within the Argentine Basin of the South Atlantic one can sampie just about all of the

water masses formed in the world ocean: deep water from the North Atlantic; deep and

intermediate water from the Pacific; locally derived intermediate water and mode water ty

pes; bottom and deep water formed in the Weddell Sea. These varied water masses spread

and vigorously mix within this eddy-rich basin, to then influence much of the South Atlan

tic. At the confluence of the Malvinas and Brazil Currents, warm eddies form and migrate

south and east providing salt to the subantarctic belt. Brazil eddies may advect far to the

east, reaching into the Cape Basin to trek back to the west with Agulhas eddies. In the

southeastern Atlantic, the South Atlantic advecting Subtropical Atlantic water, branches

into the Benguela Current and into the Indian Ocean, south ofthe Agulhas Return Current,

completing a "horizontal plane" loop ofIndian and South Atlantic thermocline water.

2. The subtropical region with roots north ofthe maximum westerlies. This allows (strongly

time variable) thermocline communication with its counterpart in the South Indian Ocean.

Eddies spun from the Agulhas Retrofleetion have been traced across the South Atlantic, and

the bulk of the Benguela Current may often be dominated by Indian Ocean water.

3. In the equatorial region a branch ofthe South Atlantic "Equatorial Current" passes into

the northern hemisphere, by what is likely to be a complex pathway and by eddies. A cy

donic gyre occupies the eastern tropical region ofthe South Atlantic. Various ofthe size of

this gyre may represent an Atlantic "EI Nino".

4. The Antarctic Circumpolar Current spans the South Atlantic, entering near 57°S, exiting

near 500 S, enriched in salt from NADW export. A branch ofthe ACC folds into the

Weddell gyre, providing salt that feeds continued production of bottom water and heat to

severely limit the thickness ofthe sea ice and force a dramatic summer melt-back.

Perhaps the most startling attribute of the South Atlantic is the significant equatorward heat

flux within the subtropical region. Estimates range from 0.2 to 0.9 petawatts for the north

ward heat flux across the subtropical belt. Recent attention to this issue by models and ob-
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servations have not narrowed the range. Driving this heat flux is the strong thermohaline

driven circulation associated with North Atlantic Deep Water production: upper layer water

spreads northward to compensate the southward export of colder NADW. A convectively

enhanced vertical plane circulation at the expense of the Brazil Current.

A research issue that has perked much interest, and which is related to the anomalous me

ridional heat flux (and its uncertainty) is the nature ofthe northward flow that must balance

export ofNADW. Conventional wisdom has it that the upper layer return flow is derived

from the Pacific water with the introduction of Antarctic Intermediate and Subantarctic

Mode Water in the southwest Atlantic. But, there is another possibility: at least some ofthe

return flow is derived from the warm-salty thermocline of the Indian Ocean, which has ac

cess to the South Atlantic around the southern bend of Africa. The ratio of these two con

trasting (though not mutually exclusive) pathways, one warm/salty the other cold/fresher, is

cfUcial to the larger scale climate system, in that the Atlantic meridional heat and fresh wa

ter fluxes is very sensitive to the ratio of their volume fluxes, which may change with time.

Models and observations have not yet determined the ratio of these two return paths, and

how they might vary.
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INVERSE MODELLING OF THE GLACIAL ATLANTIC CIRCULATION

SYSTEM

B. Grieger

Department of Geosciences, Bremen University, Bremen, Germany

An attempt to reconstruct the circulation system of he Atlantic for the last glacial maximum

(about 20,000 B.P.) by an inverse modelling approach is described. The data used are sea

surface temperatures derived from foraminifera abundance ratios in marine sedimentary

cores. In Fig.l the geometry ofthe model and the temperature data are shown. Given the

temperatures at the open boundaries and the three dimensional flow vector field over the

complete model region - i.e. the Atlantic from surface to bottom - the temperatures can be

calculated at every point. This is the so-called direct part ofthe model. By inverse model

ling the flow vectors are adjusted to reproduce the observed temperatures. This ill-posed

problem is stabilized by smoothness conditions. The result ofa proper inverse modelling

gives the smoothest flow vector field that is compatible with the observations within their

measurement errors. In our case the number ofunknowns (all flow vector components) is

about 8000, while the number of observed temperatures is about 100, so the problem is velY

ill-posed. Consequently the resultant circulation system does not differ significantly from a

control run with data for the recent state(derived from the same sedimentary cores). I. e.

considering the resultant flow vectors, the mean difference between the paleo run and the

control run is smaller than the difference between the control run and a standard run, which

was performed using all available data (about 5000 data values) for the present state. Ne

vertheless, if the three runs (paleo, control and standard) are compared locally, it can be

seen that significant changes of the currents in the northwest Atlantic are necessary to re

produce the data. In Fig. 2 the reconstructed flow vectors are shown only at points where

the anomalies (paleo minus control) are at least three times larger than the "uncertainties"

(control minus standard). That does not mean that changes in other regions can be exclu

ded. With the used amount of data, the results of the inverse modelling approach just allow

no statements about other regions. To enhance the results more data (more sea surface

temperatures, possibly some temperatures in deeper ocean layers, some sea surface salini

ties) should be used. In the present model version, the reconstructed currents have to satisfy

only the mass balance. There are no other physical conditions on the dynamics. It is planned

to incorporate the principle of geostrophy into the model. This would yield a kind of "hybrid

model", combining the advantages of direct and inverse ocean modelling.
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Fig. 1: CLIMAP sea surface temperatures as attached to the model boxes. Units are

degrees Celcius. For dark boxes no temperature data were available.

Fig. 2: Reconstructed surface flow vectors in the north Atlantic for the last glacial

maximum. Only "reliable" points are shown (see text).
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MEAN SEASONAL CIRCULATIONS IN THE SOUTH ATLANTIC (50 S - 400 S)

J. Harari & E. Giarolla

University of Sao Paulo, Sao Paulo, Brazil

Summer and winter mean circulations in the South Atlantic Ocean were computed, through

a linear three-dimensional hydrodynamical numerical model, covering the area 50 S - 400 S

and 600 W - 20oE, with the resolution ofO.5 x 0.5.

The equations represent the circulation in a stratified ocean, with realistic bathymetry, con

sidering finite-difference approximations in the horizontal and time domains, with the appli

cation ofthe Galerkin method in the vertical space domain. Fourth order B-Spline functions

are used as basis functions, in the expansions of currents and density surface internal dis

placements (including the free oscillating sea surface). Vertical profiles of eddy viscosity

and density are also expanded with the same functions, allowing a physically realistic repre

sentation ofthese variables and the stratified currents. Dissipation is due to bottom (linear)

friction and lateral eddy viscosity. Sea surface elevations and vertical current profiles are

specified at the open boundaries. Although designed for the computation of the rapid ocean

response to meteorological forcing, the model simulated the mean seasonal circulations,

considering the correspondent seasonal mean meteorological conditions, open boundaries

data and internal vertical density profiles, all of them being kept constant in time. That al

lowed the obtention of stationary circulations within periods of a few days of model inte

gration.

The model reproduces fairly weIl the global characteristics of the seasonal mean general

circulations in the South Atlantic, at any level of interest, as presented in the following fig

ures, representing summer mean values of sea surface elevations and currents.
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DISTRIBUTION OF DEEP SEA BENTHIC FORAMINIFERA BETWEEN THE

WEDDELL SEA AND THE ARGENTINE BASIN - PRELIMINARY RESULTS

J. HarlofT

Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany

Living (stained) and empty foraminiferal tests were separately counted from 0.125 -2 mm

sieve residuals of 37 Multicorer sampIes (0-1 cm depth) from the Scotia Arc region in water

depths of 1600 to 5400 m. Orthogonal rotated (Varimax) Q-Mode Analysis was used to

separate 5 Principal Components (assemblages) of dominant taxa both for the living and

dead data sets. Similarly R-Mode Analysis was done in order to identify characteristic but

numerically unimportant species.

All sampIes but one are dominated by agglutinated foraminifera (81-100%). Calcareous

species dominate (66%) only PS 2250 from the Argentine Basin continental margin, where

a dead R-Mode Uvigerina / Gyroidinoides / Cibicidoides / Bolivina / Cassidulina / Pyrgo /

Pullenia-assemblage and the highest standing crop is found. A dead Q-Mode and live R

Mode A. agglutinans-assemblage characterizes the Argentine Basin floor. Q-Mode Analysis

showed a dead P. Jusca-assemblage correlated with coarse grain size at sites probably ex

posed to strang bottom currents (Antarctic Circumpolar Current, northward flowing Ant

arctic Bottom Water) as weIl as a dead R. difflugiformis-assemblage north ofthe South

Orkney Islands associated with mainly silt-sized sediments. The latter assemblage also oc

curs around the South Sandwich Islands and -Trench, where complex patterns including

dead and live Q-Mode C. subglobosus / R. bilocularis-, Rhabdammina / A. glomerata- and

dead R-Mode Melonis / P. bulloides / E. scabrus /Oridorsalis-assemblages may be related

to the distribution of diatom ooze, volcanic ash, silt and sand as weIl as different water

masses and organic carbon flux. No simple relation of facies and faunas was detected, how

ever.

1. tubulata, Portatrochammina, Deuterammina, R. micaceus show some correlation with

fine-grained sediments while P. Jusca, Cyclammina and sessile agglutinated foraminifera

like A. clavata tend to be correlated with coarser grain size. L. tubulata, R. spiculifer and

R. micaceus seem to be more common in sediments with higher organic carbon content, but

this may be due to some connection of detrital Corg with fine-grained sediments or other

parameters in the investigated sampIes.
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LATE MIOCENE ANDEAN UPLIFT FROM THE REFLECTANCE SPECTROS

COPY RECORD OF CEARA RISE SEDIMENTS IN THE WESTERN TROPICAL

ATLANTIC

S.E. Harris, A.C. Mix & the Oeean Drilling Program Leg 154 Shipboard Scientifie

Party

College ofOceanic & Atmospheric Sciences, Oregon State Univ., Corvallis, OR, USA

A late Miocene increase in the rate of Andean uplift, a key boundary condition for Atlantic

fresh water and nutrient budgets, is recorded by a mineralogical shift in the terrigenous

fraction of sediments from Ceara Rise in the western tropical Atlantic. This transition from

kaolinite-dominated to illite-dominated mineralogy is evident in downhole logs (KlTh) and

in shipboard x-ray diffraction analyses (XRD). Digital reflectance data from the surfaces of

split cores were collected shipboard over the visible light range (400-700 nm). These data,

percent reflectance values at 31 wavelengths plus first derivatives of reflectance spectra,

were calibrated to give semi-quantitative measures of kaolinite/illite ratios from shipboard

XRD using multiple regression techniques. A resulting transfer function based on reflec

tance spectra yields an estimate of changes in kaolinite/illite over the past 18 My at high

temporal resolution (1-2 ky intervals). Our estimates ofthis ratio show in detail the late

Miocene increase in illite due to higher rates ofuplift in the Andes and the associated in

crease in transfer of physical weathering products to the Atlantic from the South America

continent. The transition begins at about 12 Ma, and occurs in pulses at 11, 9.5, and 8.5 Ma

leading to the modern low kaolinite/illite regime by 7 Ma. We anticipate that this method

will provide opportunites to study high-resolution variability in South American climate and

drainage history recorded by terrigenous fluxes to Ceara Rise.
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MODELLING THE MODERN AND THE PALEO OCEAN

K. Herterich

Department of Geosciences, Bremen University, Bremen, Germany

Ocean models, developed by physical oceanographers to describe the modern ocean, are

now also applied to reconstruct former ocean states during the Earth's history. The data

base which describes the modern ocean and which is used to calibrate these models is quite

large compared to data of ocean states far in the past such as the glacial ocean (21 ka B.P.).

The models are all based on the weIl known conservation equations, however, their detailed

formulation depends on the special application in mind. For the modern ocean, numerical

models can now be run with a rather high spatial resolution. For paleo climatic applications,

however, the coarse data set suggests also a coarser spatial resolution ofthe ocean model

used. In some paleo applications, 2d models or even simpler models are of some value.

While the model results can be compared directly with presently observed oceanic variables,

this is no longer true for past ocean states. Generally, some oceanic tracers which form part

ofthe deep sea sediment are used to derive past oceanic states. Consequently, additional

models are required (besides the physical ocean model) to include also the sedimentation

process and the bio-geochemical cycles which transport these tracers within the ocean.

The presently observed large scale oceanic circulation can be simulated quite weIl with

available ocean models by applying observed upper boundary conditions (temperature, sa

linity and windstress at the ocean surface). The reconstruction ofthe paleo ocean, however,

is still a problem, mainly due to the lack of knowledge on past boundary conditions. Instead

of prescribing boundary conditions and integrate the ocean model forward in time

(prognostic mode), ocean models are now also used to infer the boundary conditions neces

sary to obtain a certain modeled ocean state as given by the data (inverse mode). The upper

boundary conditions mayaIso be provided by an atmospheric model (both for the modern

and the paleo ocean), however, atmospheric models are still not able to define these

boundary conditions precisely enough.

Modelling the transient behaviour of the ocean is still a field of active research. Modelling is

complicated because of the need to provide time-varying upper boundary conditions and the

possibility of more than one equilibrium state for given (flux) boundary conditions. In addi

tion, modelling the coupled system atmosphere/ocean which is the appropriate way to de

scribe the evolution of the oceanic state, is still at its beginning. It may turn out that coupled

atmosphere/ocean models are also necessary to describe certain paleo climatic states for
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which the geological data are not sufficient to infer the set of oceanic upper boundary

conditions.

STABLE ISOTOPES OF OXYGEN IN SOUTH ATLANTIC WATER MASSES

K.J. Heywood, RP. Frew & P. Dennis

School ofEnvironmental Sciences, University ofEast Anglia, Norwich, NR4 7TJ, UK

The oxygen isotope composition of seawater is a powerful tool in the study of physical

oceanographic processes especially in polar regions. Although it generally represents salin

ity, there is information to be gleaned when the two are not related by a simple evapora

tionlprecipitation curve - for example, where glacial ice melt has added isotopically light

water, or where sea ice formation has left behind more saline but isotopically unchanged

water.

We have measured the ratio of the stable isotopes of oxygen in water sampies taken from

several hydrographie surveys in the Southern and Atlantic Oceans. The analytical repro

ducibility was better than I (j = 0.020 %0. The surveys ineluded the WOCE section All

across the South Atlantic at 45°S, and other sections south of Afriea ineluding one in the

Enderby Abyssal Plain (400 S, 18°E to 64°S, 32°E) and one in the Princess Elizabeth Trough

elose to the Antarctic Continent (63 - 65°S, 85°E). Ofpartieular interest are the deep and

bottom water masses - their formation and subsequent pathways. We are able to use the

isotopic composition to distinguish between different sources ofbottom water from the

Weddell Sea, the Ross Sea and bottom water formed locally along the Antarctic shelf south

of Africa.
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THE SOUTH ATLANTIC DEEP CIRCULATION WITH EMPHASIS ON THE

BRAZIL BASIN

N.G. Hogg

Woods Hole Oceanographic Institution, Woods Hole, MA, USA

A large experiment, known as the Deep Basin Experiment, is underway in the Brazil Basin.

It is focussed on determining the circulation of the three major deep water masses in the

region, namely the Antarctic Intermediate Water, the North Atlantic Deep Water and the

Antarctic Bottom Water. This is an effort involving scientists from Brazil, France, Germany

and the U. S. and is exploiting a vari ety of observational techniques including shipboard

hydrography, neutrall y buoyant floats, moored current meter arrays and a deliberate tracer

release. The objectives and their rationale will be discussed. A1though the field experiment is

presently incomplete some data are available and these will be described. Early results sug

gest that the bottom water is warming on a surprisingly rapid time scale and the deep flow,

away from the boundaries, is zonal rather than meridional as has been suggested by many

previous researchers. The circulation ofthe Brazil Basin will be discussed in the context of

the South Atlantic.
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MERIDIONAL WATER MASS AND HEAT TRANSPORTS IN THE

SOUTH ATLANTIC

J. Holfortl
, G. Siedlerl & K. Speer2

lInstitut fur Meereskunde, Kiel University, Kiel, Germany, 2IFREMER, Brest, Franee

Data from recently obtained WOCE WHP sections (Meteor, A9 at 19°5 and AI 0 at 30°S)

and earlier sections (Oceanus 133 at 11 oS and 24°S, SAVE-3 near OOW and SAVE-6 near

25°W) were combined far a study ofwater mass and meridional heat transport. A total of8

water masses were defined by isopycnal interfaces. Meridional mass and heat transports

were determined by inverse analysis.

The 300 S section is of particular interest because ofthe different heat transport values

which are required for the cold and warm water path, respectively, ofthe global thermo

haline circulation cell. Earlier results on the heat transport near this latitude from different

methods, such as surface flux divergence, direct determinations using temperature and

density fields or circulation models, displaya wide range ofvalues between zero and ca. 0.8

PW. The inverse model results presented here are based on hydrographie measurements

alone one lead to values near 0.4 PW. Methods of additionally incorporating results from a

moored current meter array in the western boundary are also presented.
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Ö15N AND öDC IN SEDIMENTS RECORD PALEOPRODUCTIVITY CHANGES

IN THE ANGOLA BASIN

E. Holmes

Department of Geosciences, Bremen University, Bremen, Germany

15N/4N ratios in marine sediments can be helpful in reconstructing paleoenvironmental

conditions and in evaluating the extent ofterrestrial influence on sediments. Öl5N values in

Holocene and Late Quaternary sediments from the eastern Angola Basin are used in the

present work to study glacial/interglacial productivity changes in this low-Iatitude upwelling

region. The Ö
l3C record which has been previously measured in a sediment core from south

ofthe Congo River shows l3C enrichment in sediments ofglacial periods relative to inter

glacial and it has been postulated that these variations were caused by decreased surface

water CO2 concentrations during times of glaciation due to higher biological productivity.

Ö
l5N in sedimentary organic material provides an additional means of assessing productivity

by indicating the availability of nutrients (nitrate and/or ammonium) for primary production.

The nitrogen isotopes measured in the same core vary inversely with both total N (%) and

eIN ratios. This may reflect increased N fractionation during periods of high nutrient con

centrations (Iow Ö
15N and high total N) and the complete utilization of nutrient N when less

nutrients were available (high Ö
l5N and low total N). CIN ratios indicate that the observed

variations are not due to diagenisis. In addition, ÖI5N, Öl3C and CIN ratios of surface sedi

ments in three transects from the continental shelf to the deep-sea were used to determine

the extent of mixing of terrestrially derived material with that of marine origin in the eastern

Angola Basin.
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STUDY OF MACROPLANKTON IN THE FRONTAL ZONES IN THE SOUTH

ATLANTIC

S.M. Ignatyev

Institute ofBiology of the Southern Seas, Aeademy of Seiences of the Ukraine

Hydrobionts, with a body size of more than 10 mm, referred to the maerozooplankton

group, are the least studied in pelagie eeosystems ofthe World Oeean. Composition, strue

ture (taxonomie, trophie, of size), quantitative distribution and the main funetional eharae

teristies ofmaeroplankton eommunities mainly oftropie and equatorial regions were stud

ied. The basis ofthe work was the results ofthe researehes ofRV PROFESSOR VODYA

NITSKY (1984-1989) in the South Atlantie. The peeuliarity of the present researehes was

the usage of large eatehing instruments, giving best results for these hydrobionts in eom

parison with the standard instruments. On the base ofthe done researches, important differ

enees in taxonomie, trophie and size strueture of maeroplankton were revealed, as weIl as

those in its vertieal and horizontal distribution. These differenees are eaused by processes,

taking plaee in dynamieally aetive (frontal) zones of oeeans. Influenees ofthese processes

are expressed in the following:

they don't have great influenee on speeies strueture of maeroplankton (whieh has

rather monotonous fauna) within tropieal and equatorial water areas offrontal zone

horizontal distribution ofmaeroplankton is eharaeterized with maximum of abundanee

and maeroplankton biomass (about 6 times more than background values) near the

main vergent zones, giving the main eontribution in forming of large seale variability

ehanges oftaxonomie (trophic) strueture ofmaeroplankton mainly have sueeessive

eharaeter, whieh is expressed in spatial variability eorrelation ofbiomass ofhydro

bionts of the main trophie levels

vertieal distribution of maeroplankton is determined by water stratifieation peeuliari

ties; water lifting determines the presenee of maximum biomass in the upper quasiho

mogenous layer and day aeeumulations of interzonal migrants; for water lowering on

the eontrary absence of distinctly expressed biomass maxima is characteristic, typical

case in the main macroplankton is concentrated in the thermocline layer

differences in size structure become apparent in displacement of more large indivi

duals to interfrontal zones.
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POLLEN FLUX IN SEDIMENT TRAPS IN THE ATLANTIC OCEAN OFF CAP

BLANC, WEST AFRICA. A 4-YEARS RECORD (1988-1991)

S. Jahns

Institute ofPalynologie and Quaternary Sciences, Göttingen, Germany

Since several years, the history ofvegetation and climate of West Mrica has been studied by

palynology of deep-sea surface sediment cores. Studies exist about the atmospheric pollen

content and the pollen distribution of surface sediments along the West Mrican coast. How

ever, little is known about the transport ofpollen through the water column to the sea flOOf,

which may influence its distribution pattern.

In the years 1988-1991, sediment traps were placed in the Atlantic Ocean west of Cap

Blanc (c. 20oN/200W) at different water depths, using a sampling interval of 10-27 days.

The pollen flux of these traps showed seasonal change and interannual fluctuation. The

yearly flux decreased from 1988/89 to 1991.

Palynological data are compared with metereological data (i.e. wind), flowering periods in

the pollen source area and oceanic parameters, investigated in detail by members of the

Dept. of Geosciences, Bremen University. For the studied period, change in pollen flux is

correlated with change in lithogenic flux and SST.
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THE NORTH ATLANTIC AND ITS ROLE FOR NATURAL CLIMATE AND

OCEAN CIRCULATION CHANGES-

POSSIBLE TELECONNECTIONS TO THE SOUTHERN OCEAN

E. Jansen

Department ofGeology, University ofBergen, Bergen, Norway

Due to the nature ofthe thermohaline circulation, circulation changes in the North Atlantic

have potential impacts on the climates of the southern hemisphere via its impact on ocean

chemistry and ocean-atmosphere COz exchange, and its role far providing excess heat to

the circum-Antarctic region via NADW. Recent results document that the surface ocean in

the North Atlantic varied on both orbital and shorter, milennial time scales. The northern

most regions ofthe North Atlantic shows early responses to orbital forcing, both during

deglaciations and reglaciations. In the first place via early drawdown of marine based ice

sheets in a still cold ocean, and in the second place by a spread of sea ice and polar watersd

as insolation increases. These early responses may feed back to the rest of the climate sys

tem via the thermohaline circulation, as postulated by Imbrie et al. (1993), defining the re

sponse pattern of different ocean areas to orbital forcing. On short time scales rapid changes

in N-Atlantic heat flux is a possible explanation for the sequence of cooling-warming cyles

observed in the Greenland lee core record. There is a clear relationship between meltwater

events and reductions of deep convection, and changes in the thermohaline circulation ap

pear to follow many of the shifts in surface water properties. This is not the case for all

cooling events, and the Ydryas event appears to happen when ocean currents in many ways

operated in similar fashion as today, the main difference being a large drop in northward

heat flux.
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LATE QUATERNARY PALEOCEANOGRAPHY OF THE EASTERN SOUTH

ATLANTIC AND PALEOCLIMATE OF WEST EQUATORIAL AFRICA AS

RECORDED IN MARINE SEDIMENTS

J.H.F. Jansen

Netherlands Institute for Sea Research, Den Burg, Texei, the Netherlands

An accurate description of the cIimatic history in the recent past is aprerequisite for the

understanding of the causal relations in the cIimatic processes. There are two important

reasons to study cIimatic signals in oceanic sediments. First, we need good time correlations

of th recorded cIimatic features in the ocean and on land, and the only global calendar for this

period is the oceanic 8180 time scale. Secondly, sediments will always be deposited in the

ocean basins, so that there will often be a good chance to find continous records.

Several important cIimatically-controlled terrigenous sources contribute to sediments of the

Angola Basin. The Zaire (Congo) River, the second largest river in the worId, supplies mate

rial (clay minerals, pollen, freshwater diatoms, organic material) from tropical rain forests and

the coastal savannah in equatorial Mrica. An extra advantage of the Angola Basin is the pre

sence ofthe Zaire submarine canyon which is unique because it penetrates 33 km deep in the

continent at the river' s mouth. It allows for the fluvial signals to enter the oceanic environ

ment and the marine record with only littIe delay. Other sediment sources are the Namibian

desert and the Sahara, two deserts which contribute eolian dusts to the marine sediments.

There are not many continental records from equatorial Mrica, and often their chronology is

poor, so the marine sediments may contribute considerably to the knowledge of its cIimate.

I will discuss the late Quaternary history of the eastern South AtIantic boundary currents and

water masses, in relation to the continental cIimatic history. Several (about 10) periods of

enhanced northward advection ofBenguela Current water were recorded over the last 200

250 ka. In general, these took place during the cold 8180 maxima, but also during the termi

nations II and land the warm substage 5.3 and not in cold stage 4. Over the last 140 ka,

increased coastal upwelling occurred also mainly in glacial 8180 maxima, but not in stage 4.

Advection and upwelling, however, were not in phase. Paleotemperature records from north

and south of the Angola Benguela front, explained in terms of advection and paleoproducti

vity (Schneider et aI., submitted), do not correlate with our records ofthe two features.
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ORGANIC MATTER PRESERVATION AND GRAIN SIZE CONTROL: RESULTS

FROM THE BRAZILIAN CONTINENTAL MARGIN

T. Jennerjahn l
, M. Tinteinoe, V. Ittekkott, M. Hübnerl

, G. Irion2
, L.D. Lacerda3

,

S.R. Patchineelam3
, C.E.V. Carvalho3 & I.M.O. Silveira3

lInstitute ofBiogeochemistry and Marine Chemistry, Hamburg University, Germany

2Senckenberg Institute, Wilhelmshaven, Germany

3Department of Geochemistry, Federal University ofFluminense, Niteroi, Brazil

Surface sediments from the Brazilian Continental Margin between 8 and 24°S have been

analyzed for a variety ofgeochemical and mineralogical parameters to study organic matter

distribution and preservation and the role ofthe Brazilian Continental Margin for carbon

and nitrogen input, storage and transfer to the deep ocean.

Amount and composition of organic matter as weil as day mineral assemblages show that

input of terrestrial carbon and lithogenics to nearshore areas are linked to grain size. Distri

butions of organic carbon, its labile compounds and nitrogen follow lithogenic distribution

and accumulate in fault-controlled morphological traps on the upper slope. Organic carbon,

nitrogen and amino acids, hexose amines and carbohydrates increase with increasing content

of day and silt and decrease with increasing sand content. Parameters indicating degrada

tion of organic matter correlate with grain size distribution suggesting preferential sorption

of refractory organic matter to mineral grains with increasing day and silt content.

Several studies suggest a fundamental relationship between the amount of organic matter

preserved in sediments and the surface area of associated mineral grains. Thus the flux of

fine grained lithogenics to continental shelves might be a key factor for the amount of or

ganic matter preserved in continental margin sediments and make sorption of organic matter

to mineral surface relevant for the global carbon cyde. Our results suggest the investigated

area to be of minor relevance for input, storage and transfer of carbon and nitrogen to the

deep ocean. Small river input of terrestrial carbon and lithogenics providing the surface area

for sorption of organic matter, low primary productivity and high amounts of dissolved

oxygen in the water column lead to low accumulation of highly refractory organic matter

controlled by grain size distrbution in sediments of the Brazilian Continental Margin be

tween 8 and 24°S.
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LATE QUATERNARY THERMOCLINE VARIATIONS IN THE SOUTHEAST

ATLANTIC: CHANGES IN SOUTH EQUATORIAL CURRENT CIRCULATION

S. Kemle-von Mücke

Department of Geosciences, Bremen University, Bremen, Germany

Various species oftropical planktonic foraminifera live at different levels in the water col

umn reflecting the thermal gradient between the surface mixed layer and the subthermocline.

Plankton-tow studies and sediment-surface sampIes representing different hydrographie

regimes in the South Atlantic were used to calibrate the recent oxygen isotope signal ofthe

foraminifera in the photic zone. Time-series records ofthe shallow-dwelling species G.

ruber and subthermocline calcitYing G. crassciformis and G. truncatulinoides (sin.) from

four core locations in the wind-driven SEC system were chosen to reconstruct variations of

the thermocIine depth over the last 300 ky. The position ofthe seasonal thermocIine is de

termined by the seasonally varying southeasterly trade wind and monsoonal winds. The po

tential to reconstruct the wind-driven thermal structure ofthe upper ocean can be used to

approach some important questions in paleoceanography, for example the changes of sur

face wind fields due to climatic changes in order to resolve the past variability of South At

lantic circulation and transequatorial heat transport. Records from the equatorial divergent

region (1°40S, 12°26W), the subtropical gyre (15°40S, 9°27W), the south-west Walvis

Ridge (22°54S, 6°02E) and from 5°47S, 100 45W are presented. The ö180-difference be

tween G. crassaformis and G. ruber is a measure of the temperature gradient between the

surface water and ~ 300 m. The magnitude ofthe temperature gradient and hence the Ö180

gradient depends on the thermocline depth. An effort to quantitY changes in the thermocIine

depth was made by comparing the Ö180 gradient of several surface sediment and multinet

sampies with the overlying thermocIine base. The resulting linear correlation renders an

evaluation of the thermocline base in the equatorial eastern Atlantic. Compared to other

locations in the South Atlantic there is a positive correlation between increasing Ö
180 gradi

ent and deepening base of the thermocIine due to upwelling of cool water with compression

of the mixed layer. All locations indicate a shoaling of the thermocIine during cold events of

glacial and interglacial stages. These changes in thermocIine depth reveal variations in the

strength of equatorial upweIling, SEC circulation and subtropical gyre circulation caused by

variations of southeastern wind zonality. In the subtropical gyre there is a general decrease

ofthe Ö180 gradient from 300 ky to the present which suggests a gradual deepening ofthe

thermocline and an increased convection of warm surface water in the gyre through time. In

contrast, at the south-west Walvis Ridge the Ö
180 gradient shows a gradual shoaling ofthe

thermocIine from 300 ky to the present. This records an enhanced ventilation ofthe sub

tropical gyre through time. In the tropical East Atiantic the calculated thermocline base for

the present reflects modern annual mean values of the water column.
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COMPARISON OF ISOTOPE COMPOSITION OF PLANKTONIC

FORAMINIFERS WITH A CONSTRUCTED CALCITE EQUILIBRIUM PROFII.JE

OF THE UPPER WATER COLUMN IN THE EQUATORIAL EAST ATLANTIC

S. Kemle-von Mücke

Department of Geoscience, Bremen University, Bremen, Germany

Stable isotope measurements ofvarious species ofplanktonic foraminifera and different size

fractions from the upper 1000 m ofthe Guinea-Basin were investigated. A multiple open

ing-cIosing net was used to collect five sets offive verticaIly stratified sampies. To predict

the caIcification depth ofthe foraminifers, isotope measurements ofthe surrounding

seawater and continuous temperature and conductivity measurements at the sampie stations

were taken. These data permit the construction of a calcite equilibrium profile using the

temperature equation ofEpSTEIN et al. (1953).

The foraminifera reflect the Ö180 and öl3e gradients between the surface water and -

300 m. Deeper-dweIIing species, represented by H. pelagica and G. crassaformis. N duter

trei, G. calida and G. siphonifera, caIcify in the thermocline, and G. ruber and G. sacculifer

indicate growth in the surface mixed layer. In the equatorial divergent region the greater

shell sizes show lighter Ö
180 values than smaIler ones. The same relationship is found in

other high productive areas. This seems to be a kinetic fractionation effect under high light

levels caused by enhanced photosynthetic rates and rapid skeletogenesis due to high fertil

ity.

The measured öl3e oftotal dissolved e0
2

decreases by about 1 %0 from 50 m to 100 m.

Three stations show a significant öl3e minimum at 100 m. The ö l3e minimum is associated

with a distinct upper oxygen minimum between 50 m and 100 m. There are some indica

tions that the öl3 e compositions ofN dutertrei, G. sacculifer and G. ruber are influenced

by this ol3e gradient. These foraminifers show up to 2 %0 heavier values than the ol3e ofl::

e0
2

. Analyses from different size fractions reflect that sheIl öl3e increases with sheIl size.

Probably this "vital effect" is caused by an increased photosynthesis rate ofthe symbionts

combined with a faster growth rate. G. calida, G. siphonifera, G. glutinata and H pelagica

are depleted in l3e compared to the öl3e ofl::e0
2

. G. crassaformis has the same öl3e as

the öl3e value from the l::e0
2

profile at 300 m, which is in agreement with the 0180 data.

Pulleniatina obliquiloculata reflects an equilibrium at 50 m.

The isotope analyses of the different size fractions as weIl as defined species, for example N

dutertrei, offer a possibility to reconstruct the upper ocean fertility in paleoceanography.
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PLANKTONIC ARMOURED DINOFLAGELLATES OF THE EASTERN AND

EQUATORIAL ATLANTIC OCEAN

B. Kerntopf

Department of Geoseienees, Bremen University , Bremen, Germany

Various studies have been made ofthe distribution patterns ofplanktonie theeate dinoflagel

lates from the Atlantie Oeean. Most studies were restrieted to the northeastern part ofthe

Atlantie, i.e. to the region between 45° and 65°N. Others were limited to the larger eells or

certain aggregations oftaxa. The present study includes a detailed examination ofplankton

sampIes ofthe oligotrophie equatorial Atlantie and ofthe upwelling region offNW Afriea.

These are the results ofthe M 23/3 cruise ofRV METEOR from Reeife (Brazil) to Las

Palmas (Canaries) during 21.03.-12.04.1993.

So far, a total amount ofup to 80 speeies was reeorded during the eruise. The distribution

patterns of the different species are plotted in three seetions. Seetion 1 eovered the equato

rial Atlantic between 24° and 12°W. Seetion 2 extended from the equator (12°W) towards

the NW to site position 11. 5°N/21 °W. Seetion 3 was situated at the western margin of the

upwelling region offNW Afriea extending in a generally NNE-SSW direetion up to the Ca

nary Isles. Speeies assoeiations were eonneeted with the eorresponding oeeanographie pa

rameters to distinguish the eharaeteristies of the different seetions.

Quite a number of "eosmopolitan" speeies ean be found in all three seetions (Blepharocysta

splendor-maris, Ceratium pentagonum, Gonyaulax polygramma, G. turbynei, Palaeopha

lacroma unicinctum, Prorocentrum balticum, Protoperidinium globulum, P. steinii)

whereas the oeeurrenee of other taxa is restrieted to one or two seetions. Seetions 1 and 3

are clearly distinguished that way, Seetion 2 forming a transitional. The tropieal seulptured

taxa sueh as Ceratocorys horrida and Ornithocercus spp. oeeur in the eastern part of See

tions 1 and 2.
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CALCAREOUS DINOFLAGELLATES IN THE SEDIMENTS OF THE EAST

ATLANTIC OCEAN

B. Kerntopf

Department of Geosciences, Bremen University, Bremen, Germany

Dinoflagellates are numerous and widely distributed in Quaternary marine sediments in the

form of organic-walled resting spores (cysts) known as 'hystrichospheres'. They are used as

indicators of paleoceanographic parameters. Severalliving marine peridinioid dinoflagellates

also produce caIcareous cysts, and the coccoid, vegetative life phase of Thoracosphaera

heimii (LoHMANN) KAMPTNER produces a caIcareous cell wall. Calcareous dinoflagellates

have recently been found in various types of sediments but the lateral distribution of indi

vidual species and the relation to oceanographic parameters is poorly known.

Sediment surface sampIes were obtained during the M 20/1 cruise ofRV METEOR during

18.11.-22.12.1991. Site positions were off Cape Blanc (site CB offNW Mrica in the area

of coastal upwelling) and in the Guinea Basin (sites EAl-4 in the equatorial Atlantic).

Six morphotypes of caIcareous dinoflagellates were recorded in the sediment surface.

Specimen density ofthe different morphotypes varies greatly between sites CB and EA but

less in the section between EA1 and EA4. The species association of site CB is heavily

dominated by the high specimen density of Th. heimii.Whereas sites EAl-4 displayamore

or less even distribution of four morphotypes, specimen density varies only slightly in the

different parts of the section.
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MEASUREMENT OF THE TRANSPORT OF THE ACC: DRAKE PASSAGE,

NOVEMBER 1993

RA. King & S.G. Alderson

IOSDL, Brook Road, Wormley, Godalming, Surrey, GU8 5UB, UK

A CTD/ADCP section was completed along the WOCE repeat hydrography section SRI in

the Drake Passage during November 1993. The CTn section consisted of30 full-depth sta

tions, with a maximum spacing of 1/3 degree oflatitude, and stations every 500m of depth

change on the continental slopes at each end of the section. The resulting geostrophic ve

locities indicate a baroclinic transport of 135 Sv relative to the bottom, including 47 Sv

north of the Subantarctic Front.

The ADCP measurements were enhanced by a GPS heading system, which greatly reduces

velocity errors attributable to the ship's gyro, and Differential GPS position measurements,

which provided ship position with better than 4 metre accuracy over the entire section, and

at ranges up to 2000 km from the DGPS base station.

The geostrophic estimates have been combined with absolute velocities determined from the

ADCP to provide a measurement of the barotropic component and hence the total trans

port. The present estimate of the barotropic component is of the order of 50 Sv, subject to

revision as the analysis progresses, making a total transport of about 185 Sv.
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REMOTE SENSING OF THE ANGOLA-BENGUELA FRONT

A.G. Kostianoy

P.P. Shirshov Institute ofOeeanology, Russian Aeademy ofSeienees, Moseow, Russia

The Angola-Benguela Frontal Zone (ABFZ) is loeated in the South-East Atlantie Oeean in

the narrow band (14-18°S) near the eoast of Mriea. It is a very strong and eomplieated

eonvergenee zone between warm Angola eurrent flowing to the South and South-West, and

cold Benguela upwelling and eurrent flowing to the North and North-West.

The main spatial and thermal eharaeteristies of the ABFZ were investigated on the base of

93 daily IR satellite, NOAA-9, images eolleeted in January-February, 1986 and April-June,

1988. The geographie loeation ofthe ABFZ northern and southern boundary shows the

pulsing movement of the frontal zone along the eoast during few days with the amplitude 1

2° oflatitude and 3-5°C in temperature. The temperature differenee between ABFZ north

ern and southern isotherms varies in the range 3-9°C. The ABFZ length (seaward extention)

reaehed 700 km, the width near the eoast - 300 km.

All images were classified in five main types of the ABFZ mesoseale strueture whieh differ

by the orientation and number of fronts inside the frontal zone, and by the eonfluenee or

separation with the northern boundary of the Benguela upwelling front.
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EDDY STATISTICS IN THE SOUTH ATLANTIC AS DERIVED FROM

DRIFTERS DROGUED AT 100 M

W. Krauss

Institut rur Meereskunde, Kiel University, Kiel, Germany

More than 130 satellite-tracked buoys drogued at 100 m depth have been deployed by us in

the South Atlantic during the years 1990 -1993 in an ongoing program. After eliminating all

drifters which lost their drogue, Lagrangian eddy statistics are computed and compared to

the results of a similar data set in the North Atlantic and to previous results for the South

Atlantic. No significant differences can be seen between North and South Atlantic. The

Lagrangian integral time scale is inverse proportional to the r.m.s.-velocity which implies

that eddy diffusivity is directly proportional to the r. m. s. -velocity and not to the variance.

Previous studies on that matter are most likely influenced by buoys which lost their drogue.

Eddy length scale is constant having values of37 km in zonal and 28 km in meridional di

rection, averaged over the entire Atlantic.

Eddy diffusivity varies between 2 . 107 and 8 . 107 cm2/s, being smallest in the subtropics

and highest in the Circumpolar Current. The proportionality to eddy velocity and a constant

length scale opens the possibility to compute global distributions of eddy diffusivity from

altimeter data.
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INITIAL RESULTS FROM LEG 154 CORING ON CEARA RISE

Leg 154 Shipboard Scientitic Party

Recent coring on Ceara Rise by Ocean Drilling Program Leg 154 has documented sedimen

tation patterns and changes in sediment accumulation which reflect both orbital and tectonic

scales of climate variability. Five APC/XCBIRCB sites were cored on the northeast slope of

Ceara Rise and form a depth transect from 3041 m to 4356 m, which spans the interval

across the present NADW-AABW water mass boundary. High frequency changes in lithol

ogy in this region are primarily forced by the precession cycle and represent variations in the

contribution ofterrigenous material from the Amazon River system. The evolution ofthis

orbital response can be traced back 7 million years in a continuously deposited pelagic drape

of sediments. The increased influence of the Amazon on Ceara Rise sediments began by

about 8 Ma and is marked by an increase in the accumulation rate of terrigenous material

and a change in the composition of clay minerals.

The lithological record is also affected by long-term changes in deep water chemistry and

circulation. The depth distribution of carbonate concentration documents a change in the

nature of deep water chemistry at about 5 Ma. During the middle and late Miocene, red

clays were common in the two deepest sites on Ceara Rise suggesting that the CCD was

shaIIower than about 4 km. Miocene dissolution was severe at aII water depths, affecting

even the shallowest sites of our depth transect. The CCD began to deepen at about 7 Ma

and by 4.5 Ma the modern depth gradient in carbonate concentration was obtained. Since

that time, the depth gradient has varied on orbital time scales, but has remained nearly con

stant on longer time scales. Carbonate concentrations have been decreasing during the last

4.5 my because of a continuous increase in the supply of Amazon-derived terrigenous sedi

ments, but the dissolution gradient has remained constant.
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VERTICAL Ol3C GRADIENT IN THE SOUTH ATLANTIC DURING THE LAST

GLACIAL RECORDED IN BENTHIC AND PLANKTONIC FORAMINIFERA

G.P. Lohmann

Woods Hole Oceanographic Institution, Woods Hole, MA 02543, USA

North Atlantic waters are cooled at the surface in subpolar marginal seas and then sink to

ventilate the deep Atlantic and eventually the Indo-Pacific basins. During the last glacial

maximum, when these subpolar regions were covered with ice, vertical Ö
13C gradients sug

gest that deep water formation diminished and the North Atlantic was ventilated primarily by

intermediate waters (Curry et al. 1988, Boyle & Keigwin 1987, Oppo & Fairbanks 1987,

Slowey &Curry 1992, Oppo & Lehman 1993). At the same time, expansion of Antarctic sea

ice appears to have shifted the circumpolar wind field northward, causing North Atlantic

intermediate waters to bypass the Southern Ocean and flow directly into the Indo-Pacific

(Imbrie et al. 1992). The Rio Grande Rise stands in the path ofthese waters as they flow

through the South Atlantic, intersecting nearly the entire water column, from the main ther

mocline through intermediate, deep and bottom waters. Past changes in circulation should be

recorded in sediments deposited on its slopes. Unfortunately, low sedimentation rates and

severe biological mixing have confused this record and, since the crest of the Rise shoals to

only 800m, there are no in situ records of thermocline and surface waters. We have overcome

these limitations in two ways.

First, we attempted to unmix the benthic foraminifer records by using the Ö
180 chemistry of

individual shells to distinguish between those formed today and those formed during the last

glacial maximum. After shells are sorted by their Ö180, the mean Öl3C associated with each

group is used to reconstruct vertical gradients for today's ocean and for the last glacial. Sec

ond, we used planktonic foraminifera to fill the gap in benthic records between the crest of

the Rise and surface waters. This requires knowing where planktonic foraminifera grow their

shells, knowledge complicated by their habit of calcifYing different parts oftheir shell at

different depths. We determined the chemistries of the different shell components by analyz

ing relationships between individual bulk shell Ö180 and Ö13C and changes in shell mass. From

trus we inferred both the depth at which different components were added and the Ö13C ofthe

water in which they grew.

The resulting reconstructions (Fig. 1) indicate that the glacial South Atlantic, like the North

Atlantic, was ventilated by intermediate rather than deep waters, although the source of these

waters is unclear. Their Ö
l3C decreases from north to south, which would be consistent with

aging as they flow from the North Atlantic, but it does not rule out the possibility that South

Atlantic intermediate waters originated as ö13C-depleted surface waters in the Southern
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Ocean. We also find a large decrease in the öl3e of surface waters during the last glacial over

the Rio Grande Rise, suggesting that Southern Ocean surface waters were pushed much

farther northward then than they are today. This supports the conclusion ofImbrie et al.

(1992) that circumpolar winds shifted and pushed surface waters northward during the last

glacial maximum.
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Fig. 1: Verticalö180 and Ö
l3e gradients for the Holocene and Last Glacial Maximum

(LGM) at the Rio Grande Rise. Surface water values are from the planktonic species
Orbulina universa.

A. Individual shellö180 values for Cibicides species from core-tops. Two modes are
presumed to reflect a mixture ofHolocene and LGM values.

B. Mean Ö180 values ofHolocene modes compared with values expected for equiIi
brium calcite (calculated from temperature and Ö180 of seawater at GEOSEeS 56).

C. Mean evalues ofHolocene modes compared with öl3e Of~e02 (from GEOSEeS
60). Values for upper 600m calculated from apparent oxygen utilization.

D. Verticalöl3e gradient during LGM compared with Holocene.
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BEHAVIOR OF A SEMI PERMANENT EDDY AS OBSERVED FROM AVHRR

IMAGES AND WOCE DRIFTERS

J.A. Lorenzzetti, M.R. Stevenson, c.L. da Silva Jr. & R.B. de Souza

Remote Sensing Division, Nat!. Inst. for Space Research, Sao Jose dos Campos, Brazil

To further one ofthe objectives ofthe Brazilian contribution to WOCE, a study ofthe

western boundary current ofthe South Atlantic was initiated. During the period of 1992

1993, aseries of AVHRR digital images and a set ofWOCE standard low cost surface

drifter(LCD) trajectories were obtained and analyzed for the region ofthe Brazil Current

(BC) off SE Brazi!. The thermal imagery (using NOAA 1-B level format) was processed on

a SeaPack microcomputer system, using multi-channel algorithms to obtain atmospherically

corrected sea surface temperature (SST) fields on a mercator projection. LCD drifter data

were received via modem from CLS ARGOS and directly provided sequential absolute

positions and raw data subsequently converted to sea surface temperatures. These SST ob

servations were used to verify the quality of satellite derived SST data and to observe short

term variations in the SST field. A review ofthe AVHRR SST maps obtained showed the

presence of a mesoscale eddy located near Cape Santa Marta (28.5°S, 48.6°W).

Since the presence ofthis eddy had not been previously eited in the literature, it was de

cided to select several LCD trajeetories that passed within or in the vicinity ofthis eddy at

the time of the available images, to better obtain some estimates of its physical and dynami

cal charaeteristics. While the AVHRR images show the region of the experiment to be a

cloud prone area, it was possible to show the presenee of this feature from March to June of

1993. Two LCD trajectories were found to pass through the loeale during this period.

Based on the results obtained from the measurements, the eddy was found to have a eold

core and a cyc10nie or cloekwise sense of rotation. Estimates based on trajeetory loops and

imagery suggest a typieal maximum diameter of about 200 km. One of the eonsequenees of

trus rotation is that on the western side of the Be over the shelf the flow is from SW to NE,

contrary to the flow typieally observed over the shelfbreak, assoeiated with the Be. A sta

tistical analysis of the trajeetories of the two drifters that were eaptured by the eddy show a

time interval of 6 to 14 days to eomplete the trajeetory loops. Estimates of average tangen

tial velocities ofthe eddy ranged from 24 to 71 em/s. While the diameters ofthe trajectory

loops may not necessarily indieate the true diameter of this feature, the values ranged from

70 to 275 km. This upper limit is probably realistie, however, sinee the LCD'S were ejeeted

from the eddy and its eyc10nie rotation at this distanee. We eonsider that the drifters effee

tively traeked the water mass assoeiated with the eddy, sinee the mean water temperature

remained eonstant at 26.01 °C during the first trajeetory loop of 11 days (1 er, 0.38°C) as

weil as during the seeond trajeetory of 6 days (1 er, 0.15°C). During the remaining loops
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eovering a two month period, the mean temperature gradually deereased from 25.81 °C to

24.21°C, due to seasonal eooling. For the period of72 to 152 (JD), the eddy center was

observed to move southwestard, from 28°S, 47°W to 29.8°S, 47.5°W.

THE EXCHANGE OF WATER BETWEEN THE SOUTH INDIAN AND

SOUTH ATLANTIC OCEAN

J.R.E. Lütjeharms

Department ofOeeanography, University ofCape Town, Rondeboseh 7700, South Africa

The eireulation at mid-Iatitudes of the South Atlantic Oeean is unusual in this respeet, that it

has to aeeommodate a substantial, but intermittent, leakage oftropieal and subtropieal wa

ter from the South Indian Oeean past the southern tip of Afriea. This infiltration of extra

neous water masses is for the most part, but not exclusively, due to large Agulhas rings that

are shed at the Agulhas retrofleetion.

The effeet ofthis inter-basin exchange ofwater is feit in global climate, in loeal oeean dy

namies, in biogeographie patterns and possibly even in loeal fish reeruitment.

Agulhas rings are major mesoseale features with an average diameter of 250 km, a depth of

greater than 1000 m and a drift rate into the South Atlantie ofabout 7 km/day. As estimated

6 to 9 are formed eaeh year with a range of dimensions. Reeent studies have estimated the

total inter-basin heat flux due to Agulhas rings at 0.04 PW per annum, the salt flux at 70 x

1012 kg/a.

The unusual continual input of positive vorticity by Agulhas rings into the South Atlantie

may affect the normal, longitudinally skewed distribution offlowlines in this subtropical ba

sin. Patterns of surfaee drifters suggest such a peeuliar pattern.

A seeondary, and minor, leakage between the oeean basins is due to Agulhas filaments.

These are detached from the landward edge of the southern Agulhas Current and are then

adveeted into the South Atlantie by the Benguela drift. These features are only about 50 m

deep on average, probably rapidly lose most of their heat to the atmosphere, but eontribute

a salt flux that is estimated at 20 x 10 kg/a, about 15% ofthat due to Agulhas rings.
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The formation process of Agulhas rings is a crucial element in the understanding of the me

chanism for inter-basin exchange. Perturbations in the flow paths of the Agulhas Return

Current, and that of the Agulhas Current proper, cause these currents to coalesce and thus

to pinch of a ring. In this process quantities of cold, Subantarctic SUlface Water are forced

into the South Atlantic, adding a further complication to the melange of water types already

present.

The driving forces that bring about these critical perturbations are poody understood.

Regular meanders in the trajectory of the lower Agulhas Current are similar to those ob

served in other western boundary currents, but are, by comparison, smalI. A large soliton

meander on the current, the Natal Pulse, occurs at irregular intervals, about 8 times per

year. Recent results suggest that the passage of each Natal Pulse is followed by the spawn

ing of an Agulhas Ring. The triggering of a Natal Pulse occurs far upstream in the Natal

Bight and may be caused by the impingement of deep-sea eddies, or by fluctuations in the

velocity of the current leading to baroclinic instabilities.
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THERMODYNAMIC IMPRINT ON SOUTHERN OCEAN DEEP AND BOTTOM

WATER Ö13CI:C0
2

AS SEEN IN THE WEDDELL SEA

A. Mackensen, H.-W. Hubberten & N. Scheele

Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany

In most oceans, a good correlation is observed between Ö13C LC0
2

values, Cd/Ca ratio and

nutrient contents of deep and bottom water masses. Likewise, stable carbon isotope ratios

ofbenthic foraminiferal shells ofFontbotia wuellerstorfi generally appear to faithfully re

cord the Ö13C of dissolved inorganic CO2ofthe ambient bottom water. These are the basics

for modelling the glacial deep ocean and nutrient circulation.

However, as has been realized before, the correlation between carbon isotope ratios and

nutrients is far from being perfect. This is because carbon is circulating through the atmo

sphere and the sea, whereas nutrients just circulate within the oceans. During gas exchange

between the surface water and the atmosphere a strongly temperature dependent isotopic

fractionation occurs, such that fractionation increases with decreasing temperatures. At low

temperatures the isotopic fractionation between atmospheric CO2and surface ocean :LC02

decouples the Ö13C ratios from the concentration ofnutrients. Ifthere is no air-sea frac

tionation, the distribution of Ö13C values within the sea would be tightly coupled with nutri

ent concentrations. The slope of this relationship would be close to the one predicted by

applying the "Redfield" proportions (.1Ö 13C =1.1.1P04). Using this dependency it is possible

to "clean" measured Ö13CLC02 values from their biologically caused enrichment. Then the

remaining Ö13CLC02 values reflect the thermodynamic influence on isotopic fractionation

during gas exchange at the ocean surface. Highest surplus Ö13CLC02 values, obtained by

normalizing GEOSECS ö13C data on phosphate concentration, nicely plot around Ant

arctica coinciding with the Polar Frontal Zone where AAIW is generated.

Here we present the Ö13CLC02 distribution on two sections from the Antarctic continental

margin through the Weddell Sea into the South Atlantic Ocean. Ö13C values were norma

lized on constant phosphate using nutrient data that were determined simultaneously with

water sampling for carbon isotopes. For the first time a strong influence ofthe thermody

namic fractionation process at sites ofbottom water formation can be traced down into the

bottom water masses ofthe inner Weddell Sea, where presently high Ö13C values ofup to

0.8 %0 pretend the existence of a nutrient depleted water mass. We speculate that no or

different AABW formation during glacial periods, would reduce Ö13C glacial bottom water

values by 0.5 %0, just because ofreduced isotopic air-water fractionation. This would ex

plain a significant part ofthe observed high Southern Ocean glacial/interglacial Ö13C shift of

~1 %0.
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GEOCHEMICAL MODEL FLUXES THROUGH THE SOUTHERN ATLANTIC

E. Maier-Reimer

Max-Planck-Institut rur Meteorologie, Hamburg, Germany

Combining models with data is a crucial problem in course of understanding the measure

ments. Systematic approaches like assimilation techniques with adjoint models are only at

the beginning of development. Traditionally, the results of circulation models are compared

with reality, either at isolated points of existing data or globally with maps that were con

structed from sparse data by any "objective mapping" teehnique which are based more or

less on isotropie diffusion of information.

The Hamburg large seale geostrophie (LSG) oeeanie circulation model has been validated

against several tracers to simulate aeeeptable global struetures oftraeer distribution. It is,

thus, likely that the application ofthe eirculation field for the interpolation of data is more

realistie than isotropie diffusion. The method is applied to GEOSECS data whieh allows to

compute flux balanees for the Southern Atlantic. The construeted fields serve as validating

fields for the biogeoehemieal part ofthe Hamburg model ofthe oceanie earbon eycle.
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RESPONSE OF A COARSE RESOLUTION MODEL OF THE SOUTH ATLANTIC

OCEAN TO SURFACE AND OPEN BOUNDARY FORCINGS

P. Marchesiello, B. Barnier & D. Darr

Laboratoire des Ecoulements Geophysiques et Industriels, Grenoble, BP 53X, France

Within the context of the WOCE program, we are developing a primitive equation model

for studying the ocean circulation in the South Atlantic. The modelIed domain extends from

16°S to 76°S, and from 68°W to 200 E. The numerical code (SPEM) uses a sigma-coordi

nate in the vertical to allow for an original representation of the influence of the bottorn

topography, a crucial parameter in this area. The application of such a vertical coordinate is

rather delicate in basin scale oceanography. Indeed, hypotheses which are valid in large

scale atmospheric models (like a small aspect ratio between the topographie height and the

thickness ofthe fluid) are not necessarily valid in ocean basins where major topographie

features (seamount, mid-ocean ridge and continental shelf) are ofthe same order as the

ocean depth. Consequently, the numerical code had to be modified to be adjusted to our

problem, often because ofthe bottom topography, and for the treatment ofthe open

boundaries.

We present coarse resolution simulations of order 1.2°. Numerical stability requires strong

dissipation and smoothed bottorn topography. We are investigating the dynamical balance,

which can be obtained after several tens ofyears of simulations, (the thermodynarnical bal

ance requires model runs of several hundred years). A first, quasi-diagnostic simulation,

based on Levitus climatology, is used to initialise a set of simulations which investigate the

model response to the inflow at the open boundaries, to the seasonal forcing of momentum

and heat at the Air-Sea interface, to the flux of salt in the Weddell Sea provided by a semi

diagnostic sea-ice model coupled to the ocean model. For those simulations, the atmos

pheric forcings that drive the ocean and sea-ice models are derived from arecent climatol

ogy ofECMWF analyses.

Our analysis of the model results focuses on the circulation and formation of the various

water masses, in particular on the conversion between thermocline and intermediate waters,

and the overturning in the southern part ofthe basin.



89

LATE QUATERNARY PALEOCLIMATIC AND PALEOHYDROLOGICAL

CHANGES OF THE EASTERN EQUATORIAL ATLANTIC:

PALYNOLOGICAL EVIDENCE

F. Marret', L. Dupone, H~J. Beug2 & J~L. Turon l

IDepartment ofGeology and Oceanography, University ofBordeaux I, Talence, France

2Institute of Palynology and Quaternary Sciences, Göttingen, Germany

Palynological analyses (dinocysts, pollen and spores) of Late Quaternary sediments from the

Eastern Equatorial Atlantic provide continuous paleoclimatic and paleohydrological infor

mation for the last 140 ky. Late Quaternary dinocyst assemblages, as observed in two ma

rine cores located on both sides of the present oceanic upwelling (M 16772-112 at 1°21' S 

11 °S7'W and M 16867-112 at 2°12'S-S06'E), show that during glacial periods (isotope

stages 6, 4 and 2) the Eastern Equatorial Atlantic was characterized by lower sea-surface

temperatures than the present ones. The eastern part of the Gulf of Guinea displayed lower

temperatures as well as a lower seasonality than those of the western part of the Gulf of

Guinea. Two mechanisms of cooling occurred in the Gulf of Guinea: 1) a strengthened

oceanic upwelling and 2) an input of cool surface waters brought by the Benguela Current

and resulting from the migration ofthe Subtropical Convergence toward the equator and

the intensification of superficial circulation. In contrast, sea-surface temperatures and circu

lation patterns at the end ofthe Eemian (isotope sub-stage Se) are comparable to the pres

ent ones. Spectral analyses on two proxi-data show evidence of the precessional forcing of

insolation in low latitudes on sea-surface temperatures.

Primary production variability, reflected by dinocyst concentrations, is related to oceanic

upwelling variability. Periods ofhigh productivity (stages 6, 4 and 2) are concomitant of

periods of strengthened atmospheric circulation, as shown by pollen and spores spectra and

concentrations. These glacial periods are also characterized by amigration ofthe oceanic

upwelling toward the equator, except during Stage 2 during which the oceanic upwelling

was more developed in the western part of the Gulf of Guinea than in the eastern part.

Moreover, surface productivity shows a periodicity of 23 ka coherent with the precession

cycle in low latitudes.
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BENGUELA NINOS: SOME CHARACTERISTICS OF THEIR INTER-ANNUAL

VARIABILITY

S.J. Mason

Climatology Research Group, University ofthe Witwatersrand, lohannesburg, South Africa

The inter-annual variability ofBenguela Ninos and Ninas has been analysed using rotated

(varimax) principal components analysis ofthe variance-covariance matrix of sea-surface

temperatures in the Atlantic Ocean. Monthly mean sea-surface temperatures for 5° grids

and for the period January 1910 to December 1991 taken from the Meteorological Office

Historical Sea Surface Temperature data set have been analysed. Variability in the Benguela

region was identified as the second principal component. In contrast to the North Pacific

and North Atlantic Oceans but similar to the South Pacific Ocean, it is the eastern boundary

current that is more variable than the western in the South Atlantic Ocean.

Sea-surface temperatures throughout the Benguela region, as measured by the principal

component scores, have increased significantly since the 1950s except for a sudden cooling

in the mid 1970s. Aperiod of warming followed in the early 1980s culminating in the 1984

Benguela Nino when the warmest temperatures during the period of instrumental records

were recorded. Other Benguela Ninos occurred in 1939,1963/4,1969,1973 and 19871

1988. An additional warm event occurred during 1993/94. Three Benguela Ninas

(upwelling events) occurred during the 1950s. Despite the rapid cooling trend during the

1970s, since the 1958 Nina there have been no further strong upwelling events. Warm and

cold events seem to occur most frequently between December and lune. Events that occur

during the austral summer appear to be more persistent, and anomalously warm conditions

can last up to 18 months. The variability of sea-surface temperatures in the region; which

gives an indication of the frequency and intensity ofwarm and cold events, has increased

steadily from the 1940s except for a short period of low variability immediately after the

rapid cooling trend of the 1970s. Part of the inter-annual variability can be explained by low

frequency variability at periodicities of 11-12 years and possibly 23-24 years. Variabilityat

about 3 years and 5-6 years is also evident, frequencies typically associated with the South

ern Oscillation.



91

CYCLICITY OF AABW PALEOFLOW IN THE SOUTHWEST ATLANTIC

DURING TUE LAST 600 KYR

L. Masse, V. Hrovatin & J.c. Faugeres

Departement de Geologie et Oceanographie, Univ. de Bordeaux I, Avenue des Facultes,

33405 Talence Cedex, France

Structural and textural analyses were carried out on five Kullenberg piston cores collected

in the deep areas ofthe Southern Brazil Basin and Argentine Basin. The aim ofthis study

was to determine the timing oflate Quaternary fluctuations in AABW circulation. Spectral

analyses of the textural records were run in order to constrain the relationship between

these variations and global cIimatic change. The deposits consist of very fine-grained silty

clayey muds. Carbonate contents are very low, because deposition takes place below the

CCD. Four distinct stratigraphic tools were used: (a) the distribution of nannoflora, partly

preserved in carbonate-rich levels, (b) excess 230Th activities, which give an estimation of

sedimentation rates, (c) magnetic susceptibility and fluctuations in the intensity of the geo

magnetic field, to establish core-to-core correlations, and (d) oxygen isotope data on bulk

sediment, analysed on one core in the Southern Brazil Basin. Two indicators of AABW

activity were considered: (a) erosional surfaces, indicating high amplitude and short-term

events, and (b) variations in the percentage of particIes greater than 10 11m, controlled by

lower-magnitude and longer-term fluctuations.

High resolution stratigraphy is not available on these cores. Consequently, spectral analysis

was run using the carbonate records for fine tuning. We assumed that carbonate preser

vation is controlled by global cIimatic changes. The oldest core in the Southern Brazil Basin

spans the last 600 kyr, and 100 kyr and 41 kyr cycIes are evident in the record. A 19 ky

precession cycIe also appears. However, two periods can be distinguished:

Before 350 kyr BP, the 41 kyr obliquity cycIe is strongly dominant, and several ero

sional events indicate an unstability in current intensity.

After 350 kyr BP, global current activity is slightly reduced, and erosional events dis

appear. The 41 kyr obliquity cycIe is much less prominent, and the 100 kyr variations

are then strongly dominant. However, they are not in phase with the 100 kyr cIimatic

oscillations. Maximum current velocities occur during periods of cIimatic cooling

(especially during the transitions between isotope stages 9/8 and 7/6).

The boundary between these two periods (about 350 kyr BP) occurs during an episode of

globally weak current activity, which seems to be linked to the 413 kyr eccentricity cycIe.
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RADIOLARIAN ASSEMBLAGES FROM THE SW AFRICA CONTINENTAL

MARGIN

SEDIMENTS AS AN INDICATOR OF BENGUELA COASTAL UPWELLING

A. Matul

P.P. Shirshov Institute ofOceanology, Moscow, Russia

In 21 sampIes of the bottom surface sediments from the northern part of the Benguela U p

welling Zone (20th cruise ofrussian RV VITIJAZ) quantitative radiolarian analysis has been

carried out. Sediment sampIes are located at three profiles "shelf-continental margin" along

17,23 and 25°S with sea depth 60-4100 m. At Iittle depth «150 m) sediments are diatom

ooze. A highest absolute concentration of radiolarian shells is marked in sediments from the

continental margin foot at depth more than 2500 m (10-40 thousands per 1 g); it is rela

tively high on the shallow shelf at depth 60-160 m (to 5 thousands per 1 g); on the deep

shelf and continental margin, top radiolarians are virtually absent.

The species from the subpolar and temperate zones dominate in radiolarian assemblages. A

feature of assemblages from shallow shelf is high relative concentration 0/Lithomelissa

setosa Joergensen. This species prevails in sampIes at 23 and 25°5 (to 60-80%) where it

occurs only on shallow shelf. At I7°S L. setosa has been found in sampIes from whole depth

interval (60-4100 m): its concentration is 6-10% in the shallow part and 1-3% in the deep

part ofthe profile. Probably, more regular than at 23 and 25°S L. setmn distribution indi

cates an upwelling relaxation at I7°S as weil as possible carrying of its shells toward the

open ocean by currents escaping their sharp localization on the shallow shelf.

There are many data about finds ofL. setosa in plankton and sediments. Petrushevskaya

(1981) noted L. setosa is able to exist under conditions being critical for radiolarian Iife.

However, it was not discovered as an upwelling indicator. To author's mind, L. setosa could

be assumed as a typical micropaleontological feature of sediments from Benguela upwelling.
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A REEXAMINATION OF THE NORTHWARD TRANSPORT OF BOTTOM

WATER IN THE WESTERN ATLANTIC

M.S. McCartney & J.c. Zemba

WHOI, Woods Hole, MA, USA

A comprehensive study ofthe northward transport of Antarctic bottom water, using seven

cross sections, was completed by Wright (1970) using International Geophysical Year data

between 32°S and 16°N. This new study, using nine modern sections, extends from 32°S to

36°N. The seetions are examined for sensitivity to the choice of zero velocity surface

(reference level). The classic reference choice of 1.9°C is found to work weIl in the South

Atlantic, but the North Atlantic is more complex. Finally, the results are compared to those

ofWright and are put in the context ofrecent work by McCartney and Curry (1993) and

Speer and Zenk (1993).

References:

McCartney, M.S. and R. Curry (1993). Transequatorial flow of Antarctic bottom water in

the wetern Atlantic Ocean. Journal Physical Oceanography, 23.

Speer, K.G. and W. Zenk (1993). The flow of Antarctic Bottom Water into the Brazil Ba

sin. Journal 0/Physical Oceanography, 23.

Wright, W.R. (1970). Northward transport of Antarctic Bottom Water in the western At

lantic Ocean. Deep Sea Research, 17.
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A MULTI TRACER STUDY OF DEEP AND BOTTOM WATER FORMATION IN

THE WEDDELL SEA

M. Mensch & R. Bayer

Institut fur Umweltphysik, Heidelberg University, Heidelberg, Germany

Tracer data and hydrographie data from several cruises to the Weddell Sea are used as

constraints for a time dependent kinematic box model to simulate the formation of deep and

bottom waters within the Weddell Sea.

The steady state tracers 4He, ö3He and 180 allow to distinguish different processes con

tributing to deep and bottom water formation using their specific tracer signature.

The time dependence of the transient tracers tritium and the CFC species F11 and F12 pro

vide information on the rate of water mass transformations of the different processes. This

time dependence has been reconstructed by explicitly including the flux of tracers between

the atmosphere and the oceanic surface layer in the model calculations.
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WATER MASS MODIFICATIONS IN THE ROMANCHE AND CHAIN

FRACTURE ZONES

H. Mercier

Laboratoire de Physique des Oeeans, IFREMER, BP70, Plouzane, Franee

The Romanehe and Chain Fraeture Zones are pathways to the eastern equatorial Atlantie

für both the deep water originated in the Norwegian-Greenland Seas (Lower North Atlantie

Deep Water) and the bottom water formed around Antaretiea (Antaretie Bottom Water).

Both water masses flow from their region of origin to the equatorial Atlantie in deep west

ern boundary eurrents. At the equator, tracer distributions suggest branehing of the bound

ary eurrents with some of the deep and bottom water turning east. The Romanehe and

Chain Fraeture Zones, whieh are openings in the mid Atlantie ridge at depths greater than

4000 m, allow the deep and bottom waters to cross the ridge and to penetrate in the eastern

trough. Although the western and eastern troughs are communieating through the equato

rial fraeture zones, hydrographie properties of deep and bottom water masses in the western

and eastern equatorial Atlantic are quite different. We show that this is due to water mass

modifieations in the Romanehe and Chain Fraeture Zones.

Measurements are presented whieh deseribe the hydrography and the bathymetry of the

Romanehe and Chain Fraeture Zones. The main meehanism for water mass modifieation in

the Romanehe Fraeture zone is the strong mixing whieh oeeurs east of the main sill when

deep and bottom waters easeade towards the eastern trough. The main sill depth of the

Chain Fraeture Zone (4050 m) is shallower than the main sill depth ofthe Romanehe Frae

ture (4350 m). As a result, in the Chain Fraeture Zone, most ofthe bottom water is bloeked

by the bathymetry. The respeetive importanee ofbloeking and mixing is inferred through

quantifieation of property ehanges on isopyenal surfaees. Vertieal mixing eoeffieients are

estimated.
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THE TEMPORAL VARIABILITY OF THE ANTARCTIC CIRCUMPOLAR

CURRENT THROUGH DRAKE PASSAGE AND THE SCOTIA SEA

M.P. Meredith2
, J.M. Vassie', T.A. Lachlan-Cope3 & K.J. Heywood2

'Proudman Oeeanographie Laboratory, Bidstan Observatory, Birkenhead, Merseyside, UK

2Sehool ofEnvironmental Seiences, University ofEast Anglia, Norwieh, UK

3British Antaretie Survey, High Cross, Madingley Road, Cambridge, UK

Five years of bottom pressure recorder (BPR) data ( 1988-1993) have been used to study

the temporal variability ofthe Antaretie Cireumpolar Current (ACC) through the Drake

Passage and the Seotia Sea. A standard deviation in barotropie flow through the Seotia Sea

ofapproximately 8.5 Sv has been derived (9 day filter), slightly less than the 9.8 Sv obtained

in the International Southern Oeean Studies (ISOS) experiment at Drake Passage

(Whitworth & Peterson 1985). Data from a BPR positioned midway meridionally aeross the

ACC in the Seotia Sea indieate eonsiderably greater variability in the Polar Front than in the

adjaeent relatively quieseent Polar Frontal Zone and Antaretie Zone. BPR results indieate a

strong semiannual signal in the latitude of the Polar Front, but historieal AVHRR monthly

mean SST maps suggest that this is not a regular feature ofthe ACC strueture, though

signifieant interannual variability in the latitude ofthe Polar Front is apparent.

Southern Oeean atlas data (Olbers et al. 1992) have been used to estimate the possible ef

feets on the differenee in bottom pressure aeross the ACC due to seasonal ehanges in den

sity ofthe water eolumn. The annual signal due to sterie ehanges was found to be approxi

mately 4 mbar far these loeations; the semiannual signal is approximately 1.5 mbar. The

presenee of these signals will affeet not only the observed seasonality in barotropie flow

measured solely by BPRs, but also the ealculated standard deviations in transport.

Inverted echo sounders (IESs) are being used in eonjunetion with AVHRR data to test how

representative eross-ehannel pressure differenee is of transport, and to eorreet for sterie

effeets on pressure, after whieh the wind foreing ofthe ACC ean be better studied.

Referenees:

Olbers et al., 1992: Hydrographie Atlas ofthe Southern Oeean.

Whitworth & Peterson, 1985: 1. Phys. Oeeanogr.13, 2045-2057.
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THE EQUATORIAL ATLANTIC CIRCULATION SYSTEM: NORTHERN

BOUNDARY OF THE SOUTH ATLANTIC GYRE

J. Merle

ORSTOM, Noumea, New Caledonia

In the vicinity ofthe equator, the vanishing ofthe Coriolis parameter imply that a stratified

ocean can respond strongly and rapidly to basinwide wind fluctuations and therefore, in the

tropics, the wind forcing is the major responsible ofboth the upper ocean circulation and

the Sea Surface Temperature fluctuations on seasonal and interannual time scale.

The three tropical oceans are dynamically similar and of the three the Atlantic is the most

predictable because of its limited zonal extension and the relative simplicity of the wind

field. As a consequence the response of the tropical Atlantic is almost in phase with the

wind changes, which are usually regular and dominated by the annual signal.

But the equatorial areas cannot be viewed as an isolated part of the world ocean circulation.

The tropical Atlantic Ocean circulation is c10sely linked to the South subtropical gyre

circulation. As intense cross-gyre exists between the South Atlantic gyre and the tropical

gyre. These links are attested by the residual annual mean meridional heat transport that

crosses the entire Atlantic basin from South to North and is estimated to be of the order of

one Petawatt near the equator.

The mechanisms of exchange between the tropical gyre and the South subtropical gyre

remain unclear. The relative roles played by the boundary currents like the Angola Current

and the mid-basin Ekman transports need to be quantified. The role of the deep currents

across the two gyres are also partially unknown.
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PLEISTOCENE VARIATIONS IN THE SOUTH EQUATORIAL CURRENTS:

ATLANTIC AND PACIFIC OCEANS

A.C. Mix

College ofOceanic and Atmospheric Sciences, Oregon State Univ., Corvallis, OR, USA

What caused large ice-age variations in the South Equatorial Currents? For the South At

lantic, two hypotheses exist: 1) upwelling near the equator is associated with easterly trade

winds, which might respond to temperature gradients in the southern hemisphere; 2) advec

tion of cool water offthe eastern boundary is associated with southerly winds over the Gulf

of Guinea. Variations in these winds might reflect orbital modulation of summer solar heat

ing in northern Mrica. We seek to isolate these two mechanisms by comparing Pleistocene

variations ofthe South Equatorial Currents based on fossil foraminifera in the Atlantic and

Pacific Oceans. The Pacific would share the response to southern hemisphere temperature

gradients, but would not respond to the Mrican Monsoon.

Foraminiferal faunas sensitive to these processes (and not sensitive to changes in dissolution

intensity) are found via factor analysis of down-core faunas in tropical cores from both

oceans. Pleistocene variations ofthe "upwelling" assemblage (N dutertrei, G. bulloides,

and other species) are remarkably similar in the Atlantic and Pacific Oceans. Variance is

concentrated in IOO-kyr and 23-kyr cycles. The Pacific responds earlier than the Atlantic in

the IOO-kyr band, but the two oceans are in phase in the 23-kyr band. We infer that changes

in equatorial upwelling are similar in the two oceans because of a common cause in south

ern-hemisphere thermal gradients. Variations in the "eastern boundary" assemblage (G. in

jlata, G. truncatulinoides, and other species) are different in the two oceans. In the Atlantic

this assemblage varies with strong IOO-kyr and 23-kyr rhythms, similar to that ofthe up

welling assemblage. In the Pacific the eastern boundary assemblage is less variable and vari

ance is mostly in the ~41-kyr band (unlike that ofthe upwelling assemblage). Thus, both

hypotheses conspire to make the equatorial Atlantic sensitive to change. In the Pacific,

equatorial upwelling responds to the southern-hemisphere thermal gradients, but advection

of cool water offthe eastern boundary follows its own rhythm, perhaps responding to

changing high-Iatitude sources ofwater upwelling off Peru.
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THE TRANSPORT OF WEDDELL SEA DEEP WATER IN THE DEEP

BOUNDARY CURRENT NORTH OF THE FALKLAND RIDGE

T.J. Müllert, W.D. Nowlin, Jr., and T. Whitworth III

Department ofOceanography, Texas A&M University, College Station, TX, USA

lwhile on leave from the Institut fur Meereskunde, Kiel University, Kiel, Germany

In 1986/1987, the deep boundary flow ofWeddell Sea Deep Water (WSDW) into the Ar

gentine Basin was monitored in three mooring arrays north ofthe Falkland Ridge. Up to

fourteen-months velocity and temperature records are available. One array of two moorings

was placed in a gap which connects the Georgia Sea with the Argentine Basin through the

Falkland Ridge at 36°W. This gap could serve as a source of deep water inflow into the

Argentine Basin. A second array ofthree moorings was set east ofthis gap at 35°W north

ofthe ridge to measure the direct outflow ofWSDW into the Basin via the Sandwich

Trench and around the Islas Orcas Ridge and also the return flow ofWSDW which has not

escaped from the Argentine Basin. The main array of seven moorings was placed west of

the gap at 41 °W north of the ridge for monitoring the total flow in the deep boundary cur

rent.

In an earlier analysis, the total westward transport ofWSDW colder than O.2°C within the

deep boundary current through the western array was estimated at 8.2 Sv (Witworth et al.,

1991). However, missing data in the eastern array so far did not allow to distinguish be

tween the contributions from the two different sources and the return flow.

In this presentation, we reanalyse the contributions from the different paths to the deep

boundary current by using empirical orthogonal functions (EOF) to interpolate missing data.

Reference:

Witworth et al. (1991): 1. Geophys. Res. 96, C8, 15105-15118.
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DlRECT MEASUREMENTS OF WESTERN BOUNDARY CURRENTS OFF

THE BRAZILIAN COAST

T.J. Müllerl
, N. Zangenbergl

, Y. Ikeda2
, P. Leao2 & W.H. Pinaya2

IInstitut fur Meereskunde, Kiel University, Kiel, Germany

2Instituto Oceanografico, Universidade de Sao Paulo, Brazil

Direct current measurements were performed in three mooring arrays offthe Brazilian coast

in the subtropical western boundary current regime: Yearlong records are available from the

two westernmost channels ofthe Vitoria Trinidade Ridge at 19°5 and 200 S. Also, yearlong

records have been obtained at three sites on the continental margin off Cabo Frio at about

23°S. A third array ofthree moorings was launched as part ofWOCE on the shelfbreak of

the Santos Plateau at 25°S and recovered after two years.

The records have been analysed for the vertical structure of means and low frequency fluc

tuations (Iess Ud) ofthe flow. Four western boundary currents associated with different

water masses can c1early be identified: In the upper 100 m north ofthe Vitoria Trinidade

Ridge, the southward flowing Brazil Current is deflected to the southeast, but off Cabo Frio

and off Santos again is found over the continental margin.

The most striking observations stern from the depth level of the Antarctic Intermediate

Water. Although formed much further south, its flow is sluggish and rather southward than

northward off Santos, but it shows up as a directionally stable jet further north off Cabo

Frio and in the westernmost channel of the Vitoria Trinidade Ridge.

On its way south, the North Atlantic Deep Water cannot pass the two westernmost chan

nels of the Vitoria Trinidade Ridge. It is observed further south as a southward jet off Cabo

Frio and off Santos. Only the deepest mooring off Santos was deep enough to confirm the

Antarctic Bottom Water flow as a northward jet.
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STABLE ISOTOPES IN PLANKTONIC FORAMINIFERA AS

PALEOCEANOGRAPHIC TOOLS - EVIDENCE FROM SOUTH ATLANTIC

SEDIMENT SURFACE SAMPLES

S. MUlitza\ H.-S. Niebler
2
& G. Wefer

l

IBremen University, 2Alfred-Wegener-Institut, Bremerhaven, Germany

Stable isotopes in planktonic foraminifera are widely used as paleoceanographic tools. We

examined the stable carbon and oxygen isotope compositions of different foraminiferal spe

eies collected from 194 high-quality box- and multicorer surface-sediment sampies extend

ing from the tropical Atlantic (lOON) to the Atlantic sector of the Antarctic Circumpolar

Current (600 S). The results were compared to the near-surface hydrography.

The oxygen isotope composition ofthe shallow-living species G. ruber, G. sacculifer, G.

bulloides and N pachyderma cIearly reflects the decrease in surface water temperature

from the tropics to the Polar Front. The deeper-dwelling species G. truncatulinoides and G.

crassaformis show lightest values in the subtropics, suggesting a response to the tempera

ture conditions ofthe deeper subsurface water. Thus, the 0180 difference between shallow

living and deep-living foraminifera can be used as an indicator for the vertical temperature

gradient in the surface water, which is independent of ice volume.

The Ol3C values ofthe shallow-living species show a slight decrease toward the south

probably reflecting the latitudinal surface-water decrease in 0132:COZ. CaIculation of 0
13

2:

COz from dissolved phosphate in the average depth of caIcification indicated by 0180, yields

equilibrium values for G. truncatulinoides and heavier than equilibrium values for G. cras

sqformis, suggesting a vital effect or invalidity ofthe 0
13

l:CO/ phosphate relationship at the

eaIcification depth of G. crassaformis. As both species exhibit heaviest values in the low

productivity subtropical gyre, their ol3C difference to the shallow-dwelling foraminifera can

serve as a productivity index.
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DEEP CURRENTS ALONG THE EASTERN BOUNDARY OF THE CAPE BASIN

G. Nelson

Sea Fisheries Research Institute, Cape Town, South Mrica

Twenty-two moorings deployed in the Cape Basin between 1983 and 1993 at depths be

tween 900 and 3700 m have revealed a tendency toward poleward flow .

In the north, west ofNamibia, average poleward speeds are ofthe order of 1 to 2 cm S·I on

the continental rise and are slightly higher at the base of the shelf There is considerable

variation in direction which can be identified with similar trends on the shelf, thus showing

that shelf processes, including barotropic shelf waves at the short end of the time scale and

seasonal changes in windstress at the long end, perturb flow in the deep basin zone.

Near the southern end ofthe continent, particularly where the shelfnarrows south of33°8,

poleward flow is more consistent in direction and stronger.

Geostrophic velocity fields are presented in the vicinity of each mooring which show that

the equatorward-poleward interface lies between 750 and 2500 m depending on the dis

tance from the shelf Some attention is given to problems encountered with snap-shot den

sity profiles in shallower water in which ageostrophic noise propagating from the shelf re

gion occurs. The geostrophic field depends critically on the noise level.
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RECONSTRUCTION OF SEA SURFACE TEMPERATURES IN THE SOUTH

ATLANTIC OCEAN DURING THE LATE QUATERNARY

H.-S. Niebier, H.-W. Hubberten & R. Gersonde

Alfred Wegener Inst. for Polar and Marine Research, Bremerhaven and Potsdam, Germany

The reconstruction ofthe Pleistocene South Atlantic Ocean and the Antarctic Circumpolar

Current history are based on quantitative analysis of planktonic foraminiferal assemblages

and isotopic measurements. A total of 47 high quality surface sampIes (no signs of dissolu

ion) were collected with a Mulitcorer for mapping the recent distribution ofplanktonic fo

raminifers on a meridional transect between 500 S at the Polar Front and 200 S at the Walvis

Ridge and additionally in the Falkland Current area. These sampIes constitute an excellent

reference frame to investigate polar to subtropical faunal variability. To construct astronger

basis to tropical faunal variability, especially in the central South Atlantic Ocean, 28 surface

sampIes from the literature were integrated. This recent surface sediment dataset has been

correlated with hydrographic data such as temperature (s. d. ±1.2°C).

In the area between the Polar Front and the Subtropical Front for two sediment cores (PS

1754, PS2076) paleotemperatures have been reconstructed on the base ofthe transfer-func

tion-technique. Measurements of stable oxygen isotope 01Neogloboquadrina pachyderma

and Globigerina bulloides were carried out to independently estimate paleotemperatures.

By combining both methods we have tried to reconstruct paleosalinity.

For these two cores, transfer paleotemperatures and paleosalinities were reconstructed

down to isotopic stage 6 (approx. 140 kyr) and stage 8 (approx. 250 kyr) respectively. At

the Polarfrontal Zone transfer summer paleotemperatures fluctuated downcore between 3oe
in the last glacial maximum and in stage 6 and approx. 6°C in stage 5. The highest tempera

tures were calculated for faunal assemblages ofthe subrecent sampIes. The transfer summer

paleotemperatures in the northern core at the northern Subantarctic Zone have an amplitude

of approx. 7°C between Glacials and Interglacials.
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BARIUM AS A TRACER OF PALEOPRODUCTIVITY

e.e. Nürnberg, G. Bohrmann & M. Schlüter

GEOMAR Research Center, Kiel, Germany

Sediments which are deposited in areas of high biological productivity are often enriched in

Barium. Barium seems to reflect productivity events in the geological record.

Investigations of sediment traps in the Atlantic sector of the Southern Ocean shown strong

correlations between Corg and Ba fluxes indicating a link between upper ocean biological

processes and Ba flux to the seafloor. The uptake ofBa in microenvironments and the si

multaneous decay of organic matter is indicated by a decrease of the CorgIBa ratio with

increasing water depth. The Ba uptake seems to depend on the dissolved Ba content in in

termediate and deep waters of the ocean. Comparisons of the rain rates of particulate Ba to

the seafloor and Ba accumulation rates in underlying surface sediments indicate a preserva

tion ofthe Ba rain of approximately 20%.

In surface sediments ofthe Southern Ocean the distribution ofBa resembles the distribution

of opal. High accumulation ofBa in surface sediments is found in the Antarctic Zone, espe

cially just south ofthe Polar Front. North ofthe Polar Front Ba accumulation decreases

rapidly.

Five sediment cores deposited under oxic/suboxic conditions were investigated on a tran

sect perpendicular to the oceanographic fronts at 100E in the Southern Ocean. In cores

south ofthe Polar Front, Ba accumulation rates increase during interglacials simultaneous

with increasing accumulation rates ofBa and biogenies are higher in glacial sediments. The

accumulation rates, however, are not as high as values observed in interglacial sediments

south ofthe Polar Front. Higher Ba accumulation during interglacial periods will be inter

preted with higher export productivity in this region.
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ASPECTS OF GAS GEOCHEMICAL INVESTIGATIONS IN THE WORLD'S

OCEAN

A.Obzhirov

Pacific Oceanological Institute RAS, Vladivostok, Russia

The study of dissolved gas distribution in seawater columns in the world's oceans has fol

lowing purposes:

1. 1'0 define the general features of gases (methane, carbon dioxide, oxygen, etc.) and

their distribution.

2. To observe interrelations between gas and water masses, intercorrelations with hydro

logical parameters.

3. To calculate sea-air methane, carbon dioxide fluxes (as important components in the

atmospheric investory of greenhouse gases).

4. To trace the change ofthe methane distribution in seawater columns in areas with

methane anomaly in bottom water (methane fluxes from earth's interior).

5. To use gases (mostly methane) as indicators for water masses, hydrothermal and fault

zones, oil and gas prognosis, fishing.

As a result, gas geochemical investigations in seawater columns in the West Pacific area

allow the following conc1usions:

1. On the whole a law of methane distribution in the water columns of Okhotsk, Bering

Seas and North-West Pacific can be observed. The trend ofthe methane distribution is:

elevated methane concentrations in the upper water layer (at 35-45 nlll, depth 0-50 m),

an increase (45-55 nlll) in the interval from 50 to 200 m, and decreased methane con

centrations with depth reaching its minimum of 17 nllI.

2. The gases (methane, carbon dioxide) anomalies are formed in the bottom water in areas

with gas flux from interior. The water mass keeps methane anomaly a long time. The

methane moves up together with water mass at zone upwelling and increases concen

tration of methane in surface water at 2-3 times more than in total a law of methane

distribution (for example, some areas in Okhotsk Sea, offnortheastern Taiwan area). In

these areas the methane flux rates from surface water to air are calculated about

20,000-40,000 g/km2/a.

3. Methane and other gases can be used as indicators for the water masses, the zones of

gas fluxes from interior (connected with oil-gas deposits, zones of faults, gas hydrates,

hydrothermal activity). It may be used for prognosises offish because usually with gas

are been moving some biological activity elements and the zones near boundaries ofthe

different water masses maybe perspective for fishing.
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ANTARCTIC INTERMEDIATE WATER MOTIONS IN THE BRAZIL BASIN

M. Ollitrault1 & J.P. Rannou2

ILaboratoire de Physique des Oceans, IFREMER, Brest, France

2Compagnie Internationale de Services Informatiques, Brest, France

During the SAMBA1 cruise in February 1994, 20 MARVOR floats have been launched off

Brazil, for 30 two-month cyde missions at 800 dbar.

MARVOR is a multicyde subsurface RAFOS float that sinks to its programmed depth or

rises to the surface by adjusting its global volume through a variable external ballast filled

with oil. An array of 13 sound sources which covers the entire Brazil Basin are used to tri

angulate the floats positions every 2 days. At the end of each 2 month cyde, the floats come

back to the surface and report their data through the ARGOS Satellite systems.

Results from the first 2 cydes which have been completed in June 1994, are presented.

Mean currents and EKE values are obtained over 2° lat by 5° long boxes, and an overall

horizontal diffusivity tensor is estimated.

These results are only provisory since as time passes by, much more data will be collected.

80 more MARVOR floats should be launched before the end of 1995 still at 800 dbar in the

Brazil Basin.

SAMBA (Sub-Antarctic Motion in the Brazil Basin) experiment, which aims at a descrip

tion and understanding ofthe general circulation of Antarctic Intermediate Waters in the

Brazil Basin, is a component ofthe DBE (Deep Basin Experiment), itselfa component of

the WOCE float program.
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THE SPREADING OF ANTARCTIC BOTTOM WATER IN THE ATLANTIC

OCEAN

R. Onken

Institut fur Meereskunde, Kiel University, Kiel, Germany

A Stommel-Arons model ofthe eireulation of Antaretie Bottom Water (AABW) in the At

lantie Oeean is presented and compared with observations. The AABW is defined as a layer

ofuniform thickness over a flat bottom, the lateral boundaries are given by the 4000-m iso

bath, the Drake Passage and the Passage between Mriea and Antaretiea are closed. The

model is foreed by a eoneentrated souree in the Weddell Sea representing the AABW for

mation and eompensating upwelling over the rest of the Atlantie.

Best agreement with observations was found using an AABW formation rate of about 8 Sv

(1 Sv = 10m3
S·l). In reality, however, a higher rate is required in order to establish the

AABW flow into the Indian Oeean. The rates of the interior transport, the transport through

topographie gaps and the transport of western boundary eurrents at the eastern flanks of

topographie barriers are ealculated and eompared with observations where available.

In additional runs it was found that raising the produetion rate to a value of 13 Sv and si

multaneously enabling an AABW outflow of 5 Sv into the Indian Oeean ean explain the

observed very high transport rates in the South Sandwich Trench. Different patterns of

nonuniform upwelling do not alter the general flow pattern signifieantly.
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THE ASYMMETRY OF UPPER ATLANTIC WESTERN BOUNDARY

CURRENTS

R. Onken

Institut rur Meereskunde, Kiel University, Kiel, Germany

In order to explain observed interhemispheric asymmetries of western boundary currents,

the linearized vorticity equation is solved for the upper Atlantic Ocean. The major asymme

tries can only be explained by superimposing a thermohaline flow on the wind-driven circu

lation. The best agreement with observations could be obtained from a model run driven by

a sinking rate of 20 Sv (1 Sv = 106 m3
S-I) in the northern North Atlantic and 4 Sv in the

Weddell Sea compensated by uniform upwelling of 9 Sv in the Atlantic and 15 Sv return

flow from other oceans via the Agulhas Current or Drake Passage. The model results ex

hibit the following characteristics:

(i) The Gulf Stream is twice as strong as the Brazil Current.

(ii) The Falkland Current is considerably stronger than the Labrador Current.

(iii) There is a cross-equatorial flow of27 Sv, 15 Sv ofwhich are thermohaline, the rest is

wind-driven.

Further conclusions can be drawn from the model results: There is a need for about 20 Sv

northward transport of Antarctic Intermediate Water and Upper Circumpolar Water at

about lOoS to explain the difference ofmodelled transports and observations. For the same

reasons an Antilles Current of about 16 Sv is required. The major part of the northward

heat transport in the North Atlantic has to occur via the tropical countercurrents and the

North Equatorial Current. Only less than 7 Sv take the shortest way to the Caribbean via

the Guiana Current. 56% ofthe Florida Strait transport is wind-driven.
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LATE QUATERNARY CHANGES OF THE PALEOCEANOLOGICAL

CONDITIONS IN THE SOUTH ATLANTIC

N.Oskina

P.P.Shirshov Institute ofOeeanology, Russian Aeademy of Seienees, Moseow, Russia

During the late Quaternary the dramatie ehanges of sea surfaee temperature and eireulation

in the South Atlantie were determined. These ehanges were global, but in various regions

their amplitudes were different. The equatorial zone and the Benguela upwelling region

were eharaeterized by the maximal ehanges of paleoeeonologieal eonditions. The minimal

changes of paleoeeanologieal eonditions took plaee near the Brazilian shore and in the een

tral part ofthe South Atlantie between IODS and 30DS.

The quantitative analysis of the planktonie foraminiferal assemblages, oxygen isotopie data

and radioearbon data were used for the reconstruetion of mean annual temperatures and sea

surfaee eireulation. The distributions of paleoisoterms and sea surfaee eurrents were ob

tained for the periods: 125, 75, 40 and 18 thousand years aga and fer the Holoeene opti

mum. The eooling of sea surfaee waters during the two glaeial stadials were estimated. The

amplitudes ofthe eooling were similar for both stadials. The Benguela eurrent and the Ben

guela upwelling were strenger than at present. Interstadial sea surfaee temperatures and

eireulation were similar to interglaeial ones, but the area of maximal temperature moved

from the northern hemisphere to the southern one. Presumably, it was eaused by the pres

enee ofglaeial reliets in the northern hemisphere.



110

PLEISTOCENE VARlATIONS OF SURFACE WATER PALEOTEMPERATURES

IN THE BENGUELA UPWELLING

N.Oskina

P.P. Shirshov Institute of Oeeanology, Russian Aeademy of Seiences, Moseow, Russia

Surfaee water paleotemperatures were reeonstrueted by the method of the quantitative

analysis of planktonie foraminiferal eomplexes. DSDP Site 362 sediments were studied. The

obtained results were as folIowes: the amplitude of surfaee water temperature ehanges

reaehed 15-17°C, maximal temperatures were 18-19°C, minimaiones were 2-3°C. The

global deerease of Atlantie surfaee water temperature during the late Pleistoeene maximal

eooling was no more than 5-6°C, henee the large amplitude of temperature fluetuations in

the studied region aeeounted for the change of intensifieation of the Benguela upwelling.

During the most part of the Quaternary the Benguela upwelling was more powernd than at

present. This conclusion is based on the analysis of the planktonic foraminiferal fauna and is

supported by other micropaleontological and lithologieal data. The fluetuations of the Ben

guela upwelling power were caused by the changes of surface eirculation.

DISTRIBUTIONS OF SILICATE, PHOSPHATE AND NITRATE IN THE

EQUATORIAL ATLANTIC BELT

C. Oudot\ P. Morin2
, F. Baurandl

, M. Wafar2 & P. Le Corre2

IORSTOM, Cayenne, Freneh Guyana,

2LOC, Universite de Bretagne Occidentale, Brest, Franee

In the framework ofWOCE Hydrographie Program, two trans-Atlantie CTDOltraeer

sections with closely-spaced stations along 4°30S and 7°30N (WHP Lines A7 and A6),

and two meridional sections 4°W and 35°W joining the two zonal sections, were occu

pied in January-March 1993 (CITHER I cruise on board the french RV L' ATALAN

TE). CTD profiles and nutrient data at 32 depths between surface and bottom were ob

tained at each station. VertieaI sections of the distribution of these three ehemical tracers

are presented and discussed in the context of large-scale circulation in the South Atlan

tic. These permit a study of the spreading of water masses between the western and
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eastern basins and their north-south extensions. The nutrient fields show the main com

ponents ofthe subthermocline and deep circulation.

The Antarctic Intermediate Water (AAIW) in the equatorial Atlantic is characterized by

relatively high silicate concentrations, with the highest (> 30 Ilmol kg- l
) at about 1000 m

depth (approximately 150 m below the AAIW salinity minimum), throughout the 4°30S

section and from the coast to the equator in the 35°W section. In the 7°30N section the

silica maximum is less strongly defined, and in the 4°W section, the tongue of high con

centrations (> 30 Ilmol kg- l
) is thinner and discontinuous from 4°30S to 5°N. Similar

tongues ofhigh phosphate (> 2.2 Ilmol kg- l
) and nitrate (> 30 Ilmol kg- l

) extend con

tinuously along all the sections shallower than that of silicate. Patches of higher concen

trations ofthese two nutrients (respectively > 2.4 and > 35 Ilmol kg- l
) are visible, es

pecially in the eastern basin.

Below the AAIW high-silicate tongue, a low silicate tongue characteristic ofthe Upper

North Atlantic Deep Water (UNADW), with a core value of < 20 Ilmol kg- l within 2° of

the equator, is observed up to 4°W indicating the eastward flow ofUNADW along the

equator as far as this longitude. Such a feature is also seen with the distribution of CFC,

but not with phosphate and nitrate. The Lower North Atlantic Deep Water (LNADW) is

identified by the deep silicate minimum « 30 Ilmol kg- l at about 3400 m) pressed against

the South American coast in the 7°30 N section.

Northward spreading ofthe Antarctic Bottom Water (AABW) can be traced by its sili

cate maximum (> 100 Ilmol kg-1
). A sharp gradient in silicate concentrations between

LNADW and AABW at 4000 m, with concentrations greater than 110 Ilmol kg- l below

4800 m, is seen in the northern part ofthe Brazil Basin in the 4°30S section. Such a fea

ture completely disappears east ofthe Mid-Atlantic Ridge, suggesting that pure AABW

does not flow into the eastern basin. High silica concentrations (maximum> 100 Ilmol

kg-1
) are visible within 1° ofthe equator in the 35°W section but absent at the same

depth in the 7°30N section. A silliocated at ION prevents the northward flow ofthe pure

AABW beyond the equator.
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BATHYMETRY OF THE HUNTER CHANNEL

J. Pätzold l & K. Heidland2

IDepartment of Geosciences, Bremen University, Bremen, Germany

2A1fred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany

The Rio Grande Rise is the most important barrier to the northward flow of Antaractic

Bottom Water (AABW) in the Atlantic. The primary pathway across this barrier has long

been known to be the Vema Channel (Wüst 1933), where direct current measurements indi

cate a strong flow of 4±OA x 106 m3s"1 (Hogg et al. 1982) from the Argentine Basin to the

Brazil Basin. The Hunter Channel is a less weH studied area of bottom water flow between

the Rio Grande Rise and the Mid-Atlantic Ridge. While the Vema Channel reveals a weIl

defined channel morphology which is weIl studied (Zenk et al. 1993) the bathymetry of the

Hunter Channel is more complicated and is less weIl known. Published Maps of the Hunter

Channel (e.g. Cherkis et al. 1989) are based on quite a few ship tracks. A bathymetric sur

vey to map the Hunter Channel with the multibeam sonar system HYDROSWEEP was

carried out during RV METEOR Cruise 1512.

In the southeastern area ofthe Rio Grande Rise (which is also named Rio Grande Ridge in

other maps) a detailed bathymetric survey of a sill at 34°40'S and 30°95 'W has been carried

out as a suspected area ofbottom water flow. Ihis sill is loeatedjust west ofa deep E-W

trending fracture zone with depths greater than 5000 m which appears to be an isolated

fragment of a large scale fracture zone emanating from the Mid-Atlantic Ridge. This sill

revealed depths of3600 m, whieh seems too shallow to allow passage ofbottom water

flow. Instead, a 5100 m deep canyon was found north of this area. However, temperature

recordings at that site make a bottom water flow unlikely.

Ihe Hunter Channel section is just northeast ofthe deep fraeture zone. The 200 km width

of the Hunter Channel is roughly ten times that of the Vema Channel to the west. The depth

ofthe Hunter Channel is e10se to 4300 m, whieh is only about 300 m shallower than the

Vema Channel. Narrower S-N extending valleys between 27°3YW and 27°15'W at

34°40'S are deeper (4700 m), but do not seem to be an open, important pathway sinee wa

ter temperatures are higher there. Further detailed mapping is needed to determine where

these valleys begin and end, and their role (ifthere is any) in guiding flow ofbottom water.

A new set of fine-resolution hydrographie measurements in the Hunter Channel has also

been obtained during that eruise, whieh allow the geostrophie bottom flow there to be esti

mated for the first time (Speer et al. 1992). The northward flow through the Hunter Chan

nel ofwater cooler than 2°C is estimated to be 0.7 x 106m3s"t, whieh is roughly one-fifth of
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that entering the Brazil Basin through the Vema Channel. Thus, the Hunter Channel flow is

an important component ofthe mass balance ofthe bottom water between the Argentine

Basin and the Brazil Basin.

BOUNDARY CURRENTS IN THE BRAZIL AND ARGENTINE BASIN

R.G. Peterson

Scripps Institution ofOceanography, La Jolla, California, USA

Circulation patterns within the subtropical and mid-Iatitude regions ofthe western South

Atlantic are dominated by currents flowing along the western and southern perimeters of

the Brazil and Agentine Basins. These boundary currents carry water into the South Atlan

tic from a host ofwidely separated and diverse geographicallocations, and as a result the

three dimensional velocity fields and distributions ofwater mass characteristics in the west

ern South Atlantic are as varied as in any other region ofthe global ocean. Furthermore, the

western boundary currents in the South Atlantic, formerly thought of as being rather weak,

are now becoming increasingly recognized as robust features. The sources, flow patterns,

and intensities ofthe various boundary currents in the Brazil and Argentine Basins are dis

cussed as they are presently known, as weil as their importance in relation to the general

circulation and the spreading ofwater masses at depth.
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DIRECT VELOCITY MEASUREMENTS IN TUE MALVINAS CURRENT

RG. Peterson & es. Johnson

Seripps Institution ofOeeanography, La Jolla, CA, USA

The northernmost front ofthe Antaretie Cireumpolar Current, the Subantaretie Front, turns

sharply northward east ofDrake Passage into the Malvinas (Falkland) Current. The orienta

tion of this front is strongly eontrolled by bathymetry along the western boundary of the

Argentine Basin, until the front reaehes about 400 S where it exeeutes an abrupt southward

return and later rejoins the zonal flow ofthe eireumpolar eurrent.

Reeent analyses of hydrographie data suggest that nearly half the transport through Drake

Passage, perhaps 60 Sv, ean turn north into the Malvinas Current, whieh is supported by

mass balanees within the Brazil-Malvinas Confluenee Zone (Peterson 1992). For this to be

true, however, there needs to be a large barotropie eomponent in the northward flow along

the western boundary, as the baroclinie eomponent there amounts to only about 10-15 Sv.

To test this, a number oflow-profile surfaee drifters, drogued at 100 m depth (W. Krauss,

IfM Kiel), were deployed in the northward flow of the Malvinas Current in August and

September 1992 from FS POLARSTERN. The motions ofthis buoys were remarkably

similar to the bathymetrie eontours, thus indieating an important barotropie eomponent and

little influenee by surfaee winds, until the buoys reaehed the eonfluenee zone where they

turned baek toward the south. Their general patterns were also very similar to the trajeeto

ries of a group of ALACE floats that moved through the area at about 750 m depth two

years earlier (R. Davies, SIO). The baroclinie strueture of the Malvinas Current is known to

be highly stable, and when vertieal shears are inferred from the two sets of Langrangian data

they are found to be eonsistent with geostrophie shears ea1culated from hydrographie data.

By making the appropriate adjustments to a set ofhistorieal geostrophie shears, the north

ward volume transport ofthe Malvinas Current at 42°S, including deep flow not eoming

direetly from Drake Passage, is estimated to be in the range of 60-70 Sv. Sueh a large

transport ofwaters having the eharaeteristies of intermediate and deep waters is important

in the supply ofthose waters to regions farther north in the South Atlantie.

Referenee: Peterson, R. (1992): Deep-Sea Res., 39, 623-644.
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LATE QUATERNARY CYCLING OF ORGANIC CARBON AND ASSOCIATED

ELEMENTS IN NAMIBIAN SLOPE SEDIMENTS

B. Pricel
, D. Kroonl

, R. Schneider2
, P.J. Mülle~, G. Wefer2 & I. Alexanderl

IDepartment ofGeology and Geophysics, The University ofEdinburgh, Grant Institute,

Edinburgh, UK

2Department of Geosciences, Bremen University, Bremen, Germany

Three cores 1711, 1706 and PC 12, located in 1-2 km of water, have been investigated to

record palaeoproductivity and palaeoclimatology changes during the last 150 ky. The cores

lie adjacent to an area of intense coastal upwelling and are probably subjected to fluctua

tions in upwelling activity as weIl as terrigenous and shelf inputs.

The cores have been subjected to detailed geochronological appraisal using stable isotope

stratigraphy (Ö I80, ö13C) and 14C dating. Additionally they have been examined for their

inorganic and biogeochemical alements by XRF analysis. Computation of these shows

strong cycling of organic carbon and associated elements U, Cu, Ni, biogenic Si02and bio

genic Ba. There is a supportive patterning of Sr!Ca ratios of biogenic carbonate.

Indices of terrigenous supply computed from element!Al ratios, particularly Zr!Al and Ti!Al

ratios also show strong cyclicity , which could be caused by direct injection from the neigh

bouring continent or from transport from the shelf influenced by windsystems and!or sea

level changes.
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GLACIAL-INTERGLACIAL VARIATION IN THE CIRCUMPOLAR CURRENT

(SCOTIA SEA AND FALKLAND TROUGH)

c.J. Pudsey & P.F. Barker

British Antarctic Survey, Madingley Road, Cambridge CB3 OET, UK

Downcurrent (east) ofthe choke point ofDrake Passage, the Antarctic Circumpolar Cur

rent interacts with complex topography ofthe Scotia Sea and North Scotia Ridge. Exten

sive geophysical surveys have identified areas of erosion and deposition controlled by the

basement topography of continental fragments, fracture zones and dead spreading ridge

segments. In some areas mounds of sediment 500-1000 m thick have accumulated on ocean

floor ofMiocene age (15-22 Ma). Deposition on these mounds has been controlled by

(i) supply, both biogenic (mainly silica, with some carbonate in the north near the

Polar Front) and terrigenous (ice-rafted debris and volcanic ash)

(ii) transport and reworking by the Circumpolar Current.

We examine Late Quaternary (glacial- interglacial) variation of these factors.

Sediment cores, dated by radiolarians (relative abundance of C. davisiana) show a strong

cyclicity in composition and texture. Inferred interglacial intervals are highly siliceous, may

bear carbonate, and contain over 10% sand. Moderate to good sorting ofthe sand attests to

current winnowing. Glacial intervals lack carbonate, are less siliceous and finer-grained.

Trace element geochemical data support higher interglacial productivity and suggest no

major downcore changes in the terrigenous source. It is inferred that the Circumpolar Cur

rent was less vigorous during glacial than interglacial periods.
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WOCE-WHP TRACER SECTIONS AT 110, 190, AND 300S ACROSS THE SOUTH

ATLANTIC

A. Putzka, W. Roether, R. Weil, H. Rose, C. Ruth, K. Bulsiewicz & G. Fraas

Institute far Environmental Physics, Bremen University, Bremen, Germany

We present a selection ofdistributions ofvarious CFCs (F-II, F-12, F-II3, CCI4), tritium,

and terrigenic helium along the WHP sections A8 - Al o. Details of the ventilation of the

upper layers, with the apparent depth of penetration decreasing northward, and advection of

relatively younger water in the cores of the intermediate and deep waters, primarily in the

respective western boundary currents, are apparent in the distributions, as is the compli

cated path of Antarctic Intermediate Water. CCI4 and tritium have penetrated the most into

the interiar of the deep water masses, giving a potential to estimate turnover times, slowest

renewal being found, as expected, east of the Midatlantic Ridge. Addition of waters from

the Pacific is reflected in enhanced concentrations of terrigenic 3He. It appears that prima

rily crustal helium low in 3He is added to the bottom waters of the South Atlantic. The ciata

provide powernd constraints for the present thermohaline circulation of the South Atlantic.
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DECOUPLING OF THE PHOSPHATE-Ö
l3

C1:C0
2

RELATIONSHIP IN

INTERMEDIATE WATER MASSES OF THE SOUTH ATLANTIC

R. Rapp, T. Bickert, M. Segl, & M. Zabel

Department of Geosciences, Bremen University, Bremen, Germany

Generally, the distribution of l3C/l2C in the oceans is viewed to be highly correlated to that

of phosphate. However, for some water masses this tie is not perfect. The reason is that

while nutrients circulate only through the sea, carbon circulates through the atmosphere as

weIl. During the air-sea gas exchange a temperature-dependent fractionation of carbon iso

topes occurs, causing a decoupling ofthe ö13CrC02-nutrient-re1ationship in the surface

water. This effect is strong in high latitudes, where intermediate and bottom water masses

are formed.

We investigated 13 vertical profiles ofpaired phospate and öl3Crco2 measurements made

on water sampies located in the western (Hunter Channel) and eastern Atlantic (Angola

and Cape Basins), and in the coastal upwelling area off Namibia. AdditionaIly, on a meridi

onal eastern Atlantic transect from 200 S to 25°N, the surface water was sampled. In most

open-ocean surface and deep waters an excellent correlation could be observed between

measured ö13Crco2 and phophate concentrations, converted to ö13C-values by the global

regression ofKroopnick (1985). However, the intermediate water data show obviously de

coupled nutrient and carbon isotopes, leaving the intermediate water enriched in 13e. The

opposite is true far the coastal profiles located in the upweIIing area off Namibia. Here the

intermediate water data show a good correlation between converted phosphate and carbon

isotope values, but deeper in the water column, related to the Circumpolar Deep Water

(CDW), the water is depleted relative to phophate, whereas the Ö13C values are similar to

the open-ocean data ofthe CDW.
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A HIGH RESOLUTION CAMERA SYSTEM (PARCA) FOR IMAGING MARINE

PARTICLES IN THE OCEAN

v. Ratmeyer & G. Wefer

Department of Geosciences, Bremen University, Bremen, Germany

For direct optical measurement of concentration, composition, size distribution and sinking

speed of marine particles in the deepocean, a high-resolution camera system (ParCa) was

designed to improve on similar systems used by Honjo et al.(1984), Asper (1987) and

Lampitt (1985). ParCa can be operated either remote controlled during profiling down to

6000 m water depth or completely autarc when deployed in a mooring over aperiod of

several month. Imaging a probe volume of 38 I, a maximum optical resolution of 50 ~m can

be obtained. The images provide information on particle concentration during profiling op

eration and both concentration and sinking speed while deployed in a certain depth over

time. An INFLUX current meter (G. Krause, AWI Bremerhaven) with CTD-sensors and

backscattering meter is mounted to the system for additional data aquisition and calibration

ofthe particle concentration. This method provides in situ information on the origin and

abundance of particles and aggregates (marine snow). To augment the use of sediment

traps, particle concentration can be measured even in areas or depths with high lateral

transport. The system was used on Meteor cruises M 22/1 and M 23/3 at several mooring

stations in the equatorial Atlantic ücean, and off the west African shelf. The images show

variable particle and plankton concentrations through 600 m of the water column, with

maximum concentrations in the upper 80 m. A distinctive change in the depth ofthe upper

particle maximum from 80 m (Brazil Basin) to 50 m (Guinea Basin) is represented in the

images as weIl as in the INFLUX chlorophyll-data. Large particles in the size class of ma

rine snow were not observed during either cruise. In order to acquire high-resolution data

on particle concentration and flux through time, ParCa is deployed with a sediment-trap

mooring off Gran Canaria between lune and September 1994. Quantitative analysis ofthe

particle concentrations and sinking speed is performed by digital image analysis and will be

compared to sediment-trap data and optical measurements by the INFLUX system.

References:

VL. Asper (1987): Measuring the flux and sinking speed of marine snow aggregates. Deep

SeaRes., 34, 1-17.

S. Honjo, K.W. Doherty, yc. Agrawal & VL. Asper (1984): Direct optical assessment of

large amorphous aggregates (marine snow) in the deep ocean. Deep-Sea Res., 31, 67

-76.

RS. Lampitt (1985): Evidence for seasonal deposition ofdetritus to the deep-sea floor and

its subsequent resuspension. Deep-Sea Research, 32, 885 - 897.
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CAUSES AND CONSEQUENCES OF HIGH LATITUDE WARMING IN THE

NEOGENE

M.E. Raymo

Dept. ofEarth, Atmospherie, and Planetary Seiences, Massaehusetts Institute of

Teehnology, Cambridge, MA, USA

Global eooling over the last forty million years has resulted in the build up oflarge iee eaps

at both poles. It has been hypothesized that this long term global eooling trend was the re

sult ofgradually deereasing atmospherie C02 levels, i.e. a "reverse greenhouse". The de

erease in CO2 levels may have been driven by inereased ehemieal weathering rates assoei

ated with the aetive tectonics and monsoon climate of the Himalayan region. A number of

paleoeeanographie proxies are eonsistent with the proposed inerease in global ehemieal

weathering rates and some intervals of rapid c1imate change (e.g. the middle Mioeene iee

build up in Antaretiea) eorrelate strongly with speeifie tectonic events in the Himalayas.

Given our poor understanding of the paleo-rCOz reeord and the speetrum of potential c1i

mate foreing meehanisms, two questions of partieular relevanee to the future stand out:

1) what is the sensitivity of climate to a doubling of atmospherie CO2?

2) what will the response of deep water formation at high latitudes be to global

warming?

Based on a eomparison with GCM results, some c1imate mode1ers have proposed that the

mid-Plioeene c1imate optimum (~3 Ma) may have been eaused by atmospherie COzlevels

twiee preindustriallevels. Likewise, eoupled oeean-atmosphere models suggest that NADW

formation would weaken signifieantly in a 2x COz world due to enhaneed preeipitation at

high northern latitudes. The geologie reeord ean be used to test these predietions. Proxy r

CO2 reeords, inc1uding those based on the Öl3C ofmarine organie matter, suggest that

atmospherie C02 levels in the mid Plioeene were only ~30% above preindustrialleve1s (e.g.

approximately equal to today). In addition, studies of deep water Öl3C gradients indieate

more vigorous thermohaline eireulation at this time of pronouneed high latitude warmth.

This suggests that NADW formation eould aet as a positive feedback accelerating warming

at high latitudes (via surfaee water heat transport in the northern hemisphere and by the

meltbaek of Antaretie sea iee as NADW upwells in the Southern Oeean).
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ON THE CIRCULATION OF TUE SOUTH ATLANTIC OCEAN

J.L. Reid

Scripps Institution of Oceanography, La Jolla, USA

In arecent study (Reid, 1994) maps ofthe general circulation ofthe Atlantic Ocean were

presented and discussed. The emphasis was placed upon the exchange ofwaters between

the North and South Atlantic as indicated by the patterns of characteristics.

The exchange with the waters entering through the Drake Passage involves further discus

sion ofthe effect ofthe Atlantic waters in providing a major defining characteristic ofthe

Circumpolar Water (the layer ofwarm and saline water). The associated features (the high

oxygen and low nutrient concentrations) are also defined weIl for a long distance down

stream in the Antarctic Circumpolar Current. However it is only the vertical maximum in

salinity that persists all along the flow around Antarctica and through the Drake Passage

into the South Atlantic.

This returning salinity maximum is much lower than the salinity maximum from the north

that it meets and mixes with in the South Atlantic. Part of their mixture turns back north

ward into the South Atlantic where it appears as the vertical maximum in salinity seen in the

east, but lower in salinity than the maximum seen along the western boundary. The rest of

the mixture continues eastward, with its salinity increased weIl above that of the Drake Pas

sage water and begins another circuit of Antarctica.
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TUE TIME-VARIABILITY AND STRUCTURE OF TUE FALKLAND CURRENT

A.W. Remeslo, P.P. Fedulow, P.P. Tschernyschkow & W.W. Dewizyn

Atlantic Research lost. for Sea Fisheries & Oceanology (Atlant/NIRO), Kaliningrad, Russia

The variability ofthe geostrophic flux and thermohaline structure ofthe Falkland Current

has been analysed. The data of 134 hydrographie profiles from as far south as 600 S, lying

between 60° to 57°W, have been used for the period 1982 to 1994. In addition, satellite

images of sea surface temperature for the period 1987 to 1994 were utilized.

A decrease in the average annual flux from 1982 to 1987, and an increase from 1986 to

1992, are apparent. The seasonal variations in the flux ofthe Falkland Current agree weIl

with the seasonal changes in the atmospheric transport of the region. A maximum in the

transport ofthe Falkland Current is characteristic for the months August, September and

November; a minimum for December to January and for June to July. Variations in the flux

with periods shorter than a month are in general smaller than the seasonal and the interan

nual variations. During a few months, however, these short-period variations are compara

ble to the seasonal ones.

A comparison between the intensity ofthe Falkland Current and the distribution of sea sur

face temperatures, from satellite remote sensing, shows that an increase in intensity of the

current leads to a commensurate increase in the temperature of slope waters.

In January to February, i.e. during the warrnest part ofthe year, the increase in temperature

ofthe surface layer ofthe Falkland Current corresponds with the flux increase ofthe cur

rent. The increase in intensity in winter leads to a fall in the surface temperatures.

A counter current in a southerly direction is evident throughout the year at 46°S, east of

58°30'W.
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TUE ATLANTIC DEEP WESTERN BOUNDARY CURRENT: WATJl:R MASSES

AND TRANSPORTS NEAR THE EQUATOR

M. Rhein, L. Stramma & U. Send

Institut fur Meereskunde, Kiel University, Kiel, Germany

The distributions and transports of deep water masses at the western boundary in the Tropi

eal Atlantie offBrazil have been studied on three surveys along 35°Wand along 50 S.

Transports are obtained from direet measurements of the veloeity fields (Pegasus profiling

system and lowered Aeoustie Doppler Current Profiler) and from geostrophie eomputa

tions. Using CFM and hydrographie distributions, four water masses eould be identified

forming the North Atlantie Deep Water (NADW) system. Two ofthese have a high CFM

eontent - the "shallow upper NADW" (suNADW) and the "overflow lower NADW" (ov

INADW). These exhibit the highest veloeity signals at 35°W, where distinet flow eores

seem to exist: most ofthe eastward flow ofthe suNADW (centered around 1600 m) oeeurs

320 km offshore between 3°09'S and 10 50'S (9.7 ± 3.3 Sv); farther north in that section, a

highly variable reversed flow is found in a seeond veloeity maximum. The transport of ov

INADW (centered around 3800 m) of 4.6 ± 2.6 Sv is guided by the Parnaiba Ridge at

10 45'S, 35°W. The water masses located between the two CFM maxima, the Labrador Sea

Water (LSW) and the INADW old water mass (lNADW-old), did not show any persistent

flow features, however a rather eonstant transport of 11.1 ± 2.6 Sv was observed for these

two layers. The total eastward flow ofthe NADW at 35°W showed a transport of26.8 ±

7.0 Sv, if one neglects the suNADW north oflo50'S.

At 50 S, the flow of all deep water masses shows vertically aligned cores; the main south

ward transport occurred near the coast (-19.5 ± 5.3 Sv). The boundary current is limited

offshore by a flow reversal, present in all three surveys, but located at different longitudes.

At lOGS a southward transport of 4.7 Sv was observed in November 1992. However, the

seetion extended only to 32°30'W, so that probably a major part ofthe flow has been

missed.

An important result is the large transport variability between single eruises as weil as va

riability of the spatial distribution of the flow at 35°W, whieh could lead to large uneertain

ties in the interpretation of single eruise observations. Despite these shorteomings, we pre

sent a likely eireulation pattern ofthe various deep water masses near the equator by com

bining our mean transport estimates with other observations.
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TRANSIENT-TRACER INFORMATION ON VENTILATION AND TRANSPORT

OF SOUTH ATLANTIC WATERS

W. Roether, A. Putzka, P. Beining, H. Rose, J. Sültenfuß & R. Weil

Institut fur Umweltphysik, Bremen University, Bremen, Germany

Transient tracer data obtained during the World Ocean Circulation Experiment (WOCE)

yield detailed distributions ofvarious chlorofluorocarbons (CFCs), oftritium, and ofhelium

isotopes through the South Atlantic. Such distributions, which allow one to study ventila

tion and transport of subsurface waters, are presented and assessed.

Cores of the deep water masses (at the western boundary) and pathways and gradual re

newal in the interior also ofEast Atlantic waters are reflected in the CFC distributions in

some detail. Much ofthe northward net flow of Antarctic Intermediate Water across 200 S

appears to be involved ina cyclonic loop between this latitufe and the equator. Ventilation

of the Central Waters including upwelling from the upper layers, and addition of Indian

Ocean Central Water (through the Agulhas Current retroflexion) are apparent in the tracer

distributions. Water ofPacific origin is distinguished by a specific 3He signal.

Consequences of some of the findings for an integrated view of the recirculation of South

Atlantic waters are addressed and some quantitative conclusions are drawn, also in com

parison with classical views ofthe recirculation (Reid 1989).

Reference:

Reid, J. (1989): Progr. Oceanogr. 23, 149-244.
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SOURCE WATERS OF ANTARCTIC BOTTOM WATER IN THE WEDDELL

SEA

W. Roether, J. Sültenfuß & A. Putzka

Institute for Environmental Physics, Bremen University, Bremen, Germany

According to distributions oftemperature, salinity, and CFC-11 observed along the nor

thern boundary of the Weddell Sea, waters transferred from the Weddell Basin into the

Scotia Sea to eventually form Antarctic Bottom Water (AABW), consist oftwo compo

nents. A young component being formed along the Antarctic Peninsula and possibly at shelf

breaks further downstream, is mixed with rather old Weddell Sea Deep Water presumably

generated in the classical way by upwelling ofWeddell Sea Bottom Water formed in the

SW Weddell Basin. A distinction is enabled by low salinity in T-S space, and, in particular,

substantial CFC-11 concentrations, of the former component. The mixture is carried along

the northern rim ofthe basin, and partially escapes northward, the data allowing one to de

termine the actual mixture flowing out. The remaining waters continue their eastward flow.

The flow is very narrow south of the S Orkney Islands, whereas at the Greenwich Meridian,

the waters carried influence water characteristics half through the Weddell Basin as weIl as

northward beyond the basin. The detailed view of the AABW source waters provided can

give c1ues on AABW formation under different climatic conditions.
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LATE QUATERNARY CLIMATIC-FORCED CHANGES OF TERRIGENOUS

DEPOSITION ON TUE CEARA. RISE

C. Rühlemann, W. Haie, P.J. Müller & S. Mulitza

Department of Geosciences, Bremen University, Bremen, Germany

Two equatorial Atlantic sediment cores from the Ceara Rise (GeoB 1515-1 and 1523-1) were

examined in order to reconstruct the influence of Amazon sediment load for the last 380 kyr

by analyzing downcore variations ofthe non-carbonate (~terrigenous sediment) concen

tration and Ö13Corg of organic matter (OM). Core 1515-1 (3129 m) was situated 770 km

and core 1523-1 (3292 m) 930 km NW ofthe Amazon River mouth.

Sedimentation at the Ceara Rise has been strongly influenced by terrigenous input from the

Amazon River as indicated by the non-carbonate concentrations, ranging between 57% and

82% for core 1515-1 and 40% and 68% for core 1523-1 with a 23-kyr-period. Because the

Ceara Rise is situated underneath an oligotrophic ocean area we assurne no extreme fluctua

tions in carbonate production for the last 380 kyr. A minimal presence of foraminiferal test

fragments suggested, that no significant carbonate dissolution occured except during isotope

stages 4 and 8.2. Therefore, the concentrations shown on the non-carbonate curve were

predominately controlled by variations in the terrigenous input itself and not by supply or

dissolution of carbonate.

Both cores show similar trends between their terrigenous content and Ö13Corg curves, indi

cating that variable input of terrigenous OM is responsible for variations of the isotopic com

position. The Ö13Corg values of21 surface sampies from the Ceara Rise and the Ceara Abys

sal Plain range between -18.8%0 and -20.7%0, indicating dominantly marine sources and no or

only minor deposition of terrigenous OM from the Amazon River during the Holocene. 8

13Corg values in core 1515-1 range between -20.7%0 and -22.3%0 and in core 1523-1 be

tween -20.1%0 and -21.8%0 with a 23-kyr period. From isotopic compositions the relative

proportions of marine and terrestrial OM can be quantified by assuming a linear mixing rela

tionship with marine (-19%0) and terrestrial (-27%0; Showers and Angle, 1986) carbon iso

tope end-members. Applying this relationship results in fluctuations between 25%-40%

terrestrial OM for core 1515-1 and 15%-35% for core 1523-1, respectively.

Spectral analysis of terrigenous component reveals for both cores a strong dependency on the

regional climate/ocean response to orbital variation in insolation at the periods of eccentricity,

obliquity and precession (ETP). The 23-kyr-, 41-kyr- and 100 kyr-periods ofboth cores

have nearly the same power in the spectra of terrestrial matter. Cross-spectral analysis

against ETP shows that the 23-kyr-period leads ETP by 5.5 kyr and is therefore phase-Iocked
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with minimum sea level. The 613Corg curves show only a strong 23-kyr signal, wherein a lag

of 5.8 kyr relative to the ETP curve is observed.

lOBE AND BA CONCENTRATIONS IN WEST-AFRICAN SEDIMENTS TRACE

PRODUCTIVITY IN THE PAST

H.-J. Rutsch l
, A. Mangini l

, M. Sege, G. Bonani3
, B. Dittrich-Hannen3

, P.W. Kubik3

& M. Suter3

IHeidelberger Akademie der Wissenschaften, INF 366, Heidelberg, Germany

2Department of Geosciences, Bremen University, Bremen, Germany

3Institut fur Mittelenergiephysik, ETH-Hönggerberg, Zürich, Switzerland

Particle reactive elements are scavenged to a higher degree at ocean margins than in the

open ocean due to higher fluxes ofbiogenic and terrigenic particles. In order to determine

the influence ofthese processes on the depositional fluxes of lOBe and barium, we per

formed high resolution measurements on the sediment core GeoB 1008-3 from the Angola

Basin, west ofthe Congo Fan.

Time series analysis ofthe lOBe and ofbarium concentration profiles reveals a strong domi

nance ofthe precessional period of23 kyrs which also controls the rates ofpaleoproduc

tivity in this core. Maxima of lOBe and barium concentrations coincide with maxima of the

paleoproductivity rates. During the maxima ofproductivity the fluxes ofbiogenic Ba are

increased by a factor ofup to six, whereas the biogenic lOBe fluxes exceed the atmospheric

production flux by about 100%. Applying a model for coastal scavenging, we ascribe the

observed different sensitivities of lOBe and Ba to biogenic particle fluxes to the approxi

mately 10 times longer ocean residence time ofbarium.

The terrigenic component ofBa was assumed to be proportional to the fluxes of alumino

silicates, which have a rather constant Ba content of350 ppm, as determined on a core from

the neighbourhood. The lOBe fluxes show a good correlation with fluxes of A12ü3' This

correlation suggests that the Congo River is a substantial source of lOBe for the sediments

in the Congo Fan.



128

THE INTERACTION OF CIRCULATION WATER MASSES, CLIMATE AND

FLORA IN THE SOUTH ATLANTIC

S. Safarova & G. Bratzeva

Institute of Oceanology, Russian Acad. of Sciences, Geological Institute, Moscow, Russia

Problems ofwater masses circulation, climate and continental framing flora are studied in

the South Atlantic in the regions ofthe Falkland Plateau, Maurice Ewing Bank and Cape

Basin off the West Mrican coast in the lower Cenozoic.

The research was conducted by palynological method. As it is known currents circulation

influence c1imate change significantly, and the climate in its return influence continental

vegetation change.

The studied material on the holes of deepwater drilling (Hole 511, 361 upper Eocene 

lower Oligocene ) shows, that the climate was warm and wet. In palynocomplexes pre

dominates Leiotriletes microadriennis, Cyathidites minor, Gleichenidites senonicus, Os

mundacidites sp. and etc. The occurrence of Clavatipollenites sp. cf c. highesii Couper in

pollen from the Cape Basin proves the existance oflink of South Mrica with South Amer

ica, Australia and New Zealand.

During numerous oceanologic expeditions besides bottom sediment research also eolic sus

pension study was conducted over the Atlantic Ocean and also water suspension in the

Ocean. The obtained data prove that the processes of preparation, transporting and sedi

ment deposition in the ocean are closely connected with nature zonality, similar to processes

taking place on the continent. Besides the dependance of the transferring of pollen and

spores in the atmosphere on the atmospheric circulation type is remarked in major degree

than on water circulation. The maps, water masses circulations for Eocene and Oligocene

will be presented in the report.
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CHANGES IN ATLANTIC DEEP WATER CIRCULATION AND THE ORIGIN OF

C14-PLATEAUS DURING GLACIAL TERMINATION I

M. Sarnthein

Geologisch-Paläontologisches Institut, Kiel University, Kiel, Germany

Major pulses of glacial meltwater that spread over the North Atlantic led twice to pro

nounced short-term ventilation minima in Atlantic deepwater below 1800 m, (I) about

14,200 - 13,000 14C years aga and (2) toward the end ofthe Younger Dryas, 10,200

9,600 14C years ago. The formation ofNorth Atlantic Deepwater (NADW) recommenced

abruptly north ofIceland both 12,800 - 12,500 14C years and 10,000/9,600 14C years ago,

each time reaching shortly a volume that approached that ofthe Holocene. Each renewal of

NADW formation led to a vast release offossil, that is 2000 to 3000 years old CO2 from

the ocean, an amount that came dose to half an atmospheric carbon unit and was sufficient

to cause the contemporanous 14C plateaus. In harmony with this model, atmospherric CO2

records show prominent CO2 spikes in the atmosphere precisely during that time.
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OCEANIC FLUXES ACROSS THE WOCE SECTION All:

(PUNTA ARENAS TO CAPE TOWN)

P.M. Saunders & B.A. King

IOSDL, Brook Road, Wormley, Godalming, Surrey, GU8 SUB, UK

High quality current measurements were made underway with a shipborne acoustic doppler

current profiler (ADCP) enhanced by use ofinstantaneous ship attitude as determined from

a GPS3DF receiver. These observations, made in January 1993, revealed the presence of

strong barotropic components (up to 40 cm/s) in the Falkland Current (wbc), augmenting

its transport to 50 Sv and verifying the predictions ofPeterson (1992) and ofthe numerical

modelFRAM.

The ADCP also permitted adetermination of the cross track Ekman flux directly (~5 Sv)

which compared weIl with estimates made from on board winds.

These two elements, which are believed cIimatologically representative, contribute signifi

cantly to the physical and chemical fluxes across the section. The heat flux is northwards, as

anticipated, but its value (0.5 pW) is larger than expected for the region (Macdonald, 1993)

and is insensitive to the strength ofthe wbc. Nutrient and oxygen flux change sign accor

ding to the strength of the wbc and the silicate flux depends critically on the magnitude of

the northward flux of bottom water in the Argentine basin. Few if any of the flux values (or

their signs) agree with those ofMacdonald which were the result ofinverse analysis. The

estimates from the simultaneous WOCE cruise AI0 are awaited with interest.
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GRAPHICAL ANALYSIS OF OCEANOGRAPHIC DATA ON THE pe

R. Schlitzer

Alfred-Wegener-Institute for Polar and Marine Research, Bremerhaven, Germany

As a cheap and handy tool for general purpose applications the personal computer (PC)

meanwhile has gained wide distribution. Hardware released in the last few years is

computationally powerful enough, contains sufficient storage capacity and has professional

graphics capabilities to be successfully applied for oceanographic research. For use on this

computer platform a data format and accompanying software has been developped that

allows storage oflarge amounts of oceanographic bottle, CTD or XBT data, allows

interactive access of the data, various forms of graphical display on the screen as weIl as on

hardcopy and allows output of derived quantities for further processing. Graphics output

includes general property-property plots, solor sections and colored distributions on

surfaces (constant depth, isopycnal, etc.). Import of new data as weIl as export of stored

data and derived quantities is possible, and application ofvarious station selection criteria

facilitates the analysis of, for instance, regional or seasonal data. The software will be

demonstrated. It is easy to use and intended for general distribution. Potential users are

"data-oriented" scientists, sea-going oceanographers that quickly want to "see" their new

data on scereen and compare the new data with the historical record and data quality

experts that have to manage and compare large datasets of different origin.
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THE VITORIA EDDY AND ITS RELATION TO THE BRAZIL CURRENT

C. Schmidt, H. Schäferl
, G. Podesta2 & W. Zenkl

IInstitut fur Meereskunde, Kiel University, Kiel, Germany

2Rosenstiel School ofMarine and Atmospheric Sciences, University ofMiami, USA

In late Austral summer of 1991 a cyclonic thermocline eddy was detected in the subtropical

western South Atlantic offthe Brazilian shelfnear the city ofVitoria. This "Vitoria eddy"

could be tracked for 55 days by surface drifters drogued at 100 m depth. The drifters had

been deployed in the western boundary regime by FS METEOR as part of a basin-wide

surface current study. The analysis of a combined CTD/XBT section across the Vitoria

eddy, together with drifter data and satellite images ofthe thermal surface structure reveals

the unexpected complexity ofthe region. The eddy interacted not only with the local topog

raphy and the Brazil Current, located further offshore, but also with an extended upwelling

regime north ofCabo Frio. The hydrographie and kinematic properties and anomalies ofthe

Vitoria eddy are analysed and compared with similar vortices described elsewhere in the

literature.
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LATE PLEISTOCENE BENTHIC FORAMINIFERA MIGRATIONS IN

RESPONSE TO DEEP WATER CIRCULATION AND PRODUCTIVITY

CHANGES IN THE SOUTH ATLANTIC OCEAN

G. Schmied) & A. Mackensen

Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany

On a meridional section between 700 S at the Antarctic continental margin and 100 S north of

the Walvis Ridge in the eastern South Atlantic ücean, the live and dead benthie foraminieral

distribution was mapped on the basis of 152 high-quality surfaee sediment sampies. We then

correlated the Reeent distribution pattern with the general deep and bottom water eir

culation and oeean surfaee produetivity. Predominantly infaunalliving speeies dominate

characteristic assemblages assoeiated with areas of enhanced oeean surface productivity on

the Antaretic upper continental slope, below a belt just south of and in the Polar Frontal

Zone, and below the upwelling areas on the Afriean continental margin. These high-pro

ductivity benthic faunas overprint specific assemblages that in more oligotrophie parts are

eharacteristically adapted to young bottom water masses of southern origin or older deep

water masses from the northern Atlantic Ocean.

To record the response ofthese assemblages to global climatic cycles and corresponding

changes in paleoceanography, we investigated two cores from the Antarctic continental

slope, five cores from a section aeross the Antarctic Circumpolar Current (ACC) and the

associated oceanographic surface fronts, as weil as two eores from the African continental

margin and the Walvis Ridge on their benthic foraminiferal content.

Here we interpret benthic foraminiferal down-core fluctuations as reflecting lateral and ver

tical migrations of specific faunas in reaction to changing trophie and oceanographic condi

tions. We find that during peak glacial periods at the Antaretie continental margin surface

ocean productivity was reduced and bottom water production probably ceased, that the

high productivity belt associated with the Polar Front became less productive and moved by

about 7° latitude northwards, and that the upwelling induced high productivity zone off

SW-Africa strongly expanded and increased in intensity. North ofthe ACC, strongest in

crease in productivity is indicated during glacial stages 12 and 10 whereas at the Antarctic

continental margin, highest produetivity oceurred during interglacial stages 11, 9, and 7.

During climatic optima calcite corrosive bottom water from the Weddell Sea dominates the

abyssal parts of the eastern basins south of the Walvis Ridge, and deep water of northern

origin was injected into the ACC driven Circumpolar Deep Water at intermediate depths.
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FIRST RESULTS FROM ODP LEG 155 ON AMAZON FAN SEDIMENT

LITHOLOGY, BIOSTRATIGRAPHY, AND GEOCHEMISTRY

R.R. Schneiderl
, K. Hinrichs2

, M. Maslin3 & Leg 155 scientific party

'Department ofGeosciences, Bremen University, Bremen, Germany

2Institut f Biologie und Chemie des Meeres, Universität Oldenburg, Germany

3Geologisch-Paläontologisches-Institut, CAU Kiel, Germany

34 Holes at 17 sites were drilled on the Amazon deep-sea fan during Ocean Drilling Pro

gram Leg 155. The Late Quaternary sediments recovered record fan growth patterns,

changes in overlying oceanic circulation and river discharge, in relation to sea-level and cli

mate fluctuations. Moreover pollen, organic carbon compounds and the mineralogy ofterri

genous detritus will provide essential information on climate-related vegetation and

weathering history of northern South America. Shipboard biostratigraphic, paleomagnetic

and sedimentological investigations have established a fan chronology for the last 250.000

years, as weIl as the assignment of different fan lithologies and their spatial distribution to

distinct climatic periods and states of sea-level.

The Holocene and interglacial sea-level highstands of oxygen isotopic stages 5 and 7 are

reflected by pelagic calcareous clays which were deposited across the entire fan at sedimen

tation rates ofO.02 to 0.10 m/k.y., while sedimentation ofterrigenous sediments took pIace

on the continental shelf The calcareous clays contain up to 40% carbonate and 0.2-0.5%

organic carbon.

During glacial sea-levellowstands sedimentation ofterrigenous clays, silts and sands pre

vailed, which were distributed by several turbidite channel systems over the upper and lower

fan. Shifts of the respectively active channel took place on the upper fan at time intervals of

5000 to 10.000 years. Drilling oflevee sequences associated with these distributary chan

nels (Upper, Middle and Lower Levee Complexes) showed that levees built by active chan

nels accumulated at rates of 5-50 m/k.y., in contrast to sedimentation rates of 1-3 m/k.y. for

bioturbated hemipelagic muds which cover the levee crests of abandoned channels. Organic

carbon contents in glacial sediments varied between 0.8 and 1.2% and reached occasionally

about 4% in sand layers enriched in plant debris, while carbonate contents were continously

below 2%. Gas measurements showed high amounts ofbiogenic methan which was also

evident from severe disruption of primary sediment fabrics and spreading of sediment cores

after recovery.

Debris flow deposits over 100 m thick cover more than half of the present fan surface.

Other debris flow deposits separate last glacial channel and levee systems (Upper and mid-
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dIe complex) from older interglacial calcareous c1ay sequences (oxygen stages 5, 7, or 9)

and preceding glacial hemipelagic muds and turbiditic levee sediments (Lower complex).

This pattern implies that major falls and rises of sea-level triggered enormous mass flows

down the fan, either from the shelf 01' the upper slope area.

Even though the fan is mostly built up ofvery rapid deposited and reworked sediments, it

should provide high-resolution records of changes in Western Tropical Atlantic surface

circulation and the climatic history of the Amazon Basin and surrounding highlands. The

availability of numerous Leg 155 cores covering different levee systems which had been

active at different time intervals can be used to obtain a composite record spanning at least

the last 80.000 years with aresolution of several tens of meters per kiloyear.
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SURFACE CIRCULATION AND PRODUCTIVITY IN THE EASTERN SOUTJI

ATLANTIC DURING THE LATE QUATERNARY: INFLUENCE OF BOREAL

MONSOONAL FORCING AND SOUTHERN WATER-MASS ADVECTION

R.R. Schneider, P.J. Müller, G. Ruhland & I. Ehrhardt

Department of Geosciences, Bremen University, Bremen, Germany

The modern surface oceanography in the equatorial South Atlantic between 0° and 25°S

and east of 100 W is characterized by a cyc10nic gyre circulation inc1uding the northwest

directed Benguela Current, the eastward South Equatorial Counter Current, and the Angola

Current which flows southward along the Angola Margin. The opposing directions of the

Angola Current and the Benguela Current resuit in a convergence ofwarm tropical and cold

southern surface waters between 14° and 17° S off Angola. This IAngola-Bengue1a-Front"

is reflected by a prominent temperature gradient of about 5° C. High biological productivity

in the eastern South Atlantic is induced by trade-wind forced divergence at the equator, by

coastal upweIIing offNambia (17° to 300 S) and by shoaling of nutrient-rich subsurface wa

ters in the gyre area centered in the Angola Basin.

In order to reconstruct Late Quaternary variations in the surface oceanography in the east

ern South Atlantic, records for sea-surface temperatures (SST) and paleoproductivity,

based on alkenone and organic carbon concentrations, as weil as on stable carbon isotopes

of organic carbon and planktonic foraminifers, were established from sediment cores located

in the Angola Basin, at the Walvis Ridge, and in the Cape Basin. These records reveal that

during the last 200,000 years surface circulation and productivity changes in the east-equa

torial South Atlantic were highly sensitive to precessional forcing. The phasing of preces

sional variations in the paleoproductivity and SST records from distinct sites and in the

temperature gradient across the ABF is evaluated with respect to the 23-kyr periodicity of

boreal summer insolation over Mrica and with respect to SST and paleoproductivity

changes documented in existing records for the equatorial divergence and the Cape Basin

(McIntyre et al., 1989; Imbrie et al., 1989; Verardo and McIntyre, 1994). The resuiting

phase patterns suggest that the east-equatorial South Atlantic is sensitive to West-Mrican

monsoon intensity via trade-wind zonality at least as far south as 20° S. Moreover, they

suggest that a cyclonic gyre circulation has existed continously under glacial and interglacial

c1imates. Presumably, the central field of zonaIly-directed trades over the eastern South At

lantic was not shifted or extended northward by several degrees of latitude in glacial times.

Periodic SST decreases and increases ofproductivity in the Angola Basin at the 23-kyr cy

cle were driven by reduced temperatures and enhanced nutrient contents in Benguela Cur

rent waters advected across the Walvis Ridge, and did not resuit from changes in the trade

wind intensity which controls coastal upwelIing south ofthe Angola-Benguela-Front.
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BOTTOM WATER ANOMALY AT THE SUBANTARCTIC FRONT ON

GREENWICH MERIDIAN

M. Schröder, M. Hoppema & A. Wisotzki

Alfred Wegener Institute for Polar- and Marine Research, Bremerhaven, Germany

In neariy all deep ocean basins south of 500 N Antarctic Bottom Water can be detected by

its relatively cold, fresh and oxygen-rich characteristics. It has its source regions around

Antarctica but mainly in the Weddell and Ross Seas. Approximately 20 Sv are transported

out of the Antarctic Circumpolar Current region toward the north.

Closely spaced hydrographic measurements were done in 1992 on a winter cruise (ANT

X/4) ofRV POLARSTERN between South Africa and the Antarctic continent. Near the

Subantarctic Front anomalously high concentrations of nitrate and phosphate were observed

while temperature and salinity did not show unusual patterns. North ofthe Subantarctic

Front at depths >2000 m both nutrients were increased by ~10% compared with adjacent

stations and additionaly form a maximum near the bottom (Fig. la). The anomaly intrudes

the southward penetrating tongue ofNorth Atlantic Deep Water dividing it in two separate

regimes. The difference between them is most evident in 'NO'-values (9N + 10), which

were previously shown to be conservative water mass tracer in the Weddell Sea.

Data from a summer cruise of RV METEOR in 1990 (M 1115) in the Drake Passage and

south of South Africa were considered to study the origin of that structure. In the Drake

Passage also high concentrations of nutrients near the Subantarctic Front were measured,

however no maximum at the bottom. Near the Greenwich meridian the METEOR data did

not reveal such anomalies.

Mixing diagrams of all parameters measured in winter 1992 suggest that the main part of

the nutrient anomaly in the lower 3000 m had its origin in the Pacific. It passed the Drake

Passage approximately in 1990 and was seen about two and a half years later at the

Greenwich meridian. The near bottom maximum can not be explained in this way. The only

water mass which in all our analyses has consistent properties as a source for this bottom

maximum is Weddell Sea Deep Water between 500 and 2500 m, noticeable by its high

phosphate values in Fig. Ib.

The route from the Weddell basin to the Subantarctic Front at 45°S, OOE is presently not

known. The outflow ofWeddell Sea Deep Water through gaps in the South Scotia Ridge

and its dilution within the Scotia Sea is likely to be involved. A possible continuation of the

flow runs east of the South Sandwich Arc but must then be focussed into distinct streaks
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during its passage through deep gaps in the Mid-Atlantic Ridge, such as the one near 43°S.

This leads to the weIl defined bulge near the bottom underneath the Subantarctic Front. Gur

observation suggests that upper Weddell Sea Deep Water possibly plays a more important

role in the modification of AABW than expected so far.
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Fig. la: Vertical section of phosphate in !1mollkg observed by RV POLARSTERN in June
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THE BENGUELA: PHYSICAL FEATURES, SHELF DYNAMICS AND SYSTEM

VARIABILITY

L.V. Shannon & G. Nelson

Sea Fisheries Research Institute, Rogge Bay 8012, Cape Town, South Mrica

The Benguela is one offour major eastern boundary current regions ofthe World ocean.

Although the oceanography ofthe western coast of southern Africa is dominated, like that

off California, Peru and North West Africa by a coastal upwelling system, the Benguela is

unique in that it is bounded on both equatorward and poleward ends by warm water re

gnnes.

In this paper we build on major review articles which were published during the 1980s by

providing abrief overview of the principal physical features of the Benguela, including

bathymetry, wind field, frontal structure, etc., and then highlighting the main advances in the

conceptual understanding of the system since 1985.

A large component of research on the eastern boundary shelf has been conducted in recent

years by the institute to which the authors are affiliated. This has given clear definition to

four aspects of shelf dynamics, these being poleward flow at depth across the shelf and out

into the slope region, the existence ofbaroclinic shelf-edge jets in the vicinity ofthe shelf

break, barotropic shelf waves and the importance of variation in wind rather than constant

strength ofwind as a factor controlling upwelling. Short discussions of some, as yet, un

published findings supplement published works by ourselves and other authors. The latter

include theoretical studies of coastal-trapped waves, the propagation ofRossby waves from

the basin onto the shelf, atmospheric forcing, sea-level variation and near-surface currents in

the southern region.

Variability on different temporal and spatial scales in the Benguela region is addressed. Of

particular importance are the events such as Benguela Ninos in the north and intrusions of

Agulhas water in the south. The latter, which can take the form of filaments or rings, exert a

significant influence on the oceanography ofthe region ofthe "Greater Agulhas Current",

with interactions between Agulhas rings and Benguela shelfwaters having recently been

documented.
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WOCE SECTIONS IN THE SOUTH ATLANTIC

G. Siedlerl & M. Arhan2

lrnstitut fur Meereskunde, Kiel, Germany; 2Ifremer, LPO, Plouzane, France

The WOCE Hydrographic Programme includes a network ofhydrographical and geochemi

cal sections with high accuracy and high resolution in the South Atlantic. This ocean-wide

data set will be used for the initialization and testing of models aimed at the understanding

of the role of the ocean in climate change. The South Atlantic represents a key passage far

the global thermohaline circulation, and an improved knowledge of the meridional fluxes in

this region is critical for the understanding ofthis circulation. Some ofthe WHP section

data in the western South Atlantic are also being used as data sets for the WOCE Deep Ba

sin Experiment which is aimed at quantifJing the deep western boundary and interior flow

and the mixing processes in the Brazil Basin.

A status report will be given on the Atlantic WHP observations in the region between the

equatorial belt and the northern boundary of the Antarctic Circumpolar Current system. All

the zonal sections A6 - All and the meridional section Al? have been occupied between

February 1991 and May 1994. WOCE activities near the latitude ofthe "heat flux section"

at 300 S also included additional shorter hydrographical sections in the Brazil Current re

gime, moored current meter arrays in the deep western boundary current region, in the

Hunter Channel and in the eastern boundary current region, as weil as RAFOS float obser

vations in the Antarctic Intermediate Water.

Although only part ofthe WHP data set has already gone through the final quality control

phase, we will, on the basis of preliminary data sets, review the new section data, describe

the ongoing evaluation and discuss some first results on water mass distributions, on circu

lation patterns and on transports.
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THE SOUTHERN BOUNDARY MOORING ARRAY OF THE DEEP BASIN

EXPERIMENT IN WOCE

G. Siedlert, N. Hogg2
, T. J. Müller l & W. Zellkl

IInstitut fur Meereskunde, Kiel University, Kiel, Germany

2Woods Hole Oceanographic Institution, Woods Hole, USA

The observational programme ofthe Deep Basin Experiment, a component ofCore Project

3 in WOCE, required two year-long current meter observations in the connection region

between the Brazil and the Argentine Basin (ACM3 and ACM13). These measurements

were conducted between January 1991 and December 1992 in a coordinated effort ofthe

Institut fur Meereskunde Kiel and the Woods Hole Oceanographic Institution. A total of 59

instruments were distributed on 13 moorings between the continental slope offBrazil and

the Vema Channel at a nominallatitude of30oS. After almost two years 11 moorings were

recovered successfully. The main objective ofthe study was adetermination oftransport

variability in the western boundary current system and in the bottom water exchange be

tween the Argentine and Brazil Basins.

The obtained current meter records are classified and displayed according to the following

water masses: Thermocline Water, Antarctic Intermediate Water (AAIW), North Atlantic

Deep Water (NADW) and Antarctic Bottom Water (AABW). Series from the western side

are dominated by fluctuations ofthe Brazil Current. Results from the intermediate level are

consistent with float observations, both showing a persistent southwestward flow of AAIW.

Particularly high bottom water inflow was found on the deep slope and in the Vema Chan

nel. The northward flow across the Vema Sill is controlled by topography.The mean speed

at 150 m above the sill amounts to 36 cm S·l. The mean kinetic energy (MKE) ofthe

AABW overflow exceeds the eddy kinetic energy (EKE) by one order of magnitude

whereas the MKE ofthe Brazil Current is only twice the EKE.
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THE ACCLAIM PROGRAMME IN THE SOUTH ATLANTIC AND SOUTHERN

OCEANS

M.J. Smithson & J.M. Vassie

Proudman Oceanographic Lab., Bidston Observat., Birkenhead, Merseyside, L43 7RA, UK

The ACCLAIM (Antarctic Circumpolar Current Levels from Altimetry and Island Meas

urements) programme is designed to study variations in the flow of the ACC on large time

and space scales. The ACC is one of the important ocean current systems since it links all

three meridional oceans and is responsible for inter-ocean transfer ofmass, heat and salt.

The dynamics ofthe system are not weH understood and measurements ofthe flux ofvari

ous parameters are required. ACCLAIM consists of a network of island tide gauges and

bottom pressure recorders in the South Atlantic and Southern Oceans which are arranged to

span the ACC to provide measurements of pressure differences and hence variability in

transport. Since 1985 an extensive dataset of measurements has been collected and these

are being used in a number of analyses. The ACCLAIM network is also part of GLOSS and

ofthe ERS-l and TOPEXlPOSEIDON sea level network providing data for the validation

of satellite altimetry.

Reference:

Spencer, R., P.R. Foden, C. McGarry, Al Harrison, lM. Vassie, T.F. Baker,

M.l Smithson, S. Harangozo & P.L. Woodworth (1993): The ACCLAIM pro

gramme in the South Atlantic and Southern Oceans. International Hydrographie Re

view, LXX( 1 ), 70-21.
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WATER MASSES OF THE SOUTH ATLANTIC: RESULTS FROM WOCE All

SECTION

D. Smythe-Wrightl
, P. M. Saunders2 & ß. A. King2 et al.

IJames RenneIl Centre for Oeean Cireulation, Southampton, UK

2Institute of Oeeanographie Seiences, Godalming, Surrey, UK

In Deeember 1992-February 1993 hydrographie and ehemieal tracer data were eolleeted

during Diseovery eruise 199 (WOCE eruise All), from Punta Arenas to Cape Town. Re

sults show that there are distinet differenees in the eharaeteristies ofBottom Water found in

the Argentine Basin to that found in the Cape Basin. It appears that the Bottom Water in

the Cape Basin is a straight mix between O°C (or thereabouts) Weddell Deep Water and

North Atlantie Deep Water. There is no evidenee of any eireumpolar water. In eontrast, in

the Argentine Basin, the Bottom Water has eharaeteristies dose to that ofWeddell Deep

Water and there appears to be a large volume of Cireumpolar Deep Water.

CFC and nutrient data in the Cape Basin show that the youngest most nutrient rieh deep

water enters in distinet plumes, primarily towards the western flank ofthe Basin. CFC ages

suggest that the mixing age is early to mid 1950s. This is likely to be very dose to its true

age sinee the NADW with whieh it is mixing has a very low CFC signal.

In the Argentine Basin the most predominate flow ofDeep Water appears to be on the

eastern flank, whieh is in eontrast to the popular beliefthat the dominant flow of AABW

northwards is in a western boundary eurrent. This water is of late 1960s vintage.

Ihere are also dear differenees in NADW between the Eastern and Western Basins. In the

Western Basin the water mass is virtually mixed away with little evidenee of its core charac

teristics at 45°S; the most predominant flow is in the centre ofthe Basin. In contrast, in the

Cape Basin, NADW still retains some of its high oxygen, low nutrient characteristics and

from the CFC data it appears that the main flow is dose to the African coast, with a small

but distinct CFC signal evident at 2000 m.
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EVIDENCE FOR THE TRANSPORT OF BRAZIL CURRENT RINGS ACROSS

THE SOUTH ATLANTIC TO THE AGULHAS RETROFLECTION REGION

D. Smythe-Wrightl
, P. Chapman\ M. Huddlestonl & P. Saunders3 et al.*

'James RenneIl Centre for Oeean Cireulation, Southampton, UK

2Texas A&M University, Texas, USA; 3 lost. ofOeeanographie Seienees, Godalming, UK

In this paper we present evidenee for the first observation of a Brazil Current ring trans

ported in the subantaretie eireulation of the South Atlantie gyre to the eastern South Atlan

tie. In Deeember 1992 to February 1993 hydrographie and ehemieal traeer data were eo1

leeted during Diseovery eruise 199 (WOCE eruise All ), from Punta Arenas to Cape

Town. At the time ofthe eruise the surfaee waters ofthe Cape Basin were eharaeterised by

very warm temperatures and high salinities. An intense front at 35°30S, 5°30E marked the

main transition between subantaretie and subtropieal water. To the west surfaee waters

were charaeterised by temperatures of between 9-16°C and salinities between 34.7 and

35.0 psu. To the east surfaee temperatures were in exeess of20°C and salinities between

35.4 and 35.8 psu. Within the overall T/S strueture two anomalous water mass were ob

served; both suggested the presenee of two warm eore rings. Ring B appeared as a thermo

stad ofeool (13.2°C) saline (salinity 35.2 psu) water approximately 600 m deep capped by

warmer fresher water typieal of the surrounding area. Ring A was a depression in the iso

therms down to 250 m. From the TS and ehemieal eharaeteristies it is apparent that the two

rings were unlikely to have eome from the same souree. CFC-113:CFC-11 mixing ratios

suggested that ring B had been isolated from the surfaee for some time and was likely venti

lated about two years earlier. In eontrast Ring A had CFC ratios and CFC and oxygen

saturations eonsistent with reeent ventilation. Heat and ehemieal budgets eonfirmed that

Ring A was a new Agulhas ring, but pointed to an alternative for Ring B. Comparison with

hydrographie and ehemieal eharaeteristies for the Brazil Current Retrofleetion region sug

gested that this was the most likely souree. Realistie transport rates and heat and ehemieal

budgets based on this souree eoneurred with our supposition that Ring B was an overwin

tered Brazil Ring whieh had been transported to the Cape Basin.

* et al. seientifie party of eruise D 199.



145

SEASONAL VARIATIONS IN TUE BRAZIL CURRENT MEASURED BY LCD

DRIFTERS

R. B. de Souza & M. R. Stevenson

Remote Sensing Dept., National Institute for Space Research, Säo Jose dos Campos, Brazil

Five WOCE standard, low cost drifters (LCDIs) were launched on 17 February 1993, and a

second set offive LCD's on 18 July 1993. All LCDls were fabricated by INPE and meas

ured surface water temperatures. These drifters were used in a surface layer, western

boundary current experiment in Project COROAS, Brazil's contribution to WOCE, SVP. A

thermosalinograph was used to locate a thermohaline front, normally associated with the

western boundary ofthe Brazil Current (BC). For both experiments, the LCDls were

launched in a box pattern across this western boundary of the Be. The fifth drifter of each

set was launched within the box. After the first experiment had been underway for several

months, it became apparent that the first part ofthese trajectories exhibited a strong spatial

similarity, that is, their respective trajectories came into elose proximity to one another, al

though somewhat separated by time. Comparison with the second set of trajectories showed

the more offshore LCD trajectory to be similar to those drifter trajectories obtained five

months earlier in time. Mean characteristics for the current from the first set ofLCDls

(Summer-Fall) was 24.5 cm/s (±11.6 cm/s, 1 0') toward 217.3° (± 5.1°, 1 0'). Sea surface

temperature was 25.4°C (±0.58°C, 1 0'). Mean current characteristics for the LCD from the

second group (Winter-Spring), was 15.1 cm/s, toward 207.6°; current speed was within 1 s

ofthat indicated by the first group ofLCD's and suggests that the speed ofthe surface flow

ofthe BC does not change markedly from one season to the next. Current direction in the

Summer-Fall interval, however, was more southerly than westerly in the later set of current

measurements, displacing the BC more offshore as it flows to the south. Water temperature

was 20.0°C in the Winter-Spring period, 5°C cooler than during the summer period. Domi

nant peaks obtained from FFT spectral analyses of the displacement series and the mean sea

surface temperatures of the LCDls showed time dependent processes on time scales of sev

eral days to 51 days to be present in the surface layer ofthe Brazil Current between 23°S

and 33.4°S.
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SOUTH ATLANTIC PALEOCEANOGRAPHIC EVENTS RECORDED IN THE

NEOGENE DEEP WATER SECTION OF THE CAMPOS BASIN, BRAZIL

C.E. Souza Cruz

PETROHRA.S Research Center, Rio de Janeiro, Brazil

The Campos Basin, situated offshore of the easternmost projection of the South Ameriean

shoreline south of200S (Säo Tome Cape), is an exceptional region for evaluating the inter

action between sedimentation and oceanic eireulation. This results from the eombination of

several present day features, such as the basin loeation (22°-23°S, 39°-41°W), the presenee

of stratified water masses and a very thiek wedge ofNeogene deep-water sediments shown

as very large sigmoidal wedges in seismie dip sections. They are formed by bioturbated,

rhythmie mudstone-marlstone bundles ofvariable thickness, which overlay a dominantly

sandy basal section interpreted as a mixed turbidite-contourite system. Several third-order

stratigraphie sequenees have been identified in seismie seetions, eorrelated with weIl logs

and nannofossil biostratigraphic data by means of synthetie seismograms. The Neogene

stratigraphic sequenees show acyclicity consistent with interpreted third-order eustatic

fluctuations of the global eycle chart (Haq et al. , 1987).

Despite the correspondence of sequence limits with global eustatie lowerings, the currently

aceepted sequence stratigraphy model does not explain the sequenee pattern observed in the

Campos Basin. This holds true specially with regard to the nature ofthe deep-water wedges

and the intensity of some erosional unconformities associated to them. These wedges con

sist entirely of deep-water facies with bathyal faunas and are bounded by erosional surfaees.

Although eustatic sea level changes playa role in this proeess, the construction of deep

water wedges and major erosional uneonformities are best explained by ehanges in the oee

anic eireulation pattern modulated by climatie changes. The Neogene deep-water section of

the Campos Basin clearly records some important paleoeeanographic events of the South

Atlantie. For instanee, the change from Oligocene to Miocene corresponds to aperiod of

intense global deep-water marine circulation brought about by the Circumpolar Antarctie

Current following the opening of the Drake Passage. Coeval events in the Campos Basin

include a regional deep-water uneonformity and extensive reworking of deep-water sands.

Two other great deep-water unconformities ofMiddle Miocene (~16.5 Ma) and Upper

Miocene (between 5.5 and 8.2 Ma) age in the Campos Basin eorrelate respeetively with the

weIl known East and West Antarctiea glaciations. This demonstrates that the erosional and

depositional events in the Neogene ofthe Campos Basin were controlled by the intensity of

bottom current activity, by the sediment supply/dispersal ratio, and by their interaction with

the basin morphology.
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BEAT TRANSPORT AT 11° SOUTH IN THE SOUTH ATLANTIC

K. Speer, J. Holfort & G. Siedler

IFREMER LPO, Brest, Franee and IFM Kiel, Germany

Hydrographie data from RV OCEANUS eruise 133 in 1983 at 11 South were used to eom

pute meridional heat transport. Climatologieal wind foreing, hydrographie studies, and ship

drifts all suggest that the western and eastern boundary eurrents are weak at this latitude;

consequently, estimates of heat transport from hydrographie and wind data alone may be

aeeurate. The result is 0.7 PW to the north in the annual mean. Hydrographie data from

seetions farther south, obtained on OCEANUS eruise 133 and METEOR eruise 15, are also

used to support this figure to within about 25 pereent.
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SOME WINTERTIME BRAZIL CURRENT AND SHELF CIRCULATION

FEATURES AS OBSERVED FROM AVHIRRlNOAA IMAGES

J.L. Stech\ J.A. LorenzzettP, c.L. da Silva Jr\. S.M. Rosa l & E.J.D. Campos2

IRemote Sensing Division, Natl. Inst. for Space Research, Sao Jose dos Campos, Brazil

20ceanographic Institute, University of Sao Paulo, Sao Paulo, Brazil

As a component ofthe project COROAS, an acronym for Oceanic Circulation for the

Western Region ofthe South Atlantic, belonging to the Brazilian WOCE program, one and

a halfyears of daily AVHRR/NOAA digital images have been processed and analysed to

investigate the spatial, temporal and dynamical characteristics ofthe Brazil Current (BC) off

SE/S Brazil. Some hydrographic data collected in the same project over the shelf and shelf

break regions were also available far some radials coincident with periods of low cloud

conditions when IR images could be analysed. In this paper, an interpretation is made of the

best image available from this data set. The image, of July 20, 1993, presents a very rare

case of almost cloudless sky over a large region of the Brazilian coast, extending from

about 20o S, 39°W up to 32°S, 42°W. Digital data from channels 4 and 5 ofNOAA-11

AVHRR sensor were used with one ofthe MCSST NOAA algarithms far atmospheric

correction and generation ofthe SST image. The final image was remapped to a Mercator

projection, gridded with a 2°x2° lat/long mesh and color coded for temperature analysis.

The SST image shows the BC flowing to SW with temperatures ranging from 23.5°C at

200 S and cooling to 20°C at 32°S. It tends to track the shelfbreak very weIl up to Cabo Frio

(22.9°S and 42.7°W). At this point the coastline and the shelfbreak show a strong deflection

from its previous NE-SW arientation to a more zonal direction. South of Cabo Frio, the BC

develops a strong instability, with the generation of aseries of cold core, cyclonic eddies in

its western wall, with diameters in the order of 100 km. More unusual, anticyclonic vor

tices, however, are sometimes observed on the offshore side ofthe Be. Normally these an

ticyclonic eddies are part of a pair ofvortices with opposing rotation, on each side ofthe

Be. Another interesting feature present in this image is the northward penetration of a cold

water mass over the shelf coming from the southern Brazil and Uruguay shelf regions.

Some other IR images from May 1993, already showed this cold water mass starting its

northward progression, probably in association with the approaching of winter. It is in the

July 20th, 1993 image, that the cold water is observed at its northernmost position (23. 50 S

and 43.5°W). Although a definitive answer about the origin ofthis cold water is not yet

available, the analysis of this and other wintertime IR images indicates that during this time

ofthe year, the northern excursion of the MalvinaslFalkland Current at the Subtropical

Convergence Zone feeds water to the west of the BC over the offshore site of Rio de la

Plata estuary. Temperatures of 14°C are common in this region. With its northern progres

sion, this water mass seems to suffer a process of mixing with the surrounding warmer
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waters, reaching 20°C at its north boundary (23.5°S and 43.5°W). Although the northern

most penetration of this seasonal water mass during the winter changes from year to year,

analysis of other IR images indicate that for EI Nino years it is enhanced with a deeper

northward penetration.

REcmCULATION OF THE BRAZIL CURRENT SOUTH OF 200 S

M. R. Stevenson & R. B. de Souza

Remote Sensing Dept., National Institute for Space Research, Sao Jose dos Campos, Brazil

Five WOCE standard, low cost drifters (LCDls) with surface water temperature sensors

were launched on 17 February 1993, as part of a western boundary current experiment in

Project COROAS, Brazil's contribution to WOCE, SVP. A thermosalinograph, aboard the

Univ. of Sao Paulols RV PROF. W. BESNARD, was used to locate a thermohaline front

normally associated with the western boundary ofthe Brazil Current (BC), located in the

northern part ofthe COROAS area, off SE Brazil. The LCDls were launched in a box pat

tern across this western boundary of the BC, with the 5th drifter being launched within the

box. All of the drifters indicated the presence ofeddies as they moved southwesterly within

the Be. As the drifters approached the Subtropical Convergence Zone (SCZ), one drifter

moved offshore, apparently along the north side ofthe SCZ. Upon reaching the SCZ region,

another drifter stopped transmitting for aperiod of several months. The remaining three

drifters, moved westward, onto the continental shelf: the first one at 28.5°S, the second one

at 30.5°S and the third LCD at 33 .4°S. Subsequently, the three LCDls assumed northeast

erly tracks along the shelf until they approximated their original deployment positions,

thereby almost closing their circulation patterns. The recirculation period for this part of

the Brazil Current varied from 115 to 161 days, depending on the drifter and its path. Mean

currents to the SW were 15-18 cm/s toward 215-226°; mean return currents to the NE were

5-17 cm/s toward 031-035°. Average kinetic energies for the southwesterly mean flow

(MKE) and residual displacement series containing eddies (EKE) were 114-171 cm2/s2 and

1332-4207 cm2/s2
, and for the northeasterly flow were 12-145 cm2/s2 and 2384-4661

cm2/s2
, respectively. EKE energies accounted for 89.4 - 99.7% ofthe total kinetic energy

(TKE). Dominant period peaks were obtained from FFT spectral analyses ofthe displace

ment series and from the mean sea surface temperatures measured by the LCDls. The results

provide evidence that as the Brazil current approaches the SCZ, apart of the Brazil Current

turns coastward and becomes part ofthe northeasterly flowing (Falkland) Coastal Current

up to Cabo Frio (23°8).
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ANTARCTIC INTERMEDJATE WATER CIRCULATION IN THE TROPICAL

AND SUBTROPICAL SOUTH ATLANTIC

T. Suga1 & L. D. Talley2

IDepartment ofGeophysics, Tohoku University, Sendai, Japan

2Scripps Institution of Oceanography, UCSD, La Jolla, USA

Recent hydrographic data from the South Atlantic Ventilation Experiment (SAVE) cruises

and others are combined with historical data and used to map the isopycnal properties cor

responding to the Antarctic Intermediate Water (AAIW) in the Atlantic Ocean.

In the subtropical South Atlantic, a low salinity tongue extends from the Brazil-Falkland

Confluence to the equator all along the the coast of South America, indicating that some

portion of AAIW is advected by the deep western boundary current in addition to the por

tion which reaches the tropical western boundary by flowing around the subtropical gyre.

High potential vorticity extending from the south of Africa to the northwest along the sub

tropical gyre suggests the Indian Ocean influence on the AAIW isopycnal.

In the tropics, a low salinity and high oxygen tongue centered at 3-4°S, which corresponds

to AAIW brought into the tropical South Atlantic from the south, extends from the western

boundary to the east across the basin. High salinity is found in the eastern tropical South

Atlantic along with low oxygen and high nutrients, indicating that vertical diffusion, as well

as biogeochemical processes, alters the isopycnal properties. The eastern tropical influence

extends to the west as a tongue centered at about lOo S. A front in the properties is found

along the southern rim ofthis tongue at about l5°S in the west and at around 200 S in the

east. A weak tongue of low salinity is also found north of the equator, centered at about

2°N.

A map of acce1eration potential and interrelation between geostrophic speeds and the

properties along two meridians at about 25°Wand ODE indicate the South Atlantic tropical

gyre consists ofthree cells: two cyclonic cells centered at about 80 S and about 200 S and

one anticyclonic cell centered at about 12°S. Zonal flows associated with these cells account

for the tonguesand front in the AAIW properties. This tropical circulation and lateral and

vertical diffusion in it can be important in influencing the properties of AAIW crossing the

equator into the North Atlantic.
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VARIABILTTY IN THE BENGUELA CURRENT UPWELLING SYSTEM OVER

TUE PAST 70,000 YEARS

C.P. Summerhayes', D. Kroon2
, A. Rosell\ R. Jordan l ,4, H.-J. SchraderoS,6,

R. Hearnl
,7, J. Villanueva8

, J.O. Grimalt8 & G. Eglinton3

lInstitute ofOceanographic Sciences Deacon Laboratory, 2University ofEdinburgh,

3University ofBristol, 4Yamagata University, Japan, 5ücean Drilling Program, Texas,

6University ofBergen, 7Epsom, Surrey, UK, 8Conseil Superior d'Investigacions Cientifiques,

Barcelona, Spain

This paper describes a study designed to see if the intensity and location of upwelling in the

Benguela Current Upwelling System off Namibia had changed through time, and if so,

when, how, why and how much. Finding the answers required first a comprehensive analy

sis of the dynamics of sedimentation of organic matter in the modern upwelling system.

Most ofthe work focused on geochemieal, palaeontological and isotopic analyses of a

6.5 m long combined pilot and piston core, PC12, from 1017 m on the continental slope

elose to Walvis Bay. Organic carbon accumulated four times as fast at PC12 in the last gla

ciation (isotope stage 3) as it did in the Holocene. It is believed to represent deposition be

neath a productive shelf edge upwelling system separate from the cIassical coastal upwelling

that gives rise on the Namibian shelf to an organic-rich diatomaceous mud belt nearshore.

Maximum accumulation coincided with coldest sea surface temperatures as recorded by

alkenone data (UK37). It seems to represent maximum production in situ, rather than the

lateral supply of material eroded from older organic rich deposits exposed by the glacial

lowering of sealevel. For the most part organic enrichment at PC 12 is not associated with

diatoms, which may be unreliable productivity indicators here because low silica levels in

the glacial Atlantic predisposed them to dissolution. The peak in upwelling in stage 3 is at

tributed to a strengthening of upwelling favourable winds in this area in response to the

northward shift in the South Atlantic high pressure cell that brought rains to much of

southern Mrica at that time. Upwelling was less in stages 2 and 4 (though still greater than

in stage 1) possibly because the winds in those stages came more from the east ('Berg'

winds), bringing an influx of aeolian dust, and were less favourable for upwelling. As at

coring site 1028 on the northern Walvis Ridge (Schmidt, 1992) the organic accumulation

seems to respond to the precession index. Carbonate accumulation, in contrast, was least in

stages 2 and 4, at least partly in response to dissolution encouraged by COrrich bottom

waters. Comparing organic accumulation at PCl2 with that at DSDP site 532 on the

northern margin ofNamibia suggests that upwelling also increased these during glacials,

contrary to previous opinion (Diester-Haass, 1985).
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ANTARCTIC INTERMEDIATE WATER IN TUE SOUTH ATLANTIC

L.D. Talley

Seripps Institution ofOeeanography, UCSD, La JoUa, CA, USA

The upper layer of the South Atlantie provides the northward heat transport that is eritieal

for the global North Atlantie Deep Water overturning eireulation. A signifieant part ofthis

upper eireulation, partieularly that whieh reaehes the North Atlantie, is the Antaretie Inter

mediate Water (AAIW) layer. Based on previous work and on new analysis ofthe exten

sive global hydrographie data set, it is shown that AAIW in the southern South Atlantie

originates at the sea surfaee between the Subantaretie Front and the Polar Front in the

southeastern Paeifie, Drake Passage and southwestern Atlantie. This origin as a surfaee

pyenostad imprints a low potential vortieity signature on the AAIW in the southern sub

tropieal gyre ofthe South Atlantie, and in a mueh more extensive area ofthe South Paeifie.

The salinity minimum originates thus in the region identified by MeCartney (1977). The

newest S. Atlantie AAIW is adveeted eastward to the Indian Oeean where a portion reeir

eulates in the western part ofthe Indian Oeean's subtropieal gyre, is mixed, and reenters the

South Atlantie at the Agulhas retrofleetion. This altered AAIW fiUs the northern part ofthe

S. Atlantie subtropieal gyre and is the ultimate souree for the AAIW whieh enters the N.

Atlantie. Most ofthe AAIW whieh does not enter the western subtropieal gyre in the In

dian Oeean is strongly altered south of Australia and flows back in the northern part ofthe

Indian Oeean's subtropieal gyre. The boundary regions south of Mriea and south of Aus

tralia are seen to be important mixing sites for AAIW.
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WATER MASSES AND DEEP FRONTS OF THE WESTERN SOUTH ATLANTIC

L. D. Talley & M. Tsuchiya

Scripps Institution ofOceanography, UCSD, La Jolla, CA, USA

Deep-reaching fronts separating differing portions of water masses at all levels are apparent

from a well-resolved meridional section in the western South Atlantic. Similar structures

have been observed on well-resolved sections in the Pacific Ocean and North Atlantic, sug

gesting that such separation ofwater masses by a vertically coherent front is a common oc

currence. In the South Atlantic along 25°W, the Polar Front (500 S), the Subantarctic Front

(45°S), the Subtropical Front (41 OS), the Brazil Current Front (35°S), and a front between

the subtropical and subequatorial gyres (21 OS) all extend throughout the water column. The

last demarcates a tropical zone which extends to about 200 N, and in which water properties

are relatively better mixed than at higher latitudes.

North Atlantic Deep Water has its familiar complex vertical structure north of25°S. The

less dense upper portion ofthe NADW does not extend south of25°S. NADW spreads

eastward centered at 200 S, to the mid-Atlantic Ridge. Water ofmore circumpolar

characteristics spreads westward at about 15°S; a similar westward-extending water mass

tongues north ofthe equator at about 5°N. This pattern resembles that in the Pacific Ocean,

suggesting a common dynamical basis.

Subantarctic and Subtropical Mode Waters of differing properties are found on the warm

water side ofthe subtropical Brazil Current, at 25°S, and the 21 oS fronts.

In the North Atlantic, Antarctic Intermediate Water is characterized by both a salinity mini

mum and a silica maximum. It is shown that the silica maximum characteristic arises from

Upper Circumpolar Water, which is present below AAIW south of the 21 oS front, and

which is truncated from below by NADW north of21 oS. Because ofthe truncation, the

silica maximum north of21°S and in the North Atlantic should be considered to be AAIW.
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SEDIMENTOLOGICAL AND GEOCHEMICAL INDICATORS OF RIVER

SUPPLY ALONG THE BRAZILIAN CONTINENTAL MARGIN

M. Tintelnott, T. Jennerjahn2
, M. Hübner2

, G. Irion l
, V. Ittekkoe, J. O. Morais3

& A. Brichta4

lSenckenberg Institute, Wilhelmshaven, Germany

2Institute ofBiogeochem. and Marine Chemistry, Hamburg University, Hamburg, Germany

3Department ofGeology, Federal University ofCeara, Fortaleza, Brazil

4Institute of Geosciences, Federal University ofBahia, Salvador, Brazil

The character and distribution of surficial sediments on the Brazilian continental shelf and

slope between the Equator and 24°S have been defined on the basis ofmore than 800 grab

sampIes. Most shelf sediments were deposited during the last low sea-level stage. Modern

sediments accumulate only in estuaries, in certain nearshore areas ofthe continental shelf,

and partlyon the continental slope. Because of the general lack of terrigenous sediment

supply to the shelf, locally produced bioclastic material dominates the modern shelf sedi

ments.

The results of our investigation indicate that the distribution of sedimentary facies is con

trolled by terrigenous sediment supply, authochtonous skeletal carbonates, oceanic currents,

shelftopography and surface-water productivity.

Above all the sediment load of the rivers comprises fine-grained particles consisting mainly

of clay minerals, quartz, feldspar and organic matter. Due to the varying content of charac

teristic clay minerals, different sediment sources can be identified. On the basis ofthe clay

mineralogy and a variety of other geochemical parameters it is thus possible to reconstruct

the origin and transport of fine-grained sediments, as weil as their transfer to the deep

ocean.

The recent sediments offthe coast ofBrazil decrease progressively in grain size and in

crease in calcium carbonate content with increasing distance from the coast. In addition,

carbonate content is also controlled by bottom morphology. In this way zones ofvarious

sediment types based on different sand-silt-clay ratios and different carbonate contents are

defined, being aligned approximately parallel to the coast.

Carbonate-rich sediments are distributed over the entire study area. The main parts of the

middle to outer shelf sediments and upper continental slope sediments have carbonate con

tents > 60 %, whereas the fluvially supplied sediments around river mouths and the adjacent

inner shelf contain < 40 % of carbonate. An exception are the carbonate platforms of the
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Royal Charlotte and Abrolhos Banks, as weil as the shelf area around the NE Brazilian cor

ner. Carbonate content varies between 30-50% in water depths of800 to 1,300 m, but in

general decreases slightly downslope.

The distribution patterns of c1ay minerals on the continental margin largeIy reflect the con

ditions in the source areas ofthe rivers and are dominated by kaolinite and smectite. Lateral

changes in the composition of c1ay minerals can be traced back to the source areas of the

northern (rich in smectite) and the southern (rich in kaolinite) distributive area.

Kaolinite, the dominant c1ay mineral in the continental margin sediments ofBrazil, reaches

maximum amounts in the southern area, in the northeastern shelf regions between Natal and

Recife, and partlyon the shelf offthe rivers Para and Mearim. The sediments ofthe Para

and Mearim are mostly derived from the Cenozoic and Mesozoic sedimentary basins of

Amazonian and Maranhao. The c1imate in these basin areas is prevailing humid-tropical re

sulting in a widespread neoformation of c1ay minerals. Attaining the Atlantic Ocean the

sediments are transported coast-paralleI to the NW by the North Brazil Current and are, as

in the case ofthe Mearim River, mainly deposited on the inner shelf. A decreasing propor

tion of riverborne kaolinite with increasing distance from the coast reflects the seaward de

creasing terrestrial influence of these rivers. Highest contents of kaolinite in the offshore

areas ofBahia and Espirito Santo may be due to the kaolinitic weathering ofthe Precam

brian Formations and to the intense erosion ofthe Tertiary Barreiras Formations common in

the catchment areas ofthe rivers discharging on this part of coastline. The transport ofter

restrial sediments follows the Brazil Current in part resulting in adeposition of riverborne

sediments on the continental slope. And in part longshore currents in the opposite direction

induced by southwesterly trade winds are responsible for the pathways and shifts of terrige

nous sediments in the canyon-like structures of the continental slope.

Besides kaolinite, smectite is the most common c1ay mineral along the Brazilian continental

margin. Highest contents of smectite are present in the northern part, whereas lower and

partly very low amounts characterize the continental margin ofBahia and Espirito Santo. In

addition to magmatic and metamorphic (mostly schists) basement rocks, the catchment area

drained by the northern rivers also includes areas rich in volcanic rocks. Furthermore, in the

sedimentary basins of the Amazon and Maranhao smectite is mainly formed in generally

fine-grained, poorly drained soils. Abundant smectite contents in the vicinity ofthe

Abrohlos Bank originate most probably from in situ alteration of volcanic material, being

deposited along the steep continental slope by the action of turbidity currents. Higher

smectite values offshore of the Reconcavo Basin result from the weathering of the Jurassie

and Cretaceous outcrops in this area.
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The dominance of illite in the northeastern part of the Brazilian continental margin partly

reflects its origin from Proterozoic rocks in the catchment area. Physical weathering condi

tions in the semi-arid north, apart from a small belt of humid-tropical c1imate parallel to the

coastline, are mostly responsible for the illitic c1ay distribution along the shelf areas off

Ceara and Rio Grande do Norte. No indicative transport paths have been identified which

could result in adeposition of terrigenous sediments on the continental slope in this region.

The second largest river system in Brazil, the river Sao Francisco, drains a basin exposed to

different c1imates (humid to arid). Hs sediment yield reflects the Cretaceous, Tertiary and

Quaternary sedimentary deposits as weil as the granitic-gneissic basement complexes of its

drainage area. The c1ay mineral association shows similar proportions of smectite, illite and

kaolinite. Deposits of terrigenous origin were found up to the shelf margin in the north as

weil as in the south, being in accordance with the predominant currents in these regions.

The transport of terrigenous sediments across the shelf break to the continental slope was

also investigated.
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DIATOM DISTRIBUTION PATTERN IN RECENT SEDIMENTS OF THE

EASTERN ATLANTIC: DOES IT REFLECT SURFACE PRODUCTIV

ITY AND HYDROLOGY?

U.F. Treppke1 & c.B. Lange2

lDepartment of Geosciences, Bremen University, Bremen, Germany

2Scripps Institution of Oceanography, University of California, San Diego, Geological

Research Division, La JoIla, CA, USA

The diatom content of sediment-surface sampIes from the Guinea Basin and the Walvis

Ridge was determined. More than 100 taxa could be identified, but only 30 taxa make

up 80-90% of the total diatom assemblages.

The pattern ofthe total diatom concentrations in the study area, with values between

less than 105 and more than 108 valves per 1 g dry sediment, correlates weIl with the

pattern ofprimary production in surface waters. Low concentrations at the Walvis

Ridge are due to lower primary production compared to the high productivity area of

the equatorial upwelling. In relation to the geographical extension ofthe upwelling,

diatom concentrations increase towards the equator. The high diatom accumulation rate

(DAR) directly south ofthe equator reflects the highest productivity within the upwel

ling area. Upwelling is related to the South Equatorial Current which transports colder

water (Benguela Current) fi'om higher latitudes north-westward. Further to the south

the lower DAR paralleis decreased production and diminished upwelling. The distribu

tion of individual taxa in the sediment surface records the extension of the equatorial

upwelling, the influence of coastal upwelling, as weIl as different surface and deep wa

ter currents (e.g. AAIW). Furthermore, the occurrence of allochthonous taxa reflects

deep water advection from the coast, as weIl as eolian input by trade winds.

Compared to the diatom assemblage in the water column, almost only heavy silicified

species are preserved in the sediment sampies. Delicate taxa, which mainly contribute to

the flux in the water column, are dissolved at the waterlsediment interface. Only 1% of

the diatom flux measured at 3921 m water depth "survives" in the sediment surface.

This means that the diatom assemblage undergoes significant alteration due to dissolu

tion by silica undersaturated bottom and pore waters. Because ofthis alteration the

diatom assemblage of the sediment surface does not allow direct inferences about the

diatom assemblage in the photic zone. However, taking into consideration this enrich

ment of heavy silicified taxa and the dilution by allochthonous taxa the surface sediment

assemblage can be used to reconstruct modern hydrography and related productivity

patterns.
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RECONSTRUCTION OF THE ANTARCTIC BOTTOM WATER IN THE KANE

GAP AND VEMA CHANNEL IN THE PLEISTOCENE ON THE BASIS OF

LITHOLOGICAL EVIDENCE

E. Trimonis l & V. Sivkov2

IDivision ofMarine Sedimentology, Institute ofGeography, Vilnius, Lithuania

zp.P. Shirshov Institute ofOceanology, Atlantic Branch, Kaliningrad, Russia

The late Quaternary Antarctic Bottom Current in the Kane Gap (Equatorial Atlantic), depth

4700 m) and Vema Channel (South Atlantic, depth 4100 m) (Ledbetter 1986) has been

reconstructed on the basis of grain-size data. The point of interpretation is that the mean

current and its fluctuations (abyssal eddy kinetic energy) influence the grain-size ofthe

sediments separately.

The episodes ofmean bottom current of Antarctic Bottom Water (AABW) intensifications

both in the Kane Gap and Vema Channel were marked at interglacial to glacial transitions

corresponding to the oxygen isotopic stages 6/7, 4/5 and 3/2 boundaries and at present. A

considerable current weakening coincided in time with the last deglaciation (about 12 kyrs).

A sharp increase of abyssal eddy energy occurred during the Late Holocene. The course of

bottom currents speed in the Kane Gap and Vema Channel in general is similar. Thus, we

arrive at the idea that there were global causes which formed the principle changes of the

near-bottom circulation. But the direct and common connection between production of

AABW and global climatic oscillations is not revealed. Evidently, different natural factors

were functioning at the same time. So, the reconstruction and comparison of bottom current

in various ocean regions can help in solving the problem ofnear-bottom circulation depend

ence upon the climatic cycles during the Pleistocene.
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HISTORY OF THE ZAIRE RIVER PLUME: ACTUAL FEATURES

RECOGNISED IN QUATERNARY PLANKTONIC FORAMINIFERA

E. Ufkes1
, J.H.F. Jansen 1 & R. Schneider2

INetherlands Institute for Sea Research, Den Burg, Texei, the Netherlands

2Department of Geosciences, Bremen University, Bremen, Germany

The surface water circulation in the Angola Basin is dominated by the Benguela Current,

the South Equatorial Counter Current and the Zaire River. Presently, the main hydro

graphical features of the Angola Basin are weil reflected in the surface water distribution of

the planktonic foraminifera collected during a cruise in OctoberlNovember 1989. The re

sults show a good similarity with the data from surface sediments. It is, therefore, allowed

to use the present distribution as a key to the past.

Strong variations in the present and the past have been noticed in four species: Neoglobo

quadrina (left), Globigerinoides ruber pink, Globigerinoides sacculifer and Globorotalia

inflata, which represent the Benguela Current, the Zaire River plume, the open ocean and

frontal systems, respectively.

Nowadays the first species is found in upwelling waters of 14°C on the shelf off Namibia.

Regarding the present situation along the Namibian coast, this occurrence points to an in

erease of produetivity. Downcore pulses ofleft eoiling neogloboquadrinids reflect north

ward intrusions ofthe Benguela Current.

The pink variety of G. ruber is found in large numbers in the thin, low saline plume of the

Zaire River during OctoberlNovember 1989. Within this thin watermass, the temperature

can reach tropieal values, which is aprerequisite ot this speeies. Consequently, the down

core presence of G. ruber pink refleets the areal distribution of the Zaire River plume.

In the present subtropical open oeean, G. sacculifer oeeurs in weIl stratified, oligotrophie

waters, preferably within a thick mixed layer. Globorotalia inflata, however, occurs in

frontal systems with strong vertical mixing resulting in temperate waters with intermediate

nutrient levels. The ratio ofthese two species gives an estimate on the degree of stratifica

tion of the surface waters.



160

THE DEACON CELL AND THE SOUTHERN BOUNDARY OF THE SOUTH

ATLANTIC

D.J. Webb

IOSDL, Brook Road, Wormley, Godalming, Surrey, GU8 5UB, UK

The Antarctic Circumpolar Current is the dominant feature of the Southern Boundary of the

South Atlantic. Numerical models, such as FRAM, show that a significant fraction of the

ACC goes to form the Falkland Current, a dominantly barotropic western boundary current.

The recent WOCE All section has confirmed this. It showed a maximum barotropic cur

rent of40 cm/s and a total transport in the Falkland Current of 50 Sv.

Observationally the northern limit of the ACC appears to be determined by the South Atlan

tic Gyre and the Brazil Current. However the models indicate that it is actually controlled

by the northern limit ofthe Kerguelen Plateau in the Southern Indian Ocean.

The models have also shown a large oveliurning cell, the Deacon cell, which extends from

the surface down to 1500 at the latitudes ofthe ACe. Analysis ofthis cell has shown that it

is produced in the north by the Brazil current and the South Atlantic Gyre, and in the south

by the Falkland Current and the southward return flow elsewhere in the Southern Ocean.

The vertical excursion of individual water partic1es is only a few hundred metres, the deep

Deacon cell being formed by the superposition of a number of such cells.

The cell is involved in the downward transfer of the wind stress from the ocean surface.

Part of the cell also appears to be involved in determining the strength of the ACe.

The All section across the southern South Atlantic also shows a deep northward flow on

the western flank ofthe Mid-Atlantic Ridge. The measurements appear to confirm that this

is part of an anticyc10nic flow around the Zapiola Drift, proposed earlier on the basis of

sediment observations, and suggest that the strength ofthis flow exceeds 100 Sv. This cir

culation is not observed in the model studies.
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LATE QUATERNARY SURFACE WATER CIRCULATION

IN THE SOUTH ATLANTIC

G. Wefer

Department ofGeosciences, Bremen University, Bremen, Germany

Unique in the South Atlantic is a meridional heat transport from the pole to the equator

forced by the ocean-atmosphere circulation. The heat transport through the South Atlantic

to the northern North Atlantic is of great importance for today' s c1imate, especially in

Northern Europe. Changes in the functioning of the global circulation cell are considered to

be the cause for the glacial/interglacial and abrupt c1imatic changes during deglaciation or

the Eemian. The aim of the talk is to describe the variability in the surface currents in the

South Atlantic during the last ca. 300,000 years and to discuss possible connections to the

global oceanic circulation and the implications for the trans-equatorial heat transport. Our

information is based on isotopic and planktonic foraminiferal compositions of late

Pleistocene sediments from various sites in the South Atlantic. Special emphasis will be

given to the history of the Benguela current, the equatorial currents and the transequatorial

heat transport.
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ANTARCTIC BOTTOM WATER FLUX IN THE EQUATORIAL WESTERN

ATLANTIC

J. A. Whitehead, M. M. Hall & M. S. McCartney

Department ofPhysical Oceanography, Woods Hole Oceanographic Institution, Woods

Hole, MA, USA

We are measuring the volume flux of "Antarctic Bottom Water" out ofthe Brazil Basin into

the western North Atlantic. This water lies below roughly 4000 m depth in the western At

lantic Ocean, and flows through an interconnecting passageway oriented from east to west

at the equator. A number of issues may be clarified by these measurements: What is the

magnitude of the volume flux which further north has assorted estimates from under one to

over 4 Sv? Can we clarif)r the reference level questions which further north are complicated

by signals from large recycling gyres? Is there variability in the currents with roughly a 60

day period as seen further north?

The primary measurement instrument is the vector averaging current meter with a tempera

ture recorder. Six moorings with nineteen current meters at 3900, 4100, 4300 and one be

low 4400 m depth were deployed between 28 September and 2 October 1992. The array

extended in a north-south direction at 36°W from roughly ION to 10 20'S. One mooring is

almost exactly on the equator and it has current meters at the shallower levels of3600,

3300 m and 3000 m as weil. Two moorings at roughly ION and S ofthe equator have an

additional current meter at 3300 m depth to supply information about the levels ofno mo

tion. To supplement the mooring data, CTD sections were taken during the deployment and

recovery cruises to produce geostrophic estimates of flow for comparison with the current

meter data.

The recovery cruise is planned for 28 May to 17 June, 1994 on RV KNORR from Salvador,

Brazil to Bridgetown, Barbados. This will result in up to 627 days of current meter data per

instrument. It is planned to show the first results of the velocity and temperature measure

ments from the current meters and to show some CTD sections at this meeting. A crude

estimate ofthe northward volume flux and fluctuation time seales will also be given.
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MODEL SIMULATION OF THE CARBONATE SYSTEM IN THE

MICROENVIRONMENT OF SYMBIONT BEARING FORAMINIFERA

D. A. Wolf-Gladrow & J. Bijma

Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany

The Öl3C offoraminiferal tests is routinely used as a proxy for ö l3C ofthe LC02 in pa

leoceanographic and paleoclimatological studies. Empirical relationships between öl3C

of the rC02 and various environmental parameters are then used to reconstruct paleo

conditions. The hypothesis, however, that the carbon isotopic tracer of foraminiferal

tests reflects the Öl3C ofthe LC02 unfractionated does normally not hold true. Life

processes ofthe host/symbiont system can strongly modif)r the signal (so called vital ef

fects). In addition to respiration, photosynthesis and calcification it was recently dem

onstrated that the isotopic composition of the shell of the symbionts bearing foraminifer

Orbulina universa is strongly dependent on the pC02 of seawater. To understand the

nature ofthis relationship we have developed a mathematical model ofthe microenvi

ronment. The model includes diffusion (boundary layer) and reactions ofthe carbonate

species (C02(aq), HC03-, C032-,H+) and the life processes mentioned above. Model

simulations show that host respiration and calcification can increase the C02(aq)-con

centration significantly. Assuming that molecular C02 is the only carbon source for

symbiont photosynthesis, growth rates and hence isotopic fractionation may be con

trolIed by the availability ofC02(aq).
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STABLE ISOTOPE RECORD AT DSDP SITE 594, CHATHAM RISE:

REFERENCE SECTION FOR VARIABILITY OF ANTARCTIC INTERMEDIATE

WATER

R. Zahn

GEOMAR, Kiel, Germany

The carbon isotope record at Site 594 documents the chemical variability of Antarctic In

termediate Water leaving the Southern Ocean. The Ö13C profile shows high-amplitude

variations (0 ~ 1%0) with lowest Ö13C values around 0%0 PDB during glacial stages and

highest values around and > 1%0 during interglacials. Ö13C values at Site 594 are constantly

more positive than elsewhere in the deep and mid-depth ocean. Its values are close to those

observed at DSDP Sites 552 and 607 in the North Atlantic which would suggest that venti

lation of AAIW was similar to that ofthe North Atlantic's mid-depth and deep waters. The

positive Ö13C anomaly at Site 594 is probably the result of 13C/12C-fractionation in conjunc

tion with air-sea gas exchange at the Southern Ocean polar front. On aglobai scale, the

Southern Ocean looses the light 12C isotope from its surface waters which is transferred to

the warm ocean. As a result, Ö13C values of surface waters in the Southern Ocean tend to be

more positive compared to what would be predicted from closed-system nutrient-driven

Redfield stoichiometry. This Ö
13C anomaly behaves as a conservative tracer which leaves the

Southern Ocean and spreads north along with the AAIW flowpath. This may explain some

ofthe nutrient-ö 13C discrepancy between the high-latitude northern and southern ocean re

gImes.
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THE DEEPENING BRAZIL CURRENT

J.c. Zemba

WHOI, Woods Hole, MA, USA

A set offour hydrographie sections through the Brazil Current has been analyzed to identity

downstream changes in the Brazil Current between 27 - 36°S. The region spans the change

ofthe current from a relatively small near surface feature to a large, deep current. While the

Brazil Current does not appear to develop transports as large as those found in the Gulf

Stream, the calculated transports greatly exceed previous estimates. At 27°S the current

extends down to approximately 700 m and transports 12 Sv southward; this value is consis

tent with previous estimates. Downstream, surface layer transport increases, the current

deepens, and the transport reaches a maximum of 80 Sv at 36°S.

The growth has several components. Part ofthe growth comes from the tight recirculation

found just offshore of the Brazil Current. The recirculation strengthens and deepens to the

south, with a minimum transport of4 Sv in the north and a maximum of33 Sv to the south.

Another component is reflected in the currents shear profiles. At 27°S, shear is found only

in the upper portion of the water column, riding over the continental shelf and slope. Down

stream, the current moves offthe slope into deeper water and develops top-to-bottom,

monotonie shear. At 36°S, the shear is monotonie down through the southward flowing

North Atlantic Deep Water (NADW), yielding a large southward transport. Transport in the

surface layer at this southern most section is over 50 Sv.

The fact that the southward flowing Brazil Current reaches down to the southward flowing

NADW introduces definitional complexities. How should one establish the limits ofthe

Brazil Current when trying to compare its growth to that of other western boundary cur

rents? I prefer the attribution of all southward transport to the Brazil Current, noting that it

includes 10 Sv ofNADW. Regardless ofhow one includes the deep transport, the fact that

the NADW is moving south is c1ear, and it is that information which establishes a deep zero

velocity surface in the southern most section. As a result, there is a large growth of the

surface Brazil Current from 12 to 50 Sv.
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RECENT TEMPERATURE CHANGES OF ANTARC'flC BOTTOM WATER

FLOWING INTO THE BRAZIL BASIN

W. Zenkl & N.G. Hogg2

IInstitut fur Meereskunde, Kiel University, Kiel, Germany

2Woods Hole Oceanographie Institution, Woods Hole, USA

As a eontribution to the World Ocean Circulation Experiment's Deep Basin Experiment an

array of eurrent meters was deployed across the southern boundary ofthe Brazil Basin in

early 1991 and subsequently recovered in late 1992. On the associated mooring eruises two

hydrographie sections were also made. Both the current meter and shipboard temperature

measurements show a signifieant warming ofthe Antaretic Bottom Water flowing into the

Brazil Basin. This amounts to approximately 0.1 °C at 0.3°C, in the coldest layer flowing

over the Santos Plateau, and O.03°C in the eoldest water that flows northward through the

Vema Channel. In the latter, measurements over the past 20 years suggest little variation

«0.005°C) so the O.03°C change over a 2-year period is considered quite signifieant. Salin

ity ehanges are proportional so that no change in the eis structure was observed.
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MALVINAS CURRENT TRANSPORT FROM HYDROGRAPHY, ALTIMETRY

AND SHIP GRAVITY

V. Zlotnicki

Jet Propulsion Laboratory, California Institute ofTechnology, Pasadena, CA, USA

Topex and ERS-I altimetry are used to monitor the Malvinas current during 1992-93, as it

enters the South Atlantic (around 56°S), on the northern edge ofthe Falkland Escarpment

(around 49°S), and at about 45°S, east ofthe Argentine She1f. The data clearly show that

surface transport changes (equivalent to about 10 cm sea level change) are not coherent

along the current, and suggest that an intensification at Drake Passage leads to an earlier

merging ofthe Polar and Subantarctic fronts offthe Falkland Escarpment.

The altimetry will also be combined with hydrography and ship gravity data to estimate total

(barotropic and baroclinic) transport ofthis very barotropic current, albeit that the non-si

multaneity of hydrography and altimetry yie1d a peculiar time average. This will help clear a

current discrepancy between some very low estimates (under 20 Sv) based on hydrography

alone with no mass conservation constraint, and the 75 to 88 Sv found by Peterson (1992)

when imposing mass conservation to a box encompassing the Brazil, Malvinas, and seaward

flow crossing the 4600 m isobath.
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