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ABSTRACT

Changes in the Brazilian continental margin’s oéegmoductivity and circulation over the last
27,000 years were reconstructed based on sedirogital and microfaunal analyses. Our results
suggest that oceanic paleoproductivity and the Igupp terrigenous sediments to the Brazilian
continental margin were higher during the Last @la®aximum (LGM) than during the Holocene.
These changes may have been primarily influencedidpyificant sea level fluctuations that have
occurred since the late Pleistocene. During the | @i lower sea level, higher productivity and
lower sea-surface paleotemperatures may have beeresult of the offshore displacement of the
main flow of the Brazil Current. However, duringetiidolocene, the warm waters of the Brazil
Current were displaced toward the coast. This dégghent contributed to the increase in water
temperature and prevented an increase in oceaodtugtivity. The decrease in terrigenous supply
since the LGM could be related to the increasénefextension of the continental shelf and/or drier
climatic conditions.

REesuwmo

Mudangas na produtividade e circulagdo oceanicamdagem continental Brasileira foram
reconstituidas a partir de andlises sedimentolégécmicrofaunisticas realizadas em sedimentos de
um testemunho representativo dos Ultimos 27 008.d¥assos dados sugerem maior produtividade
ocednica e suprimento de sedimento terrigeno madire@studo no Ultimo Maximo Glacial (UMG)
do que no Holoceno. Estas mudancgas foram princgrkninfluenciadas por flutuacdes do nivel
relativo do mar. Durante o UMG, num cenario de niedativo do mar mais baixo, a maior
produtividade oceanica e menor temperatura da ficipedo mar, podem ter sido produtos do
deslocamento para o largo da Corrente do BrasilHNlmceno, o deslocamento para a costa das
aguas quentes da Corrente do Brasil contribuiu pasamento na temperatura da agua e menor
produtividade oceénica. A diminuicdo do aporte ef#irsentos terrigenos desde o UMG pode estar
relacionado ao aumento da extenséo da plataforntanental e/ou a condigfes climéaticas mais secas
no continente.

Descriptors: Foraminifera, Brazil Current, Late @uaary, Southwestern Atlantic.
Descritores: Foraminiferos, Corrente do Brasil, ®©u@rio Tardio, Atlantico Sudoeste.

INTRODUCTION the atmosphere is one of the main goals of modern
science, due to the social and economic impacts of

Understanding the  mechanisms thalobal warming. Oceanic productivity plays an

influence the balance of carbon between oceans and 'MmPortant role in this balance. For instance, as h
been proposed that increased strength and effigienc

of the oceanic biological pump is one of the

(") Paper presented at the INTERNATIONAL GEOLOGICAL Mechanisms responsible for lower atmospheric, CO
CORRELATION PROGRAM PROJECT NO. 526 - RISKS, concentrations during the Last Glacial period (i.e.
RESOURCES, AND RECORD OF THE PAST ON THE BROECKER: PENG, 1986: SARNTHEIN et al.,
CONTINENTAL SHELF: MINING LATE QUATERNARY  19gg: MIX, 1989).

GEOLOGICAL EVIDENCE, 2., 2008, Natal, UFRN. P
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The Last Glacial Maximum (LGM) is the planktonic or benthic shelled organisms changer thei
largest manifestation of natural climate change thalistribution, community structure and standing k$oc
remains relatively well preserved in the geologicaln response to environmental changes (i.e.,
record, and understanding it represents a longlstgn temperature, organic carbon flux to the sea floor,
goal of paleoclimatologists (MIX et al., 2001). bottom current velocity, etc.). For example, the

Few studies that focus on the LGM havedistribution of benthic foraminifera is mainly
been developed in the Brazilian continental margincontrolled by the variability of organic carbonXlto
and the studies that have been conducted hatlee sea floor in terms of quantity and quality of
concerned processes such as oceanic circulation aojanic matter, as well as by redox conditionshat t
productivity linked to climatic changes (i.e., sediment-water interface and in the sedimentarg-por
MOLLENHAUER et al., 2004; CLAUZET et al., waters (LOUBERE; FARIDUDDIN, 1999;
2007; TOLEDO et al., 2007a, 2008; MAHIQUES etHERGUERA; BERGER, 1991; SCHMIEDL et .al
al., 2007). 2000; FONTANIER et al 2002). Planktonic

Based on planktonic microfossils, Toledo etforaminifera distribution and abundance is congmbll
al. (2007a; 2008) found evidence of increasedby multiple biotic and abiotic factors, includingofd
productivity during the LGM and during the availability, predation, algal symbionts, light,
deglaciation. Toledo et al. (2007a) speculated thaemperature, salinity, turbidity and circulation
benthic communities would be favored by thisStHEMLEBEN et al., 1989).
increase in productivity. Additionally, Mahiques at The aim of this study was to evaluate the use
(2007) reported an increase in productivity during  of a multi-proxy (sediment and microfossil) approac
LGM in the upper slope of the Southeastern Braziliai order to better understand oceanic productiaitg
continental margin. However, they attributed thiscirculation changes that occurred in the Southeaste
difference in productivity to changes in oceanicBrazilian continental margin during the Late
circulation related to mean sea-level fluctuationsQuaternary.

Higher organic carbon accumulation during the LGM

might also be related to changes in bottom water Present Oceanographic Conditions

circulation, and not just the enhancement of the

exported productivity (MOLLENHAUER et al., The study area comprises the shelf break
2004). region of the Southeastern Brazilian continental

Foraminifera are widely employed asmargin. Specifically, the study was carried outhe
proxies in paleoceanographic reconstructions (i.emorphologic sector known as S&o Paulo Bight that
HERGUERA; BERGER, 1991; EBERWEIN; extends from Cabo de Santa Marta (28°S) to Cabo Frio

MACKENSEN, 2008; TOLEDO et al., 2008). These(23°S) (ZEMBRUSCKI, 1979) (Fig. 1).
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Fig. 1. Location map of the study area in soutleasBrazil, State of S&o Paulo, with location of th
oceanographic stations where core 7486 (this staay)7485 (Mahigues et al., 2007) were collected.
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The oceanic circulation processes in thg2007b) also reported the occurrence of higher
study area are dominated by the Brazil Current (BC}emperatures in the Holocene (between 26 and 27.5°C)
This current flows southward and meanders aroued thhan in the LGM (approximately 25.5°C). According
200 meter isobath (CAMPOS et al., 2000). The BQo some authors (e.g., LEDRU et al., 2005; JACOB et
transports Tropical Water (TW, T > 20°C and S >al., 2007; SYLVESTRE, 2009), moisture conditions in
36.40) at upper levels and South Atlantic CentraBouth America were higher in the LGM than in the
Water (SACW, T < 20°C and S < 36.40) at pycnoclinéiolocene. These humid conditions are attributetthéo
levels (SILVEIRA et al., 2000; MAHIQUES et al., intensification and/or a southern shift of the
2002). Intertropical Convergence Zone (ITCZ) across

According to Campos et al. (2000), the BCnorthern Brazil (JACOB et al., 2007). Higher moisture
develops a convoluted meandering pattern around thates were also reported by Ledru et al. (2005) for
Cabo Frio area, mainly due to the change isouthern Brazil, probably reflecting a displacement
orientation of the Brazilian coastline. The clocksvis the circum-polar vortex toward the equator. This
meander formed in this process is also associaittd wdisplacement may have induced a northern shifhef t
the seasonal cycle of prevailing NE winds. Thiswvesterlies on the Pacific side of South America and
combination establishes shelf break upwelling alonghe polar jets on the Atlantic side of South Americ
the SE Brazilian continental margin (CAMPOS et al.,

2000). During summer, the dominant NE wind 1
direction favors Coastal Water (CW) movement _12*‘
offshore and the subsurface penetration of th -0 . = =
SACW to shallower areas (CASTRO, 1996). In the jg .
Sao Sebastido Island area, the movement of the C_ s
offshore causes the transport of suspende% -60 = £
terrigenous material to the outer shelf (MAHIQUES e% ;3
al., 1999). § .
On the middle shelf, outer shelf and upper 77
slope, the sedimentary processes are influencebeby 120 =
flow of the BC along the western Atlantic continénta -1%° X
margin (MAHIQUES et al., 2002, 2004). The BC has % s 10 15 2 2 3 3
a “floor polisher effect” that leads to a sea buwitto Estimated age (kyr B.P)

where coarse sands, carbonate gravel and boulder ) )
prevail. Radiocarbon dating has led to the 9. 2. RSL (Relative sea level) curve for the HBiam

: P - . continental margin in the last 35 000 years for Bnazilian
identification of a relict facies beyond the 140tene coastal zone and adjacent continental shelf (atmulo et

isobath (MAHIQUES et al., 2002). al., 2006 (circles); Correa, 1996 (squares)).

Past Oceanographic Conditions The Brazilian continental margin oceanic

circulation was influenced by both climatic changes

The Brazilian continental margin has and RSL fluctuations during the LGM. According to
experienced relative sea level (RSL) changes durin@lauzet et al. (2007), the subtropical gyre intéedjf
the Last Glacial Cycle that were caused byand the South Equatorial Current (SEC) bifurcation
glacioeustasy. According to Giannini et al. (200&t), shifted north during the LGM. This northern shift o
least two phases of rise and highstands linked the SEC was a result of a northern shift of the
Quaternary global glacioeustatic changes have be&ubtropical Convergence Zone (CLAUZET et al.,
recorded in the RSL change curves calculated for tH2007). These changes led to the increased inteofity
Brazilian coast (Fig.2). The oldest high phase southern transport by the BC and its associated BC
occurred in the Last Interglacial period (approxieha recirculation cell in the southern Atlantic basin
120 kyr BP) when the RSL reached 8+2 m above th@€CLAUZET et al., 2007).
present sea level (MARTIN et al., 1988). The oldest Changes in oceanic circulation have been
low phase occurred during the Last Glacial Maximunderived from RSL fluctuations for the Campos Basin
(approximately 18 kyr BP) when the RSL wascontinental margin (VIANA et al., 1998), which is
approximately 130 m below the present levehorth of our study area. During the last RSL lowdtan
(CORREA, 1996). sedimentary and oceanographic processes experienced

According to Toledo et al. (2007b), only a basin-wide shift that was accompanied by chaitges
moderate sea surface temperature (SST) changde facies related to ocean circulation (i.e., gand
(approximately ~2°C occurred in the Braziliancontourites to shallow-water bottom-current sands).
continental margin in the past 25 kyr. Toledo et al
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M ATERIALS AND M ETHODS High Productivity (BFHP) index is based on the total
percentage of species related to a high flux o&ioig
This study is based on the analysis of théhattér (adapted from Martins et al., 2007). The
piston core 7486, collected at the southeasteff€nthic Foraminifera Accumulatlgln Rate (BFAR)
Brazilian upper continental margin. This core wadndex is represented as tests+1Geka” (adapted from
collected during a 2003 oceanographic survey oiyollenburg and Kuhnt, 2000). The BFAR index is
board the R.V. Prof W. Besnard (Oceanographi€ommonly applied to deep-sea sites and is corcelate
Institute of University of S&o Paulo). The core wadVith the exported organic carbon flux to the searfl
collected at 24924.24'S and 044°19.80'W in 223'herefore, the index is correlated with primary
meters of water (96 cm recovery). MagneticpmdUCtiO”- However, the BFAR.index has limitations
susceptibility measurements were performed on boa®¥/ch @s the dependence on sedimentation ratefiand t
using a Bartington MS2C Sensor. The core wadssumption that lateral supp_ly of organic carbdnw_s
sampled continuously at 2 cm intervals, and sedime®" @°sent. Thus, the BFAR index should be applied to
samples were frozen and subsequently freeze-dried. Paleoproductivity change and trend studies with
The age model for core 7486 was based of2ution. o _
five AMS radiocarbon sediment dating (Table 1). All Basin-wide ~mapping of  sea-surface
datings were performed at Beta Analytic Inc. (USA)_paleqtemperatures are commo.nly estimated based on
The SW Atlantic Reservoir correctionR = 87, U = SPecies abundance of fossil plankton — and on
46, corresponding to the average value of the thréd9anic geochemistry (i.e., alkenone —unsaturation
samples from that reported area; ANGULO ET AL.ndices, typically U7 MIX et al., 2001). Thus, to
2005) was applied to the samples. The age-depﬁ?tter understand  the _p035|ble _changes in
relationship was obtained by using the Cubic_sp|im;;)aleotemperature, we examined the ratio between two

approach and the age-model of sedimentation rat@4@nkionic foraminifera speciesG( ruber and G.
values. bulloideg and compared these data with unpublished

Grain size was determined from O|e_alkenones-based temperature data calculated fer cor

carbonated samples using a Malvern Masterizer 200085 (collected at 24°39.27'S and 044°27.74'W,
analyzer. Carbonate content was calculated by tHe9ure 1)- _ .
difference in weight prior to and after acidificati The G. ruber/G. bulloides ratio was
(using a 10% hydrocholoric acid solution) of 2 gleg ~ Calculated by modifying methodology proposed by
sample. Organic carbon and total nitrogen werdoledo etal. (2008). The ratio is considered tboth
determined using a LECO CNS2000 analyzer. a pa_leo_temperatu_re and paleoproductivity proxysThi
The foraminiferal contents of Core 7486 dualitative proxy is based on the fact that theabro
were also investigated. Samples of 1 evere taken scale distribution of planktonic foraminifera i§ st
5 cm apart along the core. These samples were dasH&lated to water temperature and strongly influence

through a set of 126m and 63um sieves. The sample PY_nutrient availa'lbility (KEMLE-VON - MUCKE;
fraction greater than12sm was examined for its HEMLEBEN, 1999; MOREY et al., 2005). Therefore,

benthic foraminifera content. Samples were spli anhigherG. _ruber/G. bulloidevalues re_flect peri_ods of_a
sorted until a minimum of 300 foraminifera specimerstronger influence by warm and oligotrophic tropica
had been counted. This process provided forammifet""at_ers' and loweG. ru_ber/G. bulloidesralues reﬂec_t
abundance data. Tests for benthic foraminifer&er'Ods of a stronger influence by colder and eatri
analysis were identified based on previous liteeatu ficher waters.

(e.g., VAN MORKHOVEN, 1986; LOEBLICH;

TAPPAN, 1988; JONES, 1994; BARBOSA, 1998). REesuLTs
For planktonic foraminiferal analysis, the
ratio between two specie§lobigerinoides rubeand Core 7486 covered an age range of 27 cal

Globigerina bulloides was obtained in the sample kyr (Table 1; Figure 3), with no observed age
fraction greater than 12bm. Tests were identified inversion in the radiocarbon datings. Holocene

based on Hemleben et al. (1989). sediments were found only in the first 10 cm of the
sedimentary column. These results revealed a
Productivity and Temperature Proxies sedimentation rate of 0.001 cni¥yrfor the period.

o ) o Most of the sedimentary column (sedimentary depth o

_ Considering that benthic foraminifera areapproximatelyl0 cm to 74 cm) represented an age

sensitive to changes in organic carbon fluXrange of 11 to 25 cal. kyr BP and presented higher
oxygenation and near-bottom current velocity, Wesedimentation rates (average 0.011 cif).yFrom 25

used two benthic foraminifera indices to identifyto 27 cal. kyr BP, sedimentation rates remained
periods characterized by a higher supply of organigonstant (Fig. 4).

carbon to the sea floor. The Benthic Foraminifera
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Table 1. Results of radiocarbon dating determiredcbre  calcium carbonate concentration values

7486 in the Laboratory Beta Analytic Inc. (MiamiL F  (approximately 11%) in LGM sediments, with

USA). concentrations increasing post-LGM (average of 36%
Conventional in post-LGM sediments).

Depth (cm) BETA number Radiocarbon Age Similar to the calcium carbonate
(yrB.P.) : . - :
1 215807 2840 2 50 concentration trend, the benthic foraminiferal digns
21 215808 19 110 + 90 (number of specimens in 10 cc of sediment) also
a1 215809 22 890 + 140 ant:;asedg 6|n %osétéL%l\él sedlmentsA ValtIJesf 1rggged
71 215810 26 030 + 190 etween and be, tests (F.ﬁg' total of 16
o5 S15811 25 790 + 180 taxa were recognized (Appendix). These specimens
= were mainly calcareous, with no apparent eviderice o
o dissolution or shattered chambers in the sediments
(which could be caused by freeze-drying after
. 204 sediment sampling).
3 Eleven species had frequencies higher than
£ 1 3% in at least 10% of samples and were considered
3 “representative species.” Their distribution alaihg
£ sedimentary column is represented in Figure 6.
© 8o Between 10 and 25 cal. kyr, higher
frequencies of the infaunal specieBulimina
B marginata, Islandiella norcrosi and Uvigerina
Estimatadlags (kB R) peregrina were observed. Species frequencies of

epifauna Cibicidoides wuellerstorfiCibicidoidesspp.

Fig. 3. Age-depth model for core 7486, squaresessmt and Planulina ariminensisd' Orbigny 1826) and
AMS radiocarbon dates. shallow infauna Cassidulinaspp., Globocassidulina
subglobosaand Globocassidulinaspp.) increased in

Magnetic ~ susceptibility changes werethe post-LGM sediments. In contragibicides spp.
observed between Pleistocene and Holocengnd Ehrenbergina spineahad consistently low

sediments. Higher values of magnetic susceptibilitfrequencies throughout the entire core (only 2%6; 3
were found in sediments older than 18 cal. kyFig.6).

Grain size distribution, represented by media® si During the LGM, the presence oB.
(in um), and sand content (%) presents a trend gharginataandU. peregrina(Fig. 6) was accompanied
coarsening from the LGM (average median of 3By higher BFHP and BFAR values (29%, at 23,000
pum and approximately 20% of sand) toward theal. yr BPand approximately 92,922 testssérka’,
Holocene (average median of if@ and more than respectively; Fig5).
64% of sand) (Fig. 4). We also observed low

Magnetic Susceptibility Median Sand Organic Carbon Total Nitrogen Caco,

(10551) (um) (%) (%) (%) (%)

0 10 20 30 40 S0 0 20 40 60 8 1000 20 4 60 0 05 10 002 004 006 008 0 20 40 60
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R

Fig. 4. Along-core distribution of magnetic susdeifity, grain size (median and sand content), icaic
carbonate (CaC#) organic carbon and total nitrogen contents twe&486.
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Sedimentation rates Density BFAR BFHP TSM G.ruber/G.bulloides
(cm/yr) (tests in 10cc) (105tests/10cm2-kyr) (%) (°C) ratio
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Fig. 5. Along-core distribution of sedimentatiortes benthic foraminifera density, and indexes BF@&Rnthic
Foraminifera Accumulation Rates) and BFHP (Benthicaminifera High Productivity)jndicating a decrease in
productivity towards present time and relativelgher productivity duringhe Pleistocene; and alkenone based SSTs
(Sea Surfac&emperatures) estimated for core 7486published dafpandG.ruber/G.bulloidesratio for core 7486,
suggesting amverall increase in SSTs towards present time.

Bulimina P — Cibicidoides L Ehrenbergina
marginata Cassidulina spp. Cibicides spp. wuellerstorfi Cibicidoides spp. spinerf
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Fig. 6. Depth plot of the 11 representative speofeisenthic foraminifera. Species suchBadimina
marginata, Islandiella norcrosiandUvigerina peregrinapresent higher frequencies in 1S2 sediments.
Whereas species such aSassidulina spp., Cibicidoides wuellerstorfi Cibicidoides spp.,
Globocassidulina subglobosa, Globocassidulipg. andPlanulina ariminensisare more represented
in coarser sediments increasing their frequenci@ast-LGM sediments.

Estimated age (kyr B.P.)
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The frequencies of infaunal species, the During the LGM, the presence of species
productivity proxies (BFAR and BFHP), and organicthat were considered to be indicative of high food
carbon contents diminished in post-LGM sedimentsavailability in the environmentB( marginataand U.

For example, organic carbon contents ranged fromeregring see Martins et al., 2007 for a review)
0.60% (~20,540 cal. yr BP) to 0.51% in Holocenesuggests higher input of organic matter to the Hient
sediments (Fig. 4). Low values of nitrogen in theenvironment. This is supported by the higher BFHP
sediments during this interval resulted in anomsipu and BFAR values in LGM sediments (F&).
high C/N ratios. Post-LGM sediments were also Increased benthic productivity is also
characterized by higher frequencies of shallovsupported by the higher organic carbon contents in
infaunal and epifaunal benthic foraminifera spe@es LGM sediments.
subglobosaC. wuellerstorfiand P. ariminensis(Fig. The planktonic foraminifera (reflected in the
6). Pleistocene samples had an aver&geuberG. G. ruber/G. bulloidegatio) apparently responded to
bulloides ratio of 1.3. This ratio increased towardboth productivity and temperature variations. Oatad
present time (Figb). show a positive relationship between tBeruber/G.
bulloidesratio and alkenone-based SST estimates over
Discussion the last 27 kyr. This relationship enables us ferin
that the Brazilian continental margin experienced
) . changes in SST during the LGM. Fossil plankton and
Sedimentation rates appear to have beegganic geochemistry proxies support that thereewer

higher during the LGM, with a decrease towardsywer SSTs during the LGM than during the present
present time. This could be related to a more 8#€c (ime additionally, higher calcium carbonate corigen

action of the BC during the Holocene. This hypothesig, Holocene sediments support a warmer scenario
was proposed by Mahiques et al. (2007) based on thging this period (ARZ et al., 1998). These finding
analysis of sedimentological data from core 74&8 (S gre in accordance with the results of Toledo et al.
Figure 1 for location). Thus, an evident changéh® (o007h). These authofsund a sharp decrease of SST
sedimentation pattern_ _of the §tudy area marks tl1§-y approximately 2°C at 21,000 years BP based on
LGM-Holocene  transition. This change is alsopignkionic foraminifera data and reconstructed SST
observed in the magnetic  susceptibility,{o, the Southwestern South Atlantic.
sedimentological and microfaunal data when Holocene TheG. ruber/G. bulloidesatio also suggests
and Late Pleistocene sediments are compared. the occurrence of a stronger influence of warm and
_ Magnetic susceptibility changes betweeng|igotrophic tropical waters in the study area mfte
Pleistocene and Holocene sediments reflect changes| cp. This strong influence of warmer waters
the terrigenous input pattern in the study arethé ¢, nleq with the trend of grain-size coarseningaaiv
last 27,000 years.Higher values of magnetic {he Holocene, suggests changes in the study area’s
susceptibility indicate a higher input of terrigeiso hydrodynamic regime. These changes should have

sediments during the LGM. This higher terrigenougyeen induced by RSL variations. The change in SST
input could be function of: (i) lower RSL conditions jpserved in our data is also in accordance with a

(CORREA, 1996) that decreased the distance betweghqel proposed by Mahiques et al. (2007). This thode

core site and terrigenous sediment source andjor (kiates that the offshore displacement of the BC unde
more humid climatic conditions over the contineni,,; sea-level conditions resulted in a less intense

during the LGM (see Sylvestre, 2009 for a review)aqtion of the BC on the outer shelf and upper slope
We favor lower RSL conditions as the predominantrig 7). we found that during higher RSL conditions
factor mfluencmg .the increase in t.e(rlgenous inau the upper slope was once again covered by the warm
core sites. Humid climatic conditions may be Bwaters of the BC (Fig. 7). This, in turn, would have

secondary factor, since more humid climaticyeyented the increase of oceanic productivity rdyri
conditions have been reported as a source of highgfa Holocene.

terrigenous input during the LGM.(ARZ etal., 1998). In a large scale modeling study, Clauzet et
Unfortunately, the origin of the organic 5 (2007) reported a strengthening in the flowtraf
matter cannot be confirmed by C/N ratio values, tdue gc during the LGM as a consequence of changes in
the low correlation betheen organic ca_rbon and totziarge scale atmospheric processes. However, changes
nitrogen (r = 0.04). This low correlation does not, the intensity of the BC flow in the Southeastern
guarantee the organic character of the nitroge® Tlgrqjlian continental margin might not be recorded i
hypothesis that low calcium carbonate concentration, ; cores if this current displaced offshore durihg
observed during the LGM can be attributed to dilti | .
by terrigenous sediments (ARZ et al, 1998 The increased input of organic matter during
MAHIQUES et al, 2007) also supports highery,e | GM might have been causeshtributed by BC's
terrigenous input during this period. diminished capability of sediment remobilization
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(MAHIQUES et al., 2007) leadin¢gp higher rate of LGM. Post-LGM sediments are characterized by
organic carbon sediment entrapment. In contrast, tthigher frequencies of shallow infaunal and epifduna
post-LGM sediments have lower infaunal speciebenthic foraminifera species, such @s subglobosa
frequencies, lower productivity proxies (BFAR andC. wuellerstorfiandP. ariminensis These species are
BFHP) and lower organic carbon contents. Thisisually found inhabiting coarser sediments and
suggests diminished productivity. Toledo et al.O@0 environments with low nutrient availability, anduth
also found a decrease in the productivity through t are considered proxies of strong bottom currents
Holocene. They attributed this decrease to &MURRAY, 1991; MACKENSEN et al., 1995;
progressive strengthening of the BC as a result of aCHMIEDL; MACKENSEN, 1997; MARTINS et al.,
southern displacement of the ITCZ, due to insolatio2007). This decrease in productivity in the timestpo
changes related to the precessional cycle (TOLEDO €GM is also supported by highets. ruber/G.
al., 2008). Mahiques et al. (2007) found that thidulloidesratios.
decrease in productivity was due to a displaceroént Apparently, the change in water temperature
the BC towards land, resulting in a more intenseoacti during the LGM was not restricted to the superficia
of the current in the upper slope and outer shelfi®@ layers of the water column. During this intervdle t
Southeastern Brazilian continental margin (Fig. 7)presence of the infaunal benthic foraminifera sps(ci
Thus, the maintenance of the BC warm waters on theorcrosi is noted. Thisspecies is generally found
upper slope would have prevented a higheinhabiting low temperature environments (MURRAY,
productivity during the Holocene. 1991). We found a positive relationship with both
Grain size distribution also points to morebenthic foraminifera productivity and geochemical
intense action of the BC in the study area after theemperature proxies.

(a) (b)

0 — 0

w

-100 —| -100 —|
BC

-200 —
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Fig. 7. Schematic model showing cores 7486 (thidygtand 7485 (Mahiques et al., 2007) positiond, the position
of the Brazil Current (BC) under different climationditions (a) Present and Isotope Stage 3 antadt)Glacial
Maximum. (Modified from: Mahiques et al., op cit.).

During the LGM, humid climatic conditions circulation (TOLEDO et al., 2007a). However, the
could have increased terrigenous sediment inpuplanktonic and benthic foraminifera  record
thereby influencing water turbidity, decreasing @vat (community structure) in our core does not point to
column light penetration, and altering sea surfacsalinity changes in the study area over the laf2ay
salinity. years.

Salinity changes have also been reported for
the Southwestern Atlantic in the last 30 kyr (see
Toledo et al., 2007a for a review). Based on three ConcLusions
cores from the Southeastern Brazilian continental Our multiproxy analysis  integrating

margin, Toledo et al. (2007a) reported higher segegimentological, geochemical and  microfaunal
surface salinity values. These values were h'gheﬁ?oxies highlights changes in oceanic productisityl

between 22 and 28 kyr BP and gradual decreasegicijation in the Brazilian southeastern upper
during the Holocene. The observed salinity vari@io gntinental margin. These changes were strongly

were related to hydrological balance and globgjfiyenced by RSL fluctuations that occurred in the
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Late Quaternary. During the LGM, higher input of CLAUZET, G.; WAINER, I.; LAZAR, A.; BRADY, E.;
terrigenous sediments and the increase in prodyyctiv. =~ OTTO-BLIESNER, B.. A numerical study of the South
were due to the offshore displacement of the BC, as a Atlantic circulation at the Last Glacial Maximum.

o, . Palaeogeogr. Palaeoclimatol. Palaeoecol. 253, p.
consequence of lower RSL conditions, and to humid 509528, 2007.

climatic conditions over the_ contine_nt. In contrastCORREA’ L C. S. Les variations du niveau de la cheant
during the Holocene (a period of higher RSL), the |es demiers 17 500 ans BP: l'exemple de la ptated
increase in water column temperature and more continentale du Rio Grande do Sul — Brésiar. Geol.,
intense action of the BC suggest a displacementeof th  v. 130, p. 163-178, 1996.

warm waters of the Brazil Current toward the coastzBERWEIN, A.; MACKENSEN, A. Last Glacial Maximum
This displacement prevented the increase in water Paleoproductivity and water masses off NW-Africa:
productivity. Our findings support the conceptual Evidence from benthic foraminifera and stable ipeto

: Mar. Micropal. , v. 67, p. 87-103, 2008.
model proposed by Mahiques et al. (2007). FONTANIER pC.- JORIpSSEN F 3. LCARI L-

ANSCHUTZ, A.; CARBONEL, P. Live benthic
foraminiferal faunas from the Bay of Biscay: faunal
density, composition, and microhabitafeep-Sea Res.

) I, v. 49, p.751-785, 2002.
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Appendix - Along-core distribution of representativenthic foraminifera species densities (tests3). (Supplementary data,
available online only).
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