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[1] Sr isotope ratios of the terrigenous sediments from the Cape Basin (southeast Atlantic Ocean) exhibit a
systematic pattern of climate-related variability from the Holocene through the last glacial period. Values are
high during warm climate intervals (marine isotope stages (MISs) 1 and 3) and lower during full glacial
periods (MISs 2 and 4). The variability is large (¥St/2°Sr = 0.717-0.723), and the rapid changes correspond
temporally to abrupt climate change during the MIS 5a/4 and 2/1 transitions and through MIS 3. The Sr
isotope variability corresponds to changes in §'*C of benthic foraminifera at orbital frequencies and within
periods of rapid variability. Prior studies have suggested that benthic §'*C records from the Cape Basin follow
Greenland ice core variability and thus global overturning circulation. Other studies suggest that these benthic
&'3C records contain a strong overprint from isotopically light carbon, possibly associated with high fluxes of
organic matter to the seabed. We explore the scenario that the relationship between lower terrigenous 7Sr/8eSr
and lighter benthic §'*C may reflect high productivity during cold climatic intervals as a result of iron
fertilization of the southern Atlantic Ocean. Increased supply of iron during cold periods may be associated
with greater terrigenous sediment fluxes from South America, characterized by a less-radiogenic Sr isotopic
signature.

Citation: Rutberg. R. L., S. L. Goldstein, S. R. Hemming, and R. F. Anderson (2005). Sr isotope evidence for sources of terrigenous
sediment in the southeast Atlantic Ocean: Is there increased available Fe for enhanced glacial productivity?, Paleoceanography. 20,
PA1018. doi:10.1029/:2003PA000999.

1. Introduction documented variability on glacial-interglacial timescales.
generally showing lower Sr and Pb and higher Nd isotope
ratios during cold climate intervals [dbouchami and Zabel,
2003; Walter et al., 2000]. Until now, there have been
few radiogenic isotope studies that address relationships
between millennial climate variability and sediment prove-
nance changes, and these have focused on the North
Atlantic [Eisenhauer et al, 1999; Fagel et al, 2002;
Grousset et al., 1988; Innocent et al., 1997], and the Indian
ocean [Burton and Vance, 2000; Jung et al., 2004]. Here we
report a high resolution (63 samples over ~70 kyr) Sr
isotopic investigation of the terrigenous sediments from
the well-studied Capc Basin core RC11-83 [Charles and
Fuairbanks, 1992; Charles et al., 1996; Piotrowski et al.,

[2] Marine terrigenous sediments are the weathering
products of continental rocks that have a wide range of Sr
isotope ratios. Radiogenic isotope ratios of deep-sea sedi-
ments reflect the compositions of their continental sources,
and thus the Sr isolope compositions of terrigenous sedi-
ments provide a way to trace changes in their continental
provenance. The Sr/%Sr of continental source rocks
depend on Rb/Sr ratio, age, and geological history. Any
change in the continental sources of terrigenous sediment to
the oceans would be reflected in the down-core records of
isotopic compositions of the sediments at different locations
in the occans.

[3] The carlicst studies in the South Atlantic showed

svstematic geographical variations in the ¥Sr/8°Sr of sur-
face sediments, with lowest values in the circum-Antarctic
region and near South America [Biscaye and Dasch. 1971,
Dasch. 1969). Recent Sr. Nd, and Pb isotopic studies of
terrigenous sediments in the tropical and south Atlantic
Ocean and its adjacent sector of the Antarctic Ocean have
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2004; Rutberg et al., 2000]. Large *7Sr/**Sr variations are
found through the last glacial cycle, providing a systematic
pattern of variability that can be compared with other
climate proxies on Milankovich to millennial timescales.
The down-core time resolution is high enough to show
that changes are abrupt, especially duning major climate
transitions, where they are synchronous with changes in
¢!3C of benthic foraminifera. The correlation between the
¥75r/%Sr of terrigenous sediments and §'*C of benthic
foraminifera leads us to suggest that climate-related
changes in the terrigenous ®'Sr/*Sr ratio of Cape Basin
sediments may be related to variability in the supply of
terrigenous sediment, such that the terrigenous sediment
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Table 1. Location and Average Sediment Accumulation Rate of Cores Discussed in the Text®

Latimdé

Approximate sedimentation

Core Longitude Water Depth, m Rate. cmkyr
'R(‘l 1-83 40°36'S 9°48'E 4718 20
TNOS7-21 41°08'S 7°49'E 4981 15
ODP Site 1089 40°57'S 9°53'E 4575 22

“The s:-dimenlaupn rale for core RCI1 1-83 was derived from the age model of Charles er al. [1996). The sedimentation rate for
TNOS57-21 was derived from the age inodel in the work of Stoner et al. [2000). Sedimentation rate for ODP Site 1089 was derived
from the age madel given in the work of Cortese and Ablemann [2002].

served as an important source of biologically available iron
for the Subantarctic South Atlantic Ocean.

. 2. Study Area

(4] ¥'St/*Sr ratios were measured in the terrigenous
detritus fraction of samples from RC11-83 (Table 1)
recovered from a drift deposit in the southern Cape Basin,
southeast Atlantic Ocean (Figure 1). Within the Cape
Basin, deep water circulates in a clockwise gyre [Tucholke
and Embleyv, 1984), and sediments are focused into drifts
along the southern boundary [Shipbourd Scientific Party,
1999]. High-resolution stable isotope records from
RC11-83 have been interpreted to retlect changing com-
position of surfacc and deep waters in the Cape Basin
[Charles and Fairbanks, 1992; Charles et al., 1996]. The
data available from this core, together with published
results from other nearby cores (Table 1). allow the
interpretation of the terrigenous ¥ Sr/*Sr ratios to be made
in the context of a wealth of complementary palcoceano-
graphic data.

3. Analytical Procedures

[s] RC11-83 samples typically weighing ~50 mg were
leached with a series of solutions to remove CaCOj; and
Fe-Mn oxides. Carbonate was removed by leaching each
sample for two 2-hour periods with a 0.45 molar acctic
acid leach solution. This solution was buffered to pH = 5§
with NaCO; to dissolve the CaCOj; without attacking the
clays [Biscaye, 1964, 1965]. The buffered acetic acid
was made with distilled water. reagent grade acetic acid
(27 mL/L solution) and reagent grade sodium acetate
(82 g/L). After the CaCO; was removed, the samples were
rinsed three times with quartz-distilled water. A 0.02 molar
hydroxylamine hydrochloride/25% acetic acid solution was
used to dissolve the dispersed Fe-Mn oxides in a procedure
modified from Chester und Hughes [1967] [cf. Rutberg et
ul.. 2000]. After leaching. the samples selected for Sr isotope
analyses were rinsed thoroughly three times with quartz
distilled water and were then transferred to Savillex™ vials
for dissolution. Samples were dissolved on a hotplate
using a 3:1 mixturc of HNO, and HF. A small amount
of HCIO4 was used to oxidize any organic matter and to
dissolve any CaF. present. After drying down, they were
re-dissolved in 3N of HNOj; and loaded onto 30 pL Teflon
columns containing Eichrom Sr Spec® resin that had been
cleancd with water and cquilibrated with 3N HNO;. Seven

hundred microlitcrs of 3N HNO; were passed through the

[} |
resin {o remove matrix elements, and sul)sequently Cr was
eluted with 500 L of quartz-distilled water.

[6] Sr isotope ratios were measured on a VG Sector 54
thermal ionization mass spectrometer at the Lamont-
Doherty Earth Observatory in multidynamic mode. The Sr
was loaded onto tungsten filaments with TaCls solution
[Birck, 1986). *’Sr/**Sr ratios were measured by dynamic
multicollection and corrected for mass discrimination
assuming *¢Sr/*8Sr = 0.1194. Typical beam intensitics were
2.0-4.0 x 10~"" amps on mass 88. External reproducibility
was monitored using strontium standard SRM 987. One of
our goals was to analyze samples rapidly. Becausc there is a
large range in Sr isotope ratios (0.717-0.723), we decided
that a larger number of samples were preferable to high
precision. As a result, 2 samples were run per hour, typically
with 40 ratios in 2 blocks of 20 measurements per samplc.
Nevertheless. the 2a reproducibility of SRM987, even with
these rapid measurements, was about £0.00004 (Table 2).
This method makes collection of Sr isotopic data very
efficient with short analysis times of 20-40 min.

4. Results

[7) The age model used for RC11-83 is that of Charles et
al. [1996) based on '*C dates and oxygen isotope stratig-
raphy. The terrigenous *'Sr/**Sr varies from low values of
~0.717 during MIS 2 and 4 to high values of ~0.723
during the Holocene and MIS 3 (Table 2; Figure 2). The
variability is much smaller within individual stages. with
MIS 3 showing significantly more variability than the other
stages. The terrigenous *'Sr/**Sr record in RC11-83 varies
in tandem with the 8'>C of benthic foraminifera (Figure 3).
The covariability between these two proxies allows for a
common cause, and the hypothesis proposed here follows
the assumption that the correlation suggests related causes.

5. Discussion

[8] The down-core Sr isotope variability and the system-
atic relationship to climate changes shows that the average
source has lower ¥’Sr/*°Sr during cold climate intervals.
The rcgional distribution of terrigenous *’Sr/**Sr in Holo-
cenc sediments helps constrain possible changes of source
in the past [Goldstein et al., 1999a, 1999b). High *’St/*sr
(>0.720) are observed in a narrow band along the coast of
southeast Africa, along the path of the southwest flowing
Agulhas Current, which brings warm and salty water from
the tropical and subtropical Indian Ocean to the Atlantic
Ocean. The band of high *’Sr/*Sr ratios extends into the
Cape Basin, where there is a sharp gradient to lower valucs

to the south, west, and north [Dasch, 1969; Goldstein et al,
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the Cape Basin is from detritus from southeast Africa,
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Figure 1.

Bathymetric map showing bottom currents, the Agulhas Current, and corc locations. The

black arrows represent deep currents [after Tucholke and Embley, 1984].

transported to the Cape Basin by the Agulhas Current.
Accordingly. the down-core Sr isotope variations in
RC11-83 may reflect variability in the strength of the
Agulhas conwibution to the Cape Basin, or increases in
the contibutions of sources with lower Sr isotope ratios. or
some combination thereof.

6. Sea Surface Temperature and Terrigenous
¥Sr/teSr

[+] One means of cvaluating the temporal changes in the
Agulhas flux to the southeast Atlantic is through sea surface
temperature proxics because a strong Agulhas flux should
be associated with higher sea surface temperatures. In the
modem ocean. leakage of Agulhas water mm the southeast
Atlantic Ocean transports 2.3-47 x 10'* Watts [Gordon,

1985]. A 2°C temperature anomaly was associated with an
unusual westward penctration of the Agulhas Current into

the Atlantic Occan in 1986, and this demonstrates that
surface temperatures of the southeast Atlantic Ocean are
sensitive to changes in interocean exchange on annual
timescales [Shannon et al., 1990]. On the basis of the
modern link between the westward penetration of Agulhas
water and SST in the southeast Atlantic Ocean, we might
expect a correspondence between sea surface temperature

and Sr isotopes, if this is the primary control on the
provenance variation.

[10] Summer sca surface tempcraturcs (SSST) based on
radiolarian assemblages at ODP Site 1089, located ncar
RC11-83, (Table 1) vary over the last g glacnal LyLlC [Cortese
and Abelmann, 2002], but covary with the St/*Sr record
from RC11-83 only during the LGM and the Holocene, not
during MIS 3 and MIS 4 (Figure 4). The SSSTs show strong
short-term variability on the order of 3-4°C from MIS §
through MIS 2, and an abmpt change of ~6°C to warmer

Holocene values. This is in contrast to the *’Se/*Sr record

that shows distinctly higher values in MIS 3 than in MIS 4.
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TuPle 2. Detrital Sr Isowope Ratios are Reported for Core RC11-  Table 2. (continued)
83 Depth, cm Ave, kvr Msr sy
Depth. em Avc. kyr ¥7Sr 805 1415 68.2 07213
N4 . 6.62 0.72259 1450 69.60 0.7218%
100 7.53 072174 —383 71.87 0.72200
100" 0.72177 “The average *"Sr/*Sr values and extemal reproducibility measured for
17 R49 0.72219  SRM 987 over three intervals during which samples were measured arc:
125 8.95 0.72217  0.71031 % 3 (2 s external reproducibility. n = &), 0.71026 = 4 (2 s extemal
132 9.29 0.7227  reproducibility. n = 38). 0.71023 = 3 (2 s extemal reproducibility. n = 16).
l-}x 10.06 0.72228  These errors are far less than the isotopic difference among samples.
150 10.15 0.7227 Because our samples had a wide range in composition, higher precision
164 10.8 0.72284  data was not required. allowing us to minimize analytical time which
180 1148 0.72287  greatly contributed to the efficiency of this method. The extemal eror is
196 12.12 0.72285  taken to be the best estimate of the analytical uncertainty. The procedural
212 12.72 0.72196  blank is ~500 pg. which comprises less than 0.05% of sample Sr. The
228 13.27 0.72228  RC11-83 ages arc denived from the age model of Charles et al. (1996},
F24d 14.03 0.72158 “Duplicate analysis.
250 14.35 0.72060
250 0.72037
250" 0.72039 . . . . g
260 14.84 0.71951 [n] Oxygen isotope ratios in planktonic foraminifera
270 15.26 0.71865  (planktonic 6'%0) have been interpreted as a proxy for sea
276 15.46 0.72175  surface temperature (SST) in southeast Atlantic cores
‘Zf, :;:‘l’ g;ﬁz: [E‘harles et al., 1996; Ninnemann et al.. 1999]. Planktonic
392 16.02 071812 & O is also sensitive to a variety of factors, including water
292k 0.7180¢ mass distribution (salinity), ice volume, and mecltwatcr.
2920 0.71308  Planktonic 5'*0 in nearby corc TNO57-21 (the stratigraphy
;"’:‘ :g‘;; g;:;gz of which has been correlated with RC11-83 on the basis of
11 17 %% 071752 excellent correspondence of the benthic &'°C records
360 18.01 071757 [Ninnemann et al.. 1999]), shows warm stage to cold
72 18.88 0.7176  stage differences, but there is no clear covariability
38 19.55 071781 between the planktonic §'%0 and terrigenous *7Sr/**Sr
j‘"\’ 13;2 007};(7’, records (Figure 4). The two records show concurrent
4;: 20,89 0‘_—”75; SST change between MIS 2 and the Holocenc but little
448 21.58 0.7178  covariability deeper in the core.
s41 23.83 0.71762 [12] Alkenone-based sea surface temperatures at site
S 25.41 071714 TNOS57-21 [Sachs et al.. 2001] vary over the last glacial
a7 3141 ANy cycle but do not show a strong covariation with the
L 743 25.08 07]825 . 87 86q.. : .
700 32.16 071858 terrigenous °'Sr/*°Sr in RC11-83 (Figure 4). Both records
750 33.08 0.71908  have low values in MISs 2 and 4 as compared to MISs 1 and
TH0" 0.71911 3 but they deviate substantially over the MIS 3-2 transition
Roo :‘9; g;i?gi and during MIS 4, during which time terrigenous *’Sr/**Sr
:Z:: 3233 072105  Values are low and alkenone-derived paleotemperatures are
887 0.72023  relatively high.
919 3978 0.72067 [13) The three temperature proxics record dissimilar
gl 072062 patterns and values in the Cape Basin. This may reflect a
::,‘: :41 ':1 3;3;;? dominant signal during different seasons among the differ-
090" ‘ 072179  ent proxies or other problems, and it may reflect transport
C1000 44.05 072306  over longer distances in the case of alkenone-derived SST
1047 46.76 0.7226!  yalues. In addition to disagreements among themselves,
Heo 4731 0‘73282 none of the SST records closely follows the terrigenous
::Jn(l) j:?); 3;-}%25 879r/%¢Sr variability over the last glacial cycle. Assuming
1050 48,64 072136 that the modem relationship between the input of Agulhas
1090 49.24 072299  Current waters 1o the southeast Atlantic Ocean and south-
P10 49.82 072323 oaqi Atlantic (S)SSTs should apply throughout the last
he) <5«2'72g 833}32 glacial cycle, these comparisons imply that terrigenous
:::,lx 5348 072048 S'St/°Sr is not (simply) recording changes in the amount
1195 55.82 071924 of Agulhas water exported to the southeast Atlantic Ocean.
1210 56.62 0.71949
1230 58.13 0.72001
2506 59.04 0.7191 . .
128 0214 071995 7. Benthic §°C and Terrigenous *’Sr/**Sr
125" 0.72002 C 83 h h
" TR prny (W] The Stong corelon RCIIA) bewen U
. ' . . 87¢, /86 gl N
|0 0734 07205 terrigenous St/ or and benthic 0C contrasts with the
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Figure 2. (a) Detrital *"Sr/*°Sr ratios in RC11

-83. (b) Benthic §'*0 in RC11-83. Benthic 8'*0

(C. wuellerstorfi) data are from Charles et al. [1996]. All data are plotted against depth in core.
Approximate depths of marine isotope stages are noted by the horizontal arrows at top of figure.

disagreement between terrigenous ¥’Sr/**Sr and SST records
and among the SST records themselves. Cold manne isotope
stages are ch'lracteuzed by low benthic §'*C, and the
terrigenous *’Sr/*°Sr ratios are also low, and during warm
stages. both benthic §'*C and %'Sr/*Sr ratios are high
(Figure 3).

[15] A visual cxamination of the fine-scale features sug-
gests covariability on shorter timescales as well (Figure 3).
For example. during the LGM to Holocene transition bath
pr0\|es Jump briefly to nearly Holocene values. This benthic

A13C excursion was noted by Charles and Fairbanks [1992],
and they suggested that it reflects a **false start” of NADW
prior to the full transition to Holocene conditions. The
proxics then retum abruptly to glacial-like values before
making the final transition to values that characterize the

Holocene (see inset of Figure 3). These proxies changc

concumenly dum Sevrl sheut evenions i the Kl

cene and MlSs 3 and 4 (Figure 3). The coherence of the
benthic §'*C and terrigenous *’Sr/*Sr, in contrast with the
absence of such clear coherence with SST proxies. is taken
to suggest that a common process could be affecting the
benthic $"°C and terrigenous *Sr/*Sr variability. In the
following discussion we cxplore paleoproductivity varia-
tions, driven by variations in Fe fertilization, as a plausible
common process to explain both.

8. Origin of the Benthic §'*C Signal

[16]) The benthic §'3C record in RC11-83 has been
interpreted as evidence for shallowing or shutting down
of North Atlantic Deep Water (NADW) during the cold
stages of the last glacial cycle [Charles und Fairbanks,

1992; Charles et al,, 1996]. Neodymium sotopes in the
Fe-Mn OXI(JE ﬁaction Of RC”Q? sed;menls have also
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Figure 3. Dcrrital R-’Sr/f“’_Sr ratios (black line) and benthic 513C (gray line) plotted against age in
RC11-83. The benthic 8'*C was measured in C. wuellerstorfi [Charles et al.. 1996]. Ages were

calculated by linearly interpolating between

Charles et al. [1996). The arrows point to excursions in the
excursions in the benthic 8!*C record. Features

14C dates and 8'¥O tie points presented in the work of

875r/%0Sr (a--d) that visually correlate with
PR ATY H
and "a'" (inset) represents the abrupt,

“wat

a

synchronous, excursion in both records that immediately precedes termination 1.

been interpreted to indicate a decreased NADW flux to the
southeast Atlantic Ocean during colds stages [Piotrowski
¢t al.. 2004: Rutherg et al., 2000]. However, the extremely
low benthic #'*C must indicate significant additional
occanographic processes unrelated 1o NADW variability.
For example. the glacial benthic 6'3C values recorded in

Southern Ocean cores are significantly lower (~0.5%o) than

glacial deep Pacific values [Mackensen et al, 1993]. In
addition. Cd/Ca and Ba/Ca ratios in the shells of benthic

foraminifera do not show a substantial change during the last

glacial cycle [Boyle. 1988: Lea, 1995; Oppo. 1994]. We
propose that a portion of the glacial benthic §'3C signal in
the southem Cape Basin reflects a phytodetrital effect
[Mackensen et al.. 1993]. i.e., 8 negative over;,srim on the
benthic 83C record due to the decay of low §'°C organic
material at the sediment water interface. Mackensen et al.
[2001] concluded that an upper limit for the phytodetrital

effect on the 5°C of epibenthic foraminifera to be 0.4%.

However, Bickert and Wefer (1999] have found that
C. wuellerstorfi, living during glacial periods within the
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Figure 4. The first graph shows detrital 87Sr/*Sr ratios, and the second, third, and fourth graphs show
southeast Atlantic sea surface temperature records plotted against age. The second graph shows average
SST derived from the alkenone paleotemperature technique [Sachs er al., 2001] from sediment core
TNO57-21. The age model for the second graph is from Stoner et al. [2000]. The third graph shows
planktonic ¢'*0 (G. hulloides) record from core TNO57-21 [Mortyn et al., 2003]. The fourth graph
shows summer sea surface temperature (SSST) derived from radiolarian assemblages at ODP Site 1089
[Cortese and Abelmann, 2002]. Marine isotope stages are noted. Warm stages are highlighted in gray.
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upwelling region off Namibia, had 8'*C values about 0.6%. have been very different at the two sites, so the difference in
lower than contemporary C. wuellerstorfi living at compa- §'3C of C. wuellerstorfi must have been created by a
rable depths a short distance offshore. They argued that the  phytodetritus effect in the productive upwelling region off

£'C of the dissolved inorganic carbon (DIC) could not  Namibia.

7of 10



PA1018

‘Ln] A similar argument can be applied to the benthic
¢7°C records from the Southem Cape Basin. Benthic §'>C
values from sites in the southern Cape Basin, including our
core (RC11-83). arc about 0.6%o lower than contcmporary
¢1C values of C. wuellerstorfi living at 4084 m in the
northern Cape Basin (Bickert and Wefer [1999]: Site
GeoB1211). Therefore, following reasoning similar to that
of Bickert and M’b{br [1999]. we conclude that about 0.6%e
of the benthic £°C signal in deep southemn Cape Basin
sediments was created by phytodetritus effects. Changes in
deep circulation [c.g.. Charles and Fairbanks, 1992;
Charles et al.. 1996; Rutberg et al., 2000, Piotrowski et
al., 2004). as well as changes in the global average §'*C of
dissolved organic carbon (DIC) [Duplessy et al., 1988), also
influenced Cape Basin records. but these effects do not
account fully for the glacial benthic §'*C at the site of
RC11-83.

[+s] Enhanced export of organic carbon in the Subantarc-
tic Atlantic Ocean during cold periods has been suggested
previously [dnderson et al., 1998, 2002;: Chase and
Anderson, 20015 Francois et al., 1997; Kumar et al.,
1995; Suchs and Anderson, 2003]. Increased supply of
organic material at the sediment water interface would
stimulate rapid chamber building and reproduction in
benthic toraminifera [Mackensen et al., 1993], and the
respiration of this organic matter would create a pool of
isotopically light DIC ncar the sediment water interface
[Muckensen et al., 1993]. Both factors would have driven
the ¢°C recorded in benthic foraminifera toward values
lower than the 2'*C of DIC in the swrounding seawater.

9. Sr Isotopes Constrain Sources of Terrigenous
Iron for Fertilization

[19) Accepting that most of the benthic 8'*C variability in
RC11-83 was caused by a phytodetritus overprint, we
consider a mechanism involving iron fertilization of South
Atlantic phytoplankton that could have generated the strong
corrclation between terrigenous *Sr/%°Sr and the surface
origin of the #'2C signal. On the basis of Nd concentrations
and isotope compositions of terrigenous sediment in the
Cape Basin, Bavon et al. [2003) suggested that the supply of
terrigenous material derived from the southwest Atlantic
region was greater during glacial periods than during
mterglacials. They suggested that the increase in (lux of
clays from the southwest Atlantic region was caused by
increased transport into the Cape Basin by Circumpolar
Deep Water (CDW). However. rather than interpreting the
Nd data to rcflect an increascd transport by deep currents,
we invoke a glacial increase in the source of Patagonian
terrigenous material [Diekmann et al., 2000; Halter et al.,
2000] to explain the results of this study and Bayon et al.
[2003] from the Cape Basin. This suggestion is consistent
with published flux estimates from Kumar et al. [1995] of
up 10 five imes greater teirigenous flux during the LGM in
the Southern Occan west of the Cape Basin.

.[2v] Clay mincralogy records from Cape Basin sediments
at ODP 1089 show systematic climate-related changes that
are also consistent with increased proportion of terrigenous
sediment from the west and/or south during cold periods.
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Ku]m and Diekmann [2002] showed that kaolinite/chlorite
ratios varied by more than a factor of two. with low values
during glacial periods. They further suggested the principal
source of chioritc to Cape Basin scdiments to be Patagonia.
The clay mincralogy and Nd isotope evidence for prove-
nance (Bayon et al., 2003; Kuhn and Dickmann, 2002] are
consistent with the evidence of higher fluxes [Kumar ¢1 al.,
1995] and suggest a greater contribution from South Amer-
ica or other western sources during the LGM.

(2] Dickmann ez al. [2000] reported increased supply of
glaciogenic material derived from the Chilcan Archipelago
to the northem Scotia Sea during cold periods. The con-
clusions of Diekmann et al. [2000] were based largely on
the mineralogical composition of the sediments. Hulter et
al. [2000] reached similar conclusions based on Nd and Sr
isotope evidence; for example, they found *’Sr/**Sr of
0.710 for the terrigenous fraction of sediments deposited
on the Mid-Atlantic Ridge at 41°S during the LGM. An
increase during cold e_eri,ods in the supply to the Cape Basin
of clays having this *"St/**Sr might explain the down-core
variability.

[22) Terrigenous sediments derived from the western
South Atlantic are transported eastward by the Antarctic
Circumpolar Current (ACC) and the South Atlantic Current
(SAC). and it is possible that the increased flux of terrig-
enous material could have provided labile iron to fertilize
biological productivity [Bishop et al.. 2002: Bluin et al.,
2001]. Experimental cvidence has demonstrated that the
addition of iron to Southern Ocean surface waters can
stimulate productivity [Boyd et al., 2000; Coale et al.,
2004]. Iron fertilization via the release of iron from the
increased supply of terrigenous sediment during cold peri-
ods might have led 10 an increased flux of organic carbon to
the seafloor. Therefore we suggest that an enhanced flux of
terrigenous material from Patagonia fertilized Subantarctic
surface waters with iron during cold periods, stimulating
export productivity. This would have driven benthic §'*C
toward the low values that characterize the glacial southern
Atlantic Ocean. and the terrigenous *’Sr/™Sr toward the
low values that characterize sediments derived from South
America. This scenario is consistent with the carlicr
findings of Kumar et al. [1995].

{23] Although much of the terrigenous material from
South America was probably eroded by ice and transported
by the ACC or by the SAC, we cannot rulc out a contribu-
tion by dust as well to the increased supply of iron during
cold periods. Grousset et al. [1992] and Basile et al. [1997]
have made a strong case that Patagonia was the source of
the increased fluxes of dust to the site of the Vostok ice core
during glacial periods. Consequently. there must have been
a glacial increase in flux of Patagonian dust to the Subant-
arctic South Atlantic Ocean as well. However, at this time
there is no reliable method to evaluate the dust contribution
1o the increased flux of Patagonian terrigenous material to
Cape Basin sediments during cold periods.

10. Conclusions

[24] *Sr/®Sr ratios of terrigenous detritus in core
RC11-83 vary with climate over the last glacial cycle,
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from 0.723 during marine isotope stages (MISs) | and 3 to
0.717 dun’no MlSs 2 and 4. The Holocene distribution of
terrigenous *’Sr/*%Sr indicates a southeast African source for
the hlgh ¥7Sr/*Sr ratios observed during the Holocene,
transported to the Cape Basin by the Agulhas Current. This
means that the temporal pattern through the last glacial cycle
reflects either reduced supply from the Agulhas Current or a
relative increase in the supply from other sources. SST
proxies in the Cape Basin do not covary with *’Sr/*%Sr as
would be expected if the variability were controlled by the
supply of warm Agulhas Current water However, the cloae
correlation between terrigenous **Sr/*®Sr ratios and the §'3C
of benthic foraminifera in Cape Basin sediments strongly
suggests that these two proxies are related.

"[25] Increased dust fluxes to Antarctic ice have been
documented during MISs 2 and 4, and there was also a
general increase in the supply of temzenous sedlment in the
South Atlantic. These sources have low ¥’Sr/*%Sr and might
have supplied labile iron that stimulated productivity and
the flux of particulate organic material to the seafloor. We
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suggest that the exported organic matter provided a pool of
isotopically light carbon from which benthic foramxmrexa
calcified, thereby accounting for the anomalously low #'*C
values of benthic foraminifera in the glacial South Atlantic
0cean as well as the strong correlation between benthic
6'C and terrigenous *’Sr/*Sr ratios.
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