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ARTICLE INFO ABSTRACT

Editor: Fabienne Marret-Davies Late Quaternary glacial-interglacial climate variability is related to the carbon cycle, with its feedback mecha-
nisms amplifying the effects of orbital forcing. These processes account for a ~80-100 ppm change in atmo-
spheric COz, and are influenced, in part, by shifts in carbonate production, dissolution, and burial. The southern
Brazilian continental margin is close to potential iron fertilisation sources, but the interplay of the region's
productivity, water mass geometry, and carbonate dissolution remain underexplored. In this study we investigate
core SIS-203 (1894 mbsl depth), covering the 31-7 ka interval. Planktonic foraminifera proxies indicate low
productivity during the Last Glacial Maximum (LGM), with a slight increase during the deglaciation and into the
Holocene. Authigenic foraminiferal exg shows full influence of corrosive Southern Component Water (SCW)
during the LGM, and decreased carbonate preservation supports this interpretation. Thus, despite the low bio-
logically mediated dissolution at this site, carbonate preservation decreases during the LGM, similarly observed
in other Atlantic basins. We propose that it is through water mass geometry changes (higher influence of SCW)
that calcium carbonate preservation is affected. Changes in deep water mass stratification and circulation
strengthened deep-ocean carbon sequestration during the LGM in the western South Atlantic, which may be
linked to Southern Hemisphere climate dynamics.
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1. Introduction carbon reservoir (Broecker, 1982; Sigman and Boyle, 2000; Yu et al.,

2016). For instance, during the last glacial-interglacial cycles of the late

Late Pleistocene glacial-interglacial cyclicity (Berger, 1988; Milan-
kovitch, 1941) can be observed in global ice volume (as recorded by
benthic oxygen-18 isotope [5'%01, Hays et al., 1976; Elderfield et al.,
2012), temperature, and atmospheric CO; levels (derived from Antarctic
ice cores, Bereiter et al., 2015) and exhibits variations paced by orbital
cycles. However, the changes introduced by orbital parameters alone
cannot fully explain the large observed climatic shifts, invoking the in-
fluence of additional feedback mechanisms (Lenton et al., 2008;
Shackleton, 2000), such as a tight link to changes in the global marine
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Quaternary, a change in atmospheric CO; of approximately 80-100 ppm
from glacial to interglacial periods has been documented (Petit et al.,
1999), with various feedback mechanisms proposed to explain this
amplitude. One proposed mechanism includes a causal chain of events
(e.g., Kohfeld and Chase, 2017): the expansion of Antarctic sea ice,
which prevents CO5 degassing and acts to store carbon in the deep ocean
by the higher production of nutrient-rich Southern Component Water
(SCW) (Railsback et al., 2015; Rickaby et al., 2010). The ice expansion
shifts the sea ice edge equatorward and increases the hemispheric heat
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gradient, strengthening the wind belt (e.g., Kohfeld et al., 2013; Togg-
weiler et al., 2006), and enhances aeolian iron-bearing dust fertilisation
allowing enhanced productivity in the Southern Ocean (e.g., Martin,
1990; Martinez-Garcia et al., 2009). This mechanism is testable in the
South Atlantic.

Over the last 25000 years (encompassing Marine Isotope Stages 2
and 1 [MIS 2, MIS 1]), the ocean-climate system underwent significant
transformations, including increasing atmospheric CO;, a marked
decrease in global ice volume (last deglaciation, 19-11 ka BP), a
southward migration of the southern westerly wind belt, and a decline in
biological productivity in the Subantarctic Zone. These changes were
particularly pronounced during the transition between the Last Glacial
Maximum (LGM, 23-18 ka BP) and Holocene (Clark et al., 2009; Howe
et al., 2016a; Kohfeld et al., 2013; Lisiecki and Raymo, 2005; Martinez-
Garcia et al., 2009), which in the ocean is marked by a reorganisation of
water mass geometries, as well as reduction in both organic carbon and
calcium carbonate accumulation rates on regional and global scales
(Cartapanis et al., 2016; Mahiques et al., 2007).

The Atlantic Ocean plays an important role in the global thermo-
haline circulation, transporting salt and heat between hemispheres and
is also a critical region to investigate changes in the biological pump
which transports carbon from the atmosphere and surface ocean to
depth. For instance, in the western South Atlantic, previous studies have
also documented a decrease in primary productivity during the last
deglaciation (Alvarenga et al., 2022; Frozza et al., 2020; Gu et al., 2017;
Pedrao et al., 2022; Pereira et al., 2018; Portilho-Ramos et al., 2019),
which likely inhibited carbon export from the mixed layer and seques-
tration in deep water mass, contributing to net ocean carbon release to
the atmosphere. Calcium carbonate preservation responds to changes in
the configuration of water masses on regional scales (Liu et al., 2022;
Petr¢ et al., 2018a, 2018b; Petr6 and Burone, 2018; Petr¢ et al., 2021),
and also with changes in local primary productivity and organic matter
export, however this interplay between water mass configuration and
local net export productivity has not been fully explored in the South
Atlantic.

Reconstructions based on carbon-13 isotope (5'3C) suggest a perva-
sive presence of SCW throughout much of the deep South Atlantic during
the LGM, implying a major displacement of Northern Component Water
(NCW) (Curry and Oppo, 2005; Duplessy et al., 1988) and vertical
profiles of benthic 5'3C support greater SCW volume in the Atlantic
basin during the LGM than during the Holocene (Shub et al., 2024).
However, studies using other proxies point to a sustained production of
North Atlantic Deep Water during the LGM, indicating that SCW was less
spatially extensive and NCW was more prevalent than the §'3C data
suggests (Blaser et al., 2025; Howe et al., 2016a; Chalk et al., 2019). The
extent of NCW relative to SCW at mid- and deep depths of the Atlantic
Ocean significantly impacts carbonate preservation, because SCW is less
saturated with respect to carbonate ion, reducing the preservation po-
tential of calcium carbonate at the seafloor (Frenz et al., 2003).

Neodymium isotope ratios (enq) is a quasi-conservative tracer for
studying water masses (Wu et al., 2022; Yehudai et al., 2023). The
isotopic signatures in the ocean are influenced by the age and geological
origins of the regions from which the water flows. Sediments on the
seafloor acquire coatings of precipitated Fe-and Mn-oxide, and in the
case of foraminifera, the coatings contain orders of magnitude more Nd
than their shells (Roberts et al., 2012). The oxide coatings incorporate a
eng signature corresponding to that of the waters bathing them. As water
masses have characteristic eyq signatures, the enq of a core site can be
interpreted in terms of mixing between water masses. For instance,
northern component water (North Atlantic Deep Water) typically shows
less radiogenic engq values (ranging from -13 to -10), while southern
component water (e.g. Antarctic Bottom Water) displays more radio-
genic values (between -8 and -6, Howe et al., 2016b; Poppelmeier et al.,
2022; Robinson et al., 2023; Tachikawa et al., 2017). For these reasons,
end is particularly well-suited to reconstruct Atlantic water mass prov-
enances, and in this study, it is used to trace the relative contributions of
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northern- and southern-component waters at our core site and thus
interrogate the likely impacts of water masses on carbonate
preservation.

In this paper, we investigate glacial carbon storage in the deep
western South Atlantic during the 31-7 ka interval, focusing on the key
processes carbonate dynamics and water mass structure. During the
LGM, consistently low biological productivity and the dominant influ-
ence of SCW in the region suggest that any intense carbonate dissolution
events were driven by short-term changes in water mass geometry to-
ward even less saturated water masses. If so, the deep western South
Atlantic may have acted as an important carbon reservoir during the
LGM. We test this interpretation with a multi-proxy-approach, based on
benthic §'3C, mean sortable silt and ey, documenting signals of disso-
lution, carbon storage, low flow intensity and water mass provenance.

1.1. Study area

In the Southwest Atlantic, surface circulation is dominated by two
oceanographic features: the Subtropical Gyre and the Brazil-Malvinas
Confluence. The confluence at ~38°S is the meeting point of the warm
(>20°C) and salty (>36 psu) Tropical Water (Fig. 1), that circulate
southward in the upper layer forming the Brazil Current. Northward
counterflow is formed by the cooler (<15°C), fresher (<34.2 psu) but
denser, Subantarctic Water, transported in the upper layer by the
Malvinas Current (Peterson and Stramma, 1991; Piola and Matano,
2019).

South Atlantic Central Water circulates near the southern Brazilian
continental margin, below the Tropical Water and the Brazil Current. It
is cool and nutrient-richer than the overlying water mass (Piola and
Matano, 2019) due to the fertilisation of the photic zone from periodic
deepwater upwelling events (Lessa et al., 2017, 2019). Below the South
Atlantic Central Water, flows SCW encompassing the Antarctic Inter-
mediate Water and Upper Circumpolar Deep Water (UCDW). The NCW
exist in a balanced equilibrium with the SCW, flowing southpoleward
above a denser SCW, the Antarctic Bottom Water. The presence of SCW
promotes dissolution of calcium carbonate due to its undersaturation
with respect to carbonate ions, while NCW (North Atlantic Deep Water,
NADW) promotes the preservation of calcium carbonate due to its
higher carbonate ion concentration (Frenz et al., 2003). Past changes in
the proportions of both NCW and SCW have impacted the chemistry of
deep water and its carbonate solubility (Curry and Oppo, 2005; Dias
et al., 2025; Howe et al., 2018; Howe et al., 2016b; Shub et al., 2024)

2. Material and methods

This study uses sediment samples from piston core SIS-203 (3.6 m
length), retrieved from the southern Brazilian continental margin at
1894 meters below sea level (29°30'S, 47°7'W, Fig. 1), currently at the
boundary of NADW and UCDW. Core SIS-203 was obtained during an
oceanographic campaign during the austral spring-summer of 2007 by
Fugro Brasil Ltda for the Brazilian National Agency of Petroleum, Natural
Gas and Biofuels.

2.1. Foraminiferal analyses

To recover the planktonic foraminifera tests, 38 samples were
selected with a mean spacing interval of 9 cm along the core. Each
sample was washed through a 63 pm sieve, dried below 60°C and
weighed. For the planktonic foraminifera assemblage compositions, at
least 300 non-fragmented planktonic foraminifera >150 pm were clas-
sified for each sample following the taxonomy of Brummer and Kucera
(2022). To reconstruct sea surface primary productivity, we analysed
the upwelling-related species Globigerina bulloides and the oligotrophic
water species Globigerinoides ruber (G.bull/G.rub ratio) (Conan and
Brummer, 2000; Conan et al., 2002), as well as the relative abundance
(%) of Globigerinita glutinata (Conan and Brummer, 2000; Pereira et al.,
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Fig. 1. Location of core SIS-203, other mentioned cores and nearby seawater eyq stations. in map view (A), a general overview of the Atlantic surface circulation: BC:
Brazil Current; MC: Malvinas Current; ACC: Antarctic Circumpolar Current; BeC: Benguela Current; EC: Equatorial Current; NBC: North Brazil Current; GS: Gulf
Stream; CC: Canary Current, (B), detailed map view with mean annual sea surface temperatures (Locarnini et al., 2013) (C) and latitudinal cross section using
dissolved phosphate (Garcia et al., 2014) (C). Water masses in C are TW: Tropical Water; SACW: South Atlantic Central Water; AAIW: Antarctic Intermediate Water;
UCDW: Upper Circumpolar Deep Water; AABW: Antarctic Bottom Water; (the last three SCW) and NADW: North Atlantic Deep Water (NCW). SIS-203 (this study);
U1313 (Chalk et al., 2019); 108-663A (Wagner, 2000); GeoB1035 (Bickert and Wefer, 1996); GeoB3808-6 (Jonkers et al., 2015); ODP1090 (Bickert and Wefer,
1996); TN057-6 (Teitler et al., 2010); MD07-3076 (Skinner et al., 2013); GL-1090 (Howe et al., 2018; Dias et al., 2025); GeoB2107-3 (Howe et al., 2016b);
GeoB2104-3 (Howe et al., 2016b); KR159-5-33 (Howe et al., 2018); KR159-5-36 (Howe et al., 2016b); SAT-048A (Suarez-Ibarra et al., 2022); SIS-249 (Suarez-Ibarra
et al., 2023); Station (St.) 9 (Wu et al., 2022); St. 302 (Jeandel, 1993). Figure made with Ocean Data View (Schlitzer, 2023).

2018).

To assess calcium carbonate dissolution in core SIS-203, multiple
proxies are utilised. The abundance of planktonic foraminifera is pre-
sented in terms of individuals per gramme of sediment (Nguyen and
Speijer, 2014; Steinsund and Hald, 1994). Parallel, the ratio between the
fine (<63 pm) and coarse (>63 pm) sediment fractions was calculated
(Berger et al., 1982; Gonzales et al., 2017). Additionally, we used the
following dissolution proxy data from core SIS-203, which was pub-
lished by Petro et al. (2021): benthic vs. planktonic foraminifera ratio
(the B/P ratio, Kucera, 2007; Parker and Berger, 1971), the calcium
carbonate content (CaCOs3) (Berger et al., 1982) and planktonic fora-
minifera fragmentation (Berger, 1970; Le and Shackleton, 1992; Suarez-
Ibarra et al., 2021).

2.2. Sedimentological analyses

Calcium carbonate content was measured for 67 samples by
measuring the mass-loss after complete reaction with 10% hydrochloric
acid (HC]) at the Centro de Geologia Costeira e Oceanica (CECO), Uni-
versidade Federal do Rio Grande do Sul (UFRGS). Small quantities of HCl
solution were added until the reaction was completed. Grain-size

analyses of 35 decarbonated (organic matter was not removed) samples
were determined using a laser diffraction particle size analyser Horiba
Partica-LA-950. Mean sortable silt was calculated as the mean size be-
tween the 10-63 pm range within the samples (McCave and Andrews,
2019; McCave and Hall, 2006; McCave et al., 1995). The dry weight of
the sediment fractions was determined for 73 samples by sieving the
sample into fine (<63 pm) and coarse (>63 pm) fractions. The ratio
between respective weights of the fine and coarse fractions, here after
referred to as fine/coarse ratio, was calculated.

2.3. Age model

A previous age model was already published for core SIS-203 (Petro
et al., 2021). Here we present an improved age model based on six
published monospecific Accelerator Mass Spectrometry (AMS) radio-
carbon (1*C) dates combined with six new oxygen-tie correlation points
(Table 1). All AMS radiocarbon ages were measured on planktonic
foraminifera Globigerinoides ruber (all morphotypes) except at 21 cm,
where an additional sample was also analysed on Globorotalia cultrata.
The AMS radiocarbon ages were calibrated using the IntCal Marine20
curve (Heaton et al., 2020), applying a local reservoir effect (delR) of -85
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Radiocarbon (**C) ages (from Petro et al., 2021) and oxygen stable isotopes (3'%0) tie-points used for the construction of the age model for core SIS-203 on “rbacon”
package for R software, listed by increasing depth. Calibration curve (cc) number 2 corresponds to Marine20 (Heaton et al., 2020). delR and dSTD stand for reservoir

effect and reservoir effect error respectively.

Age Control Point Type Uncalibrated '*C age/5'®0 tie-points (years) Error (years) Depth (cm) Calibrated 1*C age ranges (at 20 in years) cc delR dSTD
LAC-UFF170058 6409 27 21 5005-4627 2 -85 40
LAC-UFF170057 7454 31 21 6019-5705 2 -85 40
OxygenTiePoint1 14000 837 39 - 0 0 0
OxygenTiePoint2 17000 837 53 - 0 0 0
LAC-UFF190531 13533 131 58 14051-13225 2 -85 40
LAC-UFF180172 15347 182 124 16335-15371 2 85 40
LAC-UFF190532 18714 137 199.5 20278-19457 2 85 40
LAC-UFF190533 19751 157 238.5 21435-20543 2 85 40
OxygenTiePoint3 25000 837 285 - 0 0 0
OxygenTiePoint4 28000 837 309 0 0 0
OxygenTiePoint5 29000 837 332.5 0 0 0
OxygenTiePoint6 31500 837 375 0 0 0

+40 years, based on Alves et al. (2015); Angulo et al. (2005); Nadal de
Masi (1999). For the calculation of the deltaR and calibrated ages, we
used the Marine Reservoir Correction Database (http://calib.org/mar
ine/) and the Radiocarbon Calibration Program Calib Rev8.2 (Stuiver
and Reimer, 1993).

We correlate the benthic foraminifera (Uvigerina spp.) 5'°0 record
(Petro et al., 2021) with the regional benthic 5'80 stack for intermediate
depths of South Atlantic Ocean (LS16-ISA) (Lisiecki and Stern, 2016).
We ran the age model in the R-package “rbacon” v. 2.5.3, which im-
plements Bayesian statistics (Blaauw and Christen, 2011). We used an
uncertainty of 837 years for the oxygen tie points (Table 1), estimated as
the geometric mean of the mean temporal resolution of core SIS-203
(351 years) and the error from the reference curve (~2000 years).

2.4. Stable isotope measurements

Although Cibicidoides wuellerstorfi is scarce within the samples, in this
study, we analysed 5 samples (3 Holocene and 2 LGM) for 580 and 5'3C,
carried out on 4-8 specimens. These samples were analysed at the
Instituto Tecnologico de Paleoceanografia e Mudangas Climaticas of the
Universidade Do Vale Do Rio Dos Sinos on a dual inlet isotope ratio mass
spectrometer with a Kiel IV carbonate device. Mean error (as 1SD) for
these measurements are 0.09 %o (8180) and 0.06 (613C) %o. A set of 180
and 5!3C analyses were already presented for core SIS-203 (Petr et al.,
2021), carried out on 10-15 tests of the more abundant benthic genus
Uvigerina at the Stable Isotope Laboratory of the University of California,
Santa Cruz-CA (SIL-UCSC) on a dual inlet isotope ratio mass spectrom-
eter with a Kiel IV carbonate device. Isotopic data are reported relative
to the Vienna Pee-Dee Belemnite (VPDB) standard. 1SD for these data
are 0.05 %o for 5'80 and 0.03 %o for §'3C.

2.5. Neodymium isotopes

Authigenic eyng analyses were carried out on mixed planktonic fora-
minifera which have not undergone reductive cleaning to remove their
Fe-Mn oxide coatings. Around 60 mg of planktonic foraminifera shells
were handpicked from the >150 pm fraction, gently crushed and
ultrasonicated to remove clays without removal of the authigenic oxides
following Dias et al. (2021, 2025) and Roberts et al. (2012). The cleaned
samples were then dissolved in 1 M acetic acid and centrifuged before
being transferred to Teflon vials. The supernatants were dried-down
before re-dissolution in 0.3 M nitric acid. Rare earth elements (REE)
were separated from other elements using Eichrom TRUspec™ resin and
neodymium was extracted from the other REE using Eichrom Lnspec™
resin following Larkin et al. (2021). All samples were analysed on a
Thermo Neptune Plus multi-collector inductively-coupled plasma mass
spectrometer (MC-ICP-MS) at the University of Cambridge (Department
of Earth Sciences). Measurements were corrected for mass fractionation

to a 'Nd/**Nd ratio of 0.7219. Samples were bracketed with
concentration-matched solutions of standard JNdi-1 (Tanaka et al.,
2000) with a value of 0.512115+0.000007. Our chronologically youn-
gest (9.5+1.8 ka) eng value is compared with nearby core tops listed in
Table 2.

In addition to eng determination, we estimate the relative contribu-
tions of NCW (NADW) and SCW (CDW) to the water masses at our study
site. For this we use equation (1), which is a mixing model approach
from Howe et al. (2016a):

Nd £ — &
YNCW — [N (Enaovew) — enasew) )

[Nd]ycwendmew) — [INd]gewendsow) — Enaénanew) + Endiscw) End
x 100
(@]

This model considers end-member values for NCW and SCW from
published papers (see discussion), and the NCW/SCW proportions were
calculated for both Holocene and LGM samples.

2.6. Statistical analyses

We apply principal component analyses (PCA) (Jollife and Cadima,
2016) to synthesise the variation on the palaeoproductivity and car-
bonate dissolution proxies. We use this approach as all proxies consid-
ered here are also thought affected by multiple environmental processes
(Suarez-Ibarra et al., 2022; Suarez-Ibarra et al., 2023). The PCA are
based on the correlation matrix of the centralised and standardised data.
The normalisation is conducted by taking the difference between the
dataset mean and the sample value and dividing by the standard devi-
ation of the dataset. The synthesised productivity and dissolution
proxies are extracted from the first axes of the PCAs as PClp (produc-
tivity: G.bull/G.rub ratio and G. glutinata %) and PClp (carbonate

Table 2
Location details of nearby cores compared in this study.
Core Reference Depth Latitude Longitude
(mbsl) ©) ©)
GeoB2107-3 (Howe et al., 2016b) 1050 -27.2 -46.5
Kl\gélsg's’ (Howe et al., 2016b) 1268 -27.5 -46.5
GeoB2104-3 (Howe et al., 2016b) 1500 -27.3 -46.4
(Suarez-Ibarra et al.,
SAT-408A 2022) 1542 -29.1 -47.2
SIS-203 This study 1894 -29.5 -47.1
KI\;};lsg'S' (Howe et al., 2018) 2082 -27.6 -46.2
(Sudrez-Ibarra et al.,
SIS-249 2023) 2091 -30.0 -47.0
GL-1090 (Howe et al., 2018) 2225 -24.9 -42.5
GeoB3808-6 (Jonkers et al., 2015) 3213 -30.8 -14.7
MDO07-3076 (Skinner et al., 2013) 3770 -44.1 -14.2
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dissolution: the B/P ratio, the planktonic foraminifera fragmentation,
the CaCO3 %, PF/g and fine/coarse ratio) and following Pearson cor-
relations were both conducted using the software PAST (Hammer et al.,
2001), version 4.05.

3. Results

According to our age model, samples from core SIS-203 belong to the
31 to 7 ka BP interval and correspond to the latest Pleistocene and early/
middle Holocene (Fig. 2). The G.bull/G.rub ratio ranges from 0.04 (at 19
ka BP) to 0.88 (at 28 ka BP) and has a mean value of 0.26+0.17 (Fig. 3).
The relative abundance of G. glutinata (%, Fig. 3) varies between 7.3 (at
19 ka BP) and 20.2% (at 28 ka BP), with a mean of 12.54+3%. The
number of planktonic foraminifera shells per gramme (Fig. 3) varies
between 61 (at 17 ka BP) and 1960 (at 7 ka BP) (mean 400). The fine to
coarse fraction ratio (<63 pm/>63 pm) ranges between 9 (at 7 ka BP)
and 108 (at 17 ka BP), with a mean value of 36.7 (Fig. 3). Mean sortable
silt ranged from 25 pm (at 19 ka BP) to 34 pm (at 29 ka BP), with a mean
value of 29.6+1.9 pm

The new Cibicidoides wuellerstorfi 5'%0 (61800-1,) and 8'3C (613CCib)
analyses from core SIS-203 are shown in Table 3 and Fig. 3. The
maximum 580y value (4.48 %o) is recorded at 18.47 ka while the
minimum (2.72 %o) at 8.33 ka BP, consistent with LGM and early Ho-
locene values elsewhere. On the other hand, LGM and early Holocene
513Ccpp, values do not vary significantly (see Table 3).

The eng values range from -7.6 (at 18.4 ka BP) to -9.6 (9.5 ka BP),
decreasing from 28.1 to 18.4 ka BP and then increasing towards the core
top. The exg mean value is -8.66 + 0.5 and the analytical error varied
between +0.23 and +0.4 e-units (mean 0.33+0.08) (Fig. 3). Further-
more, both PCA analyses yielded first principal components synthesising
65.1% and 67.8% of the variance on the first component for palae-
oproductivity and dissolution proxies respectively (Table 4). The cu-
mulative variance reached 100% at PC2 for the productivity proxies and
98.3% (cumulative eigenvalue = 4.90) at PC4 for the dissolution prox-
ies, confirming that the extracted components capture the dominant

-90
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\
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-105
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structure of each dataset. Accumulation rates were generally higher
during 31-16 ka BP, between 15-23 cm/kyr, and then decreased during
MIS 1 to around 3 cm/kyr (Fig. 3).

4. Discussion
4.1. Age model

The core top ages between our age model and the previously pub-
lished age model by (Petro et al., 2021) are within uncertainty. How-
ever, the base of core SIS-203 exhibits a 30 kyr difference. The age
agreement at the top of the core in both models is due to the calibration
based on the same 1*C dates on planktonic foraminifera (Anderson et al.,
1947; Hua, 2009) (Table 1). The disagreement between the age models
at the base of the core can be attributed to the fact that Petro et al.
(2021) employed AnalySeries (Paillard et al., 1996) to compute the age
model, which utilises a linear interpolation scheme: a deterministic
approach that heavily relies on tie points. This method produces less
reliable models if these points are inaccurately placed, with no capacity
for memory to detect outliers, thus, the extremes of the record are
subject to erroneous extrapolation. On the other hand, we utilised rbacon
(Blaauw and Christen, 2011), a Bayesian method that accounts for
variability in sediment accumulation rates. The Bayesian model's
adherence to realistic accumulation rates suggests a more geologically
plausible scenario and rejected the oxygen tie points suggested by Petro
et al. (2021) for the base of the core. It seems that the previous age
model, based on extrapolation from the final tie point likely maintained
unrealistic slowdown in sedimentation rates, placing the base of the core
at 60 ka BP, instead of ~30 ka BP.

4.2. Carbonate production and preservation: surface productivity and
sinking flux

Calcium carbonate preservation can be affected by early diagenetic
processes such as early dissolution due to organic matter degradation in
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Fig. 2. Age-depth model for core SIS-203. In the bottom panel, the red stippled line shows the mean age-depth model. Confidence (at 95%) is indicated by the grey
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Fig. 3. Palaeoceanographic records from core SIS-203. From top to bottom: benthic foraminifera Uvigerina spp. (pink rhombus) and Cibicidoides wuellerstorfi '80 (%o,
purple dots) from core SIS-203 (Petr6 et al., 2021 and this study, respectively) and benthic foraminifera 5'%0 (%o, line) from LS16-ISA (Lisiecki and Stern, 2016),
G. glutinata abundance (%, green squares), G. bulloides/G.ruber ratio (green squares), Uvigerina spp. (red rhombus) and Cibicidoides wuellerstorfi (purple dots) 5'3C
(Petro et al., 2021 and this study, respectively), number of planktonic foraminifera per gram (PF/g, black dots), calcium carbonate content (CaCOg, %, black dots)
(Petr¢ et al., 2021), fragmentation degree of planktonic foraminifera (%, black dots) (Petr¢ et al., 2021), benthic and planktonic foraminifera ratio (B/P, black dots)
(Petro et al., 2021), fine/coarse ratio, mean sortable silt (um, yellow triangles), synthesised records of productivity (PC1p, green squares) and dissolution (PC1p, black
dots), authigenic foraminiferal eyq, accumulation rates (cm/kyr) and relative sea level (de Boer et al., 2015). Error bars in exq correspond to 2 standard deviations of
reproducibility of the bracketing standards. Black vertical dashed lines divide the Marine Isotope Stages (MIS), and the blue band represents the Last Glacial
Maximum (LGM). Stars represent '*C dates and triangles the oxygen stable isotope tie-points. Palaeoproductivity proxies are shown in green while dissolution-related
parameters are displayed in black. Shapes were added to the records to improve colour blindness readability.

the sediments and, where deep water is oversaturated, calcitic over- component of productivity proxies (PClp) suggests an enhanced glacial
growths can form in porewaters. productivity which can be attributed to episodic upwelling events dur-

To assess the potential effect of biologically mediated dissolution, we ing late MIS 3 and early MIS 2 (Fig. 3, G. bulloides/G. ruber ratio), in
apply a principal component analysis to synthesise the variability in agreement with previous studies for the southern Brazilian continental
primary productivity and carbonate dissolution. Our first principal margin (Alvarenga et al., 2022; Gu et al., 2018; Pereira et al., 2018;
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Table 3

Oxygen (8'%0) and carbon (5'3C) stable isotopes of epibenthic foraminifera
Cibicidoides wuellerstorfi from core SIS-203. Values reported relative to the
Vienna Pee-Dee Belemnite (VPDB) standard (%o).

Depth (cm) Age (ka BP) 5120 (%o) 513C (%o0)
25.0 8.33 2.72 0.72
29.5 9.71 3.00 0.73
39.0 12.62 4.10 0.48
133.5 18.47 4.48 0.59
166.5 20.10 4.37 0.77

Portilho-Ramos et al., 2019). A decrease in the PC1p is observed towards
the deglaciation, with a slight increase during the Holocene, due to the
relatively high abundance of Globigerinita glutinata (%).

Previous work in this region has documented biologically mediated
dissolution occurring during periods of enhanced upwelling during the
glacial, leading to remineralisation of organic matter at seafloor, pH
decrease, and lower carbonate preservation (Suarez-Ibarra et al., 2022;
2023). However, our data suggests a different mechanism. The first
principal component of carbonate dissolution (PClp) is not positively
correlated with surface productivity (PClp); instead, they present a
rather weak and negative (linear) correlation (Fig. 3, r = -0.35, p-value
<0.05), which contradicts the expectation that dissolution would in-
crease with higher productivity-driven organic flux. Rather, our results
suggest that PClp reflects other mechanisms, for instance, changes in
the deep-water mass calcite saturation state. The second principal
component of dissolution (PC2p), which accounts for approximately
18.8% of the variance, does not show a statistically significant rela-
tionship with productivity (PClp) either. We disregard the potential for
authigenic calcite overgrowths, as dissolution is the main feature
documented in glacial samples and no overgrowths were observed on
the foraminiferal shells during microscope observation.

Similarities between PC1p and accumulation rates (Fig. 3, r = 0.66,
p-value <0.01) suggest a dilution effect on the carbonate content from
elevated particle fluxes at our site. If vertical particle fluxes increased
due to an enhanced biological pump, both elevated burial rates and
decreased exposure to potentially corrosive the seafloor-water interface
conditions would enhance carbonate preservation. However, both the
benthic-planktonic foraminifera (B/P) ratio and the planktonic forami-
nifera fragmentation (PF fragmentation) index point to elevated car-
bonate dissolution during intervals of higher accumulation rates,
suggesting that calcium carbonate was not effectively preserved by these
in situ processes. Although sinking velocities of planktonic foraminiferal
tests through the water column are relatively fast (492+295 m/day, e.g.,
Bach et al., 2019; Schiebel and Hemleben, 2017; Takahashi and Be,
1984), an important part of the biogenic carbonate produced at the
surface ocean is dissolved before reaching the deep sea-floor (Petro
et al., 2018b; Schiebel and Hemleben, 2017; Ziveri et al., 2025). This
loss has been related to two mechanisms: metabolic processes and high
magnesium calcites for shallow-water dissolution, and the increasing
solubility of all polymorphs of CaCO3 with depth for deeper waters
(Sulpis et al., 2021; Berger, 1970). These observations suggest inte-
grated water column chemistry as the primary control on carbonate

Table 4

Global and Planetary Change 262 (2026) 105467

Holocene &, (epsilon neodymium) and
6'3C (carbon-13isotope) profiles

End 613C (%)
6 -8 -10 -12 -14
0 T TS B | = | R N R T A
- [jr/u 0 -
500 7 S 3 500
1000 PSA 1000
GeoBéng% 4
1500 — M KNR159:5:33 1500 —
GL-109% — i
E 2000 - . | E 2000
= 2500 - < 2500 -
2 3000 | 5
Q 8000 & 3000 - |
3500 3500 SERBANS
)7 GeoB3808-6 E KNR159-5-36
4000 4000 AL0deA
T T KNR159-5-33
#5007 4500 et
5000 sow 5000 4——1——1—
—— 04 08 12 16

Fig. 4. Holocene neodymium isotope records (enq) and carbon stable isotope
records (5'3C) from SIS-203 (this study), and nearby cores GeoB2107-3 (Howe
et al., 2016b; Portilho-Ramos et al., 2018), KNR159-5-36 (Howe et al., 2016b;
Oppo and Horowitz, 2000), SAT-048A (this study), GeoB2104-3 (Howe et al.,
2016b; Portilho-Ramos et al., 2018), KNR159-5-33 (Howe et al., 2018), GL-
1090 (Howe et al., 2016b; Lessa et al., 2017) and MDO07-3076 (Gottschalk
et al., 2016a; Skinner et al., 2013). exq analyses in GeoB3808-6 were carried out
in bulk sediment (Jonkers et al., 2015). Nearby modern seawater eyq from
stations 9 (Wu et al., 2022) and SAVE station 302 (Jeandel, 1993) and 8'3C
from station 21616 (Key et al., 2004). On the right panel, due to differences in
the values scales, coretop values are plotted against the upper axis and values
from station 21616 against the lower axis.

preservation at our study site.
4.3. Carbonate dissolution: water mass geometry and bottom currents

Organic and inorganic dissolved carbon is redistributed within the
major ocean basins by changes in the water mass circulation and strat-
ification during different climatic states (Howe et al., 2016a; Rickaby
et al., 2010). With different carbonate ion saturation levels, the relative
replacement of NCW by SCW at the study site has the potential to
dissolve biogenic carbonate that reaches the seafloor (Chalk et al., 2019;
Oppo et al., 2023). In the Atlantic more broadly, higher proportions of
SCW are generally linked to carbonate dissolution (Petro et al., 2021;
Suarez-Ibarra et al., 2023), and our multi-proxy record from core SIS-
203 allows us to evaluate this relationship in the western South
Atlantic in detail at intermediate (ca. 1900 m) water depth.

Benthic §'C is primarily used to reconstruct water masses mixing,
though can also be controlled by physical and biological processes (e.g.,
air-sea exchange, remineralisation) (Curry et al., 1988; Curry and Oppo,
2005; Duplessy et al., 1984, 1988; Lynch-Stieglitz et al., 1995). Our LGM

Summary of the principal component analyses for productivity and dissolution proxies. PC means principal component, L stands for Loading (correlation with the given
principal component axis), CV for cumulative variance and CE for cumulative eigen value.

PC1 PC2 PC3 PC4
Parameter Proxy L Ccv CE L cv CE L cv CE L cv CE
.. G. bull /G. rub 0.71 0.71 - -
Productivity G. glutinata (%) 071 65.1 1.3 071 100 2.0 B - - B - -
CaCOs3 (%) 0.47 0.26 0.33 -0.70
PF/g 0.49 0.22 0.01 0.65
Dissolution B/P -0.5 67.8 3.30 0.22 86.6 4.30 0.83 93.8 4.60 0.19 98.3 4.90
Fine/coarse ratio 0.51 0.14 0.24 0.18
PF fragmentation (%) -0.2 0.89 -0.35 -0.03
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Fig. 5. Mixing model of 8'3C vs. eyq for the study area at three different time
slices. Upper panel shows modern seawater 5'°C from station 21616 (Key et al.,
2004) and eng from Station 9 (Wu et al., 2022); numbers are depths in mbsl.
Middle panel contains 8'3C and eynq data for the 5-9 ka time interval from cores
SIS-203 (this study), GeoB2107-3 (Gottschalk et al., 2016b; Portilho-Ramos
et al., 2018), KNR159-5-36 (Gottschalk et al., 2016b; Oppo and Horowitz,
2000), KNR159-5-33 (Curry et al., 1988; Curry and Oppo, 2005), GL-1090
(Gottschalk et al., 2016b; Lessa et al., 2017), and MD07-3076 (Gottschalk,
Vazquez Riveiros, et al. 2016; Skinner et al., 2013). enq analyses in GeoB3808-6
were carried out in bulk sediment (Jonkers et al., 2015). Lower panel displays
8'3C and enq data for the 18-23 ka period (Last Glacial Maximum, LGM) from
the same cores as in Middle panel. The black (white) dots-line represents the
binary mixing model for Holocene (LGM) NADW (GNAIW) as NCW, and AABW
(GAABW) as well as CDW (GCDW) as SCW (see discussion). Some of the GL-
1090 data during the LGM (pink dashed circle) might have been affected by
remineralisation of organic matter which would act to reduce their 5'3C values.
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and Holocene Uvigerina spp. 5!3C values display little variation, which
alone could be attributed to the infaunal habitat of the genus Uvigerina,
dwelling within the sediment (Zahn et al., 1986), likely influenced by
pore water chemistry and/or organic matter export rather than solely
bottom water mass characteristics (Hesse et al., 2014; Mackensen, 2008;
Zahn et al., 1986). However, previous studies have shown that both
infaunal (e.g., Uvigerina) and epifaunal (e.g., Cibicidoides) benthic fora-
minifera can record changes in §'3C during the last deglacial (Gottschalk
et al., 2016a; Skinner et al., 2013). This suggests that our 613CUV[~ values
will partially reflect past water mass signals, in addition to changes in
porewater 5!3C. To deconvolve the multiple controls, we also use 5'3C
from the scarce C. wuellerstorfi (Table 3) in the core. The LGM 5'3Ccip
values (mean 0.68+0.09) did not vary significantly with respect to
Holocene 613CCib (0.72 %o), consistent with the limited variability in
5'3Cyyi. Thus, it suggests that our benthic 513Cyyi and §'3Cyp, values do
capture a rather stable carbon isotopic signature of the deep water at the
site. While a broader shift in benthic 5'3C values from the Atlantic basin
is expected due to the water masses replacement (AABW as SCW),
5'3Cyy; and 8'3Cgy, from core SIS-203 suggest that the site is under an
almost total SCW influence (in this case, glacial circumpolar deep-water,
GCDW), yielding similar values for the LGM and Holocene, and consis-
tent with reconstructions from Curry and Oppo (2005).

In contrast, 5'3C measurements from shallower sites in the western
South Atlantic (GeoB2107-3 (Howe et al.,, 2016b), KNR159-5-36
(Portilho-Ramos et al., 2018)) and deeper (KNR159-5-33 (Howe et al.,
2018), GL-1090 (Santos et al., 2017a, 2017b), and central South Atlantic
GeoB3808-6 (Jonkers et al., 2015)) presented more positive values
during the Holocene compared to core SIS-203 (Fig. 4). However, during
the LGM, all these cores recorded more negative 5!°C values than in the
Holocene, indicating a higher influence of SCW and an enhanced
respired carbon storage in the mid-depth western South Atlantic during
the LGM (Howe et al., 2016b; Fig. 5).

To assess the potential influence of water mass geometry changes on
carbonate dynamics at our site more accurately, we reconstruct the
authigenic foraminiferal enq from core SIS-203. Neodymium isotopes
are a valuable proxy for water masses because seawater eyq is influenced
by water mass provenance and the mixing proportions, and it is not
markedly fractionated by marine biological processes (Blaser et al.,
2019; Frank, 2002; Piepgraas and Wasserburg, 1980; Piotrowski et al.,
2008; Tachikawa et al., 2017). Furthermore, although benthic fluxes can
also potentially affect exg under sluggish circulation, as it has been
observed in other ocean basins (Du et al., 2018; Du et al., 2020), pre-
vious studies suggest that Atlantic eng records are a robust deep water
mass tracer, even under varying circulation strengths (Howe et al., 2018;
Dias et al., 2025).

The authigenic foraminiferal eng value from SIS-203's chronologi-
cally youngest sample (9.5+1.8 ka, enq = -9.69+0.04) aligns very well
with modern seawater eng (-9.95+0.19) from nearby GEOTRACES Sta-
tion 9 (Wu et al., 2022). Although measurements from the nearby Sta-
tion SAVE 302 (Jeandel, 1993) are from different depths (1586 m, exg =
-8.7+0.6; 2763 m, eng = -12.340.4), our foraminiferal exgq values fall
right in between the upper and lower points (Fig. 4). Our coretop eng
value also corresponds closely with the Holocene authigenic forami-
niferal eng profile, based on the immediate upper and lower sediment
cores GeoB2104-3 (Howe et al., 2016b; 6.0 ka, eNd = -9.04+0.12) and
KNR159-5-33 (Howe et al., 2018; eNd = 6.4 ka, eNd = -10.7+0.5),
respectively. Cores GeoB3808-6 (Jonkers et al., 2015) and MD07-3076
(Skinner et al., 2013) (Fig. 4, Table 2), located in the mid-Atlantic
Ridge, also align with the modern seawater and Holocene authigenic
eng vertical profiles. The agreement between SIS-203 core top eng value
and the seawater and nearby enq core tops suggests that the foraminif-
eral eng values in our study area faithfully reflect the past seawater eng
conditions, rather than being influenced by local Nd sources (Karas
et al., 2019), also suggesting that the basin is well mixed with respect to
neodymium, preserving regional water masses signatures.

However, as end-member values are likely to have varied over time
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(Poppelmeier et al., 2020, 2021), converting exq values to proportions of
ancient NCW vs. SCW, requires specific end-member values to be utilised
(Poppelmeier et al., 2021). Using the equation presented by Howe et al.
(2016a) (see methods), we estimated NCW/SCW proportions for two
intervals: Holocene (youngest sample) and Last Glacial Maximum
(LGM). For the Holocene, we employ 513C and end values from Pérez-
Asensio et al. (2023) for the North Atlantic Deep Water (NADW), to be a

Global and Planetary Change 262 (2026) 105467

pure NCW endmember, and Circumpolar Deep Water (CDW) as pure
SCW endmember. The results indicate that NCW constitutes approxi-
mately 46+9% of the Holocene water mass. For the LGM, we use 8'3C
and engq values from Yu et al. (2020) for the Glacial North Atlantic In-
termediate Water (GNAIW, as NCW,) and §'3C and eng values from Hu
et al. (2016), Pierre et al. (2001) and Tachikawa et al. (2021) for the
Glacial Circumpolar Deep Water (GCDW), as SCW. Here, LGM samples
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Fig. 6. Proxies for carbonate preservation from various Atlantic Ocean sediment cores and other palaeoclimatic records for the 35-5 ka BP period. The figure shows
data from the North Atlantic (U1313 (Chalk et al., 2019)), Equatorial Atlantic (ODP 108-663A) and South Atlantic (GeoB1035 (Bickert and Wefer, 1996), SIS-203
(this study), GeoB3808-6 (Jonkers et al., 2015), ODP 1090 (Teitler et al., 2010)). Complementing the glacial-interglacial transition are isotopic data (880 (Lisiecki
and Stern, 2016), §*3C (Jonkers et al., 2015), §!°N (Martinez-Garcia et al., 2014)), and eng (Jonkers et al., 2015). A widespread dissolution episode is marked with the
grey vertical arrow. Temperature variations and Na fluxes from the EPICA Dome C ice core (EPICA, 2004), CO, composite (Bereiter et al., 2015), obliquity and
insolation curves (Laskar et al., 2004) at 65°S and 65°N are included. Numbers at the bottom represent the Marine Isotope Stages.
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show greater SCW relative to NCW. According to our calculations, NCW
influence was reduced to approximately <13% at SIS-203 during the
glacial, almost totally GCDW (Fig. 5).

Likewise, the larger SCW influence at SIS-203 during the LGM and
Heinrich Stadial 1 (ca. 18.6-14.7 ka) coincides with higher PC1p, values
(Fig. 3). As core SIS-203 is in the interphase between SCW and NCW
mixing, our multi-proxy study suggests that the carbonate preservation
is predominantly impacted by water mass geometry changes. These
changes likely account for a small increase in the B/P ratio (from 0O to
0.08%) and the fragmentation of planktonic foraminifera. Moreover, the
replacement of NCW by SCW could also impact the carbonate preser-
vation by lower bottom current velocities (horizontal advection), by
acquiring respired CO; along the route to the site. This phenomenon is
supported by our mean sortable silt measurements (Fig. 3), which show
a decrease from the base of the core toward the LGM, suggesting a
progressive reduction in bottom current strength, indicative of a more
sluggish deep-water circulation (McCave et al., 2017). Whether due to
geometry changes or changes in advection speed, less NCW would lead
to higher amounts of respired CO; and a reduction in pH, and lower
carbonate ion concentration, at the site causing carbonate dissolution
(Howe et al., 2016a).

Carbonate dissolution records from across the Atlantic further
corroborate this mechanism, pointing to a basin-wide phenomenon
rather than a local specific signal (Fig. 6). Dissolution proxies from core
SIS-203, GL-1090 (Dias et al., 2025) (western South Atlantic), TN057-6
(Teitler et al., 2010), ODP 1090 and GeoB1035 (Bickert and Wefer,
1996) (eastern South Atlantic), ODP 108-663A (Wagner, 2000) (equa-
torial Atlantic) and IODP U1313 and U1308 (Yu et al., 2016; Chalk et al.,
2019) (North Atlantic) all record enhanced dissolution during the LGM.
The expansion of Antarctic Bottom Water to the deep North Atlantic
(Howe et al. 2016b) evidenced by more radiogenic values in authigenic
eng (Rutberg et al., 2000; Piotrowski et al., 2008) in cores SIS-203,
GeoB3808-6 (Jonkers et al., 2015) and MD07-3076 (Gottschalk et al.,
2016a; Skinner et al., 2013), and of Pacific deep water to the deep South
Atlantic (Williams et al., 2021) evidenced by enq in core MD07-3076 (Yu
etal., 2020), amplified this effect by introducing carbon-enriched waters
into the Atlantic basin. Biologically mediated dissolution on other sites
of the southern Brazilian margin (at ~1500 m [core SAT-048A] and
2100 m [core SIS-249] depths, Suarez-Ibarra et al., 2022, 2023) and
mirrored processes in eastern South Atlantic (Bickert and Wefer, 1996)
indicate that both mechanisms (water mass corrosiveness and organic
matter remineralisation) occurred simultaneously across the basin.

The observed shift to SCW-driven dissolution at our site is specific of
“Atlantic-style” mode of carbonate preservation, now documented in the
western South Atlantic. During the Mid-Pleistocene Transition (ca. 1.1
Ma), the Atlantic and Pacific Oceans diverged into anticorrelated CaCO3
preservation regimes across glacial-interglacial cycles. In the “Pacific-
style” regime, glacial periods show better CaCO3 preservation (due to
enhanced abyssal ventilation), while the Atlantic experiences height-
ened dissolution (Sexton and Barker, 2012; Yu et al., 2016). Our record
demonstrates that the observed LGM dissolution is a regional amplifi-
cation driven by the expansion of corrosive, respired carbon-rich SCW.
This process emphasises the Atlantic's pivotal role vis-a-vis the global
overturning circulation, where changes in deep-water mass geometry
directly regulate carbonate preservation. Additionally, this expanded
SCW included a significant component of old deep waters originating
from the Pacific, which substantially increased the deep Atlantic carbon
content (Yu et al., 2020). Thus, the dissolution recorded at our site
provides a direct chemical record of enhanced connectivity within the
glacial marine carbon cycle, whereby Southern Ocean biogeochemical
changes are transmitted via deep-water masses to increase carbon
storage in the Atlantic basin.

4.4. Carbon reservoir effectiveness during the Last Glacial Maximum

Understanding the physicochemical properties of the ocean during
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late Quaternary glacial periods is key for understanding its role as a
carbon reservoir. Both, elevated primary productivity and SCW pro-
duction significantly increase the deep ocean carbon storage, which in
turn affects the Earth’s climate system through feedback mechanisms.
During glacial periods, elevated productivity enhances the flux of
organic matter from the surface to the deep ocean, some of which, is
effectively buried in the sediments (Cartapanis et al., 2016). This
increased organic matter flux, coupled with biologically mediated
dissolution, contributes to the deep ocean's role as an important carbon
reservoir (Kohfeld and Chase, 2017). The remineralisation of organic
matter in deep water leads to the transport and release of CO; to deep
water masses, further enhancing carbonate dissolution.

The reduction in carbonate preservation at the study site during the
LGM can be interpreted in the context of greater climatological pro-
cesses (Fig. 6). During low obliquity summer solar radiation reduces
(lessened seasonality), leading to cooler temperatures, less ice melt, and
the buildup of polar ice (Ai et al., 2021; Paillard, 2021). This ice growth
increases the Earth's albedo, creating a positive feedback loop that
further cools the surface and promotes more ice formation (Berger,
1988; Petit et al., 1999). The cooling strengthens and displaces the
southwesterly winds north-wards (up to 40°S), and there is evidence
that this links to enhancement of iron dust-borne fertilisation of the
subantarctic zone (Barkley et al., 2024; Buesseler and Andrews, 2004;
Dezileau et al., 2004; Martinez-Garcia et al., 2009, 2014; Mejia et al.,
2014; Toggweiler et al., 2006; Wolff et al., 2006) and likely the south-
ernmost Brazilian margin (Lopes et al., 2021; Suarez-Ibarra et al., 2023),
which expands the biological pump (and likely carbon export) and
leading to increased remineralisation of organic matter at the seafloor
(Gottschalk et al., 2016b; Kohfeld et al., 2013; Martin, 1990; Roth et al.,
2014). The already enhanced biological pump might have resulted in
expanded organic carbon export to the seafloor by the cooler tempera-
tures, as it has been shown that temperature affects metabolism,
decreasing the remineralisation process through the water column
(Boscolo-Galazzo et al., 2018), increasing the delivered organic matter,
and adding to the deep-ocean carbon pool (Gottschalk et al., 2016b).

Expanded sea ice sheets may have enhanced the production of cor-
rosive SCW during the glacial, evidenced by more radiogenic values in
authigenic eng (Rutberg et al., 2000, Piotrowski et al., 2005) in cores
SIS-203 (this study), GeoB3808-6 (Jonkers et al., 2015) and MD07-3076
(Gottschalk et al., 2016a; Skinner et al., 2013). With the addition of
more organic carbon rain and associated remineralisation, SCW accu-
mulates more respired carbon (Marzocchi and Jansen, 2019) (i.e.,
benthic §'°C GeoB3808-6 (Jonkers et al., 2015)), becoming more un-
dersaturated with respect to carbonate ion. The expansion of the
carbon-charged SCW leads to dissolution of the exported calcareous
marine plankton tests at depth.

In summary, we present a multiple proxy record from core SIS-203,
which we statistically analyse to constrain the regional mechanism for
glacial carbonate dissolution. The eng values demonstrates an almost
total replacement of NCW by SCW during the LGM (Fig. 5), while
sortable silt indicates a concurrent reduction in bottom current strength
and thus slower deep-water ventilation speeds (Fig. 3). This sluggish
circulation of an expanded SCW cell allowed for the local accumulation
of respired CO, lowering the carbonate ion concentration ([CO%’]) and
pH of the bottom water at our site (Howe et al., 2016a, 2016b). The
circulation change caused a reduction in the calcite saturation state (Q
calcite), and resulted in enhanced dissolution recorded by our calcium
carbonate dissolution proxies (Fig. 3). The respired carbon stored in
SCW may have been even larger during the LGM due to increased bio-
logical pump efficiency in the Subantarctic Zone, enhanced by iron
fertilisation under strengthened southern westerly winds (Martinez-
Garcia et al., 2009). It has also been suggested that extensive Southern
Ocean sea ice cover would have further promoted carbon sequestration
by restricting air-sea gas exchange and strengthening SCW production
(Railsback et al., 2015; Rickaby et al., 2010). Therefore, the dissolution
at our study site reflects the imprint of a larger-scale glacial



J.Y. Sudrez-Ibarra et al.

reorganisation: a Southern Ocean-dominated deep sea charged with
sequestered carbon, leading to effective deep-ocean carbon storage. The
carbonate dissolution which we have documented in this study is
controlled by water masses geometry (at ~1900 m depth, core SIS-203).

Future research, ideally utilising longer marine sediment cores,
should constrain in time, space, magnitude and nature the high pro-
ductive events (e.g., dust fertilisation) on the southern Brazilian conti-
nental margin, as well as their impact in carbon and carbonate burial at
different sea depths.

5. Conclusion

In summary, our eng values demonstrates an almost total replace-
ment of NCW by SCW during the LGM, while sortable silt indicates a
reduction in bottom current strength and thus slower deep-water
ventilation speeds. This study presents a refined age model for core
SIS-203, revealing a significant 30 kyr offset at its base compared to
previous reconstructions. While the top ages align with earlier models
due to shared 'C calibration, the discrepancy at the base reflects the
limitations of deterministic methods like AnalySeries. The Bayesian
approach (rbacon) accounts for sediment accumulation variability,
producing a more plausible age for the base of the core (~30 ka BP vs.
the previously proposed 60 ka BP). Authigenic eygq analyses reveal a
near-total Southern Component Water (SCW) influence during the Last
Glacial Maximum (LGM), marked by its characteristic isotopic signature
(eng = -7.6). This SCW expansion, combined with reduced bottom cur-
rent velocities (evidenced by sortable silt mean size), likely facilitated
the accumulation of respired CO», lowered pH, and intensified carbon-
ate dissolution. The weak correlation (r = -0.35, p > 0.05) between
productivity (PClp) and dissolution proxies (PClp) suggests that car-
bonate dissolution was not linked to surface productivity. Instead, this
pattern further supports that dissolution was primarily driven by
changes in water mass geometry rather than biologically mediated
processes.

Our results identify the western South Atlantic as a key region for
carbon sequestration during the LGM, with the expansion of SCW
amplifying the deep ocean's capacity as an effective carbon reservoir.
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