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Abstract. A maximum in the strength of Agulhas leakage
has been registered at the interface between the Indian and
South Atlantic oceans during glacial Termination II (T-II).
This presumably transported the salt and heat necessary for
maintaining the Atlantic circulation at rates similar to the
present day. However, it was never shown whether these waters were effectively incorporated into the South Atlantic
gyre, or whether they retroflected into the Indian and/or
Southern oceans. To resolve this question, we investigate the
presence of paleo Agulhas rings from a sediment core on
the central Walvis Ridge, almost 1800 km farther into the
Atlantic Basin than previously studied. Analysis of a 60 yr
data set from the global-nested INALT01 model allows us
to relate density perturbations at the depth of the thermocline to the passage of individual rings over the core site.
Using this relation from the numerical model as the basis for
a proxy, we generate a time series of variability of individual
Globorotalia truncatulinoides δ 18 O. We reveal high levels of
pycnocline depth variability at the site, suggesting enhanced
numbers of Agulhas rings moving into the South Atlantic
Gyre around T-II. Our record closely follows the published
quantifications of Agulhas leakage from the east of the Cape
Basin, and thus shows that Indian Ocean waters entered the
South Atlantic circulation. This provides crucial support for
the view of a prominent role of the Agulhas leakage in the
shift from a glacial to an interglacial mode of the Atlantic
circulation.

1

Introduction

A transport of upper water masses takes place around the
tip of South Africa, where the Agulhas retroflection spills
Indian Ocean waters into the South Atlantic (Lutjeharms,
2006; Beal et al., 2011, and references therein). This Agulhas leakage (hereafter AL) is an important component of the
salt and heat transport into the Atlantic Ocean (Gordon et al.,
1992; Weijer et al., 2001; Dong et al., 2011). The recipient
of this transfer is the Cape Basin, in which a host of complex
and turbulent phenomena occur (e.g. Olsen and Evans, 1986;
Boebel et al., 2003; Doglioli et al., 2006).
Waters of Indian Ocean origin travel across the Cape Basin
in a variety of forms and shapes. These can be broadly characterized as anticyclonic (e.g. Schouten et al., 2000), cyclonic eddies (Hall and Lutjeharms, 2011), and filaments
(or streamers, or liners) wound between the spinning eddies
(Lutjeharms and Cooper, 1996; Treguier et al., 2003). It is not
yet clear how the AL is partitioned between these transport
features (e.g. Doglioli et al., 2006; van Sebille et al., 2010a),
but a significant part of the AL is in the form of rings (van
Sebille et al., 2010a; Dencausse et al., 2010).
1.1

Agulhas rings and the thermocline

Agulhas rings have been described as quite regular features
of mostly barotropic flow, and as the greatest and most energetic mesoscale eddies in the world (Clement and Gordon, 1995; Olson and Evans, 1986). Approximately 6 rings
are spawned per year and they reach, though then very
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diminished, as far as 40◦ W (Byrne et al., 1995). Their
most conspicuous characteristic, upon entrance into the Cape
Basin, is the dramatic depression they impose on isotherms,
isopycnals and isohalines (Arhan et al., 2011; Souza et al.,
2011; Giulivi and Gordon, 2006), as they transport water that is much warmer and saltier than the surroundings
from the sub-surface to at least ∼ 1000 m depth (van Aken
et al., 2003).
It is understood indeed that the bulk of the AL happens
below the surface, at the depths of the thermocline (Donners and Drijfhout, 2004; Doglioli et al., 2006; van Sebille
et al., 2010b). Observations of Gordon et al. (1992) show
that across the Cape Basin thermocline, two thirds of the water between the 9 ◦ C and 14 ◦ C isotherms is of Indian Ocean
origin. The observational study of Richardson (2007) reveals
that while surface drifters adopt more northerly trajectories
closer to the Benguela Current, floats at ∼ 800 m travel right
over the central Walvis Ridge. Souza et al. (2011) maintain
that the largest heat perturbation introduced by Agulhas rings
occurs at depths between 200 and 600 m.
1.2
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Fig. 1. Map of the southeast Atlantic, with location of the core studied here (orange circle), of the Cape Basin record (pink triangle)
of Peeters et al. (2004), and of the Agulhas Bank Splice (green
square) of Martínez-Méndez et al. (2010). Also indicated are contoured variabilities of both SSH (colours) and of σθ at the 452 m
depth model level (lines) over the basin, in the INALT01 model (see
Methods). The blue arrows show the schematics of the water currents discussed here: Agulhas Current, Agulhas rings and cyclones,
and South Atlantic Gyre circulation.

In search of a missing paleo link

In the last decades, researchers have come to consider the AL
mechanism to play an important role in the changes in heat
and salt transports into the Atlantic Ocean during Pleistocene
climate shifts (e.g. Berger and Wefer, 1996). The hypothesis
of a reduced Indian to Atlantic transfer during glacial periods
is compatible with the northward shift of the oceanographic
fronts south of Africa (Hays et al., 1976; Bé and Duplessy,
1976; Bard and Rickaby, 2009).
While paleoceanographic research on marine sediments
has made a convincing case that the Agulhas Current (Hutson, 1980) and AL (Franzese et al., 2006) were reduced during glacial times, most of the evidence was gathered in the
easternmost part of the Cape Basin, depicting intense presence of Indian Ocean waters during glacial terminations (Flores et al., 1999; Peeters et al., 2004; Marino et al., 2013)
(Figs. 1 and 2b). As modern observations show, a significant
fraction of Agulhas rings that reach the Cape Basin successively bend either south, to the Southern Ocean, or rejoin the
Agulhas retroflection (Dencausse et al., 2010; Arhan et al.,
2011). These rings have a much smaller impact on the transport of salt and heat into the Atlantic Ocean than those that
cross the Walvis Ridge.
Therefore, a key question still remains: were the observed
maxima in AL eventually incorporated into the South Atlantic gyre, thus forming the waters that could subsequently
cross the Equator through the North Brazil Current? To postulate that enhanced AL did result in an increased salt and
heat flux into the Atlantic requires the establishment of this
paleo connection between the eastern Cape Basin and the
South Atlantic circulation.
Here we test this case for the penultimate deglaciation
(T-II). The reason for this choice of interval is the intenClim. Past, 9, 2631–2639, 2013

sity and sharpness of the AL release that characterizes this
climatic transition, as attested by distinguished peaks in
existing Pleistocene reconstructions (Peeters et al., 2004;
Martínez-Méndez et al., 2010) (Fig. 2b). Also, marked
changes during T-II were recently revealed in AL temperature and salinity (Marino et al., 2013) and in southeast Atlantic stratification (Scussolini and Peeters, 2013), warranting further investigation.
Our hypothesis is rationalized as follows. Regardless of
the form it assumes – either rings or filaments – the AL introduces anomalies in the temperature and salinity fields of the
South Atlantic subtropical gyre. It is of high interest to both
the paleoclimatology and the modern oceanography communities to know whether such perturbations were present
over the central Walvis Ridge, almost 1800 km further downstream into the Atlantic Ocean, and with which intensity, under different climatic frameworks.
Modern analytic techniques enable us to investigate such
anomalies, by means of geochemical analysis of microfossils
from marine sediment. By selecting the appropriate species
of planktic foraminifer, we aim to target water masses at
the depth of the thermocline, where variability due to AL
should be maximal (Souza et al., 2011). Recently, paleoceanographic research has started to employ the oxygen isotope composition (δ 18 O) of individual foraminifera, to address questions related to variability. For instance, Billups
and Spero (1995) and Ganssen et al. (2011) used single-shell
analyses to unravel the range of hydrographic conditions in
the equatorial Atlantic and in the Arabian Sea, respectively,
while Koutavas et al. (2006) and Leduc et al. (2009) applied the approach to capture ENSO extremes in the Eastern Equatorial Pacific. A review of this type of analysis, and
a rigorous statistical assessment of its potential to capture
www.clim-past.net/9/2631/2013/

P. Scussolini et al.: Paleo Agulhas Rings enter the subtropical gyre
90

100

110

120

MIS 5

0

130

140

150

T-II

160

170

180

MIS 6

A

18

G. truncatulinoides sin.

0.5

In addition, we use a high-resolution global ocean circulation model to illustrate the aptitude of our sediment core, and
of our foraminifera taxon, to capture the anomalous density
expression that results from the passage of Agulhas rings in
the present climate.
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Fig. 2. (A): δ 18 O of G. truncatulinoides sin. individuals (blue diamonds) and bulk analysis (blue line, Scussolini and Peeters, 2013).
(B): corrected sample δ 18 O variance (orange, see Methods); estimation of AL from the Cape Basin record (CBR, Peeters et al., 2004)
(pink), and from the Agulhas Bank Splice (ABS, Martínez-Méndez
et al., 2010) (green).

paleoceanographic variability originating from ENSO, were
recently provided by Thirumalai et al. (2013).
1.3
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Rings path and core selection

The path undertaken by Agulhas rings has been the focus
of many studies (e.g. Olson and Evans, 1986; Dencausse et
al., 2010; Schouten et al., 2000). The SAVE 4 section in the
years 1989–1990 encountered two Agulhas rings at the central Walvis Ridge, at about 30◦ S (Gordon et al., 1992). Satellite data (Gordon and Haxby, 1990; Boebel et al., 2003) make
it clear that this location is in the full trajectory of rings. Generally, topography seems to be decisive to the displacement
of eddies in the Cape Basin (Matano and Beier, 2003; Boebel
et al., 2003), and some of the deep canyons in this ridge possibly steer the passage of rings (Byrne et al., 1995; Dencausse
et al., 2010; van Sebille et al., 2012). This body of knowledge
led us to choose the central Walvis Ridge as an appropriate
setting to test our hypothesis.

www.clim-past.net/9/2631/2013/

Methods
Isotope analysis

We conducted analysis on core 64PE-174P13, retrieved from
the central Walvis Ridge (29◦ 45.710 S, 2◦ 24.100 E) at a depth
of 2912 m (Fig. 1). From it we selected 18 sediment samples that span ∼ 70 000 years (ka) between Marine Isotope
Stage (MIS) 6 and 5, based on the stratigraphy of Scussolini
and Peeters (2013), which is anchored to the LR04 marine
isotope stack (Lisiecki and Raymo, 2005). Additionally, we
selected two samples, from the core top and from 2 cm in
the sediment, representative of near-modern conditions. For
each sample, between 18 and 30 specimens of Globorotalia
truncatulinoides sinistral (left-coiling variety) were picked
from size fraction 250–300 µm, to constrain the depth of
calcification. We selected this taxon due to its extensively
studied depth habitat (e.g. Lohmann and Schweitzer, 1990;
Mulitza et al., 1997; Mortyn and Charles, 2003; LeGrande
et al., 2004). Lončarić et al. (2006) report that the calcification depth of this species in our region extends down to
∼ 400 m; other researchers estimated its depth as reaching
600 m (Erez and Honjo, 1981) and beyond (Hemleben et al.,
1985). The choice of the sinistral variety was mainly due to
its regular availability across the interval, testifying to its endemicity (and necessary to perform a sufficient number of individual measurements), and to its ecological preference for
a deep thermocline (Lohmann and Schweitzer, 1990). Scussolini and Peeters (2013), confronting δ 18 O values from core
top specimens, quantified the habitat depth of the fossil specimens around 500 m. These controls imply that G. truncatulinoides sin. befits our objective to target the thermocline. A
total of 478 isotopic measurements on individual shells were
performed at the Vrije Universiteit, Amsterdam, with methods described in Scussolini and Peeters (2013). The average
reproducibility on external standards was better than 0.10 ‰.
Since we are specifically interested in assessing the variability between measurements within samples, it is essential
that the typical inter-run fluctuations in instrumental precision do not bias the estimation. For this reason, we corrected
the variance of foraminiferal δ 18 O by subtracting that of external calcite standards measured in the same sequence, as
recommended by Killingley et al. (1981) (Table 1).
2.2

Model data set

In order to assess the relevance of our core site in recording density anomalies associated with Agulhas rings, we employed the INALT01 model (Durgadoo et al., 2013). This
Clim. Past, 9, 2631–2639, 2013
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Table 1. Result of G. truncatulinoides sin. individual isotope measurements, and estimation of sample variability, with the respective
correction (see Methods).
Sample
depth
(cm)

Age
(ka BP)

N
specimens

Instrument
s2

Sample
s2

Corrected
s2

0
2
120
124
129
131
136
142
146
150
154
156
160
164
168
172
176
182
184
188
194
202

∼0
2.0
104.4
112.2
119.7
120.6
122.7
125.3
127.6
130.7
132.9
133.9
138.0
142.7
147.4
152.1
155.9
158.7
159.7
161.6
164.4
170.1

28
18
29
28
19
17
21
20
20
20
19
20
19
20
21
20
30
20
18
19
21
28

0.025
0.003
0.004
0.015
0.009
0.012
0.003
0.025
0.006
0.006
0.012
0.009
0.009
0.009
0.009
0.006
0.015
0.012
0.009
0.025
0.003
0.004

0.350
0.573
0.074
0.106
0.047
0.087
0.142
0.274
0.440
0.421
0.482
0.368
0.320
0.178
0.119
0.226
0.122
0.061
0.183
0.162
0.101
0.067

0.325
0.570
0.070
0.091
0.038
0.075
0.139
0.249
0.434
0.415
0.470
0.359
0.311
0.169
0.110
0.220
0.107
0.049
0.174
0.137
0.098
0.063

model configuration, based on the NEMO (v3.1.1, Madec,
2008) code, is a high-resolution model of the greater Agulhas region, nested within a half-degree global ocean model.
At a 1/10◦ horizontal resolution, INALT01’s nest domain
spans the entire South Atlantic including the tropics, between
70◦ W–70◦ E and 50◦ S–8◦ N. In the vertical, INALT01 has
46 z levels: 10 levels in the top 100 m and a maximum of
250 m resolution at depth. The model has been shown to represent the known variability of the greater Agulhas system,
including a realistic reproduction of the pathways of Agulhas
rings (Durgadoo et al., 2013). For the analysis, 60 yr (1948–
2007) of data from the hind-cast experiment were used.

3
3.1

Results
Variability of G. truncatulinoides individuals

The individual δ 18 O values of G. truncatulinoides show
inter-sample differences in their distribution (Fig. 2a). Their
average for each sample is overall not statistically different from the corresponding values from bulk measurements,
i.e. many specimens analysed together, from Scussolini and
Peeters (2013) (Fig. 2a), yielding p = 0.51 on the t-test for
paired samples.
The corrected variance of samples changes along the transition from MIS 6 to 5 (Table 1; Fig. 2b). It increases from
∼ 145 ka to ∼ 130 ka before present (BP), hence returning
Clim. Past, 9, 2631–2639, 2013

more rapidly to levels similar to those of full MIS 6 at
∼ 123 ka BP, after which it remains stable for at least 20 ky.
Notably, the δ 18 O values of the individual foraminifera show
a somewhat bimodal distribution in samples at 142.7, 138,
133.9, 132.9 and 130.7 ka BP. The values of the two nearmodern samples are within range of those from early MIS
5 (Table 1), with the most recent being lower than that at
∼ 2 ka BP. This confirms that, as in the penultimate cycle,
variability decreases from the beginning of the interglacial.
3.2

Effect of Agulhas rings on the central Walvis Ridge
water column

Analysis of the INALT01 time series for the South Atlantic
basin shows that the variability of sea surface height (SSH),
which is a proxy for Agulhas rings (van Sebille et al., 2012),
and of potential seawater density (σθ ) in the thermocline at
452 m depth, are strongly related (Fig. 1). The highest variabilities at both the sea surface and at 452 m are found south
of Africa, in the Agulhas retroflection. From that retroflection
area at 20◦ E, high regions of variability extend northwestward into the Cape Basin. Today, the core location is found
on the equator-ward flank of the ridge of both high sea surface height variability, as well as high variability in density.
The 60 yr model data set allows us to describe the temporal variability induced by individual Agulhas ring crossings
at our core location (Fig. 3d). In the model layer at 452 m,
rings are characterized by peaks of temperature and salinity, and by troughs of density (see for example the ring on
24 January 1960 in Fig. 3a, and the associated effects on
properties in Fig. 3d). It is important to note that the effect of
temperature overrides that of salinity in determining density
within a ring, in agreement with the observations of Giulivi
and Gordon (2006) and Arhan et al. (2011).
We can attribute the largest density troughs to Agulhas
rings that fully overshadow the core setting (Fig. 3a), and the
minor ones to ring flanks moving over it (Fig. 3c). A Fourier
analysis of the sea surface height in INALT01 on the site
location reveals a clear annual frequency, but also smaller
peaks at periods between 150 and 200 days (not shown). It is
hence possible to ascertain that out of the roughly six Agulhas rings typically released per year, core 64PE-174P13
presently captures on average one to two full rings, plus a
small number of ring flanks.
4

Discussion

The model data (Figs. 1 and 3) clearly show that there is a
direct relation between the Agulhas rings passing over the
core site and variability in density at the depths where G.
truncatulinoides records its δ 18 O. However, both the paleo
and model records demand some consideration.
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Fig. 3. Analysis of model INALT01 output. (A), (B), and (C): SSH maps showing the position of Agulhas rings with respect to the core
location, in three selected situations recurring in the time series (D) of SSH, temperature, salinity and density at 452 m, for the period 1948–
2007. (A): full overlap with an Agulhas ring (SSH peak); (B): overlap with a cyclone (trough); (C): partial overlap with an Agulhas ring
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Since we have generated a record of foraminifera δ 18 O
variability across a period of shifting values, it is necessary
to examine the role that bioturbation potentially plays in it,
since its effect might overlap with that of water column perturbations from the AL. To understand the extent of mixing,
we take into consideration other independent sedimentological features of core 64PE-174P13, as obtained from additional analyses.
At T-II, the isotope curve of bulk δ 18 O measurements
(Scussolini and Peeters, 2013) (Fig. 2a) exhibits a rather
large change in values, of ∼ 1.46 ‰, more than observed in
a coeval planktic record from the southeast Atlantic, whose
multi-centennial detail suggests negligible mixing (Marino
et al., 2013). Several other sharp shifts are evident in other
parts of the curve of G. truncatulinoides and in that of Globigerinoides ruber (Scussolini and Peeters, 2013). In particular, the latter species shows an abrupt shift in values
at T-II, with 0.57 ‰ change in only 2 cm (154 to 156 cm)
(Fig. 4a), and a very constrained spread of measurement repeats (s < 0.08 ‰). Furthermore, because we deem G. ruber
to be less susceptible to the influence of Agulhas rings, due
to its shallower habitat depth, we selected two samples close
to this prominent shift, and performed δ 18 O measurements
on a single specimen of this species. We observed that closer
to the isotopic shift, variability is clearly lower than further
from it (Fig. 4b), contrary to what had been expected from
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the effect of bioturbation. Another aspect is the timing of the
T-II shift, which differs between G. truncatulinoides and G.
ruber, a phenomenon that is likely better explained through
the differential effect of temperature/salinity rather than selective bioturbation (Bard, 2001). The spread of bulk measurement repeats is also a reflection of the variability inherent
in a sample and, given pronounced mixing, should be higher
at times of δ 18 O shift. Variability of repeats over the past 460
ka (Scussolini and Peeters, 2013) shows that, while G. truncatulinoides’ repeats are generally more divergent at terminations, in agreement with our individual analyses, this is not
the case for surface-dwelling G. ruber. Then, X-ray fluorescence profiles portray sharp variations in the content of some
elements, close to the interval characterized by the variability peak (Fig. 4c). Lastly, the core shows intervals with distinct colour laminations: regardless of the fact that these are
not visible for the T-II interval, they suggest a setting with
a relatively undisturbed ocean floor. This is to be expected
given the oligotrophic character of the location (Lončarić et
al., 2007), as low food supply anti-correlates with the thickness of sediment mixed layer (Trauth et al., 1997; Smith and
Rabouille, 2002).
The ensemble of these properties of the sedimentological material is not reconcilable with prominent mixing, and
we regard it as evidence that bioturbative processes alone
cannot explain the observed variability peak. Therefore, the

Clim. Past, 9, 2631–2639, 2013
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Fig. 4. Sedimentological features pointing to a limited role of bioturbation. (A): δ 18 O of G. ruber individuals (purple diamonds) and
bulk analysis (red line, Scussolini and Peeters, 2013). (B): corrected
sample δ 18 O variance (orange, see Methods). (C): Calcium and
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phenomenon of increased variability, in such a fully pelagic
setting, directly invokes the passage of perturbatory bodies
in a field of relatively stable hydrographic conditions.
Inasmuch as foraminiferal δ 18 O is a function of seawater
density (e.g. Lynch-Stieglitz et al., 1999), and as G. truncatulinoides in particular was found to capture intermediate
depth density (LeGrande et al., 2004), we have generated a
reconstruction of pycnocline depth variability for the central
Walvis Ridge, which we consider to be a paleo proxy for the
presence of Agulhas rings/AL.
In this view, more AL reaches the west flank of the Cape
Basin as MIS 6 draws to its end, and the influence is maximal right at T-II, likely higher than observed in the modern
ocean (Table 1, Fig. 2b). The bimodal distribution of samples from ∼ 143 to 130 ka BP, with clusters of values with
low-δ 18 O, is suggestive of more frequent low-density conditions captured in the foraminiferal geochemistry. This signal
can be interpreted as the passage of more Agulhas rings, or
of larger and more stable ones, that linger over the core site
for longer. Both possibilities point to a stronger AL. Still, the
latter seems corroborated by another finding: rings of greater
Clim. Past, 9, 2631–2639, 2013

size and stability have been connected to larger variability in
the position of the Agulhas retroflection (van Sebille et al.,
2009). This scenario is particularly plausible at times of climate shift such as T-II, when the system of fronts south of
Africa was supposedly more dynamic, likely due to changes
in the wind field (Hays et al., 1976; Bé and Duplessy, 1976;
Bard and Rickaby, 2009).
We compare the timing of our observations to the published records of Agulhas leakage fauna (a proxy for AL)
from the eastern Cape Basin, of Peeters et al. (2004) and
Martínez-Méndez et al. (2010) (Fig. 2b). For this purpose, we
rendered the age of the records of Peeters et al. (2004) and
Martínez-Méndez et al. (2010) compatible with the chronology of our core, by aligning the respective benthic δ 18 O
curves to the LR04 stack. The remarkable agreement between our variability record and the AL proxies answers
the question whether the AL peak at T-II penetrated the
South Atlantic circulation. Furthermore, the phenomenon
took prominence in our record between ∼ 142 and 138 ka
BP, during maximum glacial conditions. This points to a reaction of the Southern Hemisphere, in terms of thermocline
warming and enhanced AL, coherent with the bipolar seesaw
mechanism that marked the termination, as recently reformulated by Cheng et al. (2009) and Denton et al. (2010).
While we can assume that the heat and salt associated with
AL observed at the central Walvis Ridge have been incorporated into the subtropical gyre circulation, it does not directly
follow that those waters have made it to the North Brazil Current, and therefore into the North Atlantic. High-resolution
ocean models showed that changes in the amount of AL in
the Cape Basin do not directly lead to changes in the amount
of Indian Ocean water crossing the Equator in the Atlantic
(Biastoch et al., 2009; Biastoch and Böning, 2013). Instead,
the heat and salt could just have recirculated in the Southern
Hemisphere supergyre (e.g. Gordon et al., 1992; Speich et
al., 2007).
However, there is modelling evidence that the heat and
salt from AL do not have to reach the North Atlantic in order to impact the Atlantic meridional overturning circulation
(AMOC) there. In high-resolution ocean models, the salt flux
of the North Brazil Current (Biastoch et al., 2008), as well
as the intensity of the AMOC (Biastoch and Böning, 2013),
seem to be related to AL strength.
Therefore, even if little of the extra AL had made it into
the North Atlantic, it could still have imposed an effect on the
strength of the AMOC. Authors such as Weijer et al. (2002)
have shown that the strength of the AMOC is, to a large extent, determined by the pressure gradient between the southern and northern Atlantic. Increased AL in the South Atlantic, beyond the Cape Basin, could change the meridional
density and hence pressure gradients, and thereby the AMOC
strength. Furthermore, van Sebille and van Leeuwen (2007)
found that Agulhas rings in the South Atlantic Ocean can
radiate some of their energy to the North Atlantic, even if
no mass is transported across the Equator. In that idealized
www.clim-past.net/9/2631/2013/
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model, that energy might then be used in the North Atlantic
to accelerate the AMOC.
In other words, our core on the central Walvis Ridge likely
witnessed the AL resumption during T-II, thus lending important support to the idea of its central role in restoring the
intensified interglacial mode of the conveyor belt (Gordon et
al., 1992; Berger and Wefer, 1996; Weijer et al., 2002; Knorr
and Lohmann, 2003). In perspective, we suggest that there is
scope for further application of the methodology here presented at this location, in particular to unravel the timing
of AL entering the AMOC during the last deglaciation, to
address questions as to how the South Atlantic acted during the well-established succession of Older Dryas, Bølling–
Allerød and Younger Dryas events that lead to the present
warm climate.
5

Conclusions

We have presented a novel application for the seldomutilized analysis of isotopes in individual foraminifera. After
preliminary assessment of the extent of sediment mixing processes, the method can conveniently be utilized to unravel paleoceanographic aspects beyond the average state of physicochemical quantities, in particular to test hypotheses relative
to mixing of water masses with different characteristics.
In this study, we assessed the paleo-variability in the
δ 18 O of a thermocline-dwelling taxon, suggesting substantially higher density anomalies in the South Atlantic Gyre,
around the penultimate termination. Corroborated by a highresolution assimilative ocean circulation model, we are able
to interpret such anomalies as the passage of Agulhas rings,
or other leakage features, spawning from the Agulhas Current retroflection. The evidence we present fills a gap between the AL increase recorded around T-II at the interface
between the Indian and the Atlantic oceans, and its incorporation downstream into the South Atlantic gyre, and hence
also the supergyre. Such a connection is necessary to bolster
the current hypothesis of the primary role played by the AL,
in the transition from superficial glacial to vigorous interglacial AMOC, either as an active mechanism or rather as a
passive feedback trigged by changes in Southern Hemisphere
wind fields.
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