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Abstract :

The chronology of Southern Ocean (SO) marine sediment cores forms the basis of understanding the SO
paleoceanography, with significant implications for global climate. Because tuning of the oxygen isotope
(6180) record of a marine sediment core to a 180 stack (6180 stratigraphy) is difficult in the SO because
of a general paucity of calcareous foraminifera, tuning of the dust proxy signal of a marine sediment core
to the dust record of an ice core (dust correlation) is a promising way to construct an age—depth model.
However, the reliability of dust correlation has not been established, especially beyond the last ~300 kyrs,
and such work has been performed more in the Atlantic and Pacific sectors of the SO than in the Indian
sector. Here we present a new dust correlation using the rock magnetic record, together with continuous
0180 stratigraphy, for a marine sediment core in the Indian sector of the SO over the last ~410 kyrs. The
0180 stratigraphy is consistent with the dust correlation within their chronological uncertainties,
supporting the reliability of the latter chronology for glacial—interglacial timescales. However, the dust
correlation often produces older ages than the 8180 stratigraphy by up to 3 kyrs (410-126 ka and 84-50
ka). We additionally compiled, based on dust correlation, available dust proxy records in the circum-
Antarctic SO for the last 450 kyrs to discuss variations in the dust proxy record within the Indian sector
and between all three sectors. For the Indian sector, there is a marked difference in dust proxy signals for
Marine Isotope Stage (MIS) 6 between two cores that have markedly different latitudinal positions relative
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to the oceanic fronts. Increased biogenic magnetite production by iron fertilization in the Subantarctic
Zone during MIS 6 may partly explain the difference between the two cores. For the circum-Antarctic SO,
moving correlation coefficients were computed between the marine sediment-core dust proxy signals and
the dust flux of an Antarctic ice core. Strong correlation was recognized for intervals of high dust flux in
the ice core, except for MIS 6. Although minor, the slightly lower correlation in the Indian sector than in
the other sectors indicates a contribution from local dust source and volcanic materials and thus suggests
the necessity for caution when performing dust correlation in the Indian sector of the SO.

Highlights

» Oxygen isotope stratigraphy confirms the utility of dust correlation. » Iron fertilization may be a key
factor controlling dust proxy signals. » Large-scale climate forcings control dust proxy signals in the
Southern Ocean.

Keywords : Southern ocean, Dust correlation, Oxygen isotope stratigraphy
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1. Introduction

Past climate changes in the Southern Ocean (SO) are key to understanding the global
climate system through heat transport, deep-water circulation, and CO; uptake (e.g.,
Sarmiento et al., 2004; Sigman et al.,, 2010). Accurate reconstruction of the SO
paleoceanography essentially depends on the reliability of marine sediment-core
chronologies, which often utilize radiocarbon ('*C) dating and oxygen isotope (5'30)
stratigraphy (e.g., Lisiecki and Raymo, 2005; Stern and Lisiecki, 2014). However, the general
lack of biogenic carbonate (including carbonate shells of foraminifera) in the SO marine
sediments has hindered application of these methods and thus necessitated alternative ways to
construct a robust chronology. The alternative methods applicable to marine sediments
include alignment of sea surface temperature (SST) data to the deuterium (D) record of
Antarctic ice cores (e.g., Govin et al., 2009; Elderfield et al., 2012; Hayes et al., 2014),
alignment of dust proxies such as magnetic susceptibility (MS), iron (Fe) content, and
lithogenic flux to the dust record of Antarctic ice cores (e.g., Pugh et al., 2009; Martinez-
Garcia et al., 2011; Weber et al., 2012; Anderson et al., 2014; Lamy et al., 2014; Xiao et al.,
2016), and synchronization of paleointensity or cosmogenic °Be to cosmogenic isotopic
records from ice cores (e.g., Stoner et al., 2000; Channell et al., 2009; Suganuma et al., 2010;
Horiuchi et al., 2016). All of these methods allow the transfer of ice-core ages (e.g.,
Kawamura et al., 2007; Veres et al., 2013; Bazin et al., 2013) to marine sediment cores and
direct comparison of climatic records between marine sediment cores and ice cores within

chronological uncertainties.
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Alignment of dust proxies to the dust record of Antarctic ice cores (hereafter dust
correlation) has been increasingly applied to constrain the chronology in the Scotia Sea (e.g.,
Weber et al., 2012, 2014; Xiao et al., 2016) and in the circum-Antarctic (e.g., Pugh et al.,
2009; Lamy et al., 2014). Dust proxies (rock magnetic record, Fe content, and lithogenic
flux) have diverse origins including aeolian dust, ice rafted debris, volcanic materials, and
biogenic magnetite (e.g., Bareille et al., 1994; Yamazaki and lkehara, 2012; Weber et al.,
2012; Kim et al., 2018). Despite the diverse origins, dust correlation is based on the
remarkable similarity between the variations in dust proxies of marine sediment cores and the
changes in the dust flux of Antarctic ice cores (e.g., Petit et al., 1990; Pugh et al., 2009), the
latter of which at the Last Glacial Maximum mostly originated from South America, mainly
Patagonia (e.g., Basile et al., 1997; Delmonte et al., 2004; Ohgaito et al., 2018; Oyabu et al.,
2020). The similarity between circum-Antarctic marine sediment cores and Antarctic ice
cores is attributed to large-scale atmospheric circulation, to increased glaciogenic dust, and to
wind-driven current transport (e.g., Pugh et al., 2009; Lamy et al., 2014; Ohgaito et al.,
2018). Nevertheless, verification of dust correlation has been limited to the last ~300 kyrs by
comparison with multiple proxies including '*C dating and the abundance of radiolarian or
diatom species (Pugh et al., 2009; Xiao et al., 2016), whereas the dust proxy records of
marine sediment cores and the dust records of Antarctic ice cores extend back over the last ~4
Myrs (Martinez-Garcia et al., 2011) and the last ~800 kyrs (Lambert et al., 2012),
respectively. Moreover, available dust proxy records in marine sediment cores are more
centered on the Atlantic and Pacific sectors of the SO (e.g., Pugh et al., 2009; Anderson et al.,
2014; Lamy et al., 2014) than the Indian sector (e.g., Bareille et al., 1994; Thole et al., 2019).

In this study, we performed both §'80 stratigraphy and dust correlation for a marine
sediment core from the Indian sector of the SO to investigate the reliability of its dust

correlation on glacial-interglacial timescales over the last ~410 kyrs. We compared our
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results with available marine-sediment-core dust proxy records from the Indian sector, and
we addressed the potential role of Fe fertilization in dust proxy records by considering the
possible changes in the positions of marine sediment cores relative to oceanic fronts during
past glacial periods. We discuss that increased biogenic magnetite production by Fe
fertilization affected dust proxy signals in the Subantarctic Zone but not in the Antarctic
Zone. We also compiled published dust proxy records for the Pacific and Atlantic sectors of
the SO, and we examined whether there were any differences in the proxy signals between
the three sectors (Indian, Pacific, and Atlantic) by means of linear and moving correlation
coefficients between the proxy signals of marine sediment cores and the dust flux of the

EPICA Dome C (EDC) Antarctic ice core.

2. Materials and Methods

We investigated sediment samples from piston core DCR-1PC (46°01'S, 44°15'E, 2632 m
water depth) from the Del Cafio Rise in the Indian sector of the SO. The core was obtained
during the KH-10-7 Cruise using the Research Vessel Hakuho-maru from the Japan Agency
for Marine-Earth Science and Technology (JAMSTEC) (Fig. 1). The site is currently located
north of the Subantarctic Front (SAF) and Polar Front (PF) (Orsi et al., 1995; Park et al.,
2019). The recovered core length was ~10.2 m, and calcareous ooze is the major lithology
throughout the core, with varying amounts of siliceous components reflecting glacial—
interglacial variations. All samples were freeze-dried, then gently wet-sieved using a 63-um

screen and oven-dried (<40°C).
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Fig. 1. (a) Core locations of the DCR-1PC core (black diamond) and compiled marine
sediment cores (white circles) in the Southern Ocean (Table 1). The location of the EPICA
Dome C (EDC) ice core is also shown (black square). Light orange and light green circles
indicate the modern positions of the Subantarctic Front (SAF) and Polar Front (PF),
respectively (Park et al., 2019). (b) Core locations and front positions in the Indian sector of
the Southern Ocean. The Crozet and Kerguelen Plateaus are also shown. Bathymetry was
plotted using GMT software (Wessel et al., 2013). (c) Relative contributions of the three
Southern Hemisphere sources (red: South America; green: Africa; blue: Australia) to dust
deposition at the present day (modified from Li et al., 2008). Core locations are the same as

in (a). (d) Relative contributions of South America, Africa, and Australia to dust deposition at
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the Last Glacial Maximum (LGM; modified from Li et al., 2010). Color shadings and core
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locations are the same as in (c).
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Table 1. Southern Ocean marine sediment cores discussed in this study. Averages of

136

sedimentation rate and sampling resolution are for 450 kyrs, based on dust correlation.

137

Abbreviation: ARM, Anhysteretic remanent magnetization, MS, Magnetic susceptibility;
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1

MAR, Mass accumulation rate.

139

Number Core Sector  Latitude Longitude Depth (m) (m) Eir;%)e . r:}tic(yr)
1 DCR-1PC  Indian 46°01'S  44°15'E 2632 10.2 413 2.5
2 MDI11-3353 Indian 50°34'S  68°23'E 1568 11.3 133 8.5
3 MD84-551 Indian 55°00'S  73°20'E 2230 7.7 165 4.7
4 MD11-3357 Indian 44°40'S  80°25'E 3349 20.7 145 14.3
5 MDS88-769  Indian 46°04'S  90°07'E 3420 16.5 201 8.2
6 MRPLM mdian 41°33's 904E 2913 67 442 15
7 MDS88-770  Indian 46°01'S  96°28'E 3290 16.8 231 7.3
8 MDS88-787 Indian 56°23'S  145°18'E 3020 10.4 197 53
9 PS75/93-1  Pacific 60°52'S  169°32' W 3762 12.8 397 32
10 PS75/83-1  Pacific 60°16'S  159°03' W 3599 13.1 272 4.8




Ave.

samplin Dust Water Length Age Ave. sed.
Pung u References Number Core Sector  Latitude Longitude g range rate
resolution  proxy Depth (m) (m)
(kyr) (cm / kyr)
(kyr)
0.92 ARM  Crostactal, 2020; 11 PS75/79-2%  Pacific  57°30'S 157°14W 3770 18.5 473 3.9
This study
1.23 Fe  Thole et al., 2019 12 PS75/76-2%  Pacific  55°31'S 156°08'W 3742 21.0 987 2.7
1.62 MS Bareig‘;jt al, 13 PS75/74-3%  Pacific  56°14'S  152°39'W 3295 210 1018 3.0
1.46 Fe  Thole et al., 2019 14 PS75/59-2%  Pacific  54°12'S  125°25'W 3613 14.0 474 3.0
1.73 MS Bareig‘;jt al., 15 PS75/56-1  Pacific  55°09'S 114°47W 3581 10.2 260 3.9
1.55 MS Yamazaki and 16 MD07-3133  Atlantic  57°26'S  43°27'W 3103 32.8 35 93.7
Ikehara, 2012
1.40 MS Bareig‘;jt al, 17 MDO07-3134  Atlantic  59°24'S  41°28'W 3663 58.1 92 63.1
1.71 MS Bareig‘;jt al., 18 PS2498-1  Atlantic 44°09'S  14°13'W 3783 9.3 91 10.3
0.32 Fe  Lamyetal,2014 19 O?Olgffe Atlantic  53°10'S  5°07'E 2807.3 1687 1558 16.2
0.22 Fe  Lamyetal,2014 20 ODPSite  \yntic  42°54'S  8°53'E 3700 25.5 800 3.1

1090**
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*We compiled only the last 450 kyrs for comparison with the other sites.
**The age model beyond 800 ka is 8'%0 stratigraphy. We compiled only the last 450 kyrs for

comparison with the other sites.

2.1.  Stable oxygen isotope measurements

The stable oxygen isotopic ratios of the benthic foraminifera Cibicidoides wuellerstorfi
(0.01-0.36 m and 1.66 m depth) and Melonis barleeanus (0.01-10.16 m depth) were
measured to construct an age—depth model for the DCR-1PC core (Section 4.1.). Because C.
wuellerstorfi, which is an epifaunal species, was rare below 0.36 m, we chose the infaunal M.
barleeanus to generate a continuous record (180-355 pum size fraction, 3—5 specimens). The
average sampling resolution for M. barleeanus was 1.9 cm. Correction factors of +0.64%0 and
+0.40%0 were applied to the 580 measurements of C. wuellerstorfi and M. barleeanus,
respectively (Duplessy et al., 1984; Labeyrie et al., 1996).

A total of 554 samples (16 for C. wuellerstorfi and 538 for M. barleeanus) were cleaned
with methanol by ultrasonication, gently crushed, and then mixed to homogenize the
foraminiferal tests before isotopic analysis. All stable isotope measurements were performed

using an online system employing an IsoPrime isotope-ratio mass spectrometer (GV
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Instruments Ltd.) coupled to a Multicarb automatic sample treatment system (Center for
Advanced Marine Core Research [CMCR], Kochi University, Japan). The isotopic values are
reported in o notation relative to the Vienna Pee Dee Belemnite international standard. The

analytical precision of the measurements was +0.10%o.

2.2.  Rock magnetic measurements and non-destructive measurements

Anhysteretic remanent magnetization (ARM) and isothermal remanent magnetization
(IRM) were measured on 448 discrete cube samples at the National Institute of Polar
Research, Japan, to estimate the magnetic grain concentrations for dust correlation (Section
4.2.). ARM acquisition was performed in a 0.03-mT DC field with an 80-mT AF using an
SRM-760R magnetometer. The IRM was imparted at 1.5 T using a pulse magnetizer
(MMPM-9; Magnetic Measurements, UK) and measured by a spinner magnetometer
(Natsuhara-Giken SMD-88). The average sampling resolution for the measurements was 2.2
cm, which is comparable with the resolution of the §'%0 record. The ARM record is thought
to reflect the concentration of ferrimagnetic material, especially smaller magnetite grains
(<10 pm) (Stoner and St-Onge, 2007), which are the main carriers of magnetization and are
the likely source of MS (Mazaud et al., 2002; Pugh et al., 2009). We also conducted non-
destructive measurements of Fe2O3 and MS at CMCR, Kochi University, to allow comparison
of dust proxies. Fe;O3 and MS were measured at 1-cm intervals using an X-ray fluorescence
scanner JEOL TATSCAN-F2 (Sakamoto et al., 2006) and a multi-sensor core logger (MSCL-

S, GEOTEK Ltd.; sensor, Bartington Instruments Ltd.), respectively.

2.3.  Compilation of dust proxy records in the Southern Ocean

We compiled a total of 19 dust proxy records for marine sediment cores in the SO (south

of 40°S, >1500 m water depth) (Fig. 1; Table 1) to consider possible sector-scale differences.

10



182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

Seven sites were located in the Indian sector (68°E to 145°E, 41°S to 56°S) (Bareille et al.,
1994; Yamazaki and Ikehara, 2012; Thole et al., 2019), seven in the Pacific sector (169°W to
114°W, 54°S to 60°S) (Lamy et al., 2014; Ullermann et al., 2016), and five in the Atlantic
sector (43°W to 8°E, 42°S to 59°S) (Latimer et al., 2006; Martinez-Garcia et al., 2011; Weber
et al., 2012; Anderson et al., 2014; Hasenfratz et al., 2019). Compiled records are limited to
the last 450 kyrs, and each age model is based on dust correlation, §'30 stratigraphy, or §D—
SST correlation (Table 2). For the PS2498-1 core, the age model also includes 14C dates
(Gersonde et al., 2003; Anderson et al., 2014). Linear correlation coefficients between the
marine sediment-core dust proxy signals and the EDC ice core dust flux (Lambert et al.,

2012) were computed after each record had been resampled every 1 kyr (Table 2).

Table 2. Correlation coefficients for the last 450 kyrs between dust proxy signals (linear
scale) based on each age model and the EDC dust flux (log scale). Dust correlation using the
Match program (Lisiecki and Lisiecki, 2002) are in bold (see Section 4.2). Correlation

coefficients for the last 100 kyrs based on dust correlation were also calculated (see Section

5.3).
Aol o) Combtin 0
1 DCR-1PC 14C, 8D-SST correlation 0.50
14¢, 8'80 stratigraphy 0.59
Dust correlation 0.64 0.72
2 MD11-3353  dD-SST correlation 0.68
Dust correlation 0.74 0.75
3 MD84-551  '%0 stratigraphy 0.63
Dust correlation 0.70 0.55
4 MD11-3357  dD-SST correlation 0.72
Dust correlation 0.81 0.77
5 MDg88-769 580 stratigraphy 0.48
Dust correlation 0.69 0.66

11
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6 MRO3K04-PC5  3'%0 stratigraphy 0.52

Dust correlation 0.67 0.73
7 MD88-770  &'%0 stratigraphy 0.40

Dust correlation 0.53 0.56
8 MD88-787  8'%0 stratigraphy 0.51

Dust correlation 0.51 0.63
9 PS75/93-1 Dust correlation 0.70 0.73
10 PS75/83-1 Dust correlation 0.72 0.74
11 PS75/79-2 Dust correlation 0.77 0.74
12 PS75/76-2 Dust correlation 0.78 0.84
13 PS75/74-3 Dust correlation 0.73 0.58
14 PS75/59-2  &'80 stratigraphy 0.58

Dust correlation 0.62 0.74
15 PS75/56-1 5'30 stratigraphy 0.54

Dust correlation 0.68 0.68
16 MDO07-3133  Dust correlation 0.90 0.90
17 MDO07-3134  Dust correlation 0.71 0.71
18 PS2498-1 14C, Dust correlation 0.81 0.81
19 ODP Site 1094  8'%0 stratigraphy 0.65

Dust correlation 0.70 0.75
20 ODP Site 1090 Dust correlation 0.75 0.84

3. Results
3.1.  Stable oxygen isotope ratios of benthic foraminifera

Oxygen isotope measurements for the benthic foraminifera C. wuellerstorfi were limited
to the upper part of the DCR-1PC core, whereas M. barleeanus recorded §'%0 variations
throughout the core (except for 5.23-5.57 m depth) (Fig. 2; Table S1). For the interval from
0.01 to 0.36 m depth, both C. wuellerstorfi and M. barleeanus show similar §'30 values,
supporting use of the latter species for correlation with the benthic §'%0 stack (hereafter
LR04) (Lisiecki and Raymo, 2005). The corrected §'%0 values (+0.40%0) of M. barleeanus

ranged from 2.84%o (at 3.22 m depth) to 5.17%o (at 0.45 m depth), whereas the LR04 varied

12



from 3.10%o0 (at 123 ka) to 5.02%o (at 18 ka) through the last 800 kyrs (Lisiecki and Raymo,

2005; Past Interglacials Working Group of PAGES, 2016).
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Fig. 2. Stable oxygen isotope ratio (3'30) measurements of benthic foraminifera, rock
magnetic measurements (ARM and IRM), and non-destructive measurements (Fe.O3; and
MS) for the DCR-1PC core. Correction factors of +0.64%¢ and +0.40%0 were applied to the
5'%0 measurements of C. wuellerstorfi and M. barleeanus, respectively (Duplessy et al.,
13
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1984; Labeyrie et al., 1996).

3.2.  Variations in the dust proxy records (ARM, IRM, Fe;03, and MS)

All the dust proxy records in the DCR-1PC core exhibited marked fluctuations, reflecting
glacial-interglacial variations (Fig. 2; Table S2). The ARM ranged from 4.75 x 107 to 4.55 x
107! A/m (average 1.23 x 107! A/m) and the IRM from 0.04 to 16.7 A/m (average 5.7 A/m).
Fe>O3 varied from 0.09 to 32.3 ms% (average 10.0 ms%) and MS from -3 to 146 SI (average
35 SI). Although the amplitudes of the peaks differ slightly among the records (e.g., the
amplitude of the peaks at ~8 m between ARM and Fe;0s), any two of the records are well
correlated (0.67 < r < 0.95) and each record markedly resembles the dust flux of the EDC

Antarctic ice core (Lambert et al., 2012).

4. Age-depth models
4.1. "0 stratigraphy

We constructed an age—depth model for the DCR-1PC core by using a combination of
available '*C dates (Crosta et al., 2020) for the last 50 kyrs and graphic correlation of the
5'%0 measurements of M. barleeanus to the LR04 (Lisiecki and Raymo, 2005) for the older
ages using some of the maxima and minima as well as the absolute values (Fig. 3a). The
number of 3'80 tie points (n = 9) was minimal to avoid abrupt changes in the linear
sedimentation rates (LSRs). Comparison between our &30 profile for the constructed age
model (hereafter 580 age model) and the LR04 suggests continuous sediment deposition at
the studied site covering the last ~410 kyrs (Fig. 3a; Table 3). The correlation coefficient (r)
between the 8'30 of M. barleeanus (resampled every 1 kyr) and the LR04 is 0.85. The LSRs
ranged from 0.82 to 3.41 cm/kyr (average 2.48 cm/kyr) (Fig. 3c; Table 3). Compared to the

LRO4, the 5'%0 values of M. barleeanus were heavier by ~0.5%o during Marine Isotope

14



240  Stages (MIS) 11 (410-396 ka) and by ~0.4%c during MIS 9 (337-321 ka), and lighter by
241 ~0.3%o0 during MIS 5 (129-112 ka). During MIS 3 (57-29 ka), the 8'80 of M. barleeanus

242 displayed higher variability than during the other MISs (MIS 11-1).
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244  Fig. 3. (a) Graphic correlation (nine tie points, vertical dashed lines) between DCR-1PC
245  benthic 380 (blue line) and the LRO4 (black line) (Lisiecki and Raymo, 2005). Seven
246  triangles indicate radiocarbon ages of planktic foraminifera from the DCR-1PC core (Crosta

247 et al., 2020). (b) Signal matching (two tie points, vertical dashed lines) between the ARM of

248  the DCR-1PC core (orange line) and the EDC dust flux (black line) (Lambert et al., 2012) on
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the AICC2012 timescale (Veres et al., 2013; Bazin et al., 2013). (c) Linear sedimentation
rates (LSRs) based on the two age—depth models. The boundary ages of each Marine Isotope

Stage (MIS) follow Lisiecki and Raymo (2005), and glacial intervals are indicated by gray

bars.

Table 3. Radiocarbon dating (Crosta et al., 2020) and tie points of §'30 stratigraphy in the

DCR-1PC core. Linear sedimentation rates (LSRs) are also provided.

Depth (m) Age (ka) LSR (cm/kyr) Methods References
0.01 1.864 2.61 Radiocarbon Crosta et al., 2020
0.14 7.173 1.76 Radiocarbon Crosta et al., 2020
0.25 13.019 2.81 Radiocarbon Crosta et al., 2020
0.33 15.853 0.82 Radiocarbon Crosta et al., 2020
0.41 25.517 1.88 Radiocarbon Crosta et al., 2020
0.60 35.795 2.74 Radiocarbon Crosta et al., 2020
0.80 43.258 2.31 Radiocarbon Crosta et al., 2020
1.19 60.0 3.41 8" stratigraphy  This study
1.57 71.0 3.27 &"0 stratigraphy  This study
2.38 96.0 2.69 0'%0 stratigraphy  This study
3.43 135.0 2.61 8'%0 stratigraphy  This study
4.92 192.0 2.46 8'%0 stratigraphy  This study
5.68 223.0 2.09 'O stratigraphy  This study
7.29 300.0 1.45 &'80 stratigraphy ~ This study
7.83 337.0 3.08 &'%0 stratigraphy  This study
10.08 410.0 8'80 stratigraphy ~ This study

4.2.  Dust correlation

The ARM record of the DCR-1PC core on the §'%0 age model (Section 4.1.) was aligned
to the EDC dust flux record (Lambert et al., 2012) on the AICC2012 timescale (Veres et al.,
2013; Bazin et al., 2013) (Fig. 3b) using the Match program (Lisiecki and Lisiecki, 2002).

The Match utilizes dynamic programming to find the optimal alignment between the signal
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(i.e., the ARM) and the target (i.e., the EDC dust flux). We first normalized the ARM on a
linear scale and the EDC dust flux on a log scale (to capture the small fluctuations during
interglacial periods) to have zero mean and one standard deviation, and then matched the
ARM to the EDC dust flux with penalty functions to constrain LSRs (Fig. 3b; Table S3). We
also added two tie points based on the peaks between the ARM and the EDC dust flux (Fig.
3b and Table S3). The resulting age—depth model (hereafter dust age model) (Table 4)
compares well with the §'80 stratigraphy (Fig. 4). The correlation coefficient between the
ARM and the EDC dust flux (both records resampled every 1 kyr) is r = 0.64 on the dust age
model, which is larger than that before the matching (r = 0.59) (Table 2). The LSRs ranged
from 0.82 to 4.12 cm/kyr (average 2.35 cm/kyr) (Fig. 3c). Compared to the EDC dust flux
(Lambert et al., 2012), the ARM values are relatively lower for MIS 10, given the higher
ARM values for the other glacial periods (MIS 8, 6, and 2—4) (Fig. 3b). Reductive dissolution
of magnetic minerals below the Fe-redox boundary (e.g., Yamazaki et al., 2003) may have
occurred for this interval (i.e., MIS 10).

We also constructed dust age models for seven sites (MR0O3K04-PC5 and the six MD
cores) in the Indian sector and for Ocean Drilling Program (ODP) Site 1094 in the Atlantic
sector by matching the dust proxy signals (i.e., MS and Fe) (Bareille et al., 1994; Latimer et
al., 2006; Yamazaki and Ikehara, 2012; Thoéle et al., 2019) to the EDC dust flux (Lambert et
al., 2012) in the same manner as for the DCR-1PC core, without adding any tie points. The
linear correlation coefficients between the eight dust proxy signals and the EDC dust flux

were mostly increased after matching, as expected (Table 2).
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Fig. 4. Age—depth model comparison for the DCR-1PC core. (a) Benthic §'30 age model
(blue squares and lines) and dust age model (orange diamonds and lines). The uncertainties of
the LRO4 timescale (Lisiecki and Raymo, 2005) and the AICC2012 timescale (Veres et al.,
2013; Bazin et al., 2013) are shown in light blue and light orange, respectively. Radiocarbon
(**C) dating of planktic foraminifera, the tie points of 8D—SST correlation, and the last
abundant appearance datum of the diatom Hemidiscus karstenii are also shown (Crosta et al.,
2020). The insets show expanded views for 210-160 ka and 50-0 ka. (b) Age differences
(AAge) between the dust age model and the §'80 age model for 410-50 ka and between the
dust age model and the '*C ages for 50-0 ka. Positive values indicate that the dust age model
is older than the §'%0 age model (or *C age) at the same depth; negative values indicate that

the dust age model is younger.
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297  Table 4. Tie points of dust correlation for the DCR-1PC core. Linear sedimentation rates

298  (LSRs) are also provided.

Depth (m) Age (ka) LSR (cm / kyr)
0.01 2.1 0.57
0.14 8.1 1.70
0.15 8.6 1.71
0.25 15.6 1.57
0.26 16.1 1.59
0.32 19.1 1.69
0.33 19.6 1.68
0.41 29.0 1.40
0.41 29.1 1.40
0.60 39.2 1.53
0.60 39.3 1.53
0.80 46.7 1.72
0.81 46.8 1.72
1.19 63.5 1.88
1.42 70.1 2.02
2.16 88.1 2.45
2.38 95.0 2.51
2.98 117.2 2.54
341 137.2 2.49
3.43 138.0 249
4.92 195.0 2.52
5.68 226.0 2.51
7.29 303.0 241
7.83 340.0 2.30
9.68 400.2 242

10.15 412.2

299
300 5. Discussion
301  5.1.  Comparison of age—depth models of the DCR-1PC core

302 The DCR-1PC core (46°01'S, 44°15'E) yielded a sufficient amount of carbonate and
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siliceous microfossils (Crosta et al., 2020; Itaki et al., 2020; Shukla et al., 2021; this study)
and preserved obvious dust proxy signals (Fig. 2), making it suitable for comparison of
various age—depth models. A previous study on the core presented seven '“C dates for 50-0
ka and twenty tie points from the alignment of the diatom-based summer SST record to the
0D record of the EDC (Jouzel et al.,, 2007) for 360-50 ka (Crosta et al., 2020). We

constructed the §'80 age model and dust age model over the last ~410 kyrs.

5.1.1. Comparison of the 5’80 age model with the '*C and dD-SST age models

First, we checked the '*C ages for the last 50 kyrs (Crosta et al., 2020) by comparing with
the published 8'%0 stacks. The *C-dated benthic §'30 in the DCR-1PC core closely follows
the LRO4 in both the timing of deglacial transition and the absolute values (Fig. 3a). The
benthic §'*0 in the DCR-1PC core (2632 m water depth) is also consistent with the Deep
(>2000 m water depth) Indian benthic §'0 stack of Stern and Lisiecki (2014) (Fig. S1),
although the marine reservoir ages adopted were 890 years for the DCR-1PC core (Crosta et
al., 2020) and 405 years in the Deep Indian §'%0 stack (Stern and Lisiecki, 2014). The
consistency with the published §'80 stacks supports the robustness of '“C dating for the
DCR-1PC core.

Next, we considered the relationship between the 5'%0 age model (this study) and the $D-
SST alignment (Crosta et al., 2020) for 360-50 ka (Fig. 4a). The 5'%0 age model is generally
in good agreement with the tie point ages from the dD-SST alignment considering the
underlying uncertainties of the LR04 timescale (4.0 kyrs as one sigma; Lisiecki and Raymo,
2005) and the AICC2012 timescale (0.8-3.9 kyrs as one sigma; Veres et al., 2013; Bazin et
al., 2013). A notable difference is present for the last abundant appearance datum of the
diatom Hemidiscus karstenii, which is dated to ~183 ka based on the §'%0 age model (this

study) but to ~190 ka based on the 6D-SST alignment (Crosta et al., 2020) (Fig. 4a inset).
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However, the difference does not conflict with the published age range of 190-180 ka for the
datum in the Atlantic Sector of the SO (Zielinski and Gersonde, 2002). Thus, we confirm the
utility of the D-SST age model for glacial-interglacial timescales (Thole et al., 2019), apart
from the age model uncertainties, which include possible diachronous surface water and

surface air temperature changes (Govin et al., 2015).

5.1.2. Comparison of the dust age model with the *C, SD-SST, and 5'80 age models

First, we compared the dust age model with the *C ages for 50-0 ka (Fig. 4a inset). The
dust age model for before 7 ka is older than the *C ages by up to 3.5 kyrs (Fig. 4b). The age
differences exceed the uncertainties of the underlying AICC2012 chronology (0.2 to 1.1 kyrs,
one sigma) (Veres et al., 2013) for the dust age model and of the “C dating (up to 0.3 kyrs,
one sigma) (Crosta et al., 2020). Therefore, either overestimation of the dust age model or
underestimation of the '*C ages is the likely reason for the discrepancy between the two
chronologies.

Taking into consideration that the '*C ages are consistent with the published §'80 stacks
(Section 5.1.1.), overestimation of the dust age model may appear to be more likely.
However, *C dating of foraminifera may yield markedly (a few kiloyears) younger ages if
bioturbation such as Zoophycos occurs near the seafloor (e.g., Lowemark and Grootes, 2004;
Lougheed et al., 2018), which may be important, especially at low-sedimentation-rate sites
such as DCR-1PC (~2.5 cm/kyr). Thus, it is difficult to determine whether the discrepancy
between the two chronologies arises from the error in the dust age model (potential
overestimation) or from 4C dating (potential underestimation) without further research on
bioturbation processes at the DCR-1PC core and/or age—depth model comparisons of cores
with higher sedimentation rates (>10 cm/kyr).

Beyond the '*C dating (i.e., older than ~50 ka), the dust age model is generally consistent

21



353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

with the tie point ages of the dD-SST alignment (Crosta et al., 2020) as for the comparison
between the 5'®0 age model and the SD-SST alignment (Fig. 4a). The diatom H. karstenii
datum is estimated as ~186 ka based on the dust age model (this study), which falls between
the values of ~183 ka from the 3'%0 age model and ~190 ka from the SD-SST alignment
(Fig. 4a inset).

Finally, we assessed the differences between the dust and §'*0 age models for 410-50 ka
(Fig. 4b). The dust age model shows older ages than the §'®0 age model by up to 3 kyrs. A
clear exception is seen for the 2.00-3.18 m depth interval (84.3—125.6 ka on the §'%0 age
model), where the dust age model yields a younger age than the 5'*0 age model by up to 1.8
kyrs. Assuming the underlying uncertainties of the AICC2012 timescale (0.8—4.8 kyrs as one
sigma; Veres et al., 2013; Bazin et al., 2013) and the LR04 timescale (4.0 kyrs as one sigma,;
Lisiecki and Raymo, 2005), the two age—depth models for the DCR-1PC core are consistent
with each other within the uncertainties (i.e., ~4.1-6.2 kyrs). Therefore, dust correlation can
be applied to the DCR-1PC site in the Indian sector of the SO for glacial-interglacial

timescales at least over the last ~410 kyrs.

5.2.  Dust proxy signals in the Indian sector of the SO

Dust correlation has been most commonly applied in the Atlantic sector of the SO because
of the area’s proximity to the South American (mainly Patagonian) dust source (e.g., Pugh et
al., 2009; Martinez-Garcia et al., 2011; Weber et al., 2012; Anderson et al., 2014) which
dominantly contributed to the EDC dust flux during the past glacial periods (e.g., Delmonte
et al., 2004, 2008). Attempts to reconstruct dust proxy signals from the Pacific sector of the
SO have also been made, for which the likely dust sources are Australia and New Zealand
(e.g., Pugh et al., 2009; Lamy et al., 2014). The longest dust proxy records cover ~4 Myrs in

the Atlantic sector (Martinez-Garcia et al., 2011) and ~1 Myr in the Pacific sector (Lamy et
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al., 2014).

For the Indian sector of the SO, however, potential sources of dust proxy signals are more
complex, and may include dust from South America and South Africa and volcanic materials
from the Crozet and Kerguelen Plateaus (e.g., Bareille et al., 1994; Thole et al., 2019) (Fig.
1). In addition, most of the dust proxy records cover only the last ~200 kyrs (e.g., Petit et al.,
1990; Bareille et al., 1994; Pugh et al., 2009), except for the MR0O3K04-PC5 core that covers
the last ~440 kyrs (Yamazaki and Ikehara, 2012). We compiled published dust proxy records
(n = 7) for comparison with the DCR-1PC core, which provides the dust proxy record over
the last ~410 kyrs. The average sampling resolution is highest for the DCR-1PC site (0.92
kyr), compared to 1.23—1.73 kyr for the compiled seven sites (Table 1).

The dust proxy records from the eight sites in the Indian sector show site-specific
variations with overall similarity (0.51 < r < 0.81) with the EDC dust flux variations
(Lambert et al., 2012) (Figs. 1b, 5). The general similarities can be explained by the extended
Patagonian dust source during past glacial periods (Li et al., 2008, 2010; Ohgaito et al., 2018)
(Fig. 1d), except for the MD 88-787 core, which would have been more influenced by
Australian and New Zealand dust sources. We should note, however, that the dust proxy
signals of the Indian sector can also be controlled by volcanic materials from the Crozet and
Kerguelen Plateaus (Fig. 1b). For the DCR-1PC core, which is located west of the plateaus,
the contribution of volcanic materials from the plateaus is expected to be small because the
materials are transported mainly eastward by the Antarctic Circumpolar Current (Bareille et
al., 1994; Dezileau et al., 2000). For the MR0O3K04-PC5 core, biogenic magnetite dominates
the magnetic mineral assemblage, suggesting a limited contribution of volcanic material
(Yamazaki and Ikehara, 2012). Thus, any difference in the dust proxy records between the
DCR-1PC and MRO3K04-PC5 cores is likely not caused by material inputs from the Crozet

and Kerguelen Plateaus.
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There is a marked difference between the dust proxy records of the DCR-1PC and
MRO3K04-PC5 cores for MIS 6 (Fig. 5). The MR0O3K04-PC5 core has a broader peak
centered in the first half of MIS 6 (~190-160 ka), whereas the DCR-1PC core has a peak
centered in the latter half of MIS 6 (~170-135 ka); the latter peak is consistent with the EDC
dust flux (Lambert et al., 2012). Although less visible, peaks in the MR0O3K04-PC5 core also
precede peaks in the DCR-1PC core during MIS 2, 8, and 10 (Fig. 5). We here consider the
positions of these cores relative to the oceanic fronts (SAF and PF) as a potential reason for
their different dust proxy records. The DCR-1PC site is located ~1° and ~4° north of the
modern SAF and PF, respectively, whereas the MR0O3KO04-PCS5 site is located ~8° and ~11°
north of the modern SAF and PF, respectively (Park et al., 2019) (Fig. 1). If northward
migration of the SAF and PF by 4-5° also occurred during MIS 6, as reconstructed for the
Last Glacial Maximum (e.g., Gersonde et al., 2003, 2005; Kohfeld et al., 2013; Civel-Mazens
et al., 2021), the DCR-1PC site would have been south of the SAF and at or south of the PF
(i.e., the Antarctic Zone), and the MR0O3K04-PC5 site would still have been located north of
the SAF and PF (i.e., in the Subantarctic Zone). This interpretation of the relative positions of
the two sites with respect to the fronts can be tested by means of the lithologies of the two
cores, because calcareous ooze dominates north of the PF and diatom ooze south of the PF
(e.g., Burckle and Cirilli, 1987; Diekmann, 2007). The alteration of calcareous nannofossil
ooze and diatom ooze in the DCR-1PC core (Crosta et al., 2020; this study) and the
dominance of foraminifera-bearing calcareous nannofossil ooze in the MR0O3K04-PC5 core
(Yamazaki and Ikehara, 2012) suggest that the former site was located in the Antarctic Zone
and the latter site in the Subantarctic Zone during MIS 6 and other glacial periods.

During past glacial periods, the aeolian dust flux increased markedly over the SO as well
as Antarctica (e.g., Lambert et al., 2008; Martinez-Garcia et al., 2011). Increased marine

productivity stimulated by the increased dust flux (Fe fertilization) is thought to have
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occurred in the Subantarctic Zone (e.g., Jaccard et al., 2013; Martinez-Garcia et al., 2014;
Struve et al., 2020), which falls in the latitude band of the major Southern Hemisphere dust
sources and their wind path (Fig. 1) (Watson et al., 2000; Sigman et al., 2010). Indeed,
Yamazaki and Ikehara (2012) have proposed that Fe fertilization enhanced the production of
biogenic magnetite, which in turn controls the MS signal, at the MRO3K04-PC5 site. The
abundance of terrigenous component also increased during glacial periods (Yamazaki and
Ikehara, 2012). Thus, we suggest that Fe fertilization played an important role, especially
during the first half of MIS 6. This mechanism can explain the increased MS in the
MRO3KO04-PC5 core in the Subantarctic Zone but not in the DCR-1PC core in the Antarctic
Zone, although it cannot explain why Fe fertilization played the role only during the first half
of MIS 6. We also found an increased dust proxy signal during the first half of MIS 6 (~190-
170 ka) in the PS75/59-2 core (Lamy et al., 2014) from the Pacific sector (Fig. 6). The
PS75/59-2 site is located ~2° and ~4° north of the modern SAF and PF, respectively (Park et
al., 2019) (Fig. 1a), and its lithology is primarily foraminifera-bearing calcareous nannofossil
ooze containing minor amounts of diatoms (Gersonde, 2011; Lamy et al., 2014). We infer that
the PS75/59-2 core site would have been located in the Subantarctic Zone during past glacial
periods, recording a dust proxy signal similar to that of the MR0O3K04-PC5 core during the
first half of MIS 6. However, the PS75/56-1 core, which relative positions to the fronts are
similar to the PS75/59-2 core (Park et al., 2019) (Fig. 1a), did not show an increased dust
proxy signal during the first half of MIS 6 (Fig. 6). The dominant lithologies of International
Ocean Discovery Program (IODP) Site U1540 core (a counterpart to the PS75/56-1 core) and
IODP Site U1541 core (a counterpart to the PS75/59-2 core) are diatom ooze and calcareous
ooze, respectively (Winckler et al., 2021), which implies that the PS75/56-1 site was located
in the Antarctic Zone during past glacial periods. Therefore, understanding the role of Fe

fertilization in dust proxy signals will contribute to establishing more reliable dust correlation
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Fig. 5. Dust proxy signals at eight sites in the Indian sector of the Southern Ocean (locations

of the sites are provided in Fig. 1b and Table 1). All the dust proxy signals (Bareille et al.,

1994; Yamazaki and Ikehara, 2012; Thole et al., 2019; this study) were matched to the EDC

dust flux (Lambert et al., 2012) using the Match program (Lisiecki and Lisiecki, 2002). The

correlation coefficients (r) between the dust proxy signals at each site with the EDC dust flux
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are also shown. Glacial intervals are indicated by gray bars.

5.3.  Sector-scale variations in dust proxy records

Dust correlation provides a means to construct age—depth models in the SO on glacial—-
interglacial timescales (Pugh et al., 2009; this study) and has been applied to millennial
timescales for cores from the Atlantic sector (Weber et al., 2012, 2014; Anderson et al.,
2014). However, neither the difference in dust proxy signals between the three sectors of the
SO (Indian, Pacific, and Atlantic) nor the difference in dust proxy signals between past
glacial periods have been investigated in detail. Here we compiled 20 dust proxy records
(including the DCR-1PC core) from the three sectors of the SO over the last 450 kyrs (Fig. 6;
Table 1) and assessed any differences in terms of the correlation coefficients with the EDC
dust flux (Lambert et al., 2012). The average sampling resolution is generally high (< 1 kyr)
for the sites in the Pacific and Atlantic sectors, but low (> 1 kyr) in the Indian sector (Table
1).

Linear correlation coefficients for the last 450 kyrs between the marine sediment-core dust
proxy signals (linear scale, resampled every 1 kyr) based on the dust age models and the EDC
dust flux (log scale) are 0.62—0.78 in the Pacific sector (169°W to 114°W, 54°S to 60°S) and
0.70-0.90 in the Atlantic sector (43°W to 8°E, 42°S to 59°S) (Table 2). Comparing also with
the Indian sector (0.51 < r < 0.81; Table 2), it is clear that the correlation coefficient is
strongest in the Atlantic sector. Although the age ranges of the MD07-3133, MD07-3134, and
PS2498-1 cores in the Atlantic sector are narrower than of the other considered cores, the
linear correlation coefficients for the last 100 kyrs still exhibit stronger correlation in the
Atlantic sector (0.71-0.90) than in the Pacific sector (0.58-0.84) or the Indian sector (0.55—
0.77) (Table 2). Thus, the marine sediment-core dust proxy signals in the Atlantic sector are

most comparable to the EDC dust flux.
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We computed moving correlation coefficients between the marine sediment-core dust
proxy signals (linear scale) and the EDC dust flux (log scale) with a 10-kyr window using the
package ‘astrochron’ (Meyers, 2014) in the R environment (R core team, 2021), after each
record had been resampled every 1 kyr and normalized to have zero mean and one standard
deviation (Fig. 6). Large variabilities in the correlation coefficients are apparent at each site
over the last 450 kyrs (Fig. 6), regardless of the choice of linear or log scale of the marine
sediment-core dust proxy signals and the EDC dust flux.

To examine the common features of the moving correlation coefficients at multiple sites,
we computed the arithmetic means of the correlation coefficients in turn for all 20 sites (Fig.
7a) and for each sector of the SO (Fig. 7b-7d). We found that the averaged moving
correlation of all 20 sites is generally strong for the glacial periods and weak for the
interglacial periods (Fig. 7a). Importantly, the correlation is strong (weak) when the EDC dust
flux was high (low), which suggests that increased dust input from dust sources to the
Antarctic ice core also allowed the SO marine sediments to preserve the comparable dust
proxy signals. An exception occurred, however, during the first half of MIS 6 (~185-160 ka),
when the correlation is weak but the EDC dust flux was relatively high and variable (Fig. 7a).
Although some effect of Fe fertilization on the dust proxy signals in the Indian sector during
MIS 6 is expected (Fig. 5) (see Section 5.2), the weak correlation in the Pacific and Atlantic
sectors (e.g., the PS75/59-2 and ODP Site 1090 cores) (Figs. 6, 7) implies a common
controlling factor.

We also considered the average moving correlation in each sector of the SO (Fig. 7b-7d).
In spite of the small number of records (fewer than four) in the Indian sector beyond 200 ka
(Fig. 7e), the averages of the Indian and Pacific sectors roughly follow the average of all 20
sites over the last 450 kyrs (Fig. 7b, ¢). According to Lamy et al. (2014), large-scale climate

forcings such as westerlies and glaciogenic dust mobilization are thought to control the dust
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proxy signals in the Pacific and Atlantic sectors. Thus, the similarity of the correlation
coefficients between the Indian and Pacific sectors can be explained by the same forcing
mechanisms having controlled the dust proxy signals in the Indian sector. The low average
correlation coefficients in the Atlantic sector during MIS 8 (~300-265 ka) and MIS 6 (~190-
165 ka) (Fig. 7d) may largely reflect variable dust proxy signal at ODP Site 1094 in the
Antarctic Zone (Figs. 1a, 6), which would have been influenced by volcanic material from
the South Sandwich Islands and by the glacial sea-ice extent (Latimer et al., 2006). Previous
study at ODP Site 1094 indicated that MS signal is generally similar to the variability of ice
rafted debris (predominantly ash), and that the ash originated principally from South
Sandwich Islands is transported by sea ice and icebergs (Kanfoush et al., 2002). In contrast,
the correlation coefficients at ODP Site 1090 in the Subantarctic Zone (Figs. 1a, 6) are similar
to the average of all 20 sites during MIS 8 and MIS 6 (Fig. 7a). We also note the difference in
the average sampling resolution between ODP Site 1094 (> 1 kyr) and ODP Site 1090 (< 1
kyr) (Table 1). Overall, large-scale climate forcings (westerlies, glaciogenic dust
mobilization, and wind-driven current transport) likely controlled the dust proxy signals in all
three sectors of the SO over the last 450 kyrs.

For the interval representing the last ~150 kyrs, the average correlation coefficients for the
Indian sector are somewhat lower in some intervals (e.g., 95-83 ka and 51-43 ka) than for
the Pacific and Atlantic sectors (Fig. 7). Considering that the dominant dust source for the
EDC site was South America during MIS 2 and 4 (e.g., Delmonte et al., 2004, 2008; Oyabu et
al., 2020) and possibly Australia during MIS 5e (Revel-Rolland et al., 2006), the low
correlation coefficients in the Indian sector imply contributions of dust from South Africa and
volcanic materials from the Crozet and Kerguelen Plateaus, to the Indian sector (e.g., Bareille
et al., 1994; Thole et al., 2019). The low average sampling resolution (> 1 kyr) (Table 1) may

also partly explain the low correlation coefficients. Thus, much caution is needed in applying
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535  dust correlation in the Indian sector of the SO, at least over the last ~150 kyrs, especially for
536  precise lead and lag analyses within a few kiloyears. More records of dust proxy signals in
537  the Indian sector beyond the last ~150 kyrs with sufficient sampling resolution (i.e., < 1 kyr)
538  will contribute to detailed comparisons with the dust proxy signals in the Pacific and Atlantic
539  sectors of the SO, facilitating widening and strengthening of the application of dust

540 correlation in the circum-Antarctic ocean for the purpose of constructing a robust chronology.
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locations of the sites are provided in Fig. 1a and Table 1). Colored lines (green: Indian sector;
blue: Pacific sector; red: Atlantic sector) indicate moving correlation coefficients between
each dust proxy signal and the EDC dust flux (Lambert et al., 2012) on the AICC2012
timescale (Veres et al., 2013; Bazin et al., 2013). Colored horizontal lines are zero values of
correlation coefficients. Positive (negative) values of correlation coefficients indicate that
each dust proxy signal is positively (negatively) correlated with the EDC dust flux. Moving
correlation was computed for a 10-kyr window after each record was resampled every 1 kyr

and normalized. Glacial intervals are indicated by gray bars.

31



551
552

553

554

555

556

557

558

—
v
i
(&)}
(o)}
\I
©
o
—
o
—
—
—
N

0.5

0.0 f-----F==- - Si= - === TRAVE N e R R

Correlation coefficient

1
- O

[eXé)]
1
(=2
5
=]
o
S
o
o
o
-
(]
o

os4 [ I A

007~ "‘ - -- " \ -"w’ ~

0.5 l

0.5 ’ , \ A Y
A ) D b VTR (W
ool fo__ oy W 1, LY i e

-0.5

Correlation coefficient

e —— ———— e

Number of records
N
|

r* |—— Indian
24| |——Pacific
-—- Atlantic
0 T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T
0 50 100 150 200 250 300 350 400 450

AICC2012 age (ka)
Fig. 7. Averages of moving correlation coefficients between each dust proxy signal and the

EDC dust flux (Lambert et al., 2012) on the AICC2012 timescale (Veres et al., 2013; Bazin et
al., 2013). (a) Average of all 20 sites (black line) and the EDC dust flux (orange line). (b—d)
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6. Conclusions

We conducted a direct comparison of the *C ages, SD-SST alignment, §'30 stratigraphy,
and dust correlation for the DCR-1PC core to assess the reliability of dust correlation in the
Indian sector of the SO. We found consistency between the §'0 stratigraphy and dust
correlation within uncertainty, confirming the reliability of the latter chronology for glacial—
interglacial timescales in the Indian sector, at least over the last ~410 kyrs. However, the dust
correlation tends to show older ages than the §'80 stratigraphy by up to 3 kyrs. We also
compared the dust proxy signals in the DCR-1PC core with available dust proxy records from
the Indian sector of the SO, and we found a marked difference for MIS 6 between the DCR-
1PC and MRO3KO04-PC5 cores. Considering the positions of the two cores relative to the
oceanic fronts during past glacial periods, we suggest that iron fertilization may have played
an important role in modulating the magnetic signal at the MRO3K04-PC5 site in the
Subantarctic Zone, but not at the DCR-1PC site in the Antarctic Zone. We further compiled
dust proxy records from the Pacific and Atlantic sectors of the SO to assess the differences in
the dust proxy signals between the sectors and to determine the sector-scale variations in the
dust proxy records over the last 450 kyrs. The linear correlation coefficients between the
marine sediment-core dust proxy signals and the EDC dust flux are strongest in the Atlantic
sector. In turn, moving correlation coefficients between the marine sediment-core dust proxy
signals and the EDC dust flux indicate a strong correlation for times of high EDC dust flux,
except for MIS 6. Although the differences in the moving correlations between the three
sectors are minor, implying dominant control by large-scale climate forcings such as
westerlies and glaciogenic dust mobilization, the correlation in the Indian sector is slightly
lower than in the other sectors for the last ~150 kyrs. The low correlation possibly reflects the
contribution of dust from South Africa and volcanic materials from the Crozet and Kerguelen

Plateaus; hence, we caution against applying dust correlation in the Indian sector of the SO
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for precise lead and lag analyses within a few kiloyears.
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