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ARTICLE INFO ABSTRACT

Keywords: Water masses and depositional environments over the last 500 ka were reconstructed using absolute and relative
Wilkes Land abundances of lithogenous, biogenous and redox-sensitive elements in four sediment cores from two channel-
Gladaﬁf)“ levee systems of the Wilkes Land continental slope (East Antarctica). Sediments older than the Mid-Bruhnes
Antarctic Bottom Water event (MBE, 430 ka BP) show reduced glacial/interglacial variability in the abundance of elements associated to
Redox . . . . . . . . .

Manganese the terrigenous mineral phases (i.e. Al, Ti, Fe and partly Si). This suggests minor ice-sheet size changes occurred

in the Antarctic margin during the pre-MBE “lukewarm” interval. Post-MBE sediments record instead a high
variability between glacial and interglacial periods in the concentration of terrigenous and biogenous (i.e. Ca,
Ba) elements suggesting larger amplitude changes in both ice-sheet size and ocean conditions toward the gradual
establishment of last glacial cycle conditions. Moreover, a marked increase of Mn during the glacial to inter-
glacial transitions, indicates a post-depositional migration of the redox front and re-oxidation of the surface
sediment layers linked to major changes in bottom water oxygen conditions associated to Antarctic Bottom
Water formation along the margin at the onset of deglaciations.

1. Introduction

Deep Southern Ocean water conditions played a major role on the
planetary atmospheric CO, levels over the glacial-interglacial cycle
whereby the colder, saltier and less ventilated abyssal Southern Ocean
stored higher quantities of CO, during glacial periods (e.g., Adkins,
2013; Ferrari et al., 2014; Ronge et al., 2015; Pedro et al., 2016;
Kohfeld and Chase, 2017; Wagner and Henry, 2017). However, little is
known about the evolution of deep Southern Ocean water masses,
which until now has been mainly reconstructed from mid-low latitudes
because of the scarcity of records in the Antarctic margins source re-
gions.

The Adélie Land and George V Land (AL-GVL) sectors of the East
Antarctic Ice Sheet (EAIS) are the third major source region of Antartic
Bottom Waters (AABW) formation after the Weddell and Ross seas
(Rintoul, 1998, 2007). Modern observations indicate reduced formation
and freshening of regional High-Salinity Shelf Water (HSSW) (Lacarra
et al., 2014; Campagne, 2015; Fogwill et al., 2017) and AABW (Rintoul,
2007; Purkey and Johnson, 2012), partly due to the melting of circum-
Antarctic ice shelves and glaciers (Miles et al., 2013). Of particular
importance, both ice mass loss (e.g, Shen et al., 2018; Rignot et al.,
2019) and melting of the Antarctic ice sheet are predicted to increase
over the next century with further implications for sea-level rise
(Golledge et al.,, 2015; Ritz et al, 2015) and AABW dampening
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(Williams et al., 2016). Giving its relevance, it appears essential to
document past changes in AABW in AL-GVL region. Although some
information exists about the Holocene evolution of bottom water cir-
culation regime in AL-GVL (Harris and Beaman, 2003; Presti et al.,
2003, 2005; Bostock et al., 2013), the dynamic of coastal glaciers
(Crespin et al., 2014; Crosta et al., 2018) and the seasonal sea-ice cycle
(Denis et al., 2010), the complex interactions between these climatic
components is poorly constrained, especially on longer timescales (Sen
Gupta et al., 2009).

Sedimentation on the continental rise of the AL-GVL area is very
much linked to the evolution of such water masses through time.
Turbidity currents, triggered by sediment failure at the continental shelf
edge, can be affected by subsequent reworking by downslope cascading
of density currents and/or along-slope contour currents, as well as
rainout of pelagic biogenic oozes and ice rafted debris (IRD). All these
processes varied significantly through glacial/interglacial cycles of the
Plio-Pleistocene, as the ice sheet expanded to the continental shelf edge
during glacials and subsequently retreated during interglacials (Escutia
et al., 2011; Cook et al., 2013; Reinardy et al., 2015; Patterson et al.,
2014). However, a detailed understanding of how water mass formation
along the Wilkes Land varied through Late Pleistocene climate changes
and how it is manifested in the sedimentary record, is still missing and
will be the focus of this work.

The abundances of specific major and trace elements of marine se-
diments, together with sedimentary and biostratigraphic proxies, pro-
vide for reconstructions of past oceanographic and depositional con-
ditions (e.g. Lyons et al., 2003; Sageman et al., 2003; Algeo and
Maynard, 2004; Nameroff et al., 2004; Tribovillard et al., 2006; Calvert
and Pedersen, 2007; Crosta and Kog, 2007; Tolotti et al., 2017). In this
paper, we compare the patterns of sediment chemical elements (Al, Ti,
Fe, Ba, Ca, Mn and Mo) from a suite of sediment cores collected on the
continental rise offshore the Adélie and George V Land sectors, to re-
construct the evolution of water masses in the Antarctic margin relating
to late Pleistocene changes of the regional ice sheet size on the con-
tinental shelf.

2. Oceanography and bathymetry of the study area

The Adélie Land Bottom Water (ALBW) represents the Wilkes Land
contribution to AABW (Foster and Carmack, 1976) and can be traced
from its source region on the continental shelf between 142.5 °E and
145.5 °E (Rintoul, 1998) throughout a large area of the abyssal ocean
(Mantyla and Reid, 1983). The ALBW forms in particular conditions,
when cold and dense shelf water is produced by brine rejection in
polynyas under enhanced sea ice production. Dense waters, having
negative buoyancy with respect to the ambient water masses, spreads
across shelf sills, and flows down the continental slope, funnelled into
slope canyons, to produce the AABW (Baines and Condie, 1998; Bindoff
et al., 2001; Williams and Bindoff, 2003). Sediments transferred from
the shelf to the slope area, are then affected by the westerly flowing
Antarctic Slope Current (ASC) , this process promotes fine particle
winnowing and characteristic mixed turbidite and contourite deposits,
already described in different location of the Antarctic margin (e.g.,
Escutia et al., 2002; Lucchi et al., 2002; Escutia et al., 2005; Lucchi and
Rebesco, 2007; Hillenbrand et al., 2008).

Significant changes in bottom water properties can occur in the
presence of complex bathymetry over the continental slope and rise in
addition to strong seasonal variations (Aoki et al., 2005). Mooring ob-
servations on the continental rise near 140°E between 1995 and 1996
(Fukamachi et al., 2000) detected cold, bottom currents with intensified
activity during winter and spring, penetrating the deep ocean area as
cascading dense plumes (Baines, 2008; Williams et al., 2010) and
steered by topographic features such as channels and levees (Fig. 1)
(Fukamachi et al., 2000; Caburlotto et al., 2006; De Santis et al., 2007;
Baines, 2008; Williams et al., 2010).

The upper slope of the Wilkes Land continental margin is incised by
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numerous gullies (Fig. 1) that converge into deeply incised submarine
canyons at about 1000 m water depth (Beaman et al., 2011). At a water
depths of 2500 and 3600 m, distinct asymmetrical mounds are present
between canyons. Such mounds are characterized by a gentle eastern
side and a steeper western side forming a well-defined channel-levee
system (Escutia et al., 2000; Caburlotto et al., 2006). Seismic in-
vestigations of the area, indicate that the deep-sea channels are the
product of erosion by down-slope gravity flows, that move pre-
ferentially along the channels connected to the upper slope, re-
presenting also the preferential ways trough which dense deep-water
flows (Escutia et al., 2000; Donda et al., 2003; Caburlotto et al., 2006).
The channel-levee systems originated during the Cenozoic from an in-
terplay of fine-grained turbidity flows travelling though the channels,
material transported down-slope in benthic nepheloid layers and off-
slope in intermediate nepheloid layers, plus hemipelagic deposition
(Escutia et al., 2000, 2005; De Santis et al., 2003; Donda et al., 2003). A
component of the finer-grained material may eventually become en-
trained and reworked by westward, along-slope (contour) bottom cur-
rents and deposited mainly on the gentler slope of the levees distal to
the channel axis, and in the lower relief levee systems in water depths
below 3500 m. This interaction of sedimentary processes explains the
asymmetry of the ridges and their internal depositional structure
(Escutia et al., 2000, 2005; De Santis et al., 2003; Donda et al., 2003,
2007).

3. Materials and methods
3.1. Core location and description

The four piston cores examined for this study were (Table 1):

Core MOGAMO06-01 (length 4 m) was recovered from 2600 m water
depth, on the western side of the WEGA channel during PNRA MOGAM
expedition, in 2006 (De Santis and Expedition Scientists, XXI PNRA
expedition, 2006).

Core WEGA PC20 (length 4.63 m) was recovered from a depth of
3014 m, about 80 km downslope from the MOGAMO06-01 core site,
during PNRA-ANARE WEGA expedition in 2000 (Brancolini, Harris and
Shipboard Party, 2000).

Core U1361-1A-1H (length 9.05 m) is located at a depth of 3466 m
at the Jussieu channel levee, downslope from the core WEGA PC20 site.
The core was obtained with an Advanced Piston Coring (APC) system
during the Integrated Ocean Drilling Program (IODP) Expedition 318 in
2010 (Escutia et al., 2011).

Core MDO03-2603 (length 30 m) was recovered at 3290 m water
depth on the internal side of the Cuvier canyon during the IMAGES-X
CADO expedition (Michel and Crosta, 2003). This core is located at
about 450 km west of the area where the other three cores were col-
lected.

Sites MOGAMO06-01, WEGA PC20 and U1361lform a downslope
transect from the continental slope (MOGAMO06-01) to the lowermost
part of the continental rise (U1361). These cores contain the deposi-
tional record of sediments delivered to the channel levee system from
the George V Basin over the past 700 ka. Site MD03-2603 is located
further to the west on the distal area of a levee mound located east of
the Cuvier channel (Fig. 1). This site represents a “downstream” site
with respect to site U1361, as it is influenced by the same along-slope
bottom current (Escutia et al., 2002) but differs on the downslope
source of terrigenous sediments that are delivered from the Dumont
D’Urville Trough, on the continental shelf.

The cores collected in the study area are generally characterised by
alternations of brownish to light yellowish brown diatom-bearing silty
clays, and greenish-grey muddy sediments (Figs. 2, 3, 4 and 5; see also
Caburlotto et al., 2009; Escutia et al., 2003 and 2011; Presti et al., 2011
for cores WEGA PC20, U1361A-1H and MD03-2603). Greenish-grey
intervals are pervasively bioturbated as evinced by a mottled appear-
ance, although discontinuous silt and clay laminations and layers
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locally occur, as well as local concentration of coarse terrigenous sand
and gravel, interpreted as IRD. The laminated mud is characterised by
packages of mm- to cm-scale silt and fine sand laminations, variable
bioturbation and mm-size silt lenses.

3.2. Chronostratigraphic analyses and analytical procedures

Core MOGAMO6-01 age model, is partially based on a single AMS
14C date on bulk organic carbon, made on a 5-g-sample obtained at 23
cm depth in the core, measured at NOSAMS, Woods Hole
Oceanographic Institute (lab code 88944). Preliminary biostratigraphic
constraints were provided by smear-slide analyses of the diatom con-
tent on 25 samples collected between 5 and 385 cm. High-resolution
paleomagnetic measurements were performed at 1-cm resolution on U-
channel samples obtained from the MOGAMO06-01 archive-half core.
Measurements were conducted at the Paleomagnetic Laboratory of the
Istituto Nazionale di Geofisica e Vulcanologia (Rome, Italy), using a
“2G Enterprises” DC 755 superconducting rock magnetometer system
installed in a magnetically shielded room. The natural remnant mag-
netization (NRM) of the sedimentary sequence was measured and then
subjected to stepwise alternating field (AF) demagnetisation with peak
fields of 10, 20, 30, 40, 50, 60, 80, 100 and 120 mT, with the aim to
isolate the characteristic component (ChRM). Additional measurements
were carried out to obtain the magnetic susceptibility (k) and the

Table 1
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Fig. 1. Bathymetric map of the George V and Adélie
Land continental margin, performed by Kingdom
Suite ™ (IHS Educational Science), showing topo-
graphy of shelf, slope and rise, main canyons
crossing the area and illustrating the location of core
sites. The map is viewed south-westward, to show
the morphological setting of the margin. Swath-
bathymetry data along the Jussieu, WEGA and
Buffon canyons acquired during the PNRA-MOGAM
cruise, 2006. Processed data kindly provided by Dr.
R.J. Beaman (James Cook University, Australia;
available at http://www.deepreef.org). Water
masses: Adélie Land Bottom Water (ALBW), High
Salinity Shelf Water (HSSW), Antarctic Slope Current
(ASC). Inset map: Antarctica, evidencing the study
area. The white dashed arrows show the schematic
pathway of the HSSW forming on the continental
shelf and flowing downslope.

64° S

140° E

anhysteretic remanent magnetization (ARM), imparted in a 0.1 mT bias
field combined with a peak AF of 100 mT and then AF demagnetized in
9 steps until peak field of 100 mT.

Core WEGA PC20 age model and palaeo-environmental magnetism
were already studied by Busetti et al. (2003), Macri et al. (2005),
Damiani et al. (2006) and Caburlotto et al. (2009).

Site U1361 sediment characteristics and age model, based on bios-
tratigraphic and paleomagnetic analyses, have been previously de-
scribed by Escutia et al. (2011).

Sediment characteristics and age model of core MD03-2603 have
been previously described by Presti et al. (2011). Here, we make use for
the first time of absolute abundances of specific elements.

3.3. Geochemical analyses

Continuous downcore XRF were performed at 1-cm resolution on
split sediment cores MOGAMO06-01 and WEGA PC20 using an Avaatech
XRF Core Scanner at the AWI in Bremerhaven. Tube voltage was ad-
justed to 50 kV, 30 kV and 10 kV in order to provide an optimum
setting for several chemical elements. Details about the instrument and
procedures are reported in Richter et al. (2006). The first core was
analysed in 2009 with an Amptek XR-100CR (Si-PIN) and the second in
2011 with a Canberra X-PIPS SXD15C-150-500 (SDD) detector. XRF
core-scanner analyses on sediment core U1361A-1H were performed at

Core summary, type of investigation applied, and analyses performed here or within previous studies.

Project WEGA MOGAM CADO I0ODP, Leg 318
Core PC 20 MOGAMO06-01 MDO03-2603 U1361A-1H
Longitude 143°55.9’ E 143°42.15'E 139°22.51' E 143°53.20" E
Latitude 64°54.09' S 65°17.20' S 64°17.12'S 64°24.57" S
Water depth (m) 3014 2600 3290 3466

Brancolini, Harris and
Shipboard Party, 2000

Core documentation
PNRA expedition, 2006

Core/Section length (cm) 463 400

Grain size analyses Caburlotto et al., 2009 This study
XRF Scan analyses This study This study
ICP-AES analyses - This study
Age model Macrl et al., 2005 This study

Boehm and Expedition Scientists, XXI

Michel and Crosta, 2003.  Escutia, Brinkhuis, Klaus and the
Expedition 318 Scientists, 2011
3033 903

- This study

Presti et al., 2011 and this
study

Presti et al., 2011 Escutia, Brinkhuis, Klaus and the

Expedition 318 Scientists, 2011
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Fig. 2. MOGAMO6-01 core log showing major sediment composition and structural features; chronology on the basis of RPL Depth of the sample analysed for **C also
shown. Down-core XRF-scan data (peak area counts per second = cps, plots in black, upper horizontal axis). Profiles of elements from XRF-scan are ordered
according to their major affinity to lithogenous fractions (Al Si, K, Ti, Fe), or else biogenous fractions (Ca, Ba). Mn is not related to these groups. Light-gray

horizontal band at 190-240 cm: core interval with higher Mn abundance.

5-cm resolution by an Avaatech XRF Core Scanner at the IODP core
repository in College Station (Texas, USA). We used a generator setting
of 10 kV, with down-core slit size of 10 mm. For all XRF Core Scanner
measurements the split core surface was covered with a 4 micron thin
SPEXCerti Prep Ultralenel foil to avoid contamination of the XRF
measurement unit and desiccation of the sediment. The basic unit of the
XRF core scanner measurements is total counts or counts per second
(cps), which is proportional to the real chemical concentration of the
measured element (Tjallingii et al., 2007; Weltje and Tjallingii, 2008).

The analyses of major and minor elements by Atomic Emission
Spectrometry were performed on 386 samples, collected at every 4 to 8
cm on core MD03-2603, and on 16 samples (every 20-30 cm) from core
MOGAMO06-01 for comparison with the XRF-core scanner data. The
standard procedure indicated by McLaren et al. (1981) comprises:
ground, homogenised, and sieved samples, were digested by ultrapure
HF and HCI:HNO3 (3:1) into a DG Prep digestor (SCP Science). The
solution obtained was analysed for its elemental content by ICP-AES
IRIS Intrepid II XSP (Thermo Electron Corp.), according to the analy-
tical procedure reported by Presti et al. (2011). Standard errors (o) are
below 2% for Al, Fe, Ti, below 5% for Ba, Mn and Ti, and below 10% for
Mo. We report the data as absolute concentration in bulk sediments
(mg/kg). The newly acquired data have been compared and related to
the previously published analyses on the sediment record (Tables 2 and
3). To compare trace-element proportions in samples with variable
carbonate and opal contents, it is common to normalize the absolute
trace-element concentrations to Al or Ti, which are proxies of the alu-
minosilicate fraction of the sediments (Brumsack, 1989; Calvert and
Pedersen, 1993; Morford and Emerson, 1999; Piper and Perkins, 2004)

despite drawbacks that can occur with normalization (van der Weijden,
2002). Both Al and Ti normalizations have been already used in Presti
et al. (2011) in core MD03-2603 and at all site locations, normalization
by Al or Ti obtains identical patterns.

The data from XRF scan analyses (1251 samples) and ICP-AES
analyses (402 samples) were examined statistically to describe the
principal zones within the trace element abundances (absolute and
relative) using the PAST 2.11 statistical software (Hammer et al., 2001;
Hammer and Harper, 2006). A matrix is presented in both cases (Tables
2 and 3), with the correlation between all pairs of columns (variables)
given as parametric coefficients (Pearson's r). Different variables are
normalised to mean and standard deviation for each core analysed by
XRF scan. For this paper, we used the elements analysed in all cores, i.e.
8 variables for XRF scan data (Al, Si, K, Ca, Ti, Mn, Fe and Ba), and 7
variables for ICP-AES analyses (Al, Ca, Ti, Mn, Mo, Fe and Ba). Principal
component analysis (PCA) was also performed on the XRF scan data
array combining all cores (Table 4), to assess the relative importance of
each element in the extracted axis (variable loadings) and to calculate
the strength of each axis in explaining the variance of a sample (case
scores) (Monien et al., 2012 and references therein). The new variables
(extracted axes) are linear combinations of the original variables. The
hypothesis is that the most important components are correlated with
other underlying variables.

3.4. Geochemical proxies in an Antarctic context

Manganese is one of the most reactive metals, which limits its utility
as a redox proxy (Canfield et al., 1993). Difference in solubility of Mn
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(I) and Mn (IV) species and reductive dissolution of oxyhydroxide
particles may diffuse soluble Mn upward and downward within the
sediment (Brumsack, 1989; Tribovillard et al., 2006 and reference
therein). Mn in bulk sediment can be related to redox fronts and can
react and shift after deposition. The redox gradation depends on the
availability of oxygen and hydrogen sulphide (Froelich et al., 1979),
and trace elements are involved in these reactions at various stages.
Among them, Mn-oxides are solid phase electron acceptors that typi-
cally reflect past redox conditions in different environments (e.g.,
Calvert and Pedersen, 1993; Davison et al., 1982; Eusterhues et al.,
2005; Lowemark et al., 2008). Typically, the distribution and pre-
cipitation of Mn in bottom waters is mainly controlled by oxygen
conditions (Yarincik et al., 2000). A change in redox conditions would
lead to a change of dissolved manganese (Mn?") content of the water
column and/or pore-water, and would result in consequent precipita-
tion of Mn (Pakhomova et al., 2007). Nevertheless, with some cautions,
Mn is useful for identifying deep-water ventilation changes in the
Southern Ocean (e.g., Jaccard et al., 2016) and other marine basins
(e.g., Mangini et al., 2001; Jimenez-Espejo et al., 2007; Kaboth-Bahr
et al., 2018). To avoid interpreting local or spurious Mn peaks, we
performed a multisite study in order to interpret only Mn enrichment
with regional significance. We also compensate some of the weaknesses
of Mn single element application by coupling its down-core with other
redox (e.g, Mo), detrital (e.g., Al, Ti, K) and biogenic (e.g., Ca, Ba)
proxy record and sedimentology.

Barium has been commonly used as a “paleoproductivity proxy” in
Antarctic sediments (e.g. Hillenbrand et al., 2009; Escutia et al., 2009),
but it should be applied with some caution in contourite systems (Bahr
et al., 2014). At the studied locations, we can ascribe the high content
in Ba and Ca content to a reduced strength/frequency of the terrigenous
input associated to mass transport processes (minimum in Al, Fe and Ti)
during periods of reduced marine-based ice sheet advance (interglacial
stages), characterized by reduced delivery of sediment to the con-
tinental shelf edge. In addition, the minor terrigenous input may be
associated to an increase in marine productivity related to environ-
mental amelioration or enhanced preservation of biogenic particles
(mainly diatoms) during interglacials.

Al and Ti are found mainly in aluminosilicates, sediment coarse
fractions, and heavy minerals that are not significantly involved in
biological or redox process (Calvert and Pedersen, 2007); allowing the
use of these elements as detrital proxies (e.g., Rodrigo-Gamiz et al.,
2014). At the Wilkes Land margin, it has been observed that erosion in
different bedrock types produced variable mineralogical composition
and grain sizes during different glacial/interglacial periods (Cook et al.,
2017). In detail, the K/Ti ratio appears to be a robust proxy for re-
constructing the provenance of terrigenous material and is very sensi-
tive to glacial/interglacial oscillations because AL-GVL feature lithology
(Bertram et al., 2018).
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4. Results
4.1. Age models

The age models of cores WEGA PC20, U1361A-1H and MD03-2603
have been presented previously by Macri et al. (2005), Caburlotto et al.
(2009), Escutia et al. (2011), and Presti et al. (2011). The age model of
core WEGA PC20 was developed from high-resolution paleomagnetic
and biostratigraphic data (Macri et al., 2005; Caburlotto et al., 2009).
The core reaches ~470,000 years before present (470 ka BP) to Marine
Isotope Stage 19 (MIS 19) and exhibits a mean sedimentation rate of ca.
1 cm/ka. Biostratigraphic and paleomagnetic data from site U1361A
indicate that the base of core U1361A-1H likely dates about 500 ka BP,
based on an estimated sedimentation rate of ca. 1.8 cm/ka during the
Mid to Late Pleistocene according to Tauxe et al. (2012), and Patterson
et al. (2014). Concerning core MD03-2603, Ba/Al and Ba/Ti ratios
demonstrated a high coherence with glacial-interglacial cycles observed
in the LR04 880 benthic stack (Presti et al., 2011) and allowed to date
the base of the core at ~500 ka BP, with an estimated sedimentation
rate of ca. 6 cm/ka.

An original age model, based on palaeomagnetic measurements, is
compiled in this paper for core MOGAMO06-01 (Fig. 6). Relative Pa-
leointensity (RPI) curves of the geomagnetic field derived by compar-
ison with the existing global reference curves (e.g. SINT-800 of Guyodo
and Valet, 1999; PISO-1500 of Channell et al., 2009) and regional re-
ference RPI SEDANO and WEGA stacks (e.g. Macri et al., 2005, 2006).
In particular the RPI records of core MOGAMO06-01, obtained with the
different parameters of normalization (NRMyo,1/k and NRMyg,1/
ARMso,1) show a similar pattern, supporting evidence for a general
coherency between the normalisation procedures (Fig. 6, upper box).

RPI curves do not agree very well in some case because lithology of the
sediment core is not uniform. For this reason, we decide to first cor-
relate the MOGAMO06-01 core with the already dated WEGA PC20 core
using the available different magnetic parameters. Moreover they can
be correlated by means of the main features of the geomagnetic field
recorded by the sediments and the relative positions of the geomagnetic
excursions and events already globally known in that time interval (see
Laj and Channell, 2007 for review). Assignment of ages from the dated
reference curves to the individual RPI records of core MOGAMO06-01
(e.g. paleointensity highs at 25-30 cm, 255 cm and from 315-340 cm
and the lows around 50 c¢cm, 100 c¢cm, 250 cm and 350 cm; Fig. 3),
identifies the positions of the MIS 2/3 boundary at around 26-28 cm,
MIS 3/4 boundary at around 42-43 cm and MIS 4/5 boundary between
88-110 cm. Radiometric AMS '“C dating on the bulk organic carbon of a
sample located at 23 cm depth gives an uncorrected age of
28200 = 230 a BP, which is likely an estimated maximum age for the
sample analysed, due to reworking, and old finite carbon particles in
the sediment.

Biostratigraphic analyses were conducted on the diatom content in
25 smear-slide samples distributed throughout core MOGAMO06-01
show that the diatom taxa, representing the biosiliceous content in this
core, are modern Antarctic sea ice and Southern Ocean endemic forms
(e.g. Fragilariopsis kerguelensis, Chaetoceros resting spores, F. ob-
liquecostata and Eucampia antarctica var. recta). These are commonly
found in late Pleistocene-Holocene sediments and are useful in bios-
tratigraphic and paleoenvironmental reconstructions (Escutia et al.,
2003; Armand et al., 2005; Crosta et al., 2005; Macri et al., 2005;
Caburlotto et al., 2009; Presti et al., 2011; Tolotti et al., 2017). Rouxia
leventerae, whose last occurrence datum is used to infer the MIS 5/6
boundary (Zielinski and Gersonde, 2002), was found at the bottom of
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the core up to 240 cm. These data allow to us estimated sedimentation
rate of ca. 1.4 cm/ka for the upper 350 cm.

4.2. Geochemical analyses

X-ray fluorescence scan analyses were performed on cores WEGA
PC20, MOGAMO6-01 and U1361A-1H. All datasets show similar down-
core trends for two sets of elements that are significantly correlated
together: 1) Al Si, K, Ti, Fe, and 2) Ba and Ca (Table 2). The down-core
distribution of Al, Si, K, Ti, and Fe show high values during glacial
periods (Figs. 2-5). The record of Ca and Ba displays antiphase oscil-
lations with respect to the previous group of elements. The downcore

Table 2

variations of Mn varies between cores (Fig. 7), but, all cores display
distinct “spikes” of this element above background values that com-
monly occur near glacial terminations. The magnitude of these spikes
varies between cores (Fig. 7).

The correlation for ICP-AES analyses (Table 3) is significant for
groups of elements showing a broadly similar down-core trend, as fol-
lows: Al Fe, Ti, are well correlated together, Mn matches with Mo, Ba,
and it is negatively correlated with most of the former elements.

In terms of down-core profiles that show the same co-varying os-
cillations (Fig. 2), the down-core trend of the abundance of the ele-
ments analysed in core MOGAMO6-01 can be compared to 1-cm-re-
solution XRF scan data described above. Mn abundance in core

XRF-scan analyses data on cores WEGA PC20, MOGAMO06-01 and U1361: Pearson's correlation coefficients, reported in the bottom left triangle and significance p-
values reported in the top right triangle. Variables (elemental peak area cps) have been standardized for each core to their mean and standard deviation. In order to
determine the required level of confidence (Qequirea), We used the Sidak-Bonferroni correction, according to Abdi (2007): Qrequirea = 1 - (1 — p)'/™. If the associated
probability of the test (p value) is smaller than the required level of confidence a, then the test is significant. At p < 0.0001, for 1251 samples (n), Orequired is < 7.99 x
108, Bold fonts for coefficients represent significant values, since the associated probability is lower than Orequirea- Underlined fonts for coefficients represent
moderate or strong positive or negative correlation. Note high correlation between Si, Al, Fe and Ti; also, Mn behaviour is not related to that of any other element.

Al Si K Ca Ti Mn Fe Ba
Al 0 0 5.7E-07 0 1.9E-07 0 2.1E-13
Si 0.838 3.1E-262 1.9E-68 1.2E-205 0.012 4.3E-114 0.002205
K 0.947 0.736 0.039 0 1.3E-07 0 3.4E-26
Ca 0.127 0.425 0.053 4.2E-13 0.0002 6.5E-13 7.7E-41
Ti 0.820 0.676 0.805 0.184 0.192 4.8E-282 0.008
Mn 0.132 0.064 0.134 -0.096 0.033 3.3E-08 0.0003
Fe 0.798 0.534 0.857 -0.182 0.754 0.140 2.3E-55
Ba -0.186 0.078 -0.266 0.332 0.068 -0.093 -0.385
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Table 3

ICP-AES analyses data on cores MD03-2603 and MOGAMO06-01: Pearson's
correlation coefficients, reported in the bottom left triangle and significance
values p reported in the top right triangle. Bold fonts for coefficients represent
significant values with p < 0.0001. Underlined fonts for coefficients represent
moderate (> 0.5) or strong (> 0.7) positive or negative correlation. In order to
determine the required level of confidence (Qtrequired), We used the Sidak-
Bonferroni correction. At p < 0.0001, for 402 samples (n), Qrequired is < 2.49 X
107. Note the correlation between Mn and Mo.

Al Ba Ca Fe Mn Mo Ti
Al 3.0E-13 0.592 1.6E-36 0.007 0.134 7.7E-09
Ba -0.353 0.030 4.0E-49 3.5E-08 0.248 1.8E-16
Ca -0.027 0.109 6.5E-03 0.003 0.071 5.9E-02
Fe 0.573 -0.647 0.136 3.0E-08 0.010 3.3E-42
Mn 0.134 -0.271 0.148 0.272 0 2.8E-02
Mo 0.075 -0.058 0.090 0.128 0.597 7.7E-01
Ti 0.283 -0.395 0.094 0.609 0.109 0.014
Table 4

Principal Component Analysis of integrated XRF-scan data: variable loadings
for the three significant Axes. Bold fonts: highest load of each variable in the
corresponding Axis. Mn is significant only for Axis 3. Variance explained: Axis 1
= 51.09%; Axis 2 = 22.99%; Axis 3 = 12%.

PCA variable Axis 1 Axis 2 Axis 3
Loadings

Al 0.442 0.108 0.050
Si 0.362 0.232 -0.121
K 0.441 0.040 0.104
Ca 0.037 0.502 -0.423
Ti 0.374 0.270 0.143
Mn 0.061 -0.073 0.584
Fe 0.394 -0.073 0.308
Ba -0.141 0.555 -0.026

MOGAMO06-01 is higher than the reference shale for the interval cor-
responding to the likely transition from MIS 6 to MIS 5, and is defined
by a distinctive double spike (Figs. 2 and 7).

4.3. Statistical analyses

PCA on the elemental X-ray fluorescence scan data, combined in a
single array of samples (n=1251), for each variable and each core
(Table 4) has been conducted to better discriminate geochemical var-
iations and associated sedimentary process, provenance changes and
climate variations (Fig. 8), using the PAST 2.11 statistical software.
Data standardization was performed before PCA because: (1) the dif-
ferences in water content among the cores are likely to affect the re-
lative measurement of lighter elements, such as Al and Si (Richter et al.,
2006; Weltje and Tjallingii, 2008); (2) the cores were scanned by dif-
ferent detectors with, possibly, different sensitivity. The calculated ei-
genvalues (Table 4) give a measure of the variance accounted for by the
corresponding components (axes of the PCA). The first three axes,
yielding eigenvalues > 1 (significant components with values higher
that the Jolliffe cut-off; Jolliffe, 1986), illustrate the most significant
transitions and the elements that characterise these changes.

The first 3 axes of the PCA yield respectively percentages of var-
iance of 51.1%, 22.9%, 12%, accounting for 86.8% of the total varia-
bility in the major and minor elements down-core distribution. The
main positive loadings for PC1 for all combined cores are Al, K, Ti and
Si (Fig. 8a). The main positive loadings for the PC2 are Ba, Ca and Si, as
well as negative loadings for Fe, Al and K. The main loadings in PC3 at
the studied sites are Ca, Si and Al (positive) and Mn (negative) (Fig. 8a).

In order to better identify biogenic, terrigenous and diagenetic in-
crease of specific elements, a record of the absolute concentrations of
Al, Ba, Fe and Mn were produced via ICP-AES analyses on discrete
samples for cores MD03-2603 (386 samples; Fig. 3). We report the
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absolute abundance of each trace element, together with its average
upper crust content (McLennan, 2001) shown as reference (Fig. 3). We
selected McLennan (2001) because showed the lowest values in com-
parison to previously published global datasets, aiming to minimize the
contribution of diagenetic enrichment of a certain trace element to the
average crustal abundance. For core MD03-2603 (Fig. 3) the range of
concentrations for all elements is similar to that of core MOGAMO06-01.
The Mn record is characterized by a variability of one order of mag-
nitude, with values close to zero during interglacials and high spikes
mainly corresponding to the uppermost part of glacial intervals, and
likely associated to glacial terminations (deglaciation).

5. Discussion

5.1. Geochemical variations as proxy for glacial versus interglacial
deposition

The application of the PCA case score plots and loadings helped to
distinguish multivariate elemental changes relating to different de-
positional conditions (Fig. 8a). Axis 1 is consistent with variations in
the lithogenic, aluminosilicate fraction (Al, Si, K, Ti, Fe). Axis 2 re-
presents the elements related to the biogenic fraction (Ca, Ba, and low
loadings of Si). Axis 3 includes the elements related to diagenetic pro-
cesses (Mn). High Si-load on both axes is explained by the Si contained
in both terrigenous aluminosilicates (clays) and siliceous microfossils
such as diatom frustules that form the main biogenic silica component.
The correlations between Ca, Si and Ti can be explained by a part of the
Ca pool is included into aluminosilicates, and by the presence of detrital
calcite. The high correlation observed between Ca and Ba suggests that
both elements are controlled by the same process, i.e. more/less con-
centration of the biogenic fraction diluted into the terrigenous fraction.

Glacial sediments are dominated by lithogenic elements (Axis 1)
(Fig. 8b) and high Fe/Ti ratio (Figs. 2-5), whilst interglacial sediments
are characterised by an increase in biogenic inputs (Axis 2), with some
differences between cores. For instance, at site WEGA PC20, the Ba
trend failed to provide a clear variability of the sediments composition
between glacial and interglacial intervals between 780 ka BP to 530 ka
BP. The older part of the core contains a disturbed glacial/interglacial
interval attributed to post depositional deformation (Fig. 5), and/or a
chaotic input of coarse terrigenous fractions. This characteristic has
been related elsewhere to frequent proximal density currents and se-
diment failures along the continental slope during glacial periods
(Lucchi et al., 2002; Lucchi and Rebesco, 2007).

Cores WEGA PC 20, U1361A and MD03-2603 (Figs. 3-5) record the
Mid-Brunhes Event (MBE, 430 ka BP), which roughly corresponds to
the transition between MIS 12 and MIS 11 (Termination V). Pre-MBE
sediment units record turbidite sequences with a low post-depositional
reworking at site WEGA PC 20 and MDO03-2603, while productivity
proxies show no distinctive peaks during MIS 13 at core U1361A. The
lack of bioturbation, flat Mn-based record (Fig. 7) and absence or poor
preservation of biogenic barite during pre-MBE intervals (MIS 13 and
older) can be explained by permanent low oxygen conditions and low
marine productivity at this location. These conditions can be explained
by reduced oxygenation (and likely formation) of AABW during pre-
MBE interglacial periods in comparison to post-MBE interglacials, po-
tentially due to lack of coastal polynyas on the shelf due to ice sheet
expansion toward the shelf edge. This evidence fit with the re-
constructions from Prydz Bay (Leg 188), Ross Sea (ANDRILL), and the
Antarctic Peninsula (Leg 178), where the pre-MBE ice sheet advance
across the continental shelves was extensive, while the ice sheet retreat
during interglacial periods was minor (Cooper et al., 2004; Hepp et al.,
2006). The strength of the Antarctic Circumpolar Current probably was
probably dampened, due to less wind shear linked with a northward
displacement of the wind fields and sea-ice edge. These observations
are in agreement with recent studies that described pre-MIS 11 inter-
glacial periods as attenuated or “lukewarm” interglacials (EPICA
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Fig. 6. RPI records of the MOGAMO06-01 obtained with the different parameters of normalization (NRMaomr/k and NRMaom1/ARMaomt) compared with the existing
global reference curves (PISO-1500 of Channell et al., 2009; SINT-800 of Guyodo and Valet, 1999) and regional reference RPI stacks (WEGA and SEDANO stacks of
Macri et al., 2005, 2006). Position and ages of the main globally recognised geomagnetic events and excursions were reported with black arrows positioned within
grey vertical areas, corresponding to the main RPI minima and compared with the biostratigraphic interpretation based on Zielinski and Gersonde, 2002.

community members, 2004; Jaccard et al., 2013), and an increase in
the amplitude of glacial-interglacial climatic cycles after the MBE (e.g.,
Lisiecki and Raymo, 2005; Jouzel et al., 2007; Yin and Berger, 2010).
Similar conditions have been also recorded in the Northern Hemisphere
where extreme stadial events and glacial/interglacial amplification are
described after the MEB (e.g., Croning et al., 2017; Rodrigues et al.,
2017). To summarise, we infer that the source region of AABW must
have shifted offshore during pre-MBE periods, into deeper water.
Consequently, reduced overturning and ventilation of the abyssal
Southern Ocean, along with reduced changes over glacial-interglacial
timescale, could explain the lower amplitude variations and overall
concentrations of CO, observed in ice cores during this time period
relative to post-MBE interglacial-glacial cycles (Liithi et al., 2008).
During post-MBE interglacial periods, higher bioturbation within

cores MD03-2603; MOGAMO06-01 and WEGA PC20 can be recognized
(Figs. 2, 3 and 5). These reworking processes were probably enhanced
by increased oxygenation of the sediment which favoured benthic or-
ganisms. Post-MBE glacial to interglacial periods are marked by large
amplitude variations in the Ba/Al, Fe/Ti and Mn/Al ratios, especially at
site U1361A-1H (Fig. 4). These observations might be explained by the
presence of polynyas on the continental shelf during interglacial per-
iods, likely enhancing the AABW formation, and higher ice-sheet
variability during the late Pleistocene post-MBE glacial-interglacial
cycles.

The MIS 6/MIS 5 transition, biostratigraphically confirmed by the
diatomaceous R. leventare marker event, can be observed in detail in
Figure 9 and the supplementary information reporting 3D X-ray Com-
puted Tomography animations of core MOGAMO06-01 (https://youtu.
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Fig. 7. Mn/Al ratio depth plotted comparison among cores. Grey bars at sites MOGAMO06-01, WEGA PC20, MD03-2603 and U1361 represent Mn enrichments
associated to glacial to interglacials transitions and Mn/Al ratio enrichments with “double peak” morphology. Vertical bar numbers represent marine isotopic stages

(orange colour indicates interglacials). MBE: Mid-Bruhnes event (430 ka BP).

be/46HpallTMXU and https://youtu.be/fLkEdPsFcpk). These anima-
tions show an extensively-bioturbated interval (154-160 cm), within an
interglacial period (likely MIS 5), and a transition from a lower IRD-rich
interval to an upper bioturbated interval (230-240 cm), corresponding
to the transition from a glacial to an interglacial period. After this
transition, coarser turbidite layers and intervals of laminated silt/clay
sediments during the glacial/interglacial transition become less
common at sites MOGAMO06-01; WEGA PC20 and MDO03-2603, (in
comparison to older transitions), because of the reduced input of li-
thogenous material from the shelf, previously massively delivered
during glacial periods (Figs. 2, 3 and 5). Glacial/interglacial variability
is less marked in all studied sites from MIS 5 to MIS 1 in productivity
(Ba/Al ratio) and detrital (Fe/Ti ratio) proxies probably linked to this
decrease in detrital input and minor variations in ice sheet until MIS 1.

5.2. Water masses evolution as detected by redox conditions

As mentioned in Section 3.4, Mn used as redox proxy should be
applied with caution. In this study, Mn use as redox proxy relie on three
considerations: i) In order to discard local Mn enrichments non-as-
sociate to major paleoenviromental changes, interpretations are only
based in coetaneous variations obtained in at least two sites (Fig. 7) and
significance compared with other proxies and regional studies. ii) The
application of the PCA case score plots and loadings distinguish Mn
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from lithogenic and biogenic fractions (Table 4), pointing to a diage-
netic origin (Fig. 8). iii) Mo is considered a robust redox proxy (e.g.,
Tribovillard et al., 2006) and Mn and Mo in the cores MD03-2603 and
MOGAMO06-01 display a significant correlation (Table 3).

The largest peaks of Mn in our cores sign in the sediments the
transition from glacial to interglacial intervals (Fig. 7, light-gray hor-
izontal bars) with characteristic down-core double peak in most cases.
The glacial/interglacial transition is reflected also in the PCA as high
component scores on axis 3 (Fig. 8b). A few, low-amplitude Mn en-
richments appear in glacial periods, which are likely due to variations
in grain size, pore water, and other lithological changes (e.g.,
Lowemark et al., 2008). Core WEGA PC20 site, records the largest se-
dimentary variations and shows a complex Mn down-core pattern.
Nevertheless, the Mn peaks are clearly present in the glacial to inter-
glacial transitions (Fig. 7, light-grey horizontal bars). At site MDO3-
2603, Mn enrichments appear to correspond with turbidite levels
(Figs. 3 and 7, dark grey bars in the core log, on the left).

The formation of double Mn peaks (and described relation with
other redox-sensitive elements) during transitions can be accounted by
redox fronts promoted by better-ventilated deep water covering sedi-
ments that deposited under less ventilated conditions. Sudden sediment
re-oxygenation led to hydrogenic deposition or precipitation of the
upper Mn peaks (Van Santvoort et al., 1996; Thomson et al., 1995).
These upper peaks are synchronous with ventilation changes and
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Fig. 8. a) Relationship among variable loadings for the first three axes of the Principal Component Analysis run on normalised data from XRF scan of cores
MOGAMO06-01, WEGA PC20, U1361A-1H, shown as a 3D-box plot. Al, Si, K, Ti, Fe have higher loadings on axis 1; Ba, Ca on axis 2; Mn on axis 3. b) Down-core plot of
the first three axes of the PCA. Correlation among MIS of core MOGAMO06-01 and WEGA PC20 is based on core chronologies as described in the text. A correlation
between core WEGA PC20 and core U1361A-1H is reported. The sedimentation rate of core WEGA PC20 is lower than that of core U1361A-1H, despite the latter is
more proximal to the continental margin, likely because core WEGA PC20 is located on the uppermost part of a mound/levee. Sediment units in core WEGA PC20
deposited during MIS 5, 7, 9, 11 (i.e. interglacial stages) have been related to sediment intervals in core U1361A-1H corresponding to diatom-bearing sediments
(Fig. 5), considering that according to post-cruise biostratigraphic analyses the whole core section 1H is younger than 535 ka BP (Escutia et al., 2011). Diatom-
bearing sediments yield also higher scores for axis 2 and lower for axis 1. Note the uncertainty in correlation for sediments older than MIS 11/12. MBE: Mid-Bruhnes

event (430 ka BP).

outline key intervals for further water masses reconstruction studies
(Mangini et al., 2001). The oxidation front began to penetrate down-
core through the sediment column. This redox front blocked the upward
diffusion of Mn?*, forming the lower Mn enrichments (e.g. Rutten
et al.,, 1999), controlled in turn by sedimentation rate and porosity
(Jung et al., 1997). Similar Mn patterns have been found in different
marine basins (Van Santvoort et al., 1996; De Lange, 1998; Mangini
et al., 2001; Jimenez-Espejo et al., 2007), where they are interpreted as
the penetration of a redox front. Oxidizing agent replenishment may be
observed when environmental conditions vary (relatively) abruptly,
such as glacial/interglacial transitions (Reitz et al., 2004; McManus
et al., 2005). Thus, we propose that these glacial/interglacial redox
events represent the transition from poorly ventilated glacial environ-
ments to highly ventilated environments. These changes can be ex-
plained by dense HSSW formation on the Wilkes Land margin and
cascading phenomena that were intense enough to circulate saline and
oxygenated waters through deep channels during or after ice sheet re-
treat. This evidence is also supported by the described sedimentological
features, where poorly bioturbated turbidites (low oxygen conditions)
alternate with well-ventilated reworked turbidites. Equivalent oxy-
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redox geochemical patterns have been observed in the Northern Pacific
(Korff et al., 2016) and Arctic ocean, where episodes of high Mn en-
richments are also a common feature within long cores (Lowemark
et al., 2008) and interpreted, among others, as changes in oxygenated
waters between glacial periods (Jakobsson et al., 2000; Marz et al.,
2011), or in association with ice-sheet collapse during glacial termi-
nations (Lucchi et al., 2013, 2015).

This implies that, after the Mid-Brunhes Event, the Wilkes Land
margin contributed to the AABW formation mainly during interglacial
and transitional periods in conditions similar to those reconstructed in
Figure 10. These evidences are in agreement with AABW production
rates in the Weddell Sea and other regions, when AABW production
below shelf ice mainly forms during interglacial and early glacial per-
iods, and production shuts down during Terminations and full glacial
conditions (Krueger et al., 2012; Wagner and Henry, 2017). AABW
production by brine rejection was mainly active during transitions from
glacial to interglacials (Borchers et al., 2016). The reduction of deep
water formation during full glacial conditions has been linked with a
strong reduction of open polynyas on the shelf and displacement of sites
of bottom water formation (Mackensen et al., 2001).
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Fig. 9. Images captured from X-ray computed tomography animation of core MOGAMO6-01 between 230-240 cm depth (X, Y and Z axis, white marks represent 1
cm). Selected interval represents MIS 6 (glacial) to MIS 5 (interglacial) transition. a) X-ray image where brightest colours represent high density grains (ice rafted
debris) into a low density matrix (hemipelagic sediment). b) Selected computed tomography slice with grey scale (light colour = higher density; dark colour = lower
density). Trace fossils and bioturbation appears as elongated and rounded forms, concentrated within the middle and upper core intervals.

A more complex down-core Mn trend appear during the MIS 5/6
when Mn/Al enrichments are clearly observed at MOGAMO06-01 (2600
mbsl) and MD03-2603 (3290 mbsl) sites with minor evidences at the
WEGA PC20 (3014 mbsl) and U1361A (3466 mbsl) sites. In addition,
MOGAMO06-01 Mn/Al enrichment occurs after the MIS 5/6 transition,
but at MD03-2603 it appears to precede this period, showing that they
are not synchronous, or there was anomalously high sedimentation
rates at MOGAMO06-01 site during the deglaciation (Lucchi et al., 2013,
2015). This result can be interpreted as a progressive shallowing of the
redox boundary, and as associated abrupt fluctuations of water masses
and chemical fluxes, from 3290 mbsl (MD03-2603) to 2600 msbl
(MOGAMO06-01) over few thousand years. Similar relationships can be
seen during other periods (Fig. 7) but we cannot discard that proximity
to the margin, different sedimentation rate, different glacial catchments
feedings the heads of these two distinct canyon systems, and previous
explained processes affecting preservation of Mn-enrichment could
explain these differences among cores.

In any case the MOGAMO06-01 record indicates that at least during
MIS 6 low oxygen conditions existed at 2600 m of water depth, which
extrapolated to the entire area, it would indicate a major expansion of
poorly oxygenated water during this glacial period. These poorly oxy-
genated waters could accumulate heat, CO, and Si(OH), during glacial
periods, as describe during the Last Glacial Maximum (Anderson et al.,
2009; Meckler et al., 2013; Ronge et al., 2015), that can reach the
surface during convection onset and promote fast Antarctic warming at
the glacial termination (Pedro et al., 2016). Data acquired at Wilkes
Land margin indicate that deep poorly oxygenated waters were at least
hundreds of meters shallower in the past, favouring their participation
in convective heat phenomena during deglaciation when ice-shelf col-
lapsed likely by exposure to Circumpolar Deep Water (Ritz et al., 2015).
The reconstruction of bottom water low oxygen conditions in our study
is also in agreement with studies that point to the Antarctic Zone of the
Southern Ocean as an effective CO, trap/sink during glacial periods
(Jaccard et al., 2016).

6. Conclusions

The Late Pleistocene oceanographic and depositional history of the
channel-levee complex of the Wilkes Land continental margin is docu-
mented by several environmental proxies from a depth transect of four
sediment cores.

The entire margin is affected by a progressive decrease in

12

terrigenous supply of glacigenic origin provided to the shelf break-
upper slope, and funnelled down-slope along the channels system
during the last 500 ka. Lithogenic material dominated by terrigenous
debris is characteristic of deposits older than the MBE (430 ka BP), that
fails to clearly record a difference in glacial/interglacial deposition. A
progressive increase in the glacial/interglacial variability in the sedi-
ment variability can be pointed out post MBE with a significant increase
in biogenic elements (Ca, Si and most of all Ba) that clearly marks the
interglacial deposition. The biosiliceous content, characterized by spe-
cific and endemic Pleistocene-Holocene taxa, has proved to be a valid
and promising support for paleoceanographic and ages determination.

The Mn inventory of all cores shows common enrichments at the
transitions between glacial to interglacial intervals interpreted as the
variation from poorly oxygenated waters during glacial conditions, to
well oxygenated waters at glacial-interglacial transitions, when the
mechanism of HSSW formation is switched on. Mn content in the
downslope transect of cores allowed us to reconstruct that low oxygen
conditions during MIS 6 reached at least reached 2600 m water depth in
this margin. Comparison of the obtained data with other Southern
Hemisphere basins indicates a substantial shutdown of the modern
mode of AABW formation during glacial periods (Wagner and Henry,
2017), in agreement with studies that point to a decrease in shelf water
formation (e.g. Mackensen et al., 2001; Krueger et al., 2012), and
abrupt formation of oxygenated, dense shelf water masses during early
interglacial periods. Further studies would be necessary to find analo-
gies of conditions along the margin during the deglaciation, and the
recent break-up episodes of the ice shelf in some areas, relevant to the
present freshening of ocean water masses of the continental shelf and
deep waters in this region (Aoki et al., 2013).

Data availability

All data will be made available on the Pangaea data base
(www.pangaea.de).
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