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Abstract. By examining the sedimentary records from two new cores collected from the Sabrina Coast slope,
we have developed an age model spanning from the late Pliocene to the present. From multiproxy sediment anal-
yses of the piston and kasten core, PC03, and KC03, collected during the IN2017_V01 survey on the Sabrina
Coast (East Antarctica) offshore the Totten Glacier, we here present the outcomes derived within the seismostrati-
graphic record coupled with the sedimentological, geochemical paleomagnetic, and biostratigraphic contexts.
Our results highlight that the area has been affected by recurrent sediment slides facilitated by siliceous deposits,
both biogenic and from an unprecedented tephra layer, during some of the major paleoclimatological events of
the late Pliocene. Diatoms contributed not only to the biostratigraphic and depositional environmental definition
but also to the instability of the slope, together with the tephra layer, as documented offshore the Sabrina–Aurora
Basin for the first time.

Highlights.

– Mid–late Pliocene–present sedimentary record of the Sabrina
Coast continental rise offshore Totten Glacier.

– First observed late Pliocene tephra layer in the region.

– Plio-Pleistocene diatom biostratigraphy and evolutionary
turnover.

– Diatoms and siliciclastic particles as potential tools to decipher
Antarctic continental margin instabilities.

1 Introduction

Marine sediment cores from the Antarctic continental margin
provide a history of Cenozoic climate change, with records

documenting changes in ice sheet stability, sea ice extent, and
oceanographic productivity (Grützner et al., 2005; Rebesco
and Camerlenghi, 2008; Massom and Stammerjohn, 2010;
Rebesco et al., 2002, 2014; Amblas et al., 2017; Amblas and
Dowdeswell, 2018; McKay et al., 2022). The Sabrina Coast
(East Antarctica) is a key region to understanding how the
cryosphere changed in response to climate warming. It lies
seaward of the Sabrina and Aurora subglacial basins, with
the latter being the second-largest Antarctic subglacial basin
and susceptible to marine ice sheet instability (Larter et al.,
2016; Salabarnada, 2018; Morlighem et al., 2020; Pelle et
al., 2020). The Sabrina Coast hosts the Totten Glacier, whose
evolution since its formation about 40 Myr ago is recorded in

Published by Copernicus Publications on behalf of The Micropalaeontological Society.



350 R. Tolotti et al.: Late Pliocene to recent depositional processes on the Sabrina Coast

offshore sediments (Gulick et al., 2017; Donda et al., 2023;
Aitken et al., 2023; Mohajerani et al., 2018). Thinning and
melting rates of the Totten Glacier are currently among the
fastest in the East Antarctic Ice Sheet (Greenbaum et al.,
2015; Khazendar et al., 2013; Li et al., 2015; Shen et al.,
2018). Melting is enhanced by the intrusion of relatively
warm modified Circumpolar Deep Water onto the continen-
tal shelf, with the morpho-bathymetry playing a key role in
steering warm water from the shelf break toward the ice shelf
cavities, causing rapid basal ice melting (Rintoul et al., 2016;
Silvano et al., 2016, 2017, 2018; Nitsche et al., 2017; Greene
et al., 2017; Hirano et al., 2021; Bensi et al., 2022; Hirano
et al., 2023). Given that the Totten Glacier holds a sea level
equivalent of 3.9 m (Rignot et al., 2019), understanding the
longer-term history of this part of the Antarctic margin thus
may provide insight into the sensitivity of the ice sheet to
climate warming and oceanographic change.

Previously published work from the Sabrina Coast con-
tinental shelf (Gulick et al., 2017; Fernandez et al., 2018;
Montelli et al., 2020), slope and rise (Donda et al., 2008,
2020, 2023; O’Brien et al., 2020, 2022; Nitsche et al., 2017;
Holder et al., 2020) helped unveil the glacial evolution of this
sector of the continental margin, since the early emplacement
of the East Antarctic Ice Sheet (EAIS), at different scales
of resolution. Geophysical data revealed that both downs-
lope and along-slope processes shaped the overall continen-
tal slope and rise architecture (Donda et al., 2020; O’Brien et
al., 2020) and that the main sediment depocenter, where the
glacial-related sequences are up to 4000 m thick, occurs sea-
ward of the present-day location of the Totten Glacier (Donda
et al., 2023). Higher-resolution records were obtained on
marine sediment cores. Gulick et al. (2017) used cores
sited on the continental shelf to describe the history of the
cryosphere, with sediment records from the late Paleocene–
Eocene and the Late Miocene–early Pliocene. Holder et
al. (2020) present a more recent paleoceanographic record
from the continental slope that describes glacial–interglacial
variability in sedimentation from the Mid-Pleistocene to the
Holocene. Sadatzki et al. (2023) reconstructed the sea ice
variability off East Antarctica during the past 40 ka through
a molecular biomarker-based sea ice record from piston core
PC08 collected during the IN2017_V01 survey.

Historical magnetostratigraphic data, available since the
1957/1958 International Geophysical Year (IGY), have been
used to investigate the magnetic crustal properties of the
Antarctic continental margin, resulting in the compilation of
a terrestrial/marine magnetic map, defining the tectonic evo-
lution of the Antarctic craton, and characterizing the sub-
ice geology and glacial history. These datasets are useful
for stratigraphic correlations and geochronology (Heslop and
Roberts, 2016; Egli et al., 2013; Golynsky et al., 2013; Macrì
et al., 2005; Guyodo et al., 2001).

The piston core analyzed in this study presents a record
that goes back to the Pliocene. We adopted a multidisci-
plinary approach to reconstruct the biostratigraphic and pale-

oenvironmental record of the Sabrina Coast continental slope
and rise in front of the Totten Glacier, based on multiproxy
data from a paired piston and kasten core collected during
the IN2017_V01 survey on the eastern flank of a prominent
sediment ridge, i.e., the Minang-a Ridge (Fig. 1), located
on the upper continental rise (Armand et al., 2018; O’Brien
et al., 2020). High-resolution geophysical data highlight the
occurrence of recurrent gravity-driven processes within the
sedimentary sequence, which made the interpretation of the
sedimentary facies and the assignment of the chronology,
based on a combination of diatom biostratigraphy, magne-
tostratigraphy, and radiocarbon data, particularly challeng-
ing. Diatom data, grain size analyses, and X-ray fluorescence
(XRF) data are used to evaluate Pliocene–Pleistocene paleo-
ceanographic history. Our aim is to provide a reconstruction
of the late Neogene depositional environment of this key sec-
tor of Antarctic margin, thereby providing a step forward in
the understanding of the distal response of areas particularly
vulnerable to climate change.

2 Regional setting

The study area is located seaward of an extensive sub-
glacial basin, the Aurora–Sabrina subglacial basins (ASB
and SSB; Fig. 1), which drain the Moscow University Ice
Shelf (MUIS) and the Totten Glacier, which is one of the pri-
mary outlets of the EAIS and a major ice discharge of East
Antarctica. Recent subglacial bed topography and ice mass
balance studies of this area showed how erosional troughs
connect the Sabrina Subglacial Basin to the Aurora Sub-
glacial Basin and to subglacial basins further inland (for ex-
ample, the inner Vincennes Subglacial Basin) (Young et al.,
2011; Aitken et al., 2016; Shen et al., 2018). At the coast, the
Sabrina Subglacial Basin includes deep and narrow troughs
beneath the floating parts of the Totten Glacier tongue and
the Moscow University Ice Shelf (Fig. 1). The seaward edge
of the continent presents ice shelves, floating glaciers, and
grounded iceberg tongues. Bathymetry and ocean dynam-
ics affect sea ice movement, producing a series of persistent
polynya regions and zones of heavy ice concentration, even
in summer, west of 118° E (Williams et al., 2011; Greene et
al., 2017; Silvano et al., 2016, 2018; Orsi and Webb, 2022).

Geophysical, sedimentological, and biostratigraphic data
collected on the Sabrina Coast continental shelf by the
2014 US marine survey on board research vessel (R/V)
N. B. Palmer suggest a complex ASB history of glacial
expansion since the middle Eocene and cyclical advances
and retreats of the EAIS during subsequent paleoclimatic
phases, which produced three distinct sedimentary packages
(Megasequences (MS)-I, MS-II, and MS-III) (Gulick et al.,
2017; Fernandez et al., 2018; Montelli et al., 2020; Duffy et
al., 2022).
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Figure 1. Location of the sediment cores. Subglacial bed elevation derived from Bedmap2 grids (Fretwell et al., 2013). ASB is for the Aurora
Subglacial Basin (after Young et al., 2011). SSB is for the Sabrina Subglacial Basin (after Aitken et al., 2016). MUIS is for the Moscow
University Ice Shelf. The terrestrial terrain map is from the Reference Elevation Model of Antarctica (REMA; Howat et al., 2019). ACC is
for the Antarctic Circumpolar Current. ASC is for the Antarctic Slope Current. The cyclonic eddy location is shown, following Hirano et
al. (2021).

The continental slope and rise located between ca. 112
and 122° E have been investigated by several geological and
geophysical surveys since the 1980s. During the most recent
IN2017_V01 cruise, oceanography and morpho-bathymetry
data, as well as some new sediment cores, described in this
study, were collected (Armand et al., 2018; O’Brien et al.,
2020). A first regional seismostratigraphic assessment of the
study area was summarized by Donda et al. (2007) and Close
et al. (2007), who identified a major depocenter, the Budd
Coast basin (BCB), offshore the Totten Glacier, contain-
ing more than 10 km of sediment deposited at very high-
sedimentation rates and associated with polythermal glacial
expansion. Further analyses on multichannel seismic pro-
files collected on the Sabrina Coast slope and rise area high-
lighted the complex and asymmetric evolution of this area
since the emplacement of the EAIS, which is associated with
the interplay of turbiditic and contouritic processes (Donda
et al., 2020; O’Brien et al., 2020; Donda et al., 2023), espe-
cially between 114 and 116° E, where up to 4000 m thick
glacial-related sequences occur (Donda et al., 2023). The
present-day continental slope and rise character, with promi-
nent canyons in the eastern area, sediment ridges, and low-
sinuosity canyons to the west, appears to be inherited from
older morphologies linked to the activity and sediment trans-
port from ancient polythermal glaciers (O’Brien et al., 2020).
In the eastern part of the study area, highly energetic, mostly
downslope, processes were predominant, and thinner sedi-
mentary sequences deposited, except in the western levees of
the main canyons, where significant sediment accumulation

have been observed (up to ca. 850 m, Donda et al., 2023).
Holder et al. (2020), based on sedimentary records of fur-
ther sediment cores collected during the IN2017_V01 cruise,
identified the movement of grounded ice across the shelf and
the extent of sea ice coverage as the primary processes con-
trolling sedimentation on the continental slope, which have
been active during the high-amplitude glacial cycles since the
Mid-Pleistocene Transition (MPT).

The study area lies within the seasonal sea ice zone (SIZ),
with floating glacial ice and a recurring latent-heat polynya,
the Dalton Polynya (Fig. 1), in the lee of the Dalton Iceberg
Tongue (Roberts et al., 2011; Young et al., 2011; Fraser et
al., 2012; Massom et al., 2013; Post et al., 2017). Despite
high estimated sea ice production at Dalton Polynya, about
2.5 times higher than at Mertz Polynya off the Adélie Coast,
no dense shelf water production is occurring today (Silvano
et al., 2018; Bensi et al., 2022). The shelf break and upper
continental slope areas are characterized by the occurrence of
the Antarctic Slope Front (ASF; Jacobs, 1991; Whitworth et
al., 1998) that corresponds to the boundary between the cold
and fresh Antarctic Surface Water (AASW) and the poleward
edges of relatively warm and saline Circumpolar Deep Water
(CDW). The denser CDW is “modified” (cooled and fresh-
ened) as it moves southwards and intrudes across the conti-
nental shelf break. It is referred to as mCDW and intrudes
through bathymetric depressions onto the shelf (Williams et
al., 2016; Silvano et al., 2018; Greene et al., 2017; Bensi et
al., 2022). The AASW, due to the sea ice melting and wind
mixing, varies seasonally, while a broad westward flow, the
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Antarctic Slope Current (ASC), linked to a horizontal density
gradient across the ASF, occurs together with the Antarctic
Coastal Current (ACoC) (Williams et al., 2011; Peña-Molino
et al., 2016; Liu et al., 2017; Thompson et al., 2018). Along
the upper continental slope (between 750 and 1250 m water
depth), the westward-flowing ASC forms the boundary be-
tween CDW and AASW, while along the lower slope and
rise, a westward-flowing bottom current comprising Antarc-
tic Bottom Water (AABW) originating from Adélie Land is
also present (Rintoul, 1985). The exchange of heat across the
continental shelf is different between the western and east-
ern sectors, due to the shallower morphology of the seabed
in the western sector than the east, while the strength and
the dynamics among the over cited water masses cause peri-
odic intrusions of mCDW onto the Sabrina Coast continental
shelf. This heat transport to the Antarctic coastal domain also
brings nutrients that support the regional marine ecosystem
(Wakatsuchi et al., 1994; Smethie and Jacobs, 2005; Close et
al., 2009; Hayakawa et al., 2012; Greene et al., 2017; Nitsche
et al., 2018; Bensi et al., 2022).

3 Materials and methods

3.1 Core recovery, sampling, physical sedimentological
parameters, and chronologic work

The Australian-led scientific mission (IN2017_V01) on R/V
Investigator took place between January and March 2017.
The survey collected bathymetric, oceanographic, and high-
resolution geophysical data, together with kasten and piston
cores, to understand the interactions of the Totten Glacier
with the Southern Ocean over multiple glacial cycles (Ar-
mand et al., 2018). The 13.21 m PC03 piston core was recov-
ered from near the crest of the prominent Minang-a Ridge,
on the western side of Minang-a Canyon (Fig. 1), at a water
depth of 1864 m (64.463° S, 115.044° E). KC03 is a closely
located kasten core (64.463° S 115.043° E; 1862 m water
depth; 2.44 m core length).

Samples for grain size analysis were taken at 10 cm depth
intervals. Aliquots of wet sample were pipetted for grain
size analysis of the 0–2 mm size fraction using a calibrated
Malvern dispersion unit and a Malvern Mastersizer 2000
laser particle sizer at Geoscience Australia. Chemical treat-
ment for the removal of biogenic silica was not undertaken
(e.g., McCave and Andrews, 2019; Ha et al., 2022). Results
are presented as a volume-weighted percentage of particles
in the sample. Samples were subjected to identical treatment
to ensure that the silt : clay ratios were not affected by dis-
aggregation artifacts (e.g., Xiaoling et al., 2017). Duplicates
were run at 1 m intervals to ensure consistency in measured
grain size, and each sample was analyzed three times to
determine measurement variance (< 0.4 % across clay, silt,
and sand fractions). Glass bead standards were run every
50–100 analyses for instrument calibration. Grain size data
are archived with the Australian Government http://dbforms.

ga.gov.au/pls/www/npm.mars.search (last access: 30 August
2024). These data were pooled to determine changes in the
silt, clay, sand, and gravel fractions downcore, and statistical
parameters were calculated using both GRADISTAT (Blott
and Pye, 2001) and QGrain (Yuming et al., 2021). In addi-
tion, the geometric mean of the 10–63 µm size fraction (SS
is for sortable silt; McCave and Hall, 2006, 2017) was calcu-
lated for each sample and correlated with the percentage of
sortable silt (SS %) in the total mud fraction to determine if
the sediments were current-sorted, according to McCave et
al. (2006, 2014) and McCave and Andrews (2019).

The mean sortable silt grain size (SS) for PC03 was plotted
and compared to the other logs. Br was also included as it can
be used as a proxy for organic matter. The SS values correlate
well with the SS % ones (0.58–0.78) so this parameter was
considered useful for current speed estimates (Fig. S1 in the
Supplement). The higher and lower values were analyzed, as
well as the major changes, as abrupt changes in these data are
considered to record major sedimentary events. Following
McCave and Hall (2006) these SS values were translated in
changes in current speed (1 µm change represents 2–3 cm s−1

change in current speed).
The glass grains (characterized by gas vacuoles and

stretching features typical of tephra and microtephra grains;
Plate 1; figs. 23 and 24) were counted during the micro-
scope analyses for diatoms, and their content was expressed
in number of grains per gram of dry sediment (no. grains/g
dry sed).

For the radiocarbon dataset, the acid-insoluble organic
matter (AIOM) fraction of sediment samples from KC03
(n= 2) and PC03 (n= 3) was radiocarbon-dated by Direc-
tAMS (USA) on an accelerator mass spectrometer. Each sed-
iment sample was dried at 60 °C, ground to a fine pow-
der, and submerged in 2M HCl on a HotBlock® at 80 °C
for several hours for the removal of carbonates. The pri-
mary radiocarbon ages were first corrected for the local con-
tamination offset (LCO), defined as the age offset produced
from the input of old ancient continental carbon to the conti-
nental rise. The LCO (2410± 44) was calculated using the
difference between the surface AIOM radiocarbon age of
the proximal multicore MC01 (3335± 32; Creac’h et al.,
2023) and a modern regional marine reservoir age (MRA) of
925± 30 years (Holder et al., 2020). Each LCO-corrected ra-
diocarbon age was calibrated using the Marine20 calibration
curve (Heaton et al., 2020) in MatCal 2.41 (Lougheed and
Obrochta, 2016). A1R of 518± 67 years was calculated for
Holocene ages using the difference between the modern re-
gional MRA (925± 30 years) and the global mean MRA at
0 cal yr BP (Heaton et al., 2020). The temporal variation in
1R values is significant at polar latitudes and was incorpo-
rated into the radiocarbon age calibration process by employ-
ing the time-varying MRA estimates for the Southern Ocean,
as compiled by Skinner et al. (2019).
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3.2 Geochemical analyses

The PC03 core was scanned at the Australian National Uni-
versity using the Avaatech core scanner located at the Re-
search School of Earth Sciences. Core sections were covered
with 4 mm thick Ultralene® film and run in three sessions at
a 100 mm resolution for 10 kV and 500 µA current (no fil-
ter), 30 kV and 500 µA current (Pd thin filter), and 50 kV
with 1000 µA current (Cu filter). The XRF core scan data
were cleaned by excluding data for which the total counts
per second were below 80 000 cps for 10 kV, 150 000 cps
for 30 kV, and 360 000 cps for 50 kV. The KC03 core was
scanned at Cox Analytical Systems’ ITRAX Core Scanner at
the Australian Nuclear Sciences and Technology Organisa-
tion, Sydney, Australia. XRF measurements were made with
a Cr–He tube at 30 kV and 55 mA for the semi-quantification
of elemental abundances. Data with an intensity lower than
35 000 kcps (kilo counts per second) were removed.

3.3 Diatom analyses

Diatom biostratigraphic and quantitative analyses were con-
ducted in accordance with the international stratigraphic
guide. Analyses were performed every 20 cm in PC03 and
at least every 10 cm in KC03. Methods for sample prepara-
tion, diatom species identification, and counting were those
described in Schrader and Gersonde (1978), Barde (1981;
modified), Bodén (1991), and Warnock and Scherer (2015;
for KC03). For the PC03 piston core samples, hydrochlo-
ric acid (HCl 37 %), hydrogen peroxide (H2O2 at 130 vols;
first at room temperature and then heated to about 60 °C),
and sodium pyrophosphate (to disaggregate the sediment)
were added to a known weight of dry sediment to dissolve
carbonate, decompose organic matter, and disperse the clay
fraction. Diatom analysis was performed with an immer-
sion 1000× LM Reichert–Jung Polyvar microscope (Vienna,
Austria). For diatom assemblage analyses, at least 300 di-
atom valves were counted per slide following the counting
methodology presented in Schrader and Gersonde (1978).
The absolute diatom valve concentration and ADA (absolute
diatom abundance) were then calculated, following Abrantes
et al. (2005) and Taylor-Silva and Riesselmann (2018), and
expressed as the number of valves per gram of dry sediment
(vpgds). When the diatom concentration was too low or too
concentrated, slides with modified concentrations were pre-
pared to optimize counting and identification while at least
100 fields of view were analyzed. For sections of PC03
core that had a very low-diatom content and/or were sus-
pected to have been strongly reworked, age-diagnostic taxa
were identified and grouped into different “age clusters”,
termed “age groups”, namely the Eocene–Oligocene group,
late Oligocene–Miocene group, late Pliocene Group, and
modern assemblage. Then, a quantitative evaluation of each
age group was determined by applying the same ADA algo-
rithm to each group.

For the KC03 samples, the settling method of Warnock
and Scherer (2015) was followed to make slides. Whenever
possible, > 400 diatom valves were counted per slide; when
the diatom abundance proved too low, a total of 10 transects
was counted. Modern diatom species were grouped by the
previously established ecological indicator assemblages for
open-ocean, sea ice, and reworked forms, as defined by Ar-
mand et al. (2005) and Crosta et al. (2005) and as discussed
for the Sabrina slope by Holder et al. (2020).

Diatom data for PC03 and KC03 are archived with the
Australian Antarctic Data Centre and can be accessed at
https://doi.org/10.26179/3f8v-tq32 (PC03; Tolotti and Lev-
enter, 2022) and https://doi.org/10.26179/5cad45a7cb140
(KC03; Leventer, 2022).

3.4 Cluster analysis procedures

Several mathematical analysis procedures (such as cluster
and correlation matrix analyses) were applied on all the
datasets. Here a selected complete cluster analysis (CCA),
with a Bray–Curtis dissimilarity calculation and a hierarchi-
cal clustering (Ward method), was applied to each dataset
for both cores; this was done using the free R software en-
vironment (R Core Team, 2021; cluster package v2.1.3). For
the data correlation processes, the R Stats Package (v3.6.2;
method Pearson) was used. Due to the differences in the
depth sample for each type of sample analysis, the datasets
were analyzed separately. The diatom and grain size data are
presented.

3.5 Paleomagnetic analyses

Vertically oriented cube samples (8 cm3) were taken ap-
proximately every 2 cm (less than 2 cm at some edges of
the core sections). A total of 635 samples was measured
using a 2G Enterprises model 760R-4K superconducting
rock magnetometer with an in-line automated alternating
field (AF) demagnetizer at the Australian National Uni-
versity (ANU). The initial natural remanent magnetizations
(NRMs) were measured, and gradually, AF was demagne-
tized with a peak field following 50 logarithm steps from
2 to 170 mT. The magnetic susceptibility at a frequency
of 976 Hz was measured for the same sample set with an
AGICO MFK2 Kappabridge at ANU (data are available in
Table S1 Magnetic_susceptivity.xlsx and Table S2 Inclina-
tion_results.xls that are inserted in the SupMat.zip). The
anisotropy of magnetic susceptibility (AMS) was also mea-
sured with the AGICO MFK2 Kappabridge for every sec-
ond sample (Fig. S5). The characteristic remanent magneti-
zation (ChRM) directions and their uncertainties were esti-
mated using the principal component analysis (PCA) meth-
ods of Kirschvink (1980) and Khokhlov and Hulot (2016).

To identify the potential carriers of the paleomagnetic sig-
nal, anhysteretic remanent magnetization (ARM) acquisition
was performed on each sample using a 170 mT AF with a
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biasing field of 0.05 mT. The acquired ARMs were demag-
netized with a stepwise AF to assess the coercivity distri-
bution of the magnetic mineral assemblage (Egli, 2004), and
the corresponding ARM median destructive field (MDF) was
estimated for each sample.

3.6 Sub-bottom profiler data

Sub-bottom profile data were acquired with a Kongsberg
SPB 120 using a sweep of 2.5–6.5 kHz.

The pulse length was 6 ms. In the survey areas, the system
operated in single-ping mode but with a burst during tran-
sit in deep water. A gain of 6 dB was applied to the data,
followed by gain correction, matched filter, instant ampli-
tude processing, and a time variable gain to enhance sub-
bottom reflections. The sub-bottom profiler (SPB) data were
recorded as two-way time sections and as SEG-Y (Society of
Exploration Geophysicists Y format) and Kongsberg propri-
etary “.raw” files (Armand et al., 2018; O’Brien et al., 2020).

4 Results

4.1 Stratigraphy and lithostratigraphic facies

4.1.1 PC03

Core PC03 is composed of mostly muds, with some sandy
muds with roughly equal amounts of silt and clay with sand
varying between 0 % and 34 % (Figs. 2 and 3; Figs. S1
and S2). The number of samples with sand > 10 % is higher
than other cores from this area (Holder et al., 2020), with
sandier horizons present in several intervals. A distinctive
feature of the core, highlighted during microscopic analyses,
is the presence of silt to fine-sand-sized volcanic glass frag-
ments dispersed through other facies (Plate 1; figs. 23 and
24).

The main lithostratigraphic facies are as follows (Fig. 2):

– Facies A has massive muds from mottled grey and
green–grey to olive brown, which vary in texture from
silty clay to clayey silt. Some intervals display scattered
sand grains, and sharp bedding contacts are present in
places (Facies B).

– Facies B has thinly bedded grey to dark grey silt with
sand lamina in some places.

– Facies C has thin graded muddy sand beds.

– Facies D has massive green–grey silty clay with
rounded clasts of sandy diamicts.

Ice-rafted detritus is present as patches with higher sand con-
tent and scattered pebbles, but there are no gravel layers,
while the volcanic glass fragments are present in Facies C
and D.

Grain size, facies assemblages, and sortable silt datasets
are used to subdivide the core into three main sections
(Figs. 3 and 4).

PC03 basal section – 1321 to 901 cm

The basal section is defined based on the grain size analy-
sis and microfossil/volcanic glass content. Its basal part is
primarily a dark grey massive clay with cyclic, silty layers
up to a few centimeters thick. Grain size data highlight av-
erage clay values of about 60 % (median value of 61.5), av-
erage silt values of 33 % (median value of 23.7), and aver-
age values of sand of 6 % (median value of 7.0), produc-
ing mostly fine-skewed distributions with only a few samples
with high fine- to medium-sand content. Massive green–grey
silty clay muds, sometime mottled, are observed from 1090
to 1200 cm. Some sharp lower-bed boundaries are visually
evident and marked by increased silt (Figs. 3 and 4) at 1297,
1142, 1085, 1028, and 900 cm, suggesting some erosional
boundaries or disturbances that may indicate the presence of
sliding material events in the core sedimentation (Figs. 2, 3,
and 4). The most evident discontinuities are marked.

SS values vary from a maximum of 26.02 to a minimum of
15.03 (Fig. S1). The correlation among SS and SS % is high
(R0 = 0.768), suggesting current sorting during deposition
and/or erosional events (McCave and Andrews, 2019). Such
a range of SS indicates a range of current velocity change
between 20 and 30 cm s−1 (McCave and Hall, 2006).

PC03 middle section – 901 to 260 cm

This section is a grey to green–grey gradational bedded silty
clay sequence with beds ∼ 2–5 cm thick. A tephra layer
with maximum abundances at 800 cm marks this middle sec-
tion. Scattered sand grains and pebbles are present through-
out the section, and a reddish-grey clay interval is observed
from 756–754 cm. A sharp-based, faintly interbedded, and
reddish-brown clay unit is present from 495 to 465 cm.
This sharp boundary suggests erosion, while the massive to
slightly bedded sequence indicates more continuous deposi-
tion.

Grain size data show an average clay value of 58.5 % (me-
dian value of 62.3), average silt values of about 35 % (me-
dian value of 31.8), and average values of sand of 5.7 %
(median value of 6.5). Discontinuities and bed boundaries
are observed frequently in this middle section, evident at
820, 740, and 480 cm (Figs. 3 and 4). Rare individual vol-
canoclastic glass fragments are scattered through the core,
but higher concentrations are present between 840.56 and
560.5 cm. The abundance of glass fragments, tabulated dur-
ing microfossil counting, is expressed in number of grains
per gram of dry sediment. The glass fragments are clear to
yellowish in color and angular in shape, suggesting minimal
abrasion or alteration (Plate 1).
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Figure 2. (a) Summary log of PC03 with magnetic susceptibility, lithology of natural gamma, volcanic clasts, and main facies. Main sharp
boundaries are highlighted. (b) Facies A. (c) Facies B. (d) Facies A and C. (e) Facies D overlain by Facies A.

SS values vary from a maximum of 25.97 to a minimum
of 14.53 with a delta value of 11.44. The correlation between
SS and SS % is higher than in the basal section (0.78), sug-
gesting higher overall current activity of the order of 23–
35 cm s−1.

From 341 to 260 cm, there is a gradual transition from clay
to silty clay, accompanied by a change in color from brown
to green. At about 260–255 cm, a change to a grey–brown
clay–silt interval is followed by a gradational boundary that
marks the boundary between the middle and top section of
the core. The top of this section was, in fact, defined based
on (a) the microfossil dataset, (b) the presence of some close
and sequential sharp boundaries altered by gradational levels,
and (c) the presence of a lithological change in color.

PC03 upper section – 260 to 0 cm

The uppermost section (Figs. 3 and 4) is the only section
with a diatom content adequate for statistically valid assem-
blage analysis. Sponge spicules, agglutinated foraminifera,
and worm tubes are also present. From 255–249 cm upward,
the olive grey, faintly bedded, and clayey-silty sediment ex-
hibits bioturbation. A gradational boundary transitions up-
ward to light olive grey, faintly bedded, and clayey sequences

and dark olive grey and massive silty sequences. A change in
texture at 249 cm and a sharp discontinuity at 102 cm suggest
the presence of some changes in sedimentation that could
be considered hiatuses or due to a lack of sedimentation. At
102 cm, the sediment shifts from dark olive grey silt (contain-
ing dispersed sand) to the uppermost sequence (composed of
olive brown massive and sandy–clayey slit sediments). This
transition is characterized by mottled intervals and burrows.
Radiocarbon data (Table 3) indicate that the sequence be-
tween 260 and 100 cm is of a pre-LGM (Last Glacial Max-
imum) age (ca. 23 kyr), while the uppermost 100 cm are
Holocene in age.

Grain size data highlight average clay values of 47.2 %
(median value of 48.4), average silt values of about 42 %
(median value of 37.5), and average values of sand of 10 %
(median value of 8.6), while the negative skewness trend,
coupled with a silt fraction increase, suggests increasing cur-
rent energy during deposition (Fig. 3). On the other hand, SS
values shift here from a maximum of 23.61 to a minimum of
17.18, with a delta value of 6.43. The correlation between SS
and SS % is the lowest for the core (R0 = 0.58), suggesting
a change in the dynamics of the environment and a lower ap-
plicability of SS to bottom current reconstruction. This mis-
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Figure 3. Logs of main grain size fractions for IN2017-V01-A006-PC03 compared to lithology. (a) Absolute diatom valve concentration
(ADA) expressed in log scale. (b) Volcanic glass content (tephra). (c) Sand, where MS is for medium sand, (d) FS is for fine sand, and
(e) VFS is for very fine sand. Silt, where (f) CZ is for coarse silt, (g) MZ is for medium silt, (h) FZ is for fine silt, and (i) VFZ is for very fine
silt. The clay and silt fractions prevail downcore on the sand one, present in its medium–fine component. The dotted lines identify some of
the major disturbances/changes noted in sedimentation.

match could result from the increase in silt-sized diatoms af-
fecting the sorting of the silt fraction suggesting a possible
link between sediment rinsing and biosiliceous content.

However, using calibrations of SS with current strength
(McCave and Hall, 2006), current speeds vary between 12
and 19 cm s−1 (Fig. S1).

The diatom content is thought to interfere with the silt frac-
tion and the sortable silt results but can be considered sedi-
mentary particles. We did not undertake chemical treatment
for the removal of biogenic silica, as this can also damage the
terrigenous silica components.

4.1.2 KC03

Core KC03 is mostly clay-rich (up to 54 % in clay) and with
a very fine clay fraction < 1.1 % (Appendix 8 in Armand et
al., 2017). Two silty intervals are observed at ca. 155–125 cm
and at the top (about 20 cm), while the sand fraction is al-
ways< 25 %. On the basis of the sediment grain size dataset,
lithology, and the diatom record (see below), two sediment
discontinuities, corresponding to potential hiatuses, are high-

lighted: H1 at 160 cm and H2 at 40 cm. Radiocarbon data in-
dicate that the basal part of the sequence (base is H1) is older
than about 30 kyr, the middle section comprised between H1
and H2< 30 kyr, while the uppermost sediment above H2 is
Holocene in age.

4.2 Seismostratigraphy

The sediment core was collected in the western sector of
the area surveyed during the IN2017_V01 cruise, which is
characterized in its uppermost seismostratigraphic levels by
semi-transparent facies with low-amplitude, continuous, sub-
parallel reflectors (Donda et al., 2023). Above the semi-
transparent facies, the sub-bottom profile also reveals the
occurrence of a well-layered unit that progressively thick-
ens toward the Minang-a Canyon axis (Fig. 5). The seismic
units intercepted by the piston core PC03 belong to the WL-
S10 seismic sequence of Donda et al. (2020, 2023), and to-
gether with WL-S9, these have distinct characteristics from
the seismic units lying below that are constituted by higher-
amplitude seismic reflectors. The time–depth conversion per-
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Figure 4. IN2017-V01-A006-PC03 lithostratigraphic log compared to (a) ADA (absolute diatom abundance) and expressed in a quantitative
manner (number valves per gram of ram of dry sediment). (b) ADA expressed in logarithmic scale. (c) Grain size cumulative logs for sand
(black silhouettes), silt (black line), and clay percentages. (d) Skewness values (ϕ) to define the main core’s sections. (e) Current activity
highlighted from the correlation between the 10–63 µm size fraction (SS is for sortable silt) and the percentage of sortable silt (SS %) in the
total mud fraction. This to test if the sediments are current-sorted, according to McCave and Hall (2006), McCave et al. (2014), and McCave
and Andrews (2019).

formed through seismic data tomographic analyses (Donda et
al., 2023) allowed for an estimation of depth reached by the
bottom of the piston core (red arrow in Fig. 5), which corre-
sponds to a high-amplitude reflector that lies just below the
base of the semi-transparent acoustic facies. The yellow re-
flector, which is located at an approximate depth of 900 cm,
corresponds to an unconformity interpreted as a mass move-
ment scar. Above this reflector, the semi-transparent facies
represents the more poorly bedded and fine-grained sediment
infilling the slump scar and includes remnant slide material.
The yellow reflector progressively deepens downslope to the
east so that the slide material (i.e., the semi-transparent fa-
cies) thickens in that direction (Fig. 5). Another significant
change in the seismic facies occurs at approximately 450 cm

depth, where the pink reflector represents the base of a pack-
age of higher-amplitude reflectors.

The high-resolution seismic profile indicates that between
ca. 450 and 900 cm, PC03 is intercepted a slide composed of
more incoherent material and that the slide is bounded by two
prominent reflectors which represent two unconformities.
Similar, semi-transparent acoustic facies are also recognized
below the stratigraphic succession intercepted by piston core
PC03, indicating the occurrence of recurrent sediment slides
along the flank of Minang-a Ridge, intercalated by packages
of continuous seismic reflectors, and possibly representing
hemipelagic- and/or bottom-current-related sediments.
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Figure 5. Location of KC03/PC03 on the crossing CHIRP sub-bottom and on the multibeam bathymetry (at the bottom left). A time–depth
conversion was applied, using the seismic velocities derived from high-resolution multichannel seismic profiles collected in the study area
during the IN2017_V01 cruise, as described in Donda et al. (2023). The bottom of PC03 core is marked by the red arrow. The yellow
reflector, which lies at an approximate depth of 900 cm, corresponds to the main late Pliocene mass movement (H3). Above this reflector,
the semi-transparent facies representing the slide is bounded upward by a pink reflector at ca. 450 cm. It corresponds to H4, which marks the
transition to a well-layered stratigraphic sequence progressively thickening toward the Minang-a Canyon axis.

4.3 Magnetostratigraphy and age model

Stepwise AF demagnetization reveals that all samples carry a
magnetic overprint, which could be due to viscous relaxation,
drilling, or transportation. The overprint component was typ-
ically removed by AF demagnetization at peak fields of 20–
40 mT (Figs. S3, S4 and S5). A ChRM was isolated for each
sample visually and quantified by PCA. Both normal and re-
versal polarity directions were identified, with the majority
of samples displaying simple demagnetization behavior to-
ward to the origin of a Zijderveld (1967) plot (Fig. S3). Some
data were difficult to interpret, especially samples from the
lower part of the core. This is, however, reflected by larger
ChRM direction uncertainties. Due to the high dip angle of
the Earth’s magnetic field at the PC03 site, the ChRM incli-
nation is expected to reflect the geomagnetic polarity more
clearly than declination. Assuming a geocentric axial dipole
(GAD) field, the normal polarity inclination for the PC03 site
is approximately −77°. Furthermore, based on the TK03 gi-

ant Gaussian process field model of Tauxe and Kent (2004),
inclinations at the PC03 site are expected, based on 95 %
confidence intervals, to vary within a range from −86 to
−44° (normal polarity) and from 86 to 44° (reversed polar-
ity).

To identify potential magnetic mineral carriers of the pale-
omagnetic signal, ARM MDF was compared to the AF inter-
val selected to represent each sample’s ChRM. This was per-
formed on a section-by-section basis and demonstrates that
the ChRM is carried by relatively high coercivity minerals
compared to the ARM (Fig. S4). Based on the coercivity of
the paleomagnetic signal, the ChRM may be carried by bio-
genic magnetite or antiferromagnetic minerals (Egli, 2004).

In Fig. 6, ChRM inclination is shown as a function of
depth. Through sections of the core, the ChRM inclina-
tions carry large uncertainties but exhibit broadly consis-
tent values. To aid visualization, the ChRM directions were
smoothed using an 11-point moving average with the prop-
agation of uncertainties via parametric bootstrapping (Tauxe
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et al., 2010). The inclinations of normal and reversal polarity
zones of upper-core sections (14A to 6I) agree with the value
predicted with a GAD and TK03 95 % confidence intervals.
This indicates that the polarity was recorded reliably though
this upper portion of PC03. Inclinations from the lower five
sections (5J to 1N) are more erratic and carry large uncertain-
ties (e.g., section 2M). AMS results did not, however, reveal
evidence for sediment disruption, and there is no clear dif-
ference between the magnetic fabrics in the upper (14A to
6I) and lower (5J to 1N) sections. Given the variable quality
of the inclination data, a robust age model based on polarity
transitions alone is infeasible. It is, however, possible to pro-
vide some board paleomagnetic constraints on the chronol-
ogy of core PC03 via comparison to the geomagnetic polarity
timescale (GPTS; Ogg, 2020).

The normal-polarity Brunhes chron (0–0.773 Ma) is
clearly identifiable in sections 14A to 11D. Furthermore,
the polarity transition between the Matuyama (reversed) and
Brunhes (normal) chrons spans the top of 10E into the base
of 11D, providing an age marker of 0.773 Ma. There are mul-
tiple normal-polarity subchrons within the Matuyama chron.
The Jaramillo (0.78–0.90 Ma) and Olduvai (1.78–2.00 Ma)
subchrons are assigned to 9F and 7H, respectively. The Réu-
nion subchron (2.1–2.2 Ma) is potentially recorded in 6I;
however, the ChRM inclinations are erratic, so this designa-
tion is speculative. The erratic inclinations in the lower five
sections (5J to 1N) make a correlation with the GPTS chal-
lenging. The transition between the Gauss (normal-polarity)
and Matuyama (reversed-polarity) chrons at 2.59 Ma is po-
tentially located within 5J; however, this is speculative, given
that full normal-polarity inclinations are not observed within
(5J to 1N).

The sample inclinations across 4K to 1N do not exhibit
normal polarity, which is inconsistent with the expectations
for the Gauss chron. There are positive inclinations in the
lower portion of PC03 that may correspond to reversed-
polarity subchrons during the Gauss chron (Fig. 6). Given the
lack of normal-polarity samples across 4K to 1N, assigning
intervals with reversed polarity to specific subchrons within
the Gauss chron is, however, not feasible.

4.4 Tephra layer

The volcanic glass grains and micrograins (tephra and mi-
crotephra), counted during the microscope analyses for di-
atoms, were expressed in number of grains per gram of
dry sediment by applying the same quantitative algorithm
(ADA) used for diatom quantitative analysis (Figs. 2a and
3b). During the quantitative estimate, a wide variety of vol-
canic particle shapes was recorded. Clast morphologies are
related to the composition, degassing, and crystallization ki-
netics during volcanic eruptions and magma ascent, followed
by the fragmentation mechanism. Ash types include vesic-
ular elongate clasts, smooth crystals, elongated platy bub-
ble wall shards, needle-like fragments of tube pumice, and

the extremely elongated Pele hairs formed by low-viscosity
basaltic melt (Saxby et al., 2020). The tephra estimate high-
lights a maximum abundances at 800 cm, suggesting a de-
fined layer of mainly vesicular elongate clasts and bubble
wall shard clasts (Fig. 4b; Plate 1; figs. 23 and 24), while
scattered grains are present upward up to about 550 cm.

4.5 Diatom data

4.5.1 PC03 diatoms (Plate 1)

The primary goal of the diatom work was to provide
a chronologic framework for the core. The basal (1321–
901 cm) and mid- (901–260 cm) sections of the core have
very low-diatom abundance, with generally< 5×104 valves
per gram of dry sediment (vpgds), and many of the samples
are barren (Fig. 7). The diatom assemblages are character-
ized by specimens of mixed age, indicative of reworking.
Here, the data are used more generally to identify the ages of
reworked material. Specific geological ages based on group-
ing taxa into different age clusters, here termed age groups,
are the Eocene–Oligocene group, late Oligocene–Miocene
group, late Pliocene Group, and modern assemblage (Ta-
ble 1). The modern assemblage is present only in the upper-
most section (260–0 cm), where diatom abundance is signif-
icantly higher, reaching > 9× 105 vpgds.

The mid-section of the core is characterized by sparse
diatoms that exhibit signs of reworking and dissolution
(Plate 1; Figs. 2, 9–10, and 14–15). At 720 cm, the biostrati-
graphically important taxa F. kerguelensis and F. barronii
are observed together, with several other species of Fragi-
lariopsis, such as the late Pliocene F. tigris Riesselman and
F. bohatyi Sjunneskog et Riesselman (Scherer et al., 2007;
Cody et al., 2008; Sjunneskog et al., 2012). Miocene Thalas-
siosira oliverana var. sparsa and Pliocene–Pleistocene Tha-
lassiosira elliptipora are observed. The sporadic presence of
the poorly preserved early Oligocene–Miocene Cavitatus sp.
is noted from 341 to 101 cm (Akiba et al., 1993; Scherer et
al., 2007).

The uppermost section of PC03 core (Fig. 8A) is char-
acterized by higher diatom abundance, with peaks at 240,
100, and 0 cm. The assemblage is dominated by cold open-
ocean diatom taxa, mainly F. kerguelensis, T. lentiginosa, the
Thalassiothrix antarctica–Thalassiothrix longissima group,
Shionodiscus gracilis, and Stellarima microtrias. Sea-ice-
associated taxa include Eucampia antarctica var. recta,
Actinocyclus actinochilus, and Fragilariopsis sea-ice-related
forms (F. curta, F. cylindrus, F. obliquecostata, F. ritscheri,
F. rhombica, and F. sublinearis).

4.5.2 KC03 diatoms

In KC03, the ADA values are high at 150–155 cm, reaching
3.4× 107 valves per gram of dry sediment, and in the upper-
most 20 cm, ADA values peaked at 6× 107 valves per gram
of dry sediment at 10.5 cm (Fig. 8B). The diatom assemblage
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Figure 6. Inclination versus depth for PC03 with possible correlations to the geomagnetic polarity timescale (GPTS). Core breaks are in-
dicated with dashed vertical lines, and section numbers (14A to 1N) are shown. The black lines at ± 77° correspond with the expected
inclination for a geocentric axial dipole field at the location of PC03. Cyan shading shows the 95 % confidence interval for expected incli-
nations, according to the TK03 model of Tauxe and Kent (2004). Characteristic remanent magnetization (ChRM) inclinations for individual
samples are shown as black points. For clarity, the uncertainties associated with the ChRM points are not shown but are available in the Sup-
plement. An 11-point moving average and its 95 % confidence interval are shown as a red line and grey shading, respectively. The potential
correlation of the ChRM inclination record to normal- (black) and reversed-polarity (white) GPTS intervals is shown by arrows.

is dominated by F. kerguelensis (up to ca. 78 %), while Eu-
campia antarctica reaches a maximum of 11 % at 145.5 cm.
F. curta is present in higher percentages in the upper 40 cm.
Chaetoceros subg. Hyalochaete are present in relatively low
relative abundances, never more than a few percent, while T.
lentiginosa percentages up to ∼ 10 % are observed.

4.5.3 Diatom age groups

There are specific geological ages based on grouping
taxa into different age clusters, here termed age groups,
namely the Eocene–Oligocene group, late Oligocene–
Miocene group, late Pliocene group, and modern assemblage
(Table 1). These groups are distributed variably in the sedi-
mentary sequence, with the modern assemblage present only
in the uppermost section.

4.5.4 Biostratigraphic details

First and last occurrences of two biostratigraphically use-
ful taxa, F. barronii and F. kerguelensis, are highlighted,
alongside other taxa, and provide chronologic constraints
that are used in combination with the magnetostratigraphic
data (Fig. 7). In this core, the identification of the transi-
tion from F. barronii to its evolutionary successor F. kergue-
lensis was challenging (Gersonde and Bárcena, 1998), given

the wide range of morphological variability observed and the
variable biogeographic distribution of these forms (Harwood
and Bohaty, 2001; Zielinski and Gersonde, 2002; Barron et
al., 2004; Whitehead et al., 2006; Cody et al., 2008; Tauxe et
al., 2012; Peck et al., 2021; Winckler et al., 2021) (Table 2).

The lower part of the PC03 basal section is characterized
by the presence of F. barronii in percentages up to about
10 %, Denticulopsis spp. (including D. simonsenii), and Rhi-
zosolenia spp. (including R. harwoodii) (Yanagisawa and
Akiba, 1990; Mahood and Barron, 1996; Ishino and Suto,
2020; Winter et al., 2012; Potapova et al., 2023; Plate 1).
The taxa, identified to species level, suggest a late Pliocene
sequence, probably older than 3.2 Ma. In this basal section of
the core, we observe a disturbed transition from a Pliocene-
aged assemblage to an Early Pleistocene one, based on the
observation, at 1140 cm, of specimens of F. cf. kerguelensis,
which is very similar to the small and oval form of F. kergue-
lensis (Cortese and Gersonde, 2008; Grigorov et al., 2014;
Pinkernell and Beszteri, 2014; Beszteri et al., 2018; Shukla et
al., 2018). This species has a published FOD (first occurrence
datum) at 3.23 Ma (Zielinski and Gersonde, 2002; Cody et
al., 2008), but its first occurrence (FO) in sediments spans
from 1.9 to 2.5 Ma across the polar front zone (Zielinski and
Gersonde, 2002; Cody et al., 2008; Peck et al., 2021; Winck-
ler et al., 2021). The presence of several inferred hiatuses
impedes the resolution of this transitional phase; it is pos-
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Figure 7. IN2017-V01-A006-PC03 core age model based on biostratigraphy. The core lithostratigraphic log is compared to (a) ADA in the
logarithmic scale. The age groups were identified by merging specific geological taxa into different age clusters and considered sediment
particles. Diatom age groups (see Table 1) include the Eocene–Oligocene group (b), late Pliocene group (c), and late Oligocene–Miocene
group (d). These values are expressed in vpgds by applying the ADA algorithm to each specific group. Some taxa (here expressed in
percentage) presented specific trends, as seen with Rhizosolenia spp. (e) and Denticulopsis spp. (f), while F. barronii (g) was used as
biostratigraphic marker (see Table 2). The modern assemblage (h) dominated by F. kerguelensis. The asterisks highlight the sporadic presence
of Hemidiscus karstenii. Some indicative ages are suggested, while at the right of the graph, an attempt at zonal biostratigraphic subdivision
is made.

sible that part of the sequence was removed during downs-
lope sliding events. Despite their poor preservation status,
late Pliocene forms, as the younger identified taxa, are con-
sidered to occur in biostratigraphic position, while Eocene to
Miocene forms are considered reworked.

Reworked diatom taxa associated with warm-pelagic
Eocene–Oligocene environments and contained in pre-
diagenetic silica casings occur together with open- and
stratified-water forms as Stephanopyxis spp., heavily sili-
cified forms common during the early–middle Eocene
(Witkowski et al., 2014; Jordan and Stickley, 2010), and Rhi-
zosolenia spp. (Armand and Zielinski, 2001). These find-
ings are coupled with Miocene Denticulopsis cf. simon-
senii and Plio-Pleistocene Actinocyclus ingens, F. barronii
and its Pleistocene descendent F. kerguelensis (Tolotti et al.,
2018; Cortese and Gersonde, 2008; Whiting et al., 1985).
These reworked, fragmented, and resuspended assemblages
are considered characteristic of basinal contour currents and

are likely biased by the loss of more delicate species, as
evidenced by the fragmentation of the Pliocene taxa and
Eocene–Oligocene diatom valves encased in a pre-diagenetic
silica crust. Sedimentary disorders (H1, H2, and H3) do
not allow a precise Pliocene to middle Pleistocene stratig-
raphy, as some parts of the late Pliocene–Early Pleistocene
sequence may have been lost.

Following Cody et al. (2008), we suggest that the “best fit”
of the highlighted biostratigraphic events place D. simonsenii
at the end of its “total range model” and F. barronii within
its local total range model (Fig. 7). The few H. karstenii
valves (Plate 1; Fig. 11), observed at 280 cm, just above the
tephra interval, and at the base of the upper section (200 and
100 cm), were considered reworked, probably a consequence
of the slide event, based on the absence of an early–middle
Pleistocene sequence and out of its biostratigraphic range (as
at ca. 190 kyr; this species went extinct; see Crosta et al.,
2020).
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Figure 8. (A) IN2017-V01-A006-PC03 core uppermost section. (a) Grain size in percentage, and (b) quantitative ADA values expressed as
the number of valves per gram of dry sediment (vpgds). (c) F. kerguelensis in percentage (%) of the total assemblage. (d) Thalassiosira lentig-
inosa (%). (e) E. antarctica (%). (f) Fragilariopsis sea ice group (% of the total assemblage). (g) Thalassiothrix antarctica–Thalassiothrix
longissima group (%). Dotted lines highlight sedimentary disturbances (upper part of PC03 H5 and H6) coupled with radiocarbon dating.
(B) IN2017-V01-A006-KC03 core grain size log (a), ADA values expressed in vpgds (b), and the main representative diatom taxa, namely
T. lentiginosa (c), Chaetoceros (Hyalochaete) (d), F. kerguelensis (e), E. antarctica (f), and F. curta (g). Two sediment discontinuities, iden-
tified on the basis of the sediment grain size dataset, lithology, and diatom record, are highlighted by dotted lines and related to potential
sedimentation noise or washing episodes (KC03-H1 and H2; these are not to be confused with PC03-H1 and PC03-H2 in the most superficial
part of the PC03 core).
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Table 1. Age groups containing the cluster of specific taxa related to particular geological ages, a list of the related taxa, and the sections
in which each age group is represented. Late Oligocene–Miocene and Eocene–Oligocene groups incorporate fragmented and resuspended
forms (like Stephanopyxis spp.) that are considered reworked material characteristic of basinal contour currents.

Age group Diatom species list Section

Modern assemblage F. kerguelensis (variable morphology), T. lentiginosa, Thalassio-
thrix antarctica–Thalassiothrix longissima, Shionodiscus gracilis,
Eucampia antarctica var. recta, Actinocyclus actinochilus, and
Fragilariopsis sea-ice-related forms (F. curta, F. cylindrus, F.
obliquecostata, F. ritscheri, F. rhombica and F. sublinearis).

Synsedimentary in the uppermost sec-
tion and linked to seasonal sea ice–sea-
ice-edge blooms.

Late Pliocene group Fragilariopsis barronii, Denticulopsis spp., and Rhizosolenia spp.,
probably older than 3.2 Ma.
F. tigris Riesselman, F. bohatyi Sjunneskog et Riesselman, and
F. praecurta Gersonde. Pliocene–Pleistocene Thalassiosira ellipti-
pora.
At 1140 cm, F. kerguelensis specimens are first recorded, very sim-
ilar to F. kerguelensis, with a small and oval form.

Late Pliocene taxa were considered
synsedimentary in the basal section and
reworked in the upper section.
A first occurrence of F. kerguelensis
was recorded in the basal section.

Late Oligocene–
Miocene group

Early Oligocene–Miocene Cavitatus sp., Stephanopyxis spp., Den-
ticulopsis spp. (with D. simonsenii), Rocella gelida, Trinacria ex-
cavata, T. pileolus, Xanthiopyxis sp., and Miocene T. oliverana var.
sparsa.

Reworked in basal and mid-sections.

Eocene–Oligocene
group

Hemiaulus caracteristicus, Lisitzinia ornata, Pyxilla spp., Actinocy-
clus spp., and Stephanopyxis spp. (with S. turris and S. grunowii).

Reworked in basal and mid-sections.

Table 2. Total range model and average range model (Cody et al., 2008) of Fragilariopsis kerguelensis and F. barronii. FAD is the biostrati-
graphic first-appearance datum while LAD represents the last-appearance datum.

Table biostratigraphic
notes

From Cody et al. (2008)

F. barronii LAD Total range model age:
1.21–1.28 Ma

Average range model
age: 1.19–1.29 Ma

Published age:
0.8–2.6 Ma

F. kerguelensis FAD Total range model age:
2.18–2.21 Ma

Average range model
age: 1.2–3.23 Ma

Published age:
1.2–3.23 Ma

The similarities between the diatom assemblages in the up-
permost section of PC03 and KC03, and supported by the
radiocarbon dataset, allowed the two sequences to be corre-
lated and dated to MIS3 or pre-LGM through the Holocene.

4.5.5 Cluster analyses

Cluster analyses were used to evaluate and to compare dif-
ferent age diatom groups, sediment fractions, and SS values
(Figs. 9 and 10).

In the cores, the cluster procedures highlighted three main
clusters (see a specific cluster’s parameters in Table S3 PC03
clusters’ parameters and Table S4 KC03 clusters’ parameters
in the Supplementt).

In the PC03 core, three clusters have been identified and
plotted (Fig. 9a and b). From the bottom to the top of
the PC03 core, a gradual shift from C3 to C1 is observed.
Generally, C3 is represented by the Eocene–Oligocene and

late Oligocene–Miocene age groups, while C2 and C1 are
marked by Pleistocene–modern assemblages. The upward
change in clusters corresponds to sedimentation disturbance.
The clustering highlights the presence of reworking and plots
the last presence of C3 in the middle section of the core.

In KC03, two clusters, C3 and C2, characterize the basal–
mid-sections of the core (Table S2; Fig. 10a and b). A grad-
ual shift toward modern assemblages, characteristic of C1, is
recorded from about 30 cm upward. C2 at about 30 cm corre-
sponds to the first sedimentation after a sedimentary distur-
bance event.

4.6 Radiocarbon chronology

For more information, please see Table 3.
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Plate 1. (1, 2) Fragilariopsis barronii (Gersonde) Gersonde and Bárcena 1998 (1 – 1240–1241 cm; 2 – 1060–1061 cm). (3) Fragilariop-
sis barronii transitional form to F. kerguelensis (1060–1061 cm). (4, 5) Fragilariopsis kerguelensis (O’Meara) Hustedt (780–781 cm). (6,
7) Denticulopsis cf. simonsenii Yanagisawa and Akiba 1990 (6 – 1320–1321 cm; 7 – 1120–1121 cm). (8) Fragilariopsis cf. matuyamae
(Gersonde and Bárcena, 1998) (1200–1201 cm). (9) Lisitzinia ornata Jousé 1978 (840–841 cm). (10) Rocella gelida (Mann) Bukry 1978
(1260–1261 cm); deformed specimen. (11) Rhizosolenia crassa Schimper in Karsten (1200–1201 cm). (12) Rhizosolenia harwoodii Winter
(1060–1061 cm). (13) Hemidiscus karstenii Jousé in Jousé et al. (780–781 cm). (14) Actinocyclus ingens (Rattray) Whiting and Schrader
(780–781 cm). (15) Thalassiosira inura Gersonde 1990 (1200–1201 cm). (16) Stephanopyxis grunowii Grove and Sturt in Schmidt 1883
(780–781 cm). (17) Thalassiosira elliptipora (Donahue) Fenner 1991 (1060–1061 cm). (18) Actinocyclus karstenii Jousé in Jousé et al.
(1200–1201 cm). (19) Thalassiosira sp. cf. T. oliverana var. sparsa Harwood and Maruyama (1200–1201 cm). (20) Pyxilla reticulata Grove
and Sturt (1060–1061 cm). (21) Cavitatus sp. Akiba et al., 1993. Focus on polar zone and hyaline sternum; scale bar= 2 µm (280–281 cm).
(22) Cavitatus sp. Akiba et al., 1993. Isopolar valve; scale bar= 20 µm (280–281 cm). (23, 24) Volcanic ash particles (800–801 cm). Vesicular
elongate clasts, smooth crystals, and platy bubble wall shards are highlighted. All images are from IN2017_PC03. Unless otherwise noted,
the 10 µm scale bar in the upper-left corner is applicable.
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Figure 9. (a) PC03 cluster dendrogram. (b) PC03 log clusters. (C1) Blue cluster. (C2) Red cluster. (C3) Green cluster (Table S1). The
similarity degree is calculated on the first three branches with a dissimilarity of 2.0.

Table 3. Table showing radiocarbon ages calculated for each sample, the LCO correction, the1R used, and the final corrected and calibrated
age.

Core ID Depth interval 14C age ±1σ LCO-corrected ±1σ 1R ±1σ Final ±2σ
(cm) (yr BP) error 14C age error error calibrated age error

(yr BP) (cal yr BP)

KC03 15–20 18 497 72 16 087 84 518 67 17 990 318
KC03 150–155 28 535 160 26 125 166 678 375 28 828 919
PC03 2–3 4992 33 2582 55 518 67 1483 217
PC03 101–102 23 320 136 20 910 143 1331 685 22 781 923
PC03 240–241 23 932 109 21 522 117 678 375 24 125 941

4.7 XRF data

The sediment geochemistry inferred by the XRF data shows
distinct changes downcore, along with changes in grain size
(Figs. 11 and 12a and b). For both KC03 and PC03, the ter-
rigenous inputs tracked by Ti/Ca and K/Ca ratios vary with
the percent clay, with higher K/Ca associated with a greater
proportion of clay (Figs. 12a and b). The Ba/Al, Ca/Ti, and

Sr/Rb ratios co-vary with the percent silt, with high values
associated with high-silt percentages. Sr/Rb ratios in min-
erals have been shown to vary with grain size, such that Rb
is enriched in the fine fraction during mineral sorting (Blum
and Erel, 1997). The Sr/Rb ratios show a similar trend to
Zr/Rb (not shown), which are consistent with SS values (see
Table S1 for PC03 cluster parameters). Zr/Rb ratios have
been used as a proxy for bottom-current strength, where silt
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Figure 10. (a) KC03 cluster dendrogram. (b) KC03 log clusters. (C1) Green cluster. (C2) Red cluster. (C3) Blue cluster (Table S2). The
similarity degree is calculated on the first three branches with a dissimilarity between 0.8 and 0.6.

size fractions tend to have lower-Rb concentrations (Wu et
al., 2020).

In general, Ba/Al or Ba/Ti have been correlated to inter-
glacial periods associated with higher biological productivity
and periods of stronger contour current flows and higher ven-
tilation, while high ratios of K/Ca and high-clay percentages
can be considered a proxy for lithogenic accumulation in-
puts in sediment during glacial periods (Presti et al., 2011;
Jimenez-Espejo et al., 2020).

5 Discussion

The studied stratigraphic sequences are composed of dis-
tal muddy sub-ice-shelf/seasonal open-ocean sediments on
the continental rise. Their location, on a ridge, exposes
the sediment to density currents and overflows, as well as
barotropic currents and intermittent processes, linked to cli-
mate (Rebesco et al., 2014; Smith et al., 2019). The mul-
tiproxy sediment analyses, coupled with the seismostrati-
graphic record, have allowed us to reconstruct the paleoenvi-
ronmental evolution of the study site since the late Pliocene
(Fig. 13). Magnetostratigraphy and radiocarbon data (Table
3) from the PC03 core indicate a discontinuous sedimenta-

tion rate with some main slide events like hiatus 1 (PC03
H1), possibly reflecting an EAIS melting phase; hiatus 3
(H3), comprising the cooling event at 2.85–2.6 Ma; and hia-
tus 4 (H4), corresponding to the Matuyama–Bruhnes rever-
sal involving a stratigraphic sequence from 0.773 Ma to ca.
25 kyr. In fact, the eastern flank of the Minang-a Ridge was
affected by recurrent sediment slides of variable magnitude,
as evidenced by sharp contacts that correspond to changes in
silt and sand and abundance, magnetopolarity changes, qual-
itative and quantitative changes in diatom content, and vol-
canic glass content. The yellow reflector (Fig. 5), which lies
at an approximate depth of 900 cm, corresponds to the main
late Pliocene mass movement (H3). Above this reflector, the
semi-transparent facies, representing the material filling the
niche slide (middle part of the core), is upward bounded
by a pink reflector at ca. 450 cm. This corresponds approx-
imately to H4, which marks the transition to a well-layered
stratigraphic sequence progressively thickening toward the
Minang-a Canyon axis.

We hypothesize that the main late Pliocene submarine
slide (above the yellow reflector; Fig. 5) would have modified
the paleo-topography by increasing the slope inclination of
the seafloor, which was then prone to generating subsequent
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Figure 11. PC03 absolute diatom counts, volcanic tephra, and silt and clay percentages versus XRF productivity proxies in Si/Al and Ba/Al.
The silt percent varies with Sr/Rb and Ca/Ti ratios, while the clay percent varies with K/Ca.

smaller-scale slides. In fact, several sharp contacts (hiatuses
from PC03 H1, H2, and H3) can be recognized; H1–H2 rep-
resent a significant break in sedimentation and the passage
from polarity C3 to polarity C3.3n (3.59 Ma). Another sedi-
mentary break is recognizable in the middle part of the core
(at 900 cm) as PC03 H3 (Fig. 13), corresponding to 2.59 Ma
at the Pliocene–Pleistocene transition (GPTS 5J). In Fig. 5,
the yellow reflector corresponds to changes in lithology, SS
mean, and diatom assemblage (H3 in Fig. 13). The tephra
layer with maximum abundances at 800 cm marks this mid-
dle section (Fig. 3b), while a gradual increase in clay fraction
is noted from 400 cm upward, suggesting continuous sedi-
mentation from 500 cm to about 300 cm (Figs. 3 and 4). It
should also be noted that this is, at present, the first discov-
ery of a tephra level in the Aurora Basin area and that the
tephra intervals are often identified in sedimentary sequences
as altering the normal magnetostratigraphic record (Touchard
and Rochette, 2004; van der Bilt et al., 2021). Moreover,
this higher non-biogenic-silica level may have provided a
weak zone in the sediment sequence that facilitated the late
Pliocene failures (Urlaub et al., 2018; Gatter et al., 2021;
Gales et al., 2023). In addition, Pleistocene interglacial sed-
iments, characterized by high-diatom content (Volpi et al.,
2003; Urlaub et al., 2015, 2018; Holder et al., 2020), may
have facilitated slope instability.

Dashed lines highlight the main lithological changes and
sedimentological disturbances, such as hiatuses or currents
washing events (H1 up to H6), coupled with biostratigraphic
events. Comparing the magnetostratigraphic dataset, bios-
tratigraphy, and radiocarbon data, some of the main cli-
matic events and transitions have been temporally identi-
fied. The Matuyama–Brunhes boundary is identified at ca.
0.773 Ma during marine isotope stages (MISs) 19–18. The
Mid-Pleistocene Transition (MPT) or Mid-Pleistocene Rev-
olution (MPR) is marked between 1.2 and 0.8 Ma, along with
the Mid-Brunhes Event (MBE) at about 0.42 Ma BP for MISs
12–11 (Legrain et al., 2023; Head et al., 2021; Haneda et al.,
2020; Lisiecki and Raymo, 2005).

The chronology of the core is developed by the mag-
netostratigraphic and biostratigraphic dataset (Fig. 13). A
sequence of normal or reverse polarity, ranging from ca.
3.6 Ma, with a major change from the reversed C1r.1r to nor-
mal C1rn (MPT Event at 0.78 Ma or MBE at 0.43 Ma (Figs. 6
and 13), is recorded at 324 cm at hiatus 4 (PC03 H4).

PC03 H4 prevents any sedimentary sequences associated
with the MPT being preserved in PC03. Lithostratigraphic
and magnetostratigraphic data highlight a change at 1.08–
1.06 Ma. This age corresponds to a super interglacial MIS 31,
linked to a specific alignment of orbital parameters and ice
sheet–ocean–climate feedbacks that lead to a major warm-
ing event (Berger and Loutre, 1991; Beltran et al., 2020). We
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Figure 12. (a) KC03 XRF data of the main sediment geochemistry tracers plotted and compared with percent clay and silt (the end-member
controlling sediment composition). The coarser units have higher Sr/Rb and Ca/Ti ratios, while the clay fraction and Ti/Ca, K/Ca, and
Fe/Ca co-vary. (b) Comparison of biogenic tracers Ba/Al and Si/Al ratios, as well as the Ca/Ti ratio, with silt percent and clay percent.
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Figure 13. PC03 core age model compared with age–depth profile and biostratigraphic data (see Table 2). Lithology, ADA values, and tephra
content with biostratigraphic data (last occurrence datum, LOD – Fragilariopsis barronii; first occurrence datum, FOD – F. kerguelensis),
magnetostratigraphy, and a radiocarbon dataset (Table 3) are shown.

have no direct evidence for a super-interglacial but do record
H4 at this time. This timing of PC03 H4 and H5 occurred dur-
ing the transition from the MPT at ca. 1.2–0.773 to the MBE
at ca. 0.43 kyr, i.e., the two major climatic changes associ-
ated with a non-linear response of the Earth system to orbital
forcing and to an increase in interglacial intensity (Legrain et
al., 2023; Wilson et al., 2022).

The PC03 downcore records a change the silty fractions
and in the sortable silt values (see the correlation between SS
and SS %, following Lucchi and Rebesco, 2007; Rebesco et
al., 2014; McCave et al., 2017; McCave and Andrews, 2019;
Salabarnada et al., 2018; Ha et al., 2022), which presents,
during the late Pliocene and the Mid-Pleistocene Transition,
a current velocity range from 20–30 up to 23–35 cm s−1.
This suggests an upward increase in the current dynamic,
unsteady, and potentially discontinuous sediment accumu-
lation with downslope-predominant sedimentary processes.
This upward change in the current dynamics is accompa-
nied by changes in diatom assemblages linked to different
water mass influxes, oceanographic evolution, and reworked
diatom content. The downcore distribution of the geochem-
ical elements suggests that increased Sr/Rb and Ca/Ti ra-

tios correspond to silty fractions, which we interpret as cor-
related to stronger bottom currents and with possible terrige-
nous material supply or weathering. In contrast, higher K/Ca
ratios are observed in the clay-rich fractions, as observed in
other Southern Ocean cores (Escutia et al., 2011; Wilson et
al., 2022; Salabarnada et al., 2018; Hillenbrand and Fütterer,
2001; Konfirst et al., 2012). The Ba/Al ratio coupled with
diatom abundance confirms the strong link between silty fac-
tions, stronger currents, and biological productivity during
warmer climate intervals (Figs. 11 and 12a and b).

We suggest that, for the PC03 sediment core, this interpre-
tation is a response to changing climatic conditions since the
late Pliocene.

– Base–H3 (base – 880–900 cm; cluster 3–2). The basal
section of PC03 is mid–late Pliocene in age (Fig. 14),
containing both in situ late Pliocene diatoms, such as F.
kerguelensis and its ancestor F. barronii. The biostratig-
raphy is in agreement with the magnetostratigraphic
record. Reworked diatoms from the Eocene–Oligocene
and Miocene are present as well and probably eroded
from proximal–regional shelf outcrops and were trans-
ported along-slope. Sharp contacts (H1 and H2) may
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represent the scar surfaces of two late Pliocene sliding
events linked to two of the three highest global mean
sea levels (between 3.3 and 2.85 Ma). These events,
identified initially in the seismic profile (yellow re-
flector in Fig. 6; Figs. 13 and 14), were confirmed
by the lithologic and biostratigraphic data and suggest
the late Pliocene formation of a basal sediment slide
scar on the Minang-a Ridge (Fig. S6). The productiv-
ity proxies, Si/Al and Ba/Al (Fig. 13), may not record
a change in the biological productivity; given the low-
diatom abundances recovered, the micropaleontological
data are more difficult to interpret as an indicator of pro-
ductivity. This may be due to a combination of poor
preservation and/or amplified winnowing, in this sec-
tor, by late Pliocene cryosphere and ocean–atmospheric
evolution (Escutia et al., 2009; Bart and Iwai, 2012;
Zhang et al., 2013; Scherer et al., 2016; Donda et al.,
2020; Tangunan et al., 2021; Siegert et al., 2023). The
overall assemblage, dominated by F. barronii and F. ker-
guelensis, suggests an environment similar to the Per-
manently Open Ocean Zone (Crosta et al., 2005). The
relative warmth of this time period in Antarctica has
been already widely reported (Scherer et al., 2007; Es-
cutia et al., 2009; Winter et al., 2012; Crampton et al.,
2016) and associated with mid–late Pliocene sea level
highs (global mean sea level) that are recorded during
the Piacenzian, between 3.9 and 3.3 Ma (Bohaty et al.,
2003; Dowsett et al., 2016; Grant et al., 2019; Dumitru
et al., 2019).

– H3–H3a (880–820 cm; alternation between clusters 3,
2, and 1). This section is marked by an enrichment
in volcanoclastic glass (Figs. 4b, 13). The possible
sources of this layer are Heard or McDonald islands
on the Kerguelen Plateau or a Transantarctic Moun-
tain volcanic activity (Pompilio et al., 2007; Prentice
et al., 2022; Di Roberto et al., 2019, 2021). Based on
the magnetostratigraphic record, this event occurred at
about 2.85–2.6 Ma, i.e., the Late Plio-Pleistocene tran-
sition (Fig. 13). The Gauss–Matuyama chron transition
at 2.59 Ma and the Réunion subchron (2.1–2.2 Ma) are
speculatively located within 5J and within 6I, respec-
tively (Fig. 13); however, the erratic ChRM inclinations
and the full normal polarity inclination results are bi-
ased. Climatically, it corresponds to the last phase of
the Piacenzian cooling event (M2), related to sea ice
expansion, with changes in South Atlantic deep-water
ventilation and to diatom species turnover (Hodell and
Venz-Curtis, 2006; Whitehead et al., 2006; McKay et
al., 2012; Scherer et al., 2016; Ishino and Suto, 2020).

– H3a–H3d (820–680 cm; alternation between clusters
3, 2, and 1, with cluster 3 decreasing upwards). This
section of the core is marked by a magneto-polarity
changing record (Xuan et al., 2020) and by a more
energetic environment with frequent slides and moat

fillings (Fig. S6). Tephra grains reach their maximum
abundance (at 800.5–780.5 cm), but they are present
throughout this section, up to ca. 560 cm, as reworked
grains and with decreasing abundance. This section in-
cludes the Mid-Pleistocene Transition (MPT at 1.2–
0.8 Ma in Legrain et al., 2023, and Tachikawa et al.,
2020) but with a low-sedimentation rate.

– H3d–H3e (680–480 cm; alternation between clusters 1,
2, and 3, with cluster 3 decreasing upwards). This sec-
tion is characterized by a sharp contact at 495 cm and
by some interbedded red to brown silty clay (about
2.5 cm thick) up to 465 cm. Higher values of the biopro-
ductivity proxies, including open-ocean diatom assem-
blages and sea ice ones as accessories, suggest a period
of warmth. However, the very low-diatom concentra-
tion suggests that increased current strength, supported
by SS and SS % values, may have winnowed diatom
valves. The H3e discontinuity, evidenced by lithology
and magnetostratigraphy, and dated at the beginning
of the Jaramillo geomagnetic event at about 1.06 Ma,
could be due to the Pleistocene super-interglacial MIS
31 (1.085–1.055 Ma). This interval of time was associ-
ated with large oceanographic changes and a shift in the
polar front and with higher-diatom productivity events
which may have given rise to biosiliceous layers that
facilitated instability and slides in a highly dynamic en-
vironment (Lisiecki and Raymo, 2005; Konfirst et al.,
2012; Yin and Berger, 2015; Justino et al., 2017; Bel-
tran et al., 2020; Duffy et al., 2022).

– H3e–H4 (480–320 cm; alternation between clusters 2
and 1). The polarity of the Brunhes–Matuyama transi-
tion spans into this section (from the top of 10E into
the base of 11D in Fig. 6) (Haneda et al., 2020) and
provides an age marker of 0.773 Ma with multiple nor-
mal polarity subchrons within the Matuyama chron (the
0.78–0.90 Ma Jaramillo and the 1.78–2.00 Ma Olduvai
subchrons). The bottom of this section is marked by a
sharp lithologic change from silty sediment to mostly
olive green clay. At H4, 320 cm, the magnetostrati-
graphic dataset records a sharp change from reversed
C1r.1r to normal C1rn, fixing this event at 0.773 Ma
(Fig. 13). The sediments observed here result from near-
ice-margin processes, and their very low-diatom content
suggests perennial ice cover, limiting diatom primary
production but not potential microbial activity. Peren-
nial sea ice cover could be related to local atmospheric
circulation and to a response to the Atlantic Merid-
ional Overturning Circulation (AMOC) and interhemi-
spheric heat transport linked to the Mid-Bruhnes Event
(Colleoni et al., 2018; Wilson et al., 2022) (Fig. 12 in
Lisiecki and Raymo, 2005; Legrain et al., 2023).

– H4/H6 – top (320–0 cm; cluster 1). The normal-polarity
Brunhes chron (0–0.773 Ma) is clearly identifiable in
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this section (Fig. 6 from 14A to 11D). The radiocarbon
dataset confirms the latest Pleistocene age of this section
of core dated to MIS 3. Its stratigraphic location, just a
few centimeters above sediments deposited during the
MBE, suggests another hiatus (H4) during the mid–late
Pleistocene. The diatom assemblage in this section is
indicative of a modern seasonally open-ocean environ-
ment dominated by F. kerguelensis (Fig. 7h), while even
the lowest correlation between SS and SS % and the
lower current speeds (12–19 cm s−1) suggest a change
in the dynamics of the environment and a lower con-
fidence in the applicability of SS to bottom-current re-
construction due to grain size interference from the di-
atoms.

After the MBE, the cyclicity at 100 kyr was characterized by
an increased amplitude in the glacial–interglacial cycles with
major interglacials (MIS 5, MIS 7, MIS 9, and MIS 11 for
MBE) and by warmer waters, up to 2–4 °C, with implications
for sea ice cover, CO2, and temperature (Jansen et al., 1986;
Wilson et al., 2022). Due to the occurrence of PC03 H4, sed-
iments recording glacial–interglacial periods, from approxi-
mately 0.773 Ma to 0.025–0.023 Ma (ca. 800 kyr), are miss-
ing from this core (Figs. 13 and 14).

All data and analyses from KC03 core are comparable
with PC03 in terms of facies type and biosiliceous content,
characterized by the modern diatom assemblages dominated
by F. kerguelensis with a secondary sea ice component and
age (attributed to MIS 3 up to the LGM and deglacial phase)
to the upper part of PC03. Comparison between the biogenic
tracers (Ba/Al and Si/Al, as well as Ca/Ti ratios) and silt–
clay fractions, reveal some slight offsets which may reflect
the depositional selection on the geochemistry tracers due to
current origin–transport and/or changes in depositional pro-
cesses, such as differences in composition of the silt compo-
nent of the plumes through time.

The sedimentary sequences in the two cores presented
here, PC03 and KC03, record the Pliocene–present and
Late Pleistocene–Holocene (LGM) sedimentary response to
a range of processes, with the most prominent of them being
the recurrent landslides and erosion events (Figs. 13 and 14).
The instability of the Minang-a Ridge flank was probably
amplified by its topography, by the presence of biosiliceous
layers deposited during major interglacials (Holder et al.,
2020), and by the presence of the tephra layer. Both of the last
characteristics have the potential to generate slope failure by
changing the sediment geotechnical properties and porosity
(Alves, 2015; Wiemer and Kopf, 2015; Gardner et al., 2023;
Gales et al., 2023; Donda et al., 2024), and this may have
affected even the mid-section of the piston core.

6 Conclusions

This study highlights the late Pliocene–present sedimentary
record of part of the Sabrina Coast slope and rise, a region

seaward of the Sabrina–Aurora subglacial basins, important
in terms of its ice volume and current studies document-
ing ice loss (McCormack et al., 2023; Donda et al., 2023;
Allen et al., 2022; Holder et al., 2020; O’Brien et al., 2020;
Post et al., 2020). The provenance area of the two sediments,
IN2017-V01-A006-PC03 and KC03 cores, analyzed in this
study, corresponds to the upper part of the Minang-a Ridge
flank. This area has experienced recurrent slide events, prob-
ably amplified by its topography and inclination and the re-
gional evolution of margin drift with probable influence from
isostatic rebound and volcanic and seismic activities, as well
as changes in oceanographic and morpho-sedimentary pro-
cesses. A dynamic large-scale Plio-Pleistocene evolution of
the marginal drift can be hypothesized. We observe alterna-
tions in biosiliceous productivity depositional events (linked
to more productive mCDW inland) and erosion at the base
of the canyon flank due to bottom currents and turbiditic
events during extreme interglacial to glacial periods of the
last 2.5 Ma (Tolotti et al., 2019; Donda et al., 2024; Mudelsee
and Schulz, 1997; Siegert et al., 2008, 2023; Passchier, 2011;
Grant, 2012; Bart and Iwai, 2012; Cook et al., 2013; Rebesco
et al., 2014; Laake and Wolfe, 2015; Laake and Hernandez-
Molina, 2023; Hernández-Molina et al., 2016; Stow and
Smillie, 2020).

The multiproxy, seismostratigraphic, magnetostrati-
graphic, and biostratigraphic sediment analyses allowed us
to highlight the following key aspects:

1. Lithological, sedimentological, and geochemical facies,
coupled with a seismostratigraphic and magnetostrati-
graphic dataset, can help in identifying the seismostrati-
graphic facies and the ice sheet dynamics during major
climatic events.

2. The occurrence of siliceous biogenic and tephra de-
posits facilitated the sliding events, mainly during
the late Pliocene (period in which huge paleoclimate
changes took place) or Pleistocene glacial–interglacial
cycles (Gales et al., 2023, and references therein).

3. The sedimentary biosiliceous content, particularly di-
atoms, contributes not only to the biostratigraphic and
depositional environmental definition but also as poten-
tial water mass tracers as correlated to sediment and
geochemical components. High-biosiliceous content in
sediment affects the stability of the slopes, linked to the
balance among the previous morphology, the sedimen-
tary load, and the activity of the bottom currents (critical
depositional speed, eddy, internal waves kinetics, etc.)
(Rodriguez et al., 2022).

4. For the first time in the study area, a tephra layer, a
promising correlation tool of unknown origin, has been
identified. It derives from late Pliocene–Early Pleis-
tocene volcanic activity and can provide insights into
paleo-volcanic activity, whose petrogenetic province

https://doi.org/10.5194/jm-43-349-2024 J. Micropalaeontology, 43, 349–382, 2024



372 R. Tolotti et al.: Late Pliocene to recent depositional processes on the Sabrina Coast

Figure 14. Benthic δ18O isotope stack from Lisiecki and Raymo (2005) (a) compared to the PC03 core lithostratigraphic log and the main
identified hiatuses (H1 and H2, H3, H4, and H5 and H6). The dotted pink line represents the modern δ18O isotopic composition. The blue
box highlights the mid-Pliocene Warm Period (mPWP) (Grant et al., 2023). The green box highlights the lost stratigraphic sequence from
0.773 Ma up to the LGM, comprising the Mid-Pleistocene Transition (when high-amplitude ∼ 100 kyr glacial–interglacial cycles replaced
the more subdued ∼ 40 kyr glacial–interglacial cycles in the Benthic δ18O isotope) and comprising the geomagnetic Matuyama–Brunhes
boundary (MBB), the MBE, and part of the mid–late Pleistocene (Naish et al., 2009; Legrain et al., 2023). The dotted black lines join the
isotopic curve with the corresponding LGM sediments, presenting H5 and H6. The most superficial sediments (overlaying H6) are Holocene
in age.

and source could be identified by focused petrographic
and tephrochronological analyses.

Unfortunately, due to the recurrent sediment slides, the Plio-
Pleistocene sedimentary record is incomplete. The record
lacks some of the main biostratigraphic events and does not
contain a continuous or comprehensive history of diatom as-
semblage evolutionary turnover (Cortese et al., 2007; Giu-
liani et al., 2011; Ishino and Suto, 2020). However, our
results highlight how important this area is for the recon-
struction of the depositional environment influenced by sea
ice cover, local sedimentary depocenter shifts, ocean in-
fluxes and bioproductivity, and their response to major cli-
matic events (Fig. 12) (Hillenbrand et al., 2009; Close, 2010;
Donges et al., 2011; Heywood et al., 2014; Dortmans et al.,
2019; Florindo et al., 2022; Gales et al., 2023, and references
therein).

Data availability. Sediment core data are publicly available at
https://doi.org/10.25919/5b7cf37d8ba76 (CSIRO et al., 2017).

The seismostratigraphic geophysical dataset, collected off the
Sabrina Coast between 114 and 122° E, comprising Russian, Aus-
tralian, and Japanese multichannel seismic profiles (MCS) are
available through the Scientific Committee on Antarctic Research
(SCAR) Seismic Data Library System (SDLS), in addition to the
high-resolution MCS data acquired by the National Institute of Ex-
perimental Oceanography and Geophysics (OGS) in 2017 (Donda
et al., 2020, 2023).

Magnetic susceptibility data for PC03 are kept at the ANU.
The 11-point moving average inclinations and uncertainties used in
Fig. 7 are available in Table_S1_Magnetic_Susceptibility_PC03.xls
and Table_S2_Inclination results.xlsx.

Grain size data are archived in the Geoscience Australia Ma-
rine Sediments Database at http://dbforms.ga.gov.au/pls/www/npm.
mars.search (Post, 2024).

Diatom data for PC03 and KC03 are archived with the Australian
Antarctic Data Centre and can be accessed for PC03 at https://doi.
org/10.26179/3f8v-tq32 (Tolotti and Leventer, 2022) and KC03 at
https://doi.org/10.26179/5cad45a7cb140 (Leventer, 2022).

Sample availability. Contact Alix Post at Geoscience Australia,
Canberra, ACT 2601, Australia (alix.post@ga.gov.au).
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