Study on sedimentary processes and climate change
based on microscopic observations of sediment

microstructures in West Antarctic
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I. Title

- Study on sedimentary processes and climate change based on
microscopic observations of sediment microstructures in West Antarctic

sediments.

[l. Purpose and Necessity of R&D

- Through integrated analyses of laminated sediment microstructures
preserved in West Antarctic core sediments—including petrographic
microscope observations of thin sections and electron microscope
analyses of polished sections—this study obtained information on ocean
circulation and climate change associated with ice-sheet advance and
retreat.

- Based on comprehensive analyses of core sediments from the Drygalski
Basin in the Ross Sea, this study reconstructed ocean circulation and
climate changes related to ice-sheet development and retreat since the

Last Glacial Maximum.

IIl. Contents and Extent of R&D

- Characterization of laminated sediment microstructures in West
Antarctic core sediments

- Paleoenvironmental reconstruction of the Drygalski Basin region



IV. R&D Results

- Core LC42 retrieved from the Central Basin of the northwestern Ross
Sea contains three distinct sediment facies (IRD (ice-rafted debris)-poor
bioturbated sandy mud, IRD-rich massive sandy mud, and laminated
mud) that are interleaved with each other and deposited over the last 1
Ma.

- During the glacial periods, these laminated muds were deposited
downward by milky plumes of meltwater discharged underneath the
advancing  glaciers that  scoured  the earlier-deposited  and
semi-consolidated diatom-rich sediments.

- Our study highlights that the recycling of biogenic particles should be
precautious to avoid the fallacy of paleoclimatic interpretation in
formulating climate-productivity models in the Antarctic continental
margin.

- Using the four gravity (and box) cores obtained from the northern
Drygalski Basin in the western Ross Sea, the core sediments were
classified into the seven sediment facies: clast-rich muddy diamicton,
clast-rich sandy diamicton, massive mud, laminated mud, bioturbated
mud, massive sandy mud, and bioturbated sandy mud and the
association of these sediment facies define the four lithologic units in
terms of the depositional evolution.

- Since the LGM, the paleoenvironmental change and glaciomarine
depositional evolution on the northern Drygalski Basin were closely
linked with the ice sheet dynamics and ice shelf activity, in addition to

the climate change during the Holocene.

V. Application Plans of R&D Results

- The data and interpretive results accumulated through this study are



also utilized for education and human resource development among
domestic and international research communities, contributing to the
training of next-generation polar scientists. In the long term, this human
capacity—building effect enhances the sustainability of polar science
research in Korea.

- The publication outcomes of this study extend beyond international
journal articles and are practically applied to advancing the interpretation
of international collaborative drilling datasets, validating ice-sheet—climate
models, planning large-scale polar research initiatives, fostering scientific

manpower, and establishing academic standards in polar science.
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1 A. Fallacy of paleoproductivity signals by the
recycled biogenic components: case study in the

Central Basin of the northwestern Ross Sea)

1. Introduction

Antarctic cryosphere and hydrosphere are vulnerable to the impact of
orbital-scale climate change in terms of ice sheet activity (Prothro et al. 2020).
As a consequence, contrasting sediments as exemplified by an interglacial open
marine deposit and a glacial diamicton have been deposited on the Antarctic
continental shelves during the warm and cold conditions, respectively, in
association with the advance or retreat of ice sheet (Anderson et al. 1984;
Domack et al. 1999; Domack and Powell 2018). On the other hand, in the
Antarctic continental margin where the ice sheet was not grounded, the amount
of ice-rafted debris (IRD) has been proposed as a key to distinguish interglacial
and deglacial (IRD-rich) sediments from glacial (IRD-poor or absent) sediments
(Anderson et al. 1979; Anderson 1999;Khim et al. 2017; Smith et al. 2019;
Hillenbrand et al. 2021; Bollen et al. 2022).

The Ross Sea continental shelf is known for being a biological ‘hot spot’
in the Southern Ocean, connecting the biogenic silica production in the water
column to the current pattern of biosiliceous sediment accumulation
(Ledford-Hoffman et al. 1986;Dunbar et al. 1989; Langone et al. 1998). In the
Ross Sea, during the glacial periods, the biological productivity was limited in
most continental shelves due to the advancing ice sheet (Frignani et al. 1998;
McKay et al. 2008), and it was also reduced in the distal continental margin,
mainly due to the wider expansion of seasonal or permanent sea ice
coverageand limited nutrient availability (Ceccaroniet al. 1998; Cunninghamet al.
1999). This confirms the coupling between climate and productivity (i.e., high
productivity during warm interglacial), as verified from the numerous
sedimentary records in the Ross Sea continental margin (Tolottiet al. 2013; Kim
et al. 2020; Hartman et al. 2021; Li et al. 2022) as well as in the other Antarctic
continental margin (Frank et al. 1995; Wu et al. 2017; Hillenbrand et al. 2021;

_14_



Lu et al. 2022).

Recently, a core RS15-1.C42 (hereafter LC42) was collectednear the
eastern flank of the Hallett Ridge in the Central Basin of the northwestern Ross
Sea (Fig. 1). Khim et al. (2024) conducted the microscopic examination of the
laminated mud layers in LC42, explaining that these laminated muds contain the
components recycled by the transportation and redeposition of reworked
sediments from the older deposits. In this study, we performed multi-analyses of
the biogenic components (biogenic opal, total organic carbon [TOC], and total
nitrogen [TN]) in this core and found out their extraordinary results, which
contradicts climate—-productivity model based on glaciomarine sediment deposition.
Our novel finding suggests that the recycled biogenic particles of the laminated
mud layers in LC42 are an important example against the climate-productivity
model, warning that overly simplistic glaciomarine sedimentation should be
precautious for the reliable paleoenvironmental interpretations in the Antarctic

continental margin.

2. Materials and methods

The Central Basin is a deep semi-closed tectonic depression forming the
slope basin located at the mouth of the JOIDES Basin in the northwestern Ross
Sea (Fig. 1). During the austral summer of 2015, an 11.75 m-long core LC42
was collectedfrom the northwestern moat (71°49.40°S, 178°34.76'E, 2084 m
water depth)in the Central Basin using jumbo gravity coring systemaboard I/B
Araon. Optical images of LC42 were captured using ITRAX core scanner, and
X-ray radiographic images were taken on 1-cm thick sediment slabs using
X-ray inspection equipment (SOFTEX W-100W) at Korea Polar Research
Institute (KOPRID). X-ray images were digitized to obtain the gray scale (0~255)
of sediment brightness.

Total carbon (TC), total nitrogen (TN), and biogenic opal contents were
measured at 5 cm intervals at KOPRI. Because of such low-resolution sampling,
the dark and light lamina cannot be separated during the analysis. TC and TN
content was determined using an organic elemental analyzer (FLASH, 2000 NC
Analyzer) with an analytical precision of less than £0.1%. Total inorganic carbon
(TIC) content was measured using UIC CO, coulometer (Model CMb5240) with

an analytical precision of less than +0.1%. Total organic carbon (TOC) content
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was calculated as the difference between TC and TIC content. Biogenic silica
(Sigip) concentration was measured using a continuous flow analyzer (SKALAR
SANplus Analyzer) and the wet-alkaline extraction method modified from
DeMaster (1981). Biogenic opal content was calculated by multiplying Sigio
concentration by 2.4 (Mortlock and Froelich 1989). The relative analytical error
of Sigip concentration is less than 1%.

Grain size analysis was performed on the selected three horizons that
represent the major sediment lithology. Organic matter was removed from the
bulk sediments using 10% Hs0s. Coarser fractions (>63 mm) were weighed at 1
phi interval using sieves, while finer fractions (<63 mm) were analyzed using a
Micrometrics Sedigraph I 5120 at KOPRI.

To examine the componentry of laminated sediments, polished sections
were prepared using a fluid displacive resin embedding technique modified from
Pike and Kemp (1996). These sections were examined using scanning electron
micro-scope (SEM) (X100-10000) with backscattered electron imagery (BSEI) of
JEOL (JZA-8530F PLUS) Field-Emission Electron Probe Micro-Analyzer at

Gyeongsang National University (Korea).

3. Results and discussion

(1) Sediment lithology, age, and glaciomarine deposition of LC42

Based on visual observations and examinations, the sediments of LC42
were divided into three facies: 1) IRD-poor bioturbated sandy mud, 2) IRD-rich
massive sandy mud, and 3) laminated mud (Fig. 2, Supplement Fig. S1). This
classification was confirmed by the grain size distribution (Fig. 2). In particular,
the coarse—grained particles are absent in the laminated mud. Despite the
repetition of these three sediment facies throughout the core, their vertical
succession does not show cyclic pattern. It is worth noting that the uppermost
part of the core is occupied by IRD-poor bioturbated sandy mud and IRD-rich
massive sandy mud, which overlie the laminated mud (Fig. 2, Supplement Fig.
S1). LC42 preserves eight intervals of laminated sediments with varying
thicknesses (10 cm to about 2 m) throughout the core. The laminated sediments
are devoid of IRD and bioturbation. The laminations consist of

alternatingrelatively thicker light laminae and relatively thinner dark laminae
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(Fig. 2 and Supplement Fig. S1). Khim et al. (2024) carried out the microscopic
observation and backscattered electron imagery examination of these laminated
muds, and reported that the light laminae consists of mostlyterrigenous angular
to subangular silt-sized particles withdiatom fragments and eroded fossil-bearing
sand-sized lumps and the dark laminae are composed of biogenic clays with

very tiny pileces of fossils.

Ohneiser et al. (2019) reported the preliminary magneto-biostratigraphy
of LC42 that contains the first appearance datum (0.57-0.65 Ma) of
Thalasssiosira antarctica and the Matuyama-Brunhes boundary (0.781 Ma).
Later, Bollen et al. (2022) confirmed that LC42 spans the last 1.34 Ma, based on
a new magneto—biostratigraphic age model (Fig. 3). This implies that, if the
glaciomarine sedimentation was continuous, there must be at least 10
orbital-scale (i.e., eccentricity) interglacial and glacial cycles during the
deposition of LC42. Nonetheless, determining the precise age of each sediment
facies and correlating with the interglacial-glacial cycles have proven
challenging, despite the speculative correlation (Fig. 3) by Bollen et al. (2022).
Thus, we cannot differentiate the interglacial and glacial cycles as well as the

sedimentation rate change.

Based on the glaciomarine depositional processes in the Antarctic
continental margins (Anderson, 1999; Domack and Powell 2018), IRD deposition
increased during the warm period by more active calving and floating ice,
whereas the lack of IRD seems to be due to the wide development of sea ice
during the glacial period. Based on the temporal succession of sediment facies at
the uppermost of core and application to the glaciomarine sedimentation,
IRD-poor bioturbated sandy mud and IRD-rich massive mud might have been
deposited during the interglacial and deglacial periods, whereas the laminated
mud may represent glacial sediments without IRD(Anderson et al. 1979;
Anderson 1999; Khim et al. 2017; Domack and Powell 2018). Recently, Bollen et
al. (2022) reported the hypothesized schematic depositional conditions for three
sediment facies in LC42. IRD-rich deposit was influenced by a combination of
enhanced glacial calving during the glacial retreat and export of shelf water
during interglacial and weak glacial periods. In contrast, IRD-poor deposit and
laminated sediments were formed due to glacial scouring to induce slope failures
and turbidity currents as well as transport of shelf sediments by meltwater

pulses, depending on the partial or full glacial advance.
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(2) Paleoproductivity change in terms of biogenic components in LC42

TOC, TN, and biogenic opal contents of glaciomarine sediments serve as
an Indicator of surface water productivity in the Ross Sea, although their
preservation potentials are different, depending on diverse environmental factors
(e.g., Langone et al. 1998). For example, Bahr et al. (2014) reported the XRD
scanning geochemical data of contourites in the Gulf of Cadiz, and suggested
that the bromine (Br) record represents TOC content in response to the climate
signals. Their results indicate that the geochemical information was influenced
by the bottom water activity rather than the surface water properties, despite
the millennial time-scale. Downcore variation of TOC, TN, and biogenic opal
contents of LLC42 exhibits remarkable characteristics throughout the core (Fig.
3). All biogenic contents of laminated mud are consistently higher compared to
other two sediment facies. Despite the low-resolution sampling interval (5 cm),
variations of these components are more common within the laminated mud
layer. In particular, variation of these three properties shows a clearly parallel

pattern in laminated mud layer throughout the core (Fig. 3).

The linear relationship between TOC and TN contents provides evidence
of their typical marine origin (Fig. 4a). The strong positive relationship between
TOC and biogenic opal contents further supports the interdependence of these
components. Their relationship in LC42 shows that the biogenic opal content
during the interglacial period is similar to that of the Holocene surface
sediments (Figs. 4b and 4c) and that the variation range of TOC and biogenic
opal contents in LC42 is not much different between the interglacial and glacial
periods (Fig. 4b). High TOC and biogenic opal contents of laminated mud layers
are characteristic, because they were formed during the glacial periods. On the
other hand, high C/N ratios of laminated mud layers result from the different
degradation between TOC and TN, which reflects that the organic matters of
laminated mud layers experienced the differential degradation before the
deposition. Such high C/N ratios of laminated mud layers are different from
those of diamicton and calving ice that contain the terrestrial organic matters in
the Ross Sea (Smith et al. 2019). Based on the climate—productivity model, high
productivity occurred during the interglacial periods, which was verified by the
higher deposition of TOC and biogenic opal content during the warm conditions
in the Ross Sea as shown in cores ANTA91-8 (Ceccaroni et al. 1998) and
RS15-GC41 (Kim et al. 2020) (Fig. 4c). In LC42, thus, it can be simply

interpreted that the deposition of the laminated mud reflects a higher
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productivity condition, representing the warm interglacial periods. However, it
contradicts the interpretation by the glaciomarine depositional processes as

described in the previous section.

In general, the paleoproductivity increased from the glacial periods to the
deglacial-to-interglacial periods in the Antarctic continental margin including the
Ross Sea (Frank et al. 1995; Ceccaroniet al. 1998; Frignani et al. 1998;
Cunninghamet al. 1999; McKay et al. 2008; Tolottiet al. 2013; Wu et al. 2017;
Kim et al. 2020; Hartman et al. 2021; Li et al. 2022; Lu et al. 2022). Such
increase can be attributed to the reduction of sea ice coverage, which promoted
the light availability for photosynthesis, and to more nutrient supply by the
current system such as the Antarctic Slope Current. In the Ross Sea continental
margin, similar to other Antarctic continental margins, interglacial sediments are
characterized by high biogenic components, compared to glacial sediments
(Cunninghamet al. 1999; Tolottiet al. 2013; Kim et al. 2020; Hartman et al. 2021;
Li et al. 2022). Hence, considering the depositional evolution by the temporal
succession of sediment lithology in LC42, the high content of biogenic

components in the laminated mud layers is unusual.

(3) False paleoproductivity signal by recycled biogenic components in LC42

The laminated terrigenous muds, which are lack of biogenic components,
have been reported in the continental slope and rise of the Antarctic continental
margins and are thought to be the products of contour currents during the
glacial periods (e.g., Venuti et al. 2011). On the other hand, the laminated
biosiliceous muds show circum—Antarctic distribution in the inner shelf basins
and troughs of the Antarctic continental shelves (e.g., Leventer et al. 2006; Tesi
et al., 2020). In particular, varved couplets, representing seasonality, of
diatomaceous lamina reflect extremely high primary productivity in the calving
bays of the Antarctic ice sheet during the deglaciation (Stickley et al. 2005).
However, the laminated mud layers in LC42 are not typical of both types of

laminated muds in the Antarctic continental margin.

BSEI verifies that the light and dark laminae are millimeter—- to
submillimeter—thick and composed mainly of silty and clayey particles,
respectively (Fig. 5a, 5e, and 5i). In this laminated mud layer, due to the low
resolution sampling interval, the fluctuation of biogenic components (TOC and

biogenic opal) depends on the sampling horizons of light or dark laminae (Fig. 3
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and 5). The coarse—grained light lamina consists of very fine sand- to silt-sized
angular to subangular quartz and feldspar grains, and contains considerable
amounts of sand- to silt—sized biogenic fragments and sand-sized lumps of
coagulated very small diatom fragments and clay particles (Fig. 5b, bf, 5j, and
5k). In contrast, the fine-grained dark lamina consists of sparsely scattered
silt—sized particles of terrigenous or biogenic origin in a diatomaceous clayey
matrix (Fig. 5a and 51). Nonetheless, high biogenic components of these laminae
in the laminated mud are attributed to the tiny fragments of diatom and
clay-sized powder with eroded diatom-rich lumps or chips (Fig. 5b, bc, 5f, bg,
and 5j). Although some diatom archives are preserved (Fig. bh), it is clearly
discernible that most diatoms are tiny fragments, clay—sized powders, and
semi—consolidated pieces, which were principally recycled (Fig. 5¢, 5f, bg, and
5j). In addition, Bollen et al. (2022) reported that diatom species in the laminated
mud layers are mostly old (Pliocene to Miocene) and reworked. Thus, high
TOC, TN, and biogenic opal contents of the laminated mud layers in LC42 were
not related to the enhanced biological productivityin the surface water of the

Central Basin at the time of mud deposition.

During the Last Glacial Maximum, the ice sheet did not advance to the
shelf edge in the central and western Ross Sea (e.g., Lee et al. 2017). The
glacial activity near the grounding line of ice sheet have influenced the
depositional condition in the Central Basin of the northwestern Ross Sea. The
gravity flow or mass flow including slope failure and turbidity currents occurred
frequently at the front of grounding line (e.g., Anderson et al. 1984; Domack and
Powell 2018). The preservation of laminated mud layers in the Central Basin
seem spatially limited, because the same kind of sediment facies has not been
reported yet. The laminated muds were deposited due to the continuous supply
of a milky plume generated by meltwater underneath the advancing glacier. This
milky plume contained the eroded lumps of semi-consolidated diatom-rich
fossiliferous sediments. Following the glacial pumping, the lamination may have
been formed by the density—-based segregation of grain size and selective
settling during the continuous flow. Khim et al. (2024) observed
pinch—-and-swelling and low—-angle inclined lamination from the light laminae
with possible internal truncation surfaces and particle imbrication, which
suggests that the mud deposition might have occurred by dilute density currents
(Mulder et al. 2003; Tripsanas and Piper 2008). These density currents could
have been fed by subglacial meltwater discharges or buoyant suspensions

associated with mass wasting processes, such as slide/slump or slope failure
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and debris flows including turbidity currents, near the grounding lines (Bollen et
al. 2022). In addition, framboidal pyrites observed in the laminated muds
evidenced that the dissolved oxygen concentration was low during the deposition
or postdeposition (Fig 5d). In the similar way, the deglacial and glacial
sediments in the continental slope and rise of the Ross Sea are characterized by
higher levels of biogenic components than the Holocene sediments (Khim et al.
2021; Ha et al. 2022), which were interpreted to be due to the glacial supply of
reworked diatom-rich shelf sediments (Fig. 4d). Our finding thus confirms that
the degree of paleoproductivity should be judged cautiously by considering the
recycling of biogenic particles to avoid a wrong or overly simplistic
interpretation based on the current climate-productivity model in the Antarctic

continental margin.

4. Conclusions

Glaciomarine sediments around the Antarctic continental margin provided
important paleoceanographic and paleoclimatic information in association of ice
sheet dynamics. The climate—-productivity model in the Antarctic continental
margin defines the coupling of climate change and biological productivity, i.e.,
high productivity during the warm interglacial and vice versa. In the Ross Sea
continental margin, the glacial productivity was reduced due to thewider
expansion of seasonal or permanent sea ice coverageand limited nutrient
availability. Core L.C42 from the Central Basin contains a series of laminated
mud layer that were characterized by high biogenic components, compared to
the IRD-poor bioturbated sandy mud and IRD-rich massive mud layers,
although the laminated mud deposition might have occurred during the glacial
periods. Such unexpected contrast was solved by BSEI observation that
mostbiogenic components of the laminated muds were recycled from older
deposits, containing old and reworked diatom fragments, eroded sand-sized
lumps of fossil-bearing mud, and diatomaceousclayey particles. In situ
paleoproductivity information seems difficult to obtain in terms of conventional
biogenic proxies in the case of the laminated mud deposition in the Central
Basin. Finally, reworking of older biogenic components in the Antarctic
depositional system should have been considered, avoiding the misinterpretation

of the paleoclimate and paleoenvironment.
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Fig. 1. Bathymetric map showing the geomorphologies in the Ross Seawith the
location of core RS15-1.C42 (this study) and other studied cores ANTA91-8
(Ceccaroni et al. 1998), RS15-GC41 (Kim et al. 2020), and RS14-C3 (Ha et al.
2022).
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Fig. 3. (a)-(c) downcore variation of TOC, TN, and biogenic opal content, (d)
schematic summary of sediment facies, (e) geomagnetic polarity (after Bollen et
al. 2022), (f) sediment lithology (after Ohneiser et al. 2019), (g) the global
benthic foraminifera 890 stack (Lisiecki and Raymo 2005), (h) modelled
Antarcticice volume (Sutteretal. 2019), and (i) the global polarity time scale (Ogg
2020). The grey shaded area aligns the gravel peak from 4.0 to 4.5 mbsf to MIS
11 for reference and the red shaded area shows the missing time period over
the interpreted hiatus at ~9.34 mbsf (Bollen et al. 2022).
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Fig. 4. (a) correlation between TOC and TN contents of each
lithology in LC42. (b) correlation between TOC and biogenic opal
contents of each lithology in LC42. (c) correlation between TOC
and biogenic opal contents of surface sediments (Langone et al.
1998). (d) correlation between TOC and biogenic opal contents of
cores RS15-GC41 (Kim et al. 2020), ANTA91-8 (Ceccaroniet al.
1998), and RS14-C3 (Ha et al. 2022) between the interglacial and

glacial periods.
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Fig. 5. Core photo, X-ray photograph, and downcore variation of biogenic opal
and TOC contents between 500 and 600 cm of LC42, representing the laminated
mud layer, with three positions of polished sections (TL7, TL&, and TL9). Blue
line on the X-ray photograph shows the gray scale to delineate the laminations.
BSEI of polished sections (a to d from TL7, e to h from TL8, and i to | from
TL9): (a) alternations of light and dark laminae with sharp boundary, scale bar:
100 pm (<100), (b) coarse-grained componentry of fragmented diatoms, scale
bar: 10 um (x500), (¢) fragmented diatom, scale bar: 10 pm (x1300), (d)
framboidal pyrite, scale bar: 100 pm (X2700), (e) alternations of light and dark
laminae with gradual boundary,scale bar: 100 um (Xx100), (f) coarse—grained
componentry of semi—consolidated eroded lump contained diatom fragments, scale
bar: 10 um (x500), (g) semi-consolidated diatom fragments infilled in the
biogenic fossil, scale bar: 10 um (x1400), (h) archive diatom, scale bar: 10 ym
(x1700), (i) alternations of submillimeter—thick, light and dark laminae,scale bar:
100 pm (<100), (j) coarse—grained componentry of semi-consolidated eroded lump
contained diatom fragments, scale bar: 10 ym (X500), (k) angular to subangular
silt-sized grains, scale bar: 10 pm (X500), (1) diatomaceous clayey matrix with
very fine silt particles, scale bar: 100 ym (X200). More BSEI of polished sections
of LC42refers to Khim et al. (2024).
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Supplementary figure S1. Core photos and X-ray photographs of core LC42,
consisting of three major lithologic facies (IRD-poor bioturbated sandy mud,
IRD-rich massive mud, laminated mud). Blue line on the X-ray photograph

shows the gray scale to delineate the laminations. (modified from Khim et al.,
2023)
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2 A. Paleoenvironmental reconstruction of glaciomarine
sediments in the Drygalski Basin of the western Ross Sea

since the Last Glacial Maximum

1. Introduction

In the Ross Sea, the bathymetry and topography such as the
north—northwest oriented deep and narrow basins (e.g., Glomar—Challenger
Basin, Joides Basin, and Drygalski Basin) and shallow banks (e.g., Ross Bank,
Pennell Bank, and Crary Bank) have been generated by the advanced ice sheet
during the glacial periods (Fig. 1). The Drygalski Basin is located in the
western Ross Sea and includes the deepest area on the Ross Sea continental
shelf.Numerous outlet glaciers along the coastline of the western Ross Sea
originated from the ice domes (Dome C (Charlie), Taylor dome, and Talos
dome) on the Victoria Land (Giovinetto and Bentley, 1985; Frezzotti et al., 2000).
After the LGM, the outlet glaciers on Northern Victoria Land retreated as the
global sea level rose, whereas those on Southern Victoria Land retreated after
Meltwater Pulse 1A (~14 ka) (Goehring et al., 2019; Christ and Bierman, 2020).
The David Glacier, which is largest, forms the Drygalski Ice Tongue (DIT) that
protrudes into Terra Nova Bay (Fig. 1). The deposition of biogenic particles in
the Drygalski Basin is locally high, because Terra Nova Bay is the major
polynya formed by the persistent katabatic wind from the Nansen Ice Shelf and
characterized by the high spring diatom blooms leading to the increased primary
productivity in the surface water (Arrigo et al., 2000, 2003). The study on the
paleoenvironmental reconstruction of the Drygalski Basin could provide the
retreating history of ice sheet and ice shelf related to the global sea level
change and climate warming since the Last Glacial Maximum (LGM).

During the LGM, the ice sheet advanced to reach the continental shelf
edge at the eastern side of the Ross Sea, but did not reach the shelf edge at
the western side (Anderson et al., 2014; Halberstadt et al., 2016; Bart et al.,
2018; Prothro et al., 2020). The retreat history of the grounded ice sheet after
the LGM was reported by several studies using the sediment cores and seismic
surveys in many areas of the Ross Sea (e.g. Conway et al., 1999; Domack et
al., 1999; McKay et al., 2008; Prothro et al., 2020). Although the precise timing

of the ice sheet retreat could not be determined due to the uncertainty of age
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dating, the ice sheet retreated from ~16 ka to ~8 ka in the northern Drygalski
Basin (McKay et al., 2008; Prothro et al., 2020), and continued retreating toward
the present—day position after ~8 ka (Conway et al., 1999; McKay et al., 2008;
Lowry et al., 2019). The ice shelf in the Ross Sea also moved to the outer
continental shelf and shelf edge with the ice sheet expansion during the LGM.
Previous studies summarized glaciomarine sedimentation related to the retreating
ice shelf during the deglacial period (e.g. McGlannan et al., 2017; Prothro et al.,
2018; Smith et al., 2019). Although the retreat timing of the ice shelf in the
northern Drygalski Basin is still unclear, the retreat of the ice shelf was later
than that of the ice sheet (Prothro et al., 2020).

The types of sediment facies in the Antarctic continental shelf depend
mainly on the distance from the grounding line, the position of the calving line,
and the open marine condition. These are closely related to the variation of the
ice sheet and ice shelf between the glacial and interglacial periods (Domack et
al., 1999; McKay et al., 2008; Tolotti et al., 2013; Prothro et al., 2018; Smith et
al., 2019). In addition, the hydrographic conditions such as sea ice, meltwater,
water masses, and currents affect sediment deposition on the Antarctic
continental shelf (Grobe and Mackensen, 1992; Gilbert et al., 1998; Anderson,
1999; Ehrmann et al., 2011). Smith et al. (2019) differentiated the depositional
sequences 1in relation to changes in the ice sheet in the Antarctic continental
shelf; the stiff diamicton beneath the ice sheet and the diatom—bearing mud or
diatomaceous mud under the seasonal open marine conditions. In particular,
under ice shelf conditions, the sediment grain size decreased as an increased
distance from the grounding line. Far from the grounding line and near the
calving line of the ice shelf, the coarse—grained particles as ice-rafted debris
(IRD) and the biogenic particles increase to deposit under the seasonal open
marine conditions. In the Drygalski Basin, change in the sediment facies from
diamicton during the glacial period to open marine sediment deposit during the
interglacial period was also reported (Brambati et al., 1997; Frignani et al., 1998;
Domack et al., 1999; Licht et al., 1999; Prothro et al., 2018).

Hillenbrand et al. (2009) reported that the source of sediments changed
by the shift of the ice flow direction in the Bellingshausen Sea. In the
Bellingshausen Sea, the main provenance of the sediments supplied by the
advanced ice sheet was the English Coast located at the southeastern side of
the continental shelf during the LGM. On the other hand, the main provenance
was shifted to the Beethoven Peninsula, located at the eastern side of the

continental shelf, with the ice sheet retreat during the Holocene. Later,
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McGlannan et al. (2017) established the glaciomarine sedimentation variation
related to the retreating ice sheet and ice shelf based on the sediment properties
and geochemical proxies on the Wales Deep Basin located at the eastern
continental shelf of the Ross Sea since the LGM. In this basin, the transported
sediments by the ice sheet and meltwater decreased and biogenic materials from
the open mains increased, following the retreating ice sheet.

In the Drygalski Basin, based on the grounding zone wedge and
moraines on the seafloor, the ice flow directions were southward and westward
during the deglacial period (Greenwood et al., 2018; Prothro et al., 2020; Rhee et
al., 2020). These previous studies suggest glaciomarine sedimentation in the
Drygalski Basin could be affected by the sediment transport of the ice flow
since the LGM. For example, based on the '"Be contents of sediments,
Yokoyama et al. (2016) reported that the local ice shelf was pinned on the
shallow bank or inner shelf in the western Ross Sea, which affected the
glaciomarine sedimentation after the retreat of the grounded ice sheet.
Nevertheless, the study on the ice flow using gravity cores has not been
conducted at the northern part of the DIT in the Drygalski Basin.

This study aims at reconstructing the paleoenvironments of glaciomarine
sediment deposition since the LGM and determining the effect of the ice flow
direction from the local glacier at the north of the DIT using sediment
properties, geochemical proxies, clay mineral compositions of fine—grained
sediments, and diatom assemblage along with the accelerator mass spectrometry

(AMS) '"C age dating of the gravity (and box) cores.

2. Regional setting

Many paleoenvironmental and sedimentological studies on the advance
and retreat of the ice sheet have been conducted in the continental shelves of
the Ross Sea (Anderson et al., 1984; Domack et al., 1999; Salvi et al., 2006;
Mosola and Anderson, 2006; McKay et al., 2008; McGlannan et al., 2017;
Majewski et al., 2020). The advanced ice sheet during the glacial periods formed
mega-scale glacial lineationsand large—scale erosion on the seafloor of the
continental shelf (e.g., Shipp et al., 1999). Above mega-scale glacial lineations,
the remolding and deformation of the redeposited sediments formed subglacial
diamictons during the last glacial period from 26.5 to 19.5 ka (Anderson et al.,
1992; Domack et al., 1999; Bart et al., 2000). The retreat of the grounding line

and calving line since ~11 ka formed diverse sediment facies such as stratified
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diamicton by debris flow or turbidity currents at the front of the grounding line,
laminated or massive mud by the meltwater plume from the grounding line, and
massive mud with abundant IRDs under the calving line (Domack et al., 1999;
McKay et al., 2008; Smith et al., 2019; Prothro et al, 2020). Following the retreat
of the calving line, the seasonal open marine condition began to control the
diatom bloom, resulting in the deposition of mainly diatom-bearing or
diatomaceous mud on the continental shelf in the Ross Sea (Melis and Salvi,
2009; Smith et al., 2012; McGlannan et al., 2017).

Diamicton deposition during the LGM indicated that the Drygalcki Basin
was covered with an advanced ice sheet (Brambati et al., 1997; Domack et al.,
1999; Melis and Salvi, 2009; Prothro et al., 2020). After the LGM, the advanced
ice sheet retreated rapidly along with the ice shelf (McKay et al., 2008; Prothro
et al., 2020). In general, a complete sequence of sediment deposits indicating ice
sheet or ice shelf retreat is rarely observed due to the relatively short duration
of the sediment deposition (Smith et al., 2019). In the northern Drygalski Basin,
Domack et al. (1999) reported the complete sequence of the sediment facies
since the LGM from even only one sediment core that differentiates diamicton,
fining—upward sediments related to the retreat of the grounding line, null zone,
calving line deposit, and siliceous sediments under the seasonal open marine
condition. In contrast, other core sediments from the central part of the
Drygalski Basin generally preserve the diamicton, short glaciomarine sediments,
and Holocene biogenic sediments (e.g. Brambati et al., 1997; Frignani et al.,
1998; Licht et al., 1999; McKay et al., 2008). Based on the depositional sediment
sequence, Prothro et al. (2020) reported that a seasonal open marine environment
began to develop at ~8 ka in the Drygalski Basin.

The geochemical properties (TOC, TN, biogenic opal, CaCOs3, and C/N
ratio) and §Cson values represent the degree of biological productivity in the
surface water of the continental shelf in the Ross Sea (e.g. Dunbar et al., 1998;
Frignani et al., 1998; Villinski et al., 2000; Salvi et al., 2004; Salvi et al., 2006;
McGlannan et al., 2017).These geochemical properties exhibit distinct difference
between the glacial condition due to the wide coverage of ice sheet on the
continental shelf and the interglacial condition characterized by the retreat of the
ice sheet and more influence of the seasonal open marine condition in the Ross
Sea (Domack et al., 1999; Salvi et al., 2006; McKay et al., 2008; McGlannan et
al., 2017). The §%Csom values are controlled by various factors such as primary
production in surface water, temperature and CO, concentration of seawater,

terrestrial organic carbon, and heterotrophy etc (Rau et al., 1982; Villinski et al.,
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2000; Crosta et al.,2005;Henleyetal.,2012;Bergetal.,2013; Tesietal.,2020),amongwhich§
BCgouvalues of the Ross Sea continental sediments are mainly determined by
the biogenic fractionation and productivity within the water column (Villinski et
al., 2000; Tesi et al., 2020).

The provenance of clay minerals in the Ross Sea embayment has been
still poorly investigated mainly owing to the thick ice sheet on the bedrock of
the continent. Nevertheless, previous studies reported the possible provenance of
clay minerals in the Ross Sea (e.g. Kyle, 1990; Ehrmann et al., 2005; Ehrmann,
1998; Smellie and Hole, 1998; Giorgetti et al., 2009; Frank and Ehrmann,
2010).Illite is thought to originate from the erosion of the Beacon Super Group
or crystalline rock of the Transantarctic Mountains under the ice sheet, whereas
smectite is supplied from the McMurdo Volcanic Group (Erebus, Melbourne, and
Hallett volcanic province). The source of chlorite was estimated as the bedrock
or sedimentary rock of the Transantarctic Mountains. Despite unidentified, the
source of kaolinite was estimated as paleosoils or sedimentary rock containing
kaolinite around the Ross Sea. For example, Salvi et al. (2006) reported that the
clay mineral compositions changed as the ice sheet retreated or advanced since
the LGM on the JOIDES Basin of the Ross Sea. During the deglaciation, the
retreating ice sheet supplied a large amount of smectite that originated from the
McMurdo Volcanic Group at the Victoria Land coast. Nevertheless, the
sediments at the front of the grounding zone and the Holocene sediments
contain high levels of illite and chlorite, which might have been transported
from the rocks in the East Antarctic interior.

The diatom assemblage of the continental shelf sediments in the Ross
Sea was used to interpret the environmental condition of the surface water, such
as sea ice extent or open marine conditions, despite the caution on reworking
species (Cunningham and Leventer, 1998; Crosta et al., 2004, 2005; Armand et
al., 2005; Tolotti et al., 2013; Tesi et al., 2020). Chaetoceros resting spores are
linked to the seasonal stratified meltwater from sea ice melting in spring.
Thalassiosira antarctica (cold type), E. antarcticavar. recta, F. curta, and F.
obliquecostata indicate seasonal sea ice condition. In the Ross Sea continental
shelf, Tolotti et al. (2013) reported that the diatom assemblage was changed by
the depositional condition since the LGM. They emphasized that the diatom
abundance increased with the formation of seasonal open marine condition. On
the other hand, P sulcata has been used as an indicator of the reworking
deposition. For example, McGlannan et al. (2017) reported that the dominant

diatom assemblage was shifted from the reworked species to the modern species
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at an increasing distance from the grounding line related to the retreating ice

sheet.

3. Materials and Methods

Gravity cores (GCO1, GCO2, and GC04) were collected each at three sites
(DG12-01, DG12-02, and DG12-04) along the central floor of the Drygalski
Basin and another gravity core (GC05) was collected at site DG12-05 on the
southwestern flank of the Crary Bank (Fig. 1). At each site, box cores (BCO1,
BCO02, BCO4, and BCO5) were also collected (Table 1). These cores were split,
visually described, and X-ray photographed at the Korea Polar Research
Institute (KOPRI).

The magnetic susceptibility (MS), water content (WC), grain size, total
carbon (TC), total nitrogen (TN), total organic carbon (TOC), and CaCO3; were
measured at KOPRI. The MS was measured at 1 cm interval using Bartington
MS-2B susceptibilitymeter. The WC was also measured at 1 cm interval using
1 cm thick subsamples by calculating the following equation with an assumption
of 35 psu for the salinity of seawater.

The grain size was measured at 4 cm intervals. After removing organic
matter using 10% H,0s and biogenic silica using 2N NaOH, the coarse fraction
(>63um) was analyzed using 1 phi interval sieves. In contrast, the fine fraction
(<63 uym) was analyzed using Micrometrics Sedigraph III 5120. The grain size
classification followed the scheme of Folk and Ward (1957). The TC and TN
contents were analyzed using an elemental analyzer (FLASH 2000 NC Analyzer)
with an analytical precision of less than 0.1%. Total Inorganic Carbon (TIC)
was measured using UIC CO, coulometer (Model CM5240). CaCO3 concentration
was calculated by multiplying TIC content by 8.333 (i.e., the ratio of CaCO3 and
carbon). TOC content was calculated as the difference between TC and TIC
contents.

Biogenic silica concentration was measured at & cm intervals (GCO1,
GCO04, and GCO5) and 4 cm intervals (GC02) using the wet alkaline sequential
extraction method using 1N NaOH solution at 85°C modified from DeMaster
(1981) at Pusan National University. Biogenic opal content was calculated by
multiplying biogenic silica concentrations by 2.4 (i.e., the ratio of biogenic opal
and Si) (Mortlock and Froelich, 1989). The analytical precision for the biogenic
opal measurement was *+1%.

The carbon isotope composition (6§*Cson) of the sediment organic matter
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was measured for selected sediment samples at 10 cm intervals from GCO1 and
at 8 or 16 cm intervals from GCO02, 04, and 05 using element alanalysis—isotope
ratio mass spectrometry (EA-IRMS: EuropaScientific20-20 isotope ratio mass
spectrometer) at Iso—Analytical Ltd. (UK). The §%Csom values were expressed in
conventional delta notation, which is the permil deviation from the V-PDB
standard. The analytical precision for §“Csom was approximately £0.08%.

The samples for clay mineral compositions were collected from GCO1
and GCO04 at 10 or 20 cm intervals. The organic matter was removed using 10%
H20s, and the fine fraction (<63um) was separated using a sieve. The fraction
under 2 pm was extracted using Stokes’ law, smeared on the slide, and
air—dried following Stokke and Carson (1973). An air-dried slide was treated
with ethylene-glycol for 24 h. X-ray diffraction (XRD) was performed using a
Siemens/Brucker D5005 at Gyeongsang National University with Cu—-Karadiation
(40 kV, 35mA). The clay mineral composition was identified based on the basal
reflections recorded in the XRD patterns, following the methods of Brown and
Brindley (1980) and Moore and Reynolds (1989). The four major clay minerals
(illite, smectite, chlorite, and kaolinite) were estimated by semi-quantitative
calculation using the method of Biscaye (1965). The analytical precision for the
clay mineral composition was approximately *+5%.

The samples for diatom assemblage were selected at nine horizons from
GCO1 and GCO04, respectively. The sediment treatment, slide preparation, and
diatom counting were carried out at Jeonbuk National University. The
guantitative analysis of the diatom slides was performed according to the
procedure described in Scherer (1994).

AMS "C dating was conducted at the core—top (0-1 c¢m) of BCO1 and
BCO4, two horizons of GCO1, and three horizons of GC04 (Table 2). The MC
activity was measured using the acid-insoluble organic matter (AIOM) of the
bulk sediments at Beta Analytic (USA) due to the scarcity of foraminifera in
the core sediments. The AMS 'C ages obtained by AIOM of bulk sediments
are generally biased by old carbon in the Antarctic seawater, reworking of
sediments, and glacial erosion of old sediments (e.g., Andrews et al., 1999;
Pudsey et al., 2006; Mezgec et al., 2017; Tesi et al., 2020; Ha et al., 2022). As a
result, these ages incorporate the regional marine reservoir effect (MRE) as well
as the local contamination offset (LCO) by dead carbon. The LCO should be
corrected before calibrating AMS '*C ages, assuming that the MRE and LCO
are not different between the glacial periods and the Holocene (Hall et al., 2010;
Hillenbrand et al., 2010). The MRE near Terra Nova Bay was estimated to be
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about 1.2 ka by Hall et al. (2010). The AMS "C ages of AIOM were dated 3.7
ka and 4.1 ka at the core—top of BCO1 and BCO4, respectively (Table 2). Similar
old ages of the surface sediments are normally found on the Antarctic
continental shelf (e.g. Licht et al., 1996; Andrews et al., 1999; Hall et al., 2010;
Anderson et al., 2014). Consequently, the LCO at BCO1 (2510 years) and BC0O4
(2890 years) was judged by subtracting the MRE (1.2 ka) from the core-top
AMS '"C age. This LCO was then applied to GCO1 and GCO04 for the reliable
age correction. The LCO-corrected ages were subsequently converted to the
calibrated AMS '"C age using Calib 8.2 with calibration curve MARINE 20
(Heaton et al., 2020; Stuiver et al., 2021).

4. Results

Based on the core description, X-ray photographs, and grain size results,
seven sediment facies are defined (Fig. 2 and 3): (a) clast-rich muddy
diamicton, (b) clast-rich sandy diamicton, (¢) massive mud, (d) laminated mud,
(e) bioturbated mud, (f) massive sandy mud, and (g) bioturbated sandy mud.
The clast-rich sandy or muddy diamicton contained large amounts (average
~T75% and ~35%, respectively) of coarse grains in a fine sand or mud matrix
and the mean grain sizes are 5.3¢ and 6.6g, respectively. They were observed at
the lower part of GCO1l, GCO4, and GCO5 (Fig. 3). The massive mud is
structureless fine—grained sediment (>90% of silt and clay) with a mean grain
size of 10.3g, whereas the laminated mud shows thin laminations with a similar
mean grain size of 10.4¢ (Fig. 2). These two sediment facies are intercalated in
the middle part (~2 m thick) of GC04 with a thin (~2 cm) sandy mud at 147 cm
(Fig. 3). The bioturbated mud is the fine—grained sediment (>8.7g of mean grain
size) showing a mixture by biogenic activity and containing scattered ice-rafted
debris (IRD) (Fig. 2). This material was observed mostly at the upper part of
the core (GCO1, GCO2, and GCO5) (Fig. 3). However, the bioturbated sandy mud
(7.8¢ of mean grain size) with IRD was observed at the upper part of GC04
(Fig. 3). The massive sandy mud (30-40% sand fraction) characterized by a
mean grain size of ~7¢g is lack of primary sedimentary structure (Fig. 2). The
intercalation of massive sandy mud and bioturbated sandy mud was also
observed at GC02 and GCO04 (Fig. 3). Finally, based on the association of
sediment facies, four lithologic units (Unit 1 to 4 from core—bottom to core-top)

were determined (Fig. 3).
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(1) Lithologic unit 1

Lithologic unit 1 consisted of clast-rich sandy diamicton (GCO1l and
GCO04) or clast-rich muddy diamicton (GCO5), characterized by generally high
MS (up to 200 at GCO1 and GC04, ~130 at GCO5) and low WC (~25%) (Fig. 4).
The geochemical and isotope properties of this unit are characterized by very
low TN (mostly below detection limit), TOC (~0.25%), and biogenic opal (X7%),
CaC05(<0.8%exceptforGCO1),andhighC/Nratio(>15)(Fig.5). The §“Csoy values of
Unit 1 are mostly constant ranging between ~—24% and ~—26% (Fig. 5). The
clay mineral compositions of Unit 1 are characterized by relatively high smectite
(10-23%) and chlorite (14-22%) and low illite (48-67%) content (Fig. 6). The
preservation of the diatom in this unit 1S very poor and only Paralia sulcata
appeared at GC04 (Fig. 7). The calibrated AMS '"“C ages above the unit
boundary date 13.3 ka at GCO1 and 22.9 ka at GCO04, respectively (Fig. 4).

Unit 1 was observed at the bottom part of GCO1, GC0O4 and GCO5. The
sediments of Unit 1 were characterized by sorted or unsorted granulometry with
a large amount of coarse sand or mud matrix (Fig. 2 and 3). The sediment
properties of Unit 1 are characterized by relatively high and low WC (Fig. 4).
The advanced ice sheet during the last glacial period eroded the underlying
bedrock and sediments, forming massive unconsolidated diamictons on the
continental shelf in the Ross Sea (Licht et al.,, 1999).The diamictons are
characterized by commonly high shear strength and MS intensity, poorly sorted
granulometry, large amount of coarse fraction, low WC, and absent or little
biogenic materials (Domack et al., 1999; Licht et al., 1999; Smith et al., 2019).
These geochemical properties are related to the transported old biogenic
fragments and lithogenic materials by the advanced ice sheet (Sjunneskog and
Scherer, 2005; McGlannan et al., 2017; Smith et al., 2017; Smith et al., 2019).The
geochemical proxies of Unit 1 indicate very low biogenic productivity due to the
wide coverage of the ice sheet and, particularly, high C/N ratios might be
attributed to eroded terrestrial sediments (Anderson et al., 1984; Domack et al.,
1999; Salvi et al., 2006; McGlannan et al., 2017; Prothro et al., 2018; Smith et al.,
2019).

(2) Lithologic unit 2

Lithologic unit 2 consists of the thick massive mud intercalated with
thin laminated mud occurring only at the middle part of GC04 (Fig. 3), which is
characterized by low MS (~30) and high WC (~70%) (Fig. 4). The geochemical

and 1sotope properties of Unit 2 are mostly consistent with tiny fluctuations,
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showing TN (~0.03%), TOC (~0.5%), C/N ratio (~18), CaCO3 (~0.02%), biogenic
opal (~2%), and 6§%Csom (-24.5%) (Fig. 5). The clay mineral composition of this
unit is similar to that of Unit 1 such as relatively high smectite (9-26%) and
chlorite (13-18%) and low illite (53-67%) content (Fig. 6). The occurrence of
diatom is barren similar to Unit 1, except for the appearance of Fragilariopsis
curta and F. kergulensis at the middle of Unit 2 (Fig. 7).

Unit 2 was observed only at the middle part of GCO4, consisting of
massive mud intercalated with laminated mud, although a sand layer (2 cm
thick) was intervened at 148 cm (Fig. 3). Based on X-ray photograph, the sand
layer seems to be deposited accidentally by lateral transport from the
topographic high of the inner bay at the western side of the basin rather than
the deposition of IRDs. The sediment properties of Unit 2 are characterized by a
thick massive mud layer with homogeneous MS and high WC and without
pebbles (Fig. 4). Similar sediment properties were reported in the massive or
faint laminated mud in the Ross Sea and Amundsen Sea (McGlannan et al.,
2017; Simkins et al., 2017; Smith et al., 2019). The old AMS 'C ages in Unit 2
are, without doubt, due to the incorporation of old organic matters. The
geochemical proxies of Unit 2 are characterized by a slight increase in TOC,
TN, and §%Csom values and a decrease in C/N ratios and biogenic opal and
CaCOs contents (Fig. 5). Domack et al. (1999) reported that the fine—grained
sediments deposited by meltwater plume from the grounding line contained more
biogenic materials than the diamicton. The increasing biogenic materials are not
generated in the surface water under the ice shelf condition, but transported to
deposit farther by the currents from the calving line which is located under the
seasonally open marine condition (Prothro et al., 2018; Smith et al., 2019). The
geochemical proxies of Unit 2 indicate that the fine sediment was transported by
the meltwater plume from the grounding line with little amount of biogenic

material from the open marine area farther from the DIT.

(3) Lithologicunit 3

Lithologic unit 3 consists of alternating sandy mud and massive mud at
the lower part of GCO2 and at the upper part of GC04 (Fig. 3), showing the
fluctuation of MS (50-200) and WC (20-74%) (Fig. 4). The geochemical and
isotope properties (TN: ~0.02%, TOC: ~0.4%, C/N: ~16, CaCOs3: ~0.05%, biogenic
opal: ~2%, and 8"Csom: ~—24.6%) of Unit 3 are similar to those of Unit 2,
despite the slight fluctuations (Fig. 5). The clay mineral composition of this unit

falls between Units 2 and 4 (Fig. 6). The occurrence of diatom in Unit 3 is also
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similar to that of Unit 2, with only the appearance of F. curta and F.
kergulensis and mostly absence (Fig. 7).

Unit 3, observed at cores GCO0Z2 and GCO4, is characterized by the
alternation of mud and sandy mud layer with rich pebbles, gravels, and sand
fractions (Fig. 4). Despite the uncertainty of the precise timing, while the
retreating position of the ice shelf edge is unclear, the grounding line located at
the coast of the Victoria Land and DIT until about 4 ka (Prothro et al., 2020).
When the ice shelf was broken up, many dropstones from the icebergs were
deposited on the seafloor. However, it is difficult to find the sediment layer
indicating the deposition at the calving line due to its unstable position and the
random supply of dropstones (Smith et al., 2019; Prothro et al., 2020).
Nonetheless, the sediment layer deposited at the calving line was reported by
previous studies on the Ross Sea, Antarctic Peninsula and Prydz Bay (Domak
and Harris, 1998; Domack et al., 1998; Kilfeathe et al., 2011; McGlannan et al.,
2017). The geochemical proxies of Unit 3 are similar to those of Unit 2 as
relatively low TN, TOC, and biogenic opal content with high C/N ratios and &
BCeom values (Fig. 5). Previous studies reported the different geochemical
characteristics at the calving line showing the increasing biogenic materials due
to the seasonal open marine condition or similar properties to the diamicton
proximal at the grounding line such as a large amount of sediments by the
meltwater discharge (Domack et al., 1999; McGlannan et al., 2017). The
geochemical proxies of Unit 3 indicate that the sediments contained the

transported sediments from the inner shelf or Antarctic continent similar to Unit
2.

(4) Lithologicunit 4

Lithologic unit 4 occupies the upper part of all cores as the bioturbated
mud (GCO1, GCO02, and GCO5) and bioturbated sandy mud (GCO04) containing
scattered IRDs (Fig. 3). In general, the MS is low (20-60) and the WC is high
(~60%) in this unit, but the MS depends on the IRDs and sand fraction (Fig. 4).
The geochemical properties of Unit 4 are characterized by a gradual increasing
trend (TN: from 0.02% to 0.15%, TOC: from 0.2% to 1.0%, and biogenic opal:
from 2% to 35%) with constantly low C/N ratios (~8) (Fig. 5). CaCOs3 content is
also mostly low (£0.02%) and all core-tops mark the minimum (Fig. 5). The
§¥Csom values range between —27.1 and —23.8%, particularly showing the
lowest value (~—27%) at the middle part of Unit 4 (Fig. 5). The clay mineral
composition of this unit is characterized by high illite (64-88%) and low
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smectite (0-14%) and chlorite (8-15%, except for 21% in GC04) (Fig. 6). Unit
4 preserves a high number (>7 “107/g) of diatom valves consisting of diverse
species (Fig. 7). The calibrated AMS 'C ages in Unit 4 are 4.6 ka at middle
part of GCO1 and 20.6 ka and 7.7 ka at the bottom and middle parts GC04 (Fig.
4).

Unit 4 is observed at the top of all gravity cores and consists of
bioturbated mud or sandy mud with dispersed IRDs (Figs. 2 and 3). The AMS
"C ages at the middle of Unit 4 in GCO1 confirmed that the sediments were
deposited during the Holocene, although the ages at the bottom were relatively
old due to the inclusion of old carbon. While the sediments transported from the
subglacial ice and Antarctic continent decreased dramatically, the biogenic
materials originating from the surface water increased to depositon the
continental shelf under the seasonal open marine conditions after the retreat of
the ice sheet and ice shelf on the continental shelf (e.g. Smith et al., 2011;
Hillenbrand et al., 2014; Larter et al., 2014; O Cofaigh et al., 2014; McGlannan et
al., 2017). The geochemical proxies of Unit 4 are characterized by the gradual
increase in TOC, TN, and biogenic opal contents and a decrease in C/N ratios
(Fig. 5). The CaCOs contents of Unit 4 are mostly very low. Generally, these
geochemical proxies indicate that the biogenic productivity in the surface water
increased after the onset of the seasonal open marine system in the continental
shelf of the Ross Sea (Domack et al., 1999; Mosola and Anderson et al., 2006;
Salvi et al., 2006; McGlannan et al., 2017; Prothro et al., 2018). The geochemical
proxies of Unit 4 indicate that the biogenic productivity in the surface water
increase under the seasonal open marine condition after the retreat of the ice

shelf on the northern Drygalski Basin.

5. Discussion

(1) Paleoenvironmental reconstruction of Unit 1 in the Drygalski Basin

Prothro et al. (2018) divided the types of the diamicton in the Ross Sea:
subglacial diamicton as till on the topset of the grounding zone wedge,
proglacial diamicton on the foreset of the grounding zone wedge, and proglacial
diamicton near the grounding zone. The subglacial diamicton which is deposited
under the advanced ice sheet is characterized by constantly high MS, low sand
content, constant pebble abundance, and low WC (Anderson et al., 1980;
Cunningham et al., 1999; Licht et al., 1999; Prothro et al., 2018; Smith et al.,
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2019). The proglacial diamicton deposited mostly by debris flow is characterized
by a sandy silt matrix, constant pebble abundance, constantly high MS, and
relatively low WC, whereas proglacial (or pelletized) diamicton near the
grounding zone deposited by basal debris melt—out is characterized by the sandy
silt matrix, wvariable MS and pebble abundance, and relatively high WC
(Anderson et al., 1980; Cunningham et al., 1999; Licht et al., 1999; McKay et al.,
2012; Prothro et al., 2018). The sediment properties (MS, granulometry, and WC)
of Unit 1 in GCO1 fluctuated, while those in GCO4 and GCO5 were mostly
constant (Fig. 4). The sediment properties of Unit 1 in GCO1 corresponds to the
diamicton deposited by the basal debris melt—-out under the glaciomarine
environment at the front of the grounding line during the retreating of the ice
sheet. On the other hands, Unit 1 in GCO4 and GCO5 is the diamicton deposited
by the debris flow proximal to the grounding line.

The poor relationship among geochemical proxies in Unit 1 confirms that
in situsurface water productivity was not their main source (Fig. 8). Almost
barren diatoms in Unit 1, except for the upper boundary (Fig. 7), also confirms
that the biogenic fragments were recycled. These results are supported by
previous studies reporting the absence of diatoms or the presence of reworked
species in the glaciomarine diamicton on the Ross Sea continental shelf (Licht et
al., 1996; McKay et al., 2008; Tolotti et al., 2013; McKay et al., 2016). The
appearance of the reworked and sea ice taxa at the top of Unit 1 may suggest
the lift—off of the retreating ice sheet and the intrusion of seawater in the study
area.

The CaCOj3 content of the diamicton is generally low, except for the
supply of old reworked foraminifera fragments (Cunningham et al., 1999; Melis
and Salvi, 2009; Kilfeather et al., 2011). Melis and Salvi (2006) found out the
reworked foraminifera fragments from the diamicton on the JOIDES Basin,
where the diamicton consisted of the old inner shelf sediments eroded by the
WAIS. On the other hand, the foraminifera are completely barren in the
diamicton formed by the directly in the Drygalski Basin. The slightly high
CaCOg content (~2 %) of Unit 1 in GCO5 is due to the reworked foraminifera
from the inner shelf. The §"”Csox values of Unit 1 are almost constant (about
—-25 to—26%) (Fig. 5). Ohkouchi and Eglinton (2006) reported that the §"“Csom
values of the terrestrial sediments from the Antarctic continent are —24% to —
32%. Because of the diamicton components, the §“Csom values are mainly
affected by the old organic matters transported by the ice sheet rather than the

fresh organic matters generated in the surface water. In addition, the invariant §
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13Csom values of Unit 1 indicate that the sediment source of diamicton was not
changed during deposition.

The smectite content of the shelf sediments in the Ross Sea is locally
different up to 80% at the McMurdo Sound (Ehrmann, 1998; Salvi et al., 2006;
Franke and Ehrmann, 2010; Jung et al., 2021). The supply of smectite from the
McMurdo Volcanic Group changed, depending on the advanced ice sheet and
surface currents in the continental shelf (Brambati et al., 1997; Salvi et al., 2006;
Ha et al., 2022). On the Pennell Trough, more smectites were supplied from the
McMurdo Sound during the LGM (Salvi et al., 2006). The smectite content of
Unit 1 is high (10-24%) during the last glacial and deglacial period (Fig. 6).
The smectite provenances are known as the Erebus volcanic province (>60%)
near the McMurdo Sound and the Melbourne volcanic province (~12%) near
Terra Nova Bay (Ehrmann et al., 2005; Jung et al., 2021). The advanced ice
sheet from the Erebus volcanic province supplied smectite-rich sediments to the
Drygalski Basin whereas the ice sheet from the Melbourne volcanic province
transported smectite—poor and illite-rich sediments to the northern part of
Drygalski Ice Tongue. Thus, the smectite-rich sediments of Unit 1 were

deposited during the retreat of the grounding line of the advanced ice sheet.

(2) Paleoenvironmental reconstruction of Unit 2 in the Drygalski Basin

The grounded ice sheet retreated to the western and southern sides of
the Drygalski Basin during the deglacial period (Greenwood et al., 2018; Rhee et
al., 2020). Although the ice shelf and grounding line in the Drygalski Basin
retreated continuously during about 11-8 ka to the Victoria Land coast, the
retreat of the ice shelf is much slower than that of the grounding line
(Halberstadt et al., 2016; Prothro et al., 2020; Rhee et al., 2020). The northern
basin of the DIT could be located under the ice shelf environment. The
fine—grained sediments can be transported by meltwater plume from the
grounding line farther by 250 km along the continental shelf under the ice shelf
(Domack et al., 1999; Simkins et al., 2017; Smith et al., 2019).In addition, the
current from the open marine area transported the open marine diatom and fine
sediment to the sub-ice shelf (Domack and Harris, 1998).Domack et al. (1999)
already reported that, during the retreat of the ice shelf on the Ross Sea, the
structureless silty clay interval was deposited at the northern part of the
Drygalski Basin. Based on our results, the massive and laminated mud layer of
Unit 2 could be deposited until 8 ka by continuous or temporal supply of the

fine—grained particles by the meltwater from the grounding line during the ice
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sheet retreat (e.g. Simkins et al., 2017; Smith et al., 2019).

The poor relationship among the geochemical proxies also indicates that
the bilogenic materials are not produced by the surface water productivity,
similar to Unit 1 (Fig. 8). The increasing TOC and TN contents were attributed
to more transport of fine—grained sediments containing biogenic materials by the
currents from the ice—uncovered areas. In contrast, the decreasing C/N ratios are
due to the decreasing meltwater plume from the grounding line. Cunningham et
al. (1999) reported that the biogenic silica in the massive mud facies of the
Drygalski Basin was a mixture of the transport from the grounding line and
supply by in situdiatom production. Although the diatom valves appeared nearly
barren, the sea ice diatom taxa were observed at middle part of Unit 2 (Fig. 7).
However, the biogenic opal content of Unit 2 is almost minimum (Fig. 5). It
implies that the distance of GC04 from the grounding line and the seasonal open
marine area might be too far to transport the reworked and in sitfuproduced
diatoms.

The CaCOs content of Unit 2 is lower than that of Unit 1. The CaCOs
content consists mainly of the benthic or planktonic foraminifera in the
continental shelf on the Ross Sea (Anderson et al., 1984; Capotondi et al., 2018).
The intrusion of Circumpolar Deep Water (CDW) into the continental shelf could
dissolve CaCOs on the surface sediments (Anderson, 1975; Kim et al., 2020). The
very low CaCOs content of Unit 2 resulted from the limited carbonate production
due to the subglacial ice shelf environment. Furthermore, CaCOs; might be
dissolved by the modified CDW from the outer continental shelf. The constant &
BCeom values (about —25%) of Unit 2 are higher than those of Unit 1 (Fig. 5).
While the retreat of the grounding line ceased temporally in the Drygalski
Basin, Unit 2 indicates that the sediment is delivered mainly by the meltwater
plume under the ice shelf from the grounding line with the sediment transported
by the currents from the seasonally open areas.

The clay mineral compositions of Unit 2 are similar to those of Unit 1,
characterized by relatively high smectite and low illite (Fig. 6). The relatively
high smectite content is interpreted as the transport of eroded sediment from the
McMurdo volcanic province located at the south of Drygalski Basin. The clay
mineral composition of Unit 2 indicates that the sediments were still supplied by
the meltwater plume from the grounding line at the southern side of the

Drygalski Basin to the northern side under the subglacial ice shelf system.

(3) Paleoenvironmental reconstruction of Unit 3 in the Drygalski Basin
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Following the retreat of the ice shelf, the calving line retreated landward.
The MS and WC of Unit 3 fluctuated with the coarse fraction (Fig. 4).
McGlannan et al. (2017) reported the ice shelf breakup facies in the outer
continental shelf of the Whales Deep Basin in the eastern Ross Sea. This
sediment facies is characterized by the massive sandy silt to mud matrix with
large IRDs and variable MS and WC. The sediment properties of Unit 3 are
similar to those of sediments deposited under the calving line. In addition, the
alternation of the sandy mud and mud layer in Unit 3 might form by the
temporal meltwater plume under the remaining local ice shelf near Terra Nova
Bay. The sorting of transported sediments is controlled by the amount of
meltwater discharge and the current velocity under the ice shelf (Kirshner et al.,
2012; Simkins et al., 2017). Yokoyama et al. (2016) suggested the possibility of
the remaining local ice shelf at the western coast of the Ross Sea, although the
ice shelf had already retreated to the southern side of the Drygalski Basin.
Hence, the sediments of Unit 3 were deposited by the meltwater plume beneath
the local ice shelf from the grounding line with many IRDs at the calving line.

The geochemical proxies characterized by the low biogenic productivity
and high C/N ratio might reflect little increase of the biogenic production in the
surface water. However, the correlation among the geochemical proxies is
relatively stronger than Unit 2 (Fig. 8). The better relationship reflects that
more biogenic materials of /n sifu production in the surface water were
deposited under the calving line.

Despite a slight increase in CaCOjz content of Unit 3, carbonate
productivity by the planktonic or benthic foraminifera did not increase at the
calving line due to the very low values (£0.1%) (Fig. 5). The foraminifera
community observed at the inner and outer sides of the calving line in the Ross
Sea was controlled by the position of the calving line, multi-year sea ice, water
mass, or katabatic wind (Pawlowski et al., 2005; Majewski et al., 2018).
However, the skeleton of the dead foraminifera on the surface water could be
easily dissolved by the corrosive water mass (Majewski and Anderson, 2009;
Melis and Salvi. 2009; Majewski et al., 2016). The very low CaCOs values of
Unit 3 seem to be affected by the intrusion of the corrosive water mass,
despite the presence of foraminifera community. The §%Csoy values of Unit 3
were also similar to those of Unit 2 (Fig. 5). Based on the results of the
geochemical proxies of Unit 3, the increased biogenic particles byin situ
production could change the §Csoy values. However, the sediments of Unit 3

were still affected strongly by the meltwater plume from the grounding line
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based on the sediment properties. The constant §%Csom values of Unit 3
compared to Unit 2 were affected by the meltwater plume more than the
biogenic productivity under the calving line.

The appearance of diatom is not abundant, but diatom assemblage
(Chaetocerosresting spore, F. kerguelensis, and F. curta) indicate a seasonal sea
ice environment and biogenic productivity in the surface water during the
Holocene (Fig. 7). Sjunneskog and Scherer (2005) reported that the diatom
assemblage was a mixture of reworked and modern taxa at the calving line
sediments in the central Ross Sea. The low diatom abundance and low diatom
assemblage are a result of winnowing and transport by the current
(Cunningham et al., 1999; Taylor et al., 2001; Sjunneskog and Scherer, 2005).
The presence of modern diatom taxa suggests in situ biogenic productivity in
the surface water, but the low diatom abundance might indicate low productivity
in the surface water or poor preservation of the diatom frustule under the
calving line.

The clay mineral composition of Unit 3 is characterized by relatively
high smectite and low illite contents with an upward decreasing smectite toward
Unit 4. Furthermore, kaolinite and chlorite contents are relatively high at several
intervals. As explained, the main source of the smectite is restricted in the Ross
Sea. The transport by the current, iceberg, wind, and meltwater in the
continental shelf controlled the clay mineral compositions (Hillenbrand et al.,
2003; Ehrmann et al., 2011). The decreasing smectite content indicate that the
supply from the source area is limited by the weakening of erosion and/or
transport. Lee et al. (2017) suggested the eastern and east-western ice flow
from the southern Victoria Land to the southern part of the DIT during the
deglacial period. This ice flow could block sediment transportation from the
southern to the northern Drygalski Basin. The source area of kaolinite and
chlorite is not clear, but its basement rock was distributed at the Transantarctic
Mountains on Victoria Land (Cooper and Davey, 1985). The decreasing smectite
and increasing kaolinite and chlorite indicate that the sediment supply declined
from the southern Drygalski Basin and increased from the bedrock in the local

coastal area.

(4) Paleoenvironmental reconstruction of Unit 4 in the Drygalski Basin
The sediments of Unit 4 are characterized by the lower MS and higher
WC due to the less coarse fractions, compared to Unit 1 diamicton (Fig. 4). The

low MS intensity of the Holocene sediments is generally attributed to the
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lowernumber of IRDs transported by the icebergs or sea ice during the warm
climate conditions (Hillenbrand et al., 2010; Weber et al., 2014; Shin et al., 2020;
Ha et al., 2022). The coarse particles of the Holocene sediments on the
continental shelf of the Ross Sea are generally transported by IRDs or gravity
flow or otherwise they were the remanent sediments winnowed by the strong
bottom current (Anderson et al., 1984; Langone et al., 1998; Salvi et al., 2006;
McKay et al., 2008). The northern side of the DIT has experienced seasonal
open marine conditions since 8 ka, resulting in increased biogenic productivity in
the surface water (Hall et al., 2004; McKay et al., 2008; Yokoyama et al., 2016;
Prothro et al., 2020). Based on the results, Unit 4 reflects the seasonal open
marine condition after the complete retreat of the ice shelf during the Holocene.

The biogenic materials from the surface water increase during middle to
late the Holocene on the Ross Sea (Prothreo et al., 2018; Tesi et al., 2020). The
variation of the geochemical proxies of Unit 4 is similar to the result of
previous studies reporting that biogenic materials by the surface productivity
increased under the seasonal open marine condition and carbonate was dissolved
by the corrosive water on the continental shelf. Additionally, the relationship
among the geochemical proxies indicates that the biogenic materials in Unit 4
originated from /n situproduction in the surface water (Fig. R).

The variation of §%Csom values, showing the upward decrease and
increase with the lowest value at the middle part, is different from that of TOC
and biogenic opal contents, showing continuous increase without a peak in GCO1
(Fig. 5). The decrease in §"“Csoy values is generally affected by the terrestrial
organic matter under the sub-—ice sheet or ice shelf environment. However, more
deposition of terrestrial organic matter is difficult after the complete retreat of
the grounding line, and the §%Csom values are strongly influenced by the
primary production under the seasonal open marine condition in the Ross Sea
(Villinski et al., 2000; Tesi et al., 2020). The degree of the primary production is
controlled by the duration of the open water, sea ice formation, diatom taxa and
nutrient utilization, etc (Fischer, 1991; Leventer et al., 1993; Cunningham et al.,
1999; Arrigo et al., 2000, 2003; Smith et al., 2014; Alderkamp et al., 2019). The
diatom assemblage and sea ice formation at the western coast of the Ross Sea
during the warmer middle Holocene were different from the modern condition
(Mezgec et al., 2017; Jones et al., 2021; Hall et al., 2023). Tesi et al. (2020)
reported that the relationship between the low 6%Csou values and the long
duration of the open marine environment was characterized by the dominant

diatom species (Corethron pennatum) during the middle to late Holocene in the
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northwestern Ross Sea. The decrease in §“Csoy values at the middle part of
Unit 4 may be attributed to the different diatom species under the gradual
increase of primary productivity during the warm Holocene, although other
additional factors cannot be ruled out.

The diatom assemblage at the middle part of Unit 4 1is also
characteristic (Fig. 7). At the lower part of Unit 4, the reworking diatom (2.
sulcata) is dominant, but C. criophilum accounts for up to 17% with the highest
at 129 cm in GCO1l. This open marine species indicating the spring melting
season in the continental shelf is distributed widely in the Antarctic Ocean
(Gersonde and Wefer, 1987; Leventer et al., 1993; Crawford, 1995). The absence
of C. criophilumin GC0O4 might be due to poor preservation. At the upper part,
F. curta, F. kereguelensis, 1. antarctica, and E. antarcticavar. recta, indicating
the seasonal sea ice formation, are dominant. The deposition of Unit 4 reflects
the seasonal open marine environmental conditions after the complete retreat of
the ice shelf during the Holocene. Mezgec et al. (2017) reported that the diatom
species during the middle Holocene (5.8-3.6 ka) at the Victoria Land coast was
different, characterizing the early sea ice retreat and a long ice—free season.
During the middle Holocene, the warm climate leads to the bloom of C.
criophilum and the appearance of open marine species F. obliguecostata(Fig. 7).
During the late Holocene, the neoglacial climate cooling maintains the long
duration of sea ice characterized by dominant sea ice species in the northern
Drygalski Basin. Fischer (1991) reported the different relationship between the
low §%Csom values and dominant C. criophilum and between high §"Cson values
and dominant 7halassiosira spp. around the Antarctic continental margin. The
diatom assemblage and §%Csom values in Unit 4 were related to the climate
change during the middle to late Holocene.

The clay mineral composition of Unit 4 is characterized by relatively
lower smectite and higher illite contents (Fig. 6). Under the seasonal open
marine system, the clay mineral composition of the fine-grained sediments on
the continental shelf is controlled by the current rather than ice flow
(Hillenbrand et al., 2003, 2009). Salvi et al. (2006) reported the significant
decrease of smectite content during the late Holocene which was caused by a
decline in the glacial transport of sediment from the inner shelf. The decreasing
smectite content in Unit 4 is caused by the reduction of the eroded and
transported sediments from the McMurdo Sound by the glacial ice. The other
clay minerals are still supplied from the basement rocks on Victoria Land

underneath the glacier to the Drygalski Basin. Although the smectite could be
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supplied from the Melbourn Volcanic province near Terra Nova Bay, its content
was not comparable to that from the McMurdo Sound province (Frank and
Ehrmann, 2010; Jung et al., 2021). The clay mineral composition of Unit 4
indicates that the sediment supply from the southern side of the Drygalski Basin
decreased while that from the local source area was continuous to the northern

Dryaglaksi Basin.

(5) Paleoenvironmental evolution in the Drygalski Basin since the Last Glacial
Maximum

Although AMS '"C ages could not provide the exact timing on the
retreat of the ice sheet and ice shelf presumably due to the incorporation of old
carbons, the variation of sediment deposition suggests that a successive change
of glaciomarine depositional environment in the northern Drygalski Basin of the
Ross Sea.

The subglacial circumstance at the northern part of the DIT maintained
until at least 11 ka and the grounding line retreated southward between 11-10
ka (Licht and Andrew, 2002; Halberstadt et al., 2016). Unit 1 is characterized by
unsorted granulometry, high MS, low WC, high smectite content, low §
BCsouvalues,andlessbiogenicmaterialswithalmostbarrenofdiatomandreworkeddiatomt
axa. The depositional process of Unit 1 in the Drygalski Basin was strongly
affected by the advanced ice sheet from the western and southern sides of the
Drygalski Basin under the proximal to the grounding line condition (Fig. 9a).

The grounding line in the Drygalski Basin retreated to the present DIT
position at about 8 ka and the ice shelf covering its northern part was pinned
to stop retreating by the Crary Bank and the Terra Nova Bay (Halberstadt et
al., 2016; Greenwood et al., 2018; Prothro et al., 2020; Rhee et al., 2020). Unit 2
consists exclusively of the massive mud characterized by relatively low MS, a
slight increase of biogenic materials, slightly high §"Csoyu values, a decrease of
C/N ratio, high smectite content, and a barren of diatom with the appearance of
sea ice taxa.The sediments of Unit 2 were supplied continuously by the
meltwater plume during the sub-ice shelf condition from the near local ice shelf
to the northern part of the DIT (Fig. 9b). In addition, the sediments from the
seasonally open marine areas were transported to deposit by the currents under
the ice shelf. On the other hand, the debris flow proximal to the grounding line
could not influence the study area.

After the retreat of the grounding line ceased at the DIT, the calving

line retreated continuously toward the DIT and the small bay at the Victoria
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Land coast. Unit 3 is characterized by the alternating sandy mud and mud with
many coarse fractions and fluctuating MS and WC. The geochemical proxies
and §%Csom values are similar to those of Unit 2. The breakup of the ice shelf
supplies a large amount of IRDs and the meltwater plume from the grounding
line transport the mud or sandy mud to the northern Drygalski Basin. In
addition, the seasonal open marine condition developed by the breakup of the ice
shelf and the biogenic materials were deposited at the north side of DIT (Fig.
9c¢). Although biogenic production in the surface water began around the calving
line, the influence of the meltwater plume from the nearby grounding line was
stronger at the northern part of the DIT.

The northern Drygalski Basin retained the seasonal open marine
condition after the complete retreat of the ice shelf (Yokoyama et al., 2016;
Prothro et al., 2020; Rhee et al., 2020). Unit 4 consists of the bioturbated
sediment facies, which is characterized by relatively low MS, C/N ratio and
smectite content, distinct increase of biogenic materials, and an upward decrease
and increase of §“Cgoy values with abundant diatoms and diverse diatom taxa.
The biogenic components of the Holocene sediments increased by the enhanced
biogenic productivity in the surface water, while the sediments transported by
the ice and meltwater decreased dramatically (Fig. 9d). The variation of sea ice
duration by the climate change during the middle Holocene strongly affected the
diatom assemblage and §“Cson values. In addition, the detrital fine-grained

sediments were delivered mainly from near the Victoria Land coast.

5. Conclusions

Gravity and box core sediments were analyzed in terms of the sediment
and geochemical properties, carbon isotopic values of sediment organic matter,
clay mineral compositions of fine—grained sediments, and diatom assemblage
along with AMS !C dating of bulk sediments. These results determine the
paleoenvironmental change and depositional evolution in the glaciomarine
sediments related to the retreat of the ice sheet and ice shelf in the northern
Drygaski Basin since the LGM. The relatively old AMS 'C ages of the bulk
sediments are generally due to the incorporation of old and reworked carbons on
the continental shelf, as dated by 3.7 and 4.1 ka at the core—-top sediments.
Nevertheless, AMS C ages distinguished pre-Holocene, early to middle
Holocene, and late Holocene sediments. Based on the analytical results, the

sediments were classified into seven sediment facies (clast-rich muddy or sandy
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diamicton, massive or laminated or bioturbated mud, and massive or bioturbated
sandy mud), which were used to delineate four lithologic unit on the basis of
depositional evolution since the LGM.

The glaciomarine sediment deposition in the northern Drygalski Basin
was strongly affected by the retreating ice sheet and ice shelf since the LGM
and the climate change during the Holocene. The advanced ice sheet transported
a large amount of sediment toward the basin floor proximal to the grounding
line. The ice shelf on the Drygalski Basin restricted the biogenic productivity. It
resulted in the deposition of sorted sediments by the meltwater plume from the
nearby grounding line at the Victoria Land coast. During the retreating calving
line, abundant coarse particles were supplied to the seafloor at the north side of
the DIT. The climate change during the middle Holocene was also essential in
controlling the seasonal open marine condition and the diatom assemblage in the

northern Drygalski Basin.
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Figure 2. Classification of seven sediment facies based on the X-ray
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Fallacy of paleoproductivity signals L.}

by the recycled biogenic components: case
study in the Central Basin of the northwestern
Ross Sea

Boo=Keun Khim' @, Sunghan Kire?, Min Kyang Lee™, Young Kwan Sobn?, Jae Il Lee? and Kyu-Cheul Yoo©

| Abstract
Core LC42, retreved from the Central Basin of the northweszern Ross Sea, contans three distinct sediment facies
{IRD [ice-rafted debris)-poor bioturbated sandy mud, IRC-nch massive sandy mud, and laminated mud) that are
interleaved with each other and deposited owver the Last 1 Ma. The biogenic components (blogenic opal, total
onganic carbon, and total nitrogen) of the laminated mud layers are consistently higher than the other two facies
throughout the core. Based on the depaositional succession of sediment facies and IRD-related depositional processes
0 the Antarctic continental margin, the laminated miud layers withiout IRD have been deposited during the gla-
cial periods, but the enhanced paleopsoductivity in terms of biogenic components during the mud deposition
s unexpected. Backscattered electron imagery substantiates distinctly different componentry of the alternating
Eght and dark laminae in the laminated mud. In particulas, the light laminae contain scattered diatom fragments
and eroded sand-sized lumips of foss-bearing mud, whereas the dark laminae are clayey and diatomaceous Both
laminae thus are characterized by the high biogenic components, but they are interpreted to have been principally
recydizd from older depasits because diatom fragments are maostly reworked and old and their archives are poorly
preserved. During the glacial periods, these laminated muds were deposited downward by milky plumes of meltwa-
ter discharged underneath the advancing glaciers that scoured the earlier-deposited and semi-consolidated diatom-
nich sediments. Our study thas highlights that the recycling of biogenic particles should be precautious 1o avoid
the fallacy of palecclimatic interpretation in fommulating dimate-productivity models in the Antarctic continental
margen.
Keywords Climate-productivity model, Antarctic continental margin, Biogenic components, Recycled diatoms, Ross
Sag
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1 | INTRODUCTION

Abstract

Glachomarine laminated muds around the Antarctic continental margin are important
in the marine geological record related to loe sheet dynamics. Microsoople observa-
tion and hackseatterad slectron imagery of Pletstocens aminsted muds in the Central
Basin (Ross Sea) reveal that the light laminee comprise terrigenous angular to sub-
angular siit-sized particles, scattered diatom fragments, and eroded sand-sized lumps
of fosafl-bearing mud. In contrast, the dark laminges sre clayey and blogenic with wety
tiny pleces of fossils. These laminated muds are interpreted 1o have been deposited
by subglacial meltwater plurmes underneath the sdvancing glaciers that tom off the
earlier-deposited and semi-consolidated diatom-rich sediments. Thus. most blogenic
companents of these laminated muds were recycled from older deposits, Indicating
that they are not relsted to enhanced béological production during the mud depasi-
tion. Our study sugpests that the recycling of blogenic parthtles should be conshd-
ered when interpreting the palssaclimatic and palasoceanographic implications of
ﬁ.nurd&:awkmmim

EKEYWODRDS
antarctic continental i ime

| musds. paleoceanography

to the pres=nce. absence. and collapse of ice shelves (Domack &
Porwedl, 201E)

The Antarctic loe Sheet [AlS] has played a crucial rode in atfecting
the environmental conditions refated to the s=diment depositional
system in the Sowthern Ocean. Coll=oni =t al [D01E) reviewed the
responses of the Antarctic environmental system to the changes
in e sheet basal hydrology, continental margin evolation. and
ocean dnculation through the complicsted processes across . the
ice-hed-poean interfaces of the AlS. In particolar, the Antarctic ice
shelves are the terminus of the AlS glaciers that responds sensi-
tiwely to the ioe-sheet dynamics around the Antarctic consinental
margm {Smith et al, 201%L |n this context, the marine geologs-
«al signatures of ghacial-interglacial cycles have been well reoog-
nired from the studies af the Antarctic continental margin refated

Stundies of the depositional processes of gleciomarine sediments
in the Amtarctic marine setiings kve offered imporkant does to un-
derstanding the diverse interplay among the scs sheet, ice shelf, and
oc=an within the Antarctic depasitionall systems. In the Antarctic
continental margins, two general types of glaciomarine laminated
s=diments have been reported: mimated terrigenowes muds and
laminated biosificeous muds. The former generally occors o the
continental stope and rise and B thought to be the prodwct of con-
tour currents {eg . Anderson, 1999). The glarial s=diments in the
Pacific margin of the Antarctic Peninsula consist of this type of muds
[Lucchi & Rebesoo. 2007; Pudsey, 2000; Venut ot al 20318 In ad-
dition, Domack (19904 reported a rhwthmically laminated sequence
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ARTICLE I1NFO ABSTRACT

Aetiche hismory: Tihe repeated grovwih and redoction of the i sheet have comtrolied the strilong variation of the oonfinenta) shelf ews
Recetved 26 May 2003 wiromment in the Ross Sea. Paroularly, gaciomarine shelf sedimerntanion is closefy related 1o the soe sheet dynamic
Recetved | reviosd Rom 17 Aag 2T and i shelf development since the Last Glacial Maxinsam (LEM]). Using the four gravity [and bax) cores obtained
f“mimm 203 irom the morthem Dingaleln Basin in the wesiern Ross Sea, multispeoxies incioding sediment properties, geocheme

ical prowies, carbon ispbopic valses of orgamic marter, day minesal compositions of fine=grained sediments, and
Edimr: Or. Sran jones distom assemblage were anatyred with AMS *( dating from bull organic matters. Based on the core descriptian,
Yeradiograph oervation, and rewlis of grain sz desmibutson, the core sediments were dasufied mio the seven

Kevmavdi i, maesive sanchy mnd, and binturbated sandy muxd. The associaton of these sediment faoes defines the four |tk
Comnnema sterll sedineans ocilogic mmits.in tenms of the depositional evolution. Lechologic unit 1 represents damicton deposited prooimal fo e
e shier Mhﬁuhnﬂmnﬂnhvmﬂml&lﬂuﬂ:mmmnm
Bce shest romrnal o the grounding line. L hologic unit 2 ¢ if the o f unler the subeice shelf mne
?ﬂ:‘:{w mm&ummhwmmmmmmmmhw
b i Rain ice sheelf fioor. The ogenic materials were giso ransparted from the seasonal open marne anea 1o the Subeice sheif
st S bry the currents. Lichologse unit 3 was composed of sandy o ared mud with abusdant dropstones that might kave

heen deposited at the rabving line. As the cabng line pazsed the Drypaish Basin, 3 large amount of the onarse frace
ions was depossied. due i soe shell breakasp, The tenrestnal sediments from the Wictonia Land onastwere tramsported
from the £ Jing Ene of the ined local ice sheet, when the caving line passed the porth side of Drygalska loe
Tongoe. Lahologic amt 4 comprises the bomrbated mud and sandy msd that were deposited under the seasonal
trial secimentation decreased under seasonal open marine conditiors. The digtom avsemblage and 6" vahues of
sediment arganic matter indicate the mid=Holocene wanm climate with more sea o melticg: Sinoe the LEA, the
padepemaroomental change ard glaromarine depositinral evohution on the northern Drygalski Basn weere dosely
fnloed wath the sor sheet dynamics and ice shelf activity, n addstion oo the dimate change doring the Holooene.
€ 2003 Elsevier BV, Al nghes ressnaml

1. Intresduction Bank. Penneli Bank, and Crary Bank) have been generated by the ad-
vanced boe sheet during the glaclal periods (Fig 1). The Drygabski

In thie Ross Sea. the bathymetry and fopogeaphy such as the norii-  Basin bs bocared in the western Ross Sea and inchsdes the deepest srea
nacthwest arkented deep and narrow basins {eg. Glomar-Challenger o the Rosd Sea continental shelf. Mumerous outler glaciers alng the
Basiin, Joides Basin, and Drygalskl Basin ) and shalliww banks (eg, Ross ¢oastline of the wesiern Ress Sea originated from the ice domes
{Dorime € {Charlée), Taylor dome, and Tajos dome) o the Victoria Lind
(Clovimetto apd Benthey, 1985; Frézzolm ex al, 2000). Afrer the LEM,

5 1§ nstho ac D ol plry, Fusan Matioral Universty,  phe gutler glaeciers on Northern Victora Lend retreatad as the global
nﬂ:ﬁ" mlmlfnl:l A (5 B bbbl e dr 1L Lev), sea bevel rose, wheteas Chose on Southern Victora Land retreated after
spdadshr ac kT (.5, Bk, kopoo@bnpnrekr (L. Vool bilsmpusan a kv Meltwares Pulse 1A (=14 ka) [Goehring et al, 2019; Christ and
{B-K BBwm]. Bierman, 2020). The David Glader, which & rhe Largest, forms the

betp oo 10§ D sedigen 2 MIG405
07073580 200 Eisrvier BV Al pights reserved.
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Efer Ading Paylan The comfinenial margin of the Foss Ses has been SRENIy 1 the v arsd recrear of the Ross ke
mm]umukmwmmmmrmmmumaum

Kaymarde: il i on e comml d slepe and rise s the sanem side of Hillary Camyos in the centmal Boes Ses,

Sudiment eure using three gravity coees collected at increasing waier depths. Besides older AMS " ages of bulk sediments,

JS:IIh:l based on e analyrical resuks, sediment lthology was divided inoo uniss &, B1, and B2, representing Holocens,

b crivity nnp-:l.[.a.ndgjxlﬂpeﬂnﬂs.wumdy mmmrmwuﬂmt?mm:umm

P a higher mae in e ds perind (anic B1) chan the § {unin A} Esalogl iy

Mo Bk mmnpﬂmﬂ;ﬂpum;hﬂdmnuhmmmﬂmuﬁmmmmdmw
i hesglarial mnir B1. Elokogiral prodnerivity gensrally decreassd inibe Anmarce confinena] margin denng the
glacial perind beramse of sxrensive @43 ioe coveTage. mmwmcmummumm}-
imibnned.mlh:tnuﬂmdmd’amﬁﬂmdrmu i thiar Srved

o ihe oo mﬂmmhlbmﬂgﬂﬁmﬁﬂdu‘mﬂunmthe

wmmmdm“mmmqumwumnqdwmmn
genermied meli-water plumes and debels flows ar the frons of the grousding line, alchoughs the continenmal Tise
might have expersnced seasonally open condimioss and lteral effecs dae 1o the botom currens

1. Introdoction and sea bevel (Do onio and Pollacd, 200 6L The A% plays an important

e in controlling ghobal climate change, with varistions in the extent af

Approximately 98% of Antarctica is covered with ioe; thos, the
continental ice plays an imporiant mle in the global water cycle and
wlimate change (Farmvm =t al. 201 8] IF the entire Antarctic lce Sheet
(A5} were to melt, the global sea bevel would mise as high as —60 m
abowe the present-day leved, which s equivalent to almost halfl of the
ramge that it fell doring the st glhcal period (Nakada = al, 20600
BeContn and Polland. 2016) The AlS is geographically divided into the
West Antarctic loe Sheet (WALS) and East Antarctic boe Sheet (EAIS) by
the Transantarctic Mountains. The manne-based WAIS is largely below
sea bevel and flows mpidly, compared to the EARS [(Fretveell =al, 201HL
Hence, the WA is more sensitive to changes in sawater Empeatare

L Enw.mm.
E-meil address bickhim

heipa ffSul seg 10 1074 Jnargea M I0ATRT

the ALS affecting the sarface afbedo, global sea level, ocean doculation,
and the production of bottom water {eg., Ogors and AbeOmrin. 20061
Mackemyen, 200HE Kite =ral, 2005).

The WAIS discharges ice into the central and easiern sectors of the
Rosx Sea, while the EALS supplies ice to the western sector (Kignor et al
2004). The extensive Ross foe Sheet (RIS} primarily developed from
portions of both with a comparatively bigher contribotion from the
WAIS. The RIS advanced to the shelf edge in the sasiern Ross Sea dunng
the Lag Glacial Marioem {LGM) (Fig. 17 Andersom et al, 2019, Lowry
=1 al, 102} Contrastingly, the RIS did oot reach the shell edge in the
ceniral and western Ross Sea, where it ceased s sdvaoce at Mawson

Reretved 18 Oriober 2021; Revedved in revised foom 5 February 2002 Accepied & February 2023
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Holocene sedimentation in the Hupo
Trough of the southwestern East Sea
(Japan Sea) and development of the
East Korea Warm Current
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Abstract

Wirisn SESITENT prapErtes. wech o8 s grain siee, ol ongesic carbon, wrl niragen, Ot rate, CeC0, and bisgenic opal oncest, wirs sfuadyed
lor & box core (BCOL; 45 om long) sed & gravity core {GO0D; SZ8em long), which were eollerted fram the wisstarn mangis of the Hupe Trough locsed
olf thi sasres e of Kores. Thie sty s his Been alfected by the Eae Kones W Current (EX'WC), & branch ol the Taakima Warm Curress
[TWC). The anabyticsl resuls ohrained for SC02 snd i apgser part of GO wiers in igrotmeent, alfinming che core-top priservaton of GOO1 Sased
on e correcied calieaned AMS T dees, the sedimesoion ree of GOG2 changed abrupoly 0 =8 2ks fram —4.0=1 01 omfeyr in the lower par oo
=556 D emilyr in et middle o upper paer. This conreipasss i the thalygle dharnge Som wndy mud o mod sedments shoring thee maen grs sk
-utqtlmmi!mﬂmmwmrmmmmmmmmmdmu—un
mmuhmwmwnﬂmmu L Tellawing che complite developmens al
thee ERWHE. Furthermare, it indicatid that the sedims = hmFme@mmthwﬁmmmu
—llummmdmnmmmmHMmmmm & lirisil darn froms previma shofies an the e2abishesnt
ummummmmmwwmmnmmmummumuw:h

thee Hupe Trough.

o

T ical properties, pl graphy, sea lovel sedient depasi

Taushirms varm Current

Received 1 Fetwuary 3000; revived mamocripr sccepoed L Peboaey 2021

Introduction

The eustabic sea level fAuchmboos by toctoic or glacial forcmg
have influcoced the terrestoal and occanographic environment,
The Berng Strait throughflow conmects the Bering Sea af the
Morth Pacific with the Chiskchi Sea of the Arctic Ocean. During
ther Izt glacial peniod, a drop in the sca level cansed the closure of
the Bering Stram, leadmg s a bait of the Bering Soait throeghes
flow, which controlled the climatic veriability in the North Atlan=
tic (e, Fhoet al, 20017 ) A4 the same time, the coonection of Asia
with Alaska by sea level lowering formed the Bering land brdge
jie. Benpga). which provided 2 posinbsted rosie of human
mgrakion from Asia tr America {(Goebel ot ol 208 ). Similar o
the Bermg Strat megion, the Past Sen, known as the Japan Sen
{hercafier the Enst Sea, = 0 marginal sea almaost enclosed by the
East Asin continent and the Japasese islands, & .an exceptionally
semsitive iy the s level change (Figuene 1iabh

The Fazt Sea consisis of theee boxins nomely the Ulleamg
Basin, the Yarmmto Basin, and the Japan Baxin. The sea 1= deeper

Kuroshio Carrent. {Figure Wbbh (Chang et al., 2004). The TWC
splits indo three branches after flowing through the Korea Stain
{Figure  [(b)) (Eaxioh, 19904}, The fimt branch (L Nearshore
Branch: NI} throegh the sastern channel of the strait roughly fols
loews the 20M-m izobath of the comtinental shelf along the Japaness
emast. The second branch (e Offshore Branch: OF ) through the
western choomel of the sirmii fiows along the confinendsl shelf
break and sbope of the Japaniese mangin. The third branch, knoan
2% the Fast Korea Warm Corrent (EXWCk, fows along the msiem
coast of Kores as o westemn boundsry curment.

Glacioeestatic sea levell fluc matsons ane critical ey processes
that bring aboot dramatic envimonmental shift between he glacal
anid interglacial periods of the FEast 3ea, becansze #ll the sirwiks
connecting the Enst 3en with the peighboring seas are very

'Degartrant of Oceancgraphy, Pusan Matonsl Uniericg Suan, Keves
oipeision of Mﬂmwm Mowes Paler Retednch

s sk

than HKNIm, and is connecred 1o magbboring see through shalk

sirais (Tntarskiy Stomit [2m, Sova Stoit 55m;, Taegem Strom:
1301, and Koeea Strait: 140m) (Figure 1{a) ) The relatively broad
{approximaiely |5 km wide) Korea Stmit between the Korean
Peminsufs ond the Jopanese sknds acts 2= the main enrance for
ihe Toxshama Warm Comeni (TWU) whick s 0 bonch of ihe

mhmmmwmmnuu
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ARTICLE INFOD ABSTRACT

Enawrels Thits stady dorwmess mal-procy data represenning sariace water productviry and AMS '4C dares of how [BC3)

Glaciomarine amdl grawaty (GC2} cates in the Cenaral Basin ol the northivesiern Aoss Sea. Based an AMS M0 dases. 8 comgasizon

Gperhamimry of sedimen properties berween BC3 and GC2 reveals that BCI records the eomplete Bolocens [Le., interglacial)

:':::’“’" histary, which i3 comelaed i the appermast part of GC2 The Shostratig of G2 “of the
Citus st repetition of contrasting layers dising d by the produet _,plml.u.h o the gy

Abasosink hyauglmughmmtmmhguugd@ﬂmkmyﬂwhmm

Such g In the deglacial sedimenis are aot cxplained exwiu-

dudybjls-luhnmdmhhmw.r nwrm]u.lhn.nmﬁ.nnmedmﬂmnﬂmd

shelf froen a g riched In biog by the advancing lee sheet

mummhhmmmmwmlq unemmecennﬂmwpmﬁe
hallgpn:hﬂﬂml pmpﬂ'lluddepld.umﬂm Thins, growth and retrear of the grmunded fee sheet played an

rale i glec

change in the Central Basin of the northwesiern Anss Sea.

1. Introduction

Th:.ﬁnta.r:bcpnh:yslunndlmbfuﬂm:nd
interplay of oceanic, glaciological, ic, and oot pro=

el AU Salvi'ed al., 2006
The: comeplex continental shelf morphology of the Boss Sex, charac.
ierized by a mgged topography with desp trooghs and banks, has been

resses operated ar multiple spatiostemporal scales (Collecon e al,
211 i Despite such complicated environmmental Eactors, the depositionz]
mnded of glariomarine sedimentation on the Antarchc continental shedf
supports the binlogical productivity moded proposed for the Weddell Sea
continental margin by Grobe and Madcemen (1992). Based on the
biological productivity model, more biogenic components are deposited
na the seafloos of the continental margin during interglacial periods
becauses of enhanced productivity under reduced sea ice oover, wi

d by the advance and retreat of the Boss Ice Sheet, preserving the
signature of grounded and floating ioe activity during the last gla-
cial-interglacial cycle. The sedimentary stratigraphic s=quence of the
cantinental shell (including shell basing such 2 Drygalski Basin, JOIDES
Basin, and Pennedl Trough) in the Boss Sea has thes provided an un-
equivacal depositional model (Anderson e sk, 1984; Domack and
Harrzs, 1948, A mm 1958, Dommack ef al, 1599 The typical wedi-
mmymmmﬂrmhuuiﬂ:hd{ufﬂmﬂnnﬁms}uwsm

fewer bingenic components are detected during glacial periods becamse
of redoced prodoctivity under more sea ice cover. Such a binary conoepe
of bingenic ssdimentation has also been applied successfully to the
continental shelf of the Ross Sea {e.g, Frignant e al, 1996 Nichimom

* Corrssponding author.
E-meil nddresses bic
kr (5. Hay, syt e

TR

1 pranas s by (B.-K TWm], coiin
[¥.-5. Bak)
hrpe /Sl e 101 g

odar, IO ] DOeEA

it (E- Calleza), beviip koprire

1 from subglacial or glaciomanne diamicion toward
pcudnn&mdm:]drghd:];l:nnmmmdmm.amilﬂeﬂnlm
marine bingenic mud, reconding & progressive retreat of the gronnding
line and the fnal onset of seasonal open marine conditions.

Much of the eroded debris excavated from the continental shelf by

kr (1L Leed, federcegapimiPone i {F. Gighod; sh_hal pusin s
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Avadlable anlise & April 2071
1E73-96526 2071 Esevier BV, and NIFR. All rigins reserved.

_66_



' geosciences

MDPI|
Pl

Article

Environmental and Oceanographic Conditions at the

Continental Marg

in of the Central Basin, Northwestern Ross

Sea (Antarctica) Since the Last Glacial Maximum

Fiorenza Torricella %, Romana Melis * 7, Elisa Malinverno *, Giorgio Fontolan 20, Mauro Bussi 2,
Lucilla Capotondi 407, Pacla Del Carlo 300, Alessio Di Roberto 3, Andrea Geniram >0, Gerhard Kuhn 50,
Boo-Keun Khim 7, Caterina Morigi ', Blanca Scateni ¥ and Ester Colizza 2#0

check for

wpdates
Cisstion: Teericella, F; Mals, B
Belalinvwroo, E; Fonboles, G Bossi,
bl Capotoreat 1 Dl Carin, F; e
Bobwtn, A Geniram, A Kabe, G
#i al. Evvemenenial anad
Deeanograsta: Crnd itors = e
Comsnantul Manon ef e Central
Basn, Northwestern Foss S
[Amsarctica) Smce e Last Clacial
Pl Cuamscomons 3021, 1,155,
s f i B9
prnschmors | 10355

Copyright: © M1 by the muthors
Licorssnr MTHFY, Hasel, Switorrland.
This article & an open s s
datzituind woder the e md
cunditinns of the Crestive Commumna
Adsibution 0T BY} B (it [
croatm oy fed

A0y}

1 Dpartimenio di Seieree dells Terra, Universita i Psa, Via Sanita Maria 53, 8126 Pia, laly
caultna_lmnmﬁl.luput (AL, blanca_scatenii#mgvit (B5.)

= Dipartimento di Matrmatica o Goosclenze, Linbversita di Treste, Via E Wiess 2. 34028 Trissid, taby;
mnclssiturd it {8 fontolandunite i (G F.) bussiiunits. it (M) andrea. geraramaphd. unis i (4G

3 Dupartimenio di Scienze defl’ Ambienie ¢ della Terra, Universits di Milano-ficoocs, Mazzs dells Scensa 4,
201 26 Midano, laby, dsa malivernoiumimib. i

¥ lstituko d Scwemee MarineCorsiglio Nazonale delle Ricerche IAMARCNE, Via 12 Gobetti 100,
400 26 Balogna, laly; ocills.capotondbfiba iemaronest

* stitato Mazicnale di Ceofisioa e Yulcanodogia, Serione di Plsa, Via C, Baktist 53, 56123 Pisa, laly;
panle.delcarotmgein (12U alessio.dirobertofingvn (AR
Alfred Wegener Insttule Helmbaoltz Contre for Polar and Maring Roesearch, Am Allen Halen X,
il Bremnethavoen, Gormany; gerhard. eobniawi de

T Department of O graphy, Pusan Natoral University, Busan 46341, Komea; bldchimipusan ac lo

*  Correspondenos fionmnea tormcellaiiphd unipi e (1) col sz apitarats it (EC)

Abstract The continenfal margin is a key area for studying the sedimentary processes related
to the advance and retreat of the Ross loe Shelf (Antanctica); nevertheless, much remains o be
investigated. The aim of this study is to neresce the knowledge of the last glacial /deglacial dynamics
in the Cﬂikihihpt—hm :}Ibnu:hﬁznmlﬁdhdpll\aryn.ppmﬂdh.hthﬂmﬁ irlhes;ralrd
sedimentological, micropalecntological and tephrochronologieal information. The anabyvses carried
out gn three box cores highlighted sedimentary sequences characterised by tree stratigraphic mits.
Collected sediments rzpmnrttaﬁme'mizn’zl!mmﬂh Bdmefmnﬂ(ﬂl‘!mﬂtepmmt tmme,
Eni.ns'm.-dmlﬂing.alﬂ data on the sortable =it compiment, b@:ﬂ:rwi:hdiamm. si]iml'lﬂgdhh.-
and fomminifera assemblages indicate the influence of the ice shelf calving zone (Unit 1, 24-17 ka
BM, pmgm'\e n:cn:ling due M-C:in:un'q:!uﬂ.ar th:lWah:r inflow {Umit 2, 1712 ke BF) and (Undt 3,
lﬂ.leWtbhﬂhﬂﬁmt of seasonal sea ﬂ-\ﬁ&a:h‘u@\miﬂgn!bﬂt&mmh.
The dominant and pcr:-lslml process = a sedimentation controlbed by comboasr currents, which tend
o nmd;ﬂmhmityhﬁ:mmﬂqznﬁpﬁmmm|mﬁ:aﬂ1h}mrdurd back at around 22 ka BP
ix correlated with the explosive activity of Mount Eittmann.

Keywords: diatoms; mil:l'up.ll:u'ih:]nggr_ Ediulmluhw; cl'y'plnh:p['l.ra;I.EM to Hodocene; Central
Basin; Western Ross Sea; Antarchca

1. Introduction

The high-latitude continental marging ame key areas where the sedimentary processes
are influenced by the sdvance and retreat of the oe shelf and by different bottom water
current activity on the continental slope between the placial and interglacial periods [1-3]

The Ross Sea continental margins record the variation of the Antarctic Ice Sheet
{ALS) due to the presence of the largest ice shelf, the Boss loe Shelf (RIS5), which promiotes
the production of dense shelil water which is the precursor for Antarctic Bottom Waters
{AABW) [4]. The RIS dynamics that ecurred during the Plelstocene and Holocene have

Consriewces TO0T, 11, 155, hipsc/ f doiong /3 35540 geosciences] 1040155
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Abstract. During the Late Pleistocene—Holacenc, the Ross Sea Ioe Shelf exhibited strong spatial variahility in
refation to the smosphernc and oceanographic climatic variations. Despite being thoroughly investigated. the
timing of the ice sheet retreat from the ooter continental shelf since the Last Glacial Maximum (LGM) saill
remains controversial, mainly due o a lack of sediment cores with a robust chronostratigraphy. For this reason,
the recent recovery of sediments containing 3 continuous occumence of calcarcous foraminifera provides the
imiportant opporunity (o creae 4 relisble age moded and document the early deglucial phase in particalar. Here
we present 4 multiproxy stidy from a sediment core collected a1 the Hallett Ridge (1800 m of depth), where sig-
nificant occurrences of calcareous plinktonic and benthic foraminifers allow us to document the first evidence
of the deglaciation after the LGM at shouat 202 ka. Owr resulis suggest that the co-occwrence of large Neoglobo-
genndring pachydersu tests and sbundant juvenile forms refiects the beginning of open-water conditions and
coverage of seasonal sea ice. Our multiproxy approach based on disloms, silicoflageblates, carbon and oxygen
stable isotopes on M. pacivderma, sediment texture, and geochemistry indicates that abrapt warming occurred
at approximately 17.8ka. followed by a period of increasing biological productivity. During the Holocene, the
exclusive dominance of agglutinated benthic foraminifiera sug gests that dissolution was the main controlling fac-
tor an calcareous test secumnlstion and preservation. Diatoms: and silicoflagellates show that ocean conditions
were variable during the middle Holocene and the beginning of the Neoglacial period at wround 4 ka. In the
MNeoglscial, an increase in sand content testifies o a strengthening of bottom-wuter currents, supporied by an
increase in the abundance of thee tycopelagic fossil distom Pavalia suleara transported from the coastal regions,
while an increase in wee-rufied debris suggests more glacial ranspon by icehergs.
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1 A. Fallacy of paleoproductivity signals by the
recycled biogenic components: case study in the

Central Basin of the northwestern Ross Sea
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