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ABSTRACT

In tropical and sub-tropical mixed siliciclastic—carbonate depositional sys-
tems, fluvial input and in situ neritic carbonate interact over space and time.
Despite being the subject of many studies, controls on partitioning of mixed
sediments remains controversial. Mixed sedimentary records, from Ashmore
Trough shelf edge and slopes (southern Gulf of Papua), are coupled with glo-
bal sea-level curves and anchored to Marine Isotope Stage stratigraphy to
constrain models of sediment accumulation at two different timescales for
the past 130 kyr: (i) 100 kyr scale for last glacial cycle; and (ii) millennial
scale for last deglaciation. During the last glacial cycle, carbonate production
and accumulation were primarily controlled by sea-level fluctuations. Export
of neritic carbonate to the slopes was initiated during re-flooding of previ-
ously exposed reefs and continued during Marine Isotope Stage 5e and 1
interglacial sea-level highs. Siliciclastic fluxes to the slope were controlled
by interplay of sea level, shelf physiography and oceanic currents. Heteroge-
neous accumulation of siliciclastic mud on the slope, took place during Mar-
ine Isotope Stage 5d to Marine Isotope Stage 3 sea-level fall. Siliciclastics
reached adjacent depocentres during Marine Isotope Stage 2. Coralgal reef
and oolitic-skeletal sand resumed at the shelf edge during the subsequent
stepwise sea-level rise of the last deglaciation. Contemporaneous, abrupt
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siliciclastic input from increased precipitation and fluvial discharge illus-
trates that climate controlled deglacial sedimentation. Siliciclastic input per-
sisted until ca 8.5 ka. Carbonate accumulation waned at the shelf edge after
ca 14 ka, whereas it increased on the slopes since ca 11.5 ka, when previ-
ously exposed reef and bank tops were re-flooded. When comparing the last
sea-level cycle sedimentation patterns of the southern Gulf of Papua with
other coeval mixed systems, sea level and shelf physiography emerge as pri-
mary controls on deposition at the 100 kyr scale. At the millennial scale,
siliciclastic input was also controlled by climate change during the unstable
atmospheric and oceanic conditions of the last deglaciation.

Keywords Gulf of Papua, high-Mg calcite ooids, large benthic foraminifera,
last deglaciation, last sea-level cycle, mass accumulation rates, Mistery Inter-

val, mixed siliciclastic—carbonate system.

INTRODUCTION

In tropical and subtropical mixed siliciclastic-
carbonate depositional systems, terrigenous
riverine sediments can enter the marine environ-
ments and accumulate in juxtaposition with ner-
itic carbonate production. In these mixed
depositional settings, a combination of physical,
chemical and biological processes control the
siliciclastic—carbonate co-existence. Such a com-
bination makes mixed system particularly sensi-
tive to physical, chemical and environmental
changes. Analyses of lateral juxtaposition of
modern mixed systems allow assessing and
understanding current sedimentary processes,
such as reef growth, riverine input, sediment
reworking, bypass and accumulation, and the
(semi) quantification of the different physical,
chemical and biological parameters involved in
their co-habitation (Brodie & Furnas, 1996; Testa
& Bosence, 1999; Dunbar et al., 2000; Francis
et al., 2007; Ryan-Mishkin et al., 2009; Webster
et al., 2018; Le Roy et al., 2019). On the other
hand, the vertical stacking of mixed sediment
has recorded how these different parameters
have varied through time. Outstanding examples
of modern mixed systems include, to cite only a
few, the Great Barrier Reef (GBR, Maxwell &
Swinchatt, 1970; Dunbar & Dickens, 2003; Fran-
cis et al., 2007; Hinestrosa et al., 2016), the New
Caledonia Barrier Reef (Le Roy et al., 2008,
2019) and the Belize Barrier Reef (Esker et al.,
1998; Ferro et al., 1999; Gischler et al., 2010); a
few examples among many from the geological
record include the Carboniferous of New Mex-
ico, USA (Wilson, 1967), the Permian of West
Texas and New Mexico, USA (Silver & Todd,
1969; Borer & Harris, 1991), the Jurassic of Mis-
sissippi, USA (Shew, 1991), and the Upper

Jurassic-Lower Cretaceous of Argentina (Zeller
et al., 2015).

For these mixed systems in the distant past,
relative sea-level fluctuations have long been
considered as the main control on partitioning
of siliciclastic and carbonate sediments, particu-
larly on rimmed shelves and adjacent basins
during icehouse climate intervals (Wilson, 1967;
Handford & Loucks, 1993; Kerans & Tinker,
1999). However, ancient records are character-
ized by low stratigraphic resolution and often
their contemporaneous sea-level curves are
derived from their own sediment accumulation
patterns and, therefore, are not independently
constrained. Such limitations can conceal the
true origin of depositional controls. For exam-
ple, the relative importance of sea-level fluctua-
tions, shelf physiography and climate change on
sediment distribution in the ancient record is
difficult to quantify. In contrast, the influence of
sea-level fluctuations in mixed systems has been
clearly documented in the late Quaternary, and
in particular during the last glacial cycle or the
past 130 kyr (Ferro et al., 1999; Jorry et al.,
2008, 2010; Gischler et al., 2010; D’Agostini
et al., 2015; Accordi & Carbone, 2016). These
relatively recent mixed systems offer the oppor-
tunity to investigate the variations of the silici-
clastic-carbonate sediment juxtaposition and
vertical stacking within the framework of an
independently reconstructed sea-level curve.
Moreover, analyses of relatively recent mixed
systems should allow a test of how the interpre-
tation of observed mixed sedimentary patterns
and variability was affected at different time-
scales: from a full 100 kyr long late Quaternary
glacial cycle with sea-level fluctuation ampli-
tude of 100 m or more to millennial-long inter-
vals, characterized by rapid rates of sea-level
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rise (in the order of metres per century) and
extreme climate changes.

The Gulf of Papua (GoP), a tropical siliciclas-
tic-carbonate system since the late Miocene
(Pigram et al., 1989; Tcherepanov et al., 2008,
2010), provides a prime location to analyze a
mixed system at different timescales of observa-
tion. From late Pliocene to Late Pleistocene, sus-
tained siliciclastic input allowed the shelf edge
to migrate >100 km seaward (Tcherepanov
et al., 2010). In spite of the high flux of silici-
clastics, coralgal edifices developed on top of
the prograding shelf edge. Larger build ups with
flat tops developed during the Pliocene episodes
of sea-level rise, whereas smaller, lenticular
coralgal edifices grew during the Pleistocene
(Fig. 1A to C). The latter represented short-lived
carbonate sedimentation that took place during
temporary re-flooding of the shelf margin (Tcher-
epanov ef al., 2008; Fig. 1D and E).

The sedimentary record of the last sea-level
cycle (i.e. 100 kyr scale), cored on the slope of
the southern GoP at 657 m of water depth in
Ashmore Trough (core MDO05-49) is consistent
with the above depositional patterns observed
on seismic profiles (Fig. 2; Jorry et al., 2010).
Carbonates (mostly reef-derived aragonite and
high-Mg calcite) dominated during the penulti-
mate and last deglacial sea-level rise intervals
[Marine Isotope Stage (MIS) 6-5 and 2-1 transi-
tions)] and highstands (MIS 5e and MIS 1). In
contrast, siliciclastics prevailed during the ini-
tial leg of the MIS 5d to MIS 4 sea-level fall, and
bypassed into the adjacent depocentre (Pandora
Trough) during the MIS 3 to MIS 2 late sea-level
fall. These transitions from glacial to interglacial
(i.e. deglaciations) are characterized by shifts in
siliciclastic and carbonate dominated sedimenta-
tion. The last-glacial cycle sedimentary record of
the Jorry et al. (2010) study reveals that sea-level
change is the main process controlling the parti-
tioning of the two sediment sources. However,
given the short 12 to 14 kyr long deglacial inter-
vals, a high-resolution scale of observation (hun-
dreds to thousands of years) is required to fully
capture the complex vertical stacking of mixed
sediment during this interval of dramatic sea-
level and climatic transition.

The last deglaciation, initiated at the end of
Last Glacial Maximum (LGM) at about 20 ka, is
ideally suited for a high-resolution investigation
because sea-level rise is best constrained. It is
well-established that, during the last deglacia-
tion, sea level did not rise smoothly but rather
in a stepwise manner, with intervals of rapid

sea-level rise (i.e. meltwater pulses) alternating
with periods of slow rise and even standstill
(Liu & Milliman, 2004; Lambeck et al, 2014).
From a climate point of view, the last deglacia-
tion was characterized by disruption of global
patterns of ocean and atmospheric circulation
contemporaneous with the collapse of the large
Northern Hemisphere ice sheets (Denton et al.,
2010; Clark et al, 2012). As a consequence,
repeated north/south shifts of the intertropical
convergence zone (ITCZ) resulted in alternating
wet/dry periods across the equator (Denton
et al., 2010).

In summary, despite the numerous studies on
ancient and modern mixed systems, the relative
importance of sea-level fluctuations, shelf phys-
iography and climate change on temporal and
spatial sediment distribution remains controver-
sial. Furthermore, how the interpretation of
observed sedimentary patterns is affected at dif-
ferent timescales of investigation stays untested.
In order to address the above points, this study
focuses on several piston cores recovered along
the shelf edge and upper slope of Ashmore
Trough in the southern GoP (Fig. 3). The sedi-
mentary record of the last sea-level cycle is
investigated at the 100 kyr scale as well as the
millennial scale during the last deglaciation.
Seismic, stratigraphic, sedimentological and geo-
chemical data are integrated to reconstruct the
depositional history since the past 130 kyr.
Finally, the last sea-level cycle sedimentary
record of Ashmore Trough is compared to other
coeval mixed systems (for example, Great Barrier
Reef, New Caledonia Barrier Reef and Belize
Barrier Reef). This comparison highlights simi-
larities and differences, and allows identifying
first-order depositional controls, other than sea
level, in tropical and subtropical mixed silici-
clastic—carbonate systems.

GULF OF PAPUA MORPHOLOGICAL
AND GEOLOGICAL SETTINGS

Gulf of Papua modern morphologies

The Gulf of Papua lies between Papua New Gui-
nea (PNG), north-east Australia, and the Coral
Sea. It includes shelf and slope environments as
well as adjacent deep basins oriented either
north-east or south-east, such as Ashmore/Pan-
dora troughs and Moresby Trough, respectively
(Fig. 3A). The width and structure of the GoP
shelf varies considerably, from about 150 km
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Fig. 1. Oil and Gas industry seismic profile across the southern Gulf of Papua (GoP) illustrating its Neogene-Qua-
ternary sedimentary evolution along with global sea-level curves. (A) Seismic profile across the southern GoP
showing prograding mixed siliciclastic-carbonate late Pliocene-Pleistocene sequences overlying Miocene carbon-
ate sequences (see Fig. 3A for seismic profile trace). During the late Pliocene-Late Pleistocene interval, the shelf
edge prograded >100 km due to high siliciclastic discharge (green and yellow). In spite of the persistent terrige-
nous flux, shelf-edge reefs and carbonates (blue) developed during the Mid Pliocene Warm Period (MPWP; McMa-
nus et al, 1999; Draut et al., 2003) (horizons PLIO-5 to PLIO-8) and Pleistocene super interglacials and
interglacials (MIS 47 to 49, 31 to 37, 11, and MIS 11, 9, 5 and 1, respectively) (horizons PLE-1 to PLE-5), during
times of relative sea-level rise and re-flooding of the shelf (modified from Tcherepanov et al, 2010).
(B) Interpreted seismic profile. (C) Neogene-Quaternary global mean sea-level curve based on Pacific benthic fora-
miniferal §'®0 and Mg/Ca records showing sea level during deposition of main seismic horizons of (A) and (B).
MIS = Marine Isotope Stage (modified from Miller et al., 2020). (D) Close-up of (A) showing seismic facies and
geometry of the prograding shelf margin since the penultimate interglacial (i.e. MIS 5). Shelf edge seismic facies
consist of lenticular high-amplitude reflections interpreted as short-lived carbonate build ups deposited during
sea-level rise and temporary flooding of the shelf edge. LGM = Last Glacial Maximum (modified from Tcherepa-
nov et al., 2008). (E) Late Quaternary global mean sea-level curve based on Pacific benthic foraminiferal §'°0 and
Mg/Ca records showing last sea-level cycle and corresponding MIS (modified from Miller et al., 2020).

sediment accumulation and devoid of outer-
shelf carbonate mounds (Harris et al., 1996); (iii)

across in the south and south-west to <25 km in
the east and north-east (Fig. 3A). Based on geo-

morphic elements, the shelf can be divided into
three main areas: (i) a broad south-west area
with barrier reefs and patch reefs south of lati-
tude 9°20/, that represents the northernmost ter-
minus of the GBR (Harris et al., 1996); (ii) an
even broader central area hosting, in water
depths less than 50 m, deltas and pro-deltas of
several rivers including the Fly, Bamu, Turama,
Kikori and Purari rivers. Here, the outer shelf,
ranging in water depths between 50 m and ca
125 m, is mostly covered by thin Holocene

a narrow north-east area, fed by minor rivers
and flanked with drowned shelf-edge reefs south
of latitudes 8°20’ (Droxler & Jorry, 2013; Harper,
2014). Several large offshore atolls occur in the
central portion of the gulf (Fig. 2A), notably
Ashmore Reef (AR), Booth Reef (BR), Portlock
Reef (PR) and Eastern Fields Reef (EFR) (Francis
et al, 2008; Tcherepanov et al., 2008). Portlock
Reef (PR) has been incorporated into the GoP
shelf edge by prograding siliciclastic clinoforms
(Tcherepanov et al., 2010).
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Fig. 3. (A) Elevation map and bathymetry of the Gulf of Papua (GoP) showing the main physiographic and oceano-
graphic elements. The present-day shelf is a mixed siliciclastic-carbonate environment. Siliciclastic sediment is
delivered in the broad central and northern shelf by Papua New Guinea rivers, whereas carbonate sedimentation
takes place mostly on the southern shelf, at the northern terminus of the Great Barrier Reef (GBR), as well as on off-
shore atolls. An active barrier reef is also present on the narrow eastern GoP shelf (PNGBR). Late Quaternary
drowned barrier reefs occur in southern GoP (Droxler & Jorry, 2013) as well as in its north-eastern sector (Harper,
2014). AR = Ashmore Reef; AT = Ashmore Trough; BR = Boot Reef; BT = Bligh Trough; EFR = Eastern Field Reef;
GBR = Great Barrier Reef; MT = Moresby Trough; PNGBR = Papua New Guinea Barrier reef; PR = Portlock Reef;
PT = Portlock Trough; CSC = Coral Sea Current. (B) Bathymetry map of the southern GoP showing the location of
Ashmore Trough cores analyzed in this study (triangles) as well as Portlock Trough referenced cores (circles). (C)
Bathymetry map of the southern GoP, including the northern terminus of the GBR, showing details of the outer
shelf/shelf edge geomorphic elements including delta complex and drowned shelf-edge barrier reef. (D) Close-up of
the shelf margin area around core MV26-73 [white-dashed rectangle in (C)] showing segments of the drowned barrier
reef, shelf margin with no drowned reef, and channels perpendicular to the shelf edge.

Cenozoic and Quaternary evolution of the
Gulf of Papua continental shelf

In the northern GoP, the south-east Papuan
Peninsula and its shelf and upper slopes consist
of the south-east termination of the Papuan Fold
and Thrust Belt (PFTB), including its Papuan
Foreland Basin created by the Oligocene colli-
sion of the Pacific island arcs with the Aus-
tralian Plate (van Ufford & Cloos, 2005). The

PFTB late Oligocene — Neogene foreland basin is
represented by the Aure Trough (a relict trench
in the northern GoP) and modern Moresby
Trough (van Ufford & Cloos, 2005; Cloos et al.,
2005).

On the other hand, the overall GoP tectonic
configuration consists of several north-east
trending structural ridges and troughs, formed
during the late Cretaceous and Palaeocene

© 2021 The Authors. Sedimentology published by John Wiley & Sons Ltd on behalf of
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opening of the Coral Sea (Davies et al., 1989;
Pigram et al., 1989; Tcherepanov et al., 2008).
The Cenozoic GoP neritic carbonate system,
mostly deeply buried under the modern silici-
clastic shelf, is represented by one large exten-
sive rimmed carbonate shelf (Borabi Platform),
and several buried platforms drowned from the
early Miocene to early Pliocene. In addition to
the buried platforms are unburied still active
today isolated carbonate platforms, such as Ash-
more, Boot, Portlock and Eastern Fields Reefs,
that were initially established in the Eocene on
top of the north-east trending structural ridges
(Davies et al., 1989; Tcherepanov et al., 2008,
2010).

Plio-Quaternary mostly siliciclastic succes-
sions, up to 3 to 4 km thick, have infilled the
troughs and buried the intervening drowned car-
bonate platforms established on the ridge crest
through south-eastward prograding siliciclastic
sequences (Davies et al., 1989; Pigram et al.,
1989; Tcherepanov et al., 2008, 2010; Droxler &
Jorry, 2013). The burial of the Cenozoic GoP car-
bonate system by siliciclastic sediment was ini-
tiated during the late Miocene-early Pliocene
and linked to the erosion of the Central Range
Orogeny. However, the most significant largest
siliciclastic influx was triggered by the renewed
uplift of the PFTB during the early part of the
late Pliocene. It took only two million years at
most for the GoP shelf edge to prograde south-
eastward as much as 150 km, forming in this
short period of time more than 80% of the mod-
ern shelf (Tcherepanov et al., 2010). This high
siliciclastic influx was certainly also enhanced
by the Mid Pliocene Warm Period (MPWP;
McManus et al., 1999; Draut et al., 2003) and
intensified East Asian monsoon at 3.6-2.9 Ma
(Tcherepanov et al., 2010).

In spite of this late Pliocene huge flux of sili-
ciclastics fed by the rejuvenation of the Papuan
orogeny, strengthening of monsoon and overall
falling of sea level, neritic carbonates still
thrived during periods of sea-level rise and
highstand (Fig. 1A and B). The late Pliocene
prograding/aggrading sequences, including outer
shelf — shelf edge environments (PLIO-4 to
PLIO-8, Fig. 1A and B), are characterized, in
particular in the south-west part of the study
area, by high-amplitude reflections and
mounded seismic facies. Such seismic facies are
more abundant in the youngest PLIO-6 to PLIO-8
sequences where a series of flat-topped banks, 5
to 10 km in size, are observed. The high-ampli-
tude, mounded seismic facies are interpreted to

represent transgressive and early highstand
outer shelf and shelf-edge carbonate reefs
(Tcherepanov et al., 2010).

Importantly, despite the structural complexity
of the region, the GoP is in the late Quaternary a
tectonically quiescent area with no significant
historical earthquakes and no faults that reach
the sea floor (Bird, 2003; Tcherepanov et al,
2010; Baldwin et al., 2012).

Late Quaternary to modern evolution

Gulf of Papua continental shelf

The GoP receives from the high mountains of
PNG massive amounts of siliciclastic sediments
(ca 150 to 200 Mt year™'; Milliman, 1995;
Slingerland et al., 2008a). Sediment distribution
on the shelf is governed by a combination of
tidal, wind, oceanic and thermohaline currents
(Harris et al., 1990; Wolanski & Alongi, 1995;
Walsh et al., 2004; Ogston et al., 2008). Coastal
currents are bidirectional and seasonal with
south-west direction during monsoon season
and north-east direction during trade wind sea-
son (Wolanski et al., 1995; Slingerland et al,
2008b). Tidal currents are across-shore and are
considered to be responsible for sediment re-
suspension and seaward transport by means of
mudflow (Harris et al., 1996; Walsh et al., 2004;
Ogston et al., 2008; Slingerland et al., 2008a).
Overprinted on these seasonal currents is a
clockwise gyre influenced by the off shelf Coral
Sea Current (CSC, Fig. 3A; Andrews & Clegg,
1989) that produces a net sediment transport
from the central shelf to the east (Wolanski
et al., 1995; Harris et al, 1996; Slingerland
et al., 2008a).

Shallow seismic profiling of the shelf shows
that the uppermost 100 m of sediment consists
of two stacked, primarily siliciclastic, clino-
forms. The lower one, extending to the outer
shelf, was built mostly during the Late Pleis-
tocene. The upper one, restricted to the inner
and mid shelf, has been built since the Holocene
as result of sediment transport by gravity flows
and suspension (Harris et al., 1996; Walsh et al.,
2004; Slingerland et al., 2008a; Wei et al., 2019).

Surficial sediment composition on the shelf
reflects the interaction of river discharge, car-
bonate reefs, and tidal and coastal currents (Har-
ris et al., 1996; Francis et al., 2008). Siliciclastic
sedimentation is dominant within 10 to 20 km
from the river deltas. Siliciclastics transit, rather
sharply, into mostly carbonate sediment veneer
towards the outer shelf and its margin in the
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central area of the shelf as well to the south-
west, towards the GBR northern termination
(Harris et al., 1996). In the narrow north-eastern
shelf, siliciclastics extend to the shelf edge
(Howell et al., 2014). In the broad central and
south-western shelf areas, Halimeda bioherms
and biostromes, both living and Holocene in
age, are observed at water depth of up to 100 m
(Harris et al., 1996). In the southern GoP another
locus of carbonate sedimentation is the northern
termination of the GBR consisting of ribbon, del-
taic and dissected reefs (Fig. 3B and C; Veron,
1978; Hopley, 2006).

Gulf of Papua shelf edge

Shelf edge water depths across the central GoP
generally fall between 120 m and 130 metres
below present sea level (mbpsl) (Francis et al.,
2008). On the other hand, in the south-western
GoP, the modern outer shelf margin depths
range from 60 to 130 mbpsl (Fig. 3C; Daniell,
2008; Francis et al., 2008). This wider depth
range can be explained by the occurrence of a
narrow (<1 km wide), shelf-parallel ridge with
an overall length of about 50 km (Fig. 3B to D;
Harris et al., 2005; Droxler et al., 2006; Daniell,
2008; Francis et al.,, 2008). The height of this
ridge ranges from 30 to 60 m above the sur-
rounding sea floor, such that its top can
approach 60 to 70 mbpsl (Fig. 3D). This ridge
has been interpreted as a coralgal barrier reef
that presumably grew on top of a LGM siliciclas-
tic beach-barrier complex during the MWP-1A,
and subsequently drowned during MWP-1B
(Droxler et al., 2006; Francis et al., 2008; Droxler
& Jorry, 2013). Other geomorphological elements
in the south-western GoP shelf edge include
incised valleys and a large shelf-edge delta com-
plex. Where no barrier reef is present, the shelf
edge bathymetry falls in a narrow range from
120 to 130 mbpsl (Fig. 3C and D). In the north-
eastern GoP, drowned shelf-margin edifices are
interpreted as deglacial backstepping coralgal
reefs with tops dating from ca 19 ka to recent,
and a few pinnacles that seem to be active at
present-day (Fig. 3A; Droxler & Jorry, 2013; Har-
per, 2014).

Slope and adjacent basin

Off the shelf, and at present-day, both siliciclas-
tic and neritic carbonate sediments accumulate
in four main intraslope basins (Fig. 3A): Bligh
Trough (BT), Ashmore Trough (AT), Pandora
Trough (PT) and Moresby Trough (MT). The

GoP region remains sparsely sampled but, in
several studies, sediment fluxes to slopes have
been documented partly by coupling shallow
seismic and piston cores (Jorry et al., 2008;
Muhammad et al.,, 2008; Howell et al., 2014;
Septama et al., 2016; Septama & Bentley, 2017;
Wei & Driscoll, 2020). Glacial siliciclastic and
interglacial carbonate components have had
variable accumulation across the Australia-PNG
slopes and adjacent troughs over time. In the
south, offshore of the northern GBR, siliciclastic
turbidites occurred before ca 31 ka, paused dur-
ing the LGM, and briefly resumed during the
last deglaciation (ca 8 to 11 ka). Differently, car-
bonate turbidites initiated since 11 ka (Webster
et al., 2012). In the central GoP Pandora Trough,
siliciclastic turbidites were abundant during the
LGM and decreased during the subsequent early
sea-level rise, in particular during the Bglling-
Allergd (B-A) interval (Jorry et al., 2008). Silici-
clastics briefly re-occurred during the Younger
Dryas (YD) and then disappeared, being
replaced by calciturbidites from 11 ka (Jorry
et al., 2008). Accumulation of bank-derived fine
aragonite and high-Mg calcite typically occurred
during interglacials such MIS 5e, MIS 5¢, MIS
5a and MIS 1, clearly initiated during MWP-1B
at 11.5 ka (Jorry et al., 2010). In contrast, in the
eastern GoP Moresby Trough, siliciclastic tur-
bidites were deposited since the past 40 ka (Sep-
tama & Bentley, 2017).

LATE QUATERNARY SEA-LEVEL AND
CLIMATE CHANGE

Sea level

Two sea-level curves were used in this study: (i)
Lambeck et al. (2002) for the last glacial cycle;
and (ii) Lambeck et al. (2014) for the millennial
scale sea-level reconstruction of the last deglacia-
tion (Fig. 4A and B). The last glacial cycle curve,
correlated to marine oxygen isotope stages (MIS),
is based mostly on coral reef core data from
Huon Peninsula (Papua New Guinea) and sup-
plemented with sediment core data from Bona-
parte Gulf (Australia). During the last interglacial
MIS 5e, sea level peaked a few metres higher
than present level. This sea-level high was fol-
lowed by a large oscillation, up to 60 m of mag-
nitude, during sub-stages 5d to 5a and resulted
in relative sea level ca 30 m lower than today by
the end of MIS 5a (Fig. 4A). Sea level continued
falling during MIS 4 when it reached about
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Fig. 4. Sea-level curves used in this

study. (A) Relative sea-level curve MIS
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for the last glacial cycle with
marine isotope oxygen stages and
substages (MIS 1 to 5e). Sea-level
estimates, error bars are not
included, are based on coral reef
data points from Huon Peninsula
(Papua New Guinea) and sediment
core data Bonaparte Gulf (Australia)
(modified from Lambeck et al.,
2002). (B) Ice-volume equivalent
sea-level curve for the last
deglaciation with meltwater pulses
(MWPs) and main climate events.
Blue envelope represents individual
data point sea-level estimates
(nearly 1000 data points) with 2¢
error. Black line is an objective
estimate of the same dataset based
on Markov chain Monte Carlo
approach. LGM = Last Glacial
Maximum; OD = Oldest Dryas,

BA = Bolling-Allergd;

YD = Younger Dryas (modified from
Lambeck et al., 2014).

60 mbpsl. During the following MIS 3, sea level
fluctuated at smaller magnitude of 20 to 30 m
and reached about 70 mbpsl by the end of MIS 3
(Fig. 4A). Sea level continued falling during MIS
2 when it reached its glacial minimum at about
120 to 130 mbpsl around 20 ka (Fig. 4A).

The last deglacial sea-level curve of Lambeck
et al. (2014) is based on global datasets from far-
field locations in tectonically stable areas (Fig. 4
B). This is likely to average out undetected tec-
tonic components, as well as crustal rebound
and subsidence due to ice decay (i.e. glacial iso-
static adjustment — GIA - Peltier & Andrews,
1976; Nakada & Lambeck, 1987; Mitrovica &
Milne, 2002). Following LGM, from about 20 to
18 ka, sea level rose rapidly by about 10 m (i.e.
MWP-1A, also referred to 19-kyr MWP; Clark
et al., 2004).

The first meltwater pulse was followed by an
interval of stationary sea level from ca 18 to
16.5 ka (Fig. 4B). Sea level resumed rising at
rapid rates from ca 16.5 to 15 ka, when it rose
by about 25 m (Fig. 4B). This rise was followed

Ice-volume equivalent sea level (m)

-100+

-120

-140

60 80
Time (ka)

100 120

HOLOCENE l PLEISTOCENE

Time (ka)

by a very short-lived period of near constant sea
level (Fig. 4B). These last three legs of sea-level
change occurred mostly during the Oldest Dryas
stadial (OD; Clark et al., 2012). The major pulse
in sea-level rise during the last deglaciation
MWP-1A, started no earlier than 14.65 ka and
ended before 14.3 ka, making it coeval with the
Bglling warming (Bard et al., 1996; Deschamps
et al., 2012) (Fig. 4B). Based on this Tahiti data
set, sea level most probably rose between 14 m
and 18 m during MWP-1A, implying that the
rate of eustatic sea-level rise exceeded 4 m per
century. Then, sea level continued rising,
although at slower rates, until about 12.5 ka
when it reached ca 70 mbpsl (Abdul et al,
2016). Chronologically, this interval corresponds
to the Bpglling-Allerad (B-A), during which
lower amplitude MWPs, in the order of a few
metres, are also suggested based on small coral
reef terraces offshore the south Texas shelf
(Khanna et al., 2017). Sea-level rise significantly
slowed from ca 12.5 to 11.5 ka during the YD to
reach 60 mbpsl (Fig. 4B). The YD ended
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abruptly by MWP-1B, an interval spanning from
11.45 to 11.1 ka, contemporaneous with North
Hemisphere insolation maximum and character-
ized by a 14 £ 2 m jump in sea level corre-
sponding to rates of sea-level rise of 4 m per
century (Abdul et al., 2016). Sea level rose stea-
dily until the 8.2 ka cold event during which
sea level was estimated to be at ca 20 mbpsl
(Fig. 4B). The last meltwater pulse, MWP-1C,
occurred from 8.2 to 7.6 ka characterized by a
sea level jump of about 10 m (Blanchon & Shaw,
1995; Blanchon et al., 2002) (Fig. 4B).

Climate change

Present-day climate in the GoP is influenced by
seasonal monsoon-trade winds and interannual
El Nifno-La Nifla fluctuations. Whereas seasonal
variations influence shelf oceanic circulation
(Wolanski et al., 1995), El Nifio-La Nifa fluctua-
tions are considered to be mostly responsible for
long-term sediment discharge variations (Diet-
rich et al., 1999; Ogston et al., 2008). During El
Nifio conditions, reduced precipitation and
reduced fluvial run off create a negative pertur-
bation to the relatively constant sediment dis-
charge (Dietrich et al., 1999; Ogston et al,
2008).

Climate fluctuations at the millennial scale
characterize the transition from glacial to inter-
glacial periods (i.e. glacial termination). These
fluctuations are due to major reorganization of
global atmospheric and oceanic circulation pat-
terns (Denton et al., 2010).

Climate reconstruction in the GoP region since
the LGM, shows that warming began by 18 to
17 ka (Turney et al., 2006; Reeves et al., 2013)
with possible millennial-scale hydrological
cycles recorded both on land (north-east Aus-
tralia, Muller et al., 2008;) and offshore (Coral
Sea; Shiau et al., 2011). These cycles are linked
to the ITCZ latitudinal displacement (Denniston
et al., 2013). North/south shifts of the ITCZ are
interpreted to result from a chain of global cli-
mate events, in turn initiated from changes in
Northern Hemisphere insolation (Denton et al.,
2010; Clark et al., 2012; McGee et al., 2014). The
most prominent southward shift of the ITCZ,
occurred from 17.5 to 14.5 ka and brought war-
mer and wetter conditions in the Australian—
Indonesian region (Ayliffe et al., 2013;
Denniston et al., 2013). This time interval, also
referred to as Mistery Interval (MI; Denton et al.,
2006), was characterized by apparent contradic-
tory climate events between the Northern

Hemisphere (cooling) and Southern Hemisphere
(warming) which could be explained by inter-
hemispheric teleconnections (Sirocko et al,
1996; Denton et al., 2006; Denton et al., 2010;
Zhang et al., 2014).

In south-east Asia, the warm and wet MI was
followed by a relatively drier period that
occurred from ca 15 to 12.9 ka. This drier per-
iod, corresponding to the Antarctic Cold Rever-
sal/Bglling-Allersad (ACR/B-A), is in turn
followed by another wet period from 12.9 to
11.5 ka including the YD (Ayliffe et al., 2013;
Denniston et al., 2013). Warmer and wetter con-
ditions predominantly continued after the YD
due to strengthening of the Indo-Australian sum-
mer monsoon (IASM) which peaked at around
8.5 ka (Sirocko et al.,, 1996; Denniston et al.,
2013; Kuhnt et al., 2015; Ishiwa et al., 2019). A
drier period was established between ca 8 ka
and 5 ka, and it was associated with a north-
ward displacement of the ITCZ (Kuhnt et al,
2015; Ishiwa et al., 2019). Since then, the ITCZ
shifted back southward coupled with re-intensi-
fication of the IASM (Sirocko et al., 1996; Kuhnt
et al., 2015; Ishiwa et al., 2019). Furthermore,
since the early Holocene monsoon variability
has been documented also at the centennial to
decadal timescale (Dykovski et al., 2005; Chen
et al., 2015). This high-frequency variability sug-
gests controls other than solar variability such
as changes in atmospheric and oceanic circula-
tion (i.e. El Nifio-Southern Oscillation; Dykovski
et al., 2005).

MATERIAL AND METHODS

PANASH and PECTEN cruises

Two research cruises, PANASH and PECTEN,
provided the multi-beam bathymetry data,
3.5 kHz seismic data and the cores used in this
study. The PANASH cruise was conducted on
R/V Melville in March and April 2004, as part of
the NSF MARGINS ‘Source-to-Sink’ programme
aiming to quantitatively study sedimentation in
the GoP. The PECTEN cruise was conducted on
R/V Marion Dufresne in June and July 2005, as
part of an IMAGES program. Seven piston cores
collected during the PANASH and PECTEN
cruises are included in this study. Cores were
retrieved across the southern GoP shelf edge and
slope (i.e. Ashmore Trough), at water depths
ranging from 113 to 775 m and spanned in
length from 8.5 to 36.6 m (Table 1; Fig. 3B).
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Table 1.

Location, water depth, core length and laboratory data type from cores used in this study. Data refer-

ences are the following: no superscript number = this study; 1 = de Garidel-Thoron et al. (2004); 2 = Carson et al.
(2008); 3 = Jorry et al. (2010) (NAT = northern Ashmore Trough; SAT = southern Ashmore Trough).

Latitude Water  Core
and depth length Laboratory data type
Core Location Longitude (m) (m) and reference
MV26-73 NAT- 9.783°S 113 8.50  Grain size, carbonate content, mineralogy, microfauna
Shelf 144.417°E abundance, petrography, radiocarbon dating, MARs
MV24-13 NAT- 9.812°S 376 14.78 Stable oxygen isotopes, carbonate content, mineralogy,
Slope 144.462°E grain size, radiocarbon dating, MARs
MV24-17 NAT- 9.744°S 682 12.21 Carbonate content, mineralogy, grain size, radiocarbon
Slope 144.744°E dating, MARs
MD97-34 NAT- 9.907°S 760 26.90 Stable oxygen isotopes’, carbonate content, mineralogy,
Slope 144.661°E grain size, radiocarbon dating’, MARs
MDO05-49 SAT- 10.068°S 657 36.59 Stable oxygen isotopes?, carbonate content, mineralogy,
Slope 144.230°E grain size, radiocarbon dating®, aragonite MAR?,
other MARs
MV24-06/07 SAT- 10.440°S 775 13.80 Stable oxygen isotopes?, carbonate content, mineralogy,
Slope 144.205°E grain size, radiocarbon dating®, MARs®
MD26-74 SAT- 10.733°S 684 11.34 Stable oxygen isotopes?, carbonate content, mineralogy,
Slope 144.079°E grain size, radiocarbon dating®, MARs?

Multi-beam data

Bathymetric data for the study area were
sourced from both high-resolution multibeam
sonar surveys and a regional compilation of
bathymetric data. Multibeam bathymetry data
were acquired by the R/V Melville and R/V Mar-
ion Dufresne. The R/V Melville data were
acquired sporadically during March and April
2004 using the vessel’s 12kHz Sea Beam 2000
multibeam echosounder (L-3 Communications
ELAC Nautik, Kiel, Germany). The R/V Marion
Dufresne data were acquired during June 2005
using a Thomson Marconi TSM 5265 multibeam
sonar (Thales Underwater Systems, Weybridge,
UK). These data were processed and combined
within Caris HIPS/SIPS to produce a 20 m reso-
lution bathymetry raster. A regional bathymetric
data compilation was sourced from Daniell
(2008). This regional bathymetric dataset incor-
porated data from multiple sources including:
multibeam sonar, single beam data, bathymetry
derived from Landsat imagery and digitized nau-
tical charts. Interpolation was used to fill gaps
between bathymetry soundings and the resolu-
tion of the raster dataset was approximately
110 m. For display purposes, the higher-resolu-
tion multibeam bathymetry raster is overlain on
the lower-resolution regional raster dataset.

Shallow seismic profiling

The R/V Melville echosounder data were
acquired using a Knudsen Engineering Limited
3.5 kHz system (KNUDSEN, Perth, ON, Canada),
whereas the R/V Marion Dufresne was equipped
with a SeaFalcon SBP 120 (Thales Underwater
Systems). Data were used to image shallow sedi-
ment nature and accumulation geometry, in
addition to selecting core locations.

Shipboard core analyses

After core retrieval, shipboard measurements
consisted of bulk density and magnetic suscepti-
bility using a GeoTek Multi Sensor Core Logger
(MSCL; Geotek Limited, Daventry, UK). Bulk
density was calculated from the attenuation of
gamma rays emitted from a 10 milli-Curie "*’Cs
source through the sediment core. GeoTek MSCL-
derived bulk density units are gcm™® and
referred to as gamma-ray density (GRD) to sepa-
rate them from traditional wet and dry bulk den-
sity measurements (Weber et al., 1997). Magnetic
susceptibility (MS) was measured using a Bart-
ington MS2C Loop Sensor attached to the MSCL
(Bartington Instruments Limited, Witney, UK).
The MS values were corrected with respect to
density and units are reported in 107 m® kg™
(Thompson & Oldfield, 1986). Both MS and GRD
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were measured on the MSCL at 1 cm intervals.
After the measurements, cores were logged with
focus on sediment colour, sedimentary struc-
tures, grain size, grain composition and fossils.
This preliminary core description was later inte-
grated with laboratory analyses.

Laboratory core analyses

Shelf core (MV26-73)

In core MV26-73, thirty-five samples of about
20 g each were taken at approximately 20 cm
depth intervals. After oven drying, samples were
weighed and split into subsamples for composi-
tional, textural and palaeontological analyses, as
well as age dating.

Slope cores (MV24-13, MV24-17, MD97-34,
MD05-49, MV24-06/07 and MV26-74)

Samples of approximately 10 g were taken from
each core at 10 cm depth intervals. Samples
were first freeze-dried to remove pore water.
Small subsamples of the dried bulk sediment
were then powdered with mortar and pestle,
and put aside for carbonate and mineralogical
analyses. The remaining samples were weighed,
soaked overnight in a hydrogen peroxide solu-
tion, and sonicated to disaggregate grains. The
disaggregated samples were then wet sieved to
separate coarse (>63 pm) from fine (<63 pm)
components. The coarse size fractions were
dried overnight in an oven at ca 60°C and then
weighed. The masses were subtracted from those
of bulk samples to determine the percentage of
coarse and fine components. The coarse frac-
tions were then put aside to be further sieved,
examined and sorted for stable oxygen isotope
and radiocarbon analyses. The fine size fractions
were allowed to settle out of suspension in a
large beaker before being oven dried at ca 60°C.
They were then powdered with mortar and pes-
tle, and reserved for carbonate and mineralogical
analyses.

Carbonate content

Bulk samples of about 2 to 3 g were analyzed
with the standard carbonate bomb technique by
Miieller & Gastner (1971). Powdered sediment
was placed into a glass bell jar with a vial con-
taining 10 ml of 2.3N HCI. The top of the bell
jar was connected to a burette filled with water
and graduated in 0.1 ml increments. With the
bell jar sealed, samples and acid were reacted to
produce CO,, which was measured by water dis-
placement. Carbonate content was calculated

from the volume of CO, produced using a stan-
dard curve generated by measuring and reacting
different masses of laboratory-grade calcium car-
bonate. Replicate analyses of every tenth sample
indicate a precision within 2%.

Mass accumulation rate calculations
Carbonate and siliciclastic mass accumulation
rates (MARcap and MARg;;0, respectively) were
calculated according to:

MAR_ca, = (carbonate %) * LSR * pgy
MARjj;c = (100 — carbonate %) * LSR * pg,

where carbonate % is carbonate content mea-
sured by carbonate bomb, LSR is linear sedimen-
tation rate, and pqp is dry bulk density. The LSR
was determined by dividing a thickness of sedi-
ment by the time to accumulate this thickness.
The dry-bulk density was calculated according to:

Pab = Poulk — (Ptrac * 1.025)

where ppux is the bulk density of the sediment
measured by the GeoTek MSCL (i.e. GRD), @y
is the fractional porosity of the sediment also
measured by the MSCL, and 1.025 g cm™® is the
average density of seawater.

Grain size

Bulk samples were wet sieved with a 2 mm sieve.
The >2 mm component was weighed and used
for grain identification. About 5 to 10 g of the
<2 mm component was used for grain-size analy-
sis. Grain size was measured on both bulk sedi-
ment and siliciclastic-only after acid removal of
carbonate sediment. The distribution of different
sizes was measured by analyzing light scatter pat-
terns using a Malvern Mastersizer 2000 instru-
ment (Malvern Panalytical, Malvern, UK) housed
at the Department of Earth, Environmental and
Planetary Science, Rice University.

X-ray diffraction

Part of the <2 mm bulk fraction was further wet
sieved with a 63 pm sieve. The <63 pm fraction
was examined by X-ray diffraction (XRD) analy-
sis for mineralogy. Samples were ground by
hand with an agate mortar and pestle. Ground
samples, depending on their amount, were
either packed with a spatula on an aluminum
sample holder or dispersed in a methanol solu-
tion and pipetted onto a glass slide. Analyses
were run on a Rigaku D/Max Ultima II machine
(Rigaku, Tokyo, Japan) housed at the
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Department of Earth, Environmental and Plane-
tary Science, Rice University. Each sample was
scanned twice at a fast speed of 2° min™" from
2° to 100° 20 and a low speed of 0.25° min™"
from 25° to 31° 26, the latter for an optimal reso-
lution of carbonate phases.

Microscopy (core MV26-73 only)

The >63 pm sediment component was used for
grain identification using reflected light micro-
scopy and for foraminifera point counting analy-
ses. From each sample a minimum amount of
300 specimens were picked, identified and per-
centage abundances were determined for
palaeoenvironmental interpretations.

In addition, selected samples of the >63 pm
component were used for petrographic analysis.
Petrography was conducted on standard 30 pm
thick thin sections with a transmitted-light micro-
scope. Unconsolidated samples were impregnated
with epoxy prior to thin section preparation.

Radiocarbon age dating

Shelf-edge core (MV26-73). Six samples of Hal-
imeda flakes, collected at various core depths,
were used for accelerator mass spectrometry
(AMS) radiocarbon analyses (Table 2). Halimeda
flakes were chosen because they are present
throughout the whole core, thus assuring consis-
tent results. Samples of about 10 mg were rinsed
and sonicated in distilled water and dried at
60°C. Then, they were dissolved in 103%
orthophosphoric acid and the CO, gas was col-
lected under vacuum. The CO, was converted to
graphite by reaction with hydrogen over an iron
catalyst at 600°C. The AMS analyses were per-
formed at the Research School of Earth Science,
The Australian National University. The AMS
dates were corrected using the reservoir age for
Heron Island, southern GBR (latitude 23°S, lon-
gitude 152°E) of 344 + 14 year (Druffel & Griffin,
1999). Radiocarbon ages were calibrated using
the Calib 4.3, Marine 98 database (Stuiver et al.,
1998).

Slope cores (MV24-13, MV24-17). Accelerator
mass spectrometry (AMS) radiocarbon analyses
were performed on 11 samples selected from
two cores (MV24-13 and MV24-17), and used in
conjunction with 28 additional published radio-
carbon dates from five cores (MV24-06, MV24-
07, MV26-74 and MDO05-49, Carson et al., 2008;
MD97-34, de Garidel-Thoron et al., 2004)
(Table 2). Approximately 8 to 12 mg of mixed
planktonic foraminifera (Globigerinoides ruber

and Globigerinoides sacculifer, ca 500 tests)
were picked from the >150 pm size fraction
using a binocular microscope. Specimens with
obvious dissolution effects and secondary calci-
fication were rejected. Analyses were performed
at the University of California, Irvine Keck AMS
facility. Ages are reported as conventional '*C
years before present as well as corrected calen-
dar years. Corrected ages were determined by
using the Fairbanks et al. (2005) calibration pro-
gram and CALIB 5.0.2 marine reservoir correc-
tion database (Stuiver et al., 1998).

Stable oxygen isotopes

Slope cores (MV24-13). Stable oxygen isotopes
were measured in core MV24-13 and integrated
with oxygen isotope curves of the other five
slope cores previously published (MV24-06,
MV24-07, MV26-74 and MDO05-49, Carson et al.,
2008; MD97-34, de Garidel-Thoron et al., 2004).
Samples consisted of six to eight specimens of
G. ruber (white) (G. sacculifer without the large
chamber for core MDO05-49). Samples were
picked from the 250 to 300 pm size fraction and
were analyzed at depth intervals ranging from 5
to 10 cm. Specimens with obvious indications
of dissolution or secondary calcification were
rejected, although preservation was generally
good in each core. Stable oxygen isotope analy-
ses were performed at the University of Califor-
nia, Davis (UCD), using a GV Instruments
Optima mass spectrometer (Micromass Commu-
nications Inc., Charlotte, NC, USA). Isotope val-
ues are reported in delta notation relative to V-
PDB (Vienna Pee Dee Belemnite) and have an
analytical precision of £0.05%o.

RESULTS

In the following section, first are presented data
from the six slope cores spanning the last sea-
level cycle (i.e. MV26-74, MV24-06/07, MDO05-
49, MD97-34, MV24-13 and MV24-17). Next is
the sedimentary record of the last deglaciation
at the shelf edge (i.e. core MV26-73) along with
slope core MARs from the same time interval.
The different segments of the last glacial/inter-
glacial sea-level curve and corresponding MIS
(Fig. 4A) are referred to as the following: penul-
timate interglacial maximum sea-level high (MIS
5e), early sea-level fall (MIS 5d to 5a), late sea-
level fall (MIS 4 and 3), LGM sea-level low (MIS
2), last deglaciation (MIS 2 to 1 transition) and
current interglacial sea-level high (MIS 1).
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Table 2. Conventional and calibrated radiocarbon ages from cores used in this study.

4C Age Calibrated *C Age
Core Sample depth (years BP) (calendar years Bp) Reference
MV26-73 0-20 cm 10 140 + 194 10 970 + 362 This study
MV26-73 35 cm 10 386 + 195 11 250 + 418
MV26-73 70 cm 11 682 + 201 13 150 + 207
MV26-73 222 cm 14 044 + 218 16 270 + 335
MV26-73 621 cm 15 274 + 242 17 680 + 371
MV26-73 843 cm 14 718 + 226 17 040 + 347
MV24-13 5-7 cm 2115 + 20 1683 + 32 This study
MV24-13 78-80 cm 7570 £ 20 8016 + 15
MV24-13 279-281 cm 9630 £+ 30 10 484 + 48
MV24-13 389-391 cm 10 780 + 30 12 398 + 95
MV24-13 470-472 cm 13 600 + 45 15 772 + 124
MV24-13 730-732 cm 15 400 + 60 18 390 + 159
MV24-13 1248-1252 cm 29 170 £ 250 33 629 + 512
MV24-17 80-82 cm 9930 + 30 10 929 + 107 This study
MV24-17 320-322 cm 13 050 + 40 14 800 + 89
MV24-17 600-602 cm 24 710 £ 180 29 141 + 238
MV24-17 974-976 cm 29 000 + 400 34 047 + 441
MD97-34 0 cm 780 + 60 490 +£ 51 de Garidel-Thoron
MD97-34 9 cm 1220 £ 60 785 £ 71 et al. (2004)
MD97-34 96 cm 3880 + 60 3817 + 82
MD97-34 130 cm 5050 £ 70 5445 £ 96
MD97-34 176 cm 7630 £ 70 8090 + 81
MD97-34 210 cm 8040 £+ 80 8475 £ 75
MD97-34 303 cm 10 510 + 90 11 832 + 194
MD97-34 344 cm 12 320 + 90 13 869 + 120
MD97-34 368 cm 14 010 £+ 110 16 366 + 194
MD97-34 468 cm 22 880 + 190 27 021 £ 217
MD97-34 502 cm 27 850 £ 310 32 328 + 261
MD97-34 601 cm 30 090 + 340 34 876 + 361
MD97-34 720 cm 31 390 £ 370 35993 + 442
MDO05-49 10 cm 1685 £ 15 1283 £ 7 Carson et al. (2008)
MDO05-49 140 cm 7930 £ 25 8392 £+ 13
MDO05-49 200 cm 10 980 + 45 12 902 + 93
MDO05-49 260 cm 23 080 + 120 27 232 £+ 151
MDO05-49 330 cm 34 090 £ 470 38 752 £ 791
MV24-06 10-12 cm 1680 £ 25 1278 £+ 20 Carson et al. (2008)
MV24-06 80-82 cm 9265 £+ 20 10 080 + 89
MV24-07 10-12 cm 11 295 + 25 12 865 + 78 Carson et al. (2008)
MV24-07 50-52 cm 26 710 £ 140 21 412 + 32
MV24-07 120-122 cm 39 300 + 360 43 291 £ 445
MV26-74 10-12 cm 2215 £ 20 1819 + 31 Carson et al. (2008)
MV26-74 100-102 cm 8095 £ 25 8534 £+ 33
MV26-74 150-152 cm 9825 £ 25 10 719 + 36
MV26-74 165-167 cm 11 005 + 25 12 632 + 35
MV26-74 235-237 cm 37 420 £ 270 42 001 £ 175

Last sea-level cycle sedimentary record: slope resolution planktonic oxygen isotope stratigraphy
cores on five out of the six slope cores (Fig. 5). Distinct
peaks and troughs in the foraminiferal §'®0
records, correlated to and dated with the LR04
stacked benthic oxygen isotopic record of Lisiecki

Chronostratigraphy
Core chronostratigraphy was established through
integration of radiocarbon dating and high-
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Fig. 5. Chronostratigraphy of Ashmore Trough cores. (A) Relative sea-level curve for the last glacial cycle (left;
modified from Lambeck et al., 2002) and stacked benthic foraminiferal oxygen isotope curve (right, modified from
Lisiecki & Raymo, 2005) with MIS stages and substages (Railsback et al., 2015). The grey shading in MIS 2, 3, 4
and 6, indicates glacial periods, while the non-shaded intervals, MIS 1 and 5, indicate interglacial periods. (B)
Stable oxygen isotope data and MIS stages from Ashmore Trough cores. Marine isotope stages were correlated to

the Lisiecki & Raymo (2005) curve. Oxygen isotope data poi

nts are depicted as black circles. Depths that also con-

tain radiocarbon dates are marked with red circles. The location of the Laschamp Excursion, identified by Blan-
chet et al. (2006), is marked by a yellow square on core MD97-34.

& Raymo (2005), demonstrate that core MD05-49
covers the longest time interval up, to 140 ka
(Fig. 5). Moreover, in core MD05-2949, the last
occurrence of pink-pigmented G. ruber clearly
indicates the transition between MIS 6 and MIS 5
(Thompson et al., 1979; Jorry et al., 2010).

Overall, light oxygen isotope values mark
interglacial intervals, with the most depleted
values occurring in MIS 5e and MIS 1, during
which sea level was at its maximum (Fig. 5).
Heavy oxygen isotope values mark the glacial
intervals, with the most enriched values occur-
ring in MIS 6 and MIS 2 when sea level reached
its minimum (Fig. 5). Thirty-nine corrected
radiocarbon ages (Table 2) anchor the age model.
Additionally, the Laschamp geomagnetic excur-
sion was identified in MD97-34 (Blanchet et al.,
2006; Leduc et al., 2006) and was also used as
age datum (41 ka at 10.3 m) in this core.

Overall sediment composition and grain size
Sediment in Ashmore Trough slope cores con-
sists of two dominant components: carbonate

and siliciclastic material. Siliciclastic contents
are reciprocal of carbonate contents and, there-
fore, were quantified as: 100 — CaCO3; %. Car-
bonate sediment is made of biogenic material
shed from surrounding carbonate platforms and
tests of pelagic organisms settled through the
water column, resulting in a mixture of arago-
nite, high-Mg calcite (HMC) and low-Mg calcite
(LMCQC). Siliciclastic sediment was delivered to
the GoP shelf edge by PNG rivers. It consists of
quartz with lesser amounts of plagioclase feld-
spar, illite, muscovite, chlorite, kaolinite and
smectite.

Grain size is unevenly distributed, ranging
from clay to sand-sized particles. Coarse-size
fraction, >63 pm, is generally <20% (Fig. 6) and
it is dominated by pelagic carbonate particles,
primarily planktonic foraminifera (LMC) and
pteropods (aragonite). Benthic constituents are
minimal (for example, benthic foraminifera,
ostracods, echinoderm fragments and sponge
spicules). Coarse fraction >20% occurs in south-
ern Ashmore Trough cores during minimum sea
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Fig. 6. Bulk carbonate content, fine (<63 pm) carbonate content, and coarse (>63 pm) bulk size fraction from Ash-
more Trough cores. Numbers represent marine isotope stages and substages depth-correlated to Fig. 4. Peaks of
the bulk coarse fraction co-varying with bulk carbonate content indicate intervals with coarse carbonate sediment
such as planktonic foraminifera (for example, cores MD26-74 and MD05-49). Peaks of the bulk coarse fraction
crossing over bulk carbonate content indicate intervals with siliciclastic sand (for example, base of core MD97-34,

cores MV24-13 and MV24-17).

level (MIS 2) and last deglacial early sea-level
rise (MIS 2 to 1 transition) (Fig. 6). In such inter-
vals the coarse fraction co-varies with bulk car-
bonate content indicating dominant carbonate
mineralogy (Fig. 6). Intervals with coarse frac-
tion spanning from 20 to 50% and crossing over
the bulk carbonate curve, occurs in the northern
Ashmore Trough (cores MV24-13 and MV24-17)
during late sea-level fall (MIS 3) and last degla-
cial early sea-level rise (MIS 2 to 1 transition)
(Fig. 6). These intervals correspond to deposi-
tion of silty/sandy siliciclastic turbidites.

Fine-size fraction, <63 pm, dominates in all
cores (Fig. 6). Carbonate fine fraction >50%
occurs during interglacial sea-level maximum
(MIS 5e and MIS 1), and between 20% and 50%
during the smaller amplitude sea-level rise of
MIS 5 sub-stages (i.e. 5¢ and 5a). Fine carbonate
consists of bank-derived (i.e. neritic) aragonite,
HMC and coccoliths (LMC).

Siliciclastic/carbonate content and mass
accumulation rates
Siliciclastic sediment across Ashmore Trough is
highly variable (Fig. 7). In southern Ashmore
Trough (i.e. cores MD26-74, MV24-06/07, MDO05-
2949), siliciclastic MARs were highest (ca 20 to
60 g cm~?*kyr) during early sea-level fall (MIS
5d to 5a), and lowest (<5 g cm™**kyr) during
late fall and LGM sea-level low (MIS 4, 3 and 2).
In northern Ashmore Trough (i.e. cores MV97-
34, MV24-13 and MV24-17, although with a
more limited record span to 60 or 40 ka), silici-
clastic  MARs were highest (ca 20 to
100 g cm~**kyr) through late sea-level fall (MIS
4 and 3), lessen during LGM sea-level low (MIS
2) and resumed to pre-LGM levels during last
deglacial sea-level rise (MIS 2 to MIS 1 transi-
tion) (Fig. 7).

Carbonate sediment is mostly fine material
thus resulting in similar bulk and fine carbonate
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Fig. 7. Bulk siliciclastic and carbonate mass accumulation rates (MARgj;c and MAR ., respectively) from Ash-
more Trough slope cores correlated to the last glacial cycle relative sea-level curve and marine isotope stage
(MIS). Only core MD05-49 in southern Ashmore Trough recovered sediments from the penultimate interglacial

substages MIS 5e to 5c.

contents (Fig. 6). Carbonate content is extremely
variable across the cores ranging between ca 1%
and 92% (Fig. 6). The highest carbonate MARs
(up to 60 g cm ?*kyr) occurred during penulti-
mate and current interglacial sea-level high (MIS
5¢ and MIS 1) (Fig. 7). Relatively high values
occurred during small amplitude sea-level rise of
early sea-level fall (MIS 5¢ and MIS 5a) (Fig. 7).

Carbonate mineralogy and mass accumulation
rates

Aragonite usually dominates the fine-fraction
carbonate mineralogy ranging from values of ca
1 to 60% of total fine fraction sediment. Maxi-
mum aragonite MARs (up to ca 35 g cm™**kyr)
typically occurred during penultimate and cur-
rent interglacial sea-level high (MIS 5e and MIS
1; Fig. 8). During the deglacial transition, the
first occurrence of fine aragonite is in most of
the cores dated at 11.5 to 11.0 ka (Fig. 8). Rela-
tively high values occurred during small ampli-
tude sea-level rise (i.e. MIS 5¢c and MIS 5a) of
longer-term fall. Aragonite MAR peaks also cor-
relate to negative excursions in the oxygen iso-
tope record. The lowest aragonite MARs
(<5 g cm~?*kyr) occurred during late sea-level
fall and LGM sea-level low (MIS 4, 3 and 2).
The HMC and LMC content ranges from 1 to

22% and 3 to 20%, respectively. The HMC and
LMC MARs generally co-vary with aragonite
MARs, however the former have lower maxi-
mum values up to 15 g cm **kyr (Fig. 8). The
LMC accumulation rates episodically exceeded
aragonite accumulation rates during low ampli-
tude sea-level fall of the longer-term fall (MIS
5b, MIS 4 and MIS 3) (Fig. 8). LMC MARs
higher than HMC MARs occur during substage
MIS 5b sea-level fall (i.e. cores MV24-06/07 and
MD05-49; Fig. 8).

Shallow seismic

The 3.5 kHz data provide an important tool for
correlating between cores and across Ashmore
Trough as well as revealing sediment package
geometry. Southern Ashmore Trough contains
several seismic reflections that are regionally
correlative (Fig. 9A).

Such reflections correspond to acoustic impe-
dance contrasts expected to be controlled by a
combination of sediment composition, grain size,
compaction and early cementation (Slowey et al.,
1989; Breitzke, 2000). Two-way travel time to
depth conversion was based on P-wave velocity
of 1500 m s, typical of near sea floor unconsoli-
dated hemipelagic mud (Breitzke, 2000). Seismic
to core tie shows that there is a good
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Fig. 8. Carbonate mineral mass accumulation rates (MAR) from Ashmore Trough slope cores correlated to the last
glacial cycle relative sea-level curve and marine isotope stage (MIS) (MARg,; = aragonite; MARyc = high-Mg
calcite; MARmc = low-Mg calcite). Only core MDO05-49 in southern Ashmore Trough recovered sediments from

the penultimate interglacial substages MIS 5e to 5c.

correspondence between acoustic impedance
contrast and major changes in sediment composi-
tion. For example, in core MD05-49, a high ampli-
tude reflection at ca 27 metres below sea floor
(mbsf) corresponds to the bottom of a carbonate
mud interval dated at ca 130 ka (i.e. MIS 6 to MIS
5e transition; Fig. 9B). Other moderate to high-
amplitude reflections occur at 23 mbsf and
7 mbsf and, based on core to seismic tie, they can
be dated at 115 ka and 70 ka, respectively (Fig. 9
B). These major compositional changes are
expected to be synchronous and, therefore,
approximate time lines. This is confirmed by the
compositional change at 70 ka recorded across
the southern Ashmore Trough in cores MV24-06/
07, MV24-74 and MD05-49 (Figs 7 and 8).

Using the 115 ka, 70 ka and sea floor reflection,
two sedimentary units are mapped across south-
ern Ashmore Trough (Fig. 9A). The lower unit
(between the 115 ka and 70 ka reflections) shows
semi-transparent homogeneous seismic facies
ranging in thickness from 18 to 50 m, and thin-
ning towards the south and downslope. In a few
locations internal reflections can be identified.
The upper unit (between the 70 ka and sea floor

reflections) is a high-amplitude, homogeneous
seismic facies ranging in thickness from 2 to 12 m.

In northern Ashmore Trough seismic reflec-
tions show limited lateral continuity because
often they are juxtaposed to chaotic/transparent
seismic facies. One such facies is located on the
lower slope just north-east of MD05-49 where it
truncates adjacent reflections (Fig. 9A). This
seismic interval is part of a sedimentary body
that displays positive relief on the sea floor.
Chaotic/transparent facies are interpreted as
mass transport deposits.

Lastly, a southward thinning transparent seis-
mic wedge covers much of the northern slope
(Fig. 9C). This unit, penetrated in cores MV24-
13 and MV24-17, is thickest in north-east Ash-
more Trough, south-east of Portlock Reef, where
it contains few internal reflections.

Last deglacial sedimentary record: shelf-edge
core and slope cores

Shelf edge sea-floor bathymetry
The two most prominent geomorphic elements
on Ashmore Trough shelf edge are the delta
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Fig. 9. Shallow 3.5 kHz seismic profiles, including intersected and nearby projected cores, and seismic to core
correlation. (A) Seismic profile across southern Ashmore Trough (AT; see Fig. 3B for seismic profile trace). A sedi-
ment wedge is present in the northern sector of the profile (with projected core MV24-13), which is truncated by
chaotic and transparent seismic facies interpreted as a mass transport deposit. The southern sectors of the profile,
between core MD05-49 and MV24-06/07, show a sediment interval characterized by seismic facies with alternating
high amplitude and transparent reflections. Notice the sediment interval thinning southward. (B) Seismic to core
correlation for core MD05-49. From left to right are: slice of 3.5 kHz seismic, core scan, and bulk carbonate con-
tent. Black arrows point to main reflections dated at 130, 115 and 70 ka on the base of seismic to core tie. Such
reflections show a good correspondence with major compositional changes. (C) Shallow 3.5 kHz seismic profile
parallel and across northern AT slope with intersected cores (see map in Fig. 3B for trace of the profile). Notice
the sediment wedge in the northern leg of the profile, which runs perpendicular to the slope.

complex to the north and the drowned barrier
reef (Fig. 3C).

Core MV26-73 is located about 2 km landward
of the modern shelf edge at a water depth of
113 m (Fig. 3D). In this portion of the shelf edge,
the top of the drowned barrier reef is as shallow
as ca 60 to 70 mbpsl (Fig. 3D). Moreover, the
drowned reef is segmented due to the presence
of channels running approximately perpendicu-
lar to the shelf edge (Fig. 3D).

Shelf-edge core stratigraphy and composition
The 8.5 m long MV26-73 core contains major
variations in sediment composition (Figs 10 and
11). These differences can be divided into five
stratigraphic units based on sedimentology, min-
eralogy and faunal composition. For convenience,
these units are labelled ‘A’ to ‘E’ from bottom to
top. Chronostratigraphy of core MV26-73 is based
on six radiocarbon ages (Table 2) showing that
sediment accumulated from ca 17 to 11 ka.
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Fig. 10. Core MV26-73 photograph with stratigraphic
units A to E. The core shows an overall fining-upward
succession. Composition of units A, D and E is pre-
dominantly carbonate whereas units B and C are sili-
ciclastic. Unit E is weakly cemented and appears as
rubble. Red triangles mark unit boundaries.

Unit A. The lowermost Unit A, from 8.5 to
6.5 mbsf, is a fining-upward carbonate sandy
gravel (Figs 10 and 11). Carbonate content is
>80%, MS is below 20 SI, and GRD is ca
2.1 g cm™?, Siliciclastic grains are a minor con-
stituent and the <2 mm siliciclastic fraction
ranges from fine sand to silt. XRD analysis of the
bulk fine fraction (<63 pm) shows that it is mainly
composed of quartz and calcite with virtually no
clay minerals (Fig. 12A). The bottom of Unit A is
dated at 17. 040 + 0.347 ka (Fig. 11).

The gravel fraction, more abundant in the
lower half of the unit, consists of carbonate bio-
clasts such as molluscs, Halimeda, echinoderms,
coral and bryozoan fragments, as well as larger
benthic foraminifer tests. Molluscs include gas-
tropods and disarticulated bivalves such as Bar-
batia sp., Prothotaca sp., Cyclinella sp., Colisella
sp., Conus sp. and Cyprea sp. Across the entire
unit, benthic foraminiferal fauna is dominated
by Calacarinidae (for example, Calcarina gau-
dichaudii, Calcarina defrancii and Neorotalia
calcar; Fig. 11). The remainder of the fauna con-
sists of Amphisteginidae (for example, Amphis-
tegina lobifera and Amphistegina lessonii),

Soritidae (for example, Marginopora sp., Amphi-
sorus sp. and Parasorites sp.), Elphiidae and
Miliolidae (Fig. 11).

Sand-sized grains consist of ooids, subangular
and rounded quartz grains, and smaller bioclasts.
Ooid sizes range between 0.2 mm and 1.0 mm.
Petrographic analysis shows that the cortex thick-
ness is generally much thinner than the diameter
of the nucleus and, therefore, they can be classi-
fied as superficial ooids (sensu Carozzi, 1957;
Fig. 13A). The crystal arrangement of the cortex
is radial and microboring is common (Fig. 13B).
Only a few ooids show a fully micritized cortex.
Nuclei mainly consist of bioclasts (for example,
red algae and benthic foraminifera) and quartz
grains (Fig. 13A and B). X-ray diffraction analysis
of pulverized ooids shows that HMC is the domi-
nant mineralogy (Fig. 12B).

Unit B. Unit B, the thickest of all units, spans
from 6.5 to 2.8 mbsf, and consists mostly of bio-
turbated quartz—skeletal medium-fine sand
(Figs 10 and 11). Carbonate content is mostly
below 25%, with the exception of a bed at about
3.9 mbsf where it increases above 80% due to
abundant coated grains (Fig. 11). Magnetic sus-
ceptibility is the highest recorded in the core and
it peaks at 120 SI near the base of the unit,
whereas GRD is lower than the underlying Unit A
with values approximately at 2 g cm™ (Fig. 11).
Grain-size distribution of the <2 mm siliciclastic
fraction is coarsening-upward (Fig. 11). The XRD
and petrographic analyses show greater detrital
quartz and clay content compared to the underly-
ing Unit A (Figs 12C and 13C). Clay minerals con-
sist of chlorite and illite (Fig. 12C). From
5.8 mbsf and upward, detrital wood debris is pre-
sent whereas ooids decrease (Fig. 11). Bioclasts
>2 mm in size are minor and consist of gas-
tropods, Halimeda, echinoderms and bryozoans.
The foraminiferal content is very similar to Unit
A, with Calcarinidae representing the predomi-
nant genus (foraminiferal relative abundance
>80%; Fig. 11). The carbonate bed at about
3.9 mbsf corresponds to a return of abundant
ooids and coated grains (Figs 11 and 13D). In this
bed, other grains are peloids, larger benthic fora-
minifera, Halimeda, echinoderm spines, coral
fragments, bryozoans and rare detrital quartz. A
'#C date at the base of the unit shows an age of
17.680 £ 0.371 ka, slightly older than the under-
lying date (Fig. 11).

Unit C. This unit, spanning from 2.8 to 1.0 mb-
sf, records some major compositional changes,
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such as the absence of ooids and wood debris,
and the first appearance of planktonic foramini-
fera at 1.7 mbsf (Fig. 11). It consists of biotur-
bated quartz-skeletal fine sand with carbonate
content increasing upward from about 30 to 50%
(Figs 10 and 11). Magnetic susceptibility
increases from 40 SI at the base of the Unit, to ca
60 SI at 2 mbsf and it decreases back to 40 SI
towards the top of the unit (Fig. 11). Gamma-ray
density (GRD) is ca 2 g cm™ and increases to
2.2 gcm™® in the topmost 50 cm of the unit
(Fig. 11). Grain-size distribution of the siliciclas-
tic-only fractions (<2 mm) is fining-upward
(Fig. 11). The grain size of the bulk fraction
(<2 mm) shows a similar trend up to 2.1 mbsf,
followed by an opposite coarsening upward trend
to the top of the unit (Fig. 11). Bioclasts >2 mm
consist mainly of Halimeda, articulated bivalves,
gastropods, echinoderms and bryozoans. XRD
analyses of the <63 ym fraction shows quartz, cal-
cite and clays (for example, chlorite and illite) as
the main minerals (Fig. 12D). The benthic forami-
niferal fauna is still dominated by Calcarinidae
with a relative abundance >75% (Fig. 11). A '*C
date in the lower part of the unit indicates an age
of 16.270 + 0.335 ka (Fig. 11).

Unit D. This unit spans from 1.0 to 0.5 mbsf
and it consists of bioturbated carbonate

2-Theta (°)

0 (D) Unit C, 1.9 mbsf; (E) Unit D,
0.52 mbsf; (F) Unit E, 0.38 mbsf.

29

[}

bioclastic medium to fine sand with subordinate
quartz grains (Figs 10 and 11). Carbonate con-
tent increases steadily upward from 50 to 70%,
along with GRD values up to 2.4 g cm™°. Con-
versely, magnetic susceptibility decreases from
40 to 20 SI (Fig. 11). Bioclasts mainly consist of
Halimeda, bivalves, gastropods, echinoderms
and bryozoans. A 20 cm thick bed, made mostly
of Halimeda flakes, is present at 0.75 mbsf. XRD
analyses of the <63 pm bulk fraction show that
quartz and high-Mg calcite are the dominant
mineralogies (Fig. 12E), with HMC becoming rel-
atively more abundant at the top of the unit.
Unit D is characterized by a major change in the
benthic foraminiferal fauna. Towards its top,
Amphisteginidae (for example, Amphistegina
radiata, Amphistegina bicirculata and Amphis-
tegina papillosa) replace Calcarinidae as the pre-
dominant group (Fig. 11). Relative abundance of
planktonic foraminifera is greater than in the
underlying Unit C (Fig. 11). The age of Unit D is
constrained by a '*C date at 0.7 mbsf of
13.150 =+ 0.207 ka (Fig. 11).

Unit E. The uppermost Unit E is 0.5 m thick
and consists of weakly cemented carbonate with
colour transitioning upward from light grey to
light brown (Figs 10 and 11). Its rubbly texture
did not permit core measurements such as
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Fig. 13. Transmitted-light photomicrographs of selected samples (blue background is epoxy): (A) Unit A ooids.
Notice the thin cortex of the majority of the ooids (i.e. superficial ooids). Nuclei mainly consist of quartz (black
arrows) and bioclasts (red arrows). Uncoated quartz grains (Qz) are also present. (B) Close-up of an ooid (black
arrow) with quartz nucleus and radial cortex. Dark brown patches in the cortex represent micro-borings. (C) Unit
B silt/sand fraction with abundant angular quartz grains (Qz), subordinate superficial ooids (SO) and benthic fora-
minifera (BF). (D) Ooid-rich bed within Unit B. Similar to the underlying Unit A, ooids are mostly superficial
with nuclei consisting of quartz (black arrows) and bioclasts (red arrows). Uncoated quartz grains (Qz) are also
present. (E) Unit E with Halimeda flake (H) coated by multiple layers of encrusting formainifer (EF) and red algae
(RA). (F) Unit E microfacies consists of grainstone with benthic and planktonic foraminifera (BF and PF, respec-
tively), Halimeda fragments (H), quartz grains (Qz) and intraclasts (IC). Most grains are coated with an isopachous
rim of bladed calcite cement (red arrow).
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magnetic susceptibility and bulk density. For
the same reason, washing and sieving was only
possible from the base of the unit up to 0.35 mb-
sf. XRD analysis of the <63 pm fraction near its
base shows a strong high-Mg calcite peak with a
less pronounced quartz peak (Fig. 12F). Microfa-
cies consist mainly of bioclastic packstone—
grainstone with Halimeda, molluscs, bryozoans,
echinoderms, red algae, encrusting foraminifera
(Gypsina sp.), amphisteginids and planktonic
foraminifera (Fig. 13E and F). Non-carbonate
grains are quartz, feldspar and rare glauconite.
Carbonate cements exhibit two morphologies:
micropeloidal with clotted texture; and schale-
noedric (Fig. 13F). Relative abundance of fora-
minifera at the base of Unit E (up to 0.35 mbsf),
shows that Amphisteginidae (for example,
Amphistegina bicirculata and Amphistegina
papillosa) remains the predominant group (ca
70%) (Fig. 11). In the same interval, mineralogy
of the fine fraction consists mainly of HMC with
subordinate quartz and aragonite (Fig. 12F). "*C
dates indicate ages of 11.250 + 0.418 and
10.970 £ 0.362 ka at the bottom and top of the
unit, respectively (Fig. 11).

Mass accumulation rates

Shelf core. Highest bulk carbonate and silici-
clastic MARs, up to 1200 g cm **kyr, occurred
at core MV26-73 location from ca 17 ka until ca
16.2 ka and correspond to deposition of units A
and B (Fig. 14A). However, the above value
should be considered an approximation because
the bottom of Unit A was not recovered in the
core and relatively few radiocarbon ages con-
strain these two units, which together represent
65% of the entire core thickness. Both MARs
decreased afterwards during deposition of units
C to E; but while siliciclastic MARs steadily
declined down to <10 g cm™**kyr near 11 ka,
carbonate MARs remained more constant span-
ning from ca 20 and 50 g cm™**kyr (Fig. 14A).

Slope cores. In southern Ashmore Trough silici-
clastic and bulk carbonate MARs were low
(<10 g cm™?*kyr) through the LGM and initial
part of the last deglaciation (Fig. 14A). In north-
ern Ashmore Trough, during LGM, bulk carbon-
ate MARs were also low, <10g cm_z*kyr,
whereas siliciclastic MARs were higher, up to
40 g cm **kyr (Fig. 14A). Siliciclastic MARs in
core MV24-13 (downdip of MV26-73) abruptly
increased at ca 18 ka up to 100 g cm™**kyr, and
remained as such until ca 15 ka (Fig. 14A). Dur-
ing the same interval, bulk carbonate MARs

increased up to 20 g cm **kyr (Fig. 14A) with
relatively higher rates of HMC and LMC and
lower aragonite (Fig. 14B). From 15 ka to 11 ka,
siliciclastic MARs continued heterogeneously
along Ashmore Trough slope: low values,
<10 g cm™?*kyr, in the southern area (i.e. MD26-
74, MV24-06/07 and MD05-49) and moderate to
high values up to 50 g cm™**kyr in the northern
area (i.e. MD97-34, MV24-13 and MV24-17). Dur-
ing this time interval bulk carbonate MARs
remained generally low with the exception of
core MV24-17 where rates were up to 20 g cm™2*
kyr. Since ca 11.0 — 11.5 ka, bulk carbonate MARs
increased across the entire Ashmore Trough with
aragonite being the most abundant carbonate
mineralogy (Fig. 14A and B). In northern
Ashmore Trough, aragonite MARs peaked at ca
8 ka (Fig. 14B). In southern Ashmore Trough, sili-
ciclastic MARs remained low from 11 ka to
recent, whereas in northern Ashmore Trough
they peaked at ca 8.5 ka, in turn followed by low
rates similar to the southern sector (Fig. 14A).

DISCUSSION

Sediment composition and partitioning in the
southern Gulf of Papua (GoP) can be interpreted
relative to an independently reconstructed sea-
level curve during the last glacial cycle. In addi-
tion to the 100 kyr scale of investigation, higher
resolution observation, at millennial scale, was
carried out to determine what controlled sedi-
mentation during the climatically unstable,
high-amplitude sea-level fluctuations, glacial
(LGM) to interglacial (Holocene) transition.

Initially, the mixed siliciclastic-carbonate
accumulation along the upper and lower slope
of the southern GoP (i.e. Ashmore Trough) will
be interpreted within the framework of five
intervals of the last interglacial/glacial sea-level
cycle and corresponding MIS described earlier.
Then, the sedimentary evolution of the outer
shelf will be analyzed at millennial scale during
the last deglaciation and, subsequently, it will
be integrated in a shelf-edge/slope contempora-
neous sedimentation conceptual model.

Sedimentation in the Ashmore Trough during
the last sea-level cycle

Penultimate interglacial maximum sea-level
high (MIS 5e, ca 130 to 115 ka)

The sediment composition of MD05-49, coupled
with 3.5 kHz imaging, shows that carbonate input
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Fig. 14. Mass accumulation rates during the last deglaciation (including LGM at ca 20 ka) from shelf edge and
slope cores along Ashmore Trough. (A) Bulk siliciclastic and carbonate mass accumulation rates, MARg;;;c and
MAR_arp, Tespectively. MAR values in shelf-edge core MV26-73 are in logarithmic scale. Notice the heterogeneous,
both in time and space, distribution of siliciclastic sediment along the slope. (B) Carbonate mineral mass accumu-
lation rates (MAR) from Ashmore Trough slope cores (five out of six) during the last deglaciation (MAR,.g = arag-
onite; MARpmc = high-Mg calcite; MAR[yc = low-Mg calcite). On the slope, aragonite accumulation rates

increased since ca 11.0-11.5 ka.

dominated (up to 90%) Ashmore Trough deposi-
tion during the penultimate interglacial maxi-
mum sea level (i.e. MIS 5e; Fig. 15A). At that
time, sea level was up to 5 to 6 m higher than
today (Fig. 4A), keeping the top of the Great Bar-
rier Reef (GBR), Ashmore, Boot and Portlock reefs
submerged and within the photic zone. Fine arag-
onite and HMC dominated the carbonate sedi-
ment composition. This mineralogy indicates
export of neritic carbonate from the surrounding
reef and bank tops towards the slopes of Ashmore
Trough, in accordance with the highstand-shed-
ding model for carbonate systems (Schlager et al.,
1994; Jorry et al., 2010). Pelagic carbonate zoo-
plankton and phytoplankton provided a LMC
component in the periplatform ooze settling to
the sea floor (Fig. 8). High sea level also

submerged the broad southern GoP shelf, posi-
tioning the mouth of major rivers (for example,
the palaeo-Fly River) much further landward and
(ca 200 km) far away from the Ashmore Trough
upper slope. As a result, very little siliciclastic
material accumulated in Ashmore Trough. Silici-
clastic sediment was likely stored on the inner
shelf as a series of prograding clinoforms, similar
to the inner shelf today (Harris et al., 1993; Walsh
et al., 2004; Slingerland et al., 2008a).

Early sea-level fall (MIS 5d to 5a, ca 115 to

70 ka)

Early sea-level fall was characterized by maxi-
mum siliciclastic mud input (Fig. 15B), and only
short, punctuated intervals characterized by
increased carbonate input (sub-interglacials MIS
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Fig. 15. Cartoons illustrating the reconstructed depositional history along Ashmore Trough during the last glacial
cycle (100 kyr scale). Time intervals correspond to marine isotope stages/substages and each interval displays
cores with coeval sedimentary record. (A) Penultimate interglacial maximum sea-level high: MIS 5e, ca 130 to
115 ka. (B) Early sea-level fall: MIS 5d to 5a, ca 115 to 70 ka. (C) Late sea-level fall: MIS 4 and MIS 3, ca 70 to
30 ka. (D) LGM sea-level low: MIS 2, ca 30 to 19 ka. (E) Current interglacial sea-level high: MIS 1, ca 7 ka to pre-
sent. Last deglacial interval, ca 19 to 7 ka, is described at the millennial scale in Fig. 16 (AR = Ashmore Reef;
AT = Ashmore Trough; BR = Boot Reef; GBR = Great Barrier Reef; PR = Portlock Reef; PT = Pandora Trough).
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5¢ and MIS 5a; Fig. 6). During MIS 5d to 5a,
sea level oscillated between 20 and 60 mbpsl
(Fig. 4A; Lambeck & Chappell, 2001; Lambeck
et al, 2002). Because of the sea-level oscillations
(some reaching ca 20 to 40 m of magnitude in
<10 kyr), the carbonate platforms went through
several periods of exposure and re-flooding. Dur-
ing the short re-flooding events, neritic carbon-
ate material (aragonite and HMC) was exported
to the basin (Jorry et al., 2010). Pelagic carbonate
(LMC) remained as minor background sediment
because particulates reached the sea floor by set-
tling through the water column. During this time
of overall sea-level fall, unconsolidated silici-
clastic mud, stored on the inner shelf during
MIS 5e, was systematically exposed, reworked,
transported as suspended material across the
narrowed shelf, and ultimately delivered to the
Ashmore Trough upper slope (Fig. 15B). Sedi-
ment was remobilized in response to the drop in
base level. Moreover, the overall lowering of sea
level by as much as 60 m likely strengthened
the tidal currents enough to keep the fine silici-
clastics in suspension within the water column
(Harris et al., 2005). Sands were not found in
Ashmore Trough during the early sea-level fall,
implying that river mouths were not yet at the
shelf-edge, but had only partially migrated
across the previous highstand shelf (Slingerland
et al., 2008a; Wei & Driscoll, 2020).

The early-fall siliciclastic muddy package is
well imaged in 3.5 kHz seismic profiles as a
wedge thick transparent unit in southern Ash-
more Trough. Its thickness decreases both south-
ward and downslope. The overall wedge
geometry of this unit is easily explained by the
major northern source for the muddy siliciclastic
sediment. Subglacial 5d and 5b sediments, cored
along the western slope of Ashmore Trough
(MV26-74, MV24-06/07 and MDO05-49) (Fig. 7),
consist of almost exclusively siliciclastic mud.

The north-easterly Coral Sea Current (CSC)
characterizes present-day oceanic circulation in
the GoP. This main current generates a counter-
clockwise rotating eddy at the shelf break with
prevailing south-westward currents with speed
up to 0.3 m s~' (Wolanski et al., 1995). If such a
circulation pattern was present also during the
last early sea-level fall, it is conceivable that
south-westerly currents transported muddy sili-
ciclastic sediment from the northern Ashmore
Trough shelf edge in a south-westerly direction
along the upper slopes of Ashmore Trough. Mud
was likely originated from reworking of the par-
tially exposed shelf.

Late sea-level fall (MIS 4 and MIS 3, ca 70 to
30 ka)
Late sea-level fall (MIS 4 and 3) is characterized
by low carbonate accumulation rates and signifi-
cant variability in siliciclastic accumulation
across Ashmore Trough (Fig. 15C). A ca 35 m
step in the overall sea-level fall observed at ca
70 ka (Figs 4A and 15C; Lambeck & Chappell,
2001; Lambeck et al., 2002) likely controls the
major change in sediment accumulation across
Ashmore Trough. From 70 ka until 30 ka (MIS 3),
sea level fluctuated between 50 and 80 mbpsl
(Fig. 4A). During this time interval, the neritic
carbonate producing regions remained com-
pletely exposed, essentially cutting off neritic car-
bonate supply to Ashmore Trough (Jorry et al.,
2010). As during early sea-level fall, minor
amounts of pelagic carbonate still accumulated in
Ashmore Trough at this time. At ca 70 ka, silici-
clastic input, transport, distribution and accumu-
lation also changed dramatically on the slopes of
Ashmore Trough. Very high siliciclastic input is
documented in northern Ashmore Trough, while
siliciclastic input was cut off in southern Ash-
more Trough (Fig. 15C). During this time, gravity
flow sandy deposits appear in northern Ashmore
Trough (i.e. bottom of core MD97-34; Figs 6 and
7) and a large MTD is imaged in the seismic data
cross-cutting the early sea-level fall unit (Fig. 9
A). Presumably, the ca 35 m fall in sea level at ca
70 ka allowed river deltas to approach the north-
ern shelf edge, facilitating sand and mud trans-
port directly to the proximal upper slope,
possibly funnelled through valleys incised during
MIS 4 sea-level low. Similarly, in the central sec-
tor of the GoP shelf during MIS 4 and MIS 3, sili-
ciclastic sediment reached Pandora Trough aided
by offshore-incised valleys (Wei & Driscoll, 2020).
Sediment delivery to the upper slope allowed
the shelf edge in the northern Ashmore Trough
to prograde basinward and to infill the northern
end of the trough (Fig. 1C).

Last glacial maximum sea-level low (MIS 2, ca
30 to 19 ka)

The LGM sea-level low was characterized by
reduced sedimentation rates and minimal carbon-
ate and siliciclastic input in Ashmore Trough
(Fig. 15D). The last major pre-LGM sea level drop
(ca 45 m) occurred at ca 30 ka (Fig. 4A; Lambeck
& Chappell, 2001; Lambeck et al., 2002), dropping
sea level to 130 to 120 mbpsl. Carbonate plat-
forms remained exposed, limiting input of neritic
carbonate sediment. Input of pelagic carbonates
continued to be constant minor background
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sedimentation. By this time, the shelf edge
reached its present-day location, likely built by
prograding deltas. Multi-beam data of the modern
shelf-edge bathymetry indicate a broad protrud-
ing bulge on the northernmost shelf-edge portion
of Ashmore Trough (Fig. 4A; Francis et al., 2008).
The shape and depth (ca 110 to 120 mbpsl) of the
bulge, and presence of well-developed submarine
gullies originating from its apex, suggest a more
than 50 km wide delta, formed when sea level
was at its lowest and large masses of fluvial sedi-
ment extended to the shelf-edge (Francis et al.,
2008).

During the LGM sea-level low, a marked
decrease in siliciclastic accumulation is
observed on the northern Ashmore Trough slope
(Figs 7 and 15D). This change is attributed to
the transport of siliciclastic sediment directly to
Pandora Trough, bypassing much of northern
Ashmore Trough (Jorry et al., 2008). Sediment
was transported from the LGM shelf edge
through deeply incised channels, gullies and
canyons incising the shelf edge, slope and sea
floor passages between Boot and Portlock reefs,
and leading to Pandora Trough and possibly
Bligh Trough as well (Fig. 15D).

The 45 m sea-level drop at ca 30 ka, likely led
to increased incision at the mouth of the shelf-
edge delta and the development of one or sev-
eral south-east trending gullies that funnelled
sediment directly towards Pandora Trough. A
focused sediment dispersal system on the shelf
edge, therefore, could have re-directed sediment
gravity flows into Pandora Trough, precluding
them from deposition in Ashmore Trough. The
basin physiography, particularly the proximity
of the shelf-edge delta to a potential pathway
out of the basin, plays an important role in this
process, facilitating sediment bypass as shown
in the upper slope of the northern Gulf of Mex-
ico (Pirmez et al., 2012). The LGM sandy and
muddy siliciclastic turbidites in cores MV25-33,
MV26-66 and MD05-40 confirm that gravity flow
deposits accumulated in central Pandora Trough
at this time (Jorry et al., 2008). In addition, sili-
ciclastic turbidites also reached Pandora Trough
through conduits north of Portlock Reef (Sep-
tama & Bentley, 2017; Wei & Driscoll, 2020).

Last deglaciation (MIS 2 to 1 transition; ca 19
to 7 ka)

During the last deglaciation, rates of siliciclastic
and carbonate sediment accumulation in Ash-
more Trough varied in space and time (Fig. 7).
Following LGM, sea level rose in stepped fashion

with periods of accelerated rates (i.e. meltwater
pulses) alternating with periods of lower rates or
even standstill (Fig. 4B; Lambeck et al., 2014).

Controls on sedimentation during the last
deglaciation, a time period of pronounced and
rapid atmospheric and oceanographic changes,
are illustrated below, in the Shelf edge evolution
during the last deglaciation section. In this sec-
tion, sedimentary records of the shelf edge and
slope cores are integrated at the millennial
scale.

Current interglacial sea-level high (late MIS 1,

7 ka to present)

Sea level rose to its present level at ca 7 to 6 ka
and remained relatively constant in the last 6 ka
(Fig. 4B). This interval was characterized by mod-
erate to high carbonate input and minimal silici-
clastic input (Figs 7 and 15E). Reef and carbonate
platform tops remained within the photic zone
and continued to produce neritic carbonate,
specifically fine aragonite and HMC, which was
either exported to the Ashmore Trough slopes or
accumulated within lagoons in atolls with
aggrading rims (Fig. 8; Jorry et al., 2008). Pelagic
carbonate tests (LMC) continued to settle through
the water column and accumulate on the sea floor
as minor background sediment (Fig. 8). Very little
siliciclastic sediment had been deposited in Ash-
more Trough over the last 7 ka (Fig. 7). Most of
this material has been sequestered on the central
GoP inner shelf, while some has been re-routed
by shelf currents to the narrow north-eastern GoP
shelf and delivered to the northern slope of the
Pandora and Moresby troughs (Walsh & Nittrouer,
2003; Muhammad et al., 2008; Septama et al.,
2016; Wei & Driscoll, 2020).

Shelf edge evolution during the last
deglaciation

The sedimentary record of core MV26-73,
uniquely located on the modern shelf edge,
starts at about 17 ka during a near constant sea-
level interval that followed the first meltwater
pulse MWP-1A, at ca 19 ka (Fig. 4B). At ca
17 ka global mean sea level was ca 120 to
110 mbpsl. By this time, post-LGM warming
was underway, as shown by sea surface temper-
ature from the Coral Sea (Tachikawa et al., 2009;
Reeves et al., 2013).

Unit A
Unit A consists of a 2 m thick carbonate sandy
gravel with abundant ooids and skeletal grains.
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The base of Unit A lies at a present-day depth of
ca 122 m, including 113 m of water depth and
8.5 m of core thickness. A palaeo-water depth
up to 7 m is estimated at time of deposition
based on sea level as shallow as 115 mbpsl at ca
17 ka (Fig. 4B). No compaction is assumed to
have affected the sediments due to their coarse
grain size, and tectonic subsidence in the south-
ern GoP can be considered negligible (Bird,
2003).

The ooids present in this unit are <1 mm in
size, are composed of HMC, and show a radial
crystal arrangement as well as a thin cortex.
Generally, modern ooids are made of aragonite
with tangentially oriented crystals, a cortex at
least as thick as the nucleus diameter, and form
in normal marine agitated shallow waters
(<5 m) (Simone, 1981, and references therein).
However, HMC ooids with a radial crystal
arrangement are much less common and pre-
sent-day accumulations are found in few loca-
tions such as Texas (i.e. Baffin Bay; Land et al.,
1979), the Arabian Gulf (Aqrawi & Sadooni,
1987) and Cook Islands (Rankey & Reeder,
2009).

The enigmatic formation of these ooids is
interpreted to be controlled, at least in part, by
calcium carbonate saturation levels slightly
below those necessary for aragonite precipitation
(Opdyke & Wilkinson, 1990; Rankey & Reeder,
2009). From a hydrodynamic point of view,
superficial ooids are interpreted to form in lower
energy environments (for example, protected
lagoons), are significantly smaller than their
maximum 2 mm size, and are associated with
non-coated grains (Carozzi, 1957).

Modern ooids, in the northern Persian Gulf
near the Irag-Kuwait border, form in a mixed
siliciclastic-carbonate proximal lagoon 5 to
10 m deep and located on the western edge of
Shatt El Arab estuary (confluence of Tigris,
Euphrates and Karun rivers; Aqrawi & Sadooni,
1987). Tide excursion in this part of the gulf is
ca 3m with current velocity in excess of
50 cm s~' (Riegl et al., 2010). Ooids are found
along an east-west belt that stretches eastward
of the lagoon at maximum water depth of 20 m.
Their size ranges from 0.15 to 0.5 mm (Aqrawi &
Sadooni, 1987). The smaller examples are found
in the shelter inner part of the lagoon and are
characterized by a thin radial cortex made of
high-Mg calcite. The larger ones occur in small
tidal shoals in more agitated waters and show a
mixed radial/concentric cortex made of high-Mg
calcite and aragonite, respectively (Aqrawi &

Sadooni, 1987). Nuclei are either bioclasts or
quartz grains. By analogy, Unit A is interpreted
to be deposited in a subtidal environment (<7 m
water depth) of a tidally-influenced lagoon par-
tially protected by an incipient barrier reef (see
below). In such lagoons, water agitation and cal-
cium carbonate saturation level met the peculiar
conditions favourable for the formation of radial,
HMC ooids. Tidal range on the present-day GoP
shelf is up to 3.3 m with measured maximum
current speeds up to 80 cm s~' (Ogston et al.,
2008).

Similar HMC ooids were described in the cen-
tral GBR (i.e. Capricorn Channel) from a pre-
sent-day water depth of about 120 m and dated
at 16.8 ka (Marshall & Davies, 1975; Yokoyama
et al., 2006). The GBR and GoP ooids indicate
that during the early deglaciation, in this region,
carbonate seawater saturation levels were con-
sistently favourable for the formation of HMC
ooids.

Throughout Unit A the benthic foraminiferal
assemblage is dominated by Calcarinidae (for
example, Calcarina defrancii and Calcarina gau-
dichaudii). At present day, calcarinids are one
of the main sources of carbonate sand in Indo-
West-Pacific reef deposits (Yamano et al., 2000;
Renema, 2010). Their habitat generally spans
from reef flat to reef edge and they are found in
high abundance along with macroalgae (Hoeneg-
ger et al., 1999; Renema, 2010; Dawson et al.,
2014). Tests of calcarinids can be reworked and
accumulate in adjacent environments (Dawson
et al., 2014). Therefore, the abundance of cal-
carinids in Unit A can be related to the proxim-
ity of a coralgal reef, more specifically the
southern termination of the GoP transgressive
shelf-edge barrier reef described by Droxler et al.
(2006). Based on the foraminiferal assemblage of
core MV26-73, it is inferred that the reef was
already active around 17 ka and possibly even
earlier (19 or 21 ka). Shelf-edge coralgal edifices
bearing an age of 19 ka, were documented in the
north-eastern portion of the GoP as part of a
transgressive backstepping reef system (Droxler
& Jorry, 2013; Harper, 2014). Similarly, in the
northern GBR transgressive reefs started to grow
from 21 ka on top of older reef edifices exposed
during LGM sea-level lowstand (Webster et al.,
2018).

Unit B

A radiocarbon date at the base of Unit B shows
an age of 17.68 ka. This date is older than the
17.04 ka age date of the underlying Unit A, thus
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pointing to sediment reworking. The overlying
Unit C bears an age date of 16.27 ka (Fig. 11).
Taking into account radiocarbon dating analyti-
cal error (ca 0.3 kyr), the age of Unit B can be
constrained to 17.3 to 16.5 ka. During this short-
time interval, global mean sea level remained
constant (Fig. 4B). Compositionally, Unit B is
characterized by an abrupt increase in terrige-
nous content including quartz, clay (i.e. illite and
chlorite) and wood debris (Fig. 11). Modern Fly
River sediments consist of silt and clay with sub-
ordinate fine-grained quartz-rich sand (Harris
et al., 1996). Clay mineralogy is dominantly made
of illite, smectite and chlorite, with different pro-
portions along the river bed reflecting the two
main tributaries: the Upper Fly River and the
Strickland River (Bolton et al., 2008). Abundant
wood fragments are found in interdistributary
island deposits of its tide-dominated delta (Harris
et al., 1996). Unit B sediment composition shows
affinity with sediment composition from Fly
River discharge. However, the location of the
palaeo-Fly River delta during LGM, and the fol-
lowing deglaciation, remain unresolved with
some authors positioning it south of Portlock
Reef (Harris et al., 1996) and others positioning it
north of the reef (Wei & Driscoll, 2020). Results
from this study are consistent with a palaeo-Fly
river delta position south of Portlock Reef, so that
its discharge could have been in part re-directed
south-westward by outer shelf currents.

High siliciclastic MAR of Unit B (Fig. 14A)
could reflect near-constant sea level (Fig. 4B),
and reduction of accommodation space during
deposition of this unit. These rates are the same
order of magnitude of MARs recorded in the
muddy core MV-41 at the north-east GOP shelf
edge during the YD when, similarly, sea-level
rise markedly slowed (Fig. 4B; Howell et al,
2014). However, controlling factors other than
base level could also be considered. Deep-water
core from Coral Sea (Shiau et al., 2011) and spe-
leothem record from Indonesia (Ayliffe et al,
2013) indicate increased precipitation and silici-
clastic run off starting at ca 17 ka in the south-
east Asia region. A change to wetter conditions
compared to the drier LGM climate is related to
the southern migration of the ITCZ (Shiau et al.,
2011; Ayliffe et al., 2013). The southern migra-
tion of the ITCZ is one of the dramatic changes in
atmospheric and oceanic circulation that charac-
terized the ‘Mistery Interval’ (Denton et al.,
2006), a time interval spanning from ca 17.5 to
14.5 ka. Underlying causes of such abrupt mode
switches, corresponding to the last termination,

could have been massive ice melting in the
Northern Hemisphere, reduction of Atlantic
water masses overturning, and rising CO, atmo-
spheric concentration in the Southern Hemi-
sphere (Denton et al., 2006; Clark et al., 2012). In
summary, the large and abrupt siliciclastic input
to Unit B could represent the sedimentary record
of major climatic change events that took place at
the onset of the last termination in the Southern
Hemisphere, during a period of near-constant sea
level. Unit B was deposited in a lagoonal envi-
ronment similar to underlying Unit A. The coars-
ening upward trend of the <2 mm fraction
(Fig. 11) may suggest a short-lived (i.e. centennial
scale) regression of the coastline.

Unit C

The age of Unit C is constrained by the 16.27 ka
radiocarbon date measured in the lower part of
the unit and the 13.15 ka date from the overly-
ing Unit D (Fig. 11). Because the MWP-1A is
recorded in the overlying Unit D (see below),
the age of Unit C can be assigned to ca 16.5 to
15.0 ka. During its deposition, sea level resumed
rising reaching about 100 mbpsl (Fig. 4B; Clark
et al., 2012). The main compositional character-
istics of this unit are the lack of coated grains
and wood debris, and the first appearance of
planktonic foraminifera. Quartz sand is domi-
nant, grain size of the siliciclastic fraction shows
a fining-upward trend, and carbonate content
gradually increases upward (Fig. 11). Both silici-
clastic and carbonate MARs are much lower
than those of units A and B (Fig. 14A). The
above observations are consistent with sea-level
rise, backstepping of the coastline, and an over-
all deeper depositional environment compared
to the underlying Unit B. Unit C, therefore, is
interpreted to represent deepening of the lagoon
with water depth of about 20 to 30 m. Yet, the
abundant calcarinids indicate that the shelf mar-
gin coralgal reef kept up with sea-level rise dur-
ing this time interval.

Unit D

A radiocarbon date of 13.15 ka was measured in
the middle of Unit D (Fig. 11). Based on this
date and the radiocarbon dates from both the
underlying Unit C and overlying Unit E
(Fig. 11), Unit D is assigned an age spanning
from ca 15.0 to 12.5 ka. During this time inter-
val, encompassing MWP-1A and the B-A, sea
level rose from ca 100 to 65 mbpsl (Fig. 4B).
These sea level figures allow estimating a
palaeo-water depth of about 60 m during
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deposition of Unit D. This unit is much thinner
than the underlying units, it is fining upward,
and its carbonate content gradually increases
towards the top (Fig. 11). Siliciclastic accumula-
tion rates decrease steadily upward whereas car-
bonate MARs remain constant (Fig. 14A). These
sedimentological trends are consistent with
rapid rates of sea-level rise and associated
reduced sedimentation rates. The benthic faunal
assemblage records a major change within Unit
D: a relative increase of Amphisteginidae (for
example, A. radiata, A. papillosa and A. bicircu-
lata) is paralleled by a relative decrease of Cal-
carinidae, and amphisteginids become the
predominant benthic foraminiferal group at the
top of the unit (Fig. 11). Ecological studies of
large benthic foraminifera in reef environments
show a water depth control on their distribu-
tion. Whereas calcarinids can withstand high
energy and inhabit the reef top, amphisteginids
are abundant on the slope starting at water
depth of 40 m and deeper (Hohennegger et al.,
1999; Renema, 2006). Moreover, in Unit D the
planktonic  foraminiferal content increases
compared to the underlying Unit C (Fig. 11).
Overall, the sedimentological and palaeontologi-
cal trends recorded in this unit are interpreted
to reflect the accelerated sea-level rise that
occurred during MWP-1A and then the rise
during B-A. Unit D deposition took place in a
mid-outer shelf environment, and the abrupt
reduction of calcarinids is interpreted to reflect
the incipient drowning of the southern
termination of the GoP shelf-edge barrier reef.
This initial stage of the partial reef demise was
likely triggered by the accelerated sea-level rise
rates of MWP-1A, in turn followed by
punctuated sea-level rise during B-A, at
centennial scale, as observed in backstepping
terraces in shelf-edge coralgal banks offshore
Corpus Christi (Texas, USA) (Khanna et al,
2017).

Unit E

The age of the uppermost Unit E is constrained
by two radiocarbon dates, 11.25 ka and 10.97 ka,
measured near the middle and top, respectively
(Fig. 11). Based on these dates, as well as the
age of the underlying Unit D, Unit E age spans
from ca 12.5 to 11 ka. During this time, sea level
initially rises at slow rates (i.e. YD interval), fol-
lowed by another episode of accelerated rates,
MWP-1B (Fig. 4B). By 11 ka, sea level had
reached about 50 mbpsl suggesting a palaeo-
water depth of about 70 m during the deposition

of Unit E. Similar to Unit D, the thin Unit E
reflects reduced rates of sediment accumulation.
In the lower half of the unit, the foraminiferal
assemblage is dominated by Amphistegina spp.
similar to the top of the underlying Unit D
(Fig. 11). Planktonic foraminifera are relatively
more abundant, thus supporting further deepen-
ing of the outer shelf (Fig. 11). Microfacies con-
sists of skeletal grainstone/packstone with
lithoclasts, intraclasts, detrital quartz, and
encrusting biotas such as red algae and forami-
nifera (Fig. 13E and F). In modern reef environ-
ments, associations of red algae and encrusting
foraminifera are described at depths >40 m (Ras-
ser & Piller, 1997). The lack of sediment younger
than 11 ka in core MV26-73 points to bottom
currents sweeping the sea floor that prevented,
at least at this location, further sediment accu-
mulation. At the same time, such currents
favoured seawater circulation through sedi-
ments, thus promoting early marine cementation
(James & Choquette, 1990). The isopachous
bladed cement of Unit E is consistent with early
marine cementation (Fig. 13F). Present-day
south-westward currents at the shelf break, and
down to a depth of 60 m, show speeds of 0.1 to
0.3 m s~ (Wolanski et al., 1995). It is inferred
that such currents were also active during the
last deglaciation. Finally, the shallowest pre-
sent-day depths of the shelf-edge barrier reef
crest at ca 60 mbpsl (Fig. 4B) suggest that its
ultimate drowning occurred during MWP-1B.
This depth of ca 60 mbpsl, falls within the
57.5-61.8 mbpsl depth range in which the crests
of the majority of coralgal reefs along the South
Texas shelf edge occur (Khanna et al., 2017).
Similarly to the southern GoP reefs, their drown-
ing was most likely triggered by the high rates
of sea-level rise during MWP-1B (Khanna et al.,
2017).

Shelf margin to slope sedimentation during
the last deglaciation in Ashmore Trough
(southern Gulf of Papua)

Integrating the sedimentary record of core
MV26-73 with downslope cores MV26-74,
MV24-06/07, MV24-13, MV24-17, MD05-49 and
MD97-34 allowed the reconstruction of the main
sedimentation patterns along the shelf margin—
upper slope of the Ashmore Trough from ca 17
to 11 ka. Below is the interpreted depositional
history during time intervals corresponding to
stratigraphic Unit A to E as described in core
MV26-73.
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Approximately 17.0 to 16.5 ka (Units A and B;
Fig. 16A)

In the southern GoP during LGM sea-level low,
when global sea level dropped to about 130 to
125 mbpsl (Fig. 4B), the coastline reached
the shelf edge (Francis et al., 2008; Droxler &
Jorry, 2013). During the early stage of the follow-
ing sea-level rise, global sea level rose at fairly
rapid rates corresponding to MWP-1A, at 19 ka
(Fig. 3B). Starting from ca 18 ka until ca 16.5 ka,
sea level remained constant at about 115 to
120 mbpsl (Fig. 3B). At this time, reefs grew in
the outer and mid terraces of the northern GBR
(for example, Noggin Pass, Webster et al., 2018)
as well as at the margin of the narrow north-
eastern GoP shelf (Droxler & Jorry, 2013; Harper,
2014). Differently, tops of carbonate atolls were
still exposed (Jorry et al., 2008). In southern
GoP, sea-floor bathymetry of the outer shelf
shows depth of about 115 to 120 mbpsl about
5 km inward of the shelf edge, which would
indicate the location of the coastline from ca
18.0 to 16.5 ka (Fig. 3D). Hence, a narrow lagoon
was present at that time.

Predominance of calcarinids among the ben-
thic fauna suggests that the shelf-edge coralgal
reef was already active at that time. The presence
of a nearby active reef is supported by increased
carbonate MARs recorded in the upper slope (i.e.
core MV24-13; Fig. 14B). However, the relative
abundance of HMC suggests material derived
mostly from disintegration of large benthic fora-
minifera (Dawson et al., 2014) or/and red algae.
Webster et al. (2018) showed that around 17 ka a
second stage of reef growth, Reef 3b, took place
in the outer and mid terrace of the northern GBR,
replacing the post-LGM drowned Reef 3a that
grew from ca 21 to 17 ka. In the southern GoP
the situation seems different. The negligible val-
ues of aragonite MAR in cores MV26-74, MV24
06/07 and MDO05-49 in the southern Ashmore
Trough (Fig. 14B), points to lack of neritic car-
bonate sediment shed off the shelf and it suggests
that, in the northernmost terminus of the GBR,
there were no active reefs at this time. Lack of
active reefs at the GBR northernmost terminus
could reflect the different morphology of the GBR
shelf in the southern GoP, where no mid/outer
terrace is present and the shelf edge drops
abruptly from 40 mbpsl down to 700 mbpsl
oceanward (Hopley, 2006). Based on the above
observations, it is interpreted that the northern-
most GBR in the southern GoP was still subaere-
ally exposed at ca 17 ka (Fig. 16A).

On the upper slope, downdip of core MV26-
73, a large accumulation of siliciclastic mud in
core MV24-13 is coeval with the increased ter-
rigenous input recorded at the shelf edge (i.e.
Unit B) at the beginning of the Mistery Interval
(MI) (Fig. 14A). It is inferred that the siliciclastic
fine fraction exited the shelf south of Portlock
Reef, where no shelf-edge reef was present and
it was redirected southward by shelf break cur-
rents associated with the counterclockwise gyre
of the Coral Sea Current (CSC) (Fig. 16A). Very
few studies have focused on the palaeo-CSC but
one suggested its existence at least since the last
deglaciation (Williams, 1984).

At the same time, low siliciclastic MARs in
core MV24-17 suggest that this part of the slope
was instead bypassed by sediment deposited
down dip in the Pandora Trough (i.e. cores
MV24-33, MV24-66 and MDO05-40, Jorry et al.,
2008). Contemporaneous increase of terrigenous
sediment flux recorded in the northern GBR
seems to confirm the regional extent of such cli-
mate change (Webster et al., 2018).

16.5 to 15.0 ka (Unit C; Fig. 16B)

During this time interval, sea level resumed ris-
ing rapidly and, by 15 ka, sea level was ca
100 mbpsl (Fig. 4B). Shelf bathymetry data show
a 100 m contour at about 50 km from the shelf
edge, which therefore would approximately cor-
respond to the palaeo-coastline at ca 15 ka
(Fig. 3C). Shelf edge with no barrier reef was at
maximum water depth of about 30 m. The ITCZ
was stationed south with associated higher pre-
cipitation (Ayliffe et al., 2013; Zhang et al,
2014).

On the upper slope, high siliciclastic accumu-
lation rates up to 110 g cm™**kyr, recorded in
core MV24-13, contrast with the reduced accu-
mulation rates of the shelf edge (Fig. 14A). Sili-
ciclastic sedimentation on the slope includes
thin sandy turbidites pointing to gravity-driven
sediment flows across the shelf (Fig. 14A). Dur-
ing this interval of sea-level rise and coastline
backstepping (i.e. transgression), siliciclastic
sediment was sourced either by riverine input
associated with higher precipitation (Ayliffe
et al., 2013; Zhang et al., 2014) or wave ravine-
ment of coastal deposits (Catuneanu, 2006), or a
combination of both.

Possible mechanisms for across-shelf sediment
transport are current or wave-supported sedi-
ment gravity flows (Wright & Friedrichs, 2006;
Macquaker et al., 2010). Studies from the
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modern Amazon shelf show that a gravity flow
deposited a 0.4 m thick mud layer at 65 m water
depth about 100 km offshore of the delta com-
plex. This mud layer was interpreted to be
caused by a combination of tidal currents and
high waves (Sternberg et al., 1996; Wright &
Friedrichs, 2006). Presently, on the GoP shelf,
tidal currents are primarily cross-shore and are
responsible for re-suspending unconsolidated
sediments (Wolanski et al., 1995; Ogston et al.,
2008). Modelling shows that strong tidal cur-
rents were present on the GoP shelf throughout
the last glacial cycle and potentially could
incise valleys (Harris et al., 2005). Hence, it is
likely that they were also capable of initiating
downslope motion of unconsolidated sediments
eventually evolving into across-shelf gravity
flows. Incised valleys, either formed during

LGM sea-level lowstand or by tidal scarring dur-
ing the subsequent sea-level rise and shelf flood-
ing, could have acted as preferential conduits
facilitating transport and delivery of sediment to
the upper slope. High siliciclastic MARs in
MV24-13 are paralleled by increased carbonate
MARs (Fig. 14A) suggesting that gravity flows
incorporated shelfal carbonates when moving
downslope.

15.0 to 12.5 ka (Unit D; Fig. 16C)

This time interval is characterized by acceler-
ated rates of sea-level rise during MWP-1A and,
to a lesser extent, during the subsequent B-A
(Fig. 4B; Deschamps et al., 2012). The coastline
further backstepped, the outer shelf became
locus of carbonate sedimentation with reduced
rates, and climate changed to relatively drier
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conditions due to the northward shift of the
ITCZ (Ayliffe et al., 2013; Zhang et al., 2014).
The accelerated sea-level rise rates of MWP-1A
and high rates of B-A, combined with siliciclas-
tic influx, initiated the partial drowning of the
shelf-edge barrier reef, at least in its southern-
most segment. This event corresponds to the
demise of Reef stage 3b of the GBR (Webster
et al., 2018). Terrigenous sediment influx on the
southern GoP upper slope continued although
with lower rates compared to the previous inter-
val (Fig. 14A). During this interval, siliciclastic
MARs up to 52 g cm **kyr and including thin
sandy turbidites are recorded in core MV24-17
(Fig. 14A). Such a record indicates that, at this
location, the upper slope from an area of sedi-
ment bypass became the locus of sedimentation.
This interpretation is consistent with the coeval
lack of turbidites recorded down dip in the Ash-
more Trough (Jorry et al., 2008). Given the drier
climate period (Ayliffe et al., 2013; Zhang et al.,
2014), it is inferred that the source of terrige-
nous sediment derived mainly from erosion of
coastal deposits associated with sea-level rise
(Catuneanu, 2006). Sandy turbidites on the
upper slope indicate that sediment gravity flows
across the shelf continued during this time
interval. Carbonate MARs co-increasing with
siliciclastic MARs in core MV24-17 (Fig. 14A),
suggest gravity flows with mixed siliciclastic
and carbonate sediments.

12.5 to 11.0 ka (Unit E; Fig. 16D)

This time interval includes lower rates of sea-
level rise corresponding to the YD, in turn fol-
lowed by accelerated rates of MWP-1B (Fig. 4B).
Shelf bathymetry data and sea-level curve indi-
cate that, by the end of this time interval, the
shoreline had backstepped approximately
100 km from its original position at the shelf
edge during LGM (Daniell, 2008). Climate dur-
ing the YD returned to wetter conditions due to
southward shift of the ITCZ (Ayliffe et al., 2013;
Zhang et al., 2014). Condensed carbonate sedi-
mentation took place on the outer shelf, whereas
terrigenous sedimentation with accumulation
rates up 56 g cm **kyr and thin fine sandy tur-
bidites, continued on the upper slope (i.e.
MV24-13 and MV24-17; Fig. 14A).

Tidal modelling of the GoP shelf indicates that
during the last transgression tidal-bed stress on
the middle shelf peaked at around 12 to 10 ka
(Harris et al., 2005). Tidal currents are inferred
to have been the main mechanisms for initiating
across-shelf gravity flows on the GoP shelf.

During the interval of MWP-1B, increased
rates of sea-level rise caused the ultimate
drowning of the southwestern GoP shelf-edge
barrier reef, possibly in combination with aug-
mented siliciclastic influx during the YD. The
demise of stage Reef 4 in the GBR (Webster
et al., 2018), along with demises of shelf-edge
barrier reefs in north-eastern GoP and offshore
Texas (Harper, 2014; Khanna et al., 2017) all
occurred around MWP-1B, therefore suggesting
a possible global drowning event.

Along Ashmore Trough slope, aragonite MARs
started increasing during this interval (Fig. 14B),
indicating re-flooding of the northernmost GBR
and GoP atolls and re-initiation of neritic car-
bonate sedimentation (‘re-flooding window’
sensu Jorry et al., 2010).

The northern Ashmore Trough slope recorded
an unexpected pulse of siliciclastic sediment at
ca 8.5 ka (Fig. 14A). This was a time of rapid
rates of sea-level rise and it corresponds to the
last of the meltwater pulses, MWP-1C. Such a
siliciclastic pulse could reflect strengthening of
the Australian-Indonesian summer monsoon
and subsequent increased riverine discharge
(Ayliffe et al., 2013; Denniston et al., 2013). A
coeval siliciclastic pulse has been described on
the slope of the northern GBR as well (Dunbar &
Dickens, 2003; Francis et al., 2007), supporting
the regional extent of this event.

Comparison with other modern tropical and
subtropical mixed systems

In addition to southern GoP, other major modern
tropical and subtropical mixed siliciclastic—car-
bonate systems are the GBR, Belize barrier reef
(BBR) and New Caledonia barrier reef (NCBR).
The sedimentary record of these systems during
the last sea-level cycle has been studied exten-
sively (Ferro et al., 1999; Dunbar et al., 2000;
Carson, 2007; Le Roy et al., 2008, 2019; Bostock
et al., 2009; Gischler et al., 2010; Harper et al.,
2015; Webster et al., 2018). Hence, it is possible
to make a comparison with the southern GoP
system, highlighting similarities and differences
in sedimentation patterns. Presuming that rela-
tive sea-level change was similar for the above
mixed systems, all sites were far from major ice
sheets and tectonic subsidence was negligible,
such a comparison can reveal controls on depo-
sition other than sea level.

During the penultimate interglacial sea-level
high (MIS 5e), when sea level was up to 5 to
6 m higher than present level, production of
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neritic carbonates and their export into adjacent
slopes was predominant in southern Ashmore
Trough, BBR and NCBR (Ferro et al., 1999; Le
Roy et al., 2008; Jorry et al., 2010). In contrast,
in central GBR shedding of neritic carbonate did
not take place due to temporary drowning of the
platform caused by: (i) rapid rates of sea-level
rise that culminated in MIS 5e sea-level maxi-
mum; and (ii) increased terrigenous input (Har-
per et al., 2015).

In central GBR, carbonate sedimentation
resumed during early sea-level fall MIS 5d to 5a
resulting in accumulation of neritic carbonate
mud on the slope (Harper et al., 2015). In con-
trast, in Belize and New Caledonia, initial sea-
level fall exposed the reef which no longer
exported neritic sediment (Carson, 2007; Le Roy
et al., 2008; Droxler & Jorry, 2013). In Ashmore
Trough, during MIS 5d to 5a, siliciclastic sedi-
mentation became predominant on the slope
with short-lived aragonite input corresponding
to MIS 5¢c and MIS 5a sea-level rise. These
pulses of neritic carbonate sedimentation on the
slope indicate temporary re-flooding of nearby
banks and reefs, and point to the role of magni-
tude of relative sea-level fluctuations in switch-
ing on and off the shallow-water carbonate
factory. With continuing sea-level fall (MIS 4
and MIS 3), shelves became gradually more
exposed, carbonate sedimentation waned, and
rivers started incising the shelf plain and
approaching the shelf margin. During this time,
the sedimentary record on slopes shows some
differences. In northern Ashmore Trough, silici-
clastic sedimentation continued at sustained
rates, whereas in southern Ashmore Trough and
slopes off central GBR, BBR and NCBR, back-
ground pelagic sedimentation was predominant
(Carson, 2007; Le Roy et al., 2008; Droxler &
Jorry, 2013; Harper et al., 2015). Different shelf
physiography may have played a role in the
delivery of siliciclastic sediment to the slopes.
In southern Ashmore Trough, central GBR, BBR
and NCBR, a fairly continuous shelf-edge barrier
reef became exposed during MIS 4 and MIS 3
sea-level fall, drastically reducing siliciclastic
sediment delivery to the slope. Differently, in
the northern Ashmore Trough, the lack of a sim-
ilar positive relief on the shelf margin, allowed
terrigenous sediment to reach the slope.

During the subsequent LGM, in spite of sea
level falling ca 120 m below present level and
exposing the shelf, all slopes were mainly loci
of background pelagic sedimentation, with the
exception of northern Ashmore Trough where

siliciclastic mud continued accumulating,
although at reduced rates. Again, the physiogra-
phy of the shelf was the main controlling factor
for such a sedimentation pattern. In central and
northern GBR, siliciclastic sediment was mainly
sequestered on the exposed shelf characterized
by rugged topography with emerged patch reefs
and shelf-edge barrier reef (Dunbar et al., 2000;
Hinestrosa et al., 2019). During LGM, carbonate
sedimentation in central and northern GBR con-
tinued with scattered reefs along the outermost
shelf (Webster et al., 2018). Also in New Caledo-
nia, siliciclastic sediment was sequestered on
the exposed shelf due to a deep semi-enclosed
inner shelf, a karstified outer shelf and a shelf-
edge barrier reef (Le Roy et al., 2019). In Belize,
rivers did not reach the shelf edge and a south-
ward drainage network on the exposed shelf
likely routed siliciclastic sediment into the Gulf
of Honduras (Gischler et al., 2010). On the con-
trary, in northern Ashmore Trough, river deltas
reached the shelf edge and siliciclastic sediment
was delivered to deeper basins of the GoP (for
example, Pandora Trough and Bligh Trough),
whereas the slope became a bypass zone. Differ-
ent sedimentation patterns persisted in northern
Ashmore during the early sea-level rise of the
last deglaciation. Here, carbonate sedimentation
resumed during the first meltwater pulse (i.e.
MWP-1A,) that re-flooded the outer shelf. Such
a re-flooding likely triggered the growth of a
shelf-edge reef on top of LGM fluvial/deltaic
deposits as well as deposition of nearshore ooli-
tic/skeletal sand. Subsequently, siliciclastic sand
and mud sedimentation increased and peaked
both on the shelf and slope during climate
changes of the MI (ca 17.5 to 14.5 ka). In GBR,
re-flooding of the shelf occurred asyn-
chronously, based on shelf-edge physiography
(Hinestrosa et al., 2019). In southern GRB (for
example, Capricorn Channel), where scattered or
no barrier reef was present, re-flooding occurred
as early as ca 18 ka (Hinestrosa et al., 2019). In
central and northern GBR, where terraces are
present on the outer and mid shelf, re-flooding
occurred gradually with reefs migrating land-
ward in response to the stepwise sea-level rise
of the last deglaciation (Webster et al., 2018;
Hinestrosa et al., 2019). Similarly, on the slope,
siliciclastic sediment input occurred asyn-
chronously along the GBR in parallel with the
gradual re-flooding of the shelf. Such a silici-
clastic input is interpreted to be the result of
erosion and resedimentation of LGM terrigenous
material from rising sea level and storms, as
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well as increased precipitation and riverine dis-
charge (Dunbar et al., 2000; Dunbar & Dickens,
2003; Bostock et al.,, 2009; Hinestrosa et al.,
2019).

In Belize and New Caledonia, shelves were re-
flooded later, after ca 12 ka, once sea level
reached the top of exposed shelf-edge barrier
reefs (Carson, 2007; Droxler & Jorry, 2013; Le
Roy et al., 2019). In all mixed systems, neritic
carbonate sedimentation resumed or increased
after the majority of bank and reef tops were re-
flooded at ca 11.5 ka (‘re-flooding window’, Jorry
et al., 2010). On the slope of northern GBR and
northern Ashmore Trough, siliciclastic sedimen-
tation continued and peaked once again at ca
8.5 ka, possibly due to intensification of East
Asian summer monsoon (Chen et al., 2015).
Interestingly, this renewed increase of siliciclas-
tic sedimentation coincides with the Holocene
‘thermal maximum’, a period of increased pre-
cipitation and riverine discharge as recorded in
the Northern Hemisphere (for example, Cariaco
Basin; Haug et al., 2001). In the NCBR slope,
siliciclastic sedimentation during MIS 1 was
related to erosion and off shelf transport of
lagoonal sediment during storms (Le Roy et al.,
2019).

The above comparison allows drawing some
conclusions on depositional controls, other than
sea level, in mixed systems during the last gla-
cial cycle (Table 3A and B). Whereas southern
Ashmore Trough, GBR, NCBR and BBR share
similar sedimentation patterns for most of the
last sea-level cycle, northern Ashmore Trough
shows some marked differences. During MIS 5e,
shelf physiography in southern Ashmore
Trough, GBR, NCBR and BBR was characterized
by barrier reefs, patch reefs and inter-reef chan-
nels that became progressively exposed during
the subsequent sea-level fall (MIS 5d to MIS 2).
Differently, in northern Ashmore Trough a del-
taic system prograded across the shelf from MIS
5d to MIS 2 and reached the present-day shelf
edge during LGM. Moreover no shelf-edge bar-
rier reef existed prior to LGM at this site. In
northern Ashmore Trough such a physiography
allowed siliciclastic sediment to persistently
reach the slope from MIS 5d to MIS 2. On the
contrary, in southern Ashmore Trough, GBR
(central and northern), NCBR and BBR, silici-
clastic sediment was mostly sequestered onto
the shelf as the exposed shelf-edge barrier reef
prevented sediment bypass into the slope.

Regionally, in areas proximal to the ITCZ
southern boundary, climate played a role in the

delivery of siliciclastic sediment during the last
deglaciation. On the slopes of Ashmore Trough
and northern GBR, siliciclastic sedimentation
during late MIS 2 and MIS 1 sea-level rise, was
also associated with increased riverine discharge
due to the southward shift of the ITCZ and
intensification of summer monsoons.

Finally the southern GoP shelf-edge reef pro-
vides another case study on the edification of
transgressive reefs and barrier reefs on a fluvio-
deltaic substrate. Along with other case studies
reported from Belize barrier reef (Ferro et al.,
1999; Droxler & Jorry, 2013), the Gulf of Mexico
(Rezak & Bright, 1976; Belopolsky & Droxler,
1999), the north-east Brazilian outer shelf
(Gomes et al., 2020), the Calabrian continental
shelf of Italy (Franchi et al., 2018) and the Gulf
of Elat/Aqaba in the Red Sea (Hartman et al.,
2015), all of these Quaternary case studies may
constitute relevant analogues to interpret geome-
tries and facies heterogeneities in the subsur-
face. Recently, it has been demonstrated that at
least two Miocene palaeodeltas in the South
China Sea provided favourable substratum of
elevated sand bars for the emergence of trans-
gressive carbonate build ups (Mathew et al.,
2020).

CONCLUSIONS

This study reconstructed the sedimentary his-
tory along the shelf margin/slope of the Ash-
more Trough (southern Gulf of Papua - GoP)
mixed siliciclastic-carbonate system. The sedi-
mentary record of several piston cores was ana-
lyzed at 100 kyr scale during the last sea-level
cycle and millennial scale during the last
deglaciation, a period of dramatic changes in
rates of sea-level rise and climate. Sedimentary
patterns were interpreted in the framework of
independently reconstructed sea-level curves
and climate history. The two different time-
scales of investigation allowed determining mul-
tiple controls on spatial and temporal
partitioning of siliciclastic and carbonate sedi-
ments.

During the last sea-level cycle, carbonate sedi-
mentation in Ashmore Trough slopes was
mainly controlled by magnitude of relative sea-
level fluctuations. High accumulation rates of
neritic carbonate mud on slopes occurred dur-
ing the penultimate and current interglacial sea-
level high (MIS 5e and MIS 1, respectively),
when bank and reef tops were submerged. In
addition, pulses of neritic carbonates occurred
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during short-lived sea-level rise within early
long-term sea-level fall (i.e. MIS 5¢ and MIS
5a), indicating that platform tops were tem-
porarily re-flooded. Siliciclastic sedimentation
patterns show a more complex interplay of sea-
level fluctuations, shelf physiography, oceanic
currents and sediment supply/delivery. During
early sea-level fall (MIS 5d to 5a), erosion and
reworking of terrigenous mud, previously stored
on the inner shelf during MIS 5e, exited the
narrow shelf and reached the southern Ashmore
Trough slope due to southward oceanic currents.
During late sea-level fall (MIS 4 and MIS 3), the
main locus of siliciclastic sedimentation switched
to northern Ashmore Slope. High mass accumula-
tion rates (MARs) on the northern slope suggest
that, during this interval, prograding river deltas
reached the vicinity of the present-day shelf edge.
At the same time, siliciclastic turbidites in Pan-
dora Trough indicate that sediment bypass had
started to take place on the northern Ashmore
Trough slope. Slope sediment bypass peaked dur-
ing the Last Glacial Maximum (LGM), when river
deltas reached the present-day shelf edge and sili-
ciclastic sediment was delivered to adjacent
depocentres (for example, Pandora Trough and
Bligh Trough).

At the millennial scale, climate was another
control on sedimentation, in addition to sea level
and shelf physiography. Coralgal reef and oolitic—
skeletal sand (i.e. Unit A) resumed at the shelf
edge following the first meltwater pulse (MWP-
1Ao) at ca 19 ka. Contemporaneously, the highest
siliciclastic accumulation rates occurred both on
the outer shelf (i.e. units B and C) and upper
slope. These high rates resulted from increased
precipitation and fluvial discharge, as well as near
constant sea level, during a time of reorganization
of global atmospheric and oceanic circulation pat-
terns (i.e. ‘Mistery Interval’). The presence of sedi-
ment shelf-exit points with no barrier reef allowed
shelf to slope sediment transfer. On the slope, sus-
tained siliciclastic sedimentation continued dur-
ing the late deglaciation and shortly increased
again at ca 8.5 ka, possibly reflecting strengthen-
ing of the East Asian summer monsoon.

At the shelf edge, coralgal reefs drowned dur-
ing meltwater pulse MWP-1B and the outer shelf
became locus of condensed carbonate sedimen-
tation (units D and E). On the slope periplatform
ooze started to accumulate during late deglacia-
tion, since ca 11.5 ka, once bank and reef tops
(for example, Ashmore Reef and Great Barrier
Reef northern terminus) were re-flooded follow-
ing MWP-1B.

When comparing the main sedimentation pat-
terns of the southern GoP shelf to slope mixed
system with other modern tropical and subtropi-
cal mixed systems during the last sea-level cycle,
the following conclusions on depositional con-
trols can be drawn: (i) neritic carbonate and
periplatform ooze sedimentation, at both the
100 kyr scale and millennial scale, was predomi-
nantly controlled by magnitude and rates of sea-
level change; and (ii) siliciclastic sedimentation,
at the 100 kyr scale, was primarily controlled by a
combination of sea-level fluctuations and shelf
physiography. At the millennial scale, in regions
proximal to the ITCZ southern boundary (for
example, southern GoP and northern GBR), silici-
clastic input was also controlled by climate
change during the unstable atmospheric and
oceanic conditions of the last deglaciation.
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