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ABSTRACT

It is common practice nowadays to assess the presence of terrigenous (land-derived) sediments in deep-sea cores
using bulk geochemical data, but the key issue is to identify the source of these sediments and the way they were
transported to the core site in order to interpret their palaeoclimatic significance. Here, we demonstrate a new
approach taken to geochemically-fingerprint a large set of sediments collected from potential source areas (PSAs)
in southeastern and southcentral Australia and to compare these data with the record obtained from X-ray
Fluorescence (XRF) scanning on a long deep-sea sediment core MD03-2607 obtained offshore Kangaroo Island,
South Australia. The entire data set of samples collected on land as well as the downcore measurements were
unmixed using the numerical end-member method AnalySize. We successfully use the elements Al, Fe, K, Mn, S,
Sr and Y to define end members. In addition, the on-land occurrences of the chemical ratios of Zr/Zn, Ti/Rb, Ti/Y
and Zr/Rb are used to support the provenance of the chemical end-members. Three main PSA’s are defined:
Murray River Basin (MRB), Darling River Basin (DRB) and Kati Thanda — Lake Eyre District (LED), of which the
MRB is represented in two different chemical end members. The downcore contributions of these end members in
the sediment core are consequently interpreted in terms of fluvial (MRB and DRB) versus aeolian (LED) input. We
determined the origin of the terrigenous sediments recovered from the core for the last glacial-interglacial cycle,

with implications for atmospheric circulation across southern Australia.

Introduction

Determining sediment provenance from marine cores using bulk
geochemical composition is a well-established approach. However, just
as the composition of geological provinces is not uniform across the
world, there is no standard elemental ratio directly applicable to deep-
sea sediments to determine the provenance of the terrigenous sedi-
ment fraction delivered at sea. In addition, the sediment-transport
mechanisms leading to eventual deposition of terrigenous material at
sea may influence its geochemical composition. For example, Lamy et al.
(2001) and Haug et al. (2001) present the occurrence of the single
element iron (Fe) in deep-sea sediments on the proximal Chilean and
Venezuelan continental slopes as a proxy for continental humidity-
driven runoff whereas Lamy et al. (2014) use the occurrence of the
same element as a proxy for the proportion of aeolian dust in distal deep-
sea sediments in the South Pacific Ocean. On the other hand, Stuut et al.
(2014; 2019) and McGregor et al. (2009) use the ratio (Fe/Ca) as a proxy

for terrigenous-sediment input in deep-sea sediments on the proximal
Australian- and northwest African continental slopes, respectively. In
much the same way, the ratio (Ti/Ca) was presented as a proxy for
terrestrial input into the western Pacific Ocean (Tjallingii et al., 2010)
and eastern Indian Ocean (Stuut et al., 2019).

Different studies have applied various elemental ratios, such as Ti/Al
and Zr/Rb, as proxies to reconstruct past dust content and particle size in
marine sediments, although their effectiveness can be influenced by
sediment source mixing and requires detailed knowledge of source
sediments for accurate interpretation (Boyle, 1983; Zabel et al., 1999,
2001; Matthewson et al., 1995; Prins et al., 2001; Stuut et al., 2019;
Hennekam et al., 2022). Such the unmixing of sediment sources from
marine records is typically hampered by the lack of geochemical
knowledge of the source areas. Here, we show a unique dataset of
southcentral and southeastern Australia for which we acquired detailed
geochemical data from both the source region, as well as its downward
variation over the last 125 kyr in a single deep-sea core located offshore
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Fig. 1. Map of the study area. Yellow pins: positions of samples collected along
the main rivers (Darling River and River Murray) as well as at the edges of dry
playas in South Australia (see De Deckker 2019; 2020). White pin: core loca-
tion. Blue lines: River Murray and tributaries, Orange lines: Darling River and
tributaries. The River Murray Mouth is shown by a red square. The states of
Queensland (QLD), New South Wales (NSW) and South Australia (SA) are
indicated in yellow. Four potential areas are indicated based on the initial
grouping of samples using element ratios, shown in (For interpretation of the
references to colour in this figure legend, the reader is referred to the web
version of this article.)
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Fig. 2. Goodness —of-fit statistics showing the increasing reproducibility of the
data (R?) with increasing end members. Already with N = 4 end members > 90
% of the variability in the combined data set can be explained.

the exit of the entire Murray Darling Basin. Doing so, allows us to test a
new approach using end members to unmix our dataset of bulk chemical
composition to reconstruct changes in sediment sources over time for
this region, ultimately allowing us to track the major drivers of potential
source area (PSA) change over the last glacial to present. We firmly
believe that using PSAs are the best way to ascertain the origin of ma-
terial (via their trace elemental and/or isotopic composition) as source
areas such as deflation basins do not change composition over time. This
allows the determination of material from source areas to be established
over long periods of time, such as a glacial interglacial cycle, and even
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for longer periods of time.

Here specifically, we present a comparison of the chemical compo-
sition of (N = 72) present-day on-land PSAs in central and western South
Australia, as well as from confluents of the Murray-Darling Rivers,
which we compare with chemical analyses of a sediment core from
offshore Kangaroo Island (Fig. 1) that covers the last 125 kyr. There is no
need to discuss PSA’s from further east in Australia as winds principally
go from west to east, and therefore material from those regions could not
be transported towards the core site off Kangaroo Island. The core site
acts as a depocenter for terrigenous sediments transported both by rivers
through a single outlet (River Murray Mouth) and wind from land to sea,
coming from either north of the site (such as the Lake Eyre Basin), and
the west of South Australia and nearby Murray Darling Basin. This
dataset was consequently ‘unmixed’ into individual end members,
which were used to characterise the individual source regions: River
Murray Basin (MRB), Darling River Basin (DRB) and Kati Thanda - Lake
Eyre District (LED). This way, we could quantify the downcore contri-
butions from these different PSAs throughout the last 125 kyr and
interpret their contribution in terms of paleoclimatic changes. This is the
first time such an approach has been pursued.

The Murray-Darling Basin

The Murray Darling Basin (MDB) is one of the largest internal-
drainage basins of Australia with a single river outlet to the ocean, the
mouth of the River Murray (Fig. 1). The basin covers some 1.6x10° km?
and can be divided geologically into two separate sub-basins, based on
their respective geologies: the Murray sub-basin and the Darling sub-
basin (refer to Gingele et al. (2004)). The northern tributaries of the
Darling River originate from south-central Queensland where Mesozoic
clastic sediments outcrop, whereas the eastern tributaries drain the
western slopes of the Great Dividing Range which consist of Tertiary
mafic volcanics, Mesozoic granites and Late Palaeozoic volcanics, as
well as metasediments; these form the southern part of the New England
Fold Belt. The River Murray and its tributaries instead drain the Lachlan
Foldbelt which consists predominantly of Palaeozoic granites, volcanics
and metasediments. Thus, because of the different geological entities, it
is possible to distinguish samples from the two sub-basins. Already,
Gingele and De Deckker (2004) were able to separate different parts of
the MDB based on different clay mineralogies. Similarly, Gingele and De
Deckker (2005) also used trace elements and Sr and Nd isotopes to
further separate samples from the Murray sub-basin from the Darling
sub-basin. This eventually permitted Gingele et al. (2007) to identify the
principal source of sediments recovered from core MD03-2607 spanning
the last 17 kyr of sedimentation. The geochemical work of these latter
authors dealt with the fluvial component of sediments deposited at sea.
This study mentioned above was extended by Bayon et al. (2017) who
used Nd isotopes obtained from an adjacent core (MD03-2611 some 60
km to the west) to determine the provenance of fluvial sediments from
the MDB. This study only covered the last 85 kyr of deposition at sea,
following the revised age model by De Deckker et al. (2021).

PSAs of dust in south and western South Australia

De Deckker (2019, 2020) provided ample information of the sites
that were identified as airborne dust PSA in central and western South
Australia, a region that is located to the north and west of core MD03-
2607 and up wind. For further information on wind patterns in this
region, refer to the seminal study by Sprigg (1979). This region is
geologically very diverse, ranging from Archean to Late Cainozoic li-
thologies (see De Deckker, 2019: Fig. 21). No rivers drain this region
towards the core site and, therefore, any material originating from this
area must have been of aeolian (wind-blown) origin.
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Fig. 3. Characterisation of the PSA samples distributed into four groups: Darling River, River Murray, Kati Thanda — Lake Eyre and central and western South
Australia on the basis of selected element ratios A: Rb versus Zr and B: Y versus Ti, C: Zr versus Zn, D: Ti versus Rb, and E: K versus Rb.
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Fig. 4. End-member models based on the chemical data set of N = 12 elements, calculated separately for the PSA samples, (A), the core (B) and the combined data

set (C).
Methods
PSA samples

The collection of the clay fraction of samples taken in the Murray
Darling Basin (Fig. 1) is already fully documented in Gingele and De
Deckker (2005) as well for geochemical analytical procedures using
wavelength-dispersive XRF on fused beads on these samples. The orig-
inal river samples were collected adjacent to rivers, from river banks and
high flood levels from bridge pylons, and similar features that had been
deposited during major flood events. Overbank samples represent the
average composition of the river catchment, although they can also
become a source of aeolian sediments during periods of drought, but in
general these are considered of less importance with respect to the
amount of fluvial sediments originating from the MDB.

The same procedure was followed for samples collected from central

and western South Australia; this time, the samples were obtained from
potential source areas [PSA] of dust deflation, many of which were on
the sides of large saline playas. For more information, consult De
Deckker (2019) and De Deckker (2020). All samples, from all PSAs, were
eventually (re-)measured by XRF-CS and calibrated using Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) measurements through a
multivariate log-ratio calibration (MLC) approach (Weltje et al., 2015),
resulting in quantitative data (ppm).

Core MD03-2607

Core MD03-2607 was recovered from the South Australian conti-
nental slope at 36° 57.640'S / 137° 24.390°E and a water depth of 865 m.
Straight after the core was obtained at sea, it was split lengthwise and
described (see Hill and De Deckker, 2003). In addition, colour reflec-
tance of the entire core was obtained following the technique applied by
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Fig. 5. Spatial distribution of element ratios showing the characteristic differences of the PSAs. In this figure, the colour scale is defined by the amplitude in values of

the respective elemental ratios.

Lourens (2004) to deep-sea cores in the Mediterranean Sea. The mea-
surements were carried out while at sea soon after the opening of the
core. A Minolta CM-508 spectrophotometer was used. Measurements
were made every cm for the upper 10.5 m of the core and below that
(until 32.95 m) this was done at 2 cm intervals. The various colour
reflectance signals (see: De Deckker et al., 2021) appear to parallel the
5180 curve of planktic foraminifera, as well as a sea-surface temperature
curve already obtained by Lopes dos Santos et al. (2013) and supple-
mented by De Deckker et al. (2019). We can therefore assume with
confidence that the core has not been affected by hiatuses nor
reworking.

A 2 cm x 2 cm u-channel was taken from the entire core MD03-2607
and the bulk elemental composition (in situ viz. in the core and therefore
with no pre-treatment applied) was obtained following the procedure
presented in Stuut et al. (2014) using an AvaaTech XRF core scanner at
1-cm resolution at the Royal Netherlands Institute for Sea Research
(NIOZ) (Richter et al., 2006). For more information on the core and its
location, refer to Fig. 1 and De Deckker et al. (2021). In order to make
the data of the core comparable to that of the PSA samples, we also

calibrated this XRF-CS record using the MLC approach (Weltje et al.,
2015) with (N = 24) calibration samples from the core and measured
through ICP-MS.

There have already been a number of published studies carried out
on core MD03-2607 for which we now have an outstanding chronology,
not only based on the §'%0 of planktic foraminifera, but also on 24 AMS
radiocarbon dates obtained from planktic foraminifera and also 16 OSL
dates. In addition, 16 tie points (plus 2 outliers probably as a result of
micro-turbidites) for the lower portion of the core down to 13.6 m were
obtained by comparing the 5'20 of benthic foraminifera from the core
and compared with the 5'80 stack record of core MD97-2120 taken
offshore New Zealand (Lisiecki and Stern, 2016) and that is bathed by
Intermediate Waters from the Pacific Ocean since it was taken at a
similar water depth as core MD03-2607. The chronology was modelled
using the Bayesian OxCal P sequence (deposition sequence) with vari-
able deposition rate that is presented in De Deckker et al. (2021). In
addition, a detailed analysis of the pollen content of core MD03-2607
was performed by Sander van der Kaars in De Deckker et al., (2021),
followed by the analysis of pollen and spore taxa before and after the
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Fig. 6. Proxies for Darling River and central and western South Australia, reconstructed for core MD03-2607. Relative downcore contribution of the first end member
of the four end-member model, which is compared with the downcore Log(Ti/Rb) ratio, covering the last 125 kyrs. Also shown are the spatial distributions of the first
of the four end-member model and the spatial distribution of the element log-ratio Ti/Rb, which show clear differences between the PSAs.

timing of the megafaunal extinction in the MDB. These studies followed
on from the investigations of Lopes dos Santos et al. (2013a,b) who not
only looked at the composition of the planktic foraminifer populations in
the same core, but also assessed the organic compounds in the core to
determine past sea-surface temperatures (using U§}, TEXIQ%, and LDI) as
well as the biomarker of megafires called Levoglucosan). These studies
also relied on foraminifer isotope stratigraphy. Finally, Bayon et al.
(2017) examined Nd isotopes in that core to determine changes in
sediment provenance in the MDB through time.

End-member modelling

Instead of comparing individual element ratios to characterise PSAs,

we followed an end-member approach, which assumes that composi-
tional data can be “unmixed” into end members. This approach has been
successfully applied to datasets of particle-size distributions. In the case
of particle sizes, the end members are interpreted as being the result of
sediment-transport mechanisms. In our case of compositional data of
bulk chemical data, we test the hypothesis that core samples are mix-
tures of sediments originating from a limited amount of PSAs. End
members were calculated using the program Analysize (Paterson and
Heslop, 2015), which was shown to be the most objective algorithm to
deconvolve (particle-size) distributions (Van Hateren et al., 2018), but
which can be applied to unmix any compositional dataset. The approach
is based on a numerical model that attempts to unmix any given dataset
of compositional data without any a priori information. For example, in
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Fig. 7. Proxies for River Murray, reconstructed for core MD03-2607. Relative downcore contribution of the second of the four end-member model, which is
compared with the downcore Log(K/Rb) ratio, covering the last 125 kyrs. Also shown are the spatial distributions of the second of the four end-member model and
the spatial distribution of the element log-ratio K/Rb, which show clear differences between the PSAs.

the case of particle-size distributions, no assumptions are made about
the shape of the particle-size distribution of the modelled end members.
The number of end members to be used for a satisfactory description of
the variability in the data set is based on the goodness-of-fit statistics
(Weltje, 1997). To be able to determine the end members, the element
data had to be expressed as percentages, potentially leading to an
overestimation of the contribution of abundant elements like aluminium
(Al), silicium (Si), sulphur (S), potassium (K), calcium (Ca), iron (Fe),
and strontium (Sr). In contrast, elements with much lower abundances
like titanium (Ti), manganese (Mn), rubidium (Rb), yttrium (Y) and
zircon (Zr) will be underrepresented in this modelling approach. Finally,

not all elements were measured for all samples, or could be quantified by
the regression based on ICP-MS analyses. As a result, the selection of
elements used in the comparison was limited to N = 12: Al, S, K, Ti, Cr,
Mn, Fe, Zn, Rb, Sr, Y, and Zr.

End-member compositions were calculated separately for the sedi-
ment core (N = 1164 samples) and the source sediments (N = 72),
resulting in end-member models with up to N = 10 end members. The
amount of end members was determined based on the goodness-of-fit
statistics (Fig. 2) as well as their downcore abundance in core MDO03-
2607 and their spatial distribution. The results of the three-, four- and
five end-member models are shown in the supplementary material.
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model, which is compared with the downcore Log(Ti/Y) ratio, covering the last 125 kyrs. Also shown are the spatial distributions of the third end member of
the four end-member model and the spatial distribution of the element log-ratio Ti/Y, which show clear differences between the PSAs.

Results
Fingerprinting of three modern-day regions of southeastern Australia

The dataset of N = 72 surface samples collected from the different
PSAs was initially analysed using particular element ratios. To demon-
strate that on the basis of bulk chemistry different regions can be
characterized with different element ratios, Fig. 3 shows plots of the
elements Rb versus Zr and Ti versus Y. Based on this approach, we can
make a distinction between Kati Thanda — Lake Eyre and the region of
South Australia. However, these elements were present only in relatively
low amounts in both the PSA samples as well as the sediment core, and
hence they did not play a large role in the end-member calculations. It is

clear that the spread in the PSAs of dust is much larger than the spread in
the MDB River catchments.

End-member modelling of bulk-chemical data

Fig. 4 shows the distribution of end members calculated separately
for the PSA samples (Fig. 4A), for the sediment core MDO03-2607
(Fig. 4B) and for the combined data set of core and PSAs for four end
members (Fig. 4C). Only a few elements of the N = 12 that were used in
the modelling, to determine the composition of the end members. The
distribution of the elements across the four end members is very com-
parable between the three different end-member models.

Next to the modelled chemical data, a number of additional
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elemental ratios were selected that provide support for the end-member
interpretations of the single-element end members such as Zr/Zn, Ti/Rb,
Ti/Y and Zr/Rb (Fig. 6).

In addition to the spatial distribution of the end members, their
downcore occurrence in sediment core MD03-2607 can be interpreted as
the relative contribution downcore of each of the PSAs through time
(Figs. 6-9). Comparison with published provenance data (e.g., eNd, clay-
mineral content, XRF core-scan data from the thorough review of De
Deckker et al., 2021) were also taken into account for the interpretation
of the end members in terms of provenance and sediment-transport
mechanism.

Discussion
Provenancing the terrigenous sediments in core MD03-2607

Since the core is located offshore the mouth of the River Murray, it is
obvious that much of the terrigenous sediments originate from the MDB.
Typically, the river-derived sediment fraction found in deep-marine
sediment cores is very fine-grained (e.g. Prins et al., 2000; Stuut et al.,
2002; Mulitza et al., 2010). Yet, in our study we are comparing the clay-
sized fraction of land samples with the bulk (no size separation) fraction
of the sediments in the core. To verify if this approach is valid, we took
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Fig. 10. Comparison of N = 25 samples taken randomly from core MD03-2607
and split into two size fractions, larger and smaller than 6 um, based on settling
techniques. Of three size fractions (bulk, >6um and < 6 um) the ratio of Ti and
Zr is plotted, demonstrating that there is hardly any difference between the
different size fractions and their chemical composition.

N = 25 randomly distributed samples from core MD03-2607 and size-
separated them at 6 um, using the same settling-based technique as
Gingele and De Deckker (2005). Consequently, we analysed their bulk
and size separated chemical compositions with the same XRF scanning
method. Fig. 10 shows the result for the elements Ti and Zr, demon-
strating that indeed there is no significant difference in chemical
composition between the three fractions: bulk, <6um and > 6 pm.

Despite the fact that most material in the core is derived from the
MDB, we show that it is possible to attribute material from the two
geochemically-distinct sub-basins as was already done for clay compo-
sitions and Sr and Nd isotopic ratios (Gingele and De Deckker, 2005).
However, as XRF-CS data are acquired here at a very high resolution of
every cm down core, this approach can provide much more information
than for the data acquired by sporadic sampling for clays and isotopes as
done by Gingele and De Deckker (2004; 2005). In addition, it is now
clear that some trace elemental ratios of sediments recovered in the core
do not relate to the MDB but instead from another source(s), viz. central
and western South Australia. The sediments from such sources must
have instead been airborne as there are no significant rivers to drain
these regions to the sea (refer to the maps in De Deckker, 2021).

The new approach we are taking here is to numerically decompose
the mixture of bulk chemical compositions of on-land samples and a
sediment core that consists of the relative contributions of the PSAs by
rivers and by wind.

The selection of the elements used in the comparison was limited to
12 elements: Al, S, K, Ti, Cr, Mn, Fe, Zn, Rb, Sr, Y, and Zr. The conse-
quent end members that were calculated by the models turned out to
consist of yet another smaller selection of mainly seven elements (Al, S,
K, Fe, Mn, Rb, Sr) that enabled us to satisfactorily describe the variability
in the data set. However, the other elements, that were not used in the
modelling turned out to be characteristic for the different PSAs as well,
and could be used as log-ratios (Zr/Zn, Ti/Rb, Ti/Y and Zr/Rb) to
distinguish the PSAs from one another (see Fig. 5). Finally, the log-ratios
also compensate for eventual unevenness’s in the core U-channels
(Weltje and Tjallingii, 2008).

The combination of spatial distributions of end-member occurrences
and Log-ratio values of the different elements was then used to define
three different PSAs: Darling River, Kati Thanda — Lake Eyre and south
and central South Australia, and River Murray. This eventually Thanda —
Lake Eyre, and enabled us to determine the various contributions of each
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PSA in core MD03-2607 throughout the past 125 kyrs. These are pre-
sented in a chronological order in the following section. It is worth
remembering that the sediments from the Kati Thanda - Lake Eyre
District and south and central South Australia, can only be transported
to the core by wind as this basin is endorheic.

Late Quaternary paleo-environmental history registered by sediment core
MDO03-2607

Before considering the history of deposition of sediments at the core
site, it is necessary to consider that sea level through the last glacial-
interglacial cycle fluctuated by about 125 m (Yokoyama et al., 2022).
This means that the mouth of the River Murray, that is today located
some 200 km from the core site, was only 15 km away from the core site
during the Last Glacial Maximum. However, one ought to consider that
the exposed Lacepede Shelf (Fig. 1) during periods of low sea level
would have contributed some sediments vias aeolian processes. We
know that that shelf consisted much of quartz dunes (see Nash et al.,
2018).

As a result, the colour of the sediments in the core-reflectance profile
(Michel, 2003; De Deckker et al., 2021, their supplement Fig. 5) shows
darker tints during periods of low sea-level, and paler colours during
sea-level high stands. The latter is due to the greater supply of pelagic
muds (consisting mostly of planktonic foraminifera and coccolitho-
phores) whereas an increase of terrigenous organic matter would have
been transported at sea by the River Murray through its mouth.

The environmental history recorded at the core site is interpreted
below and can be visualized through examination of Fig. 11. River
Murray sediments are represented by two end members, light blue and
dark blue in Fig. 11. It appears that end member 2, interpreted as rep-
resenting River Murray sediments, fluctuates very little throughout the
record, except for the last 14 kyr, when it significantly increased and
predominates among the four end members.

1. During MIS5e, the contribution of Darling River sediments declined
from 8 to 4 % and this is matched by a progressive increase of River
Murray sediments.

2. From the end of MIS5e until the onset of MIS4 (the remainder of
MIS5, comprising 5d-5a) there was very little sediment fluctuation.
The contribution of Kati Thanda — Lake Eyre sediments was minimal,
whereas the predominant supply came from the River Murray as also
shown by the low values (~-12, see Fig. 10) for the Nd isotopes
shown by Bayon et al., (2017).

3. During MIS4, when sea level was very low (—80.7 + 6 m; based on
Grant et al., 2012) and glacial conditions occurred, the supply of Kati
Thanda — Lake Eyre sediments increased significantly (shown by the
green curve in Fig. 11) peaking twice at 65 kyr BP and at 59 kyr BP.
Even as the core site was much closer to the Australian shoreline,
there does not appear to be a significant increase in the sedimenta-
tion rates at the core site. This is also matched by an increase of
sediment originating from the Darling River catchment (Fig. 11).
This could imply varying wind directions.

4. After termination of MIS4, there was a significant decrease in Darling
River sediments and very strong fluctuations in River Murray sedi-
ments. There were two episodes of minimal contribution of Kati
Thanda — Lake Eyre region sediments at 47 and 45 kyr BP, respec-
tively. These episodes were rather short. The polar front was closer to
southern Australia at those times and the Australian continent was
known to be very cold as recognised by De Deckker et al. (2020; their
Fig. 2) using the presence of planktonic foraminifera in core MD03-
2611, located some 60 km northwest of core MD03-2607 (see De
Deckker et al., 2020; their Fig. 1). However, the reconstructed
alkenone sea-surface temperatures from core MDO03-2607 only
showed minor fluctuations (see De Deckker et al., 2020; their
Fig. 2B).
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Fig. 11. Downcore proportion of each of the four end members calculated in the four-end-member model in core MD03-2607 for the last 125 kyr. Glacial- and
interglacial stages are indicated; dark horizontal bands indicate glacials MIS4 and MIS2.

5.

From 33 kyr BP, there was a progressive change with significant
increase of end member 3 (Kati Thanda — Lake Eyre), with a sudden
increase at 28 kyr BP, and which culminates at the LGM (24 — 18 kyr
BP). This implies a significant supply of aeolian sediments from that
region.

. Between 21 and 18 kyr BP, the contribution of end member 3 that

continued after the LGM, to eventually progressively decrease down
to 15 kyr BP. This is seen in Fig. 11 for both end members 1 (orange)
and 3 (green). This observation is corroborated by Cosentino et al.,
2024 who calculated a threefold increase in dust deposited between
26 and 19 kyr BP.

. From 14.5 to 13 kyr BP, there was again an increase of end member

3, which is likely to correspond to the Antarctic Cold Reversal (ACR;
Pedro et al., 2016).
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8. Already from after the LGM end member 2, representing the River
Murray sediment component progressively increasing, apart from
the little ACR episode. This contrasts with the percentage of that end
member (2EM4, dark blue in Fig. 11) during MIS5e. We note, how-
ever, that the Murray River component gently decreased from the
latter part of the Holocene (3 kyr BP) to the top of the core.

9. The Nd isotopes measurements made by Bayon et al. (2017) further
support the interpretations on the XRF data presented herewith.

We need to consider, as documented by modern-day dust distribu-
tion in southeastern Australia, that when the Westerlies move across
southeastern Australia, any dust plume would travel perpendicularly to
the movement of the arcuate fronts (De Deckker et al., 2008). In other
words, if a front moves across central and western South Australia, it is
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more than plausible that a dust plume originating from that area would
reach the core site. Consequently, during the glacials, the path of the
Westerlies was displaced towards the North, thereby increasing the area
from which dust could be emitted, transported and eventually deposited
at sea. As a result, during the glacial phases, Westerlies would have been
travelling over a large part of southern Australia.

Conclusions

Together with a good set of trace-elemental analyses gathered on
land, it has been possible to ascertain the origin of the terrigenous
sediment in a deep-sea core. Naturally, knowledge of the local drainage
of a land mass to the ocean can also help determine if the sediments are
fluvially transported or airborne. In addition, the critical choice of ele-
ments and their ratios can help identify the sediments origin, such as is
the case for the three regions considered here. In this case, the Zr/Rb and
Ti/Y have proven to be suitable ratios. Finally, we are also able to
determine atmospheric conditions that led to the delivery of sediments
to the core site.
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