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Introduction

Submarine canyons are steep-sided valleys on continental margins and play a major role as conduits to the deep sea for sediment and organic material from the continental domain, as well as from slope and shelf (e.g. [START_REF] Shepard | Submarine canyons[END_REF][START_REF] Weaver | Continental margin sedimentation, with special reference to the north-east Atlantic margin[END_REF][START_REF] Mulder | Understanding continent-ocean sediment transfer[END_REF][START_REF] Allen | A review of the role of submarine canyons in deep-ocean exchange with the shelf[END_REF][START_REF] Quattrini | Exploration of the Canyon-Incised Continental Margin of the Northeastern United States Reveals Dynamic Habitats and Diverse Communities[END_REF]. The major mechanism of canyon erosion is believed to be turbidity currents (e.g. Bouma et al., 1985;[START_REF] Azpiroz-Zabala | Newly recognized turbidity current structure can explain prolonged flushing of submarine canyons[END_REF]. These dense sediment-laden currents flow downslope when an unstable upper slope mass of sediment fails under the influence of climatic factors (e.g. sea-level changes, high river discharge, marine currents, coastal storms) and non-climatic factors (e.g. earthquakes, tsunamis, volcanic eruption, storm surges, release of gas hydrates) (e.g. [START_REF] De Garidel-Thoron | Evidence for large methane releases to the atmosphere from deep-sea gas-hydrate dissociation during the last glacial episode[END_REF][START_REF] Piper | Processes That Initiate Turbidity Currents and Their Influence on Turbidites: A Marine Geology Perspective[END_REF][START_REF] Bernhardt | Shelfal sediment transport by an undercurrent forces turbidity current activity during high sea level along the Chile continental margin[END_REF]. These phenomena are generally identified in marine sediment cores as Bouma-like turbiditic sequences [START_REF] Bouma | Sedimentology of some Flysch deposits: a graphic approach to facies interpretation[END_REF]. Because of rapid organic material transport down slope, turbidity currents funneled through canyons very likely enhance marine biodiversity, especially in the deep-sea (e.g. [START_REF] Mcclain | Habitat heterogeneity, disturbance, and productivity work in concert to regulate biodiversity in deep submarine canyons[END_REF][START_REF] Fernandez-Arcaya | Ecological Role of Submarine Canyons and Need for Canyon Conservation: A Review[END_REF], and constitute "accelerators" for carbon sequestration (e.g. [START_REF] Schlünz | Transport of terrestrial organic carbon to the oceans by rivers: re-estimating flux-and burial rates[END_REF][START_REF] Galy | Efficient organic carbon burial in the Bengal fan sustained by the Himalayan erosional system[END_REF]. Much progress has been made in describing the morphology of submarine canyons at high spatial resolution, mainly because of the considerable advances in imaging using the latest generation of multibeam technology (e.g. [START_REF] Hill | Geomorphology and evolution of the gigantic Murray canyons on the Australian southern margin[END_REF][START_REF] Lastras | Geomorphology and sedimentary features in the Central Portuguese submarine canyons, Western Iberian margin[END_REF][START_REF] Mountjoy | Morphostructure and evolution of submarine canyons across an active margin: Cook Strait sector of the Hikurangi Margin[END_REF][START_REF] Paull | Origins of large crescent-shaped bedforms within the axial channel of Monterey Canyon, offshore California[END_REF]. An important gap remains, however, in our understanding of the processes that shape these submarine canyon systems, and how they respond to climatic and non-climatic influences.

In particular, the source and the triggering origin of turbidity currents are still a matter of debate (e.g. [START_REF] Piper | Processes That Initiate Turbidity Currents and Their Influence on Turbidites: A Marine Geology Perspective[END_REF][START_REF] Covault | Submarine fans at all sea-level stands: Tectonomorphologic and climatic controls on terrigenous sediment delivery to the deep sea[END_REF]. One way to address this issue is to investigate the processes that control fluvial/canyon connections recorded in marine sediment cores during the Quaternary geological period modulated by glacial/interglacial cycles under contrasting sea-level stands and climatic conditions (e.g.

Lombo [START_REF] Lombo Tombo | Sea-level control on turbidite activity in the Rhone canyon and the upper fan during the Last Glacial Maximum and Early deglacial[END_REF][START_REF] Mauffrey | Sea-level control on the connection between shelf-edge deltas and the Bourcart canyon head (western Mediterranean) during the last glacial/interglacial cycle[END_REF].

Fossil benthic foraminiferal faunas preserved in deep-sea Quaternary sediment cores at the outlet of canyons are good candidates to record changes in depositional environments and palaeo-water depths. Foraminifera have previously been used to assist in identifying and determining the provenance of Late Quaternary turbidites (e.g. [START_REF] Strachan | Non-cohesive silt turbidity current flow processes; insights from proximal sandy-silt and siltysand turbidites, Fiordland, New Zealand[END_REF][START_REF] Hayward | Benthic foraminifera and the late Quaternary (last 150 ka) paleoceanographic and sedimentary history of the Bounty Trough, east of New Zealand[END_REF][START_REF] Hayward | Using foraminiferal test-size distribution and other methods to recognise Quaternary bathyal turbidites and taphonomically-modified faunas[END_REF]. In order to assign a depth range to a species in the fossil record, we often rely on studies of modern settings where bathymetry and associated environmental parameters are accurately measured. These bathymetric intervals are then applied on a generic level to the fossil record (e.g. [START_REF] Schröder-Adams | Influence of sediment transport dynamics and ocean floor morphology on benthic foraminifera, offshore Fraser Island, Australia[END_REF]. When determining palaeo-depths, it is fundamental to distinguish autochthonous from transported (allochthonous) faunal taxa since gravity processes frequently transport benthic foraminifera from the inner continental shelf to the abyssal plain together with sediment particles. The foraminifera tests may suffer abrasion or dissolution when transported and deposited close to or below the Calcite Compensation Depth (CCD).

Here, we investigate the past (~40 to 12 ka) dynamics of one of the canyons in the Murray Canyon Group offshore Kangaroo Island (South Australia) using benthic foraminiferal assemblages from a 5,078 m-water depth sediment core (SS02/06-GC2) (Fig. 1). The existence of this major canyon system was first recognized by [START_REF] Sprigg | Newly Discovered Submarine Canyons of New Guinea and South Australia[END_REF] and, since then, several studies have been published, mainly after the two AUSCAN cruises in 2003and 2006(e.g. Gingele et al., 2004;;[START_REF] Hill | AUSCAN seafloor mapping and geological sampling survey on the Australian southern margin by RV Marion Dufresne in 2003: Final project report[END_REF][START_REF] Gingele | Late Quaternary fluctuations of palaeoproductivity in the Murray Canyons area, South Australian continental margin[END_REF][START_REF] Hill | Geomorphology and evolution of the gigantic Murray canyons on the Australian southern margin[END_REF][START_REF] Calvo | Antarctic deglacial pattern in a 30 kyr record of sea surface temperature offshore South Australia[END_REF][START_REF] Gingele | Late Pleistocene and Holocene climate of SE Australia reconstructed from dust and river loads deposited offshore the River Murray Mouth[END_REF][START_REF] Moros | Holocene climate variability in the Southern Ocean recorded in a deep-sea sediment core off South Australia[END_REF][START_REF] Schmidt | Are the Murray Canyons offshore southern Australia still active for sediment transport?[END_REF][START_REF] De Deckker | Influence of the tropics and southern westerlies on glacial interhemispheric asymmetry[END_REF][START_REF] Lopes Dos Santos | Late Quaternary productivity changes from offshore Southeastern Australia: A biomarker approach[END_REF], 2013;[START_REF] Bayon | Extensive wet episodes in Late Glacial Australia resulting from high-latitude forcings[END_REF][START_REF] Bayon | Preferential Riverine Export of Fine Volcanogenic Particles to the Southeast Australian Margin[END_REF]. Most of these studies tackled the recent morphobathymetric features and sedimentary processes of the canyons or investigated Late Quaternary environments using sediment cores away from the main turbidity pathways.

Yet, the origin of the canyon system itself is still largely unknown. Some canyons are thought to be related to ancient courses of the River Murray and could have provided a pathway during low sea levels to bring sediments from the River directly to the abyssal area [START_REF] Gingele | Late Quaternary terrigenous sediments from the Murray Canyons area, offshore South Australia and their implications for sea level change, palaeoclimate and palaeodrainage of the Murray-Darling Basin[END_REF]. These sediments flowing into the abyss for millions of years carry geochemical and palaeontological signatures of past climatic and environmental conditions. [START_REF] Hill | AUSCAN seafloor mapping and geological sampling survey on the Australian southern margin by RV Marion Dufresne in 2003: Final project report[END_REF] and [START_REF] Hill | Geomorphology and evolution of the gigantic Murray canyons on the Australian southern margin[END_REF] described the presence of large deep-water holes in the abyssal area, spaced about 5 km apart and up to several hundred meters deep (Fig. 1), that were interpreted as probably being gouged by surges of high-energy turbidity currents, which such steep canyons could generate. Core SS02/06-GC2 is located in one of these topographic depressions at one of the outlet channels of the larger and steeper canyons of the Murray Canyon Group (Fig. 1).

This study uses benthic foraminifera and sediment characteristics of the core to distinguish between displaced downslope and in-situ hemipelagic sediments, with the aim of identifying the provenance of the turbidites of Late Quaternary age. When comparing the palaeoecological interpretations obtained from the characterization of benthic foraminiferal communities with climatic and continental proxies from the existing literature in the area, we further aim at reconstructing the sedimentary imprints of the interplay between sea level and climatic changes, and their relative importance for triggering turbidity currents.

Study area

Gravity core SS0/06-GC2 (255 cm long; 37°07.980' S; 136°29.735' E) was sampled in March 2006 during the "AUSCAN 2006 and PALAEO-MURRAYS" cruise onboard the RV Southern Surveyor south of the upper Sprigg Canyon at the depth of 5,078 m (Fig. 1).

The Murray Canyon Group, located in the southeastern continental margin of Australia (Fig. 1a; b), are amongst the biggest canyon systems in the world (~5 km drop with up to 2 km high canyon walls). The continental shelf bordering the Murray Canyon Group is known as the "carbonate factory" because it is the largest region of cool-water carbonate sediment deposition in the modern world (e.g. [START_REF] James | Holocene carbonate sedimentation on the west Eucla Shelf, Great Australian Bight: a shaved shelf[END_REF][START_REF] James | Neritic Carbonate Sediments in a Temperate Realm: Southern Australia[END_REF][START_REF] James | The macroalgal carbonate factory at a cool-towarm temperate marine transition, Southern Australia[END_REF]. For this reason, seawater in this region is supersaturated with respect to both aragonite and calcite at least down to depths of 1,000 m [START_REF] James | Where Has All the Aragonite Gone? Mineralogy of Holocene Neritic Cool-Water Carbonates, Southern Australia[END_REF].

Cores from the southern Indian Ocean south of Australia show that the CCD lies at 4,800-4,900 m (Mallet and Heezen, 1977;[START_REF] Belyaeva | Critical carbonate levels in the Indian Ocean[END_REF]. This deep CCD explains the abyssal plain seabed sediments being mostly foraminifer-nannofossil ooze [START_REF] Feary | Geological Sampling in the Great Australian Bight: Scientific Post-cruise Report -R/V Rig Seismic Cruise 102[END_REF][START_REF] Dutkiewicz | Census of seafloor sediments in the world's ocean[END_REF], and the overall good preservation of foraminiferal tests in our sediment core.

The Murray Canyon Group is located off the Murray-Darling River mouth (referred to in this manuscript as the River Murray mouth for simplicity) [START_REF] Gingele | Late Quaternary fluctuations of palaeoproductivity in the Murray Canyons area, South Australian continental margin[END_REF], which is Australia's largest exorheic river system [START_REF] Bourman | Explaining the coastal landscapes of South Australia -A synthesis[END_REF] (Fig. 1a).

The modern discharge at the Murray mouth is highly dependent on rainfall intensity in the Murray-Darling Basin (e.g. Grafton et al., 2014). An average of 5,088.10 6 m 3 yr -1 (~160 m 3 s -1 ) was recorded during a relatively wet period on the continent while during the more recent dry years (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010), flows at the Murray Mouth dropped by about 96 % reaching an average of 190.10 6 m 3 yr -1 (~6 m 3 s -1 ) [START_REF] Grafton | Water Planning and Hydro-Climatic Change in the Murray-Darling Basin, Australia[END_REF].

Because the Murray mouth is presently ~200 km away from the canyons, little terrigenous material from the Murray Darling Basin reaches the study area and sediments consist mainly of pelagic carbonate particles and aeolian dust (e.g. [START_REF] Bayon | Extensive wet episodes in Late Glacial Australia resulting from high-latitude forcings[END_REF][START_REF] Bayon | Preferential Riverine Export of Fine Volcanogenic Particles to the Southeast Australian Margin[END_REF]. There is however evidence of some fluvial clays reaching the core sites during the last 6 ka, after the stabilization of sea level [START_REF] Gingele | Late Quaternary terrigenous sediments from the Murray Canyons area, offshore South Australia and their implications for sea level change, palaeoclimate and palaeodrainage of the Murray-Darling Basin[END_REF]. By using a multi-tracer approach ( 210 Pb and 230 Th) on interface sediments from the Murray canyons (350 -2500 m water depths), the study of [START_REF] Schmidt | Are the Murray Canyons offshore southern Australia still active for sediment transport?[END_REF] shows the presence of freshly deposited carbonate particles. This finding supports the occurrence of recent, significant advection of marine sediments, mostly from the shelf, within these canyons.

Because the entrance of the canyons start at around the 120 m isobath (Figure 1a, b), a larger fluvial sedimentary input to the deep-sea was present during minimum sea-level stands (during oxygen isotope stages 2, 4 and 6) as the Murray mouth was probably at the present shelf edge and almost directly connected to the canyons [START_REF] Gingele | Late Quaternary terrigenous sediments from the Murray Canyons area, offshore South Australia and their implications for sea level change, palaeoclimate and palaeodrainage of the Murray-Darling Basin[END_REF][START_REF] Hill | Ancestral Murray River on the Lacepede Shelf, southern Australia: Late Quaternary migrations of a major river outlet and strandline development[END_REF]. The well-defined 'glacial' channels (= formed during periods of low sea level) on the adjacent continental shelf show that the Murray River traversed the shelf from the location of its current mouth towards the submarine canyons south of Kangaroo Island [START_REF] Sprigg | Newly Discovered Submarine Canyons of New Guinea and South Australia[END_REF][START_REF] Hill | Geomorphology and evolution of the gigantic Murray canyons on the Australian southern margin[END_REF][START_REF] Hill | Ancestral Murray River on the Lacepede Shelf, southern Australia: Late Quaternary migrations of a major river outlet and strandline development[END_REF].

In terms of water masses, the Circumpolar Deep Water (CPDW) [START_REF] Emery | Global water masses: summary and review[END_REF] derived from the Antarctic Circumpolar Current and the Antarctic Bottom Waters (AABW) are the main deep water masses occurring from bottom to about ~1200 m water depth (Fig. 1c). From ~1200 m to 850 m, the Antarctic Intermediate Water (AAIW) is present and from ~850 to 450 m depth, the Sub-Antarctic Mode Water (SAMW) is dominant [START_REF] Passlow | Late Quaternary palaeoceanography near Tasmania, southern Australia. Palaeogeogr. Palaeoclimatol. Palaeoecol[END_REF] (Fig. 1c). Surface waters (250 -0 m) are mainly represented by the Subtropical Surface Water (STSW) [START_REF] Richardson | Shallow water masses and their connectivity along the southern Australian continental margin[END_REF] (Figure 1a; c). These surface waters are affected by the Leeuwin Current (LC), a winter stream of warm, relatively low-salinity, tropical, surface water. The LC hydrographic properties are well defined: Tropical Surface Water (TSW) from northwestern Australia and South Indian Central Water (SICW) from the West Australian Current mix and flow south and then east along the southern margin [START_REF] Cresswell | The Leeuwin Current south of Western Australia[END_REF][START_REF] Woo | Hydrography and water masses off the western Australian coast[END_REF][START_REF] Richardson | Shallow water masses and their connectivity along the southern Australian continental margin[END_REF] (Fig. 1a). Today and during the Holocene, the LC is/was most effective at reaching 135-140°E during the austral winter, during La Niña phases, that affect the region [START_REF] De Deckker | Influence of the tropics and southern westerlies on glacial interhemispheric asymmetry[END_REF][START_REF] Perner | Heat export from the tropics drives mid to late Holocene palaeoceanographic changes offshore southern Australia[END_REF]. During the last glacial period, the LC was overall absent or weaker in the study area [START_REF] De Deckker | Influence of the tropics and southern westerlies on glacial interhemispheric asymmetry[END_REF].

The Flinders Undercurrent also passes over the Murray Canyon Group and flows west along the continental slope of southern Australia (cf. [START_REF] Middleton | A review of the shelf-slope circulation along Australia's southern shelves: Cape Leeuwin to Portland[END_REF] for further details). The LC overrides the Flinders Undercurrent when present.

Material and methods

Radiocarbon dating was determined by accelerator mass spectrometry on mono-specific samples of the planktonic foraminiferal species Globorotalia inflata and Orbulina universa, except for one sediment sample (212 cm) for which we used a mixture of the two species (Table 1). A minimum of 7 mg per sample was extracted from the >150 μm size fraction in seven sediment samples (Table 1). Only the muddy intervals, theoretically representing the hemipelagic sedimentation, were selected for dating (Fig. 2).

Radiocarbon dating was performed by UMS-ARTEMIS (Pelletron 3MV) AMS facilities (CNRS-CEA Saclay, France), following the standard procedure described by [START_REF] Tisnérat-Laborde | Development of a semi-automated system for routine preparation of carbonate samples[END_REF]. For the three sediment levels where two 14 C dates were obtained (23-24 cm, 45-46 cm et 160-161 cm; Table 1), we calculated the average 14 C age and we combined the errors using propagation of uncertainty. Conversion into calendar years was obtained with Calib7.1.0 software and the "SHCal13" calibration curve [START_REF] Hogg | SHCal13 Southern Hemisphere Calibration, 0-50,000 Years cal BP[END_REF][START_REF] Reimer | IntCal13 and Marine13 Radiocarbon Age Calibration Curves 0-50,000 Years cal BP[END_REF] after applying a -367 ± 167 year reservoir correction (average value from four nearest locations from the global data base in http://www.calib.qub.ac.uk/marine).

Using visual observation and high-resolution photographs (Fig. 2), we performed a detailed and rigorous visual description of the studied core in terms of lithology, sedimentary structures, bioturbation features and colour (Fig. 2). All these observations were compiled in the form of a sedimentological log and a descriptive curve of the three main grain size fractions presented in Fig. 2.

The core was sub-sampled at different sediment layers and were each one cm thick, guided by the various sedimentological features (Fig. 2). The collected samples were washed over sieves of 150 μm openings, dried and split with an Otto microsplitter.

Whole splits were counted until a minimum of 200 tests of benthic foraminifera was obtained. Foraminifera were then picked under the binocular. The benthic foraminiferal faunas were analysed for different sediment layers following the various sedimentological features (Fig. 2). For each subsample, a known volume of sediment was processed for foraminiferal analysis, wet-weighed, dried and re-weighed to obtain dry weight. Benthic foraminiferal species ranging from estuarine, upper shelf to abyssal faunas were identified using reference taxonomic studies in the area [START_REF] Hayward | Recent New Zealand shallow-water benthic foraminifera: Taxonomy, ecologic distribution, biogeography, and use in paleoenvironmental assessment[END_REF][START_REF] Hayward | Recent New Zealand deep-water benthic foraminifera: taxonomy, ecologic distribution, biogeography, and use in paleoenvironmental assessment, GNS Science monograph[END_REF][START_REF] Debenay | A guide to 1,000 foraminifera from southwestern Pacific: New Caledonia[END_REF]. In order to help with taxonomical identification, Scanning Electron Microscope (SEM) photographs were obtained at the Centre for Advanced Microscopy (Australian National University, Canberra) using the Zeiss UltraPlus analytical FESEM after Gold coating the specimens in an EMITECH EMITECH K550X coater (Plates 1 to 4).

Diversity (Shannon H) index and Principal Component Analysis (PCA) was calculated using the software PAST (PAleontological STatistics;Version 3.25;Hammer et al., 2001). Input for the PCA consisted of species' relative abundance data (correlation matrix). Only taxa occurring with ≥5% in at least one sample were retained in these statistical analyses.

Results

Lithology and grain size

Core SS02/06-GC2 is characterized by a succession of sediment layers of variable colours spanning from light to dark olive-grey sediments from 255 to 95 cm depth to light brownish grey sediments in the top 95 cm (using a Munsell colour chart codes in Fig. 2). Every colour change is accompanied in most cases by a change in particle size (Fig. 2).

The range of particle sizes is large, going from clays to silts to coarse sands, with the sandy and silty levels being usually rich in shell debris (Fig. 2). Several erosional contacts are also observed along the core. All these lithological features are indicative of a dynamic and likely discontinuous sedimentation due to high-energy reworking and transport processes, such as those characterizing submarine canyon turbidity deposits (e.g. [START_REF] Mulder | Present deep-submarine canyons activity in the Bay of Biscay (NE Atlantic)[END_REF][START_REF] Lombo Tombo | Sea-level control on turbidite activity in the Rhone canyon and the upper fan during the Last Glacial Maximum and Early deglacial[END_REF]. These turbidites are mostly characterized by a normal grading, going from coarse sand at the base into finer sand silt and clay upward, and often, an erosional base is present (Fig. 2). The unavailability of high resolution X-ray images prevent us from a more detailed description of the different lithofacies, and especially from identifying sedimentary structures such as linear/crossed laminations that could help us discriminating between the various turbidite sequences (e.g. [START_REF] Mulder | Marine hyperpycnal flows: initiation, behavior and related deposits. A review[END_REF][START_REF] Shanmugam | The hyperpycnite problem[END_REF].

Because of the presence of turbidite deposits, we decided not to build an age model for this study and only use the obtained 14 C dates to give a general chronological framework.

The results show that core SS02/06-GC2 covers a time-period from ~40 to 12 cal ka BP, with a discontinuous sedimentation. Caution is required regarding 14 C ages, as turbidites seem to have been deposited only at four specific time-periods: 1) At ~40-35 cal ka BP (between ~255 cm and 181 cm sediment depth), 2) at ~32 cal ka BP (from ~181 cm to 157 cm), 3) at ~21 cal ka BP, (from ~157 cm to 122 cm), and 4) at ~12.8 cal ka BP (the upper ~122 cm) (Figs. 2 and5). Since there are no 14 C ages above 23 cm sediment depth, perhaps a part of these sediments may have been deposited later during the Holocene.

Foraminiferal analyses

A total number of 294 benthic foraminiferal species were determined in core SS02/06-GC02, among which 33 are dominant and show relative abundances ≥5% in at least one sample. In order to facilitate examination of the large dataset obtained (Dataset S1) and to extract the main faunal ecological groups, a PCA was performed based on the percentage data of these dominant taxa (Fig. 3a). Axes 1 and 2 account respectively for 20.86% and 16.33% of the total variance of the dataset. The PCA separates the faunal assemblages into three main species groups with rather similar bathymetric/ecological characteristics (Fig. 3b):

Group 1 is composed of Rosalina bradyi/globularis, Miliolinella subrotundata, Sphaeroidina bulloides, Elphidium excavatum, Elphidium crispum, Gavelinopsis praegeri, Rosalina anomala, Nonion pacificum/Haynesina depressula, Spirillina sp., and Bolivina earlandi. Most of these species are outer estuarine/inner continental shelf species (e.g. [START_REF] Hayward | Recent New Zealand shallow-water benthic foraminifera: Taxonomy, ecologic distribution, biogeography, and use in paleoenvironmental assessment[END_REF][START_REF] Hayward | Recent New Zealand deep-water benthic foraminifera: taxonomy, ecologic distribution, biogeography, and use in paleoenvironmental assessment, GNS Science monograph[END_REF][START_REF] Debenay | A guide to 1,000 foraminifera from southwestern Pacific: New Caledonia[END_REF][START_REF] Mojtahid | Spatial distribution of living (Rose Bengal stained) benthic foraminifera in the Loire estuary (western France)[END_REF] (Fig. 3b).

Nonion pacificum and H. depressula are lumped together because the taxonomic differentiation between these two morphologically similar species has been problematic.

Especially, we could not systematically observe the star-shaped umbilicus characteristic of H. depressula, probably because abrasion during transport from shallow depths towards the abyssal area may have altered the tests.

Group 2 is composed of Uvigerina mediterranea, Spiroplectinella proxispira, Cibicides refulgens, Cibicides variabilis, Cibicidoides pachyderma, Cibicidoides dispars s.l.,

Cibicides lobatulus, Globocassidulina subglobosa, Quinqueloculina auberiana, Trifarina angulosa, and Notorotalia clathrata. Most of these species have in common a bathyal depth habitat according to their modern distribution and most extend onto mid to outer shelf as well (e.g. [START_REF] Li | Mixed Foraminiferal Biofacies on the Mesotrophic, Mid-Latitude Lacepede Shelf, South Australia[END_REF][START_REF] Hayward | Recent New Zealand shallow-water benthic foraminifera: Taxonomy, ecologic distribution, biogeography, and use in paleoenvironmental assessment[END_REF][START_REF] Hayward | Recent New Zealand deep-water benthic foraminifera: taxonomy, ecologic distribution, biogeography, and use in paleoenvironmental assessment, GNS Science monograph[END_REF][START_REF] Mojtahid | Live benthic foraminiferal faunas along a bathymetrical transect (140-4800 m) in the Bay of Biscay (NE Atlantic)[END_REF][START_REF] Debenay | A guide to 1,000 foraminifera from southwestern Pacific: New Caledonia[END_REF] (Fig. 3b).

Group 3 is composed of Epistominella exigua/vitrea, Cibicidoides wuellerstorfi, Melonis affinis/barleeanus, Nuttalides umbonifera, Pullenia bulloides, Oridorsalis umbonatus, Oridorsalis tenerus, Oolina spp., Gyroidina orbicularis, Fursenkoina complanata, Cibicidoides robertsonianus, and Uvigerina peregrina s.l. Although these species have a large bathymetric range, they all inhabit lower bathyal to abyssal depths (e.g. [START_REF] Hayward | Recent New Zealand shallow-water benthic foraminifera: Taxonomy, ecologic distribution, biogeography, and use in paleoenvironmental assessment[END_REF][START_REF] Hayward | Recent New Zealand deep-water benthic foraminifera: taxonomy, ecologic distribution, biogeography, and use in paleoenvironmental assessment, GNS Science monograph[END_REF][START_REF] Mojtahid | Live benthic foraminiferal faunas along a bathymetrical transect (140-4800 m) in the Bay of Biscay (NE Atlantic)[END_REF][START_REF] Debenay | A guide to 1,000 foraminifera from southwestern Pacific: New Caledonia[END_REF] (Fig. 3b).

All groups are present throughout the record, but each of them dominates specific sediment intervals (Figs 4; 5d):

Group 1 (mostly shelf faunas) is dominant at 255-220 cm, 188-183 cm, 170-169 cm, 92-91 cm, 61-59 cm, 31-30 cm and 6-2 cm sediment depths (cf. light grey bands in Fig. 4).

Except for the sandy 255-220 cm sediment interval, this group dominates the silty levels that are characterized by intermediate total absolute densities of foraminiferal faunas (164±183 g/dry sediment) and the highest Shannon index (3.56±0.16) and total species number (69±16) (Fig. 4).

Group 2 (mostly bathyal faunas) is dominant at 199-190 cm, 178-179 cm*, 118-119 cm*, 125-99 cm, 95-94 cm*, 64-63 cm, and 34-33 cm sediment depths (cf. dark grey bands in Fig. 4). This group dominates the sandy and coarse sandy levels that are characterized by maximum total absolute densities of foraminiferal faunas (791±483 g/dry sediment) and intermediate Shannon index (3.45±0.16) and total species number (55±9) (Fig. 4). The samples indicated by an asterisk were investigated only qualitatively because of some sediment loss.

Group 3 (mostly abyssal faunas) is dominant at 213-204 cm, 184-183 cm, 161-130 cm, 86-68 cm, 56-38 cm, 24-14 cm, and 1-0 cm sediment depths (cf. white bands in Fig. 4).

This group dominates the clayey levels that are characterized by minimum total absolute densities of foraminiferal faunas (26±9 g/dry sediment) and minimum Shannon index (3.14±0.44) and total species number (47±16) (Fig. 4).

Discussion

Succession of sediment deposits in the abyssal plain of the Murray Canyon

Group

The studied abyssal site is characterized by obviously very dynamic and discontinuous sedimentation, indicated by clear changes in sediments colours, several erosional surfaces and a highly fluctuating grain size distribution spanning from coarse sands to clays (Fig. 5a-b). This is further corroborated by the 14 C dates showing short time periods of large sediment deposits (e.g. ~40-35 ka cal BP and ~12.8 ka cal BP), interrupted by periods of lower sedimentation rates and probably lack of sedimentation (Fig. 2). All these sedimentary features point to a succession of turbidite deposits (Fig. 5a-b), corroborating, therefore, the morphobathymetric map interpretation of the large deep-water holes in the abyssal area (Fig. 1b) being gouged by surges of turbidity currents [START_REF] Hill | AUSCAN seafloor mapping and geological sampling survey on the Australian southern margin by RV Marion Dufresne in 2003: Final project report[END_REF][START_REF] Hill | Geomorphology and evolution of the gigantic Murray canyons on the Australian southern margin[END_REF]. These turbidites are characterized by a normal grading (Fig. 5b), going from coarse sand at the base into finer sand silt and clay upward (e.g. [START_REF] Bouma | Sedimentology of some Flysch deposits: a graphic approach to facies interpretation[END_REF][START_REF] Middleton | Sediment gravity flows: mechanics of flow and deposition[END_REF][START_REF] Walker | Facies Models 2. Turbidites and Associated Coarse Clastic Deposits[END_REF][START_REF] Lowe | Sediment gravity flows; II, Depositional models with special reference to the deposits of high-density turbidity currents[END_REF][START_REF] Shanmugam | The Bouma Sequence and the turbidite mind set[END_REF] (Fig. 5e). Regarding these sedimentological characteristics, the turbidite sequence deposits can be described as distal (i.e. absence of pebbles ; [START_REF] Walker | Facies Models 2. Turbidites and Associated Coarse Clastic Deposits[END_REF], "classical" Bouma-like sequences (Figure 5e). In core SS02/06-GC2, we do not always observe an entire Bouma sequence; sometimes it seems to be truncated either of its higher layers (e.g. 120-115 cm sediment depth) or of its lower layers (e.g. 150-125 cm sediment depth) (Fig. 5b). For simplicity, we defined seven Bouma-like sequences (Bs1 to Bs7), without considering the "small" turbidity events, or the truncated sequences (Fig. 5b). [START_REF] Bouma | Sedimentology of some Flysch deposits: a graphic approach to facies interpretation[END_REF] associated the vertical evolution of the terms, from "Ta" to "Te" (Fig. 5e), with over time the evolution of the transport capacity and the speed of the turbidity current. Indeed, the energy (bed shear stress) is decreasing upwards as the current passes by, and this is also manifested in the normal grading of the bed -coarser at the base, finer at the top (e.g. [START_REF] Zavala | Table caption Table 1. Radiocarbon dates, calibrated ages (cal. year BP; 2 sigma) and their corresponding sediment depths and dated material listing species[END_REF]. Although evidence of reworking and transport is present in all samples, it is in the silty and sandy layers of the turbidites that this is most obvious with the high abundance of shallow (e.g. Rosalina spp., Elphidium spp.)

and bathyal benthic species (e.g. U. mediterranea, C. refulgens) (Figs. 4 and5d). This feature is common in other turbidity systems (e.g. [START_REF] Zaragosi | The impact of the last European deglaciation on the deep-sea turbidite systems of the Celtic-Armorican margin (Bay of Biscay)[END_REF][START_REF] Lombo Tombo | Sea-level control on turbidite activity in the Rhone canyon and the upper fan during the Last Glacial Maximum and Early deglacial[END_REF]. Because it contains few shallow and bathyal benthic foraminifera, some of the clay might have been introduced into the area by the turbidity current and/or by river-generated plumes, but since it contains mostly abyssal benthic species (e.g.

Epistominella spp., C. wuellerstorfi), the clay layer more likely represents the constant slow rain of mud onto the ocean floor (Figs. 4 and5d).

Source of the abyssal turbidite deposits inferred from benthic foraminiferal communities

According to [START_REF] Middleton | Sediment gravity flows: mechanics of flow and deposition[END_REF], classical turbidity sequences such as the one we observed here, result from low-concentration turbidity currents that are either initiated by a river in flood or slump/slide processes from the upper slope. In core SS02/06-GC2, the presence of very shallow inner shelf species (e.g. Rosalina spp., E.

crispum) and some outer estuarine species (E. excavatum and most probably H. depressula) [START_REF] Hayward | Recent New Zealand deep-water benthic foraminifera: taxonomy, ecologic distribution, biogeography, and use in paleoenvironmental assessment, GNS Science monograph[END_REF][START_REF] Hayward | Recent New Zealand shallow-water benthic foraminifera: Taxonomy, ecologic distribution, biogeography, and use in paleoenvironmental assessment[END_REF][START_REF] Debenay | A guide to 1,000 foraminifera from southwestern Pacific: New Caledonia[END_REF]) (PCA group 1; Fig. 3) mainly in the silty layers of the turbidite deposits (Figs. 4 and5), indicate an inner shelf-related source, most likely nearby the Murray mouth. Additionally, within PCA group 1, we observed that individuals are overall small-sized belonging mostly to flat-shaped foraminiferal species (e.g. Elphidium spp., Rosalina spp., G. praegeri), some of which are known for their epibenthic/epiphytic habitats (e.g. Rosalina spp.). All these criteria make these species particularly prone to transport, in suspension or attached to floating sea grass or algae (Jorissen and Whittling, 1999;[START_REF] Murray | Ecology and Applications of Benthic Foraminifera[END_REF], by currents and/or river plumes during periods of high river runoff (e.g. [START_REF] Duros | Live and dead benthic foraminiferal faunas from Whittard Canyon (NE Atlantic): Focus on taphonomic processes and paleo-environmental applications[END_REF][START_REF] Garcia | Benthic and Planktic Foraminifera as Indicators of Late Glacial to Holocene Paleoclimatic Changes in a Marginal Environment: An Example from the Southeastern Bay of Biscay[END_REF][START_REF] Mojtahid | High resolution Holocene record in the southeastern Bay of Biscay: Global versus regional climate signals[END_REF][START_REF] Durand | Late Holocene record from a Loire River incised paleovalley (French inner continental shelf): Insights into regional and global forcing factors[END_REF]. Therefore, our foraminiferal observations seem to argue in favour of a river in flood origin, at least for the silty layers. In that case, one of the most documented mechanisms of implementation could be the presence of hyperpycnal currents (e.g. [START_REF] Mulder | Des courants de turbidité hyperpycnaux dans la tête du canyon du Var ? Données hydrologiques et observations de terrain[END_REF]. Using experimental models and in-situ measurements, the particulate concentration threshold necessary to generate a hyperpycnal flow can be lowered from the initial value of 35-40 kg m -3 (e.g. [START_REF] Mulder | Des courants de turbidité hyperpycnaux dans la tête du canyon du Var ? Données hydrologiques et observations de terrain[END_REF] to 5 kg m -3 because of concentration phenomena increasing the flow density (such as by flocculation, convective instability and local hydrodynamic conditions) (e.g. [START_REF] Parsons | Hyperpycnal plume formation from riverine outflows with small sediment concentrations[END_REF][START_REF] Felix | Combined measurements of velocity and concentration in experimental turbidity currents[END_REF]. As a result, about 80% of rivers worldwide can engender hyperpycnal flows in the marine environment, with a frequency of less than one per century (e.g. [START_REF] Mulder | Turbidity Currents Generated at River Mouths during Exceptional Discharges to the World Oceans[END_REF][START_REF] Mulder | Marine hyperpycnal flows: initiation, behavior and related deposits. A review[END_REF][START_REF] Wright | Gravity-driven sediment transport on continental shelves: A status report[END_REF]. Accordingly, and despite its modern relatively low freshwater discharge (6 -160 m 3 s -1 ; [START_REF] Grafton | Water Planning and Hydro-Climatic Change in the Murray-Darling Basin, Australia[END_REF], the River Murray could potentially produce hyperpycnal flows, at least during periods of low sea-level in the past and/or periods of high river runoff.

Using the modern bathymetric range of each of the main benthic foraminiferal species present in our core [START_REF] Hayward | Recent New Zealand shallow-water benthic foraminifera: Taxonomy, ecologic distribution, biogeography, and use in paleoenvironmental assessment[END_REF][START_REF] Hayward | Recent New Zealand deep-water benthic foraminifera: taxonomy, ecologic distribution, biogeography, and use in paleoenvironmental assessment, GNS Science monograph[END_REF][START_REF] Debenay | A guide to 1,000 foraminifera from southwestern Pacific: New Caledonia[END_REF] (Dataset S1), we can deduce the source origin of sediments reaching the abyssal area. In our samples, a quasisystematic succession in foraminiferal ecological PCA groups stands out for each of the defined Bouma-like sequences (Fig. 5d): nearly all sequences start with the dominance of bathyal species in the coarse-grained base, followed by the dominance of shallow species in the silty part, and finally with abyssal species in the clays (Fig. 5d). Apart from the clay layer that represents mostly the natural hemipelagic background in the abyssal area, the bathyal/shallow allochthonous species succession clearly indicates two different sources of transported sediments for each recorded turbidity event (i.e. one Bouma-like sequence). Because there is no reason why foraminiferal species from two different ecological groups follow the grain size downgrading within a turbidity current, our findings clearly question a process involving a single hyperpycnal flow as we previously hypothesized.

An alternative scenario is presented in the study of [START_REF] Mulder | Des courants de turbidité hyperpycnaux dans la tête du canyon du Var ? Données hydrologiques et observations de terrain[END_REF]. According to these authors, hypopycnal and mesopycnal plumes can be produced in addition to hyperpycnal flows and/or turbidity currents during river floods (Fig. 6). As such, we hypothesize the following scenario:

(1) the high sedimentation rate at the river mouth and into the adjacent ocean and increased particulate load during river flood events can create high instability of the upper slope at the "plunge point". This might trigger hyperpycnal flows or turbidity currents when high sediment load creates shallow failures of the upper slope sediments through excess pore pressure (see review in [START_REF] Shanmugam | The hyperpycnite problem[END_REF]. In both cases, coarse grained materials can be dragged at the base as bedload by shear forces, therefore transporting bathyal species down to the abyssal plain. This might explain their dominance in the sandy base of our Bouma-like sequences (Fig. 6b).

(2) meanwhile, hyperpycnal and mesopycnal plumes may have formed from the same river flood event, carrying silts and clays in suspension to the abyssal plain. Shallowwater benthic species with a large fraction of epiphytes/epibenthics (e.g. Rosalina spp., G. praegeri; Fig. 4) can be transported in suspension by the plumes and eventually be deposited at the study site by hemipelagic sedimentation. Because this mode of sedimentation is slower in time relatively to the bed load transport, the decaying silts with a high proportion of shallow-water species are deposited on top of the sandy base.

It its however difficult to separate the silty fraction originating from the turbulent flow, as strictly defined for the Bouma sequence, from that cascading from the hypopycnal and mesopycnal plumes. This might explain the non-exclusive presence of either of the two ecological groups in the sandy and silty layers of the turbidity deposit despite their respective dominance (Fig. 6b).

(3) the drastic decrease in foraminiferal absolute densities and the dominance of abyssal benthic species (e.g. Epistominella spp., C. wuellerstorfi) in the clayey layers of the Bouma-like sequences indicate a decline and/or cessation of the turbidity current. As such, the clay deposit more likely represents the constant, slow 'rain' of mud over the ocean floor to which the abyssal oligotrophic species are usually adapted (Figs. 4 and5d). Still, the presence of few shallow and bathyal benthic species in these muddy layers might indicate that some of the clays have been transported in suspension after storms for instance, by resuspension from the hypopycnal flow, and/or by a low-density current as defined by [START_REF] Middleton | Sediment gravity flows: mechanics of flow and deposition[END_REF] (Fig. 5e).

Linking abyssal turbidite deposits to the climate of south Australia

Based on the 14 C dated clayey layers, core SS2/06-GC2 covers a time-period spanning from approximately 40 to 12 cal ka BP (Fig. 2). This encompasses part of the last glacial period and the last deglaciation. At 40 cal ka BP, the relative sea-level (RSL) was lower than today by ~-60 m and continued its falling until reaching ~-130 m at the last glacial maximum (LGM) around 21 cal ka BP, followed by a rapid rise to reach ~-60 m at ~12 cal ka BP [START_REF] Waelbroeck | Sea-level and deep water temperature changes derived from benthic foraminifera isotopic records[END_REF][START_REF] Lambeck | Sea level and global ice volumes from the Last Glacial Maximum to the Holocene[END_REF]. Although it is widely accepted that eustatic sea-level is a key factor controlling turbidite activity in most submarine canyon systems by altering the location of sediment deposition relative to the shelf edge (e.g. [START_REF] Lebreiro | Sediment instability on the Portuguese continental margin under abrupt glacial climate changes (last 60kyr)[END_REF][START_REF] Henrich | Climate and sea level induced turbidite activity in a canyon system offshore the hyperarid Western Sahara (Mauritania): The Timiris Canyon[END_REF][START_REF] Pierau | Late Quaternary climatic events and sea-level changes recorded by turbidite activity, Dakar Canyon, NW Africa[END_REF][START_REF] Lombo Tombo | Sea-level control on turbidite activity in the Rhone canyon and the upper fan during the Last Glacial Maximum and Early deglacial[END_REF], it is insufficient to explain alone the timing and intensity of turbidite deposits at our core location. Indeed, the largest turbidite deposits in core SS2/06-GC2

did not take place at the LGM when the maximum of the RSL fall was reached, but occurred around ~40-35 cal ka BP (Bs1 and Bs2), ~32 cal ka BP (the early part of Bs3), and ~12.8 cal ka BP (Bs4, Bs5, Bs6) (Figure 6b). Furthermore, at ~12.8 cal ka BP and ~40 cal ka BP, sea-level was lower than today by ~ -60 m [START_REF] Lambeck | Sea level and global ice volumes from the Last Glacial Maximum to the Holocene[END_REF], and therefore the palaeoshoreline was about halfway from its modern position (e.g. [START_REF] Gingele | Late Pleistocene and Holocene climate of SE Australia reconstructed from dust and river loads deposited offshore the River Murray Mouth[END_REF], meaning that the River Murray mouth was most likely disconnected from the canyon head most of the record. Furthermore, the similar foraminiferal successions in the pre-Holocene turbidite sequences compared the older turbidite deposits (Fig. 5b), strongly points to a common main triggering process, being rather independent from the RSL. As hypothesized in our model (Fig. 6), our turbidite deposits are most likely initiated by enhanced fluvial discharges.

A strong link exists between the intensity of fluvial sediment discharge to the Murray Canyon Group and climate of SE Australia (e.g. [START_REF] Gingele | Late Quaternary terrigenous sediments from the Murray Canyons area, offshore South Australia and their implications for sea level change, palaeoclimate and palaeodrainage of the Murray-Darling Basin[END_REF][START_REF] Gingele | Late Pleistocene and Holocene climate of SE Australia reconstructed from dust and river loads deposited offshore the River Murray Mouth[END_REF]Page et al., 2009;[START_REF] Petherick | Climatic records over the past 30 ka from temperate Australia -a synthesis from the Oz-INTIMATE workgroup[END_REF][START_REF] Bayon | Extensive wet episodes in Late Glacial Australia resulting from high-latitude forcings[END_REF]. Considering the limitations of 14 C dating in such dynamic sedimentary setting, the timing of large turbidite deposits in our study site seems to be remarkably consistent with palaeoclimatic evidence of overall humid climate on the continent:

The pre-LGM: On land, studies report significant fluvial activity in the Murray

Darling basin (e.g. ~30-18 ka; [START_REF] Petherick | Climatic records over the past 30 ka from temperate Australia -a synthesis from the Oz-INTIMATE workgroup[END_REF] together with higher lake levels (e.g. ~55-25 ka;Page et al., 2009). The more recent study of [START_REF] Bayon | Extensive wet episodes in Late Glacial Australia resulting from high-latitude forcings[END_REF] using neodymium isotopes from a marine sediment core, close to our study site, further states a strong link between episodes of massive iceberg discharges in the Northern Hemisphere (NH) (i.e. Heinrich stadials -HS) during the last glacial period and the intensity of River Murray discharges into the ocean. Such link is explained by the fact that these NH cooling events were accompanied by pronounced southward migrations of the Intertropical Convergence Zone (ITCZ) leading to increased monsoon rainfall as far south as about 32°S (e.g. [START_REF] Wang | Isotopic signals in two morphotypes of Globigerinoides ruber (white) from the South China Sea: implications for monsoon climate change during the last glacial cycle[END_REF][START_REF] Kanner | High-Latitude Forcing of the South American Summer Monsoon During the Last Glacial[END_REF][START_REF] Bayon | Extensive wet episodes in Late Glacial Australia resulting from high-latitude forcings[END_REF]. In our core, and albeit the uncertainties of 14 C dating, it is interesting to note that the oldest turbidite deposits around 40-35 cal ka BP (Bs1 and Bs2), and ~32 cal ka BP (the first part of Bs3) seem to coincide with Heinrich stadial 4 (HS4 ~40-38 cal ka BP; [START_REF] Wendt | Three-phased Heinrich Stadial 4 recorded in NE Brazil stalagmites[END_REF] and Heinrich stadial 3 (HS3 ~32-29 cal ka BP; [START_REF] Turney | Highprecision dating and correlation of ice, marine and terrestrial sequences spanning Heinrich Event 3: Testing mechanisms of interhemispheric change using New Zealand ancient kauri (Agathis australis)[END_REF] respectively, which seems therefore coherent with the conclusions of [START_REF] Bayon | Extensive wet episodes in Late Glacial Australia resulting from high-latitude forcings[END_REF].

The LGM: the predominant opinion in the literature is that conditions during the

LGM in SE Australia (21 ± 3 cal ka BP, [START_REF] Reeves | Climate variability over the last 35,000 years recorded in marine and terrestrial archives in the Australian region: an OZ-INTIMATE compilation[END_REF] were cold and arid (e.g. [START_REF] Williams | River response to Quaternary climatic fluctuations: evidence from the Son and Belan valleys, northcentral India[END_REF]Page et al., 2009), although some of the fluvial and lake records from the Murray Darling Basin (e.g. [START_REF] Mueller | Revisiting an arid LGM using fluvial archives: a luminescence chronology for palaeochannels of the Murrumbidgee River, south-eastern Australia[END_REF] The pre-Holocene: Higher proportions of fluvial illite in Murray Canyon sediments between 13.5 and 11.5 ka is coherent with a general increase in Murray River discharge and more humid conditions in the catchment area [START_REF] Gingele | Late Quaternary terrigenous sediments from the Murray Canyons area, offshore South Australia and their implications for sea level change, palaeoclimate and palaeodrainage of the Murray-Darling Basin[END_REF][START_REF] Gingele | Late Pleistocene and Holocene climate of SE Australia reconstructed from dust and river loads deposited offshore the River Murray Mouth[END_REF]. [START_REF] Nash | Micropalaeontological evidence for deglacial marine flooding of the ancient courses of the River Murray across the Lacepede Shelf, southern Australia[END_REF] who studied sediment cores from the River Murray paleochannels on the Lacepede shelf show a very high sediment accumulation within these ancient channels under estuarine conditions, coinciding with the drainage of meltwater pulses at the end of the last deglaciation. If it is not a matter of preservation, the concomitance between the drainage of meltwaters and wetter conditions on the continent could explain the larger number of turbidite deposits at ~12.8 cal ka BP compared to older ages. Also, we can't discard the role of strong continental shelf currents and waves in transporting sediments to the upper slope as it is the case today [START_REF] Li | Multigrain seabed sediment transport modelling for the south-west Australian Shelf[END_REF]. It very likely that shelf currents and waves might have started moving sediments from the recently submerged mid-inner shelf along and out to the canyon head and helped accentuating the upper slope instability at the plunge point that we hypothesized in our model (Fig. 6).

Similar processes have been hypothesized to explain the large turbidite deposits during the early Holocene in the Eel fan (offshore northern California) in connection to Eel River flooding events [START_REF] Paull | Sub-decadal turbidite frequency during the early Holocene: Eel Fan, offshore northern California[END_REF]. Because the Leeuwin Current is a very shallow current (flowing in the upper ~80 m of the water column when strong and the upper ~50 m when weak; [START_REF] Perner | Heat export from the tropics drives mid to late Holocene palaeoceanographic changes offshore southern Australia[END_REF] and because it was overall absent or weak in the study area during the last glacial period and most of the deglaciation [START_REF] De Deckker | Influence of the tropics and southern westerlies on glacial interhemispheric asymmetry[END_REF], we can't assume with high confidence that this current itself was capable of transporting sediments from the shelf to the canyon head at the end of the last deglaciation.

Conclusions

The sedimentary and foraminiferal characteristics of core SS0/06-GC02 indicate a succession of turbidites, deposited between ~40 and 12 cal ka BP. We described each of the turbidite deposits as distal, "classical" Bouma-like sequences. Unsurprisingly, it is in the sandy and silty layers of the turbidites that evidence of reworking and transport is most found with the dominance of shallow (e.g. Rosalina spp.) and bathyal benthic foraminiferal species (e.g. U. mediterranea). The presence of outer estuarine/upper inner shelf species (e.g. Rosalina spp., Elphidium excavatum) argues in favour of a river in flood origin causing the involved transport processes.

Using the modern bathymetric range of each of the main benthic species present in the core, we determined the source origin of sediments arriving to the abyssal area. We find a quasi-systematic succession in the three ecological PCA groups for each of the defined Bouma-like sequences: nearly all sequences start with the dominance of bathyal species in the coarse-grained base, followed by the dominance of shallow species in the silty portion, and finally with abyssal species in the clays. Our findings clearly question a process involving a single hyperpycnal flow. We hypothesize a mixed process involving: i) hypopycnal and mesopycnal plumes transporting shallow water benthic species with a large fraction of flat-shaped epibenthic species in suspension, and ii) hyperpycnal flow and/or turbidity current when the upper slope is destabilized under fluvial sediment load, dragging coarse grained material at the base transporting bathyal species to the abyssal plain.

The largest turbidite deposits in core SS2/06-GC2 did not take place during the LGM when the maximum of the RSL fall was reached, but occurred around 40-35 cal ka BP, 32 cal ka BP, and 12.8 cal ka BP. We hypothesize a strong link between the intensity of fluvial sediment discharge to the Murray Canyon Group and climate of SE Australia, but the core chronological control prevents us from being more certain of this hypothesis. e) The typical Bouma sequence showing the Ta to Te divisions [START_REF] Bouma | Sedimentology of some Flysch deposits: a graphic approach to facies interpretation[END_REF], reinterpreted by other authors [START_REF] Middleton | Sediment gravity flows: mechanics of flow and deposition[END_REF][START_REF] Lowe | Sediment gravity flows; II, Depositional models with special reference to the deposits of high-density turbidity currents[END_REF]Shanmugan, 1997). 

  indicate the opposite. In the ocean, Gingele and De Deckker (2005) report an increase in dust input from the central desert areas to the Murray canyons, which they interpreted as increased aridity in the Murray-Darling Basin. In our study core, the turbiditic activity seem to be low at ~21 cal ka BP, as indicated by what seems to be a truncated/incomplete sequences of Bouma (the upper part of Bs3; Figure 5b), although parts of turbidite deposits can be removed where strong bottom currents may have prevented deposition (e.g. Stow and Smillie, 2020). The larger presence of the oligotrophic species O. umbonatus and O. tenerus in the clayey layers during the LGM (~157 -122 cm; Fig. 4) compared to the other time-intervals might in fact argue in favour of low fluvial nutrient input. Therefore, and being cautious regarding the timing of our deposits, our finding seems to indicate decreased discharges of the River Murray during the LGM, in connection with overall dry climate on the continent.
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 2 Figure 2. From left to right: Photography and interpretative lithological logs of core SS02/06-GC02 and a descriptive curve of the three main grain size fractions (clay, silt and sand) based on sedimentological visual observation. Position in the core of the calibrated 14 C dates are shown in red. The sediment colours (e.g. 10YR/6/2) were determined using a Munsell color chart[START_REF] Munsell | A Pigment Color System and Notation[END_REF]. The white dots indicate sample locations. The yellow dots indicate the samples with some sediment loss that could not be quantified for their foraminiferal content.

Figure 3 .

 3 Figure 3. a) PCA analyses based on the percentages of the main benthic foraminiferal species (i.e. present with ≥5% in at least one of the sediment samples); b) The modern bathymetric distribution of the main benthic foraminiferal species, mostly after Haywardet al. (1999, 2010).

Figure 4 .

 4 Figure 4. Representation of the downcore Shannon index of biodiversity, the total absolute densities of benthic foraminifera standardized to per gram of dry sediment and species composition (only the main species occurring with ≥5% in at least one sample)

Figure 5 .

 5 Figure 5. Interpretative summary of the main results: a) The lithological logs. The yellow dots indicate the samples with some sediment loss that could not be quantified for their foraminiferal content; b) Interpretation of the grain-size curve in terms of Bouma turbiditic sequences (Bs1 -Bs7). The climatic time periods referred to in the text are indicated. HE: Heinrich Event; LGM: Last Glacial Maximum; c) The downcore Shannon index and total absolute densities of benthic foraminifera standardized per gram of dry sediment; d) Pie charts representing the cumulative percentages of the three main PCA ecological groups, averaged for a number of sediment layers determined from Figure 4;
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 6 Figure 6. Interpretative summary scheme of the hydro-sedimentary processes leading the deposition of the Bouma-like sequences in core SS2-CG2. Figure 6 is modified from Mulder et al. (1997).

  

  

  

  

  Pyrgo inornata; 9) Pyrgo denticulata; 10) Pyrgo depressa; 11) Pyrgo oblonga; 12-14) Nummulopyrgo globulus; 15) Pseudomassilina sp.1; 16) Quinqueloculina sp.; 17) Plate 2. SEM photographs of: 23) Laevidentalina inornata? ; 24) Lagena spicata; 25) Mychostomina lucida ; 26-27) Pileolina zealandica ; 28) Siphogenerina raphana; 29)

	Miliolinella fichteliana?; 18-19) Quinqueloculina auberiana; 20) Quinqueloculina
	cuvieriana; 21-22) Quinqueloculina seminula.
	Bolivina Plate 4. SEM photographs of: 69-71) Gyroidina orbicularis; 72-73) Hoeglundina
	Tables caption elegans; 74) Planulinoides biconcavus; 75) Rosalina globularis; 76-78) Astrononion
	novozealandicum; 79) Elphidium charlottense?; 80) Elphidium sp.; 81-83) Elphidium
	Plate 1. SEM photographs of: 1-2) Textularia pseudogramen; 3) Textularia stricta;4) crispum; 84-88) Notorotalia clathrata; 89-91) Nuttallides bradyi?; 92) Evolvocassidulina
	Spirotextularia fistulosa; 5) Textularia goesi; 6) Gaudryina convexa; 7) Eggerella sp.; 8) belfordi; 93-94) Hemirobulina angistoma; 95-96) Sigmoidella elegantissima

alata; 30) Bolivinita quadrilatera; 31) Bolivinellina pescicula; 32) Fursenkoina schreibersiana?; 33) Bulimina marginata f. aculeata; 34) Bulimina striata; 35) Uvigerina mediterranea; 36) Uvigerina peregrina s.l.; 37) Trifarina angulosa; 38) Trifarina reussi; 39-40) Pullenia quinqueloba; 41) Anomalinulla glabrata; 42) Nonion pacificum/Haynesina depressula ? Plate 3. SEM photographs of: 43-47) Cibicidoides dispars s.l. ; 48-52) Cibicidoides wuellerstorfi; 53-55) Cibicides corticatus ; 56) Cibicides refulgens ; 57) Cibicides sp. 1 ; 58) Cibicides sp. 2 ; 59-63) Cibicides variabilis ; 64-66) Cibicidoides pachyderma ; 67-68) Cibicides lobatulus.
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