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SUMMARY 
 
AUSCAN (Australian Canyons), a major research expedition that investigated Australia’s 
southern margin from southern Tasmania in the east to off Cape Leeuwin in the west, 
successfully completed its mission in March 2003. Stretching 3500 km, the southern margin 
formed 80-30 Ma (million years ago) as Australia and Antarctica split and drifted apart. 
 
The investigation included multibeam swath-mapping, geophysical profiling, geological and 
biological sampling, as well as oceanographic measurements. The data were collected to 
support marine environmental planning and management, to help model the structural and 
sedimentological evolution of the margin, and to assist understanding the climatic, 
oceanographic and environmental changes that affected the region during the late Quaternary 
(last 0.5 million years). Important objectives were to map in detail and study the 
geomorphology and origins of the gigantic, but poorly known, canyon systems that exist 
beyond the continental shelf. The spectacular Murray Canyons south of Kangaroo Island, with 
their complex and extensive channel systems and 2-km high cliffs, were a special focus of the 
investigation. 
 
The information collected and resulting research will assist implementation of Australia’s 
Oceans Policy and Australia’s Marine Science and Technology Plan, and in particular, the 
development of the South-east Regional Marine Plan by the National Oceans Office. The new 
data, integrated with the pre-existing seabed data sets, provide the basis for environmental 
management strategies and plans, and also provide framework information to support future 
biological and physical scientific field studies and research. 
 
AUSCAN was completed as two cruise legs totalling 3 weeks using the 120-m R/V Marion 
Dufresne of the French Polar Institute (IPEV: Institut Polaire Français – Paul-Emile Victor). 
The survey used a range of geophysical, sampling and oceanographic equipment carried on 
the ship, but vital to the AUSCAN program were the ship’s Thales Sea Falcon 11 multibeam 
sonar swath-mapper and its giant piston corer, ‘Calypso’. The multibeam system produces 
high-resolution bathymetric and backscatter images of the sea floor at 15 knots across a swath 
up to 20 km wide in deep water, while ‘Calypso’ is capable of recovering deep-sea sediment 
cores up to 60 m long. AUSCAN achieved all the pre-cruise planning objectives, with almost 
no downtime due to technical problems or bad weather conditions. 
 
The cruise was based on excellent international scientific cooperation, and included scientists 
from Australia, France, Germany, other European countries, and the USA. IPEV was the main 
French organisation involved, while Australian institutions included Geoscience Australia 
(GA), The Australian National University (ANU), the South Australian Research & 
Development Institute (SARDI) and the National Oceans Office (NOO). CSIRO Marine 
Research (Hobart) also provided input during the planning phase. The National Oceans Office 
provided much of the Australian funding and support because of AUSCAN’s direct and 
important relevance to current regional marine planning and environmental management 
initiatives, including development of the National Marine Bioregionalisation and the South-
east Regional Marine Plan. Geoscience Australia managed the project for the National Oceans 
Office. Media coverage was excellent, with the project being brought to life to the Australian 
public via TV stories, newspaper and magazine articles, and the Web. 
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The AUSCAN program was designed to build on earlier major swath-mapping surveys 
involving French-Australian cooperation (Geoscience Australia and IPEV/IFREMER (French 
Research Institute for Exploitation of the Sea)), such as TASMANTE off west Tasmania and 
on the South Tasman Rise, MARGAU off southwest Western Australia, and AUSTREA-1 off 
southeast and southern Australia. AUSCAN swath-mapped 70,000 km² of seabed (about the 
size of Tasmania), filling many of the existing data gaps along the southern margin and now 
allowing detailed maps and images of almost the entire continental slope from Western 
Australia to Tasmania to be produced for the first time. In the Murray Canyons area, 
AUSCAN completed the mapping of the canyons from the canyon heads at the shelf edge to 
channel systems on the abyssal plain over 5000 m deep. Remarkable holes, up to 5 km across 
and several hundred metres deep, were discovered on the floors of the steeper and larger 
canyons. How they formed remains controversial, but scouring by high-energy turbidity 
currents is a likely explanation. The western area covered by the South-east Regional Marine 
Plan (Kangaroo Island to Tasmania) was surveyed by four slope-parallel lines, and now has 
almost complete swath coverage from shelf edge to mid continental slope. The upper and mid 
sections of the many prominent linear downslope canyons on this part of the margin, some 
more than 100 km long, are now well defined. Major paleo slope failures have been 
recognised on the thickly sedimented slope off west Tasmania. 
 
Very few of the canyons off southeast Australia have been named, and the new maps will 
now allow official names to be assigned with confidence. Canyon nomenclature of canyons 
west of Kangaroo Island may need modification because official names currently registered in 
the Gazetteer of Australia were based on old, less accurate charts that did not have the benefit 
of modern multibeam data. 
 
AUSCAN also acquired 3.5 kHz sub-bottom profiler, gravity, magnetics and oceanographic 
data along 9,000 km of survey line. All multibeam and geophysical data collected during 
AUSCAN, both raw and processed, are archived at Geoscience Australia and have been 
incorporated into the Marine Data Base. The new swath-bathymetry data were merged with 
existing topographic data sets and surveys in the Geoscience Australia data base to produce 
detailed grids (200 m spacing or finer) over four map sheets. Together these sheets cover the 
entire southern margin of Australia, including the continental shelf, continental slope with its 
myriad canyon systems and other complex terrain, and the adjacent abyssal plain. These high-
resolution grids are an important new resource for the production of detailed maps and images 
for scientific research and environmental planning and management. 
 
A total of eight piston and gravity cores were successfully taken (3 as part of the German 
paleoceanographic program SOCOZA). Geological, biological and oceanographic samples 
were also taken by a variety of other methods and most stations were successful. Sample 
stations included multicorer (6), benthic sled (8), CTD (6) and plankton net tows (13). The 
number of macro specimens recovered by benthic sled in the Murray Canyons was fewer than 
expected, suggesting that the areas sampled were relatively barren or that the sled type used 
was unsuitable. Scyphozoans, ctenophores, copepods, isopods, and decapods represent about 
80% of the biomass of plankton tow samples. Lavae of crustaceans and fish are also common. 
Skeletal organisms include foraminifers, radiolarians, acantharians and pteropods. The 
foraminiferal assemblages are almost identical at all sites and are dominated by the 
nearsurface-dwelling species Globigerinoides ruber. 
 
The 3.5-day sampling program in the Murray Canyons area included the taking of two giant 
piston cores, each more than 30 m long (33 & 35 m). Such long cores had never been taken 
on the southern margin of Australia before. From water depths of 865 and 2427 m, these cores 
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contain foraminiferal olive-grey silty clays with fine sands and shell fragments in some zones. 
Shipboard multisensor track and reflectivity logs indicate Milankovitch cyclicity, and a 
sedimentological history dating back to 175 ka (thousand years before present) based on 
oxygen isotope (δ18O) geochronology. Analysis of AUSCAN piston and gravity cores has 
revealed detailed information on late Quaternary sedimentation patterns and events, sea-level 
fluctuations and environmental changes that took place on the Lacepede Shelf off the mouth 
of the Murray River and in the Murray-Darling Basin upstream. 
 
Two of the cores acquired in the Murray Canyons area during AUSCAN, piston core MD03-
2607 (east of Sprigg Canyon) and gravity core MD03-2611 (eastern Du Couedic Canyon) 
were selected for detailed analysis by researchers at ANU. Core samples were analysed by X-
ray diffraction for the four main mineral groups – kaolinite, smectite, illite and chlorite. Bulk 
mineralogical content of quartz, aragonite and calcite was determined by powder 
diffractometer. Total carbon, organic carbon and sulfur were measured by Carbon-Sulfur 
Analyser, with percentage of carbonate calculated from the bulk and organic carbon content. 
Major elements Na, Mg, Al, Si, P, S, K, Ca, Ti, Mn, Fe were assessed by X-ray fluorescence 
spectrometry (XRF), while trace elements Ba, V, Y, Zn, Zr, Cr, Sc, Cu and Ni were assessed 
by inductively coupled plasma-atomic emission spectrometry (ICP-AES). Oxygen and carbon 
isotopes were measured on the planktonic foraminifera Globigerina bulloides by mass 
spectrometer. 
 
Age models of the cores are based on the δ18O-record of the Globigerina bulloides, with 
individual isotope events identified and compared with the global SPECMAP-stack. The 
sedimentary record in both cores appears to be continous, with no hiatuses evident. The 
bottom of core MD03-2607 coincides with isotope stage 6.5 (~175 ka), and the bottom of the 
shorter core MD03-2611 only reached stage 5.1 (~100 ka). 
 
Analysis of the cores shows that the Murray Canyons area experienced dramatic changes in 
the amount and composition of sedimentary material laid down over the last 175,000 years. 
The main influences on sedimentation mode and patterns have been changing sea levels and 
associated shifts in the position of the Murray Mouth. With the Murray Mouth presently over 
200 km away from the Murray Canyons, little terrigenous matter reaches the area and the 
sedimentation mode is pelagic. Sediments being deposited now consist almost entirely of 
carbonate particles plus minor aeolian dust. During sea-level lowstands, when the Murray 
Mouth was close to the present shelf edge and within 15-30 km of the core sites, the 
sedimentation mode shifted to hemipelagic, and fluvial clays were deposited, increasing the 
overall sedimentation rate by a factor of 3-6. The flood of fluvial material masks any evidence 
of aeolian input. 
 
The composition of the terrigenous matter suggests that the Murray River was the major 
source of sediment during the cold climate of oxygen isotope stages 4-2 (74-12 ka) and 6 
(175-130 ka). However, during stage 6 the river load was more kaolinite-rich, possibly due to 
a tributary river from the Gulf St. Vincent that joined the Murray on the exposed shelf. There 
is some evidence in the clay record of core MD03-2611 that this river may have reached the 
ocean independently during stage 2. Two deglacial illite peaks at glacial termination II (stage 
6/5, ~130 ka) and I (stage 2/1, ~12 ka) indicate the influx of little-weathered material released 
from melting glaciers and permafrost areas in the Australian Alps. 
 
AUSCAN has provided considerable new survey and scientific information from Australia’s 
southern margin – information that has already been used and will continue to be used for 
marine environmental planning and management, for ongoing research into continental 
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margin development and canyon evolution, and for late Quaternary climate and 
oceanographic studies. It is expected that the AUSCAN data will result in the publication of a 
number of scientific papers and reports over the next 2 years. 
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INTRODUCTION 

 
This document is a post-cruise report that summarises operational aspects, preliminary results 
and achievements of the AUSCAN research cruise (Figure 1) completed in early 2003. Its 
delivery fulfils requirements in the Inter Commonwealth Agency Memorandum of 
Understanding between the National Oceans Office (NOO) and Geoscience Australia (GA) in 
relation to “AUSCAN scientific campaign in the marine zone of Australia along its southern 
margin”. 
 
The objectives of the AUSCAN cruise were, (1) to continue swath-mapping of the southern 
margin of Australia (Figure 2) and to collect geophysical data, as an aid to bioregionalisation, 
geological framework studies, Regional Marine Planning and the establishment of Marine 
Protected Areas, and (2) sampling of the Murray Canyons area (south of Kangaroo Island) to 
help establish its present oceanographic, sedimentological and biological character and, 
through long cores, to examine the past history of the canyons and better understand the late 
Quaternary climate and environmental history of the Murray-Darling Basin. 
 
The AUSCAN cruise was conducted as an international cooperative research program, with 
scientists from Australian, French, German, other European, and US academic and 
government marine research agencies taking part. The French Polar Institute IPEV (Institut 
Polaire Français – Paul-Emile Victor) was the main French organisation involved, while 
Australian institutions include Geoscience Australia (GA), The Australian National 
University (ANU), the South Australian Research & Development Institute (SARDI) and the 
National Oceans Office (NOO). The National Oceans Office provided major Australian 
funding and other support because of AUSCAN’s direct and important relevance to current 
regional marine planning and environmental management initiatives, including development 
of the National Marine Bioregionalisation and the South-east Regional Marine Plan. The 
AUSCAN project is being managed by Geoscience Australia for the National Oceans Office, 
and is expected to wind up in early 2004 with publication of this final project report. 
However, it is anticipated that results of ongoing research work and analysis will continue to 
be published as papers and articles in the scientific literature as these studies are completed. 
At least two Ph.D students (ANU/University of Western Australia) are to work on some of the 
core material for their theses over the next 2-3 years. 
 
IPEV’s 120-m oceanographic research vessel Marion Dufresne (Figure 3) was used for the 
data acquisition and sampling program. The ship carries a range of geophysical, sampling and 
oceanographic equipment, which were all used during AUSCAN. Vital to the AUSCAN 
program were the ship’s giant piston corer ‘Calypso’ (Figure 6) capable of recovering deep-
sea sediment cores up to 60 m long, and its Thales Sea Falcon 11 multibeam sonar swath-
mapper (Figure 4) which produces high-resolution bathymetric and backscatter images of the 
sea floor at speeds of up to 15 knots across a swath up to 20 km wide in deep water. 
 
AUSCAN was run in conjunction with a major French Antarctic paleoclimate research 
program named CADO (Coring Adélie Diatom Oozes) under the umbrella of the international 
IMAGES coring program and, because of the logistics involved, AUSCAN was completed as 
two cruise legs – Leg 1 before CADO and Leg 2 after. A short German coring program, 
SOCOZA (Dynamics of the Subtropical Convergence Zone off southern Australia), was 
included in the Hobart-Fremantle leg (Leg 2). SOCOZA, funded by the German Science 
Foundation (DFG) and also under the umbrella of IMAGES, aims to reconstruct the surface 



AUSCAN Final Report  Geoscience Australia 

 
 
6

oceanography and the dynamics of deep water masses during late Pleistocene 
glacial/interglacial cycles in the Australian sector of the northern Southern Ocean. 
 
Total scheduled AUSCAN time (as specified in the contract between Geoscience Australia 
and IPEV) was 20 days, with 6 days available on Leg 1 and 14 days on Leg 2. Three and a 
half days were set aside on Leg 2 for sampling in the Murray Canyons area (Figure 1). 
 
Scientists and technicians on each of the AUSCAN legs numbered about 40. Details of these 
participants are provided in Appendices 1-3. 
 
 

AUSCAN’S RELEVANCE TO AUSTRALIA’S OCEANS POLICY 
 
In December 1998 the Australian Government published and launched Australia’s Oceans 
Policy, aimed at developing an integrated and ecosystem-based approach to planning and 
management for multiple-use of Australia’s offshore areas. Central to the Ocean’s Policy is 
the development of Regional Marine Plans, based on large marine ecosystems. 
 
The Regional Marine Plans need to be developed on the basis of sound knowledge of the 
region’s physical and biological features. Accessible and accurate information on bathymetry, 
seabed structure and processes and high-resolution maps are basic tools in a wide range of 
planning and management options (Stagg et al., 2001). Using multi-beam arrays, modern 
acoustic survey methods allow high-resolution maps and images of large areas of the seabed 
to be generated quickly and cost-effectively. Geoscience Australia pioneered the use of such 
systems in Australian waters, including offshore southern Australia (Exon et al., 1994; Hill et 
al., 1998; Exon & Hill, 1999). 
 
Development of the South-east Regional Marine Plan began formally in April 2000, and in 
July 2003 the Minister for the Environment and Heritage, Dr David Kemp, released the draft 
Plan (NOO, 2003a,b). The South-east Marine Region covers an area of more than 2 million 
square km and includes marine areas off Victoria, Tasmania (including Macquarie Island), 
southern New South Wales and eastern South Australia. Broadly, the Region includes all of 
the waters and seabed within the 200 nautical mile limit of the Exclusive Economic Zone 
(EEZ), stretching from the western-most point on Kangaroo Island, encompassing waters off 
Tasmania and Victoria, through to latitude 36°S off New South Wales. The planning region 
includes the extended continental shelf beyond the EEZ, to which Australia will be claiming 
certain rights under the United Nations Convention on the Law of the Sea (UNCLOS, 1983; 
Symonds et al., 1998). It includes a variety of climatic zones, seafloor types and 
oceanographic conditions, and therefore a diverse range of marine habitats. AUSCAN 
surveyed substantial tracts of this region, areas that had previously been unmapped or, at best, 
poorly mapped. Areas covered included a substantial part of the continental slope between 
Hobart and Kangaroo Island, as well as parts of the South Tasman Rise, including the 
southwest tip. 
 
AUSCAN also resulted in mapping in the southwest region from Kangaroo Island to 
Fremantle. This area is the next area to be considered for regional marine planning. Regional 
marine plans for the central and western parts of the southern margin are to be developed over 
the coming years, with the offshore region southwest of Western Australia as the highest 
priority. 
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MARINE GEOLOGY AND TECTONIC FRAMEWORK OF 

AUSTRALIA’S SOUTHERN MARGIN 
 
Regional Physiography 
 
The southern continental margin of Australia (Figures 1 & 2) stretches 3500 km from the 
Naturaliste Plateau off southwest Western Australia in the west to southern Tasmania and the 
South Tasman Rise in the east. Formed as the Australian and Antarctic continents fractured 
and then separated by continental drift, the conjugate Australian and Antarctic margins are 
now separated by 3000 km of Southern Ocean. 
 
The Australian southern margin is generally 150-450 km wide, but could be considered up to 
700 km wide south of Tasmania where the microcontinent of the South Tasman Rise lies on 
the margin (Hill & Exon, in press). The margin comprises a relatively flat continental shelf 
that extends out from the coastline to a depth of about 200 m. Beyond the shelf edge the sea 
floor generally drops steeply across the continental slope to depths of around 4000 m, and 
then starts to flatten out over the continental rise which is mostly 4000-5000 m deep, and then 
levels out onto the adjacent abyssal plain which is 4500-5500 m deep. The width of the 
continental shelf varies considerably, but is typically about 70 km. In the Great Australian 
Bight and off the mouth of the Murray River (Lacepede Shelf, Figure 14) it is more than 150 
km wide, whilst off southwest Tasmania the shelf extends only 20 km from the coast. 
 
One of the steepest and most rugged sections of the entire Australian continental margin is 
that off Kangaroo Island (Murray Canyons area), where the continental slope drops 3500 m 
over a horizontal distance of only 25 km (8º slope). Locally, some slopes are much steeper 
(25º-30º not uncommon). Also rugged and steep is the 800 km section of margin off 
southwest Western Australia, between Cape Leeuwin and Cape Pasley. 
 
Several areas of the southern margin are lobate or convex in shape. The most prominent of 
these is the Ceduna Terrace (Figures 2 & 11) in the Great Australian Bight. Lying mostly 
between the 500 and 2500 m isobaths, it is about 70,000 km² in size (Tilbury & Fraser, 1981). 
Similar, but smaller, features are the Eyre Terrace 400 km to the west and the Beachport 
Terrace off southeast South Australia. These represent thick piles of deltaic sediments rapidly 
deposited and outbuilt in the Late Cretaceous during late stage rifting of the margin from 
Antarctica. 
 
At the eastern end of the southern margin, the South Tasman Rise (Exon et al. 1997; Hill & 
Moore, 2001; Figure 1) is separated from mainland Tasmania by the 3200-m deep South 
Tasman Saddle. The South Tasman Rise is a large triangular block mostly 1000-3000 m deep. 
Its western edge is a N-S trending escarpment up to 2 km high, that forms the northern part of 
the Tasman Fracture Zone. Oceanic fracture zones with similar orientation are prominent 
structures on the floor of the Southeast Indian Basin to the west. These fracture zones 
represent flow-lines along which the Australian and Antarctic continents drifted apart. A 
region of extremely rugged seafloor topography, the Diamantina Zone (Figures 2 & 12), is 
located in the deep ocean south of the Naturaliste Plateau and southwest Western Australia. It 
comprises a complex of ridges and troughs with a structural fabric slightly sinuous, but 
largely oriented E-W. Some of the ridges are as shallow as 3000 m while some of the troughs 
are 6000 m deep. 
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Canyon and lesser downslope channel systems are present along the entire southern margin, 
and extend from the shelf edge or upper continental slope to the continental rise and onto the 
abyssal plain. Many of the channels, such as in the Great Australian Bight and off western 
Tasmania, are 50-200 m deep and some are 100 km or more in length. Some of the larger 
canyons, which are as deep as 2 km, occur on the steeper sections of the margin such as off 
Kangaroo Island (Murray Canyons, Figures 10 & 13) and southwest Western Australia 
(Figure 12). 
 
 
Regional Geology and Tectonic Development 
 
A geological timescale is provided in Appendix 13 (see also Glossary for explanation of 
technical terms). 
 
The physiographic provinces and features of the Australia’s southern margin are largely the 
result of the progressive rifting and breakup of Gondwanaland since the Late Jurassic (~160 
Ma), and separation of the various continental fragments during the creation of new ocean 
floor by seafloor spreading, possibly from about the Cenomanian (95 Ma; Veevers, 1986) in 
places, but certainly from the early Campanian (~83 Ma; Sayers et al., 2001), to the present 
day. 
 
The southern margin is underpinned by cratonic basement rocks of Archean to early 
Palaeozoic age (Veevers, 2000). The oldest basement blocks that underlie or adjoin the 
margin are the Archean (>2.5 Ga) Yilgarn and Gawler Blocks. The extensive Yilgarn Block 
underlies southwest Western Australia, whilst the Gawler Block forms basement to the Eyre 
Peninsula region from the Head of Bight to Kangaroo Island. Early Proterozoic basement of 
the Albany-Fraser Orogen underlies the central southern coastal area of Western Australia. 
Kangaroo Island and the region to the east and southeast, including Tasmania and the South 
Tasman Rise, are part of the Tasman Fold Belt System (Scheibner & Veevers, 2000) and 
basement rocks here are Neoproterozoic to early Palaeozoic in age. Terranes in the Tasman 
Fold Belt were accreted from the east and so young eastward. That the Naturaliste Plateau is 
at least partly cored by cratonic rocks was confirmed recently by the dredging of Late 
Cambrian gabbro from its southwest corner (Beslier et al., 2001). 
 
Proterozoic and early Palaeozoic intracratonic basins underlie parts of the continental shelf 
along the southern margin, and may extend into deeper water (Stagg et al., 1999). Such basins 
include the Denham Basin and Polda Trough in the eastern Great Australian Bight. Palaeozoic 
features have also been interpreted beneath the Bremer Basin off Western Australia (Stagg & 
Willcox, 1991), Cambrian sediments occur in the St Vincent and Pirie-Torrens Basins off 
South Australia, and Cambro-Ordovician sediments of the Kanmantoo Trough extend off 
Kangaroo Island. In the east, the Late Carboniferous-Triassic Tasmania Basin (Seymour & 
Calver, 1995), up to several kilometres thick, overlies rocks of the Tasman Fold Belt and 
covers most of central and southeast Tasmania and probably extends offshore. The Tasmania 
Basin is prospective for petroleum, with source rocks and a number of oil seeps recorded 
onshore (Bendall et al., 2000). 
 
A short-lived Middle Jurassic tholeiitic magmatic event (175±18 Ma; Hergt et al., 1989) 
formed the Tasmanian dolerite province as part of a long, linear flood basaltic belt within the 
then extant super-continent of Gondwanaland, that stretched from southern Africa (Karoo 
province) through Antarctica (Ferrar province) to Australia (Tasman province) (Elliot, 1992). 
This magmatism, with its extensive and voluminous intrusion into the Tasmania Basin, 
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probably represents the initial stages of Gondwana breakup, at least along the eastern part of 
the southern margin. 
 
The sedimentary basins along the southern margin are largely the product of a protracted 
episode of Mesozoic extension within eastern Gondwanaland, which led to development of 
the Southern Rift System (Willcox & Stagg, 1990) and ultimately to breakup of the 
supercontinent into the Australian and Antarctic plates. The Southern Rift System contains 
the Bremer, Bight, Otway, and Sorell Basins, and extends for more than 4000 km, from 
Broken Ridge in the far west, to the South Tasman Rise in the southeast, with a major splay 
passing through the Bass and Gippsland Basins of the Bass Strait region. 
 
The initial, Late Jurassic, extension direction was roughly NW-SE (Willcox & Stagg, 1990), 
with large rift graben developing in the Eyre Sub-basin of the western Bight and in the 
Bremer Basin (Stagg & Willcox, 1991). Linked northeast-trending pull-apart basins and 
oblique rifts developed in the Otway, Bass, and Gippsland Basins and a sinistral wrench zone 
formed in the Sorell Basin. In the Otway and Gippsland Basins at least, this early rifting 
episode took place in two stages (Norvick & Smith, 2001), the first in the Tithonian and the 
second in the Neocomian. The megasequences deposited, firstly the Casterton Beds/‘Jurassic 
Beds’ and then the Crayfish Group/Lower Strzelecki Group, are lacustrine sediments and coal 
measures. 
 
Renewed extension in the Aptian-Albian, this time in a NE-SW direction (Etheridge et al., 
1987), further filled the southeast Australian basins with a flood of non-marine volcanogenic 
sediments sourced by dacitic volcanism to the east, probably a volcanic arc/backarc system 
located along the Lord Howe Rise (Symonds et al., 1996; Bryan et al., 1996,1997). These 
deposits formed the Otway Group in the Otway and Bass Basins. 
 
Much of the southeast region was uplifted in the Cenomanian, with erosional denudation and 
development of a regional unconformity (Hill et al., 1995; O’Sullivan & Kohn, 1997). This 
non-depositional episode was followed immediately by renewed continental rifting on the 
Australian southern and southeast (Tasman) margins. Off southwest Western Australia, 
extension was taking place by ductile shearing of sub-continental mantle, followed by ultra-
slow spreading, resulting in a 200-km wide continent-ocean transition zone exposing 
exhumed mantle and associated mafic rocks in the rugged Diamantina Zone (Royer et al., 
1999). Radiometric dating by Beslier et al. (2001) shows that ductile deformation was 
occurring between 90 and 87 Ma, but had ended by 84 Ma when the sheared rocks were 
intruded by younger igneous rocks probably associated with onset of slow spreading. By ~83 
Ma (early Campanian) rifting led to synchronous breakup in the Bight Basin (Sayers et al., 
2001) and southern Tasman Basin (Royer & Rollet, 1997), and subsequent development of 
the Southern Ocean and Tasman Sea by seafloor spreading (Veevers et al., 1991; Müller et 
al., 2000). Opening in the Great Australian Bight was linked to a major transform shear zone, 
the Tasmanian-Antarctic Shear (Exon et al., 2001b), trending northwest off western Tasmania 
and intersecting the proto South Tasman Rise. 
 
By the Paleocene, a shift in relative motion between the Antarctic and Australia plates to a 
more N-S direction (Tikku & Cande, 1999) led to commencement of seafloor spreading off 
western Tasmania (Hill et al., 1997b) and transfer of the western South Tasman Rise terrane 
from the Antarctic to the Australian plate (Royer & Rollet, 1997). At about this time, seafloor 
spreading began at the southern margin of the South Tasman Rise (Pyle et al., 1995; Cande et 
al., 2000; Norvick & Smith, 2001), and ceased soon after in the Tasman Basin (55-50 Ma, 
Royer & Rollet (1997)). The changes in plate tectonics that affected the region during the 
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Paleocene to early Eocene resulted in varying degrees of uplift, structural inversion and mild 
folding throughout Tasmania and its margins (Exon et al., 2002). Apatite fission track 
analysis (O’Sullivan & Kohn, 1997) indicates cooling along the east and west Tasmanian 
coasts at this time, possibly due to uplift and denudation. It was in the Paleocene that the 
300,000 km², agriculturally-important Murray Basin began to evolve as a shallow 
intracratonic basin (Brown & Stephenson, 1991). Up to 600 m of Cainozoic fluvio-lacustrine 
and marine sediments were deposited. The Murray River drains the basin onto the Lacepede 
Shelf off eastern South Australia (Figure 14). 
 
Commencing at ~43 Ma, fast N-S seafloor spreading in the Southern Ocean led to separation 
of the South Tasman Rise from Antarctica along the Tasman Fracture Zone and the creation 
of a major 500-km long escarpment along the western South Tasman Rise. The South Tasman 
Rise and Antarctica cleared each other at the southwest tip of the South Tasman Rise at the 
Eocene-Oligocene boundary (~33 Ma), resulting in the opening of the Tasmanian ‘gateway’ 
and initiation of the Antarctic Circumpolar Current (Exon et al., 2001a,b), with profound 
effects on regional climate and sedimentation. There was an accelerated subsidence of the 
southeast Australian margins (Hill & Moore, 2001), which together with a cooler and drier 
climate, led to reduced siliciclastic sediment input and a change from deltaic deposition to 
that of pelagic carbonates in a more open marine environment (Exon et al., 2001b,c). Reduced 
sediment supply, coupled with increased strength of ocean currents, resulted in a relatively 
thin post-Eocene succession off southern Tasmania and on the South Tasman Rise. This 
succession, comprising mainly carbonates, is mostly less than 1000 m thick. 
 
The post-Eocene change from siliciclastic to temperate carbonate-dominated sedimentation 
was not restricted to the southeast, but occurred along the length of the southern margin. 
Sediment input to basins of the southern margin had begun to dwindle overall much earlier 
than this. The southern margin was in fact already relatively sediment-starved from the 
beginning of the Tertiary (Stagg et al., 1999), the only major accumulation being Palaeogene 
prograding siliciclastics, up to 2 km thick, in the central Otway Basin. 
 
After the Southeast Indian Ridge cleared the southwest tip of the South Tasman Rise at ~23 
Ma (Early Miocene), Tasmania and its offshore areas ceased to be affected by local plate 
boundary tectonics. Apart from minor intraplate warping, there has been little tectonic activity 
on the southern margin since then. Minor Miocene-Pliocene compression and inversion 
recorded in the Otway Basin is attributed to far-field intraplate stress arising from collision 
tectonics at the northern edge of the Australian plate (Hill et al., 1995; Perincek & Cockshell, 
1995). 
 
Sedimentation on the continental shelves has been greatly influenced by Pleistocene changes 
in sea level associated with changes in ice-volume at the poles. During the Last Glacial 
Maximum ~20,000 years ago, sea level was about 120 m below today’s level (Chappell & 
Shackleton, 1986; Lambeck & Chappell, 2001; Figure 21). Because of the generally low flux 
of terrestrial sediments from rivers onto the shelf of the southern margin, sediments are 
dominantly biogenic carbonates, typically with a high bryozoan component. Quartz sands are 
a major component of the sediments off parts of the southeast margin, but then only in the 
nearshore zone. Such zones include the Murray Mouth area on the Lacepede Shelf, and the 
nearshores areas off King Island and west Tasmania (Davies, 1979; Jones & Davies, 1983; 
Hill et al., 2001b). 
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Southern Tasmanian Margin and South Tasman Rise 
 
The South Tasman Rise (STR, Figures 1 & 2) is a large submarine plateau of continental 
origin with its culmination at roughly 750 m below sea-level, and separated from Tasmania 
by thinned continental crust across the South Tasman Saddle and surrounded elsewhere by 
Late Cretaceous and Palaeogene oceanic crust. Recent swath-mapping and geophysical 
surveys (Exon et al., 1994; Exon et al., 1996; Hill et al., 2000; Bernardel et al., 2000), 
geological sampling (Exon et al., 1995) and Ocean Drilling Program (ODP) drilling (Exon et 
al., 2001b) have provided considerable new information, allowing a revised synthesis of the 
geology and tectonics south of Tasmania (Hill et al., 2001a; Hill & Exon, in press). 
 
The STR comprises two main structural provinces: (i) a complexly-deformed western block 
with mainly N-S trends and less-developed E-W trends, and (ii) a structurally-simpler eastern 
block cored by shallow basement beneath the crest of the STR and flanked by narrow 
northwest-trending rift basins (Exon et al., 1997; Hill et al., 2001a). The prominent NW-SE 
structural trend along the spine of the STR, and extending along the west Tasmanian margin, 
is a relic of the Tasmanian-Antarctic Shear, active in the Late Cretaceous to early Tertiary. 
The change in structural style occurs across the STR between 146°E and 147°E (Exon et al., 
1996; Royer & Rollet, 1997). The more complex nature of the western terrane was caused by 
deformation within the Tasmanian-Antarctic Shear during its transfer from the Antarctic to 
the Australian plate in the Paleocene, and then by N-S wrenching associated with transform 
movement along the Tasman Fracture Zone. 
 
The eastern region of the STR, including the L’Atalante Depression, exhibits mainly NW-SE 
and lesser NE-SW structural trends, consistent with the Tasman rift and spreading directions, 
respectively. The L’Atalante Depression is floored by sedimented oceanic crust. Arms of 
oceanic crust extend partly beneath the East and South Tasman Saddles. Seismic data (Hill & 
Moore, 2001) indicate that the saddles are probably mostly underlain by highly extended 
continental crust, although it is difficult to be certain because of the widespread volcanism in 
these troughs. 
 
Sedimentary basins with more than 2 km of section have developed over much of the STR 
region, including the western STR (Ninene Basin and Toogee Sub-basin), the flanks of the 
central STR and the margins of the L’Atalante Depression. Beneath the western STR 
individual depocentres are relatively small (mainly less than 25 km across) and often 
rhomboid in plan, whereas on the flanks of the central STR the basins are deep and narrow 
(20-25 km wide) and trend NW-SE. The Ninene wrench basins and central STR 
transtensional rifts are at least 3-4 km thick. The margin adjoining the L’Atalante Depression 
is underlain by more than 2 km of post-breakup sediments, and several large ?Eocene hot-spot 
volcanoes straddle the continent-ocean boundary (COB). In some areas, such as the South 
Tasman Saddle and the southeastern margin of the STR, potentially deep sedimentary section 
may be masked in the seismic profiles by volcanics. Shallow basement (mainly less than 300 
m of cover) is associated with the summit area of the STR, oceanic crust west of the STR, and 
the blocky terrain (Lowreenne Massif) immediately south of the Toogee Sub-basin. 
 
The Palaeogene and younger sequences on the STR are relatively well known from seabed 
sampling (Exon et al., 1995) and deep sea drilling (Kennett et al., 1975; Exon et al., 2001b). 
These comprise Paleocene-Eocene siliciclastics, overlain unconformably by Oligocene and 
younger pelagic carbonates (chalks and nannofossil-foraminifer oozes). The carbonates are 
generally less than a few hundred meters thick, but on the lower eastern margin of the STR 
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they have accumulated as current-controlled drifts to a thickness of about 800 m (Hill & 
Moore, 2001). The siliciclastics, where drilled, are deltaic and shallow marine silty 
claystones, often rich in organic carbon. No Cretaceous sediments have been recovered from 
the STR so far, but seismic evidence suggests that the deep basins on the STR contain thick 
accumulations of Late Cretaceous shallow marine and deltaic deposits. 
 
The continental slope off southern Tasmania has a rough and varied terrain (Figure 9). Some 
large E-W trending ridges lie near its base, and a number of canyons incise its western half, 
but most spectacular are the numerous (> 100) volcanic cones, some 500-600 m high, that rise 
above its surface (Hill et al., 1997a; Hill et al., 2001b). The shallower cones are deep-sea 
trawl fishing grounds for orange roughy and this area forms an important component of the 
South East Fishery (Koslow & Exon, 1995). The 370 km² Tasmanian Seamounts Marine 
Reserve, declared in 1999, lies on the mid slope directly south of Bruny Island and includes 
about a dozen cones. The age of the extensive volcanic terrain in the South Tasman Saddle 
and on the southern Tasmanian slope has not been directly determined but is believed to be 
Eocene (Hill & Exon, in press). Parts of the eastern south Tasmanian margin are underlain by 
at least 2 km of sediments (Hill et al., 2001a,b). A thick folded and faulted sequence, that 
includes late Campanian sediments (Harris et al., 1999), is exposed at the seabed or 
unconformably overlain by a thin late Cainozoic carbonate layer generally less than a few 
hundred metres thick. 
 
 
West Tasmanian Margin 
 
The west Tasmanian continental margin (Figures 9 & 17) is about 500 km long, and extends 
from King Island in the north to the South Tasman Saddle in the south. It is about 200 km 
wide, and includes a shallow continental shelf (<300 m deep) about 30 km wide in the south 
and more than 55 km wide in the north. The continental slope, which has variable relief due to 
canyon downcutting and uplifted fault blocks, levels out onto a 4500-5000 m deep abyssal 
plain underlain by early Tertiary oceanic basement. 
 
Much of the margin has a thick cover of late Mesozoic-Cainozoic sediments, forming the 
Sorell Basin (Hinz et al., 1986; Willcox et al., 1989; Hill et al., 1997b) and the contiguous 
southernmost part of the Otway Basin. The boundary between the Otway and Sorell Basins is 
not clearly defined, but has conventionally been taken as a line running roughly southwest of 
King Island. Nearshore, this boundary coincides with a basement high. Although the two 
basins are considered to be largely structurally and stratigraphically continuous (Moore et al., 
2000), some differences exist, in particular the greater influence of strike-slip tectonics in 
shaping the Sorell Basin. The Sorell Basin has four main depocentres beneath the shelf and 
upper slope: the King Island, Sandy Cape, Strahan and Port Davey Sub-basins (Moore et al., 
1992). The only known onshore part of the Sorell Basin occurs as a 500-m thick extension 
known as the Macquarie Harbour Graben. The sediments, which outcrop extensively on the 
northern shore of Macquarie Harbour, consist of early Eocene mudstones and sandstones with 
thin coal seams, overlain by Plio-Pleistocene gravels and sands. The Eocene beds are 
interpreted as having been deposited in marginal marine and sandy braidplain environments. 
 
Hill et al. (1997b) and Hill & Exon (in press) present a set of interpreted seismic profiles that 
portrays the structure and stratigraphy of the west Tasmanian margin. These SW-NE–oriented 
dip lines extend from oceanic crust of the Southeast Indian Ocean abyssal plain, across the 
COB and continental slope onto the continental shelf. The seismic stratigraphy is controlled 
mainly by the four exploration wells on the shelf (Prawn 1, Whelk 1, Clam 1 and Cape Sorell 
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1; Lodwick et al., 1999), DSDP Site 282, ODP Site 1168 (Exon et al., 2001b), and marine 
geological sampling data (Hinz et al., 1985; Exon et al., 1989; Exon et al., 1992). 
 
The Late Cretaceous and older section has undergone significant deformation, mainly 
seaward-dipping normal faulting ranging from near-vertical to low-angle listric, but also 
reverse faulting and gentle to moderate folding. Although most faults extend only to the top of 
the Cretaceous/Paleocene, minor faulting extends into the upper Palaeogene in some areas, 
particularly in the nearshore part of the margin (including the Sorell Fault Zone parallel to and 
near the coast off King Island) and adjacent to the northern Tasman Fracture Zone. 
 
Although complex in detail, the structural trends off west Tasmania (Hill & Exon, in press) 
are mainly NW-NNW, reflecting the underlying pattern of basin-forming faults that has 
developed through both strike-slip and extensional mechanisms. As is the case with most 
wrench basins, the southern Otway/Sorell Basin comprises many relatively small, often deep, 
and irregularly distributed depocentres. The Cretaceous Sorell sub-basins on the shelf and 
upper slope are typically half-graben or v-shaped, deep and narrow, reflecting their 
transtensional origin. These depocentres are located within relatively shallow Precambrian to 
early Palaeozoic basement and contain 2-4 seconds two-way time (s twt), or approximately 
2.0-5.5 km of section. From the Oligocene to present, the outer Strahan Sub-basin has had one 
of the highest sedimentation rates in the region, with up to 1000 m of sediment (largely 
carbonates) accumulated (Hill & Exon, in press). 
 
Sediment thickness beneath the continental slope is generally 2-5 s twt. The lower continental 
slope is characterized by a highly-faulted zone of uplifted continental basement blocks. This 
zone, about 60 km wide, commonly contains two main ridges 30-40 km apart. Seismic 
profiles across this zone generally show a profusion of diffractions, particularly at depth, 
suggesting significant igneous intrusive activity at or close to the time of breakup. Oceanic 
basement outboard of the outermost continental basement high has a comparatively thin 
sediment cover, generally less than 1 km thick, and in places is exposed on the sea floor. 
 
At present, there is insufficient information to develop a comprehensive stratigraphic scheme 
for the Sorell Basin. Nevertheless, by linking to Otway Basin stratigraphy and stratigraphic 
nomenclature and using the limited existing data, mainly from Clam 1 and Cape Sorell 1 
wells (Boreham et al., 2002), a provisional summary of lithostratigraphic development for the 
nearshore part of the basin is possible (Lodwick et al., 1999). 
• Sherbrook Group (Late Cretaceous) equivalent: mainly sandstones and shales with some 
coaly beds deposited in a paralic to coastal plain environment. 
• Wangerrip Group (latest Maastrichtian-middle Eocene) equivalent: shallow marine quartz 
sandstones, siltstones and mudstones. 
• Nirranda Group (middle Eocene to mid-Oligocene) equivalent: fine sandstones and 
calcareous mudstones deposited in a shelfal marine environment. 
• Heytesbury Group (mid-Oligocene to Miocene) equivalent: outer shelf carbonates, 
including fossiliferous reefal limestones. 
 
Swath-mapping of the sedimented continental slope off west Tasmania has revealed 
remarkable systems of sub-linear downslope channels and canyons (Hill et al., 1997b; Hill et 
al., 2001b; Figures 17 & 18). These features extend from the shelf edge to abyssal depths of 
the lower continental slope, are typically 100 m deep and commonly more than 60 km long. 
They appear to diverge from the major rivers flowing into the sea off west Tasmania. The 
swath images also show evidence of large-scale mass movements, including a gigantic slump 
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scar 50 km wide and several hundred metres deep located on the upper slope off southwest 
Tasmania (Figure 17). 
 
 
Otway-Kangaroo Island Margin 
 
The continental shelf along this section of margin varies considerably in width (Figure 9). It is 
only 30-40 km wide between Robe and Portland, and widens to more than 80 km to the east-
southeast where the shelf merges with Bass Strait. To the west-northwest, the shelf rapidly 
widens to more than 150 km, forming the broad Lacepede Shelf (Figure 14) between 
southeast Kangaroo Island and the Coorong. The continental slope is almost 200 km wide off 
the Otway coast, with a gentle 1.3º average slope, but gradually steepens to the west-
northwest and becomes extremely steep and rugged along the Murray Canyons sector south of 
Kangaroo Island (Figures 10 & 13). Von der Borch et al. (1970) give an early account of the 
structural and sedimentary characteristics of the Otway-Kangaroo Island margin. 
 
The Otway Basin (Perincek & Cockshell, 1995; Moore et al., 2000) underlies most of this 
margin, including the coastal onshore parts of far southeast South Australia and western 
Victoria. But it does not extend beneath the Lacepede Shelf which is underlain by shallow 
basement (~600 m of sediment cover (Willcox, 1974)). In the southeast, the Otway Basin is 
contiguous with the Sorell Basin. The bulk of the sediment is contained in sub-basins beneath 
the continental slope, where sediments are up to 8 km thick. Moore et al. (2000) consider that 
the basin comprises two temporally and spatially overlapping rift components, (1) the mainly 
Late Jurassic-mid Cretaceous E-W trending inner Otway Basin (onshore part and that beneath 
the shelf), and (2) NW-SE to N-S trending depocentres beneath the outer shelf and continental 
slope, plus an ill-defined sub-basin beneath the continental rise. The latter rift system was 
most active from the mid Cretaceous to Palaeogene, and was strongly affected by sinistral 
strike-slip movements during Australia-Antarctic separation. 
 
Moore et al. (2000) subdivide the offshore Otway Basin into three main sub-basin elements 
separated by north-south trending structural highs. From NW to SE, these are the Beachport, 
Morum and Nelson Sub-basins The structural style and relative thickness of sedimentary 
sequences varies widely between the basin elements, reflecting the complexities of a mixed 
rifted/strike-slip margin setting. 
 
Key aspects of the stratigraphy of the Otway Basin have been described recently (Kopsen & 
Scholefield, 1990; Partridge, 1997). A review of the paleontology of 36 wells, covering both 
the South Australian and Victorian parts of the basins and the re-sampling and re-evaluation 
of the type sections of the early Late Cretaceous in Victorian wells, resulted in significant 
changes in dating (Partridge, 1997). Broadly, the stratigraphy can be divided onto three 
phases: (1) the first rift phase Otway Supergroup (Berriasian to Albian), (2) the second rift 
phase Shipwreck and Sherbrook Groups (Turonian to Maastrichtian), and (3) the post rift 
transgressive/regressive clastic cycles of the Wangerrip Group (latest Maastrichtian to early 
Middle Eocene), and carbonates and siliciclastics of the Eocene to Holocene Nirranda and 
Heytesbury Groups. 
 
Between King Island and the Lacepede Shelf, the deeply sedimented continental slope is 
dissected by numerous downslope channels and canyons (Hill et al., 2001b; Figures 9 & 19). 
The canyons are generally more deeply incised on the upper continental slope where the 
seabed gradient is higher, and a number of them are several hundred metres deep. Seismic 
mapping on the shelf in this area has revealed systems of older buried canyon systems that 
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were active throughout much of the late Cainozoic, beginning in the Oligocene (Leach & 
Wallace, 2001; Pollock et al., 2002). Apart from minor slumping from canyon walls, the 
modern canyons on the slope appear to be inactive at present during the current highstand 
(Passlow, 1997; Exon et al., 2002). 
 
The morphology of the continental slope south of Kangaroo Island and the Lacepede Shelf 
contrasts sharply with that to the southeast. The slope is steep and rugged, with escarpments 
up to 2 km high. The Murray Canyons are structurally controlled, with basement and rift 
sediment bedrock outcropping on parts of the deeply-incised canyon walls (Hill et al., 2001b). 
Extensive channel systems in the canyon heads convey sediment from the shelf edge into 
major talwegs that debouch on the abyssal plain. Seismic and sonar imaging of the slope and 
some of the canyons show evidence of considerable mass wasting (slumps, sediment slides, 
turbidity currents), but the age of the sediment movements remains uncertain (von der Borch 
& Hughes Clarke, 1993). 
 
 
Great Australian Bight 
 
The Great Australian Bight (Figure 11) is part of the Southern Ocean that developed as a 
result of the separation of Australia and Antarctica in the late Mesozoic to Cainozoic. The 
area is underlain by a large sedimentary basin, the Bight Basin, which contains Late Jurassic 
to Holocene sediments 12-15 km thick (Totterdell et al., 2000; Totterdell, 2002). The Bight 
Basin includes the Eyre, Recherche, Ceduna and Duntroon Sub-basins. [A recent proposal 
(Bradshaw et al., 2003) has the Bremer Basin also included as the Bremer and Denmark Sub-
basins]. The greatest sediment thickness occurs in water depths greater than 200 m, with the 
Ceduna Sub-basin being the major depocentre. The Bight Basin formed in the Late Jurassic in 
response to the breakup of eastern Gondwanaland, as part of a developing rift valley that 
stretched from the southwest of Western Australia to Tasmania in the southeast. 
 
Only nine exploration wells have been drilled in the offshore Bight Basin (excluding 
Gnarlyknots-1A drilled in the Ceduna Sub-basin to 4736 m TD in early 2003 by Woodside 
Petroleum, but for which geological data are not yet on open file). Apart from Gnarlyknots-
1A, the two most useful for stratigraphic control are Esso’s Jerboa-1 well in the Eyre Sub-
basin, and Shell’s Potoroo-1 well on the northern margin of the Ceduna Sub-basin. The wells 
intersected six sequences: (a) Middle to Late Jurassic sands, (b) Berriasian to Barremian sand-
prone lacustrine sediments, (c) Aptian non-marine claystones and shales, (d) thin Albian 
marine shaly sediments, (e) Cenomanian marine interbedded shales, claystones and 
sandstones, and (f) Tertiary open-marine carbonates. 
 
The Bight Basin developed through four major phases (Struckmeyer et al., 2001). The first 
involved Middle-Late Jurassic crustal extension, which led to the formation of a series of 
WSW-ENE trending half-grabens (best seen in the Eyre and Duntroon Sub-basins) filled with 
fluvio-lacustrine deposits of the Sea Lion and Minke supersequences. This was followed by a 
period of slow thermal subsidence in the Early Cretaceous, with deposition of mostly fluvial 
and lacustrine sediments (Southern Right and Bronze Whaler supersequences). The third 
phase (Late Albian-Santonian) is characterised by accelerated subsidence, and continental 
breakup in the late Santonian/early Campanian (~83 Ma; Sayers et al., 2001). Up to 10 km of 
deltaic and marine fine-grained sediments were deposited in the central Ceduna Sub-basin 
during this time (Blue Whale, White Pointer and Tiger supersequences). The mud-dominated 
deposition and rapid deltaic progradation during a phase of high subsidence rates led to 
growth faulting and shale deformation over much of the basin. Basinward, this gravity-driven 
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extension resulted in tight folds and toe thrusts. The post-breakup period of thermal 
subsidence is characterised by progradation and aggradation of massive delta complexes of 
the thick (up to 5 km), sand-dominated Hammerhead supersequence. An overall transgressive 
phase of sedimentation in the early Tertiary (Wobbegong supersequence) was followed by 
widespread, open marine carbonate sedimentation (Dugong supersequence) that resulted from 
accelerated seafloor spreading from the Middle Eocene onward. 
 
The Great Australian Bight is the largest sector of the southern Australian continental margin 
displaying cool-water carbonate sedimentation, ranging from locally warm-temperate inboard 
to cool-temperate outboard (Gostin et al., 1988; Feary & James, 1998; James et al., 2001). 
The northern part of the shelf is covered by warm-water, tropical photozoan carbonate 
sediments, while the southern half is a region of temperate, cool-water, heterozoan carbonate 
deposition. This cool-water southern shelf is the largest area of such sedimentation in the 
modern world. Located in the sub-tropical arid climatic belt, it has no source of terrigenous 
clastic sediment, consequently almost all of the deposits are biogenic carbonates. The 
sediments have both sub-tropical and temperate attributes (James et al., 2001). 
 
The distribution of facies on the shelf, particularly within the zone of wave abrasion (water 
depths shallower than 60 m), indicates that the rocky substrate produces sediment that is 
mostly swept away in the energetic hydrodynamic environment. In deeper environments, 
sediments are moved at least during winter months, but not continuously (James et al., 2001). 
The angularity of Holocene bio-fragments and lack of fine particles suggests winnowing and 
off-shelf transport as the major physical process. 
 
As seabed mapping (Hill et al., 2001b; Rollet et al., 2001) indicates, the continental slope in 
the Bight is of varying morphology and has been dissected by ubiquitous downslope gullies, 
channels and canyons (Figure 11). Tilbury & Fraser (1981) produced a bathymetric map of 
the Ceduna Terrace based on track-line data, and describe the numerous submarine valleys on 
the upper slope that feed into canyons on the steeper mid-lower slope. One of the largest 
canyons on the Ceduna Terrace is the Nullarbor Canyon (Figure 11), of which the lower 
section was swath-mapped in 2000 (Hill et al., 2001b). This canyon is 250 km long, and has 
gouged a series of holes several hundred metres deep and up to 5 km across into deformed 
Late Cretaceous sediments at the foot of the slope. No less spectacular are the canyon systems 
south of Eyre Peninsula, which cut into the slope at the eastern end of the Ceduna Terrace, 
and the most eastern of which could be considered part of the Murray Canyons. Many of 
these canyons are box-shaped in cross-section with very steep walls 1000 m high. In the 
western Bight, the Eyre and Eucla Canyons (directly south of Eyre and Eucla, respectively) 
are broad incised valleys 30-60 km across and mainly in water depths of 1000-3500 m. 
 
 
Southwest Australian Margin 
 
The continental shelf off southwest Western Australia, between Cape Leeuwin and Cape 
Pasley, is 35-80 km wide (Figure 12). The continental slope is steep and rugged, cut by 
numerous canyons, and is generally only about 50 km from shelf edge to foot of slope 
(roughly the 4000 m isobath). Except in the far west, the continental rise is wide (~100 km) 
and of gentle gradient. 
 
The canyon systems vary considerably in size and shape (Figure 12). Most canyon heads lie at 
the shelf break or on the upper continental slope. The more deeply incised sections of the 
larger canyons are about 1000 m deep and 10-15 km across. A number of the canyons run 
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obliquely across the slope (e.g. southwest of Albany and south of Esperance), and are clearly 
controlled by rift structures beneath the continental slope. Terraces, partly bounded by 
canyons, extend out from the continental slope in places. The largest, about 40 km across, lies 
in a water depth of ~1400 m southwest of Albany. 
 
The Bremer Basin (Stagg & Willcox, 1991) underlies the outer shelf and continental slope 
along a 400-km section of the margin roughly between 117ºE and 121ºE. Basement, probably 
Precambrian rocks of the Yilgarn Block or Albany-Fraser Orogen, appears to lie at shallow 
depth elsewhere beneath the shelf and continental slope, based on the grid of widely-spaced 
seismic lines available. The Bremer is the westernmost basin of the Southern Rift System, and 
contains up to 10 km (Cooney, 1974) of Jurassic to Tertiary sedimentary rocks, which are 
highly structured in places. 
 
Though not tested by drilling, the basin fill probably comprises Late Jurassic to Barremian 
continental deposits overlain by Albian and Late Cretaceous marine deposits with a veneer of 
Tertiary marine carbonates (Stagg & Willcox, 1991). Based on reprocessed seismic data, 
Bradshaw et al. (2003) suggest that the basin fill consists of two rift-sag successions, each 
ending with a period of inversion. The first rift event may correspond to the Middle Jurassic-
Early Cretaceous NW-SE extension (Sea Lion and Minke supersequences in the Eyre Sub-
basin). The second rift event may be associated with mid Cretaceous rapid subsidence in the 
eastern Bight Basin. Alternatively, as proposed by Cooney (1974) and Stagg et al. (1990), the 
prominent unconformity separating the two rift phases may correspond to the Valanginian 
unconformity seen throughout the Perth Basin farther west. Thus the second period of 
extension may have been driven by breakup of Australia and Greater India during the 
Valanginian, with faults in the Bremer Basin reactivated by movement along Precambrian 
shear zones across the southwest Yilgarn Block. 
 
Structurally, the Bremer Basin is a complex series of perched half-grabens, with rift structures 
predominantly oriented east-northeast, but trends range from east to northeast (Bradshaw et 
al., 2003). Bradshaw et al. (2003) have recently suggested that the Bremer Basin be redefined 
as two sub-basins of the Bight Basin, the larger eastern part of the former Bremer Basin being 
named the Bremer Sub-basin and the smaller western part named the Denmark Sub-basin 
(previously the Denmark Trough of Stagg & Willcox (1991)). 
 
South of the Bremer Basin, and underlying the mostly smooth surface of the continental rise 
and abyssal plain (water depths of ~4000-5500 m) is the Recherche Sub-basin underlain by 
highly stretched continental lithosphere. The Recherche Sub-basin contains Middle Jurassic- 
Early Cretaceous half-graben overlain by relatively unstructured, flat-lying Early Cretaceous-
Cainozoic post-rift strata, typically 2-3 km thick. The basinward margin of the Recherche 
Sub-basin is the rugged Diamantina Zone (Figure 12), a series of peridotite ridges associated 
with initial slow spreading/rerifting of highly extended continental lithosphere leading into 
the slow spreading phase (Royer et al., 1999). 
 
 

EARLIER SWATH-MAPPING SURVEYS ON THE SOUTHERN 
MARGIN 

 
The first swath-mapping survey on the southern margin was in 1989 off the Lacepede Shelf, 
roughly south of the Murray River mouth, and used the former Australian naval research 
vessel HMAS Cook fitted with an original 16-beam 12 kHz SeaBeam multibeam system. The 
towed British ultra-long range, 6.5 kHz GLORIA sidescan system was used in conjunction 
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with the SeaBeam on this survey to map part of the eastern Murray Canyons between 
137º25’E and 138º55’E (von der Borch & Hughes Clarke, 1993). 
 
In 1994, a major seafloor mapping and geophysical survey, TASMANTE (Exon et al., 1994), 
mapped most of the South Tasman Rise, apart from the southeast portion. Much of the west 
Tasmania continental slope and rise was also mapped, and a final line was surveyed across the 
far eastern end of the Murray Canyons as the RV L’Atalante headed to Adelaide at the end of 
the cruise. The multibeam system on L’Atalante is the 182-beam 13 kHz Simrad EM12D, 
which is still one of the most powerful, accurate and effective deep-sea multibeam systems 
available today. 
 
After the port call in Adelaide, L’Atalante transited westward around Australia to the 
Philippines collecting multibeam data on the way (ADEDAV survey (Hill, 1995)), including 
in the Great Australian Bight and off southwest Western Australia. 
 
In 1998 a major multibeam/geophysical/geological sampling research cruise, MARGAU 
(Royer & Beslier, 1998), was conducted off southwest Western Australia to investigate the 
morphology and structure of the Diamantina Zone and adjacent areas. The aim was to develop 
a better understanding of the extension and breakup history of this part of the southern margin 
and the mechanisms involved. The survey vessel was RV Marion Dufresne and its 12 kHz 
Thomson-Marconi TSM5265 (now Thales Sea Falcon 11) multibeam system was used to map 
most of the Diamantina Zone between 108ºE and 120ºE, plus parts of the continental slope to 
the north (south of the Naturaliste Plateau and as far east as Albany). 
 
RV L’Atalante and its Simrad EM12D multibeam were again used between December 1999 
and February 2000, this time for two swath-mapping/geophysical surveys off southeast 
Australia to collect data for marine zone management and geological research. South of 
Australia, survey AUSTREA-1 (Hill et al., 2000) mapped a substantial part of the continental 
slope between southern Tasmania and the central Great Australian Bight, including the deep-
water part of the Great Australian Bight Marine Park (Environment Australia, 1999; Slater, 
1999). AUSTREA-2 (Bernardel et al., 2000) mapped an area off southeast Tasmania and part 
of the Macquarie Ridge. 
 
Over the past 10 years swath-data have also become available from foreign research vessels 
operating within or adjacent to the Australian EEZ. This particularly applies to the US RV 
Melville which has collected multibeam data from its 121-beam 12 kHz SeaBeam 2000 
system on a number of occasions during transits. Several transit lines have been acquired off 
southwest Western Australia, and also off southern Tasmania (the lines mainly radiate from 
the ports of Fremantle and Hobart). 
 
In early 2000, selected areas of the shelf and upper continental slope were mapped by the 
high-resolution 95 kHz Simrad EM1002 multibeam system temporarily installed on RV 
Southern Surveyor. This experimental survey (CSIRO Marine Research, 2000) mapped small 
areas off western Victoria, on the Lacepede Shelf, and in the central Great Australian Bight. 
 
Most of the maps and images that are figured in this report incorporate earlier (pre-AUSCAN) 
data, as well as AUSCAN data. 
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SCIENTIFIC EQUIPMENT AND SYSTEMS ON RV MARION 

DUFRESNE 
 
The survey systems and scientific equipment used during the AUSCAN cruise are detailed 
below. 
 
Navigation 
• GPS satellite positioning (scientific GPS1 & GPS2) - ~10 m horizontal accuracy 
• GPS-aided inertial navigation system, PosMV 320 (for multibeam, located just above 

receive transducers) - ~4 m horizontal accuracy 
 
Swath-mapping & geophysical 
• Thales Sea Falcon 11 multibeam sonar swath-mapper (previously named TSM 5265B), 5 

transmit beams – central frequency 12 kHz, frequency separation 300 Hz, 120°-150° 
beam angle. Bathymetry and backscatter data acquired. In water depths shallower than 
~800 m operation was switched to single beam (from 5-beam) transmission because of 
the higher ping rates. The beam configuration of the system is shown in Figure 4. 

• XBTs (expendable bathythermographs) to determine sound velocity profile for input to 
multibeam. Two types of Sippican XPTs used: T5 to 1830 m water depth (6 knot 
deployment) & T7 to 800m water depth (high speed deployment). 

• Thales digital sub-bottom profiler, FM (linear) with central frequency 3.75 kHz, 1.6 kHz 
bandwidth (common receive array with multibeam), beam width 7.4° (transmission) & 
5.6° (reception); monitor record on 50 cm thermal paper roll. 

• Analogue 3.5 kHz chirp sub-bottom profiler, ~25° beam, Raytheon Line Scan Recorder 
(46 cm EPC roll chart). 

• Geometrics G-886 marine proton magnetometer, sensor 360 m behind stern. 
• Lacoste & Romberg marine gravity meter No. 77 - revision 2 (serial no. 021). 
 
Geological & oceanographic 
• ‘Calypso’ giant piston corer, up to 40 m barrel and 6.4 tonne (8x800 kg) weight used on 

AUSCAN (also set up as gravity corer with 15 m barrel). Operation illustrated in Figure 
6. 

• Multicorer, 8 tubes. 
• Benthic sled, large (Australian Antarctic Division). 
• Benthic sled, small (Museum of Victoria). 
• Plankton nets. 
• CTD profiler, 24-bottle rosette. 
• Continuous sampling thermosalinograph. 
 
Split core measurements 
 Geotek multisensor core logger (MST, multi sensor track) – P-wave velocity, gamma ray 

attenuation (density, porosity), magnetic susceptibility, core thickness. 
 Diffuse spectral reflectance, Minolta 2022 spectrophotometer. 
 Core photography, Olympus 5 megapixel digital camera. 

 
Acquisition geometry on Marion Dufresne 
o The overall length of the ship is 120.5 m, and its beam is 20.6 m. 
o The GPS1 antenna is located 28 m from the stern. 
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o The PosMV 320 and multibeam receive array are located near the bow and in the same 
position (in plan), 107 m from the stern. 

o The gravity meter is located 40 m from the stern. 
o As indicated above, the magnetometer sensor is towed 360 m behind the stern of the ship. 
 
 

AUSCAN DATA ACQUISITION AND SAMPLING PROGRAM 
 
Outline of Main Scientific Program 
 
An idea of the extent of the survey program completed on AUSCAN Legs 1 & 2 is provided 
by the track map of Figure 1. A detailed narrative (Appendix 4) provides information on 
shipboard activities, work progress and survey conditions. A log of events relating to data 
acquisition and deployment of scientific equipment on Leg 2 is available in IPEV (2003). 
 
Marion Dufresne left Fremantle at 1800 hrs (local time) on 23 January 2003 at the start of 
AUSCAN Leg 1. The multibeam and geophysics transit survey along the Australian southern 
margin was completed largely as planned. At 1200 hrs on 29 January, Peter Hill disembarked 
by small boat off Strahan, Tasmania. The ship then continued the AUSCAN program to the 
SSE along the shelf edge. When south of Maatsuyker Island, the ship changed course to head 
for Adélie Land and to commence the CADO program. A short multibeam survey of the 
extreme southwest tip of the South Tasman Rise was completed on the way. This survey had 
been requested by Geoscience Australia mainly to provide information for UN Law of the Sea 
technical assessments. 
 
At the end of the CADO program, the ship headed NNE towards Hobart, the next port of call. 
On the approach to Tasmania, a small deviation was made to run a single-line survey of the 
upper continental slope off southeast Tasmania, as requested by Geoscience Australia. 
Marion Dufresne arrived in Hobart early on 17 February. 
 
The AUSCAN launch and press conference was held at 1030 hrs on 18 February. The ship 
left Macquarie Wharf at 1800 hrs that evening to commence AUSCAN Leg 2. 
 
The multibeam and geophysics survey along the continental margin of west Tasmania and the 
Otway coast went as planned, with the ship continuing on to the Murray Canyons area off 
South Australia. The survey was broken in the early hours of the morning on 21 February to 
allow the first long Calypso core to be taken, after which the survey of the upper slope of the 
Murray Canyons area was completed. 
 
The survey then proceeded back southeast to map the mid continental slope between the 
Murray Canyons and northwest Tasmania. On the way back to the Canyons, whilst SSE of 
Portland, a short detour was made to conduct a site survey for the first SOCOZA core. After a 
set of cores was taken, the survey resumed 8.5 hours later, in the morning of 24 February. The 
ship was in the deepwater part of the Murray Canyons a day later, and headed up Sprigg 
Canyon to start the main part of the sampling program. This began at about 0700 hrs on 25 
February. A planned rendezvous with the helicopter carrying two ABC journalists and NOO 
scientist was successfully made at about 1600 hrs while the ship was at the shelf edge. The 
Murray Canyons sampling program continued, broken only by 2 hours of multibeam mapping 
on the continental rise. 
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The helicopter returned to the ship at about 0900 hrs on 28 February, while Marion Dufresne 
was operating at the head of Du Couedic Canyon, to pick up the three visitors and take them 
back to Adelaide. A short multibeam survey of the head of Du Couedic Canyon was then 
made, and a final benthic sled haul completed, followed by transit of the ship southward to the 
base of the canyons to connect with the planned deepwater survey line running west. The 
transit survey to the west was underway by 1530 hrs on 28 February. By this time the weather 
had deteriorated badly and the very rough seas meant a reduction in speed down to 10 knots at 
times. The worst of the storm was over after about 6 hours, and conditions gradually 
improved thereafter. 
 
Good progress (15-16 knots) was made during the transit survey across the Great Australian 
Bight. At about 2100 hrs on 2 March while south of Cape Pasley, the ship turned north off the 
line to conduct a site survey for the second SOCOZA core site. This survey and the taking of 
a set of cores took about 9.5 hours, after which Marion Dufresne was again heading west on 
the transit survey. 
 
The transit survey was interrupted again at 2300 hrs on 3 March while SSE of Albany to take 
a final gravity core for French researchers. This operation took 5 hours, resulting in a 12-m 
core from ~2000 m water depth, and then the transit survey was resumed. 
 
The arrival time in Fremantle was rescheduled (from 0800 hrs to 1100 hrs) to allow additional 
survey time. This was used to extend the survey to the west, in order to map a section of the 
steep mid continental slope southwest of Cape Leeuwin. After this was completed, the ship 
headed directly to Fremantle, arriving at 1015 hrs on 5 March 2003. 
 
 
Research Cruise Nomenclature and Provision of Extra Survey Data by IPEV 
 
Research cruise names and corresponding survey numbers have been allotted as set out below 
so that there is no ambiguity, particularly for purposes of data base entry and archival of 
scientific data. 
 
AUSCAN Leg 1 (Figure 1) was from Fremantle (departed 23/1/03) to Hobart (arrived 
17/2/03), but excludes that part covered by the French CADO program from the southern 
South Tasman Rise to Adélie Land, Antarctica. Thus the ‘AUSCAN’ parts of this Fremantle-
Hobart leg include the swath-mapping and geophysical transit survey along the Australian 
southern margin from Fremantle to off SW Tasmania and a short segment of transit survey 
(swath/geophysics) south of Tasmania on the approach to Hobart. In addition, the French 
Polar Institute (IPEV) has agreed to make its transit data from the South Tasman Rise area 
north of about 54°S available to Geoscience Australia for its data base. This includes the short 
(several hour) survey of the far southwest tip of the South Tasman Rise requested by 
Geoscience Australia. It also includes 3.75 kHz digital sub-bottom profiles across the South 
Tasman Rise (previously swath-mapped during TASMANTE), and Thales multibeam/3.75 
kHz ‘mixed’ mode coverage south of the South Tasman Rise. IPEV designate the Fremantle-
Hobart (via Adélie Land) leg as research cruise MD130. For data management purposes 
AUSCAN Leg 1 has been assigned Geoscience Australia survey number 236, and 
incorporates the South Tasman Rise data. 
 
AUSCAN Leg 2 (Figure 1) was from Hobart (departed 18/2/03) to Fremantle (arrived 5/3/03). 
This was mainly a swath/geophysical survey of Australia’s southern margin, but included 
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almost 5 days of sampling (ANU/GEOMAR). IPEV designate this leg as cruise MD131. 
AUSCAN Leg 2 has been assigned Geoscience Australia survey number 245. 
 
 
Other Scientific Activities 
 
Cetacean survey & observation 
 
Margaret O’Toole of Deakin University was on board during Leg 2 and maintained an 
observation program from the bridge of the ship. No whales were sighted by Margaret during 
this leg, nor did anyone else on board report any whale sighting. A possible sighting (?blue 
whale) was made by Richard Smith south of Kangaroo Island on the first helicopter flight out 
to the ship. 
 
Although no whales were sighted from Marion Dufresne, observations of pods of dolphins, 
seals, large jellyfish and seabirds were made and recorded. 
 
 
Deployment of oceanographic instrumentation 
 
Two APEX oceanographic profiling floats were deployed off Western Australia during Leg 2 
for CSIRO Marine Research. Contact: Ann Gronell (Thresher) of Ocean Observing Networks, 
CMR – ph. (03) 62-325-419, email Ann.Thresher@csiro.au).  
 
Apart from briefly slowing down during the deployments, no survey time was lost. 
 
Float 622:  Deployed at 0759 3/3/03 UT at 35° 07.9’S 119° 59.9’E in about 3600 m water 
depth. 
 
Float 621:  Deployed at 0641 4/3/03 UT at 35° 33.2’S 115° 01.3’E in about 3000 m water 
depth. 
 
 
PROCESSING OF MULTIBEAM SONAR AND GEOPHYSICAL DATA 

 
Data Quality and General Comments on Acquisition 
 
The quality of the multibeam data was mostly very good. The only time data quality was 
seriously affected was when the ship hit a storm while leaving the Murray Canyons area 
towards the end of Leg 2. Though the data were quite noisy for about 6 hours during the worst 
of the storm, manual ping-by-ping editing has resulted in a satisfactory data set over this 
interval. 
 
XBTs (expendable bathythermographs) were generally launched once or twice a day while 
running swath lines (not during the sampling program), depending on sea temperature 
variability (affected by ocean currents and gyres). The digitally recorded temperature-pressure 
data were converted to sound velocity-depth profiles, in conjunction with global Levitus 
tables, and used to correct the multibeam data for refraction (ray-bending) effects and time-to-
distance (depth) processing. 
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Real-time multibeam acquisition, data monitoring and survey planning (Figure 5) were done 
using the IFREMER software package ‘Caraibes’ (CARtography Adapted to Imagery and 
BathymEtry of Sonars and multibeam echosounders). Caraibes was also used to do the post-
acquisition processing and display of data (images and maps) on the ship, at IPEV in Brest, 
and by Geoscience Australia in Canberra. 
 
Gravity data were acquired continuously during both legs of the cruise. However, no gravity 
ties were made during the port calls because no portable gravity meter was available on the 
ship. Gravity ties, between onshore base stations and the ship’s instrument, are routinely done 
to correct the marine gravity meter (which only measures relative gravity) for drift variations 
and to convert the data to absolute gravity. In the past, it had been normal practice to transport 
a portable gravity meter by hand on an aeroplane. But nowadays stringent security measures 
make hand-carrying a gravity meter by air impracticable. Alternative means of calibration are 
available, however. The AUSCAN gravity data can be corrected by tying to pre-existing 
marine survey lines/grids (Geoscience Australia surveys, earlier Marion Dufresne cruises, or 
surveys by other foreign vessels for which Geoscience Australia has the data). Because the 
exact locations of the Marion Dufresne berths in Fremantle (Figure 8) and Hobart (Figure 3) 
are known, the gravity data can also be corrected by tying these locations to local Geoscience 
Australia gravity base stations using a Geoscience Australia or university gravity meter. 
 
The magnetometer was generally deployed on all transit lines. No data were collected during 
the first two days of AUSCAN because a spare sensor had to be connected to the tow cable 
(the previous sensor was cut off by the propellers and lost during the preceding cruise). The 
data from this spare sensor were often noisy, a problem that defied attempts to fix it. The 
magnetometer was retuned often, but this did not provide a complete solution. Noisy 
magnetometer signal had been a problem on some earlier Marion Dufresne surveys. Post-
processing has significantly improved the quality of the data, but some sections of data are 
unrecoverable. 
 
Analogue 3.5 kHz sub-bottom profile data were collected throughout the cruise, while digital 
3.75 kHz profiles were recorded only for specific purposes. A long digital profile was 
recorded off southwest Tasmania at the beginning of Leg 2, in an area already swath-mapped. 
The profile was run to get more information on a major slump that had been discovered on the 
continental slope during TASMANTE swath-mapping in 1994, and to tie stratigraphically to 
ODP Site 1168 drilled in 2000 (Exon et al., 2001). Digital sub-bottom profiles were also run 
prior to coring at some sites to find optimum targets (primarily an adequately thick layer of 
soft undisturbed sediment). For such site surveys the Thales multibeam was run in ‘mixed’ 
mode, i.e. both multibeam swath data and 3.75 kHz profile data were acquired, but at reduced 
spatial resolution because of interweaved acquisition of the two types of data (the common 
receive array does not allow simultaneous operation). During normal swath-mapping survey 
work the digital 3.75 kHz was turned off to get maximum multibeam seabed detail and 
coverage. 
 
Navigation 
 
Precise GPS navigation data were collected throughout the cruise. The data required minimal 
processing on board because of their high quality, and were reduced to final navigation as 
Caraibes *.nvi files for the multibeam processing. 
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Multibeam Data 
 
The Sea Falcon 11 data were recorded in native (raw) binary format (*.att, *.bat, *.ima files) 
and then converted to Caraibes-compatible data formats. Further processing and editing was 
done on board to enhance data quality and to ensure that satisfactory sound velocity 
corrections had been applied. The bathymetry and backscatter data were gridded at 100 m grid 
spacing and displayed as colour-coded contour maps (bathymetry) and greyscale images 
(backscatter). Details of the processing sequences are described in IPEV (2003). 
 
The multibeam (bathymetry and backscatter) data were partly processed on board and this 
processing was completed by IPEV in Brest after the cruise. Additional editing and 
processing was done at Geoscience Australia. 
 
The processing of the AUSCAN data and display of maps and images of these data were done 
on 17 selected map sheets (Sheets 00-16). An index map of these is shown in Figure 7. A 
Mercator projection (scale true at 38ºS) and WGS84 datum were adopted for all sheets. 
 
Sub-bottom Profiler Data 
 
Digital profiles were recorded on a 400-km line off southwest Tasmania, at the SOCOZA 
core sites (off the Otway coast and south of Cape Pasley, Western Australia), in the 
Sprigg/Du Couedec Canyons, and at the gravity core site south of Albany. 3.5 kHz analogue 
profiles were recorded during the entire survey. 
 
The Thales 3.75 kHz digital data (*.sbp files) were converted to the more useable SEG-Y 
format to allow ready post-cruise display and processing, as required. 
 
Sub-bottom penetration was mostly less than 50 m on the entire southern margin, indicating 
relatively firm seabed sediments. Strong erosive currents and mass wasting processes may 
account for the apparent general absence of thick, soft and undisturbed section at the sea floor. 
 
Potential Field Data 
 
The relative gravity data collected during the AUSCAN cruise are of high quality, as seen by 
the ‘clean’ profile plots (IPEV, 2003). 
 
Standard gravity processing involves converting the relative gravity values measured on 
board to free-air anomaly. This includes editing to remove bad or noisy data, making a 
correction for recording delay (damping), correcting for ship’s course, speed and latitude 
(Eotvos correction), correcting for meter drift and converting to absolute values from the 
gravity ties to shore base stations made while the ship is in port, reducing the data to anomaly 
values by subtracting a global reference model (latitude dependent), and finally filtering and 
resampling. This data reduction is underway by the processing group at Geoscience Australia. 
 
As mentioned, the magnetics data recorded during AUSCAN were often noisy, with about 
half badly affected (IPEV, 2003). It should be noted that IPEV was not obliged to collect 
magnetics data under the Geoscience Australia/IPEV contract for hire of the Marion 
Dufresne, though magnetics data acquisition was requested. 
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The usual processing sequence for magnetics data includes digital editing and spike removal, 
filtering and resampling, correction for sensor offset (distance of the sensor behind the 
navigation reference point on the ship), and reduction to magnetic anomaly values 
(subtracting a global IGRF reference field). Initial processing has been undertaken at IPEV, 
and will be completed at Geoscience Australia. 
 
 
Integration of Swath-bathymetry with Pre-existing Data Sets 
 
Following post-cruise processing of the multibeam data, the new swath-bathymetry data were 
merged with existing bathymetry and onshore topographic data sets held in the Geoscience 
Australia data base, including those of multibeam surveys such as AUSTREA-1, MARGAU 
and TASMANTE, to produce a set of detailed topographic maps and grids covering the entire 
southern margin. 
 
In the integration process, further editing of the AUSCAN data was done at IPEV and at 
Geoscience Australia by Hill to remove artefacts that had escaped the initial post-cruise 
processing. The bad data removed included spikes, small areas of swath coverage (mainly 
near the shelf edge) where the multibeam had lost bottom-track, areas on the shelf too shallow 
for the Thales deep-sea system, and patches of noisy data in the outer beams (particularly in 
very deep water). Though not apparent during shipboard processing, merging of the data sets 
revealed some sound velocity correction problems. Cross-track ‘smiles’ (concavity) on some 
lines (e.g., on the continental slope off west Tasmania) indicated that the sound velocity 
profiles used to correct for refraction of the beams could be improved. The outer edge of 
swaths where this problem was significant was removed, and because the outer beams were 
generally noisy in deep water, the amount of useful data lost was minimal. The pre-existing 
data sets were not perfect, many containing artefacts and scattered bad data points. 
Considerable effort was made to remove these as much as possible prior to final merging of 
the data sets. The data editing, processing, gridding and display were done using a 
combination of software packages, including Caraibes, Intrepid, ER Mapper and GMT. 
 
Initial processing was done at grid spacings of 0.00125º and 0.0015º (about 125 m and 150 m, 
respectively). The final grids cover four map sheets, SE Australia (36º35’-45º50’S, 138º10’-
149º50’E; Figure 9), Murray Canyons (34º45’-39º10’S, 133º40’-141º00’E; Figure 10), Great 
Australian Bight (31º10’-37º50’S, 124º00’-134º05’E; Figure 11), and SW Western Australia 
(31º10’-37º50’S, 113º10’-124º00’E; Figure 12). The final grids were produced by resampling 
to 0.0015º (about 150 m) in the case of the Murray Canyons sheet, and 0.002º (about 200 m) 
for the others. The grids are held at Geoscience Australia. 
 
 

NOMENCLATURE: CANYONS AND OTHER SUBMARINE 
TOPOGRAPHIC FEATURES 

 
The topography of the continental slope off southern Australia is now much better known 
after AUSCAN and recent swath-mapping surveys (particularly AUSTREA-1, MARGAU, 
TASMANTE). Many of the major seabed features have no official names, or if names do 
exist some revision may be required because the naming was based on old inaccurate 
bathymetry data. The Gazetteer of Australia is the official data base of Australia’s 
geographical place names, and is produced by Geoscience Australia on behalf of the 
Committee for Geographical Names in Australasia (CGNA). Submissions on offshore feature 
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names go to the international GEBCO Sub-Committee on Undersea Feature Names (SCUFN) 
via the Australian Hydrographic Office (AHO). 
 
Based on the 1:1,000,000 Offshore Resource Map Series (ORMS) produced by the Australian 
Geological Survey Organisation (now Geoscience Australia) in the early 1990s, about 60 
canyons between Cape Leeuwin and Kangaroo Island have been named. The relevant map 
sheets are the Albany, Esperance, Eyre & Ceduna sheets. None of the canyons off western 
Victoria and west Tasmania have been officially named (the ORMS maps did not extend this 
far east). The AHO formally recognises feature names only after they appear on its published 
nautical charts, and so far this applies to only a few canyons off the entire Australian 
continent. 
 
The ORMS maps were based mainly on widely-spaced trackline bathymetry data, much of 
them collected without the benefit of modern satellite navigation. Because of the often-sparse 
data distribution, production of the contour maps involved appreciable interpretation of 
seabed shape and interpolation of contours. Now that we have precise and detailed swath data 
in areas covered by the ORMS series, some rationalisation and redefining of canyon names 
appears necessary. 
 
An example of the nomenclature complexities and difficulties arising from historic scientific 
references and the ORMS naming comes from the Murray Canyons. Three of the larger 
canyons (or perhaps more correctly, canyon systems) are the Du Couedic, Sprigg and 
Gantheaume Canyons (Figures 13 & 15), as defined below in this report (and consistent with 
current listings in the Gazetteer of Australia). 
 
Du Couedic Canyon: mid-slope location ~136º20’E, named after Cape Du Couedic to the 
north on Kangaroo Island. Cape Du Couedic was originally charted as ‘Cap Du Couëdic’ by 
Nicolas Baudin during his 1802-1803 expeditions (shown on Carte DE L’ÎLE DECRÈS, (À 
LA TERRE NAPOLÉON; NOUVELLE HOLLANDE.) produced by L. Freycinet). The cape 
was named after Charles Louis, Chevalier du Couëdic de Kergoualer (1740-1780), a sea 
captain. 
 
Sprigg Canyon: mid-slope location ~137º00’E, named after the late Dr Reg. Sprigg (South 
Australian geologist) who initially recognised that a major canyon system (‘Murray 
submarine canyons’) existed here, based on a single navy echo-sounder profile across the 
upper slope (Sprigg, 1947).  
 
Gantheaume Canyon: mid-slope location ~137º45’E, name comes from the ORMS Ceduna 
sheet (presumably after Cape Gantheaume to the north on Kangaroo Island). The shape of the 
canyon is not accurately portrayed on the ORMS sheet, as comparison with the new swath 
data shows. 
 
Despite their being gigantic features and some of the largest canyons on the margin (and on 
earth), there have been confusing nomenclature and spellings in the past:- 
Du Couedic Canyon: 

Couedic Canyon (von der Borch et al., 1970; von der Borch, 1979) 
de Couedic Canyon (Ceduna ORMS sheet, 1991) 
Du Coedic Canyon (von der Borch & Hughes Clarke, 1993) 
Du Coédic Canyon (Hill et al., 2001b – following above reference) 

Sprigg Canyon: 
Murray Canyon (von der Borch et al., 1970) 
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Sprigg Canyon (von der Borch, 1979) 
Sprigg Canyon (Ceduna ORMS sheet, 1991) 
Murray Canyon (von der Borch & Hughes Clarke, 1993) 
Murray Canyon (Hill et al., 2001b – following above reference) 

Gantheaume Canyon: 
Gantheaume Canyon (Ceduna ORMS sheet, 1991) 
Sprigg Canyon (von der Borch & Hughes Clarke, 1993) 
Sprigg Canyon (Hill et al., 2001b – following above reference). 

 
Swath-mapping has revealed that Sprigg Canyon actually consists of two large canyons, 
separated by a narrow, steep-sided spur (Figure 20). The two canyons coalesce on the 
continental rise at a depth of about 5000 m. The two arms of Sprigg Canyon could be called 
West Sprigg Canyon and East Sprigg Canyon. 
 
In this report we refer to the Murray Canyons (Figures 10 & 13) as the series of canyons on 
the steep continental slope south of Kangaroo Island, roughly between 135ºE and 138.5ºE. 
These canyons are called the Murray Group of Canyons in the Gazetteer of Australia. In the 
past they have been variously called ‘Murray Canyons’ (Conolly & von der Borch, 1967), 
‘Murray Group’ (von der Borch, 1968; von der Borch et al., 1970) and ‘Murray Canyon 
Group’ (von der Borch, 1979). 
 
 

SEAFLOOR SWATH-MAPPING AND GEOPHYSICAL RESULTS 
 
Southern and Western Tasmanian Margin 
 
AUSCAN provided new detailed swath coverage on the upper continental slope/shelf edge off 
southern and western Tasmania, as well as 3-line coverage on the mid continental slope off 
northwest Tasmania (Figure 1). Thales sub-bottom profiler data were collected on the mid 
slope off southwest Tasmania. 
 
The AUSCAN and earlier swath data revealed a continental slope off west Tasmania that is 
extensively modified by canyon development and also slope failures (Figure 17). It was 
already well known that such structures were common on this part of the margin (Hill et al., 
1995,1997b,2001), but AUSCAN provided new information along the shelf edge and over a 
large area of the continental slope in the north. This showed for the first time that most of the 
larger canyons originate at the shelf edge in a water depth of about 200 m. The canyons on the 
central and northern parts of the margin are remarkably linear, and generally run directly 
downslope or veer at a slight angle to the downslope direction. Many of the canyons extend 
from the shelf edge to the continental rise (roughly 4000-4500 m deep), and some of the 
larger ones are more than 100 km long. They are typically 100-200 m deep, and commonly 
deepen and widen gradually downslope. The canyon spacing on the mid slope is also 
remarkably uniform, particularly in the northern area swath-mapped during AUSCAN, and 
here the canyons are spaced 7-9 km apart. 
 
The linear nature of the canyons is due to the thickly and homogeneously sedimented slope, 
underlain by the Sorell Basin, which is commonly several kilometres thick. Sediment 
originating at the shelf edge cuts channels directly downslope because there is nothing to 
deflect the flow. In the south, where large basement blocks intersect the sediment surface, the 
canyons are more irregular in shape because these interrupt the direct downslope flow. In 
other words, these basement outcrops control canyon direction and shape. The geometry of 
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the canyon systems off west Tasmania suggests that the major river systems, and their 
sediment loads, may have had a strong influence on the development of these systems. 
Groups of canyons off major rivers such as the Arthur, Pieman and Gordon appear to diverge 
from their outlets (Figure 18). Perhaps the canyons started when nick points were incised at 
the shelf edge during lowstands, with the active nick point migrating to different parts of the 
shelf edge as the shelf became exposed during different eustatic cycles and rivers wandered 
back and forth through time. The canyons act as conduits, allowing fluvial and coastal 
sediments (such as silts and sands, and possibly even gravels) to be transported into the deep-
sea environment, normally the domain of only pelagic deposits (clays and oozes). 
 
In seismic profiles (Figure 18), the Neogene carbonate sequence is seen to be intensely 
incised by the modern canyons. Older (Mio-Pliocene), buried canyons indicate that canyon 
development (cut and fill) has been taking place for many millions of years. Even more 
deeply buried canyons are seen in the seismic data. These indicate that downcutting had 
already been taking place in the early-mid Palaeogene, probably related to vertical tectonics in 
this case rather than glacio-eustasy (in other words, uplift rather than fall in sea level was 
responsible). 
 
A massive 50-km wide slump scar exists on the upper continental slope off southwest 
Tasmania (Figure 17; Hill et al., 1997b). The slump removed up to several hundred metres of 
sediment from the upper slope. Large-scale mounding and sediment flow patterns on the mid 
to lower slope indicate the resting place of the displaced material. An AUSCAN 3.75 kHz 
sub-bottom profile across the slump scar and adjacent upper slope showed penetration to ~30 
m (?soft sediment) on the scar, but the section was not well stratified. Existing sparse and 
relatively poor quality seismic coverage over the feature suggests a sediment drape of ~100 m 
on the slump material. The well-defined outline of the scar indicates that the slump is late 
Cainozoic in age. Some shallow canyons have developed on the headwall. Combining all the 
evidence suggests that the slump may have occurred in the Pliocene to mid-Pleistocene, a 
period of strong glacio-eustatic activity. 
 
A smaller slump, 15-20 km, across is located off northwest Tasmania (41º10’S, off the Arthur 
River – Figure 18), and as in the case of the large slump, its headwall lies in about 1000 m of 
water. 
 
 
Otway Margin 
 
New swath data coverage on the Otway margin (southeast Lacepede Shelf to King Island) 
includes a line along the entire upper continental slope, plus three adjacent swaths on the mid 
continental slope. 
 
The Otway margin has been deeply dissected by canyons, with a change in character from 
southeast to northwest (Figure 9). Off King Island the canyons are relatively linear and 
closely spaced (Figure 19). Along the margin to the northwest the canyons become larger 
(deeper and wider), more widely spaced, and less linear. The continental slope of the western 
part of the margin is much steeper and more blocky in surface character, indicating 
outcropping or shallow fault blocks of basement or sedimentary bedrock (Moore et al., 2000). 
Thus the change in canyon morphology from southeast to northwest is attributed to greater 
structural control from older nearsurface rocks in the northwest. 
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As revealed in detail by AUSCAN, some of the largest canyons lie on the central margin, 
southwest of Portland. On the mid continental slope these canyons are up to 600 m deep and 
12 km wide. In several cases, two or more branches on the upper slope join to form one large 
canyon on the mid slope. 
 
On the deeply-sedimented central and eastern parts of the margin, the canyon floors show a 
relatively high backscatter strength. This is particularly evident in the linear canyons off King 
Island (Figure 19). This higher backscatter from the canyon floors is probably due to coarser 
sediment at, or within a few decimetres of, the seabed. The sediment is probably carbonate 
sand, or possibly gravel in places, derived from the shelf. That relatively coarse sediment, not 
covered by significant pelagic drape, occurs along the canyon thalwegs suggests that these 
were sites of active downslope sediment transport in the recent geological past, probably 
around the Last Glacial Maximum (~20 ka) when sea level was much lower than today. 
 
 
Murray Canyons 
 
Earlier AUSTREA-1 coverage was extended during AUSCAN to include the continental rise 
(2 lines) and the upper continental slope/shelf edge (several lines), so that the entire Murray 
Canyons margin from shelf edge to the abyssal plain has now been mapped in detail. 
 
The Murray Canyons are a spectacular series of canyon systems on a particularly steep 400-
km section of the continental slope south of Kangaroo Island (Figures 10 & 13). This part of 
the margin separated from Antarctica ~65 Ma, and has received comparatively little sediment 
input since then, especially in the middle section where Sprigg and Du Couedic Canyons are 
located. The slope is steep because of the abrupt transition from thick continental crust 
beneath the shelf to highly stretched (thin) continental crust beneath the lower slope and 
oceanic crust beneath the adjacent abyssal plain. Because the landward part of the margin has 
remained elevated (and not sagged as elsewhere), thus diverting much of the sediment to the 
west and east, rift structures and basement rocks are exposed in places on the steep slopes. 
The rift structures, including a pronounced E-W trending fault set, have played a significant 
role in controlling the margin morphology and shape of the canyons. Sediment downcutting in 
the canyons has increased pre-existing relief in some cases, and resulted in some of the 
canyon walls now being 2 km high. In structured areas this downcutting has increased the 
earlier fault relief. The deep-sea multibeam systems used on AUSCAN and AUSTREA-1 are 
ideally suited to mapping such rugged submarine terrain, as the images indicate (Figures 10, 
13 & 20). 
 
Sprigg and Du Couedic Canyons are the largest canyons on the central part of the margin, 
with a channel width of 15-20 km on the lower slope. The upper parts of both canyons are 
broad fan-shaped complexes of smaller canyons, winding channels and gullies that coalesce 
on the mid slope (Figure 20). Du Couedic Canyon has an 18-km long entrant on the outer 
continental shelf, which empties into a deep narrow channel on the steep upper continental 
slope. Murray Canyon, which lies between Du Couedic and Sprigg Canyons, has a similar but 
slightly smaller entrant, while the adjacent West Sprigg Canyon also has an entrant but this is 
short and broad. These prominent entrants are located directly south of western Kangaroo 
Island, where the shelf is only about 50 km wide. The Du Couedic and Murray entrants may 
be fed by saline bottom waters from Spencer Gulf. Lacepede Shelf is relatively flat, with 
water depths mainly 30-80 m (Figure 14). The Shelf has a broad depression immediately 
northeast of Sprigg Canyon, suggesting that the Murray River may have flowed this way 
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across the shelf and into the head of Sprigg Canyon during the Last Glacial Maximum when 
sea level was 120 m lower (Figure 21; Harvey et al., 2001). 
 
Interesting features seen in the imagery are large holes, several kilometres across and several 
hundred metres deep, along the lower floors of some of the canyons where they debouch onto 
the continental rise and abyssal plain. These can be seen along the lower parts of Du Couedic 
(eastern side), Murray, and East Sprigg Canyons (Figure 20), and appear to be most 
pronounced at the base of the steeper and deeper canyons. This suggests that the holes may 
have been gouged by high-energy turbidity currents that could be generated in such canyons 
by episodic major slumping events at their heads, probably during sea-level lowstands. 
Another possibility is that these sites register fluid discharges and this could explain why they 
have not been filled with sediments. This will be investigated in 2004 with a Southern 
Surveyor cruise by P. De Deckker and P. Hill. 
 
Major canyon systems were also mapped at the northwest end of the Murray Canyons, south 
of Eyre Peninsula, with two of the larger canyons being the Topgallant and Spencer Canyons. 
These canyons are located on a more heavily sedimented part of the margin, on the Duntroon 
Sub-basin and at the far eastern end of the Ceduna Terrace. They are typically box-shaped in 
cross-section, up to 10 km across and with very steep walls 800-1000 m high. They are 
slightly sinuous in plan, and in places appear to have captured adjacent canyons as they cut 
down into a thick and relatively unconsolidated sedimentary section. A network of feeder 
channels and gullies on the upper slope supplies sediment from the shelf edge to the main 
canyons lower down on the slope. 
 
 
Great Australian Bight 
 
AUSCAN added two deep-water swaths to the south of earlier AUSTREA-1 coverage in the 
eastern Great Australian Bight (GAB). West of the GAB Marine Park, which was mapped 
during AUSTREA-1, coverage continued as two adjacent swaths on the mid continental 
slope. The main parts of the Eyre and Eucla Canyons were swath-mapped for the first time. 
 
The surface of the Ceduna Terrace is incised by numerous, closely spaced, downslope 
channels and canyons, typical of erosion on a deeply-sedimented slope. The lower slope of 
the eastern Ceduna Terrace is the more intensely and deeply incised part of this large feature. 
Here narrow, downslope canyons are incised to depths of 500-700 m. Some of the canyon 
floors contain a series of holes, similar to, but smaller than those imaged in the Murray 
Canyons and those reported in the Nullarbor Canyon (Hill et al., 2001) to the west. Steps in 
the canyon floors (up to several hundred metres) suggest that some of the canyon 
development has progressed by headward erosion. This has the interesting implication that the 
‘holes’ observed in the canyon floors could be residual ‘plunge-pools’ as canyon erosion 
advanced upslope. The canyon floors show high backscatter, indicating coarser sediments 
(?sands) or older, more lithified sediments. A thin layer of pelagic mud up to several 
decimetres thick could overlie these sediments since the 12 kHz signal can penetrate soft 
sediment to some extent. 
 
The largest canyon on the central Ceduna Terrace is the Nullarbor Canyon, and is described 
by Hill et al. (2001). AUSCAN transited across that part of the canyon mapped by 
AUSTREA-1 in 2000. 
 



AUSCAN Final Report  Geoscience Australia 

 
 

31

The Eyre and Eucla Canyons in the central Bight are broad structures, of varying morphology, 
and somewhat different to the linear, deeply-incised canyons imaged elsewhere on deeply-
sedimented slopes. Perhaps the canyons have been cut into strata of non-uniform hardness. 
Several small pinnacles mapped on the eastern flank of the Eucla Canyon may be volcanic. 
 
West of the Eyre Canyon, in water depths of 1000-2000 m, the continental slope is relatively 
steep, and largely rough and eroded. High backscatter over large areas suggests rock exposure 
on the seabed. A pronounced NE to ENE structural trend in these areas is consistent with that 
of rift structures in the underlying Eyre Sub-basin. 
 
 
Southwest Australian Margin 
 
The southwest margin of Western Australia was mapped by two AUSCAN swath lines, one 
along the entire upper continental slope and the other along the entire lower slope. Parts of the 
mid slope had previously been mapped during ADEDAV and MARGAU. 
 
The AUSCAN swath data collected on the continental slope from southwest of Cape Leeuwin 
to south of Cape Pasley confirm that this part of the southern margin (from the shelf edge to 
roughly the 4000 m isobath) is very rugged, and structurally and geomorphologically complex 
(Figure 12). The slope is cut by a myriad of canyons, of varying shape and orientation. High 
backscatter strength from canyon walls and floors, as well as elevated rugged terrain, indicate 
that rocky outcrop is common. The exposures are expected to be basement rocks and 
sedimentary bedrock, including, in places, late Mesozoic sediments of the Bremer Basin, 
which underlies the central section of this margin. The orientation of many of the canyons 
appears to be controlled by the geometry of rift structures, with NE-ENE trends common, 
indicating that early extension here between Australia and Antarctica was in a NW-SE to 
NNW-SSE direction as suggested by Willcox & Stagg (1990). 
 
The larger canyons mapped are 10-12 km wide and have steep canyon walls, commonly 600-
1000 m high. A number have bends, with sections that cut into the slope obliquely. This has 
resulted in the formation of several lobe-shaped promontories or terraces on the continental 
slope. An AUSCAN line crossed the top of the largest of these, 40-km across southwest of 
Albany (Figure 12) and called the Parryville Spur on the Albany ORMS sheet. A series of 
downslope linear canyons (generally uncommon on this margin), with gorges several hundred 
metres deep and 4 km wide, are incised into the upper and mid slope SSW of Bremer Bay. 
This suggests that this part of the continental slope, which overlies the central Bremer Basin, 
is relatively deeply sedimented and that the nearsurface sediments are relatively 
unconsolidated. 
 
The last important survey line to be completed during AUSCAN was a line along the mid 
continental slope southwest of Cape Leeuwin. The shelf in this area is relatively wide, ~70 
km, and beyond the shelf edge the seabed extends out to form a gently-sloping terrace to 
about 1000 m water depth (Figure 12). Beyond this, the seabed becomes increasingly steep 
with the steepest part of the slope roughly at the 2500 m isobath. The swath images, which 
cover a depth range of ~2500-4500 m, show a moderately steep (7º), uniform slope cut by a 
number of downslope gullies. Backscatter from this slope was relatively high, which suggests 
that the surface sediments are sandy. It may be that sandy sediments (?biogenic carbonates) 
from the platform off Cape Leeuwin are being transported southward by the Leeuwin Current 
and dumped over the edge onto this deep-water slope. 
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GEOLOGICAL SAMPLING, BIOLOGICAL SAMPLING AND 

OCEANOGRAPHIC RESULTS 
 
A total of 3.5 days were spent sampling in the Murray Canyons off Kangaroo Island. The 
sampling included giant piston cores, gravity cores, multicores, benthic sled hauls, CTD 
profiles and plankton net tows (the various activities are illustrated in Appendix 12). Sample 
station locations are shown in Figures 15 & 16. 
 
Over 80 m of sediment cores, weighing more than 2 tonnes, were obtained. The sediments 
recovered were mainly foraminiferal silty sands with intercalated silty clay sections. 
Descriptions and stratigraphic logs of the Murray Canyons cores are provided in Appendices 
5 & 6 and post-cruise analytical results are provided in Appendices 6 & 7. 
 
The cores were taken on high features, not directly within the main canyons, with the aim of 
obtaining continuous sequences influenced by finer sediments from rivers and the continental 
shelf, including fine sediment clouds associated with movement down the canyons, as well as 
wind-blown material. Two of the ‘Calypso’ piston cores were over 30 m long (see below), 
and at least one core (MD03-2607) spans the last 175,000 years of sedimentation. The cores 
provide important data on sea-level changes as well as a record of climatic and environmental 
changes that occurred in the Murray-Darling Basin and River Murray. They could, through 
examination of contained pollen and charcoal remains, also provide information on the effect 
of humans on the landscape through time. The nature and timing of oceanographic events, and 
their relationship to events on the continent, will also be established in great detail. The clay 
content in the cores provides information on changes that occurred in the Murray-Darling 
Basin. 
 
During the research program, numerous water samples were taken along vertical profiles 
during CTD deployments and these were analysed at SARDI’s and ANU’s laboratories to 
determine nutrient levels of relevance to fish and plankton populations, and for interpreting 
some of the chemical signatures in the cores (report in Appendix 8). These samples were 
complemented with vertical and horizontal planktic tows to determine the nature of plankton 
and fish larvae living in the vicinity of the canyons. Lachlan McLeay (SARDI) reports – 
“Plankton samples varied in volume from 20 ml to 200 ml and contained many forms of 
crustacean, salp, fish eggs and larvae. Preliminary observations suggest some sites may be 
significant as spawning areas for fish, as plankton samples contain many fish larvae”. An 
initial assessment of species and their numbers recovered by the plankton tows is provided by 
Aleksey Sadekov in Appendix 9. His assessment is that approximately 80% of the total 
sample biomass are represented by scyphozoans, ctenophores, copepods, isopods, and 
decapods. He also identifies different nauplial stages of crustaceans and larvae of 
coelenterates. Skeletal organisms include foraminifers, radiolarians, acantharians and 
pteropods. The foraminiferal assemblages are almost identical at all sites and are dominated 
by the nearsurface-dwelling species Globigerinoides ruber. 
 
Benthic sleds were also deployed at various locations in the canyons to determine the nature 
of organisms inhabiting the canyon floors. A number of samples were obtained (see 
preliminary descriptions below and species census in Appendix 10). The quantity of benthos 
recovered in the canyons, particularly the number and variety of macro specimens, was 
disappointing. The paucity of material collected could mean that the areas dredged were 
relatively barren, or that the sled type used was unsuitable. The data collected provide a data 
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set that will continue to be assessed and analysed by specialists in Adelaide at SARDI’s 
laboratories and at other Australian institutions. 
 
Summary information on all sample stations is provided in Tables 1-5. 

 
Table 1. Cores, Calypso piston & gravity(G): station data 

 
Site Station 

number 
Depth 
(m) 

Location 
(deg, 
min) 

Core 
length 
(m) 

Remarks 

1 MD03-2607 865 -36 57.64 
137 24.39

32.95  

3 (SOCOZA 3) MD03-2608 2080 -39 24.10 
141 58.10

32.41 Silty-sandy 
clays 
?Double 
penetration 
Stored at GEOMAR 

3 (SOCOZA 3) MD03-2609 2056 -39 24.17 
141 58.12

24.18 Silty-sandy 
clays 
Stored at GEOMAR 

7 MD03-2610 1600 -36 48.91 
136 48.84

7.58  

11 MD03-2611G 2420 -36 43.79 
136 32.90

11.97  

11 MD03-2612 2427 -36 43.63 
136 32.77

35.35  

13 MD03-2613 2014 -34 45.32 
123 18.03

0.02 Stored at GEOMAR 

13 (SOCOZA 
1) 

MD03-2614G 1070 -34 43.73 
123 25.70

8.4 Biodetrital 
silty sands 
Stored at GEOMAR 

14 MD03-2615G 2014 -35 35.00 
118 20.39

12.15  

 
 

Table 2. Multicores: station data 
 

Site Station 
number 

Depth 
(m) 

Location (deg, min) Tubes 
filled, 

length (m) 
2 MD131-MC01 159 -36 38.75 136 55.85 1 
4 MD131-MC02 3780 -36 52.42 136 58.33 1 
6 MD131-MC03 949 -36 43.40 136 47.32 6 
7 MD131-MC04 1619 -36 48.80 136 48.93 6 
11 MD131-MC05 2476 -36 43.72 136 32.87 4 
12 MD131-MC06 354 -36 31.43 136 25.96 4 
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Table 3. Benthic sled: station data 

 
Site Station 

number 
Depth 
(m) 

Location 
(deg, min), 
mid-point 

Deployment 
time 

(minutes) 

Remarks 

4 MD131-D01 860 -36 39.06 
137 00.04 

30  

5 MD131-D02 161 -36 30.41 
136 43.00 

  

6 MD131-D03 1145 -36 44.85 
136 47.46 

98  

7 MD131-D04 1870 -36 49.85 
136 47.20 

128  

8 MD131-D05 3570 -36 52.30 
136 53.05 

  

10 MD131-D06 3150 -36 45.52 
136 27.98 

179  

11 MD131-D07 2730 -36 41.55 
136 33.56 

159 Small dredge

12 MD131-D08 350 -36 26.86 
136 27.85 

127 Small dredge

 
 

Table 4. CTD: station data 
 

Site Station 
number 

CTD 
reference 

Depth 
(m) 

Bottles, 
no. 

Location 
(deg, min) 

Remarks 

4 MD131-
CTD01 

DB2500 
D1,M1,M2 

3870 24 -36 52.52 
136 58.21 

 

5 MD131-
CTD02 

DB2510 
D1,M1 

150 15 -36 30.65 
136 42.45 

 

6 MD131-
CTD03 

DB251550 
D1,M1 

949 24 -36 44.52 
136 46.41 

Deployed 
to 200m 
only 

7 MD131-
CTD04 

DB2519 
D1,D2,M1,M

2 

1750 24 -36 48.88 
136 49.08 

 

9 MD131-
CTD05 

DB2612 
D1,M1,M2 

4800 24 -37 07.73 
136 54.24 

 

12 MD131-
CTD06 

DB2719 
D1,M1 

340 22 -36 31.14 
136 25.97 
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Table 5. Plankton net: station data 

 
Site PN number Mesh 

size 
(micro

m) 

Deploy-
ment time 
(minutes) 

Type of tow Depth 
of tow 
(m) 

Location 
(deg, min) 

2 MD131-
PN01v 

300 11 vertical 130 -36 38.76 
136 55.80 

3 MD131-
PN02v 

300 11 vertical 200 -39 24.12 
141 58.10 

3 MD131-
PN02h 

150 8 horizontal 20-30 -39 23.98 
141 57.70 

4 MD131-
PN03v 

300 18 vertical 200 -36 52.62 
136 58.10 

5 MD131-
PN04v 

300 21 vertical  -36 30.57 
136 42.10 

5 MD131-
PN04h 

150 13 horizontal  -36 30.58 
136 42.00 

6 MD131-
PN05v 

300 12 vertical 200 -36 44.38 
136 46.10 

7 MD131-
PN06v 

300 12 vertical 200 -36 49.21 
136 48.60 

7 MD131-
PN06h 

150 5 horizontal 30 -36 49.56 
136 46.90 

9 MD131-
PN07v 

300  vertical 200 -37 08.48 
136 54.85 

10 MD131-
PN08v 

300 14 vertical 200 -36 47.13 
136 27.30 

11 MD131-
PN09v 

300 13 vertical 200 -36 39.79 
136 34.20 

12 MD131-
PN10v 

300 12 vertical 200 -36 31.42 
136 25.80 
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Description of Benthic Sled Samples 
 
The following preliminary description of benthic sled samples was provided post-cruise by 
Lachlan McLeay of SARDI. See Appendix 10 for a more recent and detailed summary of 
macroscopic species collected. 
 
MD131-D01: 1 fish, 1 brittle-star, 2 squat lobsters, 2 salps and some fragments of bryozoan 
skeleton and rock. 
 
MD131-D02: At least 47 different species of animal including 1 species of fish, 4 species of 
echinoderm, 10 species of mollusc, 10 species of crustacean, 15 species of sponge, 2 species 
of coral, 3 species of worm and 4 species of sea squirt. Bryozoan and shell fragments were 
also collected. 
 
MD131-D03: 1 species of brittle-star, 1 species of starfish, 4 species of mollusc and a slipper 
lobster. Shell fragments were also collected. 
 
MD131-D04: 9 brittle-stars, 1 sea cucumber, 2 species of starfish, 2 species of hermit crab, 1 
deepwater species of coral. Assorted shell fragments, fish otoliths and rubble were also 
collected. 
 
MD131-D05: 1 black dragonfish, 1 species of starfish, 1 species of crustacean (prawn), 1 
species of salp, 2 species of cnidarian, 2 species of mollusc (a gastropod and a bivalve). 
Assorted sediment and gastropod shells were also collected. 
 
MD131-D06 & MD131-D07: Very few macrofauna were collected in these sleds. Some 
copepods, amphipods and fine sediment were collected in fine mesh nets within the sled. 
These were retained by the German researchers. 
 
MD131-D08: 1 fish species, 1 crustacean species (squat lobster) and a species of brittle-star 
were collected at this site. A fraction of sediment was also collected by fine mesh nets within 
the sled. 
 
 

CORE ANALYSIS AND PRELIMINARY INTERPRETATIONS 
 
Two of the cores acquired in the Murray Canyons area during AUSCAN, piston core MD03-
2607 (east of Sprigg Canyon) and gravity core MD03-2611 (eastern Du Couedic Canyon) 
have been analysed in detail by researchers at ANU. An account of the methods used and the 
results of this work are contained in two reports, an initial report (by De Deckker & Gingele) 
and a final report (by Gingele & De Deckker). These are provided in this report as 
Appendices 6 & 7, respectively. 
 
Core samples were analysed by X-ray diffraction for the four main mineral groups – kaolinite, 
smectite, illite and chlorite. Bulk mineralogical content of quartz, aragonite and calcite was 
determined by powder diffractometer. Total carbon, organic carbon and sulfur were measured 
by Carbon-Sulfur Analyser, with percentage of carbonate calculated from the bulk and 
organic carbon content. Major elements Na, Mg, Al, Si, P, S, K, Ca, Ti, Mn, Fe were assessed 
by X-ray fluorescence spectrometry (XRF), while trace elements Ba, V, Y, Zn, Zr, Cr, Sc, Cu 
and Ni were assessed by inductively coupled plasma-atomic emission spectrometry (ICP-



AUSCAN Final Report  Geoscience Australia 

 
 

37

AES). Oxygen and carbon isotopes were measured on the planktonic foraminifera 
Globigerina bulloides by mass spectrometer. 
 
Age models of the cores are based on the δ18O-record of the Globigerina bulloides, with 
individual isotope events identified and compared with the global SPECMAP-stack. The 
sedimentary record in both cores appears to be continous, with no hiatuses evident. The 
bottom of core MD03-2607 coincides with isotope stage 6.5 (~175 ka), and the bottom of the 
shorter core MD03-2611 only reached stage 5.1 (~100 ka). 
 

Analysis of the cores shows that the Murray Canyons area experienced dramatic changes in 
the amount and composition of sedimentary material laid down over the last 175,000 years. 
The main influences on sedimentation mode and patterns have been changing sea levels and 
associated shifts in the position of the Murray Mouth. 

With the Murray Mouth presently over 200 km away from the Murray Canyons, little 
terrigenous matter reaches the area and the sedimentation mode is pelagic. Sediments being 
deposited now consist almost entirely of of carbonate particles plus minor aeolian dust. 

During sea-level lowstands, when the Murray Mouth was close to the present shelf edge and 
within 15-30 km of the core sites, the sedimentation mode shifted to hemipelagic, and fluvial 
clays were deposited, increasing the overall sedimentation rate by a factor of 3-6. The flood of 
fluvial material masks any evidence of aeolian input. 

The composition of the terrigenous matter suggests that the Murray River was the major 
source of sediment during cold stages 4-2 and 6. However, during stage 6, the river load was 
more kaolinite-rich, possibly due to a tributary river from the Gulf St. Vincent that joined the 
Murray on the exposed shelf. There is some evidence in the clay record of core MD03-2611 
that this river may have reached the ocean independently during stage 2. 

Two deglacial illite peaks at termination II (stage 6/5) and I (stage 2/1) indicate the influx of 
little-weathered material released from melting glaciers and permafrost areas in the Australian 
Alps. 

Proxies of ocean productivity indicate that cyclic regional upwelling occurred in tune with 
insolation minima at 30˚S. Stronger offshore winds during insolation minima may have 
fostered moderate upwelling and the dust they carried could have fertilized surface waters 
thus adding an additional boost to primary production. 

 
 

ARCHIVAL STORAGE OF CRUISE DATA AND SAMPLES 
 
The multibeam and geophysical data collected during AUSCAN are archived at Geoscience 
Australia and have been incorporated into the Marine Data Base. Sediment cores (archive and 
sampling halves) are also archived at Geoscience Australia, and these are held in the cold 
store of the repository. ANU scientists have taken geological samples of the cores for 
analysis. 
 
ANU holds the CTD data collected during the cruise. These data include water samples and 
oceanographic measurements. 
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SARDI has custodianship of the biological samples and has primary responsibility for their 
storage, processing and analysis. 
 
 

AUSCAN PRODUCTS 
 
Products produced by the AUSCAN project to date include:- 

 Preliminary reports by Geoscience Australia/ANU (‘Initial Report to the National 
Oceans Office’ (April 2003) and ‘Progress Report to the National Oceans Office’ 
(June 2003)). 

 Initial flythrough animation (MPEG-1 video) of the Murray Canyons based on pre-
existing data (“Fly-through of the Murray Canyons, South Australia. AUSCAN 
Project 2003”, Geoscience Australia GEOCAT No. 42416). Multiple copies provided 
on CD and also high-resolution digital video tape (Betacam). [Launched at media 
conference on Marion Dufresne in Hobart at the start of the second leg of the cruise, 
18 February 2003] 

 Final flythrough animation (MPEG-1 video) of the Murray Canyons based on the new 
AUSCAN data (“Exploring the Murray Canyons off South Australia: a 3D flythrough. 
AUSCAN Project 2003”, Geoscience Australia GEOCAT No. 47596). Multiple copies 
provided on CD and also high-resolution digital video tape (Betacam). [Launched at 
media event at Parliament House on 27 May 2003] 

 Promotional posters prepared by Geoscience Australia for media events (official 
launch of the AUSCAN cruise (Hobart) & Parliament House flythrough launch), plus 
media CDs containing AUSCAN digital images. 

 AUSCAN/Murray Canyons poster (unpublished, printed on demand) for universities 
as well as general promotion. 

 Detailed new topographic (marine and onshore) grids of the Australian southern 
margin, incorporating AUSCAN data (3-D images in Figures 9-12 are based on the 
grids). 

 Final project report (this Geoscience Australia Record). 
 
 

PUBLIC RELATIONS AND MEDIA COMMUNICATIONS 
 
TV (ABC) interviews were held on the ship the day it arrived in Hobart (17 February), and in 
the evening a cocktail function was hosted on board by IPEV and the National Oceans Office, 
with many leading figures from the marine science community attending. 
 
The main AUSCAN media launch, organised by the National Oceans Office, was held at 
1030 hrs the next day (18 February) on the bridge of the ship. AUSCAN was officially 
launched by Dr Sharman Stone, Parliamentary Secretary for the Environment and Heritage. 
Also making addresses were: - Director of IPEV (Gerard Jugie), Director of the National 
Oceans Office (Veronica Sakell), CEO of Geoscience Australia (Neil Williams) and Head of 
Geology Department ANU (Patrick De Deckker). Guided tours of the ship were conducted for 
interested marine scientists during the afternoon. 
 
The National Oceans Office WWW (World Wide Web) home page featured a special link to 
AUSCAN sub-sites, some of which were interactive. The web information was kept up-to-
date as the voyage progressed, particularly with material supplied by Katrina Haig who was 
on board. There appeared to be much keen interest in the AUSCAN site – from school 
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children, marine scientists and general public. The Geoscience Australia, ANU and SARDI 
web sites all contained links to the NOO site. 
 
A media visit to the ship by helicopter was organised by the National Oceans Office during 
operations in the Murray Canyons area. The visiting group flew in from Adelaide and stayed 
aboard for 3 days (2 nights). The group comprised ABC TV science journalist/cameraman 
Richard Smith (Sydney, Catalyst program), ABC Radio journalist Nance Haxton (Adelaide) 
and Heather Deese (NOO). The ship is equipped with a large helideck and helicopter hangers, 
and the captain was well-experienced in managing helicopter operations. However, because of 
possible sudden weather changes, the long over-water flight distance (60 km from Kangaroo 
Island) and ship movement in the 2-3 m Southern Ocean swell there was an element of risk. 
Fortunately, the weather held and the helicopter operations went as planned. 
 
A number of Nance Haxton’s radio segments went to air nationally after her visit to the ship. 
The ABC TV ‘Catalyst’ program featured AUSCAN science and survey activities in a 10-
minute segment on 24 April. 
 
On 27 May Dr David Kemp, Minister for Environment & Heritage, and Warren Entsch, 
Parliamentary Secretary to the Minister for Industry, Tourism & Resources officiated at the 
media launch of the Murray Canyons flythrough and AUSCAN promotion. The event was 
held in the Mural Hall at Parliament House, Canberra. Addresses were also made by Dr Neil 
Williams (CEO Geoscience Australia), Alain Moulet (French Science and Technology 
Attaché) and Professor Richard Arculus (Professor in Geology ANU). Bernadette O’Neil and 
Richard Wilson represented the National Oceans Office. Coverage by ABC TV and Channel 
10 (Kemp, Entsch, O’Neil, Hill interviewed) resulted in the story going to air nationally in 
news items. Hill was interviewed on ABC Western Queensland radio on 30 May and its 
website now has the AUSCAN story with images 
(http://www.abc.net.au/westqld/stories/s870512.htm). 
 
AUSCAN results have been presented at a number of scientific forums. On 9 April, a seminar 
was given by Hill and De Deckker at Geoscience Australia. This was followed on 15 April by 
a seminar by De Deckker and Hill at the Geology Department, The Australian National 
University, to a meeting of the Geological Society of Australia. A paper by Hill & De 
Deckker entitled ‘AUSCAN expedition results: canyon geomorphology, sedimentation 
patterns and margin structure off southern Australia’ was presented at the COGS (Consortium 
for Ocean Sciences of Australian Universities) conference at Kioloa (NSW), 7-9 July 2003. 
 
AUSCAN has received excellent coverage in the print media as well as on the WWW, largely 
due to the efforts of the public relations/communication units of the National Oceans Office, 
Geoscience Australia and ANU. AUSCAN has featured in at least 5 newspaper articles, 7 
magazine/journal articles, and 13 websites (Appendix 11). 
 
 

CONCLUSIONS 
 
AUSCAN achieved all the pre-cruise planning objectives, with almost no downtime due to 
technical problems or bad weather conditions. International scientific cooperation and media 
coverage were both very good. 
 
Multibeam sonar, 3.5 kHz sub-bottom profiler, gravity, magnetics and oceanographic data 
were acquired along 9,000 km of survey line. About 70,000 km² of sea floor (an area roughly 
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the size of Tasmania) was mapped in detail for the first time. Eight piston and gravity cores 
(including 3 SOCOZA) were successful, with 3 of these more than 30 m long. Geological, 
biological and oceanographic samples were also taken by a variety of other methods 
(Appendix 12) and most stations were successful. Sample stations included multicorer (6), 
benthic sled (8), CTD (6) and plankton net tows (13). Research is continuing on much of this 
material and data. 
 
The AUSCAN program was designed to build on earlier major swath-mapping surveys 
involving French-Australian cooperation (Geoscience Australia and IPEV/IFREMER), such 
as TASMANTE off west Tasmania and on the South Tasman Rise, MARGAU off southwest 
Western Australia, and AUSTREA-1 off southeast and southern Australia. AUSCAN has now 
filled many of the existing data gaps along the southern margin, allowing detailed maps and 
images of most the continental slope from Western Australia to Tasmania to be produced for 
the first time. In the Murray Canyons area, AUSCAN completed the mapping of the canyons 
from the canyon heads at the shelf edge to channel systems on the abyssal plain over 5000 m 
deep. The western area covered by the South-east Regional Marine Plan (Kangaroo Island to 
Tasmania) was surveyed by four slope-parallel lines, and now has almost complete swath 
coverage from shelf edge to mid continental slope. The upper and mid sections of the many 
prominent linear, downslope canyons on this part of the margin are now well defined. 
 
Analysis of cores taken in the Murray Canyons shows that there have been dramatic changes 
in sediment composition and sedimentation rates over the last 175,000 years. These variations 
in sediment deposition are due mainly to changing sea levels and position of the Murray River 
mouth. During sea-level highstands (such as today) almost no terrigenous material reached the 
canyons, with sediments being marine carbonates plus a very minor aeolian component. 
During major lowstands, when the Murray Mouth was within 15-30 km of the canyons, 
sediments deposited were hemipelagic and fluvial clays and the sedimentation rate increased 
by a factor of 3-6. 
 
The data collected during AUSCAN are now being used for marine environmental planning 
and management, for ongoing research into continental margin development and canyon 
evolution, and for late Quaternary climate and oceanographic studies. It is expected that the 
AUSCAN data will result in the publication of a number of scientific papers and reports over 
the next 2 years. 
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GLOSSARY OF TECHNICAL TERMS 
 

Abyssal plain: relatively flat area of the deep ocean (mostly 4-6.5 km deep), formed by a 
blanket of muddy sediment that covers the rugged volcanic rocks of the oceanic crust. 

Acoustic: sonar or sound signal travelling through water or other medium. 

Antarctic Circumpolar Current (ACC): the world’s most voluminous ocean current, which 
flows clockwise around Antarctica. 

Backscatter: acoustic energy reflected from the sea floor back towards the source (multibeam 
or sidescan array). 

Basalt: fine-grained, dark-coloured volcanic rock rich in ferromagnesian minerals. The 
compositional equivalent of gabbro and dolerite, it forms the upper layers of oceanic crust. 

Benthic: living on the bottom of the sea. 
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Benthos: marine organisms living on the sea floor. 

Breakup: the point at which extensional rifting results in the splitting of a lithospheric plate, 
leading to formation of new oceanic crust. 

Bryozoa: aquatic colonial organisms known as ‘moss animals’ that live as interconnected 
individuals, with a skeleton that is generally calcareous. Individuals are rarely larger than a 
mm. Colonies range from a few mm to about a metre in size, and are commonly fan-
shaped, stick-like or lobate, and may be encrusting. 

CaraibesTM: multibeam sonar acquisition, processing and display software developed by 
IFREMER, and used on Marion Dufresne and at Geoscience Australia. 

COB: continent-ocean boundary. The boundary or zone off a continent where continental 
rocks (e.g. granites, metasediments) end and oceanic crust (basalt) begins – developed by 
rifting of a continent and then seafloor spreading, forming the ocean basin. 

Continental rise: the gently sloping area at the base of the continental slope underlain by an 
apron of accumulated sediments largely derived from higher up the slope, including the 
shelf and nearby continent. It overlies the continent-ocean boundary and is typically 3.5-4 
km deep. 

Continental shelf: gently sloping submerged plain that surrounds a continent, the outer edge 
of which is typically 200 m deep. Changes in sea level have alternatively exposed and 
inundated portions of the shelves. 

Continental slope: the steep slope separating a continental shelf and a deep ocean basin. 

Craton: old, relatively stable block of continental crust. 

Diatom: a one-celled microscopic plant with a siliceous framework growing in oceans and 
lakes. 

Dolerite: medium-grained igneous rock the compositional equivalent of basalt and gabbro; 
often occurs as dykes and sills. 

Ecosystem: A dynamic complex of plant, animal and microorganism communities and their 
non-living environment interacting as a functional unit. 

EEZ: the Exclusive Economic Zone refers to the marine zone within a 200 nautical mile 
radius of a coastal state’s baseline where the coastal state has complete jurisdiction over 
the resources of the water column, seabed and subsoil. 

Eocene: geological epoch of the Tertiary period, extending from about 55 to 34 million years 
in the past (see Appendix 13) 

ER MapperTM: trademark product of image processing software by Earth Resource Mapping 
Pty Ltd. 

Eustatic: a uniform worldwide change in sea level, generally caused by changes in volume of 
the polar ice caps. 

Facies: the sum total of features such as sedimentary rock type, mineral content, sedimentary 
structures, bedding characteristics and fossil content, which characterize a sediment as 
having been deposited in a particular environment. 

Foraminifera: oceanic Protozoa (unicellular animals) most of which have perforated 
calcareous shells. 

Gabbro: coarse-grained, plutonic (deep intrusive) igneous rock the compositional equivalent 
of basalt; composed of calcic felspars, pyroxene and commonly olivine. 
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GMT: Generic Mapping Tools, mapping and data processing software available on the Web. 

Graben: a downthrown block between two normal faults of parallel strike but converging dips 
(a tensional structure). A half-graben is a downdropped block bounded by a normal fault 
on only one side. 

Hemipelagic: deep-sea sediments that contain abundant clay derived from the continents. 

Holocene: approximately the last 10,000 years (post-glacial period). 

Hot-spot volcano: volcano constructed from lavas originating deep within the earth’s mantle 
and brought to the surface by a rising plume of particularly hot mantle material. Because 
the hot plume is relatively stationary within the mantle, any movement of the overlying 
lithospheric plate results in the formation of a chain of hot-spot volcanoes, such as the 
Hawaiian chain. 

IFREMER: Acronym for the French marine science institute with headquarters in Brest, 
Institut Français de Recherche pour l’Exploitation de la Mer. 

Insolation: solar radiation striking the earth. 

IntrepidTM: trademark product of geophysical data processing software by Intrepid 
Geophysics, an Australian-based company. 

Isobath: A contour line joining points of equal depth of the sea floor. 

ka: thousand years ago (before present). 

kHz: unit of one thousand Hertz (cycles/second), referring to the frequency of a transmitted 
acoustic signal. Multibeam systems generally operate at frequencies of between 10 kHz 
(deep-water systems) and 200 kHz (shallow-water systems). 

Listric: style of faulting in which the fault surface becomes less steep as one goes deeper, 
becoming nearly horizontal at some depth. Rotation is involved in this type of faulting. 

Lithosphere: the outer rigid shell of the earth comprising the crust and upper mantle (~100 km 
average thickness). 

Lowstand: a minimum (low) in a eustatic sea-level cycle. 

Ma: million years ago (before present). 

Mafic: term used to describe minerals or igneous rocks that are rich in iron and/or magnesium. 
Mafic igneous rocks have a high percentage of dark-coloured (mafic) minerals. 

Magnetometer: instrument for measuring the intensity of the earth’s magnetic field. 

Marine Protected Area (MPA): An area of sea especially dedicated to the protection and 
maintenance of biological diversity, and of natural and associated cultural resources, and 
managed through legal or other effective means. 

Mass wasting: downslope movement of material under the influence of gravity (e.g. slides, 
slumps, flows). 

Milankovitch cycles: cycles in the earth’s orbit that influence the amount of solar radiation 
striking different parts of the earth at different times of year (eccentricity 100 k.y., 
obliquity [tilt] 41 k.y., precession of the equinoxes [wobble] 19 & 23 k.y.). Named after 
the Serbian mathematician who explained how these orbital cycles cause the advance and 
retreat of the polar ice caps. 

Miocene: geological epoch of the Tertiary period, extending from about 24 to 5 million years 
in the past (see Appendix 13). 
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Multibeam: acoustic mapping system involving multiple acoustic beams fanning out across 
the path of the ship so that a swath-like portion of sea floor is ensonified and mapped. 

Nautical mile (nm): unit of distance equivalent to 1 minute of the great circle of the earth, 
equals 1.852 km. 

Normal fault: a dip-slip fault in which the block above the fault has moved downward relative 
to the block below (associated with crustal extension). 

nT: nanotesla, unit of magnetic flux density (field strength). The earth’s magnetic field varies 
from about 30,000 nT at the equator to 60,000 nT at the poles. 

Orange roughy: orange-coloured deep-sea fish species Hoplostethus atlanticus, very 
important commercially and trawled on seamounts off southeast Australia. 

Oxygen isotopes: The natural abundance in seawater of heavy isotope 18O is about 0.2% of 
normal 16O. The lighter 16O is preferentially evaporated, and during ice ages is stored in 
glaciers and ice sheets leaving the oceans depleted. Changes in the isotopic ratio are 
recorded in the calcareous skeletons of marine organisms such as foraminifera, and this 
provides an important tool for analysing paleoclimate. The quantity δ18O is a measure of 
the difference between the isotopic ratio in the foraminifera that lived at a particular time 
in the past and that in a laboratory standard. 

Oxygen isotope stages: oscillations in oxygen isotope (δ18O) stratigraphy during the 
Quaternary. The stages are numbered so that, generally, odd numbers represent warm 
periods (low ice volume) and even numbers cold periods (large ice volumes). Twenty-three 
stages are numbered for the last 900 k.y. The current interglacial (Holocene) is stage 1, and 
the Last Glacial Maximum is stage 2. 

Peridotite: coarse-grained mafic igneous rock composed of olivine with small amounts of 
pyroxene and amphibole. Believed to be the main constituent of the earth’s mantle. 

PetrosysTM: mapping and basin analysis software system by Petrosys Pty Ltd, Adelaide, South 
Australia. 

Plankton: floating organisms. 

Pleistocene: geological epoch from 2 million to 10,000 years ago, corresponding to a period 
of major glaciations on earth. 

Productivity: ocean primary productivity is the rate of carbon fixation as a direct result of 
photosynthesis, and plays an important role in the global carbon cycle (marine 
phytoplankton account for 40% of the total global carbon fixation). 

Progradation: the seaward advance of the shoreline resulting from sediment deposition. 

Pteropod: any of various small marine gastropod molluscs that have middle part of foot 
expanded into a pair of winglike lobes. They are often referred to as sea butterflies. 

Radiolaria: microscopic one-celled marine animals (Protozoa) with siliceous skeletons 
(central capsule surrounded by spicules). 

Seafloor spreading: the mechanism by which new oceanic lithosphere is created at an oceanic 
ridge (spreading centre) between diverging plates. Typical spreading rates are 1-10 
cm/year. 

Seamount: large conic-like submarine edifice, usually a volcano, rising above the sea floor. 
Called guyot if the top is planated. 
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Sedimentology: the physics and chemistry of sediments and sedimentary rocks. Refers to 
sediment grain characteristics, mineral composition, depositional processes and 
environments. 

Siliciclastics: sediments composed of detrital mineral and rock fragments derived from 
igneous, sedimentary and metamorphic rocks. 

South Tasman Rise: large elevated submarine massif south of Tasmania cored by continental 
rock and containing sedimentary basins. Formed during Australian-Antarctic separation. 

SPECMAP timescale: developed by the Spectral Mapping Project, a global oxygen isotope 
(δ18O) record covering the last 500 k.y. based on foraminifera from deep-sea cores, 
indicating changes in ocean temperature and global climate. 

Strike-slip: differential horizontal (or wrench) motion along a fault. Termed right-lateral 
(dextral) if the displacement of the far block is to the right when viewed from either side, 
and vice versa for left-lateral (sinistral) motion. 

Tectonics: the study of the processes by which the earth’s crust has attained its present 
structure. 

Terrane: a crustal block or fragment that preserves a distinct geological history that is 
different from the surrounding areas and that is usually bounded by faults. 

Thalweg: “valley path” – the lowest thread along the axial part of a valley or stream channel. 

Tholeiite: an abundant type of basalt, oversaturated with silica; occurs as flood basalts on 
continental crust, in island arcs and as the main extrusive component of the ocean floor. 

Transform fault: a strike-slip fault linking two areas of crustal spreading. 

Transgression: movement of the shoreline towards land (away from centre of basin). 

Transtension: tectonic strike-slip motion with a component of extension between the 
opposing segments of crust. 

Turbidites: the sediments deposited by turbidity currents, which are marked by graded 
bedding, moderate sorting and well-developed primary structures. 

Turbidity currents: short-lived, powerful, gravity-driven currents consisting of mixtures of 
sediment and water. The mixture is of density greater than the surrounding water, and is 
maintained by internal turbulence. 

Twt: two-way time. The depth of an event or horizon, or the thickness of a geological unit, as 
measured in two-way reflection time in a seismic section. For example, given an average 
seismic velocity of 2000 metres/second (typical for relatively young, upper crustal 
sediments), 1 second twt represents 1 km depth or thickness. 

UNCLOS: acronym for the United Nations Convention on the Law of the Sea, a 1982 treaty 
providing for the means to define and regulate a coastal state’s marine jurisdiction. 
Australia ratified it in 1994, thereby giving it until 2004 to justify its relevant claim. 

Unconformity: a surface that separates two strata, representing an interval of time in which 
deposition stopped and some erosion took place before resumption of deposition. 
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Figure 1.  Survey lines of AUSCAN Legs 1 and 2 off southern Australia. 
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Figure 2.  3-D view of Australia’s southern margin (looking north) showing main topographic features. 
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Figure 3. The 120-m research vessel Marion Dufresne at Macquarie Wharf No. 4, Hobart, prior to departure on 
AUSCAN Leg 2. The photo shows the location of the ship at the berth, allowing a gravity tie to be made in the 
future, if necessary. 
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Figure 4.  Beam configuration of the Thales Sea Falcon 11 multibeam sonar system on Marion Dufresne. 5 transmit 
beams ensonify the sea floor during each ping cycle. Transmit array on the ship in yellow, receive array in blue. 
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Figure 5.  View of the Geophysics Laboratory on Marion Dufresne during multibeam acquisition and monitoring. 
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Figure 6.  Deployment during AUSCAN and operating principle of the giant piston corer ‘Calypso’. 
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Figure 7.  Index map of all AUSCAN map sheets, 0-16. 
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Figure 8.  Berth locations of Marion Dufresne in Fremantle Harbour at the start and end of AUSCAN. Geoscience 
Australia gravity stations marked. Base map is Port of Fremantle chart Aus113. 
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Figure 9.  3-D view of the SE Australia map sheet (new detailed topographic grid incorporating AUSCAN data). 
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Figure 10.  3-D view of the Murray Canyons map sheet (new detailed topographic grid incorporating AUSCAN data). 
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Figure 11.  3-D view of the Great Australian Bight map sheet (new detailed topographic grid incorporating AUSCAN data). 
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Figure 12.  3-D view of the SW Western Australia map sheet (new detailed topographic grid incorporating AUSCAN data). 
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Figure 13.  Murray Canyons off South Australia, 3-D image based on the new multibeam data. 
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Figure 14.  Detailed bathymetry contours of the Lacepede Shelf and adjacent Murray Canyons, plus locations of AUSCAN core 
stations. The Murray River mouth and strandline moved back and forth across the Shelf numerous times during Quaternary 
eustatic sea-level cycles. Depths from the coast down to the 200 m isobath are coloured (red to purple), with the contour interval 
to the 150 m isobath being 10 m. The contour interval from the 200 m isobath and deeper is 100 m. 
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Figure 15.  Murray Canyons area: locations of sediment core (Calypso = red; gravity = green) and benthic sled (blue) 
stations. Survey lines annotated with hour marks (UT). 
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Figure 16.  Murray Canyons area: locations of multicore (red-brown), CTD (blue) and plankton net (green) stations. 
Survey lines annotated with hour marks (UT). 
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Figure 17.  Continental margin off west Tasmania, showing elevated basement blocks, canyon systems and mass wasting structures. 
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Figure 18.  Linear canyon systems off west Tasmania, surface expression and sub-bottom structure. 
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Figure 19.  Bathymetry and backscatter images of linear canyons on the continental slope off King Island. 
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Figure 20.  Channel systems within the Du Couedic and Sprigg canyon complexes, Murray Canyons. 
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 Figure 21.  Position of the paleo shoreline along SE South Australia during the Last Glacial Maximum (~20 ka) 

when sea level was 120 m lower. 
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APPENDICES 

 
Appendix 1. 

Key Personnel of the AUSCAN Project 
 
Shore-based 
 
AUSCAN Project Manager, National Oceans Office: Colleen Johnstone 
Project Manager-Science, National Oceans Office: Heather Deese (also shipboard 3 days) 
National Oceans Office Public Affairs Officer: Nelli Noakes 
 
AUSCAN Project Leader, Geoscience Australia: Neville Exon 
Project Administration, Geoscience Australia: Jim McCrea 
Geoscience Australia Science Communicator: Samantha Lucia 
 
 
Shipboard 
 
Cruise Leader (swath-mapping & geophysics), Geoscience Australia - Legs 1 & 2: Peter Hill 
Cruise Leader (Murray Canyons sampling), ANU - Leg 2: Patrick De Deckker 
Geoscience Australia Representative, southern Tasmania/STR on Leg 1: Will Howard 
(University of Tasmania) 
Public Affairs Officer, National Oceans Office (Leg 2 ): Katrina Haig 
 
IPEV Operations Manager: Yvon Balut 
CADO Cruise Leader and French collaborator: Elisabeth Michel 
 
Ship’s Captain (Legs 1 & 2): François Robic 
 
 
 
 



AUSCAN Final Report  Geoscience Australia 

 
75 

 
Appendix 2. 

AUSCAN Leg 1 participants (scientists & technicians) 
 
Surname Given 

name 
Function Organisation 

ARMAND Leanne Australian 
collaborator 

University of Tasmania 

BALUT Yvon Research engineer IPEV-CNRS, France 
BENOIT-
CATTIN 

Alice Administration 
officer 

IPEV, France 

BEUCHER Charlotte Ph.D student UBO-(IUEM Brest), France 
BEUZART  Paul Research worker IFREMER, France 
BRUNET  Christian Research engineer CNRS (Centre National de la 

Recherche Française), 
France 

CARADEC Stéphanie Student University of Bordeaux, 
France 

CARBURLOTTO Andrea Italian 
collaborator 

Univ. Sgonico, Italy 

CAYEZ Jérémie Student University of Bordeaux, 
France 

CHARLIER Karine Engineer 
assistant 

University of Bordeaux, 
France 

CORBARI Laure Ph.D student University of Bordeaux, 
France 

CROSTA Xavier Research worker CNRS, France 
DEHOUCK Aurélie Ph.D student UBO-(IUEM Brest), France 
DEWILDE Fabien Engineer CNRS, France 
DONDA Federica Italian 

collaborator 
University of Sgonico, 
Italy 

FORAS Pierre Doctor  
GRIVEAUD Clémentin

e 
Student University of Angers, 

France 
GUIGAND Jérôme Technical 

assistant 
CNRS, France 

HILL Peter Marine 
geophysicist 

Geoscience Australia 

HOWARD William Australian 
collaborator 

University of Tasmania 

KRYC Kelly American 
collaborator 

Standford University, USA 

LAMBERBOURG Amandine Student CNRS, France 
LE SUAVE  Raymond Geologist IFREMER, France 
LEFEVRE Iréne Technician CEA (Centre à l'Energie 

Atomique), France 
LO MONACO  Claire Student CNRS, France 
MADDISON Eleanor American 

collaborator 
Cardiff University 

MELLET Martin Engineer 
assistant 

IPEV, France  

METZL Nicolas Research worker CNRS, France 
MICHEL Elisabeth Research 

scientist 
CEA, France 

NARDOZZA Sabrina Trainee LSCE Gif, France 
OGGIAN Georges Technician CNRS, France 
OLLIVIER Bernard Research engineer CNRS, France 
OURBAK Timothée Research worker University of Bordeaux, 

France 
PANCOTTI Irene Italian 

collaborator 
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PEYPOUQUET Jean 
Pierre 

Research worker Education nationale, France 

PICHON Jean 
Jacques 

Research worker CNRS, France 

RICAUD  Sébastien Technician LSCE Gif, France 
RICHARD Manuel Student UBO-(IUEM Brest), France 
RIGAUT Frédéric Engineer 

assistant 
IPEV, France 

ROTHE Stefan Data manager for 
IMAGES 

University of Kiel, Germany 

SAVY Jean 
Philippe 

Student UBO-(IUEM Brest), France 

SCHMIDT Sabine Research worker CNRS, France 
SEROU Ludovic Student University of Bordeaux, 

France 
SOTTOLICHIO Aldo Research worker University of Bordeaux 
THUILLIER Doris Administration 

officer 
IPEV, France 

TORNIER Arnaud Contractor Cap Sciences, France 
TRANIER Julie Research worker University of Bordeaux, 

France 
TURPIN Mélanie Ph.D student UPMC, France 
VAN ROOIJ David Belgium 

collaborator 
University of Ghent, 
Belgium 
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Appendix 3. 

AUSCAN Leg 2 participants (scientists & technicians) 
 
Surname Given name Function Organisation 
BALUT Yvon Research Engineer IPEV-CNRS 
BEAVIS Fern Student ANU 
BENOIT-CATTIN Alice Administration officer IPEV 
CARADEC Stéphanie Student Univ. De Bordeaux 
COUAPEL Martine Ph.D student University of 

Wollongong 
CORBARI Laure Ph.D student Univ. De Bordeaux 
DANIELL James Marine geologist Geoscience 

Australia 
DARK Robert Engineer ANU 
DE DECKKER Patrick Marine geologist ANU 
DE DECKKER Stephen Engineer ANU 
DEHOUCK Aurélie Ph.D student UBO-(IUEM Brest) 
DEWILDE Fabien Engineer CNRS 
GLASGOW Sharron Ph.D student University of 

Western Australia 
GOURAMANIS Christos Ph.D student ANU 
HAIG Katrina Communications officer NOO 
HILL Peter Marine geophysicist Geoscience 

Australia 
JELLINEK Thomas German collaborator, 

micropaleontologist 
Forschungsinstitut 
Senckenberg 

KING Alexandra Marine geologist Geoscience 
Australia 

LAMBERBOURG Amandine Student CNRS 
LEFEVRE Iréne Technician CEA 
MAGEE John Sedimentologist ANU 
MANN Malcolm Student ANU 
MCLEAY Lachlan Biology technician SARDI 
MELLET Martin Engineer assistant IPEV 
MEUNIER Solange Doctor  
MICHEL Elisabeth Research scientist  CEA 
MORIN Xavier Engineer researcher IPEV 
NÜRNBERG Dirk German collaborator GEOMAR 
OGGIAN Georges Technician CNRS 
O'TOOLE Margaret Cetacean observer Deakin University 
PICHON Jean Jacques Researcher CNRS 
RATHBURN Anthony American collaborator, 

micropaleontologist 
Indiana State 
University 

REGENBERG Marcus Ph.D student GEOMAR 
RICAUD Sébastien Technician LSCE Gif 
RICHARDSON Laura Student ANU 
RIGAUT Frédéric Engineer assistant IPEV 
ROTHE Stefan Data manager for IMAGES University of Kiel 
SADEKOV Aleksey Student Moscow State Univ. 
SCHÖNFELD Joachim German collaborator GEOMAR 
SPOONER Michelle Ph.D student ANU 
THUILLIER Doris Administration officer IPEV 
TRANIER Julie Student Univ. De Bordeaux 
VAN DE ROOIJ David Collaborator, Belgium University of 

Ghent 
WILKINS Daniel Ph.D student ANU 
YOUNG Martin Ph.D student ANU 
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Appendix 4. 

Cruise Narrative 
 
LEG 1 
 
23 January 2003 
 
Marion Dufresne berthed at Victoria Quay, Fremantle (opposite E Shed). 
Ship departed Fremantle at 1800 hrs at start of Leg 1 of AUSCAN expedition. 
[N.B. 0800 hrs local time = 0000 UT(GMT), i.e. local=UT+8]. 
 
24 January 2003 
 
Off the coast of southwest Western Australia in the morning. Rough seas, 2-3 m swell from 
the SW, light cloud. Speed 11-11.5 knots. Running 3.5 kHz profiler on the shelf. 
 
At shelf edge and increasing water depth at ~1100 hrs. By nightfall sea conditions had eased 
and ship was able to do 13.5 knots with two diesel-electrics and tail wind. Crossed potential 
coring site at ~2300 hrs. Deviated from course at ~2300 hrs to avoid another vessel. 
 
25 January 2003 
 
Moderate seas on 2 m swell from the SW. Fine weather, thin hazy cloud and 5 knot wind. 
Doing 13.5-14 knots. 
 
Magnetometer fixed and in the water at ~2100 hrs, few nT noise. In the evening ship’s speed 
was ~15 knots running on 3 diesel-electrics. 
 
26 January 2003 
 
Time change 1 hour at 0000 hrs, now local=UT+9. 
 
In western Great Australian Bight (southeast of Esperance). Overcast, moderate seas on 2 m 
swell. During the day, doing 15 knots. In the afternoon wind was 15-20 knots from the SE. 
 
27 January 2003 
 
Time change 1 hour at 0000 hrs, now local=UT+10. 
 
Ship doing 15-15.5 knots. Moderate seas on 1-2 m swell, wind 15 knots from ESE. 
Magnetometer malfunctioning overnight (very noisy), recovered at 0845 hrs. Caraibes 
acquisition crash at 1630 hrs. Rebooting problem, but back up at 1715 hrs. In the Murray 
Canyons area in the evening. 
 
28 January 2003 
 
In the morning, doing 15.3 knots…overcast, moderate seas with 1.5-2 m swell. 
 
Continued at speed of ~15 knots throughout the day. Swell 2m from the south later in the day. 
Excellent multibeam data collected off the Otway margin. Weather and sea conditions being 
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favourable, decided to disembark Peter Hill at Cape Sorell (near Strahan) instead of Port 
Davey as originally planned. 
 
29 January 2003 
 
Time change 1 hour at 0000 hrs, now local=UT+11 (now East Australia time/daylight 
saving). 
 
Surveying at ~15 knots. Winds 15-20 knots from the north, rough seas and 2-3 m swell from 
the south, 50% cloud cover. 
 
Peter Hill successfully disembarked off Cape Sorell at 1200 hrs. Picked up by local small boat 
and taken to Strahan. 
 
Marion Dufresne continued the survey southward, along the shelf edge/upper continental 
slope off southwest Tasmania. Will Howard managing the final part of the Leg 1 program for 
Geoscience Australia. The ship then headed south to do the French CADO program. 
 
 
LEG 2 
 
18 February 2003 
 
AUSCAN launch on bridge of Marion Dufresne at 1030 hrs, as scheduled. [N.B. 1100 hrs 
local = 0000 UT(GMT), i.e. local=UT+11]. Addresses by Sharman Stone (Parliamentary 
Secretary Department Environment and Heritage), Gerard Jugie (Director IPEV), Veronica 
Sakell (Director National Oceans Office), Neil Williams (CEO Geoscience Australia), and 
Patrick De Deckker (Head of Geology Department, ANU). Murray Canyons video fly-
through shown. 
 
Marion Dufresne departed Macquarie Wharf No. 4 at 1800 hrs. 
 
Ship stationary off Bruny Island for 2 hours (between ~ 2030-2230 hrs) while testing forward 
thrusters which had had repair work done on them in harbour. 
 
Heavy southwest seas, so ship’s speed was down to 9.5-11 knots. 
 
19 February 2003 
 
Off southwest Tasmania in the morning. 3 m swell from the south and 15 knot wind. Ship’s 
speed increased to ~14 knots. 
 
Turned on digital 3.75 kHz sub-bottom profiler to collect seismic section across a 50-km wide 
slump structure on the continental slope (multibeam off, since this area was swath-mapped in 
1994 and because both sub-bottom profiler (SBP) and multibeam cannot be run together in 
full precision mode). Deployed magnetometer sensor at 0830 hrs. 
 
Cruise and science meeting for all scientists at 1000 hrs. 
 
Crossed over ODP Site 1168 at 1215 hrs. Changed back to multibeam acquisition at 1410 hrs. 
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In the evening, rough seas and 20 knot wind. Clocks back one hour at midnight, so that local 
time =UT+10 
 
20 February 2003 
 
Surveying shallow line on upper slope off western Bass Strait and King Island. Rough seas, 3 
m swell and 15-20 knot winds from the southeast. Doing 14 knots. Slight detour at about 0900 
hrs to avoid another ship. Ship’s speed was up to 14.8 knots by midday. 
 
In the evening, misty and overcast conditions, with moderate seas. Multibeam acquisition 
software Caraibes crashed at about 2030 hrs. Tried rebooting but no luck; reinstalled 
OpenWin and got system up again by 2130 hrs. Thales raw data collection maintained during 
down time. XBT (T5) launched at ~2145 hrs. 
 
21 February 2003 
 
In Murray Canyons area. Deployed 40-m Calypso piston corer in 900 m water on gentle slope 
east of Sprigg Canyon between about 0430-0630 hrs. Good core recovered – 33 m of grey-
green hemipelagic clay/foram-nanno ooze. 
 
22 February 2003 
 
Ran survey lines on the upper continental slope in the northeast Murray Canyons area. 
Overcast misty weather conditions. Moderate seas on a one metre swell, gentle wind from the 
south. 
 
Off Portland/southwest Victoria in the evening. Ship’s speed about 14.7 knots. Seas moderate. 
 
23 February 2003 
 
Surveyed the lines on the continental slope off northwest Tasmania. Reached the most 
southern part at 1200 hrs, then headed back towards the Murray Canyons. Doing 15 knots 
with 3 diesel-electric generators going. 
 
Good weather conditions with sunny skies. Moderate seas on a one metre swell; 10-15 knot 
wind from the north. Multibeam data quality good. 
 
In the mid afternoon, winds veered to the northwest and increased in strength to 25 knots, 
generating a 2 m swell. Ship’s speed down to 14.5 knots. Slowed for XBT at 1645. By 
midnight the seas had decreased and ship’s speed was up to 15.3 knots. 
 
24 February 2003 
 
Deviated off line at 0100 hrs to commence a survey to select the first German Calypso core 
site. A site in about 2000 m of water, on the lower part of a prominent ‘bulge’ in seabed 
topography, was chosen. For the first coring attempt it appears that the 12 kHz echosounder 
was not properly calibrated, with the corer hitting early. The corer was lowered again to 
ensure that it triggered. This resulted in a core with dual penetration (‘double bounce’). On 
corer recovery, it was found to be sharply bent about 25 m from the top. A second coring 
attempt was successful with 23 m of grey foram nanno clay recovered. The main surveying 
program recommenced on line at 0800 hrs. 



AUSCAN Final Report  Geoscience Australia 

 
81 

 
Calm weather conditions, with slight seas – becoming misty in the afternoon. Conditions 
remained good during the evening, allowing the survey to proceed at 14.5 knots. 
 
25 February 2003 
 
Turned off the planned survey line between WP81 and WP82 at 0500 hrs and headed for the 
first site of the main sampling program in the Murray Canyons. On station in about 3500 m 
water at about 0700 hrs. Multicore first, starting at ~0800 hrs. CTD deployed while multicorer 
was coming up. Multicorer back up at 1205 hrs with most tubes empty and only a small 
amount of sediment recovered. Moved to upper slope. 
 
At 1520 hrs deployed the benthic sled off the shelf edge in 860 m of water, hauled up when 
about 300 m deep. 
 
Rendezvous with helicopter from Adelaide at 1600 hrs. Richard Smith (ABC Catalyst 
program), Nance Haxton (ABC radio journalist) and Heather Deese (NOO) aboard. Then 
steamed to the head of Murray Canyon for benthic sled and plankton tows. 
 
26 February 2003 
 
Smooth seas but long 1.5 m swell. Sampling in ~1600 m water. Multicorer with some 
sediment recovery up at ~1000 hrs. At 1100 hrs, 40-m Calypso corer deployed at a site on the 
southeast edge of the spur between the Du Couedic and Sprigg Canyons, in 1600 m water 
depth on AUSTREA-1 seismic line. Recovered at ~1230 hrs, but barrel bent. Hard carbonate 
plug in core-catcher, recovered 7 m grey mud. The benthic sled was deployed at ~1500 hrs, 
and returned with a small amount of biota and benthic fragments. Plankton net deployed at 
1625 hrs. Moved to a new station in ~3500 m water and deployed the benthic sled. 
Dragonfish, other biota, plus sediment and shells recovered. 
 
27 February 2003 
 
Moderate seas, long 3-4 m swell. Sunny periods. 
 
A CTD was completed at a deep site (4800 m depth) in the lower Sprigg Canyon. After which 
a deep-water multibeam survey between Sprigg and Du Couedic Canyons (~0400-0800 hrs) 
was completed. A benthic dredge deployed in ~3200 m of water on the eastern margin of Du 
Couedic Canyon was back on deck at 1210 hrs, but with very little return (handful of 
carbonate sand (shell fragments) plus broken brittle-star). 
 
A short sub-bottom profiler survey was run in about 2500 m of water to locate a suitable core 
site. 15 m gravity corer deployed at ~1600 hrs in 2400 m water. While this was in progress, 
the ship’s zodiac was launched with Richard Smith and crew aboard to get some action 
camera shots of the ship and operations. The gravity corer was back on deck at ~1730 hrs, 
with 12 m of grey-green calcareous silt. Following this success, the Calypso piston corer with 
40-m barrel was lowered in the same spot at 2115 hrs, and by 2345 hrs was back up with 35 
m of grey-green hemipelagic mud. The core gave off a strong H2S smell, and darkened on 
exposure to the air. 
 
28 February 2003 
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The smaller, Museum of Victoria, benthic sled was deployed in the early hours of the 
morning. This was followed by the multicorer, which yielded some sediment recovery. A 
plankton tow was next. 
 
Helicopter pickup of Heather Deese, Richard Smith and Nance Haxton took place a little later 
than scheduled but was safely completed by 0900 hrs. There was a strong swell and the pilot 
made several trial runs before putting down on the ship’s helipad. 
 
The ship was at the head of Du Couedic Canyon for the pickup, and the opportunity was taken 
to do a short survey of this feature by multibeam, adding to the data collected earlier by E-W 
lines along the upper slope. The survey was mainly in water depths of 150-700 m. A steep N-
S oriented scarp was found to form the eastern side of the canyon head. 
 
A benthic sled (Victorian Museum) haul was made in 300-400 m water depth in the canyon 
head adjacent to the scarp. It recovered few biota specimens, but the fine mesh net yielded 
about 10 litres of coarse carbonate sand and shell grit. 
 
Weather conditions during the day were fine, with 15 knot wind, rough seas on a 2-3 m swell. 
 
Headed south to meet up with the southernmost planned survey line at WP83, surveying on 
the way down. Deployed the magnetometer about half an hour before reaching the WP area at 
about 1500 hrs. The magnetic data were noisy, and the instrument was re-tuned. Spikes in the 
data persisted, but post-processing should remove most of these. 
 
Weather conditions deteriorated, with the wind turning to the southwest and increasing to 25 
knots. Very rough seas on a 4 m swell. Ship’s speed was down to 11.5 knots. At 1730 hrs 
speed was reduced to 10 knots to try to reduce noise levels on the multibeam. Data quality 
was still poor. To make reasonable progress speed was increased to 11.5-12 knots. In the early 
evening, the line orientation changed to a more NW orientation, which meant that the seas 
were more broadside to the ship and although roll increased there was less thumping of the 
bow (and transducers) into the water. Noise levels were satisfactory and a speed of about 12 
knots was maintained. 
 
01 March 2003 
 
Rough and stormy seas overnight, but easing conditions by morning. Swell was 3-4 m and the 
wind 15 knots from the SSW. Did 12.2 knots south of Ceduna on westward transit. Water 
depths here on the lower continental slope are 3500-4000 m. 
 
Multibeam data quality increased from satisfactory in the early hours of the morning to good 
by mid morning. With the seas abating, by 1230 hrs speed could be increased to 15 knots, and 
this again gave multibeam data of very good quality. 
 
Clocks turned back one hour at midnight, so that local time=UT+9 
 
02 March 2003 
 
Off the western Great Australian Bight. Made good progress overnight and in the morning, 
with an easterly tail wind of 15 knots, enabling a consistent 15.5-16 knot ship’s speed. Hazy 
but fine weather conditions, 1-1.5 m seas on a 2 m swell from the south. Multibeam data very 
good. 
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Turned north off the survey line southeast of Esperance at 2054 hrs to start a survey of the 
continental slope for a second German Calypso core station. Desired water depth is 1500-
2000 m. Survey finished at 2240 hrs; site selected on western side of topographic promontory 
on mid slope. Calypso corer with 30 m barrel deployed at midnight in about 2000 m water. 
 
03 March 2003 
 
At 0048 hrs corer was on the bottom, apparently falling over and with no penetration. Back on 
deck at 0200. Barrel bent and without core – only a small amount of grey ooze in the core 
catcher. Left site at 0220 hrs to do a small survey higher up the slope. Dropped gravity corer 
at station in 1100 m of water. Recovery was 8.4 m of foram silt with thin shelly sand beds 
near base. 
 
Returned to main survey line at ~0700 hrs and continued swath survey. 
 
Fine conditions during the day, with easterly following wind and one metre seas. Ship’s speed 
about 15.7 knots. 
 
CSIRO oceanographic float (No. 622) deployed at 1659 hrs (0759 UT) in 3600 m water at 35 
07.93S 119 59.91E. 
 
At 2300 hrs turned back on line to survey a potential gravity coring site – a knoll on the mid 
slope at ~2400 m depth, SSE of Albany. 
 
 
04 March 2003 
 
In the early hours of the morning, a mixed mode multibeam/3.75 kHz survey was done in the 
local area to select a suitable gravity core site. Gravity core was taken and 11 m of sediment 
recovered. 
 
Back on transit survey at about 0500 hrs. The survey on the lower continental slope south of 
Albany-Cape Leeuwin was done in good sea conditions, with fine weather and a 20 knot 
following (easterly) wind. Seas were 1-2 m in height. 
 
The second CSIRO oceanographic float (No. 621) was deployed at 1541 hrs (0641 UT) in 
about 3000 m water. 
 
Continuing survey in the evening at about 15 knots along a rugged unmapped section of the 
mid slope to the southwest of Cape Leeuwin, before heading north to Fremantle as time runs 
out. 
 
Magnetic acquisition stopped at 2200 hrs, and sensor aboard by 2212 hrs. 
 
Clocks back one hour at midnight; local time = UT+8. 
 
05 March 2003 
 
Marion Dufresne berthed in Fremantle (North Wharf, Berth 1) at 1030 hrs. End of AUSCAN 
expedition. 
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Appendix 5. 
Descriptions of Cores from the Murray Canyons Area 

 
MD03-2607 
Calypso core MD03-2607 recovered a total of 32.95 m of foraminiferal, olive-grey sandy and 
silty clay sediment. 
 
The upper 14.7 m consists of massively bedded fine to very fine sands with minor colour 
variation from darker to paler olive grey. In this upper section of the core, 2 sets of 2 fining 
upwards sequences occur between 4 and 5 m and 9 and 10 m and occasional zones of 
irregular or wavy cm-scale darker and lighter layers occur. Below 14.7 m the sediments are 
finer textured, dominantly clayey with silty clay layers at 14.7-15 m and 25.8-28.5 m and silty 
clay and sand from 31 m to the base. Apart from a fining upwards sequence near the base at 
31.5 m and a 2 cm-thick fine sand band at 26.45 m, there is very little layering in the lower 
section of the core. Bioturbation occurs from 31.8 m to the base of the core. Shelly lenses and 
shell-rich sand lenses, both consisting of large forams or foram fragments, occur throughout 
the core. Rock fragments were noted at 21.4 m and wood fragments at 22 m. Echinoid 
fragments were noted at 4.6 m and 20.5 m and pteropods at 4.5 m. Black specks and streaks 
occur though out most of the core, they are generally moderately abundant, sometimes very 
abundant and rarely absent. 
 
 
MD03-2610 
Calypso core MD03-2610 recovered a total of 7.58 m of foraminiferal, olive-grey sandy and 
silty clay sediment. 
 
The upper 3.72 m consists of massively bedded fine sands with a fining-upwards, possible 
turbidite sequence at the base. The sediment is soupy in the upper portion and the grainsize 
coarsens slightly down core. Some circular structures occur at 1.68-1.87 m and a crescent-
shaped lighter area at 2.20 m. Shells are visible at 0-0.12 m, 0.53-0.66 m, 0.83 m, 2.25 m and 
2.45 m. A black streak occurs at 3.12 m. Below 3.72 m the olive-grey and grey sediments are 
more variable in texture with clay at 3.72-4.10 m; silty clay and silt at 4.10-4.75 m and 5.15-
6.65 m; silt at 6.60-7.00 m and sands at 4.75-5.15 m, 5.75-6.60 m and 7.00-7.58 m. Two 
relatively thick fining upwards sequences occur in this section of the core at 5.16-4.30 m and 
6.00-5.16 m. Shells and shelly layers occur commonly in the upper and lower parts of this 
section of the core at 3.20-4.10 m and 6.00-7.36 m. Sand lenses occur at 5.72 m, 5.76 m, 6.47-
6.50 m, 6.61-6.63 m, 6.74-6.75 m, 7.23 m. Black streaks are more abundant in the upper part 
of the lower core section, occurring at 3.70-4.10 m, 4.50 m, 4.95-5.15 m. 
 
 
MD03-2611G 
Gravity core MD03-2611G recovered a total of 11.97 m of foraminiferal, olive-grey sandy, 
silty and silty clay sediment. 
 
The upper 1.50 m is variable in texture and colour with light olive-grey silt at 0-0.34 m and 
0.90-1.10 m; very fine sand 0.34-0.90 m and dark olive grey silty clay 1.10-1.50 m. Thin 
lighter coloured layers occur at 0.34-0.36 m, 0.37-0.41 m and 1.04 m; darker layers at 0.36-
0.37 m and 1.34 m. Shells occur from the top down to 0.60 m. Below 1.50 m to the base the 
sediments are relatively uniform olive grey sandy silt rich in forams with shell fragments, 
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black mottles and homogenous bioturbation throughout. H2S odour was obvious below about 
4.50 m. 
 
 
MD03-2612 
Calypso core MD03-2612 recovered a total of 35.35 m of foraminiferal, olive-green and 
olive-grey sediment, which is dominantly sandy silt and silt with minor sand and clay. Some 
gaps in sediment recovery occur at 4.75-4.78 m, 5.42-5.80 m, 6.00-6.86 m and 12.64-13.46 
m. Much of the core smelled strongly of H2S. 
 
The upper 7.50 m consists of homogenous, massive, olive green silty clay with numerous 
voids filled with watery sediment and rare darker green bioturbation. Some darker staining 
occurs at 5.80-5.90 m. From 7.50 to 11.20 m the olive green massive sediment is more 
variable in texture with very fine sand at 7.50-8.70 m and 10.50-10.75 m, silty clay at 8.70-
9.00 m and silt at 9.00-10.50 m and 10.75-11.20 m. Shell fragments and black streaks occur 
throughout this core section and a lighter coloured lens at 10.01-10.02 m. From 11.20 to 18.91 
m massive silty clay sediment changes from olive green to olive grey below 13.46 m with 
alternating lighter and darker zones between 14.25 and 16.00 m. Shell fragments occur 
throughout this section of core except between 16.50 and 18.00 m. Scattered black pyrite 
streaks occur through most of the section with bands richer in pyrite at 11.54 m, 15.54-15.56 
m, 15.73-15.74 m, 16.25-16.26 m, 16.33-16.34 m and 17.41-17.61 m. From 18.91 to 26.80 m 
the sediment is dominantly olive grey silt with a thin dark grey clay band at 19.26-19.42 m 
which has a sharp uneven contact to a thin light olive grey silty clay at 19.42-19.50 m. Shells 
and pyrite streaks occur scattered throughout this section of core with shell lenses or pockets 
at 19.54-19.57 m and 25.08 m. An isolated 1 cm pebble occurs at 20.34 m. From 26.80 to 
34.60 m olive grey silty clay has some mottling and alternation between lighter and darker 
colours. Shells occur throughout but are less common from 28.60 m to 31.50 m. Shell lenses 
or pockets occur at 27.68 m, 28.34 m, 33.10 m, 33.21 m, 33.24 m, 33.46 m and 34.32 m. Sand 
lenses occur at 33.55-33.57 m, 33.70-33.71 m, 33.80-33.81 m and 33.90-34.00 m. Scattered 
black pyrite streaks occur throughout becoming rarer below about 31.00 m. A 2 mm clast 
occurs at 34.17 m. From 34.60 m to the base of the core at 35.35 m, olive grey clay occurs 
which contains scattered shells and minor pyrite streaks. 
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Appendix 6 
Preliminary Report on Cores 

 
(modified version of report prepared by P. De Deckker and F. Gingele, ANU, May 2003) 

 
Strategy 
On the basis of data acquired from all the cores taken during the AUSCAN 2003 cruise, 2 
were selected to process for marine geological investigations. The extraordinary resemblance 
of colour reflectance data to the deuterium record from the Vostok ice core and the 
SPECMAP oxygen isotope stack suggests that core MD03-2607 could cover isotope stages 
from 1-7 [= 0 to 250,000 years BP] and core MD03-2611 isotope stages from 1 into 5 [= 0 to 
125,000 years BP]. Colour reflectance data are believed to be driven by variations in calcium 
carbonate (white), which in turn can be a function of climate-related changes in productivity, 
sea level or dissolution. Based on this preliminary stratigraphy, cores MD03-2607 and MD03-
2611 were selected for detailed investigations. 
 
Core descriptions 
Figures 1 and 2 provide a schematic log of the 2 cores which were prepared on the ship. 
 
Sampling 
116 samples were taken from 33 m-long core MD03-2607, with emphasis on the Holocene 
section, which was sampled every 5 cm. A sample protocol is presented as a ‘flow chart’ in 
Figure 3. Sample intervals in the sections with higher sedimentation rates were increased to 
20 cm (stage 2-4), 30 cm (stage 5) and 60 cm (stage 6). Core MD03-2611, which was selected 
in particular for its better resolution of stages 2-4 was sampled with 54 samples at intervals of 
20 cm (stage 1-3) and 25 cm (stage 4-5). All samples were split in half. 
 
One half was washed through a 125 µm mesh to retrieve foraminifera for stable-isotope 
measurements. The fines were retained in a bucket and are presently treated for clay mineral 
analysis. Carbonate and organic matter is removed with acetic acid and H2O2 and the clay 
fraction (<2 µm) is separated from the silt fraction (2-125 µm) by the settling technique in 
glass tubes. The clay will be mounted on aluminium platelets, X-rayed and analysed for the 4 
main clay mineral groups smectite, illite, kaolinite and chlorite. This information will 
hopefully contribute to a better insight of the role of the Murray River as a source of 
terrigenous sediment for the Murray Canyons and possible paleoclimatic changes in the 
Murray-Darling Basin. 
 
The second half of the sample was dried, homogenized in an agate mortar and analysed by X-
ray diffraction for bulk mineralogy (see Figure 4 and results below). It will also be used for 
analysis of total carbonate, organic carbon, sulfur and geochemical analysis of major and 
minor elements. 
 
Results of bulk mineralogy 
Core MD03-2607 was analysed for bulk mineralogy and the major minerals were quantified 
with calibration curves using pure mineral phases. As expected from colour reflectance data 
the core contained abundant low-Mg calcite in the assumed “warm” interglacial phases and 
less in the “cold” glacial phases. The pattern for terrigenous matter, represented by quartz was 
reversed, thus confirming the interpretation of the colour reflectance data as variations in 
carbonate. 
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However, the analysis of the bulk mineralogy revealed the presence of more carbonate phases 
than anticipated. Aragonite, believed to represent the contribution of pteropods to the 
sediment, is preserved in the core due to its position above the aragonite compensation depth. 
Aragonite distribution is uniformly high during the warm phases and low during the cold 
ones. High-magnesium calcite with a Mg-content between 8 and 11% was also detected in 
substantial amounts and may result from echinoids or holothurian sclerites. Its distribution 
through the core is similar to that of aragonite (see Figure 4). 
 
The differences in downcore distribution of the various carbonates is a point which can be 
further investigated and interpreted in terms of changes in paleoceanographic conditions. 
Another striking feature in the core is the difference between the assumed cold phases 2-4 and 
6. The diagnostic “cold” features like less carbonate, more quartz and terrigenous matter are, 
in general, much more intense during stage 6. Also, the sedimentation rate is much higher in 
stage 6. This will have to be interpreted as a result of paleoclimatic and paleogeographic 
conditions, which regulated sediment contribution during similar low sea-level stands. 
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Figure 4. Diagram to show the preliminary results of bulk mineralogical analyses carried
out on core  MD03-2607. The bottom of the core is believed to be 170,000 years old.  
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Appendix 7 
Geological Results from AUSCAN Cores 

 
Franz Gingele & Patrick De Deckker, Department of Geology, ANU 

(submitted 13 November 2003) 
 
1. Introduction 
The AUSCAN project commenced as an international cooperative research program in January 
2003, and included an investigation of the Murray Canyons area. The objectives of the cruise 
included extensive swath mapping of the southern margin of Australia and biological and 
geological sampling of the unique environment of the Murray Canyons area. Long sediment cores 
were successfully taken with the hope to unravel and understand the past geological history of the 
canyons and the late Quaternary climate and environmental history of the Murray Darling Basin. 

Questions of particular interest are the land-ocean interaction on the South Australian continental 
margin including changes in the fluvial and aeolian input from the continent to the ocean, the 
repercussions on the climate on land and the effect on ocean productivity. 

2. Material 
During the second leg of the AUSCAN 2003 cruise (MD131) with the French research vessel 
Marion Dufresne extensive swath mapping and coring was carried out in the “Murray Canyons” 
area, south of Kangaroo Island, Australia. On the basis of shipboard data acquired from all the cores 
taken during the cruise, 2 were selected to process for marine geological investigations. The 
resemblance of colour reflectance data to data from the Vostok ice core and the SPECMAP oxygen 
isotope stack suggested that core MD03-2607 could cover isotope stages from 1-7 and core MD03-
2611 isotope stages from 1 into 5. Colour reflectance data is believed to be driven by variations in 
calcium carbonate (white), which in turn can be a function of climate-related changes in 
productivity, sea level or dissolution. Based on this preliminary stratigraphy, cores MD03-2607 and 
MD03-2611 were selected for detailed investigations. 

Core MD03-2607 consists of 32.95m of foraminiferal silty sand intercalated with silty clay sections. 
116 samples were taken from the core, with emphasis on the Holocene section, which was sampled 
every 5 cm. Sample intervals in the sections with higher sedimentation rates were increased to 20 
cm (stage 2-4), 30 cm (stage 5) and 60 cm (stage 6). Core MD03-2611 comprises 11.97m of 
foraminiferal silty sand with some silty clay sections in between. It was selected, in particular, for 
its better resolution of stages 2-4 and was sampled with 54 samples at intervals of 20 cm (stage 1-3) 
and 25 cm (stage 4-5). All samples were split in half. One split was dried and homogenized to be 
used for bulk chemical and mineralogical analysis, and the second split was processed for clay 
mineral analysis and carbon and oxygen isotopes. 

In addition, to assess the clay mineral composition of potential terrigenous sources, 22 samples 
were collected from the Darling and Murray Rivers and their tributaries. 2 samples were taken from 
the Blanchetown Clays, a potential source of sediment for the Murray River in the Murray Gorge. 

3. Methods 
 
3.1 Mineralogy and chemistry 
For clay mineral analysis samples were first washed through a 125 µm mesh sieve to retrieve 
foraminifera for further oxygen isotope measurements. The fines were retained in a 10 litre 
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container, decanted and treated with hydrogen peroxide (10%) and acetic acid (10%) at room 
temperature to remove organic matter and carbonate and disaggregate the particles. Subsequently 
they were split into silt (2-63µm) and clay (<2µm) fractions by conventional settling techniques. 
The clay fraction was analysed by X-ray diffraction (Phillips PW1700, CoKα-radiation) for the four 
main clay mineral groups kaolinite, smectite, illite and chlorite following standard procedures 
described in detail by Petschick et al. (1996). Contents of each clay mineral group in the sample are 
expressed as relative weight percentages using the weighting factors introduced by Biscaye (1965). 
Additionally illite composition was assessed using the ratio of integrated 5 and 10 Å peak areas (EI: 
Esquevin-Index, Esquevin 1969). Illite composition indicates the degree of weathering and can be 
used to trace the source of illites. Quartz/feldspar ratios in the clay fraction were calculated by using 
the integrated peak areas of the 4.26Å quartz peak multiplied by 3 and divided by the combined 
area below the 3.18-3.24Å feldspar peaks. Scans were evaluated with the freeware program 
MacDiff (http://servermac.geologie.uni-frankfurt.de/Rainer.html). 

Bulk mineralogical analyses were performed on non-oriented powder samples using a Siemens 
D501 with CuKα-radiation. Peak intensities of basal reflections of quartz (4.26Å), aragonite 
(3.39Å) and calcite (3.03Å) were used to quantify the minerals, based on calibration curves 
obtained from pure phases of the respective minerals. Known percentages of these phases were 
mixed with a neutral matrix (pure kaolinite clay). Calcite in core samples showed a conspicuous 
double peak, with low-Mg calcite at 3.03Å and a second peak of high-Mg calcite between 3.01 and 
3.00Å. The position of the high-Mg calcite peak is equivalent to 8.5-11.9 Mol% MgCO3  (MgCO3 
(Mol%)=50x((3.035-d(104))/0.147)), with d(104) representing the exact position of the peak in Å). 
The intensity and area of the high-Mg calcite peak was assessed using a Split Pearson VII profile fit 
(MacDiff: (http://servermac.geologie.uni-frankfurt.de/Rainer.html). A calibration curve was made 
with a crushed sea-urchin shell, which contained around 10% high-Mg calcite. 

Total carbon, organic carbon and sulfur were determined on a LECO-CS125/CNS2000 Carbon-
Sulfur Analyzer. A Leco CS 125 device was used to determine organic carbon with a relative 
precision of ±3%. Bulk carbon was measured with a Leco CNS 2000 device, yielding a relative 
precision of ±1%. The percentage of carbonate was calculated from the difference between 
percentage bulk carbon and percentage organic carbon, multiplied by 8.33. 

Major elements Na, Mg, Al, Si, P, S, K, Ca, Ti, Mn, Fe were assessed by XRF on a Phillips 
(PANalytical) PW2400 X-ray spectrometer. Lithium borate discs were prepared by fusion of 0.27g 
of dried sample powder and 1.72g of “12-22” eutectic lithium metaborate-lithium tetraborate. The 
major elements were calibrated against 28 international standard rock powders. Lithium borate 
discs were then dissolved in 2% HNO3 and after dilution trace element Ba, V, Y, Zn, Zr, Cr, Sc, Cu 
and Ni were assessed by ICP-AES. 

Oxygen and carbon isotopes were measured on the planktonic foraminifera Globigerina bulloides 
using a Finnegan MAT251 at GEOMAR in Kiel, Germany. Analyses were performed by A. Sturm. 

3.2 Stratigraphy and age control 

The age models of core MD03-2607 and MD03-2611 are based on the δ18O-record of the 
planktonic foraminifera Globigerina bulloides (Fig. F1). Individual isotope events from 2.0 to 6.5 
were identified in core MD03-2607 in comparison with the SPECMAP-stack and tagged with the 
respective ages from Martinson et al. (1987). The bottom of core MD03-2611 only reached stage 
5.1. Ages between the stratigraphic fixpoints were obtained by linear interpolation using the 
“Analyseries” software of Paillard et al. (1996). 

Linear sedimentation rates were interpolated between stratigraphic tie-points (Fig. F2). 

http://servermac.geologie.uni-frankfurt.de/Rainer.html
http://servermac.geologie.uni-frankfurt.de/Rainer.html
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4. Terrigenous input 
 
4.1 The sources 
The location of the investigation area off the edge of the continental shelf and south of the mouth of 
Australia’s major river system, the Murray-Darling, suggests that material eroded from the 
continent contributes significantly to sedimentation at sea. Dust from the arid hinterland, as well as 
suspended river load from the Murray-Darling system, could supply terrigenous sediments to the 
Canyon area. Downslope transport of matter initially deposited on the shelf could occur in 
catastrophic events like turbidites or as a continuous process. 

To assess the contribution of these individual sources, clay mineral assemblages were analysed in 
24 samples from the Murray and Darling Rivers and their tributaries (Table F1).  
River smectite% illite% kaolinite% chlorite% EI qu/fsp site locality 
Macquarie 16.07 45.76 35.27 2.91 0.357 10.288 MDB 1 W of Carinda 
Castlereagh 31.41 27.07 37.95 3.57 0.296 5.509 MDB 2 E of Carinda 
Namoi 48.88 15.51 31.12 4.50 0.516 6.696 MDB 3 near Walgett 
Barwon 24.88 14.01 52.54 8.57 0.755 11.126 MDB 4 near Walgett 
Bokhara 27.07 24.60 45.91 2.42 0.403 10.134 MDB 5 N of Brewarrina 
Birrie 24.49 22.00 49.16 4.34 0.363 10.976 MDB 6 N of Brewarrina 
Culgoa 25.57 23.31 50.37 0.75 0.253 16.233 MDB 7 N of Brewarrina 
Barwon 37.06 26.27 32.55 4.12 0.346 6.535 MDB 8 Brewarrina 
Bogan 18.67 38.39 39.46 3.48 0.435 7.885 MDB 9 E of Bourke 
Darling 19.68 27.26 43.57 9.48 0.383 11.022 MDB 10 North Bourke 
Warrego 21.78 26.35 50.48 1.39 0.324 13.207 MDB 11 SW of Bourke  
Darling 37.84 23.41 35.00 3.75 0.361 9.318 MDB 12 Wilcannia 
Darling 35.94 26.30 33.70 4.06 0.356 8.816 MDB 13 Kinchega NP 
Murray 15.37 51.73 27.94 4.96 0.548 10.285 MDB 14 Mildura 
Darling 39.19 27.21 31.24 2.35 0.406 13.183 MDB 15 Wentworth 
Lake Bungunnia 27.98 64.50 6.24 1.29 0.249 12.85 MDB 16 Chowilla 
Lake Bungunnia 32.66 36.62 30.67 0.05 0.194 35.628 MDB 17 Overland Corner 
Murray 24.05 41.02 32.32 2.60 0.46 9.562 MDB 18 Swan Reach 
Murrumbidgee 24.26 38.36 34.84 2.54 0.528 8.112 MDB 19 Balranald 
Loddon 5.67 37.94 48.01 8.37 2.391 8.691 MDB 20 near Kerang 
Campaspe 15.77 49.63 30.30 4.30 0.61 15.265 MDB 21 Echuca 
Goulburn 11.96 40.22 42.68 5.15 0.807 8.455 MDB 22 near Nathalia 
Murray 15.20 34.03 45.27 5.50 0.828 4.827 MDB 23 Picnic Point 
Ovens 7.48 51.51 34.05 6.97 0.747 4.221 MDB 24 S Bundalong 

Table F1: Clay mineral composition, Esquevin-Index (EI) and quartz/feldspar-ratios of 24 samples 
taken from rivers and other potential clay sources (Blanchetown Clays) in the Murray-Darling 
Basin. 

Clear differences can be seen in the clay mineral composition of the tributary rivers between the 
Murray and the Darling catchment areas, reflecting differences in geology, weathering regime and 
soil formation (Fig. F3). High illite/mica contents are characteristic for rivers originating in the 
Australian high country such as the Murray tributaries (Murrumbidgee, Ovens and Goulburn), but 
also for the Darling tributaries (Macquarie and Bogan). These samples attest to the prevailing 
physical erosion of crystalline rocks in a high and cold catchment area. The remaining tributaries of 
the Darling, which originate in southern Queensland, are characterized by abundant smectite. 
Smectite even increases further downstream in the Darling River, possibly due to admixture from 
seasonal creeks from the north like the Paroo. Kaolinite contents are similar for both catchment 
areas and chlorite is very low (<10%) without a recognizable pattern. 
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As we do not have detailed information on the contribution of suspended matter of each tributary to 
the main river, which may also vary drastically seasonally and annually depending on local weather 
conditions, we use 3 individual samples as representatives for the Darling, the Upper Murray and 
the Murray close to the Murray Mouth (Table F2). The samples were taken near Wentworth for the 
Darling, near Mildura for the Upper Murray and near Swan Reach for the Murray close to the 
mouth. The first 2 are believed to represent an average clay mineral composition of the Darling and 
the Murray River systems before the confluence and the latter the composition of the suspended 
load of the whole Murray-Darling River system before entering the ocean.  

River smectite% kaolinite% illite% Esquevin-Index quartz/feldspar 
Murray at mouth 24.05 32.32 41.2 0.46 9.6 
Murray, Mildura 15.37 27.94 51.73 0.548 10.3 
Darling, Wentworth 39.19 31.24 27.21 0.406 13.2 

Table F2: Clay mineral composition and accessory minerals in 3 representative samples. 

The samples from the Lower and Upper Blanchetown Clay, a deposit of Lake Bungunnia, which 
covered extensive areas of the Murray-Darling Basin until 600,000 years ago, show quite different 
clay mineral compositions. But generally they are high in illite and low in smectite and kaolinite. 

Dust samples from the central desert areas (Gingele et al. 2001) consist almost exclusively of 
kaolinite (50-60%) and illite (40%).  

4.2 The cores 
The information on the composition of terrigenous matter in a potential source area enables us to 
interpret the terrigenous record and the clays in particular in our cores. Core MD03-2607 is located 
at a depth of 865m on a gently sloping plateau, which is separated from the main shelf break by the 
upper Sprigg Canyon. The setting should be safe from any significant erosion or deposition of 
turbidites. Core MD03-2611 was taken from a small plateau on the eastern rim of the Du Couedic 
Canyon at 2420m water depth. Here, it cannot be ruled out that sediment is relocated from 
shallower water depths, in particular as a spillover from turbidites going down the main canyon. 
However, there was no visible sign of turbidites in both cores and the stratigraphic sequence seems 
to be continuous. 

Presently, the core sites are more than 200km away from the Murray Mouth, with a quite shallow 
shelf area in between. Being so shallow, a reduction of the sea level by 60-70m would have had 
most of the shelf exposed and brought the Murray Mouth significantly closer to both core sites. 
Although the exact position of the Murray Mouth is unknown the coastline during the Last Glacial 
Maximum would have been within 15-30km of each core site. 

The clay mineral records of both cores are quite similar through time reaching back 100ka and 
175ka respectively. Their fluctuations can be interpreted in terms of varying inputs of aeolian and 
fluvial material or changes in the composition of the fluvial signal. In general, all 3 major clay 
minerals fluctuate in tune with the oxygen isotope record or the inverted record and represent 
glacial-interglacial changes (Fig. F4). Smectite being prominent in the river load and with no other 
significant source can be used to trace the fluvial signal in our cores. It is hardly detectable near the 
core top, but increases with rising δ18O-values in the last glacial around 20ka ago. As the δ18O-
values are as much a sea-level as well as a temperature record, it can be concluded that the smectite 
record in the core reflects sea level and, depending on it the proximity of the river mouth. Smectite 
values closely follow the δ18O-record with high concentrations in cold stages 2- 4 and 6 and the 
cold substages of stage 5, and are equivalent to concentrations of modern river loads near the 
Murray Mouth (Fig. F5).  
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Kaolinite records follow the inverted δ18O-curve with high concentrations during warm stages and 
lower δ18O-values. An exception is the unusually high kaolinite concentrations during the 
penultimate glaciation stage 6 in core MD03-2607. Overall, kaolinite values exceed the 
concentrations found in river sediments throughout the core and attest to a continuous input of 
excess kaolinite with dust. 

Illite values do not show such a clear picture. They fluctuate around 40% from stage 5 to stage 1, 
with only 2 prominent spikes after the 6/5 and 2/1 termination. Again, stage 6 is unusual with very 
low illite values. Illite values in river sediments near the Murray Mouth and in dust samples from 
the central deserts, are both close to 40% making it impossible to detect any changes in the input 
from both sources. The illite spikes during deglaciations, with values in excess of 50%, must be 
interpreted as a shift in composition of river sediments in favour of material from the upper Murray 
drainage area. 

Grain size (clay/silt-ratio), the quartz/feldspar-ratio in the clay fraction and the Esquevin-Index (EI, 
which describes the degree of weathering in illites) can also be employed to distinguish between 
dust and the river load (Fig. F6). Dust is typically silt-size, richer in feldspar, and illites are still 
Fe,Mg-rich and little weathered. As the dust originates in arid regions, the lack of water prevents 
weathering of feldspars and mica/illite. It is also harder for the wind to pick up clay-size particles as 
they are usually cemented together after drying out. River suspension, in contrast, contains more 
clayey particles and erosional wash-out products from well-weathered soils. 

Again, our core records show higher clay/silt-ratios, less feldspar and Al-rich, weathered illites 
during cold stages 6 and 2-4, indicating the dominance of river induced material. In contrast, in 
warm stages 5 and 1, dust input prevails. 

The following scenario can be developed for the last 175,000 years: 

4.2.1 Penultimate glacial (175-130ka) 
High sedimentation rates and the increase of the “fluvial” proxies such as smectite, clay/silt-ratio, 
quartz/feldspar-ratio and degree of weathering of illites, all indicate that river-borne material 
dominated sedimentation in the Murray Canyons area. With sea levels being 130m below present 
ones, the Murray Mouth would have been somewhere on the shelf break and within 15-30km of our 
core sites, thus spilling river sediment directly on the continental slope and into the canyons. 
Although there is general consent that dust concentration and propagation was intensified during 
glacials, any such signal would have been overprinted by the massive increase in fluvial input at our 
core sites. The composition of the fluvial load was markedly different from the composition of 
today’s river. Although it carried similar concentrations of smectite, this fluvial load was much 
poorer in illite and richer in kaolinite. As kaolinite contents are similar in the Darling and Murray 
catchment areas (around 30%), an additional fluvial kaolinite source is required. Intensified erosion 
of older sediments, e.g. the Blanchetown Clays, due to an extremely low sea level can be ruled out, 
because the latter are very low in kaolinite. Lacking other source data, we must assume that the 
Murray possibly received a kaolinite-smectite-rich tributary on the exposed shelf, before entering 
the ocean. A potential candidate is the Palaeo-River Vincent (Sprigg 1974), a glacial channel 
discovered on the shelf, which probably drained the St. Vincent Gulf and the joined the glacial 
course of the Murray somewhere on the shelf. 

4.2.2 Last interglacial (130-74ka) 
As sea level rose, the Murray Mouth began to recede from the shelf break and the input of river 
material decreased as indicated by our fluvial proxies. During deglaciation at termination II (6/5), a 
sharp decrease of smectite corresponds to a marked illite peak. Clay/silt-ratios confirm that this is 
still very much a fluvial signal and must be interpreted as a change in the composition of the river 
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load. Illites reach concentrations of 50%, which are similar to values in the Upper Murray 
catchment today, and are poorly weathered, Fe,Mg-rich. We assume that these illites represent 
physically-eroded glacial debris released by melting glaciers and permafrost areas in the Australian 
Alps, which were washed down the Murray River and its tributaries during deglaciation. 

Subsequently, our “dust proxies” clay/silt-ratio, quartz/feldspar-ratio and kaolinite contents, 
together with an overall low sedimentation rate, point to aeolian input as the major source of 
terrigenous matter during the warm substages of stage 5. A return to more fluvial influence, in tune 
with fluctuating sea levels, is indicated in cooler substages 5.2 and 5.4.  

4.2.3 Last glacial (isotope stage 4-2, 74-12ka) 
Sea level dropped again during isotope stage 4, the Murray River mouth again reached the shelf 
break and smectite values in our clay mineral record increased. During stage 3, they fluctuated 
considerably. This was a time when sea level frequently rose to less than –50m, which corresponds 
to a critical depth on the shelf. Then, a change of a few metres at that depth means a considerable 
distance in the location of the Murray Mouth. In stage 2, sea levels reached the minimum of the 
Last Glacial Maximum and smectite values again reached values typical of the Murray River 
sediment. Kaolinite values dropped continuously throughout the period and reached an absolute 
minimum during the LGM. This seems to be in contrast to the assumption of a “glacial dustplume”, 
which supposedly provided ample kaolinite-rich dust to the ocean (Bowler 1976). This dustplume 
may still have existed, but its signal is overprinted here by increased supply of material from the 
Murray River Mouth. The kaolinite minimum during the LGM shows that the fluvial kaolinite 
source, which was present during the penultimate glacial (stage 6) was no longer available. If our 
interpretation is correct and kaolinite was provided in stage 6 by a tributary river from the St. 
Vincent Gulf, which joined the Murray somewhere on the shelf, then the situation was completely 
different in stage 2. The original channel of the tributary may have been filled during stage 5 and 
was not able to join the Murray when the next sea-level lowstand occurred. A conspicuous kaolinite 
peak during the LGM in the western core MD03-2611 indicates that a kaolinite-rich river may have 
indeed reached the sea independently and did not contribute to the load of the main Murray River, 
which must have reached the seashore at a more eastern location (Fig. F7). Our additional proxies 
clay/silt-ratio, quartz/feldspar-ratio and EI confirm that the input of fluvial material dominated both 
core sites throughout the glacial period. Even, when sea level rose during stage 3, there was enough 
outflow from the Murray Mouth to maintain a prevailing fluvial sedimentation. 

4.2.4 The Holocene (12-0ka) 
With rising sea levels the Murray mouth retreated again and river suspension was no longer 
transported directly to the Canyon area, but deposited on the wide continental shelf. As a 
consequence, the dominant source of sediments today is aeolian dust, which is composed of silt-
size, feldspar-rich material. Characteristic clay minerals are kaolinite and illite, whereas smectite is 
almost absent. During the Holocene, the principal mode of sedimentation shifted from fluvial to 
aeolian. A conspicuous deglacial illite peak, which is again still very much a fluvial signal, is 
interpreted as physically-eroded debris from the Australian Alps, which is released by melting 
glaciers and permafrost areas and enters the Upper Murray drainage area. 

4.3 Trace and major elements 

Major and trace elements were determined in some bulk samples (Fig. F8). As Ca, Mg and Sr are 
associated with carbonate and all the other elements mainly with the terrigenous fraction, the 
downcore element distribution mirrors the carbonate record. Ba can be contained in carbonate (up 
to 50ppm) and the terrigenous fraction (200-1000ppm). As carbonate concentrations are known, the 
concentration of the elements not associated with carbonate can be recalculated on a carbonate-free 
basis, thus eliminating the diluting effect of carbonate and assessing real changes in the composition 
of the terrigenous material. A prerequisite is that these elements are conservative and not 
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significantly mobilized by early diagenesis. Two groups of elements emerge, representing the 
periods with either dust or fluvial input. Fe and Ti are prominent when sea level is low and the 
fluvial input, as indicated by the clay mineral proxies, is high. V also falls into that group, although 
some of it may be enriched in nearsurface layers by suboxic diagenesis.  

Zr and Y are conservative elements, which show the highest values during times of high sea levels, 
when dust input prevails. Cu, Ni, Sc, Zn and Cr show similar patterns with minor deviations in 
individual peaks. These deviations may again be attributed to early diagenetic mobilization of the 
more reactive phases of some of these elements. 

Geochemical fingerprinting of material from source areas, rivers as well as dust, is planned to better 
constrain the use of trace elements as indicators of provenance. 

5. Biogenic input 
The glacial-interglacial shift in climate - with all its implications on marine ecosystems - should be 
recorded in the biogenic constituents of the sedimentary record. Apart from changes in general 
ocean circulation, variations in marine primary productivity can be expected. Factors influencing 
productivity are changing input of nutrients with dust or river suspension or increased advection or 
upwelling of nutrient-rich deeper water. Our terrigenous record shows quite dramatic changes 
between fluvial and aeolian input, which are likely to affect ocean productivity. 

We measured a variety of proxies, which are commonly used to assess ocean productivity. 
Although each of the proxies has its limits and constraints, we should be able to find possible 
changes in ocean productivity by applying a combination of proxies. 

The concentrations of carbonate, organic carbon, biogenic silica, sulfur and phosphorus, barium and 
δ13C of planktonic foraminifera can all be used to assess past ocean productivity. 

5.1 Biogenic silica and barium 
The accumulation of biogenic silica (diatoms and radiolarians) has been used to assess changes in 
past productivity (Schneider et al. 1997), although quantitative calculations are difficult due to the 
selective and little-known dissolution of individual species of diatoms. In both cores, no diatoms at 
all were found (pers. comm. Leanne Armand), the only biogenic silica being present is a variety of 
sponge spicules. We can only speculate that productivity may have been low or that dissolution was 
very effective. 

Biogenic barium is formed in microenvironments of siliceous aggregates, while sinking to the sea 
floor, and can be employed as a productivity proxy with a high degree of preservation. Biogenic 
barium is still preserved in cores while biogenic silica has dissolved completely (Bonn et al. 1998). 
Unfortunately, barium concentrations throughout our cores are extremely low (50-200ppm), with 
the lowest values in the sections with high carbonate and the highest values in the terrigenous parts. 
As carbonate carries up to 50ppm barium and terrigenous matter between 400 and 1000ppm, we 
cannot determine any excess (biogenic) barium associated with primary production in the photic 
layer. Thus, we have to discard barium as a productivity proxy. 

5.2 Carbonates 
The major constraint of using carbonate as a productivity proxy is the dissolution of carbonate with 
water depth, in particular below the aragonite and calcite lysocline. Core MD03-2607 at only 860m 
water depth is well above any lysocline and still contains high amounts of aragonite. Although core 
MD03-2611 was taken from 2,420m water depth, the absolute amount of aragonite is similar. There 
is no visible fragmentation of shells in both cores and we conclude that we can neglect any 
carbonate dissolution effects. 
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Total carbonate contents in core MD03-2607 fluctuate between 90% in warm stages 1, 3, 5 and 
40% and 10% respectively in cold stages 2 and 6. As sedimentation rates suggest, all the carbonate 
fluctuations from stage 6 to 1 can be accounted for by dilution with terrigenous matter alone. A 
closer proximity of the river mouth and increased input of terrigenous matter from the river during 
sea-level lowstands increased overall sedimentation rates and diluted carbonate flux. Consequently, 
we can assume a constant flux of total carbonate.  

In both cores, we were able to distinguish between 3 carbonate phases. Low-Mg calcite, which 
mainly represents planktonic foraminifera and coccoliths, aragonite, which results from pteropods 
and high-Mg calcite. The origin of the latter is not so obvious with echinoderms (sea-urchins), 
holothurian sclerites, octocoral sclerites and some benthic foraminifera as potential sources. 
However, as a summary signal high-Mg calcite can be considered as a contribution from benthic 
organisms. In core MD03-2607, the downcore records of all 3 phases show the dilution by 
terrigenous matter during stage 6 and 2, but there are diverging patterns in stages 1, 3 and 5 (Fig. 
F9). The record of low-Mg calcite is most similar to the oxygen-isotope record from the planktonic 
foraminifera G. bulloides. Concentrations are lower in stage 3 than stage 5, a pattern which cannot 
be explained by dilution. The production and flux of calcareous planktonic foraminifera may have 
been lower between stage 2-4 and again in late stage 6, possibly reflecting poorer living conditions.  

The aragonite record is most similar to the record of total carbonate. Pteropods are the main carrier 
of the aragonite signal and seem to be unaffected by changing glacial-interglacial conditions and 
maintained a constant flux, again with the exception of late stage 6. A maximum in aragonite in 
stage 3 may be interpreted as an optimum in pteropod living conditions, as sedimentation rates and 
dilution were similar to stage 1 and 5. Detailed work on the individual pteropod species involved 
could provide more information on the properties of the glacial ocean. 

The downcore records of high-Mg calcite are quite different to those of the other carbonate phases. 
The only common features are minima in stage 6 and 2 in core MD03-2607 caused by extensive 
dilution with terrigenous matter. In core MD03-2611 where dilution is less severe, high-Mg calcite 
even shows a maximum in stage 2 (Fig. F10). The effect of dilution could be compensated by 
calculating mass accumulation rates (MAR) as soon as precise age models are available. Then, 
high-Mg calcite in both cores should show higher fluxes during the cold phases 2-4 compared to 
stage 1 and 5. A tentative interpretation may be that benthic organisms, like holothurians and other 
echinoderms, are sediment feeders and may have taken advantage of food particles arriving with an 
increased river load during sea-level lows.  

5.3 Organic carbon, sulfur and phosphorus 
Organic carbon, sulfur and phosphorus in the sediment are remains of the organic matter raining 
down to the sea floor from the productive photic layer. Their preservation and distribution in 
sedimentary records can indicate past productivity of the ocean. Phosphorus, however, can also 
occur in the form of inorganic phases with terrigenous detritus and has to be interpreted with 
caution. Sulfur compounds on the other hand, are highly utilized during the early diagenetic 
degradation of organic matter in the sediment and may be transformed to inorganic phases like 
pyrite. Although that process preserves sulfur, it is dependent on the availability of iron. 

Organic carbon has been used in a number of approaches to recalculate past productivity of the 
oceans from the sedimentary records. Although only a small amount of the organic carbon produced 
in the photic layer survives burial in the sediment, the estimates seem reasonable when compared 
and calibrated on present productivity rates. For our setting at a continental margin, the formula of 
Mueller and Suess (1979) seems appropriate, because it considers the preservation effect of a 
strongly fluctuating total mass accumulation rate.  
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Organic carbon contents in core MD03-2607 fluctuate in regular intervals with the strongest 
maxima in cold stages 2 and 6, when overall sedimentation rates peaked (Fig. F11). The intervals 
coincide with minima in solar insolation at 30˚ S, which in turn is driven by precessional variations. 
As high input of terrigenous matter tends to enhance organic carbon preservation it has to be 
accounted for if organic carbon accumulation is interpreted in terms of paleoproductivity. The 
formula of Mueller and Suess (1979) uses the sedimentation rate as a divisor, thus accounting for 
preservation effects. It was developed for sediments at continental margin settings. 
Paleoproductivity rates computed with the formula of Mueller and Suess (1979) indicate a moderate 
increase in surface productivity of 20% between core top values and organic carbon maxima during 
insolation minima. For the core top a moderate primary productivity of 90 g C m-2 a-1 can be 
calculated, which is in agreement with estimates of ocean productivity for the region of 60-90 g C 
m-2 a-1 (Berger et al. 1989). During the Holocene primary productivity rates average around 80 g C 
m-2 a-1, but during insolation minima productivity increased up to 110 g C m-2 a-1.  

Contents of sulfur and phosphorus correlate well with organic carbon and support the scenario of a 
higher flux of organic matter during insolation minima. Today, onshore winds prevail over the 
southeastern Australian coastal margin in summer, while in winter the main winds are offshore. In 
analogy, we can compare periods of lower insolation to the winter situation, when offshore winds 
on an average are more common. These offshore winds may have pushed surface water away from 
the coast, allowing the upwelling of nutrient rich subsurface water. Additionally, they may have 
carried dust to the ocean, which can act as a fertilizer to nutrient-poor surface waters. 

5.4 Carbon isotopes (δ13C) 

Carbon isotopes in the shells of planktonic foraminifera have been used to assess the fertility of 
surface waters, although they are difficult to interpret as they may contain mixed information 
(Wefer et al. 1999). As primary producers preferably use 12C, the remaining surface waters becomes 
enriched in 13C, except in areas of strong mixing with deeper waters (Broecker and Peng 1982). Air-
sea exchange of CO2, calcification depths of foraminifera and postdepositional dissolution also 
influence δ13C-ratios of carbonate shells (summary in Mulitza et al. 1999). 

As the δ13C-values of G. bulloides increase in upwelling regions relative to open ocean conditions, 
they have been used as an indicator of enhanced primary production (Curry et al. 1992). It has been 
observed from plankton tows and sediment traps that G. bulloides occurs late in the season when 
primary producers have already depleted nutrients and increased the δ13C of surface waters. 

The δ13C-record of G. bulloides in core MD03-2607 correlates reasonably well with the organic 
carbon record with more positive values near organic carbon peaks thus supporting our assumption 
of periodic upwelling in the area (Fig. F11). Nevertheless there are other conspicuous features in the 
record, one being a marked δ13C minimum at 13 ka. This minimum has been observed in cores 
worldwide and is attributed to a change in the preformed isotopic composition of southern source 
waters (Oppo and Fairbanks 1989; Schneider et al. 1992). 

Another striking feature is the difference in background level of δ13C between the last glacial stage 
4-2 and the penultimate glacial 6. Values are much more negative during stage 6, which may again 
indicate a more southerly source of surface waters. 

6. Conclusions 
The Murray Canyons area experienced dramatic changes in the amount and composition of 
sedimentary material laid down over the last 175,000 years. Changing sea levels and associated 
shifts in the position of the Murray Mouth are the main factors influencing the mode of 
sedimentation in the Canyon area. 
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Today, with the Murray Mouth over 200km away from the Canyons, little terrigenous matter 
reaches the area and the sedimentation mode is pelagic, with the predominant sedimentation of 
carbonate particles and some aeolian material. 

During sea-level lowstands, when the Murray Mouth was within 15-30km of the canyons area, the 
sedimentation mode shifted to hemipelagic, and fluvial clays were deposited, increasing the overall 
sedimentation rate by a factor of 3-6. The enormous increase in fluvial material drowned all 
evidence of any fluctuations of the aeolian input. Hence, a glacial dustplume as recorded in pelagic 
cores elsewhere, without any fluvial influence, cannot be verified in our cores. 

The composition of the terrigenous matter suggests that the Murray River was the major source of 
sediment during cold stages 4-2 and 6. However, during stage 6, the river load was more kaolinite-
rich, possibly due to a tributary river from the St. Vincent Gulf which joined the Murray on the 
exposed shelf. There is some evidence in the clay record of core MD03-2611 that this “Palaeo-
River-Vincent” may have reached the ocean independently during stage 2. 

Two deglacial illite peaks at termination II and I indicate the influx of little weathered material 
released from melting glaciers and permafrost areas in the Australian Alps. 

Proxies of ocean productivity indicate that cyclic regional upwelling occurred in tune with 
insolation minima at 30˚S. Stronger offshore winds during insolation minima may have fostered 
moderate upwelling and the dust they carried could have fertilized surface waters thus adding an 
additional boost to primary production. 
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Figure F1: Total carbonate content, quartz content and the oxygen isotope record measured on G. 

bulloides of core MD03-2607. The material in the core switches strongly from carbonate-rich to 
carbonate-poor, in tune with warm and cold phases. 
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Figure F2: According to the oxygen isotope record core MD032607 covers the last 175,000 years 

(stage 6-1). Episodes of strong terrigenous input during cold phases and low sea levels dilute 
carbonate sediments and dramatically increase overall sedimentation rates. 

 



AUSCAN Final Report  Geoscience Australia 

 
106 

 

 -38°

 -36°

 -34°

 -32°

 -30°

 -28°

 -26°
 140°  145°  150°  155°

16.07
31.41

48.88
24.88

27.07
24.49 25.57

37.06

18.67

19.68
21.78

37.84
35.94

15.37

39.19

24.05
24.26

5.67
15.77 11.96

15.2

7.48

Smectite %
 -38°

 -36°

 -34°

 -32°

 -30°

 -28°

 -26°
 140°  145°  150°  155°

45.76
27.07

15.51
14.0124.6

22 23.31

26.27
38.39

27.26

26.35

23.41

26.3

51.73

27.21

41.02 38.36

37.94
49.63

40.22

34.03

51.51

Illite%

 -38°

 -36°

 -34°

 -32°

 -30°

 -28°

 -26°

 140°  145°  150°  155°

35.27
37.95

31.12
52.5445.91

49.16 50.37

32.55
39.46

43.57

50.48

35

33.7

27.94

31.24

32.32
34.84

48.01
30.3

42.68

45.27

34.05

Kaolinite%
 -38°

 -36°

 -34°

 -32°

 -30°

 -28°

 -26°

 140°  145°  150°  155°

2.91
3.57
4.5

8.572.42

4.34 0.75

4.12
3.48

9.48

1.39

3.75
4.06

4.96

2.35

2.6
2.54

8.37
4.3

5.15

5.5

6.97

Chlorite%

high
medium
low

high
medium
low

high
medium
low

high
medium
low

 
Figure F3: Clay mineral analyses from 24 selected rivers and tributaries in the Murray-Darling Basin show distinct differences between the 

 Darling and the Murray catchments. 
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Figure F4: Downcore records of the 3 main clay minerals in core MD03-2607 in comparison with 

the oxygen isotope record. 
 



AUSCAN Final Report  Geoscience Australia 

 
108 

 
 

2 4 6

0

10

20

30

10

20

30

40

50

30

40

50

60

age (ka)

?

kaolinite%

smectite%

illite%

0 50 100 150

Murray
near mouth

Darling

Upper Murray

Murray
near mouth

Darling

Upper Murray

Murray
near mouth

Upper Murray
Darling

 
 
Figure F5: Downcore records of the 3 main clay minerals in core MD03-2607 and average clay 

mineral composition of the river load of the Upper Murray, the Darling and the Murray River 
near the mouth. 
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Figure F6: Clay/silt-ratio, quartz/feldspar-ratio and illite chemistry (Esquevin-Index) can be used to 

distinguish between riverine influx and dust. 
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Figure F7: Downcore record of the 3 main clay minerals in core MD03-2611. Although the age 

model is preliminary as no isotopes are available yet, the similarities to core MD03-2607 are 
striking. 
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Figure F8: Trace elements calculated on a carbonate-free basis for core MD03-2607 can also be 

used to characterize the provenance of terrigenous matter. 
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Figure F9: Total carbonate in core MD03-2607 comprises 3 phases, which show differing 

individual patterns. 
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Figure F10: Similar to core MD03-2607 different carbonate phases can be recognized in core 

MD03-2611. 
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Figure F11: Organic carbon and δ13C in G. bulloidesshow cyclic variations, which correspond to 

minima in insolation at 30ºS. Some of the variations are also preserved in the sulfur and 
phosphorus record. 
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Appendix 8 

AUSCAN Nutrient Analysis – Initial Report (SARDI) 
 

by Paul van Ruth1,2 

 
1SARDI Aquatic Sciences, P.O. Box 120, Henley Beach, S.A. 5022 

2Department of Environmental Biology, The University of Adelaide, SA 5005 
 

 
This appendix is an initial report detailing the results of nutrient analysis carried out on water 
samples collected during the AUSCAN research cruise completed in March 2003.  Samples 
were collected from 6 CTD stations (Table 1), and were analysed by the Water Studies Centre 
at Monash University.  Nutrients examined included silica, nitrogen (as ammonium (NH4), 
oxides of nitrogen (NOx), and total nitrogen (TN)), and phosphorus (as filterable reactive 
phosphorus (FRP) and total phosphorus (TP)). 
 
 
Table 1. List of the AUSCAN CTD stations at which various water samples were taken. 
 
Site Station 

number 
CTD 

reference
Depth 
(m) 

Bottles, 
no. 

Location 
(deg, min) 

Remarks 

4 MD131-
CTD01 

DB2500 
D1,M1,M2 

3870 24 -36 52.52 
136 58.21 

 

5 MD131-
CTD02 

DB2510 
D1,M1 

150 15 -36 30.65 
136 42.45 

 

6 MD131-
CTD03 

DB251550 
D1,M1 

949 24 -36 44.52 
136 46.41 

Deployed 
to 200m 
only 

7 MD131-
CTD04 

DB2519 
D1,D2,M1,

M2 

1750 24 -36 48.88 
136 49.08 

 

9 MD131-
CTD05 

DB2612 
D1,M1,M2 

4800 24 -37 07.73 
136 54.24 

 

12 MD131-
CTD06 

DB2719 
D1,M1 

340 22 -36 31.14 
136 25.97 

 

 
 
Silica 
For all stations, silica concentrations within the top 200–500m of the water column ranged 
between 0.1 and 0.6 mg Si L-1 (Fig. 1).  Samples collected at stations with depths greater than 
500m show a marked increase in silica concentration below 500m.  Silica concentrations 
below 500m ranged between 1.2 and 7.4 mg Si L-1 at stations CTD 4 and CTD 5 (Fig. 1, J and 
M), increasing with depth.  Station CTD 1 has a spike of silica peaking at 3.5 mg Si L-1 at 
1000m, but concentrations decrease to around surface levels below this depth (Fig. 1, A). 
 
Nitrogen 
NH4 concentrations remained relatively constant with depth for all stations, varying between 
0.007 and 0.018 mg N L-1.  NOx values correlated closely with TN values over all stations.  
Above 500m, NOx values ranged between 0.002 and 0.24 mg N L-1 for all stations, and TN 
ranged between 0.07 and 0.30 mg N L-1 (Fig. 1).  As observed for silica concentrations, 
samples collected at stations with depths greater than 500m show a marked increase in NOx 
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and TN concentrations below 500m.  At CTD stations 4 and 5, NOx concentrations below 
500m ranged between 0.42 and 0.53 mg N L-1, increasing with depth, while TN 
concentrations in the same region of the water column ranged between 0.49 and 0.57 mg N L-

1, again increasing with depth (Fig. 1, K and N).  A spike similar to that observed at station 
CTD 1 for silica concentration was found to occur for NOx and TN concentrations also.  
Values of 0.52 and 0.56 mg N L-1 were observed at 1000m depth for NOx and TN 
respectively, decreasing beyond 1000m to concentrations resembling those seen at the surface 
(Fig. 1, B). 
 
Phosphorus 
Phosphorus concentrations remained relatively low above 500m for all stations, with FRP 
ranging between 0.002 and 0.037 mg P L-1, and TP ranging between <0.01 and 0.032 mg P L-

1 (Fig. 1).  Below 500m, phosphorus concentrations increased in a similar pattern to silica and 
nitrogen concentrations.  Samples collected below 500m at stations CTD 4 and CTD 5 had 
FRP concentrations that ranged from 0.056 to 0.074 mg P L-1, and TP concentrations between 
0.055 and 0.072 mg P L-1, both increasing with depth (Fig. 1, L and O).  As observed for 
silica and nitrogen concentration, a spike in FRP and TP concentrations was observed at 
1000m depth at station CTD 1, with FRP and TP increasing to 0.067 and 0.069 mg P L-1 
respectively at 1000m, and decreasing beyond this depth to concentrations similar to those 
observed at the surface (Fig. 1, C). 
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Figure 1: A-F 
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Figure 1: G-L 
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Figure 1: M-R 
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Appendix 9 
Initial Observations on Plankton Tow Samples Collected during the 

AUSCAN Cruise (ANU) 
 

by Aleksey Sadekov 
 

Moscow University and Department of Earth & Marine Sciences, ANU 
 
The results of five samples of plankton material obtained by towing a 150µm-mesh plankton 
net during a 10-minute period are presented here. Location and other information for the 
plankton tows are presented in Table 1. The locations were chosen above different 
morphological features of canyon systems. 
 
Initial quantitative observations show that approximately 80% of the total sample biomass are 
represented by scyphozoans, ctenophores, copepods, isopods, and decapods; in addition, 
different nauplial stages of crustaceans and larvae of coelenterates have been recognised. 
Organisms with mineralised skeletons are represented by foraminifers, radiolarians, 
acantharians and pteropods. The relevant percentages for those latter taxa vary somewhat 
between stations. Maximum values of foraminifers are noted at station PN10 and PN6. 
Nevertheless, foraminiferal assemblages are almost identical and reflect a total dominance of 
the shallow water-dwelling species Globigerinoides ruber at all stations. Several other species 
are also recognised. These are: Globigerina bulloides, Orbulina universa, Globorotalia 
truncatulinoides, Neogloboquadrina pachyderma sin (Table 2). The greatest variation in the 
foraminiferal assemblage occurred at station PN7. 
 
Radiolarians (made of SiO2) and acantharians (made of SrSO4) are common in all the 
samples, with maximum numbers at stations PN6 and PN4. Pteropods (made of aragonite) are 
well represented in all samples; approximately 5-10 species of pteropods have been 
recognised. 
 
The strong dominance of Globigerinoides ruber among the planktonic foraminiferal 
assemblages is a direct reflection of the season during which samples were collected. 
 
 
Table 1. Location of plankton tows 
 

Sample 
number 

Sample 
number (ANU) 

Latitude/Longitude 
(degs), preliminary 

Area 

MD131-PN2 Station 1 -39.5268   141.9683 SSE of Portland in ~2300 
m water close to the first 
SOCOZA core site 

MD131-PN4 Station 4 -36.5095   136.7017 Murray Canyons area 
MD131-PN6 Station D -36.8307   136.7747 Murray Canyons area 
MD131-PN7 Station A -37.1432   136.9098 Murray Canyons area 
MD131-PN9 Station J -36.7298   136.5483 Murray Canyons area 
MD131-PN10 Station K -36.5268   136.4345 Murray Canyons area 
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Table 2. Distribution of plankton with mineralised skeletons 
 

Sample 
number 

Foraminifera Radiolaria Acantharia Pteropoda 

MD131-PN4 common 
Globigerinoides ruber - 99% 
Globigerina bulloides 

moderate 
numbers 

common abundant 

MD131-PN6 abundant 
Globigerinoides ruber only 

very abundant moderate 
numbers 

few 

MD131-PN7 common 
Globigerinoides ruber - 90% 
Globigerina bulloides 
Globorotalia truncatulinoides 
Neogloboquadrina pachyderma sin 

common rare very abundant 

MD131-PN9 common 
Globigerinoides ruber - 99% 
Orbulina universa 

few rare common 

MD131-PN10 abundant 
Globigerinoides ruber - 99% 
Orbulina universa 

common few common 
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Appendix 10 
Census of Macroscopic Organisms Collected during the AUSCAN Cruise 

(SARDI) 
 

Report by Lachlan McLeay 
 

Great Australian Bight and Shelf Seas Program, 
South Australian Aquatic Science Centre, SARDI 

PO Box 120 West Beach, SA 5024 
 
The samples mentioned in this appendix were identified at a broad taxonomic level by SARDI 
researchers. Eventually identifications will need to be further checked by 
taxonomists/biologists specialising in deepwater marine fauna. Anyone interested in this 
material should contact the collections manager, Thierry Laperousaz at the South Australian 
Museum. 
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Figure 1. Histograms showing the proportions of the major taxonomic groups recovered with 
the benthic sled during the AUSCAN cruise. Note that only the percentages of the different 
groups are presented here and that at some stations only few specimens were recovered. For 
more details on numbers collected, refer to Tables 1 and 2. 
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Table 1. Details of the various stations where a benthic sled was deployed and the number of 
specimens recovered. Note that at stations 7 and 8 a small 200 kilogram sled was deployed 
whereas at other stations a 1 tonne sled was used. 
 

Station 
number 

Depth 
(m) 

Location 
(deg, min), 
mid-point 

Deployment 
time (minutes) 

Number of 
specimens 

MD131-D01 860 -36 39.06 
137 00.04 

30 8 

MD131-D02 161 -36 30.41 
136 43.00 

 159 

MD131-D03 1145 -36 44.85 
136 47.46 

98 7 

MD131-D04 1870 -36 49.85 
136 47.20 

128 19 

MD131-D05 3570 -36 52.30 
136 53.05 

 23 

MD131-D06 3150 -36 45.52 
136 27.98 

179 0 

MD131-D07 2730 -36 41.55 
136 33.56 

159 0 

MD131-D08 350 -36 26.86 
136 27.85 

127 5 

 
 
 
 
Table 2. AUSCAN 2003 benthos collections - preliminary identification by SARDI staff. 
 
Stat
-ion 

Date ID Description Best taxonomic 
classification 

Count

1 2/25/2003 1-1 Toothed whiptail Lepidorhynchus 
denticulatus 

1 

1 2/25/2003 1-2 Pumice with entoproct  1 
1 2/25/2003 1-3 Squat lobster Family Galatheidae 2 
1 2/25/2003 1-4 Octopus sp  1 
1 2/25/2003 1-5 Ophuroid sp  1 
1 2/25/2003 1-6 salp sp  2 
2 2/25/2003 2-1 Handfish Brachionichthys sp 6 
2 2/25/2003 2-2 Scale worm sp  7 
2 2/25/2003 2-3 Scale worm sp  1 
2 2/25/2003 2-4 Juvenile cuttlefish Sepia sp 1 
2 2/25/2003 2-5 Asteroidea sp  3 
2 2/25/2003 2-6 Corals Flabellum australe 4 
2 2/25/2003 2-7 Squat lobster Family Galatheidae 1 
2 2/25/2003 2-8 Crustacean/shrimp  1 
2 2/25/2003 2-9 Crustacean/bug  1 
2 2/25/2003 2-10 Ascidian sp  13 
2 2/25/2003 2-11 Echinoidea/sand dollars  11 
2 2/25/2003 2-12 Sea Hare ?  2 
2 2/25/2003 2-13 Echinoidea/ urchin spp  15 
2 2/25/2003 2-14 Xenospongia sp  15 
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2 2/25/2003 2-15 Sponge sp 1  2 
2 2/25/2003 2-16 Sponge sp 2  1 
2 2/25/2003 2-17 Calcareous sponge sp 1  1 
2 2/25/2003 2-18 Calcareous sponge sp 2  14 
2 2/25/2003 2-19 Calcareous sponge sp 3  1 
2 2/25/2003 2-20 Sponge sp 3  1 
2 2/25/2003 2-21 Sponge sp 4  1 
2 2/25/2003 2-22 Sponge sp 5  1 
2 2/25/2003 2-23 Sponge sp 6  1 
2 2/25/2003 2-24 Sponge sp 7  1 
2 2/25/2003 2-25 Sponge sp 8  1 
2 2/25/2003 2-26 Sponge sp 9  1 
2 2/25/2003 2-27 Asteroidea sp  1 
2 2/25/2003 2-28 Crab  Rochinia mosaica 3 
2 2/25/2003 2-29 Crab  Ebalia tuberculosa 11 
2 2/25/2003 2-30 Crab  Gonoplacidae? 4 
2 2/25/2003 2-31 Crab  Portunidae 2 
2 2/25/2003 2-32 Crab  Leptometherax 

sternocostulatus 
1 

2 2/25/2003 2-33 Ascidians   8 
2 2/25/2003 2-34 Sponges??  5 
2 2/25/2003 2-35 Rubble   
2 2/25/2003 2-36 Ascidians   4 
2 2/25/2003 2-37 Hydroid  1 
2 2/25/2003 2-38 Ascidian  1 
2 2/25/2003 2-39 Crab  Family Majidae 1 
2 2/25/2003 2-40 Bivalve  1 
2 2/25/2003 2-41 Squat lobster (broken) Family Galatheidae 1 
2 2/25/2003 2-42 Sea slug  1 
2 2/25/2003 2-43 Bivalve Family Pectinidae 1 
2 2/25/2003 2-44 Nudibranchs 3 spp  3 
2 2/25/2003 2-45 Polychaete sp  1 
2 2/25/2003 2-46 Mollusc sp?  1 
2 2/25/2003 2-47 Bivalve   1 
3 2/25/2003 3-1 Asteroidea spp Possibly 2 spp 2 
3 2/25/2003 3-2 Gastropod sp  1 
3 2/25/2003 3-3 Gastropod sp  1 
3 2/25/2003 3-4 Ophuroidea sp  1 
3 2/25/2003 3-5 Slipper lobster  1 
3 2/25/2003 3-6 Bryozoan sp  1 
4 2/26/2003 4-1 Holothurian sp 

(originally purple in 
colour) 

 1 

4 2/26/2003 4-2 Ophuroidea sp  9 
4 2/26/2003 4-3 Asteroidea sp  1 
4 2/26/2003 4-4 Coral Flabellum australe 1 
4 2/26/2003 4-5 Hermit crab  1 
4 2/26/2003 4-6 Hermit crab  1 
4 2/26/2003 4-7 Segment of gorgonian  1 
4 2/26/2003 4-8 Ophuroidea sp  1 
4 2/26/2003 4-9 Opisthobranch sp  2 
4 2/26/2003 4-10 Asteroidea sp  1 
4 2/26/2003 4-11 Assorted fragments   
5 2/26/2003 5-1 Black dragonfish Idiacanthus 1 
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atlanticus 
5 2/26/2003 5-2 Echinoid spp  7 
5 2/26/2003 5-3 Crustacean spp  1 
5 2/26/2003 5-4 salp sp  1 
5 2/26/2003 5-5 Ophuroidea sp  2 
5 2/26/2003 5-6 Cnidarian sp  1 
5 2/26/2003 5-7 Cnidarian sp  1 
5 2/26/2003 5-8 Gastropod sp  1 
5 2/26/2003 5-9 Unknown sp  1 
5 2/26/2003 5-10 Bivalve sp  2 
5 2/26/2003 5-11 Assorted fragments   
8 2/28/2003 8-1 Ophuroidea sp  3 
8 2/28/2003 8-2 Squat lobster Family Galatheidae 1 
8 2/28/2003 8-3 Fish sp  1 
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Appendix 11 
Web and Print Media Publicity 

 
Web Sites 
 
http://www.oceans.gov.au/auscan/default.htm 
http://www.ga.gov.au/news/archive/2003/may/#canyons 
http://www.ga.gov.au/pdf/GA1954.pdf 
http://www.deh.gov.au/minister/env/2003/mr27may03.html 
http://www.deh.gov.au/minister/env/2003/mr05mar203.html 
http://geology.anu.edu.au/pdd/ 
http://info.anu.edu.au/mac/Newsletters_and_Journals/ANU_Reporter/_pdf/vol_34_no_01.pdf 
http://www.sardi.sa.gov.au/pages/showcase/publications/communicator/may03.pdf 
http://www.sardi.sa.gov.au/pages/showcase/media_releases/2003/feb_murraycanyon.htm:sect

ID=885&tempID=152 
http://www.abc.net.au/catalyst/stories/s838745.htm 
http://www.abc.net.au/westqld/stories/s870512.htm 
http://www.abc.net.au/westqld/stories/s794253.htm 
http://ems.anu.edu.au/res/climate/index.php 
 
 
Newspaper Articles 
 
Published articles include:- 

• Canberra Times: 12 March 2003, page 8, ‘Climate data sucked from sea bottom’ 
• Advertiser (Adelaide): 12 May 2003, page 12, ‘Deep sea secrets from a pipeline to the 

past’ 
• The Australian: 28 May 2003, page 4, ‘A deep-sea treasure’ 
• The Age: 28 May 2003, page 8, ‘Revealed: Australia’s very own Grand Canyon’ 
• The Australian: 10 June 2003, page 9 (IT Alive), ‘Pinging the lost canyons of the 

deep’. 
 
 
Magazine/Journal Articles 
 
ANU Reporter, Volume 34 No. 1, 2003: Article “250,000 years of history plucked from the 
ocean”, pages 6-7. 
 
LANDMARK (Victoria’s Land Information Industry), Issue 15, June 2003: Article “Our own 
grand canyons”, page 14. 
 
AusGEO News, Issue No. 70, June 2003: Article “Australia’s grand canyons charted on 
research voyage”, pages 41-42. [Hill, 2003]. 
 
Australasian Science, Volume 24 No. 6, July 2003: Article “Deep sea canyons: a voyage of 
discovery”, pages 37-42 (Article by Katrina Haig). 
 
LANDMARK (Victoria’s Land Information Industry), Issue 16, September 2003: Article “It’s 
time to draw the line in our oceans”, pages 2-4. 
 

http://www.oceans.gov.au/auscan/default.htm
http://www.ga.gov.au/news/archive/2003/may/#canyons
http://www.ga.gov.au/pdf/GA1954.pdf
http://www.deh.gov.au/minister/env/2003/mr27may03.html
http://www.deh.gov.au/minister/env/2003/mr05mar203.
http://geology.anu.edu.au/pdd/
http://info.anu.edu.au/mac/Newsletters_and_Journals/ANU_Reporter/_pdf/vol_34_no_01.pdf
http://www.sardi.sa.gov.au/pages/showcase/publications/communicator/may03.pdf
http://www.sardi.sa.gov.au/pages/showcase/media_releases/2003/feb_murraycanyon.htm:sect
http://www.abc.net.au/catalyst/stories/s838745.htm
http://www.abc.net.au/westqld/stories/s870512.htm
http://www.abc.net.au/westqld/stories/s794253.htm
http://ems.anu.edu.au/res/climate/index.php
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The Australian Geologist, Newsletter No. 128, September 30 2003: Murray Canyons image 
across front and back covers and Cover Article “AUSCAN reveals Australia’s grand 
canyons”, page 15. [De Deckker & Hill, 2003] 
 
Interaction, Geographic Teachers’ Association of Victoria, 2003. Cover image of Murray 
Canyons in 3D plus Web reference. 
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Appendix 12 
Graphics of Scientific Activities on Marion Dufresne 

(adapted from ANU Web site http://ems.anu.edu.au/res/climate/index.php) 
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Appendix 13 

Geological Timescale 
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