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Preface

Carbonate sediments deposited on shelves and ramps across the globe and in the 
geological record have traditionally been viewed as tropical, warm-water deposits 
(Bathurst 1975; Wilson 1975; Tucker and Wright 1990; James and Kendall 1992). 
Although it has been recognized for more than 50 years that carbonate sediments do 
accumulate in cool-water temperate and cold, polar environments (Chave 1952), it is 
only in the last several decades that these sediments have been studied seriously in the 
modern ocean (Nelson 1988a; James 1997; Pedley and Carannante 2006). This rela-
tive neglect is largely because they occur in environments that are difficult to docu-
ment. The mid latitudes are stormy and the waters are cool but above all the shelves 
are mostly deep and so not amenable to research using SCUBA. The system must, as 
a result, be studied by remote sensing, chiefly through shipborne sampling, acoustic 
profiling, towed imaging and tethered water characterization. Scientific appreciation 
of the temperate carbonate depositional realm has thus lagged behind our understand-
ing of the warm-water tropical environment. A direct consequence of this knowledge 
gap is that actualistic cool-water depositional models are not being routinely consid-
ered when interpreting the older rock record.

The Australian continent with its old, topographically subdued landscape, has a 
continental shelf that is almost entirely covered with carbonate sediment. The south-
ern part of the continental shelf is the largest area of temperate, cool-water carbonate 
deposition in the modern world. Sediments in this vast southern region, in environ-
ments ranging from paralic to deep sea, have been examined by a variety of workers 
but the resultant information is scattered throughout the scientific literature (von der 
Borch et al. 1970; Wass et al. 1970; Belperio et al. 1988; James et al. 1992; Boreen et 
al. 1993; James et al. 1994; James et al. 1997; James et al. 2001; James et al. 2008), 
or presented as short, general summaries in special publications (James and Clarke 
1997) and textbooks (Tucker and Wright 1990).

The purpose of this volume is to amalgamate and synthesize most of this information 
in one place, utilizing the studies of others, our own surveys, and unpublished data, to 
arrive at an overall synthesis of this critical region. The focus is on the continental shelf 
and its deposits. It is designed to serve as (1) a core of information for modern environ-
mental studies, (2) a springboard for future marine geological research, and (3) a solid 
foundation upon which to build sedimentary facies and sequence stratigraphic models 
that are applicable to the interpretation of the older rock record.

This research has been funded by grant agencies from two countries, specifically 
the Natural Sciences and Engineering Research Council of Canada (NPJ), the Austra-
lian Research Council (YB), the Commonwealth Scientific and Industrial Research 
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Organization Division of Oceanography ship funding program, Geoscience Australia, 
and the University of Adelaide.

This science would not have been possible without the ceaseless efforts of officers 
and crews of CSIRO and Geoscience Australia vessels often under extremely diffi-
cult conditions. We are particularly grateful to Captain Neil Cheshire who skillfully 
guided us through many trying times and raging seas.

Our colleagues at sea and in the laboratory, Tom Boreen, Lindsay Collins, David 
Feary, Vic Gostin, Steve Hageman, Lisa Hobbs, Kurt Kyser, Jeff Lukasik, John Mar-
shall, and Chris von der Borch are all silent partners in this endeavour.

The research at sea would have been impossible without the tireless efforts of 
Tony Belperio, Phil Bock, Kirsty Brown, Frank Brunton, Ric Daniels, Vicky Dra- 
pala, Margaret Fuller, Kieth Gaard, Paul Gammon, Karen Gowlett-Holmes, Graham 
Heinson, Alexandra Isern, Andrew Levings, Bobby Rice, Sam Ryan, Paul Scrutton, 
Rolf Schmidt, and Tony White. The exacting laboratory analyses were carefully per- 
formed by Christina Bruce, Elizabeth Campbell, Morag Coyne, Alexandra Der, 
Christa Kobernick, Heather Macdonald, and Rowan Martindale. Special thanks go to 
Isabelle Malcolm whose attention to detail, editing, analysis, and photographic skills 
helped greatly during the final stages of book production.

We are indebted to Peter Davies, Qianyu Li, Brian McGowran, Paul Taylor, and 
John Rivers for continuing discussions about our interpretations. Seafloor images 
from NW Tasmania were acquired with the help of Alan Williams and Bruce Barker.

The original manuscript was kindly read and criticized by Vic Gostin, Brian Jones, 
Andrew Levings, and John Middleton, to whom we are very grateful for their careful, 
insightful, and helpful suggestions.
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1.1  �Scientific Approach

Global carbonate sedimentation is partitioned into 
discrete marine realms whose character is determined 
by seawater temperature (Fig. 1.1). The latitude 25° S, 
which bisects the Australian continent, is the bound-
ary between tropical, warm-water deposits in the north 
(e.g. the Great Barrier Reef) and temperate, cool-water 
sediments in the south (Fig. 1.2). Southern Australia is 
a classic area of shallow and marginal marine carbon-
ate sedimentation (see review in Gostin et al. 1988). As  
such, it is one of a suite of modern settings that has 
been repeatedly utilized, along with Florida, the Baha-
mas, Caribbean islands, Pacific atolls, the Persian Gulf, 
and western Australia, as modern analogues for the 
interpretation of the carbonate rock record throughout 
geologic time. Thus, southern Australia is a touchstone 
for those scientists wishing to understand how carbon-
ate sedimentation takes place today but also how it 
took place throughout geologic history. What has been 
lacking to date is a synthesis of the modern neritic 
carbonate sedimentary system that lies offshore from 
the well-studied marginal marine settings of southern 
Australia.

The purpose of this book is to document and inter-
pret the origin, distribution, and diagenesis of surficial 
sediments on this immense cool-water carbonate shelf. 
It is perhaps useful to recall that the length of this envi-
ronment is the same as the distance between New York 
to San Francisco or from the English Channel to the 
Caspian Sea.

The deposits across this shelf are, to a first degree, 
the products of modern oceanography, the Pleistocene 
prehistory of the region, and the organisms that pro-
duce the sediment. The first part of the book, compris-
ing four chapters, is devoted to each of these aspects. In 

order to place the resultant neritic carbonates in a holis-
tic context it is also necessary to describe the numerous 
coeval marginal marine depositional systems, most of 
which have been documented by others and are here 
the subject of a separate following chapter. The core of 
the book is, however, the chapters on neritic facies and 
depositional environments, many of which are unique 
to this continental margin. Yet, despite the universal-
ity of these facies and environments, each segment of 
the shelf has a unique suite of attributes. Thus, later 
chapters are devoted to analyzing the three major sec-
tors of the southern Australian margin. Although the 
focus is on deposition, the sediments do not enter the 
rock record as simple biogenic particles, they undergo 
profound alteration on and just below the modern sea 
floor; early diagenesis plays an important part in this 
system and so a separate chapter is devoted to such 
matters. Finally, all of these aspects are assessed and 
discussed, both in terms of the modern sedimentary 
system and the applicability of our findings to global 
carbonate sedimentation.

1.2  �Scope

The character of the sediments is interpreted in light of 
our current perception of the modern and late Quaternary 
biota, climate, oceanography, and geohistory of the area. 
The vast, latitude-parallel continental margin described 
herein extends some 4000 km from Cape Leeuwin, 
Western Australia to South West Cape at the southern 
tip of Tasmania (Fig. 1.3a). Over this distance there are 
a myriad of marine environments, each of which has a 
distinctive array of organisms and carbonate deposits. 
At the broadest scale, it is made up of a Southwestern 
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Continental Margin and a Southeastern Continental 
Margin that pass from one to the other across a com-
plex region of islands and large embayments called the 
South Australian Sea (Bye 1976) (Fig. 1.3b).

The Southwestern Continental Margin extends from 
Cape Leeuwin to southern Eyre Peninsula and includes 

the somewhat narrow Albany Shelf in the very west, 
but is dominated by the extensive Great Australian 
Bight. The Bight is, for purposes of documentation, 
divided into, from west to east, the Baxter, Eyre, and 
Ceduna sectors. The South Australian Sea is made up 
of Spencer Gulf, Gulf St. Vincent, Investigator Strait, 

Fig. 1.1  A global map of average surface seawater isotherms 
delineating different modern carbonate depositional realms. 
The cool-water realm is differentiated into warm-temperate 

(15–20°C) and cool-temperate (5–15°C). (After James and 
Lukasik 2010)

Fig. 1.2  A map of Australia 
illustrating the surround-
ing oceans, different neritic 
carbonate depositional realms 
(separated by the ~25° S 
latitude) and the direction of 
main wave approach ( dashed 
arrows). Shark Bay, the 
Great Barrier Reef, and the 
Coorong are well known and 
intensively studied regions of 
carbonate deposition

                  

                  



�	 �

the Lincoln Shelf, and the expansive Lacepede Shelf. 
The relatively narrow Southeastern Continental Mar-
gin fringes the west coast of Victoria as the Otway 
Shelf and swings southward along Bass Strait to flank 
Tasmania as the Western Tasmania Shelf. The scope 
does not specifically include the continental margin 
off Western Australia that faces the Indian Ocean or 
the eastern continental margin off eastern Tasmania, 
eastern Victoria and New South Wales that face the 
Tasman Sea.

The environments of sediment accumulation 
although numerous and varied, can be detailed and 
integrated under a few broad headings. At the core of 

this system is the subtidal, open marine seafloor and 
overlying water column. It is in this neritic sediment 
factory that stretches from the shoreface to the mid-
slope, that most of the carbonate sediment is produced 
and redistributed. In spite of its largely latitude-paral-
lel orientation, the shelf traverses nearly 15° of lati-
tude, from ~31.5° to ~46° S, and ranges from warm 
temperate in the west to cool temperate in the east. 
This sediment factory is also active in the large gulfs 
and embayments, but because of local oceanographic 
and climatic constraints it is somewhat different from 
the open shelf factory. The important marginal marine 
settings range from spectacular high-energy cliffs to 

Fig. 1.3  (a) A map of 
Australia and surrounding 
oceans illustrating the states, 
major cities, and locations 
along the southern coast that 
are noted in this book. (b) 
Map of Australia showing the 
major sectors of the south-
ern Australian continental 
shelf discussed in this book. 
Image courtesy of Geoscience 
Australia
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protected muddy tidal flats to strandline dunes and 
associated saline lakes to fluvial-dominated beaches. 
Sediment in all of these settings undergoes moderate 
to significant diagenesis.

1.3  �Data Base

The information in this volume comes from documen-
tation of a series of local areas by ourselves, our stu-
dents, and others over a period of more than 20 years. 
Research was mainly undertaken during a series of 
research cruises (Fig. 1.4). The open shelf environ-
ment has been documented by James et al. (1992), 
Boreen et al. (1993), James et al. (1997, 2001, 2008). 
The slope and associated mounds were described in 
Passlow (1997), James et al. (2004), von der Borch 
and Hughes-Clarke (1993), James et al. (2004), Hill 
et al. (2005), and Exon et al. (2005). The large embay-
ments and their associated marginal facies have been 
intensively studied (see review for South Australia in 
Belperio 1995). More terrestrial settings, especially 
the saline lakes, are also reviewed in Belperio (1995) 
and Last (1992).

1.4  �Data Acquisition and Methodology

The synthesis is principally based on analysis of sea-
floor sediment samples obtained using CSIRO RV 
Franklin (Fig. 1.5a). These research cruises took place 

between 1989 and 1998. The first expeditions were to 
the Lacepede Shelf in 1989 and again in 1991, with 
the latter focusing on the shelf margin and upper slope. 
This work was followed by a cruise to the Lincoln Shelf 
and southeastern Great Australian Bight in 1994. Work 
in the Great Australian Bight proper began in 1995 by 
documenting the western half of this huge area. This 
study was augmented in 1998 by a cruise that collected 
information from the Lacepede and Lincoln shelves but 
focused on the eastern part of the Bight. We have not 
collected samples from the eastern continental shelf 
ourselves but have generously been given material 
from the Tasmania continental margin and the Otway 
Shelf by Geoscience Australia who acquired sediments 
there in 1971–1972 and 1987–1988 respectively.

Research is based on a total of 1096 sediment sam-
ples (Table 1.1). Most of our material was obtained 
using either a simple pipe dredge (Bleys Dredge) with 
a volume of ~20 l (Fig. 1.5b), a large epibenthic sled 
with a 15 cm gape and volume of ~220 l (Fig. 1.5c), a 
beam trawl (Fig. 1.5d), or occasionally a Smith-McIn-
tyre grab sampler (Table 1.1). Water depths are mostly 
>30 m, the shallowest operating depth for RV Franklin. 
The pipe dredge and sled were set on the bottom and 
towed at a speed of 2 knots for 3–5 min, at which time 
the vessel was stopped and the device retrieved. All 
sediment samples are, therefore, a mixture of surface 
and subsurface material to a depth of ~10 cm. A minor 
amount of the mud fraction may have washed out 
during retrieval, but enough samples with significant 
amounts of mud were recovered to indicate that such 
loss was minimal.

Fig. 1.4  A map of southern Australia. Research cruises 
(no. = month per year), mainly aboard RV Franklin, that enabled 
complete coverage of the southern continental margin of Aus-
tralia. Some cruises overlapped previous areas so that seasonal 

changes in distribution and diversity of the major carbonate pro-
ducers could be assessed. It also allowed sampling of sites that 
were not sampled due to weather extremes on previous cruises. 
Image courtesy of Geoscience Australia
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Table 1.1  Samples

Tasmania Otway
Rig Seismic
1987–1988
FR 02-91

Lacepede
FR 3-89
FR 2-91

Eucla
Rig Seismic
1992

Lincoln
FR 06-94

Gab West
FR 07-95

Gab East
FR 03-98

Total

Grab 272 116   10 11   2   7   1   419
Bleys Dredge   0   0 149   0 52   91   19   311
Epibenthic Sled   0   0   0   0 15 103   91   209
Vibracore   0   24   0 11   0   0   0   35
Garvity Core   0 119   1   0   0   0   0   120
Piston Core   0   0   2   0   0   0   0     2
Total 272 259 162 22 69 201 111 1096

Fig. 1.5  (a) RV Franklin, 
the platform used to collect 
most of the samples and other 
marine information used in 
this book, (b) the pipe dredge 
(Bleys Dredge) used to collect 
most of the bottom sediment 
samples; hammer is 15 cm 
long, (c) the epibenthic sled 
being retrieved after sam-
pling; the bag in the center is 
half full of sediment, (d) the 
material, seafloor biota, and 
sediment recovered by a beam 
trawl, (e) sediment being 
analyzed on the stern deck of 
RV Franklin. (Paul Gammon 
and Kirsty Brown)

1.4  Data Acquisition and Methodology
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Underwater video images and direct underwater 
observation via SCUBA confirm these observations. 
Gravity cores, piston cores and vibracores were taken 
locally. The materials recovered were, because of 
operational restrictions, deeper than 30 m water depth 
(mwd). This information is locally supplemented by 
shallow-water samples taken using RV Ngerin and by 
materials collected using SCUBA and snorkeling.

Navigation was by Global Positioning System 
(GPS), transit satellite, radar, and dead reckoning. The 
average accuracy of navigational fixes varied from 
meters to several tens of meters. Samples and bottom 
profiles were widely spaced in order to characterize 
the entire region. Bathymetry was determined by a 
precision depth recorder. Surface temperatures and 
salinities on some cruises were recorded every 10 min, 
and vertical temperature profiles for selected positions 
were determined by a conductivity-temperature-depth 
(CTD) profiler.

Sediment attributes were logged on board 
(Fig. 1.5e). Images of most samples were taken on 
deck to ascertain living versus dead biota as well as the 
size of biota and rocks retrieved. Size fraction separa-
tion was done on board. Total samples were taken for 
further analysis whereas the coarse fraction (>2 mm) 

was sieved and archived separately. Bulk sample splits 
are now archived at Geoscience Australia in Canberra 
and available for future research. Detailed sediment 
composition was subsequently determined onshore by 
visual examination, under binocular microscope where 
appropriate, of sample splits of mud, sand, gravel, and 
coarser material. Results and facies assignments are 
tabulated in Appendices A, B, C, and D. Volumetric 
estimates of various components were made by com-
parison with standard visual percentage diagrams. Thin 
sections were prepared as necessary to solve particle 
identification problems. Scanning electron images 
were obtained of very fine-grained materials.

Bottom camera stations were located at specific 
sites after sediment recovery. Images were obtained 
using either a frame-mounted EG&G camera-flash unit 
or a 50 mm single lens reflex camera in a watertight 
housing. Photography during this 10 min drift period 
enabled coverage over areas that varied from meters 
to decameters, depending upon the drift rates. Analog 
videos of sites in the eastern Great Australian Bight 
were obtained using a camera in a specially designed 
underwater housing. Images from northern Tasmania 
were taken from digital videos taken by CSIRO and so 
are of specific sites.



2.1  �Geology & Tectonics

2.1.1  �Introduction

The southern part of Australia is an ancient terrane 
that was welded into Gondwana, encompassed within 
Pangaea, and divorced from the supercontinent dur-
ing the Mesozoic (Veevers 2000; Johnson 2004). The 
original tectonic grain, a relict of this long Gondwanan 
and Pangean prehistory, is predominantly north-south. 
These structures are, however, truncated by an east-
west Mesozoic rift system that has in turn evolved into 
the modern passive continental margin (Fig. 2.1).

2.1.2  �Pre-Mesozoic Craton

Southern Australia is anchored by the Yilgarn Craton 
and the Gawler Craton (Fig. 2.1). These two Archean-
Proterozoic massifs are composed of igneous, metavol-
canic, and metasedimentary rocks. The eastern margin 
of the Gawler Craton is flanked by the Tasman Fold 
Belt System. This 1,200 km-wide belt (Drexel et al. 
1993) comprises, from west to east, the Delamerian 
Fold Belt, the Lachlan Fold Belt, and the New England 
Fold Belt (Fig. 2.1). The Delamerian Fold Belt is com-
posed of continental margin Proterozoic and Cambrian 
sedimentary, metasedimentary, and volcanic rocks 
that were deformed in the Middle to Late Cambrian 
and then intruded by Late Cambrian granites (Foden 
et al. 1990). Today it forms the topographically high 
Flinders Ranges, Mt. Lofty Ranges, and Olary Arc east 
and north of Adelaide, and cores much of Kangaroo 
Island (Foden et al. 2006). The fold belt also underlies 
much of the Murray Basin.

The eastern part of the continent (Fig. 2.1) is a 
collage of accreted terranes, linear meridonal sedi-
mentary basins, and volcanic arcs. The western part 
of the Lachlan Fold Belt is a terrane formed during 
a protracted period of sedimentation and westward 
thrusting resulting from repetitive collision of exotic 
terranes (Birch 2003). Although cratonization of 
southeastern Australia was largely complete by Mid-
dle Devonian, it was quickly followed by intense Late 
Devonian folding and granite intrusion (Willman 
et al. 2002). Subsequent rapid unroofing led to ero-
sion and the deposition of middle Paleozoic terrestrial 
sediments together and post-orogenic acid volcanism. 
This landscape was scoured by repeated late Paleozoic 
continental glaciations and locally covered by glaci-
gene and associated cold marine sediments (Fielding 
et al. 2008).

2.1.3  �Australian Southern Rift System

The extensive divergent, passive continental margin 
of southern Australia, the Australian Southern Rift 
System (Stagg et al. 1990; Willcox and Stagg 1990; 
Drexel et al. 1993), is the result of Jurassic to Terti-
ary rifting and spreading between the Australian and 
Antarctica plates (Jensen-Schmidt et al. 2002; Duddy 
2003; Holdgate and Gallagher 2003; Totterdell and 
Bradshaw 2004). The initial series of extensional 
basins formed during Middle-Late Jurassic breakup 
of eastern Gondwana via extension along the south-
ern margin of Australia as one arm of a triple junction 
(Fig. 2.2a). This failed rift remained largely quiescent 
until late Cretaceous when seafloor spreading between 
Australia and Antarctica began. A major uplift event 

N. P. James, Y. Bone, Neritic Carbonate Sediments in a Temperate Realm,
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at ~95 Ma (Cenomanian) probably corresponds to the 
initial formation of ocean crust south of Australia and 
initial separation of Australia and Antarctica (Veevers 
1986; Veevers and Eittreim 1988) (Fig. 2.2b). Early 
spreading rates were slow (~9 mm year−1) and largely 
oriented NW-SE (Fig. 2.2c) but nevertheless resulted 
in the formation of a narrow, rapidly subsiding seaway 
between Australia and Antarctica (Fig. 2.2d). Resultant 
thick Mesozoic sedimentary successions of terrestrial 
and marine siliciclastic sedimentary rocks are now 
sequestered in three large roughly east-west, fault-
bounded Jurassic-Cretaceous extensional troughs, the 
Recherche, Bight, and Otway, basins (Figs. 2.1, 2.3) 
that lie mostly beneath the modern continental shelf 
and slope in water 200–4,000 m deep.

Spreading rates dramatically increased to ~45 mm 
year−1 during the Middle Eocene coincident with a 
change of the spreading direction from NW-SE to N-S. 
Actual continental disconnection was, however, tem-

porally protracted, with final detachment of Tasmania 
from Antarctica not happening until the Oligocene 
(~33.7 Ma). Although Tasmania also began to separate 
from continental Australia, it never completely broke 
away such that Bass Strait is underlain by a thick 
sedimentary succession on stretched continental crust; 
the Bass Basin. This west-to-east, scissors-like open-
ing resulted in a gradually widening Cenozoic marine 
embayment, the Australia-Antarctica Gulf (Exon 
et al. 2004). The modern shelf morphology is, how-
ever, largely controlled by a series of major Cenozoic 
basins (Recherche Basin, Eucla Basin, Bight Basin, 
Otway Basin, and Sorrell Basin) (Lowry 1970; Fra-
ser and Tilbury 1979; Bein and Taylor 1981; Davies 
et al. 1989; Hocking 1990; Stagg et al. 1990; Hill and 
Durrand 1993; Totterdell and Bradshaw 2004) whose 
deposits extend onto the continent proper in a series 
of epicratonic basins (Bremer, Eucla, Murray, Bass) 
(Fig. 2.1b).

Fig. 2.1  Geological map of southern Australia. Archean-Paleo-
proterozoic massifs of the Yilgarn and Gawler Cratons domi-
nate the western half of the continent, and are the sources of 
quartz sediment on the continental margin in this area. The Tas-
man Fold Belt System, comprising the Delamerian Fold Belt, 
the Lachlan Fold belt, and the New England Fold Belt comprise 
most of the eastern part of the continent. These Precambrian-

Paleozoic terranes with a predominant north-south tectonic 
grain are cut by the east-west Australian Southern Rift sys-
tem. This system comprises local Jurassic volcanics, extensive 
continental margin rift basins, and Cenozoic cover rocks that 
accumulated in a series of separate basins. (Recherche Basin 
to Sorrell Basin)
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2.1.4  �Cenozoic Continental Margin 
Wedge

The change in drift direction and increase in spreading 
rate during the Middle Eocene began in the west and 
was accompanied by left-lateral strike slip as Australia 
pulled away from Antarctica (Fig. 2.2) until final gen-
eration of oceanic crust in the Late Eocene. This change 
coincided with the first appearance of widespread con-
tinental margin and epicratonic carbonate sediments, 
which continued to be the dominant style of shelf 
deposition throughout the Cenozoic. The carbonates 
remained largely cool-water in aspect because, in spite 
of the fact that Australia had drifted equatorward during 
the Cenozoic (Fig. 2.4), the surrounding ocean waters 
remained cool. These epicratonic basin and continen-
tal shelf wedge strata have been divided into several  

discrete successions or sequences (Fig. 2.5), each of 
which has its distinctive style (Quilty 1977; McGow-
ran et al. 2004). The Middle Eocene to Early Oligocene 
portion (Succession 2—Fig. 2.5) is characterized by 
cool-water carbonate and spiculite biosiliceous facies 
in the west with coeval terrigenous clastic and volumi-
nous coal deposits in eastern Victoria deposited within 
the elongate Australia–Antarctica Gulf (Fig. 2.2d). The 
eventual complete separation of Australia, South Amer-
ica, and Antarctica in the early Oligocene led to estab-
lishment of the cool Circumantarctic Current and West 
Wind Drift, isolating Antarctica and profoundly cooling 
the ocean south of Australia. Following a major eus-
tatic sea level fall due to initial Antarctic glaciation, and 
profound canyon cutting at the prograding shelf edge 
(Bernecker et al. 1997), succeeding Late Oligocene to 
Middle Miocene deposits (Succession 3—Fig. 2.5) are 

Fig. 2.2  Images depicting different stages in the separation of 
Australia from Antarctica (after Norvick and Smith 2001). Sepa-
ration (c) began in the west and resulted in the Australia–Ant-

arctica Gulf (d) a Paleocene and Eocene embayment that was 
closed at its eastern end until complete opening and formation 
of the modern Southern Ocean in the Oligocene

Antarctica

Mid Cenomanian
95 Ma

Australia

Antarctica

Early Tithonian
145 Ma

Australia

Greater
India

a b

c d

Normal crust

Thinned crust

Thickened crust

Volcanic

Sea floor

Extensional
depocentres

Uplift

Spreading ridge 1000 km

80°

Antarctica

Mid Eocene
45 Ma

Australia

Antarctica

Early Campanian
80 Ma

Australia

70° 60°

60°

50°SOUTHERN AUSTRALIA
RIFT SYSTEM

AUSTRALIA - ANTARCTICA
GULF

Volcanic center

V

V V

V
V

V

2.1  Geology & Tectonics

                  



10	2   Setting

typified by temperate neritic carbonates, with local 
coals in the far east (McGowran et al. 2004).

2.1.5  �Tectonic Inversion

The quiescent Mesozoic-Paleogene passive margin 
history was dramatically interrupted in the late Mid-
dle Miocene by complete tectonic inversion, wrench-

ing, compression, and associated tectonics (Hill et al. 
1995; Sandiford 2003a, b). Large segments of the inner 
continental margin and most epicratonic basins were 
uplifted, locally deformed, and exposed; they have 
remained so to the present day. This event was due to 
collisions on the northern and eastern margins of the 
continent. Such deformation was strongest in the east, 
in Victoria, and progressively less intense westward. 
Current thinking is that the Otway Ranges were uplifted 
(for a second time) by late Miocene tectonism at 8–6 Ma 

Fig. 2.3  Interpreted seismic sections across the southern 
Australian continental margin (locations on inset map). Large 
passive margin basins of the Southern Australian Rift System 
are filled with Jurassic and Cretaceous siliciclastic sediments, 
some of which are hydrocarbon rich. The Cenozoic is a rela-

tively thin succession of mainly carbonate sediments and sedi-
mentary rocks in sections (a) and (b), whereas the section in 
the east (c) contains significant siliciclastic deposits at the base. 
(Modified from Stagg et al. 1990)
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(Dickinson et al. 2002; Sandiford 2003a), either the 
result of compression between the entire Australian 
plate and plates of SE Asia or a change in relative plate 
motion between the Australian and Pacific Plates. All 
of Victoria is currently under strong E-W and SE-NW 
compression with evidence of tectonic activity through 
Pliocene to the Holocene wherein Pliocene strandlines 
are displaced upward 200–250 m on the west side of 
the Otway Ranges. Basin inversion was accompanied 
by Plio-Pleistocene volcanism (the Older Volcan-
ics) (Price et al. 2003), again largely restricted to the 
east. Such tectonic activity and attendant seismicity 
continues in South Australia (Greenhalgh et al. 1994) 
and Victoria with volcanism (the Newer Volcanics) in 
South Australia documented by aboriginal oral tradi-
tion as recently as 1500 BP (Sheard 1986).

The major episode of uplift that created the Otway 
Ranges in Victoria, exposed Eocene-Miocene sedi-
ments in the epicratonic basins, and resulted in spo-
radic, ongoing volcanism in the east, was succeeded by 
Plio-Pleistocene deposition in epicratonic basins and 
on the outer shelf, whereas little sediment accumu-
lated on the inner shelf. The Pliocene (Succession 4—
Fig. 2.5) is typified by mixed siliciclastic–carbonate 
deposits (Belperio et al. 1988) from oyster-rich estua-
rine to inboard marine shoreface and grassbed depos-
its (Brown and Stephenson 1991; Pufahl et al. 2004; 
James et al. 2006; James and Bone 2007), to local 

spectacular prograding outer shelf and slope sediments 
(Feary et al. 2004) and extensive periods of laterization 
inland. The Pleistocene is, by contrast distinguished 
by spectacular eolianites that are plastered along many 
coastlines, especially those that are SW-facing into 
the prevailing winds and seas (Wilson 1991; Belperio 
1995). These sets of aeolianite are locally prograding 
with evaporites and lacustrine dolomites in interdune 
corridors (Alderman and Skinner 1957; von der Borch 
et al. 1975; von der Borch 1976; von der Borch and 
Lock 1979). Coeval sediments in gulfs and basins are 
marine (Shepherd and Sprigg 1976; Blom and Alsop 
1988; Gostin et al. 1988; Fuller et al. 1994). Outboard 
the shelf edge and upper slope is (1) gently dipping as 
a series of impressive prograding clinoforms, (2) steep 
with numerous submarine canyons or (3) erosional and 
subject to mass wasting (von der Borch and Hughes-
Clarke 1993; Passlow 1997; Feary and James 1998; 
James et al. 2004; Exon et al. 2005; Hill et al. 2005).

2.2  �Meteorology & Climate

2.2.1  �Introduction

Meteorology and climate, summarized by Gentilli 
(1971) have a profound influence on the nature of 

Fig. 2.4  Movement of 
Australia during the Cenozoic 
(from Feary et al. 1992). 
The Great Australian Bight 
was located at ~60°S during 
the early Cenozoic and is 
now positioned at ~32° S. 
Initial slow northward drift 
was followed by a change 
in direction and accelerated 
movement to the NNW in 
the middle Oligocene. The 
continent is still moving in 
this direction at a rate of 
~7 cm year−1
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sedimentation across the southern Australian marine 
environment. The continent lies between ~11°S and 
~43° S and at this location weather is dominated by the 
ridge of high pressure produced by descending air at the 
boundary between the Hadley Cell and the Ferrel Cell. 

During summer, this boundary moves southward some 
5–8° of latitude, at times allowing the tropical belt of 
low pressure (intertropical convergence) to penetrate 
the northern coast of Australia (Fig. 2.6b). In winter 
the high-pressure belt moves northward (Fig. 2.6a) and 

Fig. 2.5  A plot of Cenozoic 
depositional successions 
in southern Australia, on 
the shelf and in adjacent 
epicratonic basins, against 
geologic time and the global 
sea level curve (modified 
from Quilty 1977; McGowran 
1997). Deposition reflects the 
eustatic changes in sea level 
with succession 2 being a mix 
of siliciclastic and carbonate 
sediments whereas succession 
3 is mainly carbonate. Suc-
cession 4 is again a mixture 
of carbonate and siliciclastic 
deposits
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permits the mid-latitude jet stream to meander over the 
land. Thus, summer circulation is meridonal (N-S) and 
winter circulation is zonal (E-W).

2.2.2  �Anticyclonic Highs

The high-pressure ridge is really a series of highs that 
move eastward, especially during summer (Figs. 1.2, 

1.3). Circulation around each cell is counterclockwise 
with winds on the south side irregular and often vio-
lent. Summer highs bring tropical continental air to 
the SW and maritime tropical air to the SE. Between 
highs in summer, there is a quasi-stationary front and 
light clouds, whereas in winter there is lower pres-
sure, multiple cold fronts, and stormy weather. This 
winter pressure trough between highs is due to the 
formation of upper air depressions that often bring 
copious rain.

Fig. 2.6  Maps of Australian meteorology (modified from Gen-
tilli 1971). (a) A plot of the major intracontinental high and asso-
ciated wind patterns during winter. (b) A plot of the southward 
movement of the intertropical convergence zone into northern 
Australia, southward shift of the high pressure system, and asso-

ciated wind patterns during summer. (c) A plot of mean annual 
temperature. (d) A plot of mean annual rainfall illustrating the 
humid character of the southwestern and southeastern coasts and 
the semi-arid character of the Great Australian Bight and South 
Australian Sea
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The zone of high pressures travels along about 37–
38° S latitude in summer (i.e. across Tasmania), and 
about 29–32° S in winter (i.e. across Pt. Augusta–Syd-
ney). On average, 40 highs pass over Australia per year. 
These highs originate in the central Indian Ocean and 
so are warm-air cored. Their magnitude and latitude 
is related to the speed and latitude of the sub-tropical 
jet stream. In summer, air from the western edge of 
the high (flowing south) brings very hot, overheated 
air from the continental interior that can reach tem-
peratures above 38°C (e.g. 42–43°C). Along the south 
coast, these north winds are often laden with dust from 
the continental interior that is a minor sedimentary con-
stituent but potentially important source of nutrients.

As cool SW summer winds travel equatorward, 
their relative humidity decreases such that upon reach-
ing the hot Australian coast they fail to yield any rain 
(although there may be a stationary front and cloud). 
In winter maritime air, upon reaching the colder conti-
nent, can release moisture.

In summer, the contrast between the converging 
airstreams at the margin of 2 consecutive highs is 
pronounced; northerly flow from the first and south-
erly flow of the next produces a ‘cool change’ or dry 
cold front. Such fronts generally occur ~30 times per 
year. Winds accompanying such changes are generally 
30–60 knots (~60–120 km h−1), but can be violent. The 
change in temperature may range from 10 to 22°C in 
2–4 h.

2.2.3  �Mid-Latitude Depressions

These intense lows occur well south of Australia, 
but they have a strong effect on Australian climate. 
In summer, they are too far south and weak to affect 
Australia. During autumn, the frequency of heat-cored 
highs decreases considerably and the mid-latitude 
lows travel slightly further north than in summer. By 
late autumn, zonal circulation is more intense, the jet 
stream flows faster and enters Australia at a lower lati-
tude, and depressions go past much closer to the south-
ern coast. Well-developed fronts appear across southern 
Australia, bringing rain. During winter, the closeness 
of mid-latitude depressions increases rapidly to its 
mid-July maximum, with an average of three cyclonic 
centers per month skirting the southwestern coast and 
passing over Tasmania. Their intensity increases as 

they move eastward. By spring, the depressions travel 
further south again and only skirt the southern coast, 
although still passing over Tasmania.

2.2.4  �Tropical Cyclones (Hurricanes)

Tropical cyclones are rare events (av. 3.3 year−1) and 
are equally prevalent on both eastern and western 
coasts of northern Australia. They can only travel 
southward between highs, but if they meet a mid-
latitude trough they can intensify or travel south to 
Tasmania or even New Zealand as a frontal cyclonic 
depression. The cyclones originate in the Timor Sea, 
travel southwestwards, veering southwards and then 
southeastwards with about 10% reaching the south 
coast. Those along the east coast do not affect the 
southern margin.

2.2.5  �Temperature, Precipitation  
and Evapotranspiration

Mean annual temperature across most of the west-
ern continental margin and the South Australia Sea 
is between 15 and 21°C. East of Cape Jaffa and in 
Tasmania it is cooler, ranging between 10 and 15°C 
(Figs. 1.2, 1.3, 2.6c).

Frontal rains in the south fall mostly in winter. 
Tropical cyclone rain, when it does appear, comes in 
the summer or early autumn. The whole of the conti-
nent is periodically subject to severe drought. The dri-
est area is in the center of the continent.

In summer, all of the area from Albany to Portland 
is arid, west of Albany and east from Portland to Mel-
bourne it is semi-arid whereas most of western Tasma-
nia is perhumid (wet) (Fig. 2.6d). In winter, the balance 
ranges from perhumid west of Esperance and across 
all of Tasmania, to humid from Esperance east to Cape 
Pasley and from Streaky Bay east to Melbourne. It is 
semiarid from Cape Pasley across the Great Australian 
Bight to Streaky Bay.

In January (summer), mean evaporation across the 
region ranges from ~200 mm per month in Eucla and 
Adelaide to ~100 mm per month in Tasmania. In July 
(winter), it ranges from ~75 mm per month in Eucla to 
~25 mm per month in Tasmania.
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2.3  �Oceanography

2.3.1  �Introduction

The continental margin along southern Australia is one 
of the world’s longest, latitude-parallel, zonal, shelves; 
there are few other such shelves in the modern world.
Most are meridonal and so transect major oceano-
graphic boundaries. The shelf faces the continent of 
Antarctica, with its cold and isolated water masses that 
drive much of global ocean circulation. The overall 
region is, from an oceanographic (but not a geological) 
perspective, called the South Australian Basin.

The region between Australia and Antarctica is 
commonly referred to as the Southern Ocean, both in 
the scientific and non-scientific literature. The 2,500–
3,500 km–wide body of water is, however, composed 
of two very different water masses, polar waters sur-
rounding Antarctica and sub-tropical waters adjacent 
to southern Australia. The Subtropical Convergence 
Zone, a complex region of fronts, separates these water 
masses (Fig. 2.7).

The Southern Ocean is not recognized as such by 
some oceanographers but is instead treated as individual 
southern segments of the other three oceans (Tomczak 
and Godfrey 1994). In this view, only the ocean south of 
the Subtropical Convergence around Antarctica is called 

the Southern Ocean (Schodlok et al. 1997). It is here 
that the permanent thermocline reaches the surface. The 
region is characterized by unimpeded zonal circulation 
around the polar continent leading to perpetual strong 
westerly winds and associated strong currents (West 
Wind Drift–Antarctic Circumpolar Current) (Fig. 2.7), 
and some of the highest sea states on the globe. Since 
water circulation is largely from the west, the waters 
are mostly influenced by the Indian Ocean; Pacific 
Ocean waters are not present to any significant extent in 
the region. As a result, waters north of the Subtropical 
Convergence, and which cover the southern Australian 
shelf, are treated as part of the SE Indian Ocean. For 
ease of discussion, the whole region herein is called the 
Southern Ocean, recognizing other more stringent defi-
nitions. The following discussion is a combination of 
observations, summary articles, and numerical studies.

2.3.2  �Sea State

The southern Australian continental shelf overall is 
swell- and storm-dominated with high (>2.5 m) modal 
deep-water wave heights (Davies 1980; Short and Hesp 
1982; Short and Wright 1984; Hemer and Bye 1999). 
The dominant wind and swell wave approach is from 
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Fig. 2.7  A map of Australia 
and surrounding oceans 
highlighting the major current 
systems
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the southwest, year-round. Wave drift is onshore with 
a mean speed of 0.15 cm s−1 (over a period of a month, 
organisms would be advected onshore ~400 km). The 
importance of this wave drift conveyor belt is not yet 
known. Wave height will exceed 3 m for 30–60 days of 
the year; will exceed 6 m for 0–10 days; will exceed 
8 m 1.3% of the time.

For typical swells there is refraction around Kan-
garoo Island. A westerly swell penetrates directly 
into Investigator Strait and is refracted northward into 
Spencer Gulf along the western shore of Yorke Penin-
sula; models predict 6 m swells; swells in the surf zone 
of Adelaide beaches would be 0.4–0.7 m with veloci-
ties of 1.0–0.6 m s−1 (Bye 1976).

The two critical sedimentological interfaces in this 
hydrodynamically energetic region are storm wave 
base and swell wave base. Swells move onshore, gen-
erally from the southwest year round whereas storm 
waves are most intense during winter and spring (June 
to November). Swell period off southwest Australia 
ranges between 10 and 20 s with peak energy at 14 s 
and so waves would interact with the seafloor to depths 
of ~160 mwd Collins (1988). Storm wave periods are 
somewhat shorter, ranging between 8 and 10 s with 
peak energy at 8.5 s and so they come in contact with 
the seafloor at depths shallower than ~60 mwd. This 
relationship is more or less the same ±10 mwd across 
most of the southern Australian continental margin. 
Thus, swell base is, except for extremely intense 
storms, deeper than normal storm wave base. The 
seafloor <~60 ± 10 mwd is swept constantly by swell 
waves and episodically by storm waves. Collins (1988) 
has usefully called this the ‘zone of wave abrasion’ 
wherein sand grains are almost in continuous motion. 
Sediment movement by swell waves augmented by 
occasional storms waves is also active between ~60 
and ~140 mwd, but less so. These calculations fit well 
with actual seafloor images that show rippled seafloor 
sands to ~140 mwd but seldom deeper. The seafloor 
below 140 mwd to the shelf edge is typically muddy 
with only local degraded bedforms in the shallower 
parts. These bedforms are partially obliterated by 
infaunal burrowing, attesting to their episodic nature.

2.3.3  �Oceanographic Zones

The south to north transition from polar Antarctic 
to subtropical Australian waters is complicated and 

is marked by several fronts or narrow areas of rapid 
spatial temperature and salinity change. These are 
the Polar Front, Subantarctic Front and Subtropical 
Front (Fig. 2.8a). It is the water masses generated and 
subducted at these fronts that are potential upwelling 
waters along the south Australian margin.

2.3.3.1  �Antarctic Region or Zone

The Antarctic Zone lies south of the Polar Front. The 
Polar Front Zone, where water temperatures change 
northward from 4 to 10°C is complex and composed of 
the Subantarctic Front and the Polar Front. The Polar 
Front is where surface temperatures change northward 
from ~4 to 8°C and salinities change from ~34.2 to 
<33.9‰. The Subantarctic Front is where tempera-
tures change from 8 to 10°C and salinities increase 
from 34.3‰ to 34.7‰.

2.3.3.2  �Subantarctic Region or Zone

This zone is bounded by two fronts, the Subtropical 
Convergence (~40° S) and the Polar Front (~50° S) 
and contains another, the Subantarctic Front (~45° S). 
It has also been called the Subantarctic Water Ring 
(Longhurst 1998). The northernmost zone is in the 
vicinity of the Antarctic Circumpolar Current and is 
located between the Subtropical Front and Subantarc-
tic Front. Its most prominent feature is a water layer 
of nearly homogeneous thickness, extending from the 
surface to 400 mwd, called Subantarctic Mode Water 
(see below). The Subtropical Front is a current band 
with predominantly eastward flow associated with the 
southern boundary of the major subtropical gyres and 
marks the southern boundary of the Subtropical Con-
vergence. The waters here warm rapidly from 8 to10°C 
and the salinity increases from 34.2 to 34.8‰.

2.3.3.3  �Subtropical Convergence Zone

On the poleward side of the Subtropical Convergence 
the cold, low-salinity Antarctic Intermediate Water con-
verges with and slides beneath the warm, high salinity, 
subtropical surface water at the Subtropical Front. The 
Subtropical Convergence divides anticyclonic water 
circulation of the southern Atlantic, Pacific, and Indian 
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oceans from the cyclonic circulation of the Antarctic 
Circumpolar Current and can be traced almost con-
tinuously around the globe.

The Subtropical Convergence in the Australian-
Antarctic sector lies north of the Subtropical Front 
and between ~35° and 45°S and is where surface 

waters increase in temperature from ~10°C to locally 
18°C over a distance of <5 km. Increasing sea surface 
temperature and salinity occurs with decreasing lati-
tude. The water spreads northward along isopicnals 
(a process called subduction). Subduction proceeds 
by the injection of surface water into intermediate 

Fig. 2.8  Isometric blocks 
illustrating the major water 
masses described in the 
text (a) off Antarctica (after 
Sverdrup et al. 1942) and 
(b) off Southern Australia 
(synthesized from McCart-
ney 1982; Condie and Dunn 
2006; Middleton and Bye 
2007). The Leeuwin Current 
System flows from west to 
east whereas the Flinders Cur-
rent system flows from east 
to west
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depths by Ekman Pumping along isopicnals of its 
own density (Tomczak and Godfrey 1994). This is 
common in the subtropics because of negative wind 
curl.

The zone forms a mixed layer nutrient disconti-
nuity where sharp gradients in nitrate concentration 
(<0.5 µmol in the north and 8–10 µmol in the south) 
results in high chlorophyll biomass. The phytoplankton 
is a mixture of southern diatom-dominated and north-
ern calcareous—phytoplankton dominated forms.

2.3.4  �Water Masses

The South Australian Basin is filled with five stacked 
water masses, which from the deepest to shallowest are 

(Fig. 2.8a) Antarctic Bottom Water, Circumpolar Deep 
Water, Antarctic Intermediate Water, Antarctic Mode 
Water, and Subtropical Surface Water (Tomczak and 
Godfrey 1994; Condie and Dunn 2006) (Table 2.1).

2.3.4.1  �Antarctic Bottom Water

The deepest water in the Australian-Antarctic Basin 
(sometimes called the South Indian Ocean Basin), 
results from the sinking of cold and dense nearsurface 
water off Antarctica, (rich in solutes excluded dur-
ing ice formation), that descends to >4,000 mwd and 
mixes with the Circumpolar Deep Water. Its origin 
is mostly in the Ross Sea and off Adelie Land. It is 
high in dissolved oxygen and low in nutrient content 
and maximum salinity and spreads to the east along 

Table 2.1  Intermediate and deep water masses of the Southern Ocean

Subantarctic Mode Water ESPERANCE CEDUNA
Potential Temperature (°C) 9.0–9.5 8.5–9.5
Salinity (‰) 34.65–34.7 34.60–34.65
Dissolved Oxygen (µmol l−1) 255 (N)–290 (S) 250(N)–285 (S)
Oxygen Saturation (%) 89 (N)–100 (S) 88 (N)–100 (S)
Phosphoate (µmol l−1) 0.9–1.2 1.0–1.2
Nitrate (µmol l−1) 14–18 14–20
Silicate (µmol l−1) 2.0–6.0 3.0–6.0
Antarctic Intermediate Water
Potential Temperature (°C) 3.5–5.5 3.1–6.3
Salinity (‰) 34.30–34.40 34.50–34.32
Dissolved Oxygen 190–2-5 200–220
Oxygen Saturation 65–70 66–72
Phosphate (µmol l−1) 1.9–2.2 1.9–2.3
Nitrate (µmol l−1) 28–34 30–34
Silicate (µmol l−1) 22–35 20–39
Circumpolar Deep Water Lower Upper Lower Upper

1250–2250 mwd 2250–4500 mwd 1250–2250 mwd 2250–4500 mwd
Potential Temperature (°C) 2.0–0.5 2.0–3.5 2.0–0.5 2.0–3.0
Salinity (‰) 34.73–34.71 34.55–34.73 34.73–34.71

max 34.75 @3 km max 34.75@2.7 km
Dissolved Oxygen 180–220 180–170 180–210 180–200

O2 min (<170) O2 min (<175)
1500–1700 mwd 1200–1500 mwd

Oxygen Saturation 55–62 53–55 53–62 53–60
O2 min <51 O2 min <51

Phosphate (µmol l−1) 2.2–2.4 2.2–2.5 2.4–2.5 2.4–2.5
O2 min >2.5 O2 min >2.5

Nitrate (µmol l−1) 36–38 36–38 34–36 34–36
Silicate (µmol l−1) 90–125 50–90 100–120 60–100

Compiled from Schodlok et al. (1997)
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the sea floor. The water temperature is <0.5°C and the 
salinity <34.7‰. Dissolved oxygen is >220 µmol l−1, 
>62% saturation. Nutrients are about the same as the 
overlying Circumpolar Deep Water whereas silicate is 
~125 µmol l−1. This water mass has little effect on the 
southern Australian continental slope or shelf.

2.3.4.2  �Circumpolar Deep Water

Low in dissolved oxygen, this is the most prominent 
water mass in the Southern Ocean. In this region, it 
originates as the North Indian Ocean Deep water and 
spreads southward from the western Indian Ocean at 
depths of 1,000–2,000 m to mix with North Atlantic 
Deep Water east of Africa and form Central Deep 
Water that is characterized by low dissolved oxygen 
and high nutrients. In this area it can be divided into 
two parts, upper (1,250–2,250 mwd) and lower (2,250–
4,500 mwd) (Table 2.1). The upper part has nutrient 
levels higher than anywhere else in the water column.

2.3.4.3  �Antarctic Intermediate Water

For many years it has been known that this water mass 
is formed as high salinity North Atlantic Deep water 
and Circumpolar Deep water together move upward 
from depths greater than 2,000 m, come to within 
200 m of the surface in the Antarctic Zone where they 
mix with nearsurface waters. Recent studies have also 
found much evidence that Subantarctic Mode Water 
is also another precursor of Antarctic Intermediate 
Water (Carter et al. 2009). The mixture of these waters 
is warmed and diluted by rain and snow, resulting in 
low salinity, and is then subducted northward near the 
polar front between the Polar Front and the Subantarc-
tic Front.

This relatively nutrient-rich water forms an inter-
mediate depth temperature and salinity minimum 
layer with high oxygen content that flows northward at 
depths of ~800–1000 m (Lynch-Stieglitz et al. 1994). 
It is slightly denser than Subantarctic Mode Water (see 
below). The winter deep mixed layers are isolated from 
the surface during the summer by a seasonal thermo-
cline. The sinking occurs in a stepwise path northward. 
This water intersects the south Australian slope at 
~600–1200 mwd (Middleton and Cirano 2002; Wood 

and Terray 2005) and with Sub Antarctic Mode Water 
feeds into upwelling circulations over the shelf dur-
ing the Austral summer. It has a temperature of 4–8°C 
and salinities of 34.30–34.50‰, fresher than the Sub-
antarctic Mode Water positioned above it, although in 
upwelled circulations is sometimes reheated to 14°C 
(Levings and Gill, in press).

2.3.4.4  �Subantarctic Mode Water

This large, nearly homogeneous layer formed between 
the Subantarctic Front and the Subtropical Front is 
called a thermostad or pycnostad because temperature 
and salinity variation with depth is very small. The 
water body results from deep winter convection due 
to erosion of the seasonal thermocline and exposure 
of this layer to the cold atmosphere. Convective over-
turning and thus ventilation results in high dissolved 
oxygen (~95%–McCartney 1977, 1982). It is tracked 
throughout southern hemisphere oceans as water with 
an oxygen maximum.

Adjacent to the Australian continental slope this 
water has descended to ~450–700 mwd but is much 
thicker and extends to the surface south of the subtropi-
cal front. It has a temperature of ~8–10°C and salinity 
of 34.60–34.70‰ (Table 2.1). In the Subantarctic Ring 
Longhurst (1998) referred to this as an oligotrophic 
regimen even though it is a relatively high-nitrate but 
low chlorophyll signature, probably because of low Fe 
supply.

2.3.4.5  �Surface Waters

Surface waters, those shallower than ~400 mwd are 
complex, especially on and adjacent to the continental 
shelf proper where they are a combination of Subtropi-
cal Surface Water, waters introduced from offshore 
Western Australia, evaporated waters, and upwelled 
waters. Subtropical Surface Water is also called South-
ern Subtropical Surface water, Tropical Surface Waters, 
Subtropical Surface Water and Indian Central water 
(Condie and Dunn 2006; Woo and Pattiaratchi 2008). 
Herein called Subtropical Surface Water, it is between 
10 and 22°C, has intermediate relatively high salinity 
(35.1–35.9‰) and intermediate oxygen content (220–
245 µmol l−1) and a weak minima of dissolved N, Si, 

2.3  Oceanography
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and P. Details of the water in different areas are dis-
cussed in subsequent chapters.

2.3.5  �Current Systems

2.3.5.1  �General Aspects

Waters that overlie the shelf and upper slope, because 
they are relatively shallow, are strongly affected by 
seasonally changing climate, both in terms of their 
composition and movement. In summer, the high-
pressure ridge that is maintained over the area induces 
a consistent pattern of southeasterly winds; in winter 
when the anticyclone moves north over central Aus-
tralia there is a predominantly westerly wind regi-
men. The autumn change from an easterly to westerly 
wind pattern causes, (1) a change in the character of 
Ekman transport, and (2) a switch in the direction of 
coastal currents from east to west. Southeasterly sum-
mer winds along the northern edge of the high pressure 
cells drive waters offshore via Ekman transport, lower 
coastal sea level by ~25 cm, induce a westward coastal 
current, and locally upwell waters towards the coast 
(Herzfeld and Tomczak 1997; Middleton and Platov 
2003; Levings and Gill in press).

This situation reverses in winter as the westerly 
winds force downwelling to depths of 600 mwd over 
the shelf break, raising coastal sea level ~25 cm, and 
generating an easterly nearshore current. This is a rare 
example of downwelling currents driven by seasonally 
reversing winds (Middleton and Cirano 1999; Cirano 
and Middleton 2004)

2.3.5.2  �Open Ocean

Water movement south of the Subtropical Convergence 
Zone is perpetually to the east in the form of the West 
Wind Drift or Circumpolar Current (Figs. 2.7, 2.8). 
The Circumpolar Current is the largest mass trans-
port of all ocean currents. Driven by a circumpolar 
belt of westerly winds and associated frequent storms, 
this current comprises all water masses south of the 
Subtropical Front and travels eastward at a velocity of 
0.05–0.15 m s−1 (~0.2 knots). North of the Subtropical 
Front water movement in the upper 1,000 m is largely 
westward. Movement of Subantarctic Mode Water 

adjacent to the Australian continental margin is west-
ward (McCartney 1977; Schodlok et al. 1997). To the 
south it may be anticyclonic; east in the south, north 
adjacent to Tasmania, and west along the shelf edge 
(McCartney 1977, 1982) or west north of the Subtropi-
cal Front, east in the centre, and west adjacent to the 
shelf (Schodlok et al. 1997).

2.3.5.3  �Continental Margin

There is a considerable amount of information availa-
ble concerning water masses and circulation across the 
continental margin. The two dominant features are a 
warm, mixed surface layer underlain by cooler Antarc-
tic Intermediate and Subantarctic Mode Water (Newell 
1961, 1974; Wyrtki et al. 1971; Bye 1972, 1983; Calla-
han 1972; Rochford 1977; Lewis 1981; Godfrey et al. 
1986; Hahn 1986; Harris et al. 1987; Schahinger 1987; 
Cresswell and Peterson 1993; Hufford et al. 1997). The 
mixed surface layer flows in a generally east-southeast 
direction and is known as the Leeuwin Current off west 
Australia, the South Australian Current off South Aus-
tralia and Victoria, and the Zeehan Current off west 
Tasmania. The underlying counter current of Antarctic 
Intermediate Water and Antarctic Mode Water flows 
in a generally north westward direction at a depth 
of about 400–600 m (Wood and Terray 2005) and is 
known as the Leeuwin Undercurrent off west Australia 
and the Flinders current off western Tasmania, western 
Victoria and South Australia (Middleton and Cirano 
2002). This current feeds into shallower shelf circula-
tions during summer when alongshore winds from the 
southeast in combination with coriolis force advects 
the mixed surface layer offshore and triggers a com-
pensatory upwelling of Antarctic Intermediate Water 
and Antarctic Mode Water from greater depths (Hahn 
1986; Schahinger 1987; Levings and Gill in press).

2.3.5.4  �Flinders Current System

Monthly mean wind stress curl south of Australia is 
positive during summer and winter and leads to Ekman 
pumping and downwelling throughout the region. Cal-
culations indicate that such downwelling ought to result 
in northward transport and that this should be deflected 
westward into an upwelling favourable bound-
ary current that flows westward along the southern  
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shelf; the Flinders Current (Bye 1972, 1983; Mid-
dleton and Cirano 2002; Middleton and Bye 2007), a 
northern boundary current. This may be the only such 
current on the globe. There are but a handful of real 
observations about the Flinders Current (Cresswell 
and Peterson 1993; Wood and Terray 2005) and most 
of what is understood comes from an integration of 
these measurements and mathematical modeling.

The Flinders Current is sourced from the Subant-
arctic Zone where Subantarctic Mode Water (cool, 
high oxygen, moderate nutrient levels) and Antarctic 
Intermediate Water (very cold, relatively fresh, high 
nutrient levels) flow north across the Subtropical Front 
(Fig. 2.8a) and then west along the Australian conti-
nental slope (McCartney and Donohue 2007; Currie 
et al. in press). The Flinders Current is also thought 
to be fed by the Tasman outflow, that flows westward 
around the southern tip of Tasmania (Cirano and Mid-
dleton 2004). Upwelled waters would therefore come 
mostly from Antarctic Intermediate Water (and Suban-
tarctic Mode Water).

The Flinders Current flows throughout the year, 
even though coastal winds and currents reverse. The 
current runs beneath the Leeuwin Current during 
winter (Cirano and Middleton 2004), but during sum-
mer locally upwells onto the shelf and is present as 
a shallow current. Flow is strongest in summer due 
to increased Sverdrup transport. The Current inten-
sifies from east to west, can extend from the surface 
to 800 mwd, and flows year-round with a velocity of 
~16 cm s−1 (0.3 knots). Maximum westward speed is 
20 cm s−1 (~0.4 knots) off Cape Pasley between 400 and 
600 mwd; decreasing to zero at 1000 mwd. It should 
be thickest in summer with the bottom boundary layer 
extending some 50 km out from the shelf.

2.3.5.5  �Leeuwin Current System

The western and southern margins of the continent are 
characterized by a unique series of strong warm shal-
low-water (<200 mwd) currents that flow south and 
east along the shelf edge in a narrow band for almost 
5500 km (Ridgway and Condie 2004) from Northwest 
Cape to the southern tip of Tasmania (Fig. 2.8).

Leeuwin Current  The wind-dominated circulation 
pattern generates a shelf-edge jet that changes with the 
season. The Leeuwin Current (Godfrey and Ridgway 

1985; Cresswell 1991) is a narrow (<100 km), shallow 
(<200 m) stream of comparatively warm, (17–19°C), 
low-salinity (35.7–35.8‰) nutrient-depleted oce-
anic water of tropical origin that flows southward at 
relatively high velocity (0.1–1.4 m s−1; 0.2–3.0 knots, 
~20 km per day) along the western Australian continen-
tal slope and eastward into the Great Australian Bight 
(Pearce 1991). Temperature decreases from 26.3°C at 
the northern origin to 21.5°C at Cape Leeuwin to 18°C 
in the Great Australian Bight.

The Leeuwin Current originates off northwest 
Australia where the Indonesian Throughflow creates 
a warm-water pool. This in turn drives a meridonal 
pressure gradient that through geostrophy drives an 
onshore transport towards the western Australian 
coast. This situation results in a strong alongshore 
pressure gradient that provides the driving mecha-
nism for a poleward flowing boundary current. The 
flow is driven by a large-scale meridonal pressure 
gradient that generates onshore geostrophic transport 
that is sufficient to exceed Ekman transport induced 
by equatorward wind stress. This is a unique current 
because it flows against the prevailing winds and 
transports warm, low-salinity, oligotrophic tropical 
water southward along the western Australian coast 
and then eastward across the Great Australian Bight. 
The strong alongshore pressure gradient is usually 
sufficient to overwhelm the effects of coastal, wind-
forced upwelling. It has a strong seasonal cycle with 
greatest strength in the autumn and early winter, asso-
ciated with weakening of alongshore winds from the 
southwest. It flows into the Great Australian Bight to 
about 120° E (off Esperance), although in many years 
it may penetrate further east.

There is also a substantial alongshore steric height 
gradient eastward from Cape Leeuwin capable of driv-
ing the Leeuwin Current eastward (it is here that the 
Leeuwin Current flows fastest). The influence of the 
Leeuwin Current diminishes eastwards such that off 
the eastern Great Australian Bight (135° E) it only 
drives ~15% of the flow. Ridgway and Condie (2004) 
concluded that fortuitously, the west coast pressure 
gradient delivers the Leeuwin Current to the southern 
margin just in time for the winds to change to winter 
westerlies and drive it eastwards.

As the Leeuwin Current propagates southward 
along the western coast of Western Australia it passes 
over the high-salinity subsurface core of the South 
Indian Central Water and the associated mixing makes 
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it progressively more saline and cooler (Webster 
et al. 1979). Thus, there is a seasonal increase in the 
salinity of the Leeuwin Current as it approaches Cape 
Leeuwin (due to this drawing up of the South Indian 
Central Water), such that after rounding Cape Leeu-
win the Leeuwin Current is more saline than surround-
ing waters. The saline water is, however, slowly lost 
through energetic mixing with fresher offshore waters. 
The Leeuwin Current appears to reach a longitude of 
~138° E (south of Kangaroo Island) before its tempera-
ture-salinity signature is swamped by the Great Aus-
tralian Bight outflow onto the slope.

South Australian Current  The Leeuwin Current 
merges with the South Australian Current in autumn 
(Black 1853) as a plume of warm (2–3°C above the 
surrounding waters), saline water from the Great Aus-
tralian Bight. The South Australian Current water 
forms in summer and moves east and off the shelf just 
as the winter winds start to blow from the west, driv-
ing it eastward. The current reaches its maximum flow 
during May, June, and July. Wind stress curl that leads 
to the anticyclonic gyre in the Great Australian Bight 
is intensified off Eyre Peninsula. In the western Great 
Australian Bight, seaward surface Ekman transport 
and Flinders Current shoreward transport converge to 
form a ridge over the shelf edge resulting in an east-
ward current over the shelf break and downwelling to 
100 mwd. Temperature patterns of the Leeuwin Cur-
rent indicate that the saline pulse from the Great Aus-
tralian Bight travels 3000 km in ~2.5 months (speed of 
0.4 cm s−1, ~1 knot).

Zeehan Current  Further east, there is a strong 
southeasterly flow off western Tasmania, called the 
Zeehan Current (Baines et al. 1983). The current is 
seasonally reversing, and steric height measurements 
show that the strongest flow is in winter and spring 
(June to November), although there is a southward 
flow all year round. Once the full winter state has 
been established with a positive sea level anomaly, 
the jet of warm water moves progressively eastward 
until it reaches the coast of Tasmania in July. Surface 
water decreases in temperature as it moves east from 
18.3°C in the Great Australian Bight to 14°C along 
the Tasmania coast. The higher salinity water that is 
entrained into the flow comes from the Great Austral-
ian Bight and not from Spencer Gulf, Gulf St. Vin-
cent, or the Indian Ocean. The winter outflow of cool 
and very saline waters from Spencer Gulf intrudes 

onto the shelf and slope and finds its own density 
level at 250–300 mwd; too deep to be incorporated 
into the shallower flow.

2.3.6  �Tidal Currents and Internal Waves

Tidal currents on the southern Australian shelf are 
small (<10 cm s−1, <0.2 knots) but are locally amplified 
somewhat in the gulfs. The nature and role of inter-
nal tides and solutions is unknown but inertial wave 
currents off the Bonney Coast are relatively large 
(20 cm s−1; 0.4 knots) (Middleton and Bye 2007).

2.3.7  �Seasonal Variability and Trophic 
Resources

Prevailing westerlies reverse during summer months 
and this together with coastal heating leads to the for-
mation of warm waters in the Great Australian Bight 
and South Australian Sea. These east and southeast-
erly winds result in weak coastal currents that flow 
westward. Wind stress curl can lead to an anticy-
clonic gyre in the Great Australian Bight as well as 
the formation of the South Australian Current. For 
over 25 years it has been known that summer coastal 
upwelling occurs along the narrow continental shelf 
adjacent to the Bonney Coast between Cape Jaffa and 
Portland (Rochford 1977; Lewis 1981; Schahinger 
1987; Griffin et al. 1997). Simultaneous upwelling 
also occurs along wider segments off western Vic-
toria (Levings and Gill in press), south of Kangaroo 
Island, at the mouth of Spencer Gulf (Hahn 1986), 
and along the western coast of Eyre Peninsula (Kämpf 
et al. 2004; Middleton and Bye 2007) but does not 
usually shoal to the surface and is often masked in 
sea surface temperature images by the warm surface 
layer.

Strong winter westerlies and cooling lead to intense 
downwelling throughout to 200 mwd or more as well 
as the formation of dense coastal waters in the Great 
Australian Bight and the South Australian Sea. There 
is no upwelling during winter. Dense waters that have 
been evaporated during the summer and subsequently 
cooled exit the Great Australian Bight and Spen-
cer Gulf as gravity currents to equilibrium depths of 
~200 m. Winter cooling also leads to the formation 
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of cold and dense waters (14–15°C, 36‰) in shallow 
waters of the Lacepede Shelf.

2.4  �Synopsis

The southern part of Australia is a passive continental 
margin presently covered by cool-water carbonate sed-
iments. The strongly seasonal climate varies from arid 
to humid. The ocean that covers the shelf lies north of 
the subtropical convergence zone and is a high-energy, 
swell dominated hydrodynamic regimen.

1. � Southern Australia is composed of two major Pre-
cambrian cratons bounded on the east by the Tas-
man Fold Belt System, a series of Neoproterozoic 
to late Paleozoic continental margin and accreted 
terranes. The tectonic grain is predominantly north-
south. This fragment of Gondwana is truncated by 
the Southern Australian Rift System, an east-west, 
Mesozoic–Cenozoic structure involving rift and 
drift coincident with separation of Australia from 
Antarctica. Marginal rift basins and subsequent 
shelf deposits in this system comprise Jurassic to 
Cretaceous siliciclastic sedimentary rocks overlain 
by Cenozoic limestones. The entire region under-
went tectonic inversion and uplift in the middle 
Miocene resulting in reduced shelf accommodation 
and exposure of the Paleogene and early Neogene 
limestones in a series of shallow epicontinental 
basins.

2. � A strong, mid-latitude, high-pressure cell domi-
nates weather in Australia today. The high lies over 
the southern Australian coastline during summer 
resulting in an overall semi-arid climate. It shifts 
northward during winter, allowing a succession 
of low-pressure systems with accompanying rains 
and strong westerlies to dominate weather across 
the region. This pattern results in an overall climate 
that is arid to semi-arid across the Great Australian 
Bight and South Australian Sea but becomes pro-
gressively more humid southward in Victoria and 
around Tasmania.

3. � Waters on the continental shelf are largely sub-trop-
ical and separated from cold Antarctic waters by the 
Subtropical Convergence Zone. There is unimpeded 
zonal water circulation from the west (West Wind 
Drift). The sea state is swell–dominated with high 
wave heights and long period swells. Storm wave 

base is estimated to lie on average at ~60 m water 
depth (mwd) whereas swell wave base extends to 
~140 mwd.

4. � The ocean south of Australia comprises five stacked 
water masses:

    •	� Antarctic Bottom Water: very cold, high salin-
ity waters with high dissolved oxygen and high 
nutrient levels—it has little affect on the Austral-
ian shelf or slope.

    •	� Circumpolar Deep Water: 4500–1250 mwd, 
cold, moderate salinity waters with low dis-
solved oxygen but very high nutrient levels—it 
has little effect on the Australian shelf or slope.

    •	� Antarctic Intermediate water: 1250–800 mwd, 
intermediate temperature, nutrient-rich water 
with high oxygen contents but low salinity lev-
els that are recognizable as a salinity minimum 
throughout the Southern Ocean.

    •	� Subantarctic Mode Water: 800–450 mwd, 
a homogeneous, intermediate temperature 
(8–10°C), low oxygen, intermediate salin-
ity water mass with moderate nutrient levels 
adjacent to the southern Australian continental 
margin.

    •	� Subtropical Surface Water: <450 mwd, a rela-
tively warm (10–22°C) water mass with inter-
mediate oxygen content and low nutrient levels 
that is complex and locally saline because of 
intense seasonal evaporation.

5. � Current systems are strongly affected by climatic 
seasonality. The autumn change from an easterly to 
westerly wind pattern results in a change of Eck-
man transport and a switch in coastal currents. The 
regimen is over all downwelling with local cool 
summer upwelling. Nearsurface environments are 
affected by two currents systems:

    •	� The Flinders Current System is an upwelling-
favourable northern boundary current that 
extends from the surface to ~800 mwd and flows 
from south of Tasmania westward and north-
ward, generally outboard of the shelf edge to 
Cape Leeuwin. It is composed of Antarctic Inter-
mediate Water and Subantarctic Mode Water 
that is cool, well oxygenated, and with moderate 
nutrient levels.

    •	� The Leeuwin Current System is a seasonal 
phenomenon that flows eastward along the 

2.4  Synopsis
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entire length of the continental shelf edge. It is 
composed of relatively warm, nutrient-depleted 
subtropical surface waters, and generally pre-
vents upwelling. The system comprises Leeu-
win Current waters in the west, South Australian 
Current waters in the center, and Zeehan Current 
waters in the east.

6. � Upwelling of waters from the Flinders Current 
occur in summer but are localized to the Bonney 

Shelf, off Kangaroo Island, near the mouth of Spen-
cer Gulf, and along the eastern coast of Eyre Penin-
sula. There is no upwelling during winter because 
of the strong westerlies.

7. � Spencer Gulf and Gulf St. Vincent are inverse estu-
aries in which strong summer heating and evapo-
ration form saline waters at the head of each gulf. 
These waters cool in winter and flow oceanward as 
dense saline bottom currents.



3.1  �Introduction

The focus of this book is on sediments that currently 
cover the continental margin seafloor across southern 
Australia. It quickly became obvious during the early 
stages of our research, however, that these deposits 
are not simply a product of modern processes but that 
they are inexorably linked to the Pleistocene prehis-
tory. The influence of the Pleistocene has been two-
fold; (1) antecedent topography created by Pleistocene 
deposition has formed a template upon which modern 
sediments are accumulating–this control is especially 
important in shallow marine environments, (2) today’s 
seafloor sediments contain older particles that were 
produced in the Pleistocene.

Glacial-driven eustatic cyclicity on a 20,000–
100,000 year scale (Fig. 3.1) resulted in interglacial 
highstands at or near modern sea level and glacial 
lowstands that exposed much of the continental shelf 
(Figs. 3.2, 3.3, 3.4). Australia, like other continents in 
the mid latitudes under Hadley Cell circulation (the  
intertropical zone), was as much as 10°C colder, sig-
nificantly drier, and also much windier than today 
(Bowler 1976; Zheng et al. 1998; Williams 2000; Rud-
diman 2001) during the last glacial maximum (LGM). 
There was nearly 25% greater land area (Figs. 3.2, 
3.3, 3.4) and land bridge links to Tasmania and New 
Guinea (Fig. 3.5) at that time. The axis of winter 
storms moved south and considerable amounts of aeo-
lian dust blew off the arid center towards the south and 
southeast (Williams et al. 1998; Williams 2001). Sea 
surface temperatures along the southern continental 
margin are estimated to have been 3–5°C colder than 
today (Williams et al. 1998).

As ice caps melted during the latest Pleistocene, 
sea-level rose, evaporation from the intertropical 

oceans increased, the land bridge connections were 
severed, and the climate became warmer and wetter 
(Williams et al. 1998; Williams 2000). The dune sys-
tems in southern Australia became rapidly vegetated 
as exemplified on the Roe Plains (Lowry 1970; James 
et al. 2006).

The record of Pleistocene marine deposition is, 
however, not straightforward. This is largely because 
there was little accommodation on the shelf and so 
most sediment generated there was swept outboard 
onto the slope or inboard into beach-dune complexes 
(Fig. 3.6). As a result, the record lies in (1) continental 
slope sediments, (2) sediments flooring the large gulfs, 
and (3) aeolianite complexes, but not on the open shelf. 
Slope deposits contain a record that extends through 
the entire Cenozoic but is particularly well developed 
in the Pleistocene (see below). The sedimentary record 
in the gulfs and the aeolianites is restricted to sea-level 
highstands.

Sediment on the shelf does, nevertheless, con-
tain evidence of late Pleistocene deposition. Such 
evidence is not stratigraphic but is compositional. 
Current seafloor sediments are an assortment of late 
Pleistocene and recent grains (Fig. 3.7). The oldest 
Pleistocene particles are relict grains, skeletons and 
intraclasts that were generated during Marine Isotope 
Stages 3 and 4 (MIS 3 and 4) when the shelf was par-
tially flooded (Figs. 3.1, 3.8, 3.9, 3.10). The younger 
Pleistocene grains were formed during early stages 
of the post-last glacial maximum (LGM) sea level 
rise (MIS 2). These stranded grains accumulated in 
shallow-water environments and are now marooned 
on a seafloor that is much deeper than when they 
were produced. The importance of these two late 
Pleistocene components cannot be overemphasized 
because they are the most numerous constituents in 
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many surface sediments on the modern shelf. The rel-
ict and stranded particles are now being mixed with 
Holocene carbonate gains to form a palimpsest sedi-
ment apron across the neritic part of the continental 
margin.

3.2  �The Continental Slope Record

The continental slope ranges from a relatively gen-
tle incline locally incised by numerous submarine 
canyons (von der Borch 1968; Exon et al. 2005; Hill 
et al. 2005) to a broad progradational sediment wedge 
(Feary et al. 2000b) to a relatively steep slope marked 
by fault detachment (von der Borch and Hughes-
Clarke 1993). The clearest record is in the prograding 
wedge in the central Great Australian Bight. There the 
slope laps down onto the Eyre Terrace as an impressive 
~550 m-thick sediment wedge (Fig. 3.11) composed of 
fine-grained carbonate derived largely from the shelf, 
together with bryozoan reef mounds (James et al. 
2000, 2004; Feary et al. 2004).

3.2.1  �Slope Sedimentation

Most of the shelf edge and upper slope in the Great 
Australian Bight has a pronounced progradational 
seismic geometry (Fig. 3.11), with calculated accu-
mulation rates for the Pliocene–Pleistocene succes-
sion of ~26 cm ky−1. The succession in the Eucla 
sector is, however, an unusually thick, sigmoid-
shaped sedimentary package with spectacular clino-
form geometry. At its thickest point, this prograding 
unit is more than twice as thick as the entire under-
lying succession of upper Miocene to middle upper 
Eocene cool-water carbonates. The highest calculated 
accumulation rate is 62.5 cm ky−1. This rate compares 
favorably and even exceeds accumulation rates esti-
mated for warm shallow-water carbonate sedimen-
tary environments (30–100 cm ky−1) (Schlager 1981; 
James and Bone 1991). It is clear that the vigorous 
off-shelf transport of carbonate sediments from the 
shallow-water carbonate factory is of critical impor-
tance for the development of this prograding wedge 
(James et al. 1994).

Fig. 3.1  A sea level curve for 
the southern Australian conti-
nental margin, (adapted from 
Chappell and Shackleton 
1986; Hails et al. 1984a, b; 
Cann et al. 1988). The upper 
curve illustrates the position 
of sea level and pertinent 
marine isotope stages for 
the last 150,000 years. The 
lower curve details the last 
75,000 years, highlighting the 
periods when relict, stranded, 
and Holocene skeletal grains 
formed as well as the position 
of sea level during the last 
glacial maximum (LGM)
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The Plio-Pleistocene clinoform succession shows 
pronounced cyclicity (Feary et al. 2000b). All the glo-
bal Marine isotope stages (Shackleton et al. 1990) can 
be recognized when the data are compared using the 
age models developed for each site and the SPECMAP 
stack (Imbrie et al. 1984; Holbourn et al. 2002; Andres 
et al. 2003; Andres and McKenzie 2004). The Great 
Australian Bight oxygen isotope signals have unusu-
ally low amplitudes when compared to other oxygen 
isotope curve based on planktonic foraminifers. This 
expression could be due to the contribution from shelf-
derived sediment or to only subtle water temperature 
changes at the seafloor during sea level fluctuations 
(Holbourn et al. 2002).

Mid-Pleistocene cycles (~10 m thick) can be corre-
lated to sea level changes arising from obliquity-scale 
(41 ky) orbital forcing (Saxena and Betzler 2003). Fine-

grained sediment (wackestone) at the bottom of each 
cycle grades upward into coarse-grained sediment (pack-
stone) at the top. Tunicate spicules, brown bioclasts, bry-
ozoan fragments, and coralline algal debris were shed to 
the slope during sea level rises whereas sponge spicules 
and carbonate mud were shed during sea level falls. 
Such particle constituent partitioning produced distinct 
mineralogic cyclicity. High magnesium calcite (HMC) 
and aragonite are most abundant during sea level rises 
and highstands (Saxena and Betzler 2003; Andres and 
McKenzie 2004; Swart et al. 2004). Siliciclastic input, 
in the form of clay minerals, was highest during sea level 
highstands, reflecting higher rainfall and runoff.

Late Pleistocene cycles comprise alternating olive 
gray (coarse grained and aragonite and HMC rich) 
and light gray (fine grained and LMC-rich) sediment 
(Brooks et al. 2004; Simo and Slatter 2004). Coarse 

Fig. 3.2  Charts of two sections of the southern Australian con-
tinental margin (see inset), illustrating the position of sea level 
during the last glacial maximum. In most cases the modern ner-
itic zone was a wide coastal plain. The Albany Shelf (a) was 

mostly exposed with a narrow shallow neritic zone whereas the 
Great Australian Bight (b) was a vast low, coastal plain more 
than 200 km wide in places adjacent to ~ a 20 km wide shallow 
neritic environment
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material is interpreted to represent the lower sea level 
part of the cycle with the finer material representing 
the higher sea level component.

Hine et al. (2004) determined that the most rapid 
sediment accumulation rates occurred during the fast-
est transgressive component of the sea level cycle. Cal-
culated sediment accumulation rate between 19 and 
13.95 ka, for example, was 656 cm ky−1. This indicates 
that when the vast adjacent shelf is initially flooded, 
there is a pulse of sediment production and off-shelf 
export that decreases toward peak flooding.

3.2.2  �Biogenic Mounds

Bryozoan-rich, biogenic mounds (Figs. 3.11, 3.12) 
grew periodically on the prograding carbonate slope 
of the central Great Australian Bight throughout 
Pliocene–Pleistocene time (James et al. 2000, 2004). 
Cores from three ODP Leg 182 drill sites provide a 
record of mound growth during the LGM. These 
mounds grew between paleodepths of 100 and 240 m 
with the upper limit of growth limited by swell wave 
base, and the lower boundary fixed by an oligotrophic 

Fig. 3.3  Chart of the South 
Australian Sea portion of the 
Australian continental margin 
(see inset), illustrating the 
position of sea level during 
the last glacial maximum. The 
South Australian Sea did not 
exist as such and the gulfs 
and the Lacepede shelf were a 
series of low-lying relatively 
flat coastal, likely paralic 
environments with scattered 
bedrock inselbergs. The River 
Murray and its associated 
environments extended to the 
shelf edge with concomitant 
transport of siliciclastic sedi-
ment into shelf-edge deltas.
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water mass. Detailed chronostratigraphy, based on 
radiometric and U-series dating, benthic foraminifer 
stable-isotope stratigraphy, and planktic foraminifer 
abundance ratios, confirm that buildups flourished 
during glacial lowstands (even-numbered MIS) but 
were largely moribund during interglacial highstands 
and are not forming today. The most recent mounds, 
whose tops are 7–10 m below the modern seafloor, 
flourished during the last glacial lowstand but perished 
during transgressive sealevel rise.

Mound floatstones (Fig. 3.12) are compositionally 
a mixture of in situ bryozoans comprising 96 genera 
(Bone and James 2002) and characterized by fenes-
trate, flat rigid robust branching, encrusting multil-
aminar, domal, globose and arborescent, robust rigid 
fenestrate and branching, delicate flexible articulated 
branching growth forms. The packstone matrix com-
prises autochthonous and allochthonous sand-size bry-
ozoans, benthic and planktonic foraminifers, serpulids, 
coralline algae, sponge spicules, peloids, and variable 

Fig. 3.4  Chart of the Southeastern portion of the Australian 
continental margin (see inset), illustrating the position of sea 
level during the last glacial maximum. The southeast coastal 

plain was relatively narrow but Bass Strait was a wide shallow 
depression, with hills and lakes along both sides
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glauconite and quartz grains, together with mud-size 
ostracods, tunicate spicules, bioeroded sponge chips, 
and coccoliths. Intermound, allochthonous packstone 
and local grainstone contain similar particles, but 
they are conspicuously worn, abraded, blackened, and 
bioeroded.

An integrated model of mound accretion during sea-
level lowstands begins with delicate flexible articulated 
branching bryozoan floatstone with increasing bryo-
zoan abundance and diversity upward over a thickness 
of 5–10 m, culminating in thin intervals of grainstone 
characterized by reduced diversity and locally abraded 

fossils. Mound accumulation was relatively rapid (30–
67 cm ky−1) with the stratigraphy locally punctuated 
by rudstones and firmgrounds. Intermound highstand 
deposition was comparatively slow (17–25 cm ky−1) 
and typified by meter-scale, fining-upward packages 
of packstone and grainstone or burrowed packstone, 
with local firmgrounds overlain by characteristically 
abraded particles.

Mound growth during glacial periods probably 
resulted from increased nutrient supply and enhanced 
primary productivity. Large specimens of benthic 
foraminifers restricted to the mounds confirm overall 

Fig. 3.5  A conceptual view 
of the Australian continent 
during the Last Glacial maxi-
mum emphasizing climate 
(modified from Williams 
2000). The central continent 
was more arid than today with 
offshore aeolian dust trans-
port, especially to the east. 
Winter rainfall in the south-
east was higher than today. 
The land bridge between 
Australia and New Guinea 
in the north prevented active 
water flow across northern 
Australia and thus impeded 
flow of the Leeuwin Current.
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mesotrophic growth conditions. Such elevated trophic 
resources were both regional and local, and thought 
to be focused in this area by cessation of Leeuwin 

Current flow, together with northward movement 
of the subtropical convergence and related dynamic 
mixing.

Fig. 3.7  Images of the grain types produced in the neritic zone at different times during the late Quaternary. (Modified from James 
et al. 2005)
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Fig. 3.8  Charts of the two western sections of the southern Aus-
tralian continental margin (see inset), illustrating the position of 
sea level during Marine Isotope Stages 3 and 4 (see Fig. 3.1) 
when sea level was roughly 50 m below what it is today. The 

shallow neritic zone extended across most of the Albany Shelf 
(a) and the Great Australian Bight (b) except for the Roe Ter-
race, which was exposed
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3.3  �The Highstand Aeolianite Record

Exposed coasts have been subjected to high-energy 
seas during every Pleistocene highstand and this 
has led to impressive carbonate beach-dune systems 
(Figs. 3.13, 3.14) wherein most of the sediment came 
from adjacent marine environments. The character of 
the aeolianites, in turn, depended on the local tecton-
ics. Aeolianites on tectonically stable coasts adjacent 
to Precambrian massifs were stranded in the form of 
vertically stacked complexes with eroded seaward 
margins (Fig. 3.14). By contrast, in areas of gradual 

uplift, such as the Coorong (0.07 mm year−1 for the 
last 850,000 years), they were individually isolated 
on a prograding coastal plain in the form of elongate 
dunes separated by lagoonal corridors (Fig. 3.13). All 
of these deposits are encompassed in the Bridgewater 
Formation (Fig. 3.15) that is best understood in south-
east South Australia (Sprigg 1952; Boutakoff 1963; 
Cook et al. 1977; Schwebel 1983; Gostin et al. 1988; 
Wilson 1991; Belperio 1995). Whereas the stacked 
aeolianites have not yet been isotopically dated, 
the prograding beach/dune-lagoon systems in the 
Coorong have, via a variety of techniques, including  

Fig. 3.9  Chart of South 
Australian Sea portion of the 
southern Australian conti-
nental margin (see inset), 
illustrating the position of sea 
level during Marine Isotope 
Stages 3 and 4 (see Fig. 3.1) 
when sea level was roughly 
50 m below what it is today. 
The gulfs were likely lacus-
trine during this period
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thermoluminescence and amino acid racimization been 
correlated with the global Quaternary sea level curve 
(Fig. 3.13) such that each dune ridge corresponds to 
a sealevel highstand and insolation maximum (Sprigg 
1952, 1979; Cook et al. 1977; Schwebel 1983; Mur-
ray-Wallace and Belperio 1991; Murray-Wallace et al. 
1991, 2001; Huntley et al. 1993; Belperio 1995; Mur-
ray-Wallace 2002).

3.4  �The Spencer Gulf and Gulf  
St. Vincent Record

The Late Pleistocene history of the central part of the 
region has been largely determined via extensive cor-
ing in the large gulfs (Belperio et al. 1984; Hails et al. 
1984b; Cann and Gostin 1985; Cann et al. 1988, 1993). 
Poorly sorted, mollusc-rich peritidal Glanville Forma-
tion sediments (MIS 5e –~125,000 ka) form an exten-
sive blanket beneath younger sediments in Spencer 

Gulf and Gulf St. Vincent and in many places outcrop 
along the shore (Figs. 3.14, 3.15). These deposits are 
rich in molluscs that live in the gulfs today whereas 
MIS 5e age deposits also contain several warmer water 
neritic organisms that no longer populate southern 
Australian waters, in particular the coral Goniopora 
somalienesis, the blood cockle Anadara trapezia, the 
pearl oyster Pinctada carchariarum, the gastropod 
Euplica bidentata, and the large benthic foraminifer 
Marginopora vertebralis (Lindsay and Harris 1975; 
Ludbrook 1976; Bone 1978). Overall shallow seawa-
ter temperatures are calculated to have been 7–9°C 
warmer than today in similar modern environments. 
It also is estimated that at that time, sea level stood 
~2 m higher than it does today (Bone 1978; Hails et al. 
1984a; Cann et al. 1988).

Younger MIS 5 interglacial deposits, which were 
deposited during highstands that did not reach mod-
ern levels, are also present in the gulfs. The 10 m-
thick False Bay Formation (Fig. 3.15) accumulated as 
a series of restricted gulf, beach, and estuary-lagoon, 

Fig. 3.10  Chart of the eastern 
part of the southern Austral-
ian continental margin (see 
inset), illustrating the position 
of sea level during Marine 
Isotope Stages 3 and 4 (see 
Fig. 3.1) when sea level was 
roughly 50 m below what 
it is today. Bass Strait was 
likely lacustrine whereas the 
shelves were shallow neritic 
throughout

138° 140° 142° 144° 148°

42°

146°

100 KM

Bathymetry
in Meters

Robe

Portland
Warnambool

Great
Oyster
Bay

Maquarie
Harbour

South West 
 Cape

Melbourne

50
500 150

1000

2000

4000

5000

25

Cape
Otway

50

25

25

150

500

2000

4000

50

25

150

75

50

Cape
Grim

Bathurst
Harbour

25

Hobart

AUSTRALIA

OTWAY
SHELF

WEST
TASMANIA

SHELF

BONNEY
COAST

BASS
 STRAIT

TASMANIA

VICTORIAS. A.

Shoreline

Glenelg
River

Paleogeography during
Marine Isotope Stages 3 and 4 (~70 - 25 ka)

Coastal plain

3.4  The Spencer Gulf and Gulf St. Vincent Record
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sabkha-like peritidal environments during MIS 5c 
(~110,000 ka) when sea level rose to within 8 m of 
modern levels. The overlying Lowly Point Formation 
(Fig. 3.15), which is mostly supratidal, laminated clays 
with gypsum and aeolian sands, formed in protected 
lagoons some 14 m below modern sea level during 
MIS 5a (~80,000 ka) (Hails et al. 1984a).

3.5  �The Continental Shelf Record

3.5.1  �Overview

Much of the shelf has virtually no Pleistocene record. 
The impression of sea level rise and fall is in the form 

Fig. 3.11  A seismic section of the upper slope in the Eyre sector (from James et al. 2004) illustrating the Pleistocene prograding 
carbonate sediment wedge, more than 500 m thick, and the numerous bryozoan-sponge mounds (green)
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of recurring shelf terraces and a patchy sediment 
cover. Bathymetric profiles universally record a series 
of terraces or ridges on most shelves, many of which 
recur at similar, but not exact, water depths. The most 

prominent is the terrace and small submarine cliff at 
110–130 mwd that probably represent the Late Gla-
cial Maximum sea level lowstand (~20 ka). The other 
prominent terrace or ridge at ~50 mwd, (the 25 fathom 

Fig. 3.13  A geological map of the southern part of the Lacepede 
Shelf, the Bonney Coast and the prograding coastal plain inland 
from the shore-hugging Younghusband Peninsula. The series of 

Pleistocene aeolianite complexes (called Ranges) are highlighted. 
Cross-section A-A is depicted at lower left with each dune complex 
correlated to a known sea level highstand. (After Belperio 1995)

HOLOCENE

Coastal and lagoonal facies

Inland aeolian facies

Basaltic pyroclastics and lava flows

PLEISTOCENE

GLANVILLE FORMATION

PADTHAWAY FORMATION

COOMANDOOK FORMATION

TERTIARY

CAMBRO-ORDOVICIAN
Granitoids and volcanics
of the Padthaway Ridge

Oligocene - Miocene limestone
& Pliocene sand

BRIDGEWATER FORMATION
Stranded coastal barrier facies

Coastal lagoon facies

Lagoonal and lacustrine facies

Marine sandy limestone (subsurface only)

100500

kilometres

A

0 0.2 0.4 0.6 0.8 1.0

2

0

–2

MILLION YEARS BP

δ18
O

BRUNHES MATUYAMA

100

50

–50

0

140° 141°

Coonalpyn

Keith

36°

Port MacDonnell

Mt
Gambier

37°

38°

Robe

Kingston

Beachport

Bordertown

1 5c 5e 7a 7e 9 11 13 15 17 19
21? 25?

M
E

T
R

E
S

 (
A

H
D

)

A A

a

b

A

V
IC

Coonalpyn   R
ange

3.5  The Continental Shelf Record

                  



36	3   The Pleistocene Record

terrace of Sprigg (1979)), is thought to be one of sev-
eral paleoshorelines associated with Marine Isotope 
Stages 3 and 4 (Fig. 3.1). The seafloor between these 
two depths is usually relatively smooth or exhibits sev-
eral small terraces (e.g. Figs. 8.10–line 2, 8.11–line 5, 
9.9–line 6). The deepest terrace at ~150 mwd, is most 
prominent on the shelf of the South Australian Sea and 
the Otway Shelf.

Vibracoring on the central Great Australian Bight 
shelf revealed a patchy Holocene sediment blanket 
only a few meters thick on top of early and mid Terti-
ary limestone bedrock (James et al. 1994). Subsequent 
seismic showed that the shelf in the Great Australian 
Bight is partitioned (Fig. 3.16) into an inner pre-Mid-
dle Miocene part that locally outcrops on the seafloor 
and a younger, outer progradational or erosional part 
that is mainly Plio-Pleistocene in age (James and von 
der Borch 1991; Feary and James 1998). Thus, the 
shelf has an inner and middle part that is bedrock with 
relatively little sediment accumulation (see below) and 
an outer part that is largely progradational or erosional 
with deep accommodation.

There have been no subsequent studies until recently 
when Hill et al. (2009) used shallow seismic and vibra-
coring (which we attempted but were thwarted by the 
notorious Southern Ocean weather) to show that the 
same situation is also present on the Lacepede Shelf. 
Likewise, Ryan et al. (2008) found a similar record 
on the inner part of the Albany Shelf off Esperance. 
Thus, there appears to be a pattern that extends from 
the Great Australian Bight as far east as the Lacepede 
Shelf. Only future studies will determine the extent of 
this theme.

Regardless, the nature of sea-level fluctuations 
across the shelf, at least in the late Pleistocene, can be 
deduced because of coring in the gulfs (see above). The 
shelf was flooded and exposed several times between 
80 ka and 20 ka, before sea level fell to ~120 mwd 
during the intervening MIS 2 (20–17 ka) lowstand 
(Figs. 3.2, 3.3, 3.4, 3.5). Most highstands during MIS 

Fig. 3.14  Images of Pleistocene carbonates. (a) The ~100 m-
thick succession of stacked Bridgewater Formation aeolian-
ites and intervening paleosols at Cape Spencer on Southern 
Yorke Peninsula, figure circled for scale, (b) an 18 m-thick 
Pleistocene Bridgewater Formation dune complex at Robe on 
the Bonney Coast capped by calcrete, (c) a close view of a 
Glanville Formation bedding plane with numerous bivalves, 
including Anadara trapezia (left) and zooxanthellate coral 
(right) at Streaky Bay, western Eyre Peninsula. Camera lens 
cap = 50 mm in diameter
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Fig. 3.15  The eustatic sea level curve for southern Australia 
(adapted from Belperio 1995) for the last 75,000 years with the 
different formations that developed during Marine Isotope Stage 
5 highlighted
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3 and 4 were between 50 and 80 m below modern sea 
level. Although the shelf was largely underwater dur-
ing this time (Figs. 3.8, 3.9, 3.10, 3.17), shelf carbon-
ate sediment production took place in much shallower 
water environments than are there today. It was dur-
ing these periods (Figs. 3.15, 3.17) that most of the 
relict sediment was produced and altered (James et al. 
1997). An implication is that only those parts of the 
shelf now deeper than 50 m were sites of deposition 
during this time. Modern shallow neritic environments 
less than 50 mwd have not been sites of sedimentation 
since MIS 5. By contrast, modern middle neritic envi-
ronments have been inundated, drained, and exposed 
several times.

The only record of shelf sedimentation between 80 ka 
and the Holocene is from the relict and stranded grains 
(Fig. 3.7). These particles are either biofragments or intra-
clasts (sensu Folk 1959). Biofragments are coarse-sand 
to granule size skeletal particles. Intra skeletal pores are 
typically empty. Most are bryozoans, bivalves, coralline 
algae, azooxanthellate corals, and benthic foraminifers. 
Intraclasts (Fig. 3.18) include; (1) biogenic intraclasts, 
wherein the pores are filled with fine-grained carbonate, 
and (2) lithic intraclasts, which are a mixture of biogenic 
grains and intergranular micrite cement, locally contain-
ing conspicuous dolomite crystals.

3.5.2  �Relict Particles

Shallow-water relict grains formed during MIS 3 and 
4 when sea level was 50–80 m lower than it is today 

(Figs. 3.1, 3.8, 3.9, 3.10, 3.17) and the shelf was a vast 
shallow-water environment. Repetitive rise and fall of 
sea level (Figs. 3.1, 3.15, 3.17) resulted in repeated surf 
zone reworking, abrasion and chemical alteration over 
a period of ~30,000 years. Such grains are (1) highly 
abraded, reduced in size, rounded, and to some degree 
polished, (2) stained brown to more rarely black due to 
the presence of Fe-oxides or other diagenetic phases 
and, (3) predominantly filled (when intraskeletal pores 
are present) with fine- sand to silt- size biogenic car-
bonate particles as well as micrite and smectite clays 
with a mudstone to wackestone texture (Fig. 3.18). It 
is commonly difficult, without thin section petrogra-
phy, to correctly identify the original grain composi-
tion. Sediments are rich in lithic intraclasts, benthic 
foraminifers and coralline algal rods; molluscs and 
bryozoans are not numerous.

Bulk analysis of relict sediments show that they are 
~70% 10–13 mol% Mg-calcite, 5% aragonite and 20% 
LMC; i.e. they contain conspicuously less aragonite than 
stranded grains and overwhelming less aragonite than 
modern sediments. Gastropod particles in such sedi-
ments are typically steinkerns with the outer wall dis-
solved and the remaining columella encased in indurated 
brown-stained micrite that inherited the shape of the 
original gastropod chamber (Rivers et al. 2008). The rel-
ict benthic foraminifer Marginopora vertebralis is large 
and brown-strained in the Great Australian Bight with 
the pores filled with brown-stained micrite. 14C ages are 
mostly between 18 and 35 ka (Rivers et al. 2009).

The relict particles, as demonstrated by relict benthic 
foraminifers are not, however, pre-Pleistocene (Li et al. 
1999). Their polished and abraded character indicates 

Fig. 3.16  A simplified sketch of the southern continental mar-
gin, particularly as represented in the Great Australian Bight. 
The shelf comprises two sectors, an inner part that has resulted 
mainly from late Cenozoic uplift wherein the rocks have been 
beveled by northward progressing shoreline erosion creating 

a shelf with a bedrock surface and little accommodation. This 
part of the neritic environment is veneered with minor recent 
sediment. The outer part, which appears to be mostly post mid-
Miocene, is a prograding wedge of late Cenozoic carbonates 
with higher accommodation
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that they passed through the surf zone, whereas the 
~10 mol% Mg-calcite micrite fill implies that they 
resided in the marine environment for an extensive 
period of time and have not been substantially affected 
by meteoric diagenesis. They are not common shal-
lower than 50 mwd and are absent deeper than 120 mwd. 
The situation is complicated somewhat in very shallow 
water environments because of the transport of nodular 
ferricrete grains into the environment and local iron-
rich fresh or saline groundwaters and associated iron-
fixing bacteria in strandline environments.

3.5.3  �Stranded Particles

Sea level rise since the LGM lowstand has been rela-
tively rapid (Fairbanks 1989), concomitant with chang-

ing climate (Figs. 3.5, 3.19). Since this is not a rimmed 
shelf, sea-level rise during the last 17 ky (Fig. 3.1) has 
gradually flooded the seafloor. What is now a rela-
tively deep mid neritic environment was, during early 
stages of this inundation, a site of shallow water car-
bonate sediment production. The grains produced then 
are now out of equilibrium with modern marine condi-
tions; they were marooned in relatively deep water as 
sea level rose over the last ~15,000 years. This is espe-
cially evident with the numerous articulated coralline 
algal rods in depths well below where they are forming 
today (Rivers et al. 2007). Stranded grains (Fig. 3.7) 
are somewhat abraded, light grey to buff-coloured and 
can be distinguished from younger Holocene parti-
cles by their (1) lack of luster, (2) rounding of skeletal 
edges, (3) lack of well defined surface structure, (4) 
discolouration, or (5) missing skeletal elements such 
as spines and opercula on bryozoans. In some cases 

Fig. 3.17  A sketch illustrat-
ing neritic sedimentation dur-
ing (a) interglacial highstands 
such as today, (b) glacial low-
stands such as Marine Isotope 
Stage 2, and (c) interstadial 
periods such as those present 
during Marine Isotope Stages 
3 and 4 when the whole shelf 
was largely shallow neritic
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the separation of stranded and relict grains is difficult 
because the same process of Fe-impregnation is tak-
ing place today, with the intensity of staining in rel-
ict grains being due to their longer residence time in 
seawater.

The bulk mineralogical composition of stranded 
sediments from the Great Australian Bight is ~65% 
10–13 mol% Mg-calcite, 20% aragonite, and 15% low 
magnesium calcite (<4 mol%). This stands in contrast 
to modern sediments that have a much higher arago-
nite content, implying that there has been some dis-
solution of aragonite on or beneath the seafloor (James 
et al. 2005; Rivers et al. 2008). Stranded gastropods 
have a white to light grey colour, a dull luster, lack 
intricate skeletal features, display dissolution features, 
are variably filled with grey or buff-coloured micrite, 
and are conspicuously microbored. In many cases the 
outer wall is dissolved exposing the columella. Modern 
snails, by contrast, have a pearly luster, delicate and 

subtle skeletal detail, no dissolution features, and no 
intraskeletal sediment fill. The large benthic foramini-
fer Marginopora vertebralis, although composed of 
10–13 mol% Mg-calcite (like living forms), has simi-
lar dissolution features. 14C age determinations mostly 
range between 7.6 and 21.4 ka (Rivers et al. 2007, 
2009). The stranded particles are not found in waters 
deeper than ~120 m.

3.5.4  �Late Pleistocene Shelf 
Paleoenvironments

The composition of relict and stranded particles yields 
important information about the nature of the shelf 
between 80 ka and the Holocene (Fig. 3.1). Relict parti-
cles are most numerous in the eastern part of the Great 
Australian Bight and on the outer part of the Lacepede 

Fig. 3.18  Relict particles, micrographs, plane polarized light, 
Otway Shelf. (a) A rounded relict wackestone lithoclast con-
taining ~20% quartz grains; 67 mwd. (b) An angular packstone 
lithoclast with a bioclastic–quartzose composition; 79 mwd. 

(c) A bryozoan skeletal bioclast that is not significantly abraded 
and whose zooecia are filled with Fe-oxides, 126 mwd. (d) A 
rounded bryozoan bioclast with microborings and zooecia filled 
with Fe-oxides, 67 mwd
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Shelf (Fig. 3.20) where they comprise between 40 
and 60% of the sediment. Most particles are coral-
line algae and benthic foraminifers, particularly large 
benthic foraminifers (Fig. 3.21). Relict grain facies in 
the Great Australian Bight have numerous intraclasts 
inboard but most of the material is dominated by coral-
lines and benthic foraminifers (Fig. 3.21). Relict sedi-
ments on the Lacepede Shelf, although having many 
intraclast or quartz grains inboard and numerous coral-
lines outboard have no large benthic foraminifers and 
bryozoans are conspicuously more numerous than in 
the Great Australian Bight.

The relict benthic foraminifer assemblages across 
the southwestern continental margin are dominated 
by Quinqueloculina spp., Triloculina spp., Discorbis 
dimidiatus, and Elphidium spp. (>70%). This assem-
blage, together with the Marginopora-Sorites group 
is generally recognized as a warm-temperate ‘marine 
lagoon’ and not open shelf assemblage (cf. Murray 
1991) and elements of it are present in the gulfs today. 
Thus, the relict fauna is interpreted as one that may 
have formed in vast somewhat saline lagoons but with 
some open shelf attributes across the shelf (Li et al. 
1999). These foraminifers together with articulated 
coralline algae, and the sea grass associated benthic 
foraminifer Nubecularia sp. implies the presence of 

extensive sea grass meadows in a euphotic, low mes-
otrophic environment.

None of these relict warm-temperate indicators 
are present on the southeastern continental margin, 
suggesting more cold-temperate ocean waters east of 
Kangaroo Island. Furthermore, the inner part of the 
Lacepede Shelf is characterized by numerous relict 
Ammonia beccarii, a form not found on the southwest-
ern continental margin. These foraminifers would seem 
to represent a somewhat brackish water environment, 
(Li et al. 1996b) probably signaling a time when the 
River Murray was delivering more fresh water to the 
shelf than it is today (Rahimpour-Bonab et al. 1997).

Stranded sediments are rich in heterozoan elements 
throughout (Rivers et al. 2007). The grains are partic-
ularly abundant in central parts of the Great Austral-
ian Bight where they locally form up to 80% of the 
sediment (Fig. 3.22). There are no obvious trends in 
composition (Fig. 3.22). Bryozoans are most numer-
ous outboard throughout. Those sediments between 50 
and 90 mwd also contain many Marginopora vertebra-
lis (which are not there today) together with molluscs 
and coralline algae, and a few Heteristegina sp., a clas-
sic warm-temperate seagrass assemblage. Neither the 
large benthic foraminifers nor the articulated corallines 
are found east of Kangaroo Island (Fig. 3.22). A typi-

Fig. 3.19  A conceptual view 
of the Australian continent 
during the early Holocene 
emphasizing climate (modi-
fied from Williams 2000). The 
isthmus between Australia 
and New Guinea was partially 
breached and so there was a 
proto-Leeuwin Current, the 
continental interior was less 
arid and winter rainfall along 
the southern margin was 
lower than during the LGM
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cal cool-temperate, bryozoan-dominated assemblage 
dominates sediments to the east. These observations 
support the proposition of Li et al. (1999) that during 
these times, and even today, the southern margin was 
divided into a shallow warm-temperate setting with sea 
grasses in the west and a cool-temperate kelp-domi-
nated setting in the east (cf. James and Lukasik 2010).

Finally, stable isotopic analysis of stranded and rel-
ict particles (Rivers et al. 2009) confirm the notion that 
deposition during these times of lower sea level and 
shallow waters across the shelf took place in environ-
ments of elevated sea water salinity. This interpretation 
is proposed because Marginopora vertebralis tests in 
particular are enriched by 1–3‰ in both 18O and 13C 
relative to modern specimens from the same region. 

The overall environment is thought to be similar to 
outer Shark Bay today (Logan and Cebulski 1970), an 
area of somewhat elevated salinity and enhanced pho-
tosynthetic activity whereby dissolved 13C is enriched 
in calcareous invertebrates.

3.6  �Synopsis

Late Pleistocene geomorphology created the frame-
work within which the recent sedimentary system 
operates. Not only do the Pleistocene deposits form a 
template upon which recent sediments are accumulat-
ing, but Pleistocene sediments are also typically mixed 

Fig. 3.20  A series of charts 
showing the percentage of rel-
ict (a) & (c) and stranded (b) & 
(d) particles in shelf surface 
sediments–colours the same 
for a & c and b & d. (Modified 
from Rivers et al. 2007)
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with modern skeletal deposits to form palimpsest 
accumulations. The Pleistocene record, because of low 
shelf accommodation resulting from tectonic uplift, is 
negligible and in the form of a thin, patchy sediment 
veneer on top of Cenozoic limestone; there is virtually 
no late Quaternary stratigraphic record on the shelf. 
Pleistocene depositional history must, therefore, be 
deduced from (1) slope sediments, (2) deposition in 
the large gulfs, and (3) late Pleistocene grains within 
the modern sediments.

1. � The record of Pleistocene sedimentation on the slope 
is excellent, because of ODP drilling, and can be 
correlated with the global marine record. Accumu-
lation rates on the slope sediment wedge are locally 
very high, exceeding carbonate deposition rates in 
similar tropical marine settings. This is due to active 
off-shelf sediment transport, especially during ini-
tial stages of sea level rise and shelf flooding.

2. � Bryozoan–sponge reef mounds are embedded in 
the slope sediment wedge. The structures appear 

Fig. 3.21  Charts illustrating the different lithofacies of relict 
particles in (a) the Great Australian Bight and (b) the South 
Australian Sea, together with (c) a triangular plot of the main 

relict particle types demonstrating the predominance of cor-
alline algae and benthic foraminifers. (Modified from Rivers 
et al. 2007)
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to have grown during each glacial sea level low-
stand when nutrient-rich Antarctic Intermediate 
Waters were much closer to the slope than they 
are today.

3. � Marginal marine aeolianites formed during each 
highstand of sea level when the source of carbon-
ate sediment (particularly seagrass banks) was in 
adjacent shallow water. They are either aggrading 
or prograding and when the latter shore-parallel 
dune ridges have elongate interdune corridors. The 

youngest of these corridors are today locally the 
sites of modern lagoonal sedimentation.

4. � Extensive coring in Spencer Gulf and Gulf St. 
Vincent together with low shoreline outcrops 
reveals a clear late Pleistocene depositional record, 
principally;

    •	 Glanville Formation–MIS 5e, marine calcaren-
ites, warmer ocean waters compared to today 
(7–9°C higher), sea level 2 m above that today.

Fig. 3.22  Charts illustrating the different lithofacies of 
stranded particles in (a) the Great Australian Bight and (b) the 
South Australian Sea, together with (c) a triangular plot of the 

main relict particle types demonstrating the predominance of 
coralline algae and benthic foraminifers. (Modified from Rivers 
et al. 2007)
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    •	 False Bay Formation–MIS 5c, peritidal to shal-
low marine sediments in the gulfs, sea level 8 m 
lower than today.

    •	 Lowly Point Formation–MIS 5a, peritidal and 
locally evaporitic muds and sands, sea level 14 m 
lower than today.

5. � The record of shelf sedimentation lies in those par-
ticles produced during intermediate highstands and 
during the last sea-level rise that are now mixed 
with recent biofragments.

     •	 Relict grains are brown, abraded, and locally 
polished particles that can be partially dis-
solved. They formed during MIS 3 and MIS 
4 when sea level was ~50 m lower than it is 

today and the shelf was covered with shallow 
seawater. The Great Australian Bight in par-
ticular was a series of vast seagrass beds that 
grew during alternating periods of elevated and 
normal salinity.

     •	 Stranded grains are those slightly stained par-
ticles that formed in shallow water during the 
initial phases of sea level rise (MIS 2). They are 
now marooned and out of equilibrium with their 
present relatively deep-water setting.

6. � Spatial distribution of Late Pleistocene particles 
indicates that the shelf off Kangaroo Island was a 
transition zone between warm temperate marine 
environments in the west and cool-temperate 
marine environments in the east.



4.1  �Introduction

Carbonate sediments in the vast cool-water, mid-lati-
tude marine environment of southern Australia are fun-
damentally different from warm-water neritic, tropical 
carbonates. They are heterozoan and palimpsest, not 
photozoan and modern. Heterozoan particles (cf. James 
1997) are biogenic (Fig. 4.1), the only phototrophs are 
red calcareous algae, the only mixotrophs are large ben-
thic foraminifers, and most of the benthic invertebrates 
from whence the particles came are filter feeders. The 
sediments are palimpsest because they form relatively 
slowly and are mixed together with grains generated 
during earlier periods of deposition in this overall high-
energy setting. Only recently has it been possible to 
recognize, separate, and interpret these particle types 
(Rivers et al. 2007). The different and progressively 
older particles formed at separate times are recognized 
herein as (1) relict (~70–25 ka), (2) stranded (18–
10.4 ka), and (3) Holocene (<10.4 ka) grains. Today, the 
seafloor sediments are a mixture of particles of several 
ages, each of which reflect a different set of environ-
mental controls (Fig. 4.2). The term recent is used herein 
to encompass all particles formed since the LGM and 
during MIS 1 and 2 and therefore includes both stranded 
and Holocene particles. This chapter is a description of 
the Holocene sediments, and by implication, stranded 
materials produced on the modern shelf. Relict particles 
have been documented in Chap. 3.

4.2  �Biogenic Sediment Production

The most important skeletal elements (Fig. 4.1) are 
calcareous algae, bryozoans, molluscs (scaphopods, 
bivalves, and gastropods), and foraminifers (free and 

encrusting, large and small, benthic and pelagic). They 
form particles across the grain-size spectrum (cf. Bone 
and James 1993; James et al. 1997, 2000) (Fig. 4.3). 
Other locally important skeletons are those of calcar-
eous worms, epifaunal and infaunal echinoids, and 
barnacle plates together with spicules from sponges, 
ascidians, gorgonians, and other soft corals, ostracods, 
and fragments of coccoliths. Locally conspicuous but 
not regionally important particles include corals and 
brachiopods. Remains of fish, crustaceans and mam-
mals are rare but present.

Mineralogy of these particles is characteristic of the 
modern marine environment wherein most are CaCO3 
polymorphs, namely aragonite or calcite with vary-
ing concentrations of magnesium in the calcite lattice. 
The calcites, however, can be divided into several types 
depending on their magnesium content. Low-magne-
sium calcite (LMC) contains <4 mol% MgCO3, inter-
mediate magnesium calcite (IMC) contains between 4 
and 12 mol% MgCO3, and high-magnesium calcite con-
tains >12 mol% MgCO3. The majority of biofragments 
are either aragonite, LMC or IMC.

The carbonate factory is not, however, simply the 
sum of all calcareous algae and invertebrate animals. 
Seagrasses and non-calcareous red, green, and brown 
algae are also an integral part of the sediment-pro-
ducing system (Figs. 4.5, 4.6, 4.7). They act as sub-
strates for encrusting calcareous animals and plants, 
profoundly modify the environment by reducing wave 
and current energy, bind sediments with their roots 
systems, modify light levels, and are a seafloor habitat 
for organisms of all types.

As with other modern temperate carbonate areas, 
there is a general trend of inner shelf sediments rich in 
bivalve-bryozoan sand and outer shelf deposits domi-
nated by bryozoan sediments (Ginsburg and James 1974; 

N. P. James, Y. Bone, Neritic Carbonate Sediments in a Temperate Realm,
DOI 10.1007/978-90-481-9289-2_4, © Springer Science+Business Media B.V. 2011
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46	4   The Neritic Carbonate Factory

Nelson 1988b). Shelf deposits are all grainy and rippled, 
with little or no mud anywhere, although there are very 
fine sands. Texture is controlled by plant and invertebrate 
skeletal architecture (Fig. 4.3), and the relative mix of 
Holocene and older components.

4.2.1  �Seagrass and Macroalgae

As in modern tropical carbonate factory, marine sea-
grass is an important part of the euphotic zone in this 
temperate system (Shepherd and Robertson 1989; 
James et al. 2009). Major differences in this temper-
ate setting are the high abundance of seagrasses, and 
the presence of copious non-calcareous macroalgae. 
Macroalgae are here recognized as the spectrum of 
soft algae that range from millimeters to many meters 
in size. Seagrasses are most diverse in warm temperate 
environments, red, green, and brown macroalgae are 
found throughout, whereas large brown macroalgae 
grow best in cold temperate settings. Thus, southern 
Australian euphotic environments west of Cape Jaffa 
(Fig. 4.4) are sites of seagrasses and macroalgae, 
between Cape Jaffa and Bass Strait seaweeds, mac-
roalgae (especially kelp) and reduced seagrasses, and 
along the western coast of Tasmania macroalgae, pro-
lific kelp, and sparse seagrass.

Fig. 4.1  Carbonate sediments produced and deposited on the 
southern margin of Australia are predominantly a heterozoan 
assemblage (James 1997). Major producers are highlighted in 

bold capitals. Biota distribution is controlled by water depth, 
energy levels, substrate availability, temperature, light and nutri-
ent levels. Most sediments are from aphotic invertebrates
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4.2.1.1  �Seagrasses

Most seagrass meadows consist of Posidonia, Amphi-
bolis, Heterozostera, Zostera, and Halophila with only 
the first two (Fig. 4.5) significant as hosts for calcare-
ous epiphytes (Figs. 4.5, 4.6) mainly coralline algae, 
bryozoans, spirorbid worms, and benthic foraminif-
ers (James et al. 2009). The grasses are all rooted in 
soft sediment with the exception of Thallasodendrum 
pachyrhizum and Amphibolis antarctica which can 
also locally grow on hard substrates (Edgar 2001) 
(Fig. 4.4).

These marine angiosperms consist of a well-devel-
oped rhizome that runs in sediment beneath the sea-
bed and has regularly spaced nodes, each bearing 
roots below and an erect stem or shoot with strap-like 
leaves above. The strong root systems form a dense 
mat in the sediment and both grasses shed their blades 
over a period of about 2 months. The upper limit of 
the seagrass growth window is determined by wave 
energy and exposure to desiccation. The lower limit is 
imposed by the depth of light penetration where pho-
tosynthesis equals respiration (compensation depth). 
Photosynthesis is reduced by living and non-living 

Fig. 4.3  The size of grains or fragments produced by different 
biota can vary by several orders of magnitude. Recent biota pro-
duce silt to cobble-sized pieces, but sponge spicules will always 
be in the range of medium silt to fine sand whereas rhodoliths 

will always be coarse sand to cobble sized. Bryozoans range 
from medium silt to cobble sized, with texture controlled by the 
architectural style of the genus. Relict particles are sands and 
cobbles, with a somewhat bimodal range
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suspended particulates, or epiphyte growth. Nutrient 
enrichment is capricious. Mild nutrification increases 
grass growth but eutrification is detrimental to produc-
tivity (Shepherd et al. 1989). Increased nutrients also 
increase epiphyte growth.

Posidonia australis is found in sheltered sand and 
mud dominated environments in 0–15 m of water, from 
Shark Bay in Western Australia, across southern Aus-
tralia to Lake Macquarie on the east coast and along 
the northern coast of Tasmania. P. angustifolia grows in 
moderately exposed sand between 2 and 35 mwd from 
the Houtman Abrolhos in Western Australia to Port 
MacDonnell, South Australia (Fig. 4.4). P. sinuosa lives 
in moderately exposed sand as well as sheltered sand 
from 0 to 15 mwd. It is found from Shark Bay, West-
ern Australia to Kingston, South Australia (Fig. 4.4). 
Amphibolis antarctica grows in moderately exposed 
sand in 0–23 mwd and extends from Carnarvon, West-
ern Australia to Wilson’s Promontory, Victoria and half-
way down the coast of Tasmania. A. griffithii is found on 
moderately exposed sand and rock in 0–40 mwd, from 
Western Australia across to Victor Harbor (Fig. 4.4).

4.2.1.2  �Macroalgae

Hard substrates from the intertidal zone to depths of 
~40 m are typically colonized by a variety of red (rho-

dophytes), green (chlorophytes), and brown (phaeo-
phytes) soft, non-calcareous macroalgae (Fig. 4.7). 
Most are composed of a holdfast, an upright stipe, 
and numerous blades (Fig. 4.7). Their environmental 
requirements are water motion, cool water (generally 
<20°C), and light (any part of the spectrum). They can 
grow for up to 7 years but usually suffer seasonal dev-
astation during strong winter storms. They grow best in 
mesotrophic environments, and get nutrients directly 
from seawater. Phaeophytes require lower nutrient lev-
els than chlorophytes and all macroalgae require fewer 
nutrients than phytoplankton (Fig. 4.8).

Kelp are by definition restricted to large brown 
algae within the order Laminariales, which in southern 
Australia includes the genera Lessonia, Macrocystis 
(giant kelp) and Ecklonia (Womersley 1987). The large 
phaeophyte Durvillea, although not strictly a kelp, is 
commonly referred to as bull kelp. The general defini-
tion is used herein and all are referred to as kelps.

The most conspicuous kelp is Ecklonia radiata. All 
of the macroalgae, with the exception of Caulerpa sp., 
require a hard substrate, but this can be as small as a 
pebble or a bivalve. Large macroalgae such as the giant 
kelp ( Macrocystis) and the bull kelp ( Durvillea) grow 
in the colder waters east of Cape Jaffa and are common 
along the coast of southern Victoria and Tasmania.

Calcareous epiphytes do not usually grow on mac-
roalgae in any numbers because many of these algae, 

Fig. 4.4  There is a partitioning of seagrass and macrophyte 
communities across the southern Australian continental margin 
that is largely controlled by water temperature. There are seven 
species of Posidonia flourishing in the western half, but only two 
east of Cape Jaffa. The large macroalgae, however, only grow in 

the shallow cool to cold waters west of Cape Jaffa. Seagrasses 
are a favoured settlement site for many carbonate epiphytic ben-
thic invertebrates, thereby promoting carbonate production in 
areas where they are prolific
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Fig. 4.5  Sketches of the important 
seagrasses on the southern Austral-
ian continental margin. (a) The 
two major sea-grasses that act as 
substrates for calcareous epiphytes. 
(b) Amphibolis spp. are individual 
plants with wiry stems, topped by 
a tuft of leaves that are continu-
ously shed while stems live for 
2 years or more. Posidonia spp. are 
runner-like grasses, with sub-sea-
floor sheaths from which multiple, 
tightly-packed leaves emerge. 
These are shed after 3–4 months. 
(c) Large and small foraminifers 
epiphytic on Posidonia leaves. 
(d) Articulated coralline algae 
epiphytic on Amphibolis stems. 
(Modified from James and Bone, 
2007 and James et al. 2009) 

Amphibolis sp. Posidonia sp.

Not to scale

a

b

c

d
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and brown algae in particular, secrete secondary 
metabolites (phlorotannins) that inhibit attachment. 
Exceptions are E. radiata (Fig. 4.8) and several spe-
cies of Sargassum, which are encrusted by the bryo-
zoan Membranipora membranacea and or spirorbid 

worm tubes. Epiphytes are, however, numerous around 
and inside the holdfast, in particular coralline algae, 
bryozoans, spirorbids, and bysally attached bivalves. 
Gastropods live on the algae and feed on the encrust-
ing organisms. Echinoids graze the algal turf.

Fig. 4.6  Sea-grasses as substrates for calcareous epiphytes. (a) 
Articulated coralline algae encrusting Amphibolis stems and 
leaves, Gulf St. Vincent, (b) bryozoans (left to right—fenes-
trate Iodictyum phoenicium (fenestrate), articulated zooidal 
Orthoscuticella ventricosa, articulated branching Cellaria sp., 
arborescent Celleporaria cristata) encrusting Amphibolis stems, 

Kingston, Lacepede Shelf, (c) articulated corallines and stems 
of Amphibolis, (d) Posidonia meadow with encrusting algae on 
leaves, Spencer Gulf, (e) a Posidonia seagrass blade encrusted 
with coralline algae, (f) encrusting Disporella sp. Thairopora sp. 
on Posidonia sp. blade, Gulf St. Vincent
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The denser the canopy of macroalgae ( Ecklonia or 
Macrocystis) the greater is the encrusting algal cover 
(e.g. Lithophyllum). If the canopy is removed, how-
ever, light intensity becomes too great and the encrust-
ers undergo bleaching and reduced photosynthesis, 
resulting in substrate colonization by algal turf and 
geniculate corallines. This process results in increased 
sediment production in the form of coralline algal rods. 
Thus, in this setting, encrusting corallines equal low 
light and low sedimentation, whereas articulated coral-
lines equal high light levels and high sedimentation.

Durvillea monopolizes space in high-energy lower 
intertidal and shallow subtidal environments (the cor-
alline algal zone of the warm temperate coasts) to 
depths of 10 m on exposed coasts, especially along the 
west coast of Tasmania, but decreases in depth along 
moderately-exposed and sheltered shores. The brown 
laminarian kelp Lessonia and the fucoid Phyllospora 
form extensive beds below Durvillea. The huge sweep-
ing fronds of these algae dislodge other invertebrates 
creating a monospecific habitat; numerous inverte-
brates are, nevertheless, associated with the holdfasts 
of Lessonia. The long stypes of Macrocystis in depths 
of 5–25 mwd can extend to the sea surface creating a 
canopy that buffers wave action and intercepts much 
solar radiation. Below the Lessonia-Phyllospora habi-
tat, ranging from ~1 m on sheltered to ~20 m at wave 
exposed sites, this community gives way to a diverse 
assemblage of macrophytes of fucoid, red, and green 
algae. As depth increases and light levels decrease the 

diverse algal habitat merges into environments domi-
nated by the kelp Ecklonia radiata to depths of 35 mwd 
(Crawford et al. 2000).

4.2.2  �Calcareous Algae

All of the significant calcified algae are rhodophytes. 
Corallines (IMC and HMC) encrust hard substrates, 
seagrass blades, and macroalgal holdfasts, grow as 
rigid branching and articulated branching (geniculate) 
types, and form rhodoliths (coralline algal nodules). 
Peyssonnelids (aragonite) encrust and form sheets 
over loose sediment, but are not common.

4.2.2.1  �Red Calcareous Algae

Encrusting and Rigid Branching:  Encrusting types 
(Fig. 4.9) are epilithic and grow on hard rocky sub-
strates, are epiphytic on seagrasses and macroalgae, and 
are epizooic on sponges, bryozoans, molluscs, crusta-
ceans, and tunicates (Womersley 1981a). Our sam-
pling shows that they live to 100 mwd on the Lacepede 
Shelf, to 110 mwd on the Lincoln Shelf and possibly 
to 150 mwd on the Baxter Sector of the Great Austral-
ian Bight. Non-geniculate somewhat rigid branching 
growth forms are also present across the region but are 
not important as sediment producers (Fig. 4.10).

Fig. 4.7  Sketch of the principal algae and invertebrates on a 
rocky sub-tidal reef. Encrusting and articulated coralline algae 
form a soft non-calcareous algal turf that is grazed by echinoids 
and gastropods covers the hard substrate. The lower tier of erect 
bryozoans and sponges co-exist with an understory of green, 

brown and soft red macroalgae. The middle tier or canopy is 
composed of macrophytes, mostly phaeophytes (dominated by 
Ecklonia sp.) whereas the floating canopy or upper tier consists 
of large macrophytes. ( Macrocystis sp. and Durvillea sp.)
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52	4   The Neritic Carbonate Factory

As stressed above, calcareous red algae do not usu-
ally encrust macroalgae except at the holdfast and on 
the blades of Sargassum and Ecklonia. Lithophyllum, 
and Lithoporella dominate in shallow waters whereas 

Mesophyllum, Lithothamnion, and Melobesia extend 
into deeper water. The most widespread types on sea-
grasses are Neogoniolithon, Hydrolithon, Pneophyl-
lum (in shallow water), Lithophyllum (to ~20 mwd), 

Fig. 4.8  Calcareous epiphytes on macroalgae. (a) Calcare-
ous spirorbid worm tubes on Ecklonia, Gulf St. Vincent, (b) 
encrusting coralline algae on Ecklonia sp., Gulf St. Vincent, 
(c) an intertidal platform eroded into Pleistocene aeolianite, 
fronted by a luxuriant growth of kelp, Robe, Bonney Coast; 
platform width–~10 m. (d) An intertidal platform eroded into 
mussel-encrusted Tertiary limestone, fronted by bull kelp, 

Marama, northwest coast of Tasmania. Kelp area ~3 m wide, 
(e) margin of a rocky intertidal platform ( left) encrusted with 
coralline red algae and supporting prolific growth of the brown 
algae Durvillea ( large stipes) and Macrocyctis; hammer scale, 
( circled), Warrnambool Otway Shelf, (f) holdfasts of kelp, par-
tially obliterated by encrusting platy calcareous algae, King-
ston, Lacepede Shelf
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and Synarthrophyton (to ~35 mwd) (James et al. 2009). 
Peyssonnelids grow from shaded intertidal locations 
across the shelf and extend into deep water. They are 
encrusting or loosely attached to the substrate.

There is a continuum in growth form between 
prone, encrusting types and shrub-like, fruticose algae. 
In some cases the holdfast is encrusting whereas most 
of the plant is fruticose. This variation is also common 
in rhodoliths (cf. Wray 1977). They can vary from 
fruticose nodules with discrete branches ( Sporoli-
thon, Lithothamnion, Lithophyllum, Mesophyllum) to 
smooth balls with no obvious protuberances (the fore-
going as well as Hydrolithon, Spongites, Neogonioli-
thon and Pymatolithon).

There are few studies of living rhodoliths across 
this extensive region except at depths shallower than 
30 mwd (Womersley 1984, 1987, 1996) but recon-
naissance sedimentological examination (Ryan et al. 
2008) reveals some trends. Most are an intergrowth of 
encrusting benthic foraminifers and calcareous algae, 

particularly Sporolithon and Lithothamnion. Shapes 
vary from spherical to discoid to ellipsoid; sizes range 
from 1 to 4 cm with some up to 5 cm in diameter. They 
are generally isolated from one another in sparse to 
luxuriant seagrass environments. In deeper water, 
10–35 mwd, they can form pavements of nodules in 
contact with one another, covering as much as 80% 
of the seafloor in layers up to 3 rhodoliths thick. The 
algae can then be encrusted by bryozoans, especially 
fenestrate growth forms.

Articulated Branching:  The shallow rocky intertidal 
(Fig. 4.10) is dominated by Corallina whereas Jania, 
Metagoniolithon, and Amphiroa can grow to depths 
of ~50 m but are most abundant to depths of ~10 mwd 
(Shepherd and Womersley 1976). Epiphytes on sea-
grasses are mostly Jania, Corallina, and Metagonioli-
thon, all of which are abundant to depths of ~10 m, and 
decrease rapidly with increasing water depth (James 
et al. 2009).

Fig. 4.9  Non-geniculate calcareous red algae. (a) Encrusting 
Pleistocene aeolianite, Robe, S.A. Depth 1 m, finger for scale, 
(b) fruticose rhodolith, Spencer Gulf, 2 mwd, (c) fruticose 

rhodolith, attached to Amphibolis stem (coin scale 2 cm in diam-
eter, Spencer Gulf), (d) rhodoliths with a smooth nodular growth 
form; cm scale, Great Australian Bight, Baxter Sector, 46 mwd
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4.2.2.2  �Calcareous Green Algae

Calcareous green algae (Chlorophytes—Dasycladales 
and Udoteaceae) are ineffectual as carbonate sediment 
producers. The common tropical Udoteacean form 
Halimeda cuncata (Fig. 4.11) only occurs along the 
Albany coast to 6 mwd and is lightly calcified through-
out. Rhipiliopsis peltata (Fig. 4.11) although occur-
ring in relatively deep waters from 14 to 25 mwd, or 
in shaded shallower sites, is completely uncalcified. 
The dasyclad Acetabularia is present in shallow, 

(3–20 mwd) settings, particularly in the gulfs, but is 
poorly calcified.

4.2.2.3  �Sedimentology

Encrusting corallines are, in terms of sediment produc-
tion, most important in seagrass environments where 
they break down into carbonate mud upon death of 
the grass blade. Articulated corallines disintegrate into 
innumerable sand-size rods. Both of the forgoing can be 
passively transported landward on seagrass blades and 
accumulate on beaches (Fig. 4.10). Nodular rhodoliths 
typically remain as cobble-size particles whereas fru-
ticose and rigid branching forms can be broken down 
into granules and coarse sand. Corallines encrusting or 
growing within macroalgal holdfasts contribute large 
fragments to the sediment. Finally corallines encrust-
ing rocky substrates remain attached or are broken 
down into sand size grains. Peyssonnelids generally 
break into sand size fragments.

4.2.3  �Bryozoans

4.2.3.1  �Introduction

Bryozoans are sessile, colonial organisms consisting 
of numerous minute (generally <1 mm in length) indi-
viduals (zooids). Zooids consist of (a) soft-parts of the 
animal (polypide) and include flexible proteinaceous 
support and/or connective tissue (referred to as keno-
zooidal), and (b) calcareous skeletal elements, mainly 
a protective exoskeleton, with shared skeletal walls 
common. Mineralogy of the calcareous marine forms 
(Classes Gymnolaemata and Stelolaemata: orders 
Cheilostomata—90% of living species and Cyclosto-
mata—10% of living species, respectively) is LMC, 
IMC, or aragonite (Bone and James 1993; Smith et al. 
1998, 2006). The opportunistic organisms can grow 
rapidly on a wide variety of seafloor habitats; rock, 
sediment, or other biota, living or dead, sessile or 
mobile, such as molluscs, hydroids, ascidian tunicates, 
sponges, soft worm tubes, octocorals, and other bry-
ozoans (Hageman et al. 2000). They are themselves, 
however, often rapidly overgrown by sponges, colonial 
ascidians, corallines and other bryozoans, including 
other colonies of the same species. Individual colonies 

Fig. 4.10  Articulated or non-geniculate calcareous red algae. 
(a) Articulated coralline algae growing in the intertidal zone on 
Pleistocene aeolianite, Investigator Strait; finger (under A) for 
scale, (b) red living and white dead coralline algae in the inter-
tidal zone on Pleistocene aeolianite, 10 cm increments on scale 
bar; Robe, Bonney Coast, (c) sediment dominated by coralline 
algae fragments (rods) mixed with Posidonia fragments; finger 
(under C) for scale; Investigator Strait
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live 1–10 years and produce carbonate at a rate of up to 
3.6 cm ky−1 (Hageman et al. 2000; Yagunova and Ostro-
vsky 2008; Winston 2009). More details of the general 
organisms themselves can be found in McKinney and 
Jackson (1989), and Bock and Cook (1998; 2004).

There are relatively few sedimentological stud-
ies of bryozoans from the modern continental margin 
of southern Australia. Most of the bryozoan studies 
are from the Lacepede Shelf (Bone and James 1993; 
Hageman et al. 1995, 1998, 2000, 2003), the Lincoln 
Shelf (James et al. 1997), the Great Australian Bight 
and adjacent areas (Conroy et al. 2001). Bryozoans 
form at least 10% of the Holocene particles in all sedi-
ments in these vast areas. They are diverse, with over 
140 species studied and a total diversity of well over 
300 recognized species. The following classification 
generalities are based on the above studies.

4.2.3.2  �Classification

The phylum is species-rich, with over 10,000 living 
species. Biological classifications, focused on the 
recurrence of growth forms through time and specific 
taxonomic relevance, have proven unwieldy from a 
geological perspective. Thus, early sedimentologi-
cal and ecological studies utilized a morphological 
organization but added a sediment-production poten-
tial aspect. Nelson et al. (1988a) successfully reduced 
previous nomenclatural schemes for zooarial forms to 
universal utility. Bone and James (1993) focused on 
the potential sediment contribution of bryozoans when 
they modified this scheme, with further variations 
appearing over the following decade (see Hageman 
et al. 1998 for review). The new classification scheme 
herein (Fig. 4.12) is based on our earlier scheme, but 
with sedimentological refinement and recognition of 
significant morphological features. The significance of 

substrate and its availability in a facies is introduced, 
e.g. the ability of free-living bryozoans to utilise shift-
ing sands. The scheme, however, still does not refer 
specifically to such aspects as morphological plasticity, 
which is often substrate controlled, such as Cellepo-
raria fusca (Fig. 4.13d) growing up from its substrate 
and Celleporaria sp. rejecting its primary roots and 
behaving like a free-living “biscuit” (Fig. 4.14b).

Colonies are initially divided into 3 simple overall 
groups reflecting their habit and position in the envi-
ronment—prone, erect or free-living. There is neither 
taxonomic significance nor colony size implied in this 
first division. Most are encompassed within the first 
two groups—prone for those attaching themselves 
and growing on a substrate and erect for those grow-
ing above the seafloor into free space. The third group, 
the enigmatic vagrant or free-living bryozoans, use a 
sand-sized grain for initial attachment. The particle is 
encapsulated by the ancestrula early in colony growth, 
and thereby the animal becomes unattached for the 
remainder of its life and so can move about the sea-
floor (Winston 1988).

The next division is into 5 major growth style cate-
gories, each having post-mortem influence: (1) prone—
encrusting, wherein the colony remains attached to the 
substrate, but typically breaking off into variably-sized 
fragments, (2) erect—robust rigid wherein the skel-
etons usually remain whole or break into moderately 
large fragments, (3) erect—delicate rigid wherein the 
colony disarticulates into medium to small fragments or 
grains, (4) erect—delicate flexible wherein the skeleton 
generally disarticulates into individual zooids, thus pro-
ducing very fine grained or silt-sized particles, and (5) 
free living—disc wherein the colony is preserved as a 
single, completely flat or slightly-domed fragment. The 
final division is into morphology, within which differ-
ent shapes are recognized. There is some overlap at this 
level, but this classification scheme provides reasonably  

Fig. 4.11  Calcareous green 
algae that are non-calci-
fied. (a) Halimeda cuncata, 
~2 mwd. Recherche Archi-
pelago, Albany Shelf, (b) 
Rhipiliopsis peltata ~2 mwd. 
Recherche Archipelago, 
Albany shelf
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easy but specific allocation of bryozoans, while also 
allowing accuracy in communication and understand-
ing between geologists, biologists and ecologists.

4.2.3.3  �Encrusting Colonies

Unilaminar:  The colony has only one layer of zooids. 
Unilaminar bryozoans may be uniserial (colony forms 
one row of zooids) or more commonly, multiserial, 
with the rows usually adjacent to another. Modern uni-

serial bryozoans are not important sediment produc-
ers and are mainly restricted to substrates such as the 
internal surface of mollusc shells (Fig. 4.13b). Multise-
rial bryozoans are, however, well adapted to survive in 
low nutrient environments as they may cover a large 
surface area, such as the cosmopolitan Membranipora 
membranacea on Ecklonia radiata (Fig. 4.13a). Their 
strength is substrate dependent, but if that substrate is 
dislodged, then the colony is passively moved to the 
new location. The best example of this is the common 
re-location of living colonies epiphytically attached to 

Fig. 4.12  Bryozoan colony 
classification
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sea-grasses, particularly Posidonia spp. that are shed 
from the sea-grass meadow and carried on to the beach. 
This transport can be responsible, over time, for the 
deposition of large volumes of carbonate grains in the 
coastal environment (Brown 2005; James et al. 2009).

Multilaminar:  These bryozoans exhibit self-over-
growth or the formation of thickened crusts, which 
may be a survival strategy where environmental fac-
tors are limiting, such as exposure of the colony dur-
ing episodic, short term, water level changes. Such 

Fig. 4.13  Encrusting colonies. (a) Multiserial crustose Mem-
branipora membranacea on kelp, (b) numerous multiserial crus-
tose colonies on the inside of a dead bivalve shell (cm scale), 
(c) multilaminar domal Celleporaria sp., (d) multilaminar 

Celleporaria fusca, (e) arborescent Celleporaria sp. on sponge 
(cm scale), (f) multilaminar (1) Celleporaria crustata and (2) 
Densipora corrugata on Amphibolis sp. stems
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situations are common in estuaries, e.g. the Coorong 
Lagoon (Fig. 5.6e), where the time-span of individ-
ual Conopeum aciculata build-ups have been dated 
at many hundreds of years (Bone and Wass 1990; 
Sprigg and Bone 1993). It also allows morphologi-
cal plasticity to develop when space becomes critical, 
particularly in high density, mixed biota ecosystems, 
so that the encrusting habit is exploited via spe-
cialized overgrowth behaviour. This leads to some 
bryozoan colonies invariably exhibiting specific mor-
phologies—domal (Fig. 4.13c, d), sometimes looking 
like pliable colonies stacked on top of one another, 
globose (Fig. 4.14a) where the original substrate 
attachment to grains within the sediment is lost and 
the colony becomes a pseudovagrant, and the most 
common variant—arborescent (Fig. 4.13e) wherein 
the substrate is usually organic (Fig. 4.14b), such as 
cylindrical oscular sponges (Hageman et al. 1996). 
Conspicuous arborescent Celleporaria sp. forms are 
a major contributor to modern and Cenozoic sedi-
ments in southern Australia, growing locally today as 
thickets, between 120 and 250 mwd and especially on 
biogenic mounds (Bone and James 2002; James et al. 
2004). All multilaminar bryozoan colonies are multi-
serial variants.

4.2.3.4  �Robust Rigid Colonies

Foliose:  These colonies (Fig. 4.15a) resemble palm 
fronds, including the occasional branching habit 
toward the apex of the frond. There can be minor col-
ony flexibility at the attachment site. The number and 
style of fronds varies from a single frond ( Parmularia 
reniformis), with its sturdy pedunculate root, to a gen-
tly convoluted frond ( Parasmittina sp.), to numerous, 
cup-like fronds ( Tubilopora sp.).

Branching:  Such bryozoans are bifurcated ( Cales-
chara sp.), usually sequentially and repeated, e.g. the 
ubiquitous Adeonellopsis sp. (Fig. 4.15b) so that the 
overall colony has the appearance of a tangled web. 
In this case, the branches are additionally flattened, 
allowing zooids on individual branches to equally 
access water with suspended particles. They are either 
cemented to the substrate or rooted, and commonly a 
combination of both for extra strength. These branch-
ing forms are most conspicuous in high-energy sub-
aqueous dune fields. They break down into fragments 
that can be up to 1.5 cm long.

Fenestrate:  This is the group that gave bryozoans their 
early common name of “lace corals”. The conspicuous 
fenestrules (windows, e.g. Iodictyum sp.—Fig. 4.15c, e)  
enhance water movement around and through the 
colony, particularly in high-energy environments, 
without the likelihood of the rigid plates snapping off. 
The colonies are cemented to a hard substrate or to 
seagrass (Fig. 4.13f) and grow across the depositional 
spectrum.

One distinctive atypically large form, Adeona sp. 
(Fig. 4.15d, f) is a colony that grows as a rigid structure 
composed of juxtaposed plates, but which is atypically 
flexible at its sea-floor attachment site. This part of the 
organism is very distinctive, with calcareous kenozo-
oidal branches and trunk, attached below the sea-floor 
to a gelatinous lower trunk and roots that may extend 
as much as a meter into the sediment. Alternatively, 
the base of the trunk may be cemented directly to a 
hard substrate. It is a major pioneer species, growing 
in mobile sand substrates where it becomes a substrate 
for other biota. Its large fenestrules allow high vol-
umes of water to flow through the colony, which has 
the ability to orientate itself to enhance this passage of 
water. It breaks up into gravel-size pieces of sediment 
upon death.

Fig. 4.14  Encrusting 
colonies. (a) Sphaeropora sp., 
(b) Pseudovagrant form of 
Celleporaria sp
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4.2.3.5  �Delicate Rigid Colonies

Frondose:  Bryozoans of this type are usually small to 
medium sized colonies (0.3–5 mm), vase-shaped and 
with branches stemming from or close to the attach-
ment site. They usually grow close together resulting 
in multiple coarse—sized sediment grains consisting 
of entire colonies (Fig. 4.16a). Colonies are typically 
found weakly attached to organic substrates, especially 
sea-grasses and algae in the coastal environment. They 
are rare in habitats where larger forms of bryozoans 
thrive.

Branching:  These relatively small colonies (1 cm- 
2 cm) consist of so many bifurcating branches that 

they appear to be fenestrate ( Hornera sp.), but the gaps 
between the branches are fortuitous, not by design 
(Fig. 4.16b). They survive best, and are ubiquitous, in 
high diversity ecosystems where their rigidity is pro-
tected by the baffling affect of other biota.

4.2.3.6  �Delicate Flexible Colonies

Articulated Branching:  These bryozoan colonies 
are highly successful, being the most commonly seen 
and recognizable forms in fine- to medium-grained 
sediment in the modern seafloor and in southern 
Australian Cenozoic limestones. They consist of 
small rods/cylinders of about 5 zooids (3–12 range, 

Fig. 4.15  Robust rigid 
colonies. (a) Parmularia 
reniformis, (b) Adeonel-
lopsis sulcata, (c) Iodictium 
phonecium, (d) Adeona sp. (e) 
Iodictium phonecium growing 
on Amphibolis sp. stems and 
encrusted by Celleporaria sp., 
(f) Close view of Adeona sp. 
with attached Cellaria sp. and 
other delicate branching types 
(cm scale)
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Fig. 4.17) interconnected by joints with proteinaceous 
tissue, particularly in the Cellaria genus (Figs. 4.15f, 
4.17a). Such flexibility enables their survival in high-
energy environments, so that they are frequently pio-

neer species, particularly using Adeona sp. and sponge 
as attachment sites (Fig. 4.17b). Articulation enables 
these bryozoans to grow in relatively high-energy situ-
ations, but most of them are found below swell wave 

Fig. 4.16  Delicate rigid 
branching colonies. (a) 
Idmidronea sp., (b) Hornera 
foliacea

Fig. 4.17  Articulated branch-
ing colonies. (a) Cellaria sp., 
(b) Calpidium sp. growing on 
a tubular sponge, Articu-
lated zooidal colonies. (c) 
Orthoscuticella ventricosa, 
(d) close view of zooids 
( O. ventricosa), (e) Flustra 
sp. (f) Vagrant (free living) 
colonies  1 Lunularia capulus 
( blue living); 2 pseudova-
grants Celleporaria sp. & 
Sphaeropora sp. Scale in mm
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base. Colony density increases over time to a cover 
that has the appearance of low-growing shrubbery.

Articulated Zooidal:  Bryozoan colonies of this type 
are structured such that individual zooids (colloquially 
known as cats, singlets, or doublets) are joined to one 
another by proteinaceous tissue (Fig. 4.17c, d). These 
opportunistic and/or pioneer forms, either cemented or 
rooted, can rapidly colonize all available substrates in 
numerous environments not subject to terrigenous sed-
iment input. Colony density in deeper water gives the 
appearance of a turf (Fig. 7.19). These bryozoans dis-
integrate upon death, producing hundreds of delicate, 
fine sand and silt-size particles that are easily broken 
down even further into mud. The grains are a common 
component in aeolianites along the southern coast of 
Australia.

Fenestrate:  The bryozoans in this group are only 
common locally and because of their lightly calcified 
zooids are rare in sediments. They (e.g. Flustra—
Fig. 4.17e) are often mistaken for algae, as algae are 
their most frequently observed substrate.

4.2.3.7  �Disc—Shaped Colonies

Vagrant:  These free-living, as disc-shaped, arago-
nitic colonies (Fig. 4.17f) are between 0.25 and 5.0 mm 
in diameter (locally up to 3.0 cm). Such cheilostomes 
e.g. Selenaria sp. and Otionella sp.—(Cook and Chi-
monides 1978) grow in a wide range of environments, 
including energetic situations where rooted bryozoans 
cannot survive. This is because the colony has the abil-
ity to exhume itself after being swamped by sediment 
via a concerted movement of its setae. Some forms can 
move about the sea floor at rates of up to 1 m h−1. If 
the colony is broken each segment has the ability to 
regenerate into a new colony.

4.2.3.8  �Importance of Substrate

Substrate Type:  Substrate has a basic and fundamen-
tal control on the overall distribution of bryozoans; (1) 
determining the relationship between anchoring of the 
colony to a site, (2) influencing the manner in which 
the individual zooids grow, and (3) controlling the rate 
at which the sediment grains are produced (Fig. 4.12).

Substrates can be divided, simply, into (1) lithic, (2) 
sediment, and (3) organic, with the manner of attach-

ment of the larva, the growth of the first 1–5 zooids 
(ancestrula) and the expansion and stabilization of the 
adult colony, each necessitating different physical and/
or organic techniques.

1.	 Lithic: Bedrock, hardgrounds or calcareous shells. 
Encrustation on such a substrate is generally via 
cementation and so the skeleton either remains 
attached after death or, if upright, must be broken 
off to form sediment particles.

2.	 Sediment: Particulate sediment in which the bryo-
zoan is held in place via a series of cuticular roots. 
This is similar to those on organic substrates, once 
the roots rot, the calcareous skeleton becomes part 
of the sediment.

3.	 Organic: Generally attached to another organ-
ism (algae, grass, or invertebrate). Many organic 
hosts lack external hard parts so that when the 
host dies and decays, the bryozoan skeletons falls 
to the seafloor and forms sediment. The nature 
of this substrate, however, often results in the 
bryozoan grains being transported and deposited 
elsewhere.

Animal-Substrate Relationship:  The animal—substrate 
couplet can be summarized into five simplified ecologic 
groups:

1.	 Epiphytic: Bryozoans that live attached to algae and 
kelp (sea grass, green and brown algal leaves, roots, 
and stypes–e.g. Discoporella sp.) are most impor-
tant on the inner shelf (<40 mwd).

2.	 Rigid, rooted and vagrant: Bryozoans that are 
adapted to life in loose, shifting sand and include 
colonies with robust skeletons anchored by kenozo-
oidal roots ( Adeona sp.) and free living forms (e.g. 
Otionella sp.). Such bryozoans are found scattered 
across the sea floor as isolated colonies. They are 
pioneers and typically, once established, act as sub-
strates for other forms. Outer shelf and upper slope 
bryozoans live in isolated, complex communities 
of intergrown bryozoans, sponges, hydroids, tuni-
cates and polychaete worms (Cook and Chimonides 
1981). Bryozoans are present in these communities 
in a variety of forms.

3.	 Flexible rooted: These bryozoans are characterized 
by articulated forms (zooidal—Orthoscuticella 
sp.; branching—Cellaria sp.), that have chitinous 
kenozooids that permit colony articulation and pro-
vide root systems that allow the animals to stabilize 
loose sediment.

4.2  Biogenic Sediment Production
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4.	 Epizoic: Bryozoans attached (rooted or cemented) 
to invertebrate substrates such as rigid rooted and 
flexible rooted bryozoans, sponges, hydroids, ascid-
ians, and polychaete worm tubes, are highly diverse 
and abundant on the outer shelf and upper slope 
(120–220 m). Such communities are also present on 
regions of the inner and middle shelf that are not 
dominated by shifting sand.

5.	 Cemented: A diverse, but sedimentological insignif-
icant group of unilaminar and multilaminar as well 
as uniserial and multiserial (e.g. Lichenopora sp.) 
bryozoans that cement directly to a hard substrate.

4.2.3.9  �Depth Limits of Living Bryozoans

Living bryozoans can, with some overlap, be divided 
into five depth-related assemblages;

1.	 Coastal ( 0–30 mwd): The wide variation in environ-
ment controls their distribution and density, such 
that encrusting epiphytic forms are common in 
sea-grass meadows, free-living forms are restricted 
to open shifting sands, articulated forms are found 
attached to algae and other biota in rocky reef envi-
ronments, along with fenestrate and other erect 
forms,

2.	 Shelf ( 30–110 mwd): Small numbers of the large, 
conspicuous fenestrate Adeona sp. along with large 
numbers of articulated zooidal, encrusting, articu-
lated branching, robust rigid branching, fenestrate, 
and vagrant types,

3.	 Shelf Edge ( 110–200 mwd): The zone of most 
diverse growth comprising ubiquitous delicate 
branching forms, particularly cyclostomes, and 
articulated zooidal cheilostomes together with large 
numbers of articulated branching, fenestrate, robust 
fenestrate, and fewer encrusting, vagrant, and nodu-
lar-arborescent cheilostomes,

4.	 Top of Slope ( 200–220 mwd): Articulated branch-
ing, articulated zooidal and flat robust branching 
cheilostomes, delicate, branching cyclostomes, and 
lesser nodular-arborescent cheilostomes of variable 
morphology,

5.	 Upper Slope ( >220 mwd): Delicate branching 
cyclostomes and articulated cheilostomes with var-
iable nodular-arborescent-globose cheilostomes. 
The components in sediments generally correspond 
to these assemblages, with particles displaced by 
gravity downwards as much as 50 m in deep neritic 
and upper slope environments.

4.2.3.10  �Sedimentology

It is clear from the foregoing that bryozoans form 
carbonate particles across the grain-size spectrum in 
all marine environments under discussion (Fig. 4.18) 
(Bone and James 1993). Mud is produced mainly by 
articulated zooidal animals, fine sand is generated by 
articulated zooidal and delicate branching bryozoans, 
medium to coarse sand is formed by delicate branch-
ing, articulated zooidal, types and fragments of larger 
colonies, granules are mainly fragments and whole 
skeletons of fenestrate, encrusting robust rigid branch-
ing and vagrant morphotypes. The largest biofragments 
are from the few bryozoans that often grow into spec-
tacularly large colonies, such as the fenestrate Adeona 
sp., Tubilopora sp. and Celleporaria fusca in shallow 
water, and nodular-arborescent forms at the shelf edge 
and on the upper slope. Encrusting types, once liber-
ated from their substrate (e.g. grasses), form particles 
across the grain-size spectrum.

4.2.3.11  �Mineralogy

There is also a mineralogical partitioning in the phy-
lum (Fig. 4.18) (Bone and James 1997; James et al. 
2005; Smith et al. 1998, 2006; Taylor et al. 2009). 
Approximately 50% of bryozoans produce skeletons 
that are IMC, 30% use aragonite, and about 20% LMC 
or are biminerallic. As a result most bryozoan particles 
are calcite-dominated. In depth-related terms, sedi-
ments in water depths to 130 mwd are mostly IMC and 
lesser aragonite, and at water depths >130 m they are 
IMC and LMC. In terms of grain-size, sand and mud is 
mostly LMC and IMC whereas granules and cobbles 
are both IMC and aragonite, never LMC.

4.2.4  �Molluscs

4.2.4.1  �Gastropods

Gastropod diversity is moderate with 24 gen-
era identified. Coxiella sp. is most numerous in 
estuarine settings. The small Bembecium sp. and 
other cerithids are abundant on muddy tidal flats. 
Rocky peritidal surfaces are covered with neritids 
and limpets, whereas subtidal shallow rock reefs 
host the robust top shell ( Turbo sp.) and abalone 
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( Haliotis sp.). Seagrass meadows are populated  
by numerous Bulla sp., Batillaria sp. and Phasianotro-
chus sp. Open sand plains contain Nautiidae ( Polinces 
sp.) as well as Cassis sp. Otherwise the most common 
snails are the suspension and detritus feeders Calyp-

traea sp. (which in life is mostly attached to dead 
bivalves), the periwinkle Clanculus sp., the pheasant 
shell Phasianella sp. various turitellids, olives, mitres, 
sponge-dwelling siliquarids ( Tenagodus sp.), and 
cowries ( Cyprea sp.). Semi-infaunal forms include a 

Fig. 4.18  Grain size and mineralogy of different bryozoan growth forms
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variety of turitellids and scaphopods ( Dentalium sp.). 
Predatory types comprise moon shells ( Polinices sp.), 
the large gastropod Campanile sp., and rock shells 
( Murex sp.) (Figs. 4.19, 4.20, 4.21).

4.2.4.2  �Bivalves

Bivalves are also diverse, with 37 genera identified 
with most being infaunal forms. Seagrass meadows 
of Posidonia sp., Amphibolis sp. and Heterozostra 
sp. contain numerous Pinna sp. and Katelysia sp. The 
cockles Donax sp. and Plebidonax sp. are ubiquitous 
in the surf zone. Katelysia sp. and Tawera sp. generally 
occur across the inner and mid-shelf to depths of about 
80 m. Additional cockles such as Mactra sp., Callucina 
sp., and Spisula sp. are also found at numerous locali-
ties. The chionids Circomphalus sp. and Placamen sp. 
together with Fulvia sp. and the trigonid Neotrigo-
nia sp. are common on the middle and inner shelf as 
well as in seagrass meadows. Venericardia sp. is typi-
cal of the mid- to deep shelf, usually between 80 and 
140 mwd, and less abundant deeper. Other widespread 
forms include the tellin Tellina sp., the nut shells Noto-
callista sp., and Nuculana sp., and the basket shell 
Corbula sp. Such bivalves are mostly aragonitic or 
mixed mineralogies.

Epifaunal bivalve distribution is not as clear. Mus-
sels ( Modiolus sp., Mytilus sp., Brachiodontes sp.), 
oysters ( Ostrea sp.), and pen shells ( Pinna sp. and 
Myadora sp.) are most numerous on the inner shelf. 
Glycymeris sp. is ubiquitous but most abundant on 
the shelf between −60 and −140 m. Other epifaunal 
bivalves occur on and around bedrock highs, pale-
ostrandlines, and on the outer shelf and upper slope. 
Chlamys sp. and Pecten sp. are present across the shelf 
to depths of 140 m and sporadically to 350 mwd. Other 
epifaunal bivalves are the hammer oyster Malleus sp. 
on the inner shelf and the sponge dwelling form Lima 
sp. on the outer shelf and upper slope. These surface 
dwelling bivalve shells are usually calcite or mixed 
mineralogies.

4.2.4.3  �Contribution to Sediment

The most recurring gastropod pieces are columnel-
las of a variety of forms and fragments of the shell 
itself. Intertidal chitons disintegrate into numerous 
granule-size plates. Bivalves are numerous in both 
the sand-size and gravel-size fractions. Fragmented 
bivalves comprise more than 50% of the skeletal 
coarse and fine fraction in most sediment shallower 
than 90 mwd.

Fig. 4.19  Molluscs from shallow neritic environments. (a). 1. 
Tawera lagopus, 2. Katelysia scalarina, Lacepede Shelf 29 mwd, 
(b) 1. Pecten benedictus albus, 2. Pinna bicolor (basal half of 
shell encrusted with small barnacles), Lincoln Shelf 36 mwd, (c) 
1. Haliotis sp., 2. Pinna bicolor, 3. Malleus meridianus, 4. Bulla 
botanica, 5. Turbo sp., 6. Phasianella australis—St. Vincent 
Gulf, 3–5 mwd
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Fig. 4.20  Molluscs from middle neritic environments. (a) 1. 
Katelysia sp., 2. Nuculana sp., 3. Placamen sp., 4. Batillaria sp., 
5. Neotrigonia sp. Lacepede Shelf 59 mwd, (b) 1, 2, 8. Katelysia 
sp., 3. Circomphalus sp., 4. Katelysia fragment, 5. Bittium grana-
rium, 6. A columella, 7. Batillaria sp., remainder are fragments. 
Lacepede Shelf 55 mwd, (c) 1. Placamen flindersi, 2. Pecten ben-
edictus albus, 3. Katelysia scalarina, 4 Fulvia sp., 5. Bachidon-

tes erosus, Great Australian Bight, Baxter sector, 64 mwd, (d) 
Chlamys bifrons (worn), 2, 3, 5. Katelysia scalarina, 4. Mytilus 
edulis, 5. Fulvia sp., 6. Glycymeris radians, 7. Fulvia sp., 8. 
Calyptraea sp., Great Australian Bight, Ceduna sector, 75 mwd, 
(e) 1, 2 Glycymeris radians, 3 Katelysia scalarina, 4, K. scala-
rina with cemented calcareous sand in concavity, Lincoln Shelf, 
80 mwd, (f) Tenagodus australis, Lincoln Shelf 64 mwd
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4.2.5  �Foraminifers

Foraminifers, both planktic and benthic are a com-
paratively minor, 10–30%, but recurring component of 
sediments across all sectors. The mid-latitude fauna is 
relatively diverse comprising free and encrusting, large 
and small individuals with a few endemic forms. The 
assemblages have been studied across the southwest-
ern continental margin (Li et al. 1996a, 1998, 1999), 
in the gulfs (Cann et al. 1993, 2000, 2002) and as 
far eastward as the Lacepede Shelf (Li et al. 1996b). 
Somewhat less is known about them off southwestern 
Victoria and Tasmania. As with other particles, there 
is a clear distinction between living and fresh tests as 
opposed to brown-stained relict forms; stranded types 
have not been distinguished as readily (Fig. 4.22).

4.2.5.1  �Planktonic Foraminifers

There are generally between 15 and 25 species. The 
most distinctive taxa are Globorotalia menardii, 
Neogloboquadrina dutertrei, Globigerinoides trilo-
bus, Globigerinoides ruber, and Globorotalia inflata 
(Li et al. 1996b, 1999).

4.2.5.2  �Benthic Foraminifers

In most areas there are more than 200 species, generally 
8–10 times more diverse than the planktics. In general 
terms, they are mostly miliolids, discorbids, and elphi-
diids (Fig. 4.22) with increasing numbers of cibicidids, 
agglutinated and other trochospiral rotalid tests, espe-
cially infaunal bolivinid-uvigerinids and cassulinids, 
offshore. The symbiont-bearing forms Marginopora 

and Peneropilis are found in shallow, euphotic, rela-
tively warm-water environments. The large milioline 
Marginopora vertebralis has been identified region-
ally but it is, in most cases likely Amphisoris hemp-
erchii (Li et al. 1996a). The two forms are difficult to 
separate with certainty when relict and so these types 
are generally referred to as the Marginopora-Sorites 
group. They generally signify low mesotrophic to near 
oligotrophic nutrient levels. Another distinctive form 
is the rotaliid Ammonia beccarii, a euryhaline form 
that typifies marine environments of reduced salinity. 
The pink encrusting Miniacina miniacea is common 
on the outer shelf in the bryozoan-sponge communities 
(Fig. 4.22).

Marine grass beds have a distinctive suite of ben-
thic foraminifers that are especially well known from 
Spencer Gulf and Gulf St. Vincent (Belperio et al. 
1984; Cann et al. 1993, 2002, 2006). Amongst these 
are Nubecularia, miliolids ( Quinqueloculina, Trilo-
culina, Milionella, Spirolculina), rotaliids ( Discor-
bis, Elphidium), and large symbiont-bearing sortids 
( Peneropolis).

4.2.5.3  �General Distribution

There are several recurring spatial trends. There are 
relatively few planktics nearshore but they increase 
and are locally equal in number to benthic tests at 
>100 mwd. This is paralleled by an increase in the 
number of benthic species from inboard to outboard; 
the outer shelf and upper slope is rich and diverse. In 
general terms the numbers of benthics is moderate 
nearshore, drops off and is lowest on the mid-shelf, 
and then rises rapidly to the most diverse assemblages 
on the upper shelf and upper slope. The mid-shelf is 
highest in brown-stained relict taxa.

Fig. 4.21  Molluscs from the 
deep neritic environment. 
(a) 1. Conus sp., 2. Oliva sp., 
3. Dentalium sp., 4. Lima 
lima, Albany Shelf, 110 mwd; 
(b) Gazameda iredalei, Great 
Australian Bight, Baxter 
Sector, 180 mwd
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Benthic assemblages are depth dependent and 
remarkably consistent across large segments of the 
shelf. The inner shelf <60 mwd, typically contains 
numerous relict forms (see below) and distinctive shal-
low-water types such as Elphidium spp. and Discorbis 
dimidiatus and a low planktic:benthic ratio. The mid-
shelf with a low planktic:benthic ratio generally has 
a conspicuously high relict component (>50%), many 
extant shallow-water benthics, and especially numer-
ous Cibicides spp. The outer shelf has conspicuously 
fewer relict individuals, but deep water and calcareous 
species are common to dominant. The upper slope con-
tains many deep-water species including many agglu-
tinated forms. The biota is 10–20 times more abundant 
on the outer shelf and upper slope compared to that on 
the inner and mid-shelf.

Variations on this theme are present locally. There 
are, for example, comparatively few relict benthics on 
the mid shelf in the western Otway, Bonney Sector 
region. This is a region of strong summer upwelling 
and likely represents high modern productivity.

There is a conspicuous west-to-east, warm-to-cold 
trend in both planktonic and benthic taxa. A typical 
warm-water, oligotrophic group of planktics including 
Globiginerinoides trilobis, and Globorotalia menardii 
is present in the far west Albany Shelf, in the Great 
Australian Bight the planktics are dominated by the 
temperate form Globigerinoides inflata, in the Lin-
coln and Lacepede shelves still cooler water species 
dominate ( Globorotali inflata, Globorotalia ruber, 
Globigerinoides bulloides, and in deeper sites Glo-
borotalia truncatulinoides). This is ascribed to the 

Fig. 4.22  Benthic foramini-
fers. Large, photosym-
biont-bearing protists, 
(a) Marginopora verte-
bralis, S stranded, R relict; 
(b) Peneropolis planatus; 
Small benthic protists (c) 
Nubecularia lucifuga (planar 
ventral attachment view); 
(d) Elphidium fichtellianum; 
(e) Spiroloculina antillarium; 
(f) Discorbis dimidiatus. All 
images except (A) are scan-
ning electron photomicro-
graphs. (Modified from James 
et al. 2009)
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decreasing influence of the warm-water Leeuwin Cur-
rent eastwards (Li et al. 1998).

The Western Australia shelf facing the Indian Ocean 
contains large, warm-water, benthic forms such as 
Heteristegina, Amphistegina, and Planorbulinella, but 
only Marginopora ( Amphisoris) occurs east of Cape 
Leeuwin. It is common in shallow waters together 
with non-calcified green calcareous algae and scat-
tered zooxanthellate corals along the Albany Shelf to 
about Esperance (Li et al. 1999). These observations 
are interpreted to reflect the somewhat warmer and 
lower trophic resources (low mesotrophic to near oli-
gotrophic) conditions of the southwestern continental 
margin as opposed to the colder and mesotrophic con-
ditions on the Lincoln Shelf and further east (Li et al. 
1998). They further suggested that Kangaroo Island 
acts today as a barrier to the movement of warm cur-
rents eastward across the southern continental margin.

4.2.6  �Echinoderms

Particles from echinoids, plates, pieces of plates, and 
spines, consistently form 5–10% of sediment grains. 
Most are from infaunal spatangoids and clypeasters 
with the larger coarse sand and granule-sizes coming 
from epifaunal tests and spines, especially cidaroids. 
Infaunal echinoid tests are rarely recovered whole. 
Crinoids, (free-living comatulids), asteroids, and ophi-
roids although locally abundant, are never significant 
as sediment producers, except very locally. Holothuri-
ans contribute small numbers of stellate IMC spicules, 
~100 μm in size.

4.2.7  �Barnacles

Barnacles are not an important part of the carbonate 
sediment producing biota in this region but are locally 
numerous in peritidal environments. Acorn barnacles 
( Pedunculata sp.) attach themselves to the substrate 
whereas goose barnacles ( Sessilia sp.) attach by means 
of a stalk. Their shells are composed of several plates 
that spontaneously separate from one another upon 
death forming coarse sand to gravel-size fragments. 
These animals need relatively high nutrient levels 
(mesotrophic) and depend upon active phytoplankton 
growth. Their mineralogy is either IMC or HMC.

4.2.8  �Calcareous Worms

Irregular to coiled serpulids, typically attached to a hard 
substrate, have calcareous tubes 2–5 cm long and form 
sand in the coarse fraction. Spirorbid tubes are tightly 
coiled, ammonite-like, and their small 1–2 mm diam-
eter tubes are common on rocky substrates, seagrass 
blades, and locally attached to macroalgae stipes. Their 
skeletons are either aragonite and/or Mg-calcite.

4.2.9  �Ostracods

These small arthropods have a calcitic carapace of two 
shells composed of Mg-calcite joined by chitin. They 
crawl or swim above the seafloor, burrow into sediment, 
and are epiphytic on seagrass and macroalgae. Most 
shells are 0.5–3.0 mm long and upon death the chitinous 
ligament springs apart freeing the valves which remain 
whole in the sediment. Whereas benthic forms are well 
calcified, calcification in pelagic types is weak and so 
they do not contribute significantly to the sediment. 
They molt as instars (young forms before maturity) at 
least 6 times, and so contribute significant material to 
the sediment, all of which is in the finer fraction. They 
range in mineralogy from LMC to IMC.

4.2.10  �Coccoliths

Much of the mud-size fraction on the outer shelf and 
upper slope is nannoplankton remains, especially coc-
coliths. The numerous calcitic discs that comprise the 
coccosphere are 2–6 µm in size, with individual scales 
even smaller. Their mineralogy is LMC.

4.2.11  �Sponges

Sponges are a significant part of the seafloor biota. Most 
are attached to hard substrates and many harbour a mul-
titude of commensual invertebrates such as gastropods, 
tunicates, bryozoans, worms, and echinoderms. Others 
have holdfasts that allow them to grow on sediment 
substrates. Calcareous sponges are present but they are 
not numerous, comprising about 10% of the taxa; their 
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spicules are triaxons. The much more numerous dem-
osponges, those with siliceous spicules, are especially 
abundant, with about 200 genera in southern Australia 
waters. Many that live in shallow, high-energy environ-
ments are encrusting with brightly coloured, upright 
forms increasing in waters deeper than 20 mwd. They 
can be large, reaching 20 cm in height and over 40 cm 
in diameter. Spicules are either rod-shaped megascleres 
from 100 µm to several millimeter in length or smaller 
microscleres in a variety of shapes ranging from triax-
ons to variably straight to curved monaxons. These spi-
cules are conspicuous throughout the fine-grained mud 
and fine-sand fraction.

4.2.12  �Ascidians

These delicate, filter-feeding, sessile tunicates are a com-
mon part of the subtidal rocky substrate biota, in many 
locations being as abundant as sponges and bryozoans. 
They are solitary and colonial and provide a significant 
substrate for bryozoans, sponges and brachiopods. The 
animals grow from the intertidal zone to the shelf edge. 
Although not possessing a calcareous skeleton they 
contain distinctive fine sand-size to silt-size mace-like 
aragonite spicules. They are not voluminous sediment 
producers but the spicules form an insignificant but 
recurring part of the fine-grained sediment fraction.

4.3  �Other Components

Corals and brachiopods are large and conspicuous, but not 
volumetrically significant components in all sediments.

4.3.1  �Corals

There are four aragonitic zooxanthellate corals in 
the neritic zone. The largest, Plesiastrea versipora, 
is a massive to platy form whose skeleton can be as 
large as 3 m in diameter and is found mainly in the 
gulfs to 25 mwd. The platy form Coscinaraea ssp. 
(Fig. 4.23a) grows to depths of 30 m whereas the 
smaller, generally prone, branching Culicia sp. is 
found in sheltered caves on open coasts and verti-
cal rocks walls and as deep as 100 mwd on shells 
and bryozoans. The small cup-coral Scolemia sp. 
(2–3 cm diameter) also lives in cryptic habitats to 
depths of ~30 m.

There are, in contrast, more than 50 species of 
aragonitic azooxanthellate corals. Especially promi-
nent are Platytrochous laevigatus, Caryophyllia plani-
lamellata, and Flabellum pavonium.

Octocorals (soft corals), especially sea fans (alcyo-
narioans), and sea pens (gorgonians), contain a vari-
ety of Mg-calcite spicules embedded in their tissue. 
These calcareous sclerites are typically straight with 

Fig. 4.23  Corals. (a) Plei-
siastrea sp., (10 cm wide) an 
orange zooxanthallate colo-
nial coral ( arrow) that usually 
occurs in shallow, cryptic 
environments, Investigator 
Strait, 2 mwd, (b) close up of 
Pleisiastrea sp., Gulf St. Vin-
cent, (c) numerous dead and 
living azooxanthellate corals 
( Caryophyllia planilamellata) 
from 230 mwd, Lincoln Shelf, 
(d) other azooxanthellate 
corals, Flabellum pavonium 
( left) and Stephanocyathus 
sp. ( right) from 500 mwd, 
Ceduna Sector, Great Austral-
ian Bight
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numerous tubercules and of fine to medium sand size. 
Curved straight orange stylasterine spicules ( Disti-
chopora sp.) are especially conspicuous.

4.3.2  �Brachiopods

All brachiopods are terebratulids, four are Terebratal-
lidae Magellania flavescens, Anakinetica (Magadina) 
cumingi, Jaffaia jaffensis, and Magadinella mineuri, 
and two are Cancellothyridae, Cancellothyris hedleyi 
and Terebratulina cf. cavata. All are pedically attached 
except A. cumingi which can live in sand, attaches to 
sediment grains (Richardson 1987) and uses its pedicle 
to lever itself out of the shifting sediment (Fig. 4.24).

They fall into four groups. The relatively small some-
what thickened A. cumingi occurs in all areas sampled 
and is orders of magnitude the most numerous form. 
Usually found as a few valves per sample, there are local-
ities where several hundred individuals were present. 
The somewhat larger M. flavescens is the dominant form 
inboard, especially in the gulfs and the northwest Great 
Australian Bight, Baxter Sector but is also found scattered 
across the shelf at a few localities to depths of ~500 m. C. 
hedleyi, J. jaffensis and T. cavata occur inboard <50 mwd 
and outboard >80 mwd, but are never numerous. The del-
icate forms M. mineuri and M. hurleyi are only found in 
waters >100 m. All brachiopods have LMC shells.

4.4  �Authigenic Mineral Particles

4.4.1  �Glauconite

Glauconite, the green, K-poor, Fe-rich smectite clay 
that matures into a non-expandible glauconitic mica 

(Amorosi 2003), is not present above trace amounts in 
any facies. Repeated analyses of black particles using 
standard chemical and X-Ray diffraction techniques 
have failed to find any significant amounts of these 
authigenic minerals.

4.5  �Detrital Grains

Detrital grains, comprising a varied suite of siliciclas-
tic particles, mineral oxides, dolomite, and older Ceno-
zoic carbonate clasts, are of varying abundance.

4.5.1  �Siliciclastic Particles

The most significant are terrigenous clastics, of which 
there are four types with differing provenances. The 
first is a suite of poorly sorted, compositionally and 
texturally immature, sands and gravels composed 
of rock fragments and mineral grains eroded from 
nearby igneous and metamorphic crystalline and hard 
sedimentary rocks. The second is well-sorted, fine 
to medium grained, texturally and compositionally 
mature, almost orthoquartzitic sand. Such sediment 
is multicycle and derived from erosion of largely 
unlithified, already mature Permian or Cenozoic 
sands. The third is heavy minerals that are prominent 
as beach lags and locally numerous in shelf sediment, 
especially oxides such as hematite, magnetite, rutile, 
and ilmenite. The fourth rare but clearly visible com-
ponent comprises other heavy mineral grains (espe-
cially garnet, staurolite, andalusite, and sillamanite) 
from crystalline rocks and are locally sorted into 
placers (Fig. 4.25).

Fig. 4.24  Brachiopods. 
(a) Anakinetica cummingi: 
Lacepede Shelf, 126 mwd, 
(b) Magellania flavescens: 
Spencer Gulf, 3 mwd
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4.5.2  �Dolomite

Dolomite, in the form of colourless to orange to dark 
red particles and crystals, either single rhombs or 
rhomb clusters (Fig. 4.25), is variably present in surfi-
cial sediments across the area. Where studied in detail 
on the Lacepede Shelf (Bone et al. 1992) they can form 
up to 25% of the sediment, but are usually <5%. The 
rhombs (Fig. 3.32) range from rounded to sharp-edged, 
have a cloudy core and a well-zoned cortex, are typi-
cally medium- to coarse-grained sand size and chemi-

cally Ca-rich (av. 56.3 mol% CaCO3). Rhomb clusters 
are either numerous crystals or individual crystals 
cemented by white microcrystalline HMC (av.12 mol% 
MgCO3).

Originally interpreted as entirely modern, the dolo-
mite has been shown to comprise cores of Tertiary dol-
omite (cf. James et al. 1991; Kyser et al. 2002) that are 
overgrown with a final stage dolomite precipitated in 
sediments just below the modern seafloor (Bone et al. 
1992). Similar multicycle detrital dolomite is common 
in the Pliocene Roe Calcarenite (James et al. 2006; 
James and Bone 2007) and Bridgewater Formation 
aeolianites (Wilson 1991).

4.5.3  �Older Cenozoic Carbonates

Many of the Cenozoic carbonates are soft and easily 
eroded. These sediments form conspicuous outcrops 
on the shelf edge and locally the upper slope. They do 
not, as confirmed by Li et al. (1996a, 1998, 1999), con-
tribute a significant amount of material to the neritic 
sediments. There are, nevertheless, local minor addi-
tions of material as demonstrated by the presence of 
Cenozoic benthic foraminifers (Milnes and Ludbrook 
1986) and planktic foraminifers (Li et al. 1999).

4.6  �Synopsis

The marine carbonate factory in this temperate envi-
ronment is producing a heterozoan assemblage of car-
bonate particles today and has done so throughout the 
Pleistocene. Sediments are palimpsest, a mixture of 
recent, stranded, and relict biofragments. The grains 
come from a spectrum of algae and invertebrates and 
are dominated by coralline algae, bryozoans, molluscs, 
and benthic foraminifers. These and other relatively 
minor components produce sediment composed of 
LMC, IMC, and aragonite.

1. � Seagrasses and macroalgae are not sediment produc-
ers as such but host a variety of epiphytes, mainly 
coralline algae, benthic foraminifers and molluscs 
whose remains collect to form significant depos-
its. Macroalgae are largely confined to rocky sea-
floor outcrops whereas seagrasses grow mostly in 

Fig. 4.25  Detrital Grains. (a) A beach placer of heavy minerals 
(mostly ilmenite), northwest side of Investigator Strait (m-scale 
circled), (b) extensive heavy minerals on a 80 m wide beach 
along the northern side of the Lacepede Shelf near Kingston, 
(c) dolomite rhombs picked from sediment sample at 42 mwd 
adjacent to Sanders Bank, Lacepede Shelf, where the dolomite 
constitutes 25% of the grains, photographed under plain light

0.2 mm
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sediment substrates. Shallow photic environments 
west of Cape Jaffa sustain seagrass and macroalgal 
growth whereas cooler marine environments to the 
east support only sparse seagrass but prolific kelps.
Seagrasses, dominated by Posidonia and Amphibo-
lis, thrive in warm waters <30 mwd with active epi-
phyte production mostly in <10 mwd. Macroalgae, 
mostly reds and browns, grow in waters <40 mwd. 
The calcareous epiphyte growth on these algae 
appears to be much less than on seagrasses and is 
concentrated on the holdfast, except for the brown 
alga Ecklonia whose blades can be encrusted by 
bryozoans and spirorbid worms.

2. � Corallines (IMC and HMC) are the only important 
carbonate algae, green calcareous algae, although 
present on shallow parts of the Albany Shelf, are 
not calcified. Encrusting corallines grow on rocky 
substrates but do not contribute much to the sedi-
ment. They do, however, form rhodoliths (coralline 
algal nodules) that are numerous in shallow water 
and grow, because of the water clarity, to ~120 mwd 
in the Great Australian Bight. Articulated coralline 
algae are prolific sediment producers in <10 mwd, 
especially on intertidal rocky platforms and in sea 
grass meadows.

3. � Major invertebrates

    •	 Bryozoans: These ubiquitous sediment produc-
ers are found in all parts of the depositional 
system and produce particles from silt to cobble 
size. Volumetrically, about 30% of the particles 
are LMC, 60% are IMC, and 10% are aragonite. 
They are herein classified under a revised system 
that integrates skeletal habit, morphology-shape, 
and substrate. The sediment, lithic, and biotic 
substrates upon and in which they grow are fur-
ther related to water depth.

    •	 Molluscs: Gastropods (aragonite) are of moder-
ate diversity and although ubiquitous, are par-
ticularly numerous in seagrass environments. 
Bivalves, both infaunal (generally aragonitic) 
and epifaunal (usually calcitic) are again of 
modest diversity.

    •	 Foraminifers: These predominantly LMC and 
IMC protists comprise from 10 to 30% of the 
sediment in all environments. It is a classic 
temperate water protist biota of small benthics, 
with large benthics ( Peneropilis and Margi-
nopora) present only in warm temperate, near-

shore settings. Seagrass beds have a distinctive 
benthic foraminifer fauna. Benthic numbers are 
relatively high inboard, decrease on the middle 
shelf, and rise again on the outer shelf. There is 
a west-to-east, warm-to-cool water trend in the 
biota.

4. � Minor invertebrates

    •	 Infaunal echinoid spines and plates (IMC—
HMC) comprise a steady 5–10% of the sediment; 
epifaunal echinoid particles are least numerous.

    •	 Calcareous worm tubes (especially spirorbids—
aragonite and Mg-calcite) form a similar propor-
tion of most sediment.

    •	 Barnacles, common heterozoan fragments else-
where, are not important.

    •	 Ostracods (LMC—IMC) are ubiquitous in the 
fine sand fraction, but do not contribute volu-
metrically to most sediment.

    •	 Sponges, although a conspicuous component of 
the epibenthic biota, only contribute siliceous 
spicules to the very fine sand and mud fraction.

    •	 Coccoliths (LMC) are present everywhere in 
the mud fraction, and especially in upper slope 
sediments.

    •	 Zooxanthellate (reef building) corals (aragonite) 
are rare and of low diversity, typically growing as 
isolated colonies, and localized to very shallow 
waters. Azooxanthellate (solitary) corals (arago-
nite) are diverse and usually preserved as whole 
colonies. Octocoral spicules (IMC) are rare.

    •	 Brachiopods (LMC—terebratulids) are not sig-
nificant sediment producers. They are present 
in the sediment as a few single shells or large 
monospecific aggregations.

5.  Authigenic and detrital grains.

    •	 Glauconite, a common constituent in other cool 
temperate carbonate deposits, is rare.

    •	 Siliciclastic grains are dominated by quartz and 
are either transported into the environment by 
fluvial processes today, (especially in Tasmania) 
or are relict from when terrigenous particles were 
delivered to the shelf during the LGM lowstand.

    •	 Dolomite particles, in the form of single rhombs 
or rhomb clusters, are a minor but recurring par-
ticle type. They principally come from erosion 
of Cenozoic sediments.

 



5.1  �Introduction

Southern Australia, with its spectrum of carbonate dep-
ositional environments within reach of major univer-
sities and government surveys, is famous for detailed 
studies on marginal marine environments and facies 
(Lowry 1970; Gostin et al. 1984, 1988; Thom 1984a, b; 
Belperio 1995; Sanderson et al. 2000) and their appli-
cability to the rock record (Muir et al. 1980). Of par-
ticular significance are the seminal works on muddy 
tidal flats (Ferguson et al. 1983; Belperio et al. 1988; 
Belperio 1995; Edgar 2001), evaporative lacustrine 
systems (Warren 1991), and syndepositional dolomite 
(von der Borch 1976; De Deckker et al. 1982; Gostin et 
al. 1988; Dutkiewicz and von der Borch 1995; Wright 
and Camoin 1999; Wright 2000). Most of these studies 
have taken place in South Australia, much less is known 
about similar environments in the rest of southern Aus-
tralia. The purpose of this short chapter is to provide an 
overview of these marginal marine environments so that 
they can be later integrated into the overall sedimentary 
system. The work is mainly that of others with our find-
ings integrated where applicable.

5.2  �Setting

The marginal marine setting in southern Australia can 
be separated into two end member situations, erosional 
coasts and depositional coasts (Figs. 5.1, 5.2). This sep-
aration comes with the caveat that intermediate situa-
tions are also present because of the vagaries of time 
and environmental change. Erosional coasts are easily 
separated into hard bedrock and soft sediment types. 
Resistant lithologies are mostly Precambrian crystal-
line and well-indurated Neoproterozoic-early Paleozoic 

rocks. The more easily eroded generally cliffed coasts 
are composed of Permian, Cretaceous, and Cenozoic 
siliciclastic and carbonate sediments and sedimentary 
rocks. Depositional coasts are also divisible, in this case, 
into exposed beach-dune–aeolianite and protected mud-
flat settings. Whereas there is little geological record of 
erosional coasts, there is an excellent late Quaternary 
record of depositional coasts, as summarized by Gostin 
et al. (1988) and Belperio (1995).

The shallow offshore subtidal and adjacent peritidal 
environments are always inexorably linked in carbon-
ate depositional systems; in general, the former is the 
sediment source and the latter is the sediment sink. All 
these environments are in the euphotic zone and so 
organisms such as phototrophic bacteria, macroalgae, 
and seagrasses are of inordinate importance.

Sediments are principally the remains of numerous 
calcareous benthic invertebrates and calcareous algae 
that are variably mixed with siliciclastic sediment or 
older carbonate grains. Holocene skeletons are mostly 
molluscs (particularly bivalves), benthic foraminifers, 
and calcareous algae. Bryozoans, although present, are 
less numerous than the other components. Seagrass 
meadows and macroalgae (including kelp) forests are 
important sediment factory sites as are calcareous pho-
totrophs. There are low numbers of stranded particles 
because this is the highest sea level stand since MIS 
5. Relict particles, although present, are only locally 
abundant.

5.3  �Rocky Peritidal

Open ocean coasts in southern Australia are battered 
year-round by waves and pounded by swells from 
the southwest. Hard crystalline bedrock localities are 
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74	5   Marginal Marine Deposystems

typically smooth, well-rounded outcrops (locally called 
turtlebacks, Fig. 5.3b) whereas indurated layered sedi-
mentary rocks, depending on their structural attitude, 
are a series of several projecting ridges. Softer, rela-
tively flat-lying strata typically form upstanding cliffs 
fronted by an erosional low-tide platform wherein the 
cliff base can be locally obscured by fallen blocks.

The biota on rocky shores is, as elsewhere, strongly 
zoned relative to tidal range and wave intensity. Out-
crops and boulders in the supratidal zone are veneered 
with cyanobacteria, calcareous algae, and lichens that 
are locally grazed by gastropods. Barnacles, limpets, 
mussels, and calcareous polychaete worm tubes colo-
nize intertidal rock surfaces. Sheltered habitats have 
fewer species of barnacles and more grazing gastro-
pods (e.g. Turbo, Austrocochlea sp., Bembecium sp., 

and Nerita sp.). The intertidal zone is characterized 
by abundant macroalgae, especially where constantly 
swept by strong waves (Shepherd and Womersley 
1976; Womersley 1981b; Shepherd 1983).

These environments can be prolific sediment 
sources but not settings of much accumulation. The 
calcareous debris is typically swept into adjacent shal-
low shoreface environments (see below) or accumu-
lates in ephemeral rock pools. Macroalgal fronds are 
not generally encrusted by calcareous epiphytes until 
death and so, apart from Ecklonia sp., are not pro-
lific carbonate producers. The holdfasts do, however, 
support a community of coralline algae, bryozoans, 
and polychaete worms. The main carbonate produc-
tion comes from corallines and a few barnacles that 
grow on the rock surface together with molluscs and 

Fig. 5.1  Sketches of the end 
members of coasts in southern 
Australia (a) An erosional 
coast developed on bedrock 
of either hard Precambrian 
crystalline or Paleozoic 
sedimentary rocks; many such 
bedrock localities are capped 
by Pleistocene aeolianites, 
(b) an erosional coast cut 
into stacked, multigeneration 
Pleistocene aeolianites, (c) a 
depositional coast formed by 
a series of prograding aeoli-
anites with modern and Pleis-
tocene interdune corridors 
occupied by marine lagoons 
or lacustrine depositional 
systems, (d) a depositional 
coast in a location largely pro-
tected from open ocean waves 
and swells with an extensive 
muddy tidal flat system
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echinoids that graze the algal turf. Although there are 
no quantitative studies of the amount of carbonate pro-
duced here it appears that it is a less productive carbon-
ate factory compared to broad-leaf seagrass meadows, 
and the sediment is coarser grained.

5.4  �Barrier Island—Aeolianite—
Lagoon—Saline Lake Complexes

High-energy depositional coasts across southern Aus-
tralia are classic barrier island complexes. These sys-
tems can form in front of older Pleistocene aeolianite 
systems with a lagoon lying between the Holocene 
and Pleistocene deposits (Fig. 5.1). The lagoon can 
with time, however, become completely cut off and 
barred from direct marine influence leading to the 
formation of saline lake complexes, especially under 

a semi-arid climate. Depositional systems com-
prise a suite of beach, dune, lagoon, and saline lake 
environments.

5.4.1  �Beaches

Most sandy beaches are subject to 0.5–2 m high waves 
that break 20–200 m offshore with a shallow shoreface 
characterized by numerous shallow water bars, rips, 
and beach cusps. Sediment is moved onshore, win-
nowed, and sorted with the finer fraction swept into 
back-beach dunes that are either active or rapidly veg-
etated (Fig. 5.4).

Beach and upper foreshore sediments are seaward-
dipping, cross-bedded, generally well-sorted, medium 
to coarse grained quartz sand or a mixture of finely 
fragmented biofragments, generally molluscs, benthic 

Fig. 5.2  Coastal systems. (a) A granite coastline, Woody Island, 
Recherche Archipelago, Albany Shelf, cliffs are ~20 m high, 
(b) a rapidly eroding cliffed coastline cut into Cenozoic lime-
stone, east of Portland, Otway Shelf, (c) a calcrete-capped cliff 

of stacked aeolianite dunes, Innes National Park, north coast of 
Investigator Strait, ~25 m high, (d) a depositional coast, Long 
Bay Beach, north of Robe, Bonney Coast

5.4  Barrier Island—Aeolianite—Lagoon—Saline Lake Complexes
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foraminifers, coralline algae and minor relict grains, 
with whole or abraded molluscs, bivalves, or a mixture 
of both (Shepherd and Womersley 1976; Cann et al. 
1999; Murray-Wallace et al. 1999). High-energy sand 
beaches contain large numbers of the surf clam Donax. 

Moderate energy beaches have a more diverse biota 
with the molluscs mostly Venerupis, Katelysia, Noto-
spisula, Anapella, and Polinices. Anadara, the relict 
Pleistocene warm-water bivalve, is locally mixed with 
the Holocene forms.

Fig. 5.3  Erosional coasts. (a) White orthoquartzite sand beach 
and an offshore island of Proterozoic granite, Duc of Orleans 
Bay, Albany Shelf, (circled automobile for scale), (b) rounded 
granite (G) outcrop ~8 m high (a turtleback) overlain by Pleis-
tocene aeolianite (P) north side of Investigator Strait, (c) rounded 
volcanics forming a cliff ~8 m high, Wardang Island, Spencer 

Gulf, (d) cliffed coast and low tide platform (~20 m wide) cut 
into Pleistocene aeolianite, Robe, Bonney Coast, (e) numerous 
small intertidal mussels on granite, Bicheno NE Tasmania; pen 
scale, (f) bivalves on Tertiary limestone covered with intertidal 
acorn barnacles, Maramah, west Tasmania near Cape Grim
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These sediments cannot be simply categorized in 
terms of composition because they vary so widely. 
They are a product of both the hinterland source and 
the offshore marine environment. Beach sediments 
along the Albany coast eastward to the Roe Plain are 
orthoquartzitic such that they squeak when walked 

upon. Those beaches in bays along western Eyre 
Peninsula, in the gulfs, and along the sweep of the 
Coorong are variably siliciclastic and carbonate rich. 
The beaches along the Otway and western Tasmania 
coast, because of somewhat higher rainfall, are more 
siliciclastic.

Fig. 5.4  Beach environments. (a) Areal view of the southeastern 
margin of the Lacepede Shelf and the town of Kingston illustrat-
ing the extensive prograding beach system, (b) beach-dune sys-
tem near Victor Harbor, Lacepede Shelf, (c) modern beach-dune 
system along the northeastern shore of the Lacepede Shelf at ‘The 
Granites’ a series of rounded Cambrian outcrops at right center; 

vehicle for scale (circled), (d) beach cusps along the northern 
shore of the Lacepede shelf with numerous beach bivalve ( Donax 
deltoides) shells; geologist for scale, (e) eroded back beach at 
same locality as D with concave beach cusp laminations (50 cm 
scale circled), (f) close view of E illustrating laminations com-
posed entirely of the surf clam ( D. deltoides) shells (10 cm scale)

5.4  Barrier Island—Aeolianite—Lagoon—Saline Lake Complexes
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5.4.2  �Aeolianite Dunes

On erosional coasts, the variably lithified Pleistocene 
Bridgewater Formation aeolianite complexes are 
cliffed along their leading, seaward margins with 
former interdune corridors behind them now sites 
of saline lake deposition similar to those behind 
Holocene beach-dune complexes. Alternatively, the 
Pleistocene aeolianite ridges are breached by marine 
erosion resulting in elongate leeward lagoons and 
bays like those behind some Holocene barrier islands 
(Fig. 5.5, 5.6).

Dune sands range in composition from pure car-
bonate to pure quartz and all compositions in between. 
The deposits are typified in outcrop by spectacular 
high-angle planar and trough cross-bedding with 
dune geometries quite obvious in Pleistocene sec-
tions. Modern dunes (Fig. 5.5) are typically vegetated 

by low growing prostrate shrubs, both halophytic 
varieties and salt-tolerant angiosperms (e.g. Tetrago-
nia) (Reeckmann and Gill 1981; Schwebel 1983; 
Short 1988).

Their heterogeneous composition defies strict cat-
egorization but the fine-grained carbonate particles 
are mostly subangular mollusc grains, pieces of cor-
alline algae, benthic foraminifer tests (particularly 
grass-dwelling species), and bryozoan zooids. Other 
grains include echinoid pieces, intraclasts, and locally, 
abraded dolomite rhombs.

Rhizoconcretions are common in most Pleistocene 
examples and are also partially developed in modern 
dunes. Complex, multigeneration calcrete horizons 
with local pisoliths comprise bounding horizons in 
most Pleistocene aeolianite successions. Modern 
dunes are variably encrusted by a case-hardened crust 
(Warren 1983).

Fig. 5.5  Aeolian systems. (a) Areal view of Coffin Bay in the 
southeastern part of the Great Australian Bight illustrating an 
extensive dune complex that is currently migrating northward 
across the peninsula, the Bay is 10 km wide, (b) carbonate dunes 
~25 m high along the coast at Cactus Beach, western Eyre Penin-

sula, (c) extensive wind-blown sands and dunes along the north 
shore of Investigator Strait, Innes National Park, (d) a vast dune 
system inland from the coast at Eucla along the northern margin 
of the Great Australian Bight
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5.4.3  �Lagoons

The character of lagoons is highly variable and 
depends to a large extent on the degree of water circu-
lation. They range from large embayments with classic 

shallow marine facies, to semi-restricted schizohaline 
environments, the most well-known of which is the 
Coorong lagoon (Fig. 5.6).

The sedimentary facies are mostly shelly and 
muddy carbonate sands with numerous gastropods, 

5.4  Barrier Island—Aeolianite—Lagoon—Saline Lake Complexes

Fig. 5.6  Lagoons. (a) Areal view of the mouth of the River 
Murray looking east along the Coorong Lagoon, Lacepede 
Shelf to the right, (b) vertical areal photograph near the south-
ern end of the Coorong Lagoon at Salt Creek illustrating the 
Southern Ocean beach-dune complex, the Lagoon, and adjacent 
saline lakes; the 3 arrowed lakes precipitate carbonates, with 
the first magnesite (M) and the other 2 dolomite (D), whereas 

the small lake at the right hand side (H) is halite, (c) view look-
ing south across the Lagoon to the landward-prograding coastal 
dune system, (d) an accumulation of the gastropod Coxiella 
along the northern margin of the Coorong Lagoon; individual 
gastropods are 2 mm long, (e) numerous encrustations of the 
bryozoan Conopeum aciculata along the northern shore of the 
Coorong lagoon
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and large intertidal to subtidal bivalves ( Anadara 
[Pleistocene], Katelysia, Ostrea). Interbedded calcitic 
and dolomitic lacustrine muds with greenish clay and 
clayey quartz sand contain a freshwater to brackish 
water biota, especially ostracods and the small gas-
tropod Coxiella. The Coorong in particular is sub-
ject to spasmodic blooms of the single species of the 
bryozoan Conopeum aciculata which encrusts all 
suitable substrates including serpulid worm bioherms 
(Bone and Wass 1990; Bone 1991; Sprigg and Bone 
1993). Stromatolites, thrombolites, teepee structures, 
desiccation polygons, subtidal gypsum and ephem-
eral halite are typical (von der Borch 1965; von der 
Borch and Lock 1979 for detailed descriptions; see 
Gostin et al. 1988). These facies likewise character-
ize many of the late Pleistocene interdune corridors 
that are also sites of deflation lags, carbonate sands 
and muds, ephemeral saline lakes, and evaporites.

5.4.4  �Lakes

The ephemeral lakes, because of their easy acces-
sibility and variable character, have been intensively 
documented; as reviewed by Gostin et al. (1988) and 
Belperio (1995). They range from brackish to saline 
and can be as small as a few hundred meters across 
to many kilometers wide with commercially exploited 
evaporites. The smaller ones, although geographically 
close to one another, can have very different mineral 
assemblages. The deposits are mostly muddy carbon-
ates, gypsum and minor halite. They are of particular 
scientific interest because of the suite of carbonate 
mineral precipitates, including dolomite (Alderman 
and Skinner 1957; von der Borch et al. 1977; von der 
Borch and Lock 1979; Warren 1982a, b, 1988; Bowler 
and Teller 1986; Rosen et al. 1988, 1989; Hender-
son 1997). Many contain sedimentary structures that 

Fig. 5.7  Saline lakes. (a) Areal view of an extensive salt lake 
system behind a beach-dune complex that stretches 22 km 
between the Point Dempster (bottom) and Point Malcolm (top) 
at Israelite Bay, Great Australian Bight, (b) flooded Marion 
Lake in winter, Innes National Park, southern Yorke Peninsula, 

(~1 km across), (c) desiccated saline lake near the southern end 
of the Coorong Lagoon; people for scale, (d) dolomitic mud in 
salt lake near the southern end of the Coorong Lagoon that is 
black and reducing just below the surface (C.C. von der Borch 
feet for scale)
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are also found in muddy tidal flat environments (see 
below) namely microbial mats, stromatolites, desic-
cation cracks, teepees, flat clast conglomerates, and a 
low diversity, high abundance mollusc (mostly gastro-
pods) biota (Figs. 5.7, 5.8).

5.5  �Muddy Tidal Flats

Muddy intertidal and supratidal sediments occur in pro-
tected locations such as intrashelf basins or along the mar-
gins of lagoons between beach-dune complexes (Fig. 5.9).  

5.5  Muddy Tidal Flats

Fig. 5.8  Saline lakes. (a) Desiccation cracks in a lake near 
southern end of the Coorong lagoon, 50 cm scale bar (circled), 
(b) extensive teepees, Deep Lake, Innes National Park, south-
ern Yorke Peninsula, scale (circled) has 10 cm bars, (c) domal 
stromatolite at Lake MacDonnell, west coast of Eyre Peninsula, 
hammer handle is 20 cm long, (d) exposed lacustrine gypsum 
crystals, Marion Lake, Innes National Park, southern Yorke 

Peninsula. Muddy Tidal flats, (e) areal view of northern Spen-
cer Gulf and the town of Port Pirie. The shallow neritic zone 
is a series of seagrass beds, the black zone comprises intertidal 
microbial mats and mangroves ~1 km wide, the white areas 
inland comprise the supratidal zone, (f) areal view of the exten-
sive mangrove shoreline north of Port Pirie, Spencer Gulf, tidal 
creeks are ~30 m wide
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They are not present facing the open ocean. Although 
somewhat different in setting from saline lake deposits 
the sediments are similar in composition, a mixture of 
marine, terrestrial, and evaporite materials. Such mud 
flats have many of the attributes displayed by tropical 

peritidal environments such as the Bahamas and the 
Persian Gulf (Pratt 2010). Although somewhat modi-
fied by local Holocene uplift (Belperio 1993) they 
are characterized by the classic suite of intertidal fea-
tures such as shelly beaches, tidal creeks, mangrove 

Fig. 5.9  Muddy Tidal flats. (a) Intertidal mangrove woodland 
a few kilometers north of Adelaide, trees are ~3 m high, (b) the 
intertidal zone composed of numerous split and partially desic-
cated microbial mats; foreground ~20 m wide, (c) close view of 
a series of split and rolled mats covering carbonate mud; scale 

divisions are 2 cm, (d) areal view 100 m across of a zone of 
groundwater resurgence and extensive large teepees, (e) ground 
level view of the teepees illustrated in D, (f) the supratidal 
zone with extensive growth of the halophytic shrubs including 
Arthrocnemum; northern Spencer Gulf; foreground ~20 m wide
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woodlands, small ephemeral saline ponds, desicca-
tion cracks, teepees, split and blistered microbial mats, 
stromatolites, and crab burrows. The microbial mats 
are also locally veneered with halophytic groundcovers 
that can withstand diurnal salt water (e.g. Salicornia 
spp.). Supratidal samphire flats, exposed to prolonged 
desiccation, also host growth of dolomite and gypsum 
in the mixed terrestrial and marine muds (Fig. 5.9).

More specifically, wide intertidal and supratidal 
mudflats are characterized by sand flats, woodlands 
populated by the white mangrove ( Avicennia marina) 
that grows to 5–10 m high and has prolific pneumat-
ophores, and clay-rich mud flats containing gypsum 
(Cann et al. 2009). The muddy sediment is, in part, 
derived from land, in part swept onto the flats from 
adjacent grass beds during storms and in part from epi-
phytes on mangroves. Whereas much of the molluscan 
biota also comes from adjacent shallow neritic grass 
beds, some is indigenous, as are some of the benthic 
foraminifers. These in situ components come from the 
roots of the mangroves, the sediment surface, and the 
shallow subsurface. The upper, predominantly exposed 
supratidal part of the flat is mostly allochthonous mud 
and sand with scattered dolomite, layers and nodules of 
gypsum, and microbial mats, with teepees and mega-
polygons in areas of groundwater resurgence.

5.6  �Synopsis

The coastline of southern Australia has erosional and 
accretionary segments. Erosional coasts are cut into 
hard crystalline and sedimentary rocks or relatively 
soft Permian, Cretaceous, and Cenozoic sediments and 
sedimentary rocks. Depositional coasts are formed by 
sediment derived from the adjacent marine environ-
ment or via fluvial input. The semi-arid climate west 
of Cape Jaffa produces carbonate–evaporite marginal 
marine deposits whereas the relatively humid climate 
along the coasts of Victoria and Tasmania results in 
siliciclastic-dominated sand bodies. The well-studied 
coasts in the west are either exposed beach-dune–aeo-
lianite complexes or protected peritidal mudflats.

1. � Calcareous algae, gastropods, limpets, and barnacles 
dominate the calcareous biota on high-energy ero-
sional shores; articulated corallines and gastropods 
are the most important sediment producers. Mac-
roalgal holdfasts support a community of calcareous 
algae, bryozoans, and polychaete worms. Whereas 
this environment is a source of sediment there does 
not appear to be much local accumulation.

2. � The high-energy depositional coasts are classic 
barrier island complexes. The system comprises 
a suite of beach, dune, lagoon and saline lake 
environments.

•	 Beaches range in composition from pure carbon-
ate to pure quartzose sand. The dominant calcar-
eous biota comprises a suite of robust beach and 
shallow offshore bivalves.

•	 Aeolianite dunes are likewise compositionally 
variable with modern examples vegetated by 
halophytic shrubs. The carbonate particles usu-
ally come from adjacent offshore seagrass beds.

•	 Lagoons range from wholly marine to semi-
restricted and schizohaline. Sediments are gen-
erally shelly and muddy carbonate sand with 
bivalves and prolific gastropods. Stromatolites, 
thrombolites, teepees, desiccation polygons, 
subtidal gypsum, and ephemeral halite are 
common.

•	 Ephemeral lakes range from brackish to saline, 
but the evaporitic ones have been most studied 
because of synsedimentary dolomite formation. 
Sedimentary structures are the same as those in 
desiccated parts of lagoons together with a low 
diversity, high abundance gastropod biota.

3. � The low-energy peritidal mudflats are similar to 
many semi-arid tropical systems worldwide and 
exhibit the same suite of sedimentary textures and 
fabrics with a mixture of marine, terrestrial and 
evaporite materials. The intertidal zone is com-
monly vegetated by mangroves and the supratidal 
flats are locally disturbed by teepees and megapoly-
gons associated with groundwater resurgence.
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6.1  �Introduction

Understanding this vast depositional realm has been a 
protracted study. As each new sector of the continen-
tal margin was documented, the new findings neces-
sitated re-evaluation of previous interpretations. This 
chapter is the result of a total re-study of all bottom 
samples acquired since 1989 and their placement in a 
facies scheme that is applicable to the entire continen-
tal margin.

Sedimentary facies (23) are herein defined in terms 
of composition, and so are lithofacies in the traditional 
sense (Boggs 1995, p. 290). The sediments, as outlined 
in Chaps. 3 and 4, are composed of carbonate parti-
cles of various ages, with locally important siliciclastic 
grains. The principal components are recent biofrag-
ments, relict carbonate particles, and siliciclastic grains 
(mainly quartz). Recent particles include both latest 
Pleistocene (mostly stranded) and Holocene grains. 
This is because they were all produced during the lat-
est eustatic sea level rise, and more practically, the 
nature of stranded particles has not yet been studied on 
large parts of the shelf. Relict particles are separated 
because they formed during a completely separate sea 
level cycle prior to the LGM.

Megafacies (5) are defined when the sediment is 
composed of 50% or more of any one of the above 
major components (e.g. Relict Megafacies have more 
than 50% relict grains). Each megafacies contains 
from one to several individual facies (Fig. 6.1). Each 
facies description should be read in conjunction with 
Table 6.1 that summarizes all pertinent attributes. Also 
see the facies maps in Chaps. 7, 8, and 9.

6.2  �Megafacies C—Recent Carbonate

Sediments that are almost wholly recent carbonate 
(>50%) are mainly located in nearshore or on outer–
upper slope environments. They range in texture from 
poorly sorted deposits with a complete spectrum of 
grain sizes to clean carbonate sands. These variations 
reflect both the architecture of the skeletons and the 
hydrology of the depositional environment. Grainy 
carbonates, those with little or no mud, are mostly on 
the open shelf, with molluscs and corallines dominant 
inboard and bryozoans most conspicuous outboard. 
Muddy carbonates are either in grass beds, in deeper 
parts of intrashelf basins, (the gulfs and Bass Strait), or 
in sub-wavebase settings. Two facies, articulated cor-
alline and intraclast sands (facies C5) and coral, arbo-
rescent bryozoan gravel and mud (facies C12) stand 
out. Both are largely composed of stranded particles; 
the former is a shallow-water grass bed accumulation 
and the latter, a moribund bryozoan mound deposit 
(Table 6.1).

6.2.1  �Grainy Carbonate Facies

6.2.1.1  �Facies C1—Bryozoan Sand and Gravel

Deeper parts of the mid-shelf and much of the outer 
shelf to ~200 mwd, across the entire southern margin, 
is covered with Holocene bryozoan sand and gravel. 
This sediment, less than 25% of which is relict mate-
rial and in which bryozoans are far more numerous 

N. P. James, Y. Bone, Neritic Carbonate Sediments in a Temperate Realm,
DOI 10.1007/978-90-481-9289-2_6, © Springer Science+Business Media B.V. 2011 
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Fig. 6.1  Pie diagrams (average compositional plots) of the major megafacies and their composite facies that comprise the surficial 
sediments
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than molluscs, is one of the most widespread facies. 
Deposits range from poorly sorted to well sorted with 
very fine sand- to cobble-size particles (Fig. 6.2). 
Poorly sorted sediment is always made up of angular 
fragments whereas better sorted sediment, more com-
mon in <120 mwd, is somewhat abraded. Cores of this 
facies on the Otway Shelf are cross-stratified sand 
(Boreen et al. 1993).

These vast spreads of uniform sand have minor 
coarse material, generally bryozoans, ubiquitous slit 
shells ( Tenagodus–implying abundant sponges), scat-
tered calcarenite clasts encrusted by the red foramini-
fer Miniacina miniacea and serpulid worms, epifaunal 
echinoid spines, and irregular rhodolites (clumps of 
corallines and peyssonnelids), clusters of serpulids, 
and crab claws. Grains and granules range from 
fresh to abraded to encrusted by bryozoans, coral-
lines, and foraminifers. Bryozoans are numerous and 

diverse. Although there are generally less than 10% 
Recent mollusc particles by volume, large molluscs 
are diverse and conspicuous. Small ahermatypic cor-
als such as Trematotrochus and Caryophyllia are 
attached to larger bryozoans and rhodolites. Sediments 
in the Ceduna Sector on the eastern Great Australian 
Bight Shelf are distinguished by 20–40% particles of 
stranded articulated coralline algae.

6.2.1.2  �Facies C2—Skeletal Sand and Gravel

Biofragmental sands in which no single particle type 
dominates are generally inner neritic deposits (20–
50 mwd in the Gulfs (Spencer Gulf and Gulf St. Vin-
cent) that have the general composition of a sea grass 
facies but with little mud, implying winnowing after 
deposition. Sediments usually contain some quartz that 

Fig. 6.2  Facies C1—Bryozoan Sand and Gravel. (a) A diverse 
suite of coarse sand to granule size bryozoan particles with 
conspicuous large fragments of robust rigid branching (B) and 
fenestrate (F) growth forms, (b) a close view of these dominant 
growth forms together with smaller fragments; the pink encrus-
tation ( arrow) is the foraminifer Miniacina miniacea. (Lacepede 
Shelf, VH89 01–171 mwd)

a

F

B

FACIES C1

b 2 mm

                  

Fig. 6.3  Facies C2—Skeletal Sand and Gravel. (a) A diverse 
suite of biofragments including serpulid worm tube clusters 
(W), bivalves (M), coralline algal rods (A), bryozoans (B), and 
scaphopods (D), (b) a close view of robust rigid branching bryo-
zoans (B), articulated branching bryozoans (AB), gastropods 
(G), bivalve fragments (M), and many smaller skeletal remains. 
(Great Australian Bight, ACM106–51 mwd)

a

B

M
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W

D

2 mmb

B
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FACIES C2                   
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locally may be as high as 20%. The most conspicuous 
whole bivalves are pectens and infaunal types whereas 
bryozoans are dominated by fenestrate, robust and 
rigid branching, and free-living types (Fig. 6.3). The 
sand fraction is similar in composition to these coarse 
particles but with the addition of benthic foraminifers. 
Relict sediment is generally minor.

6.2.1.3  �Facies C3—Coralline Gravel

Coralline gravels are either rhodoliths (cf. Bosellini 
and Ginsburg 1971; Ginsburg and Bosellini 1973) or 
rigid branching fruticose nodules (Wray 1977) and 
their fragmented branches. Such sediments outboard of 
grass banks in 30–50 mwd (<30 mwd in the gulfs) are 
like the maerl facies at similar depths in the sub-tropi-
cal Mediterranean (Carannante et al. 1988). Pectens 
and other epifaunal bivalves together with conspicuous 
Adeona are locally numerous. The sand can be locally 

quartzose (up to 40%). Relict sediment is generally 
minor (Fig. 6.4).

6.2.1.4  �Facies C4—Encrusted Rocky Substrate

This part of the seafloor is one of encrustation and car-
bonate production rather than sediment accumulation. 
Numerous rocky substrates, a widespread hard-bottom 
biota, and a thin, patchy, sediment veneer characterize 
the environment. The prolific growth on subaqueous out-
crops, on all shelves in <70 mwd, comprises both mac-
roalgae and benthic invertebrates, especially sponges, 
coralline algae, numerous different free and byssally 
attached bivalves, diverse gastropods, and assorted 
bryozoans, pedically attached brachiopods, a spectrum 
of benthic foraminifers, and grazing regular echinoids. 
Although the biota is prolific, most components are shed 
onto the surrounding seafloor, only to be redistributed 
by waves and currents. The preserved facies is that of 

6.2  Megafacies C—Recent Carbonate

Fig. 6.4  Facies C3—Coral-
line Gravel. (a) Coarse frag-
mented branches of fruticose 
coralline algae with a few 
bryozoans (B) and encrust-
ing foraminifer fragments (F) 
( Miniacina miniacea) (Great 
Australian Bight, GAB 064–
42 mwd), (b) living (pink) 
and dead (white) fruticose 
rhodoliths (Great Australian 
Bight, GAB 061–46 mwd), 
(c) numerous robust branch-
ing coralline algal sticks and 
scattered bivalves. (Lacepede 
Shelf, VH89 15B–37 mwd) b c
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a hardground (or stoneground) excavated by a suite of 
boring invertebrates, especially echinoids, bivalves, and 
sponges, that can be encrusted by coralline algae.

6.2.1.5  �Facies C5—Articulated Coralline and 
Intraclast Sand

This is largely a stranded facies. Coralline rods from 
articulated red algae together with irregular intrac-
lasts have a striking distribution; they are conspicuous 
components in all Great Australian Bight sediments 
between 60 and 250 mwd (most numerous between 90 
and 150 mwd) but are virtually absent or at a low level in 
Lacepede Shelf and Investigator Strait sediments. Bryo-
zoans, serpulid worms, siliquarids, and corals dominate 
the minor coarse fraction. Intraclasts are mostly skeletal 
particles with minor synsedimentary cement (Fig. 6.5).

6.2.1.6  �Facies C6—Fine Skeletal Sand

This homogenous, well sorted, fine to very fine-grained 
sand consists of fragmented, fresh particles (Fig. 6.6). It 
generally contains <20% relict material and an infini-
tesimal (0–20%) coarse fraction. The material can, how-
ever, be locally bimodal with up to 20% coarse to very 
coarse-grained sand particles of bryozoans with lesser 
soft coral spicules, Tenagodus, and serpulid worm tubes. 
The fine sediment is mostly erect flexible articulated 
zooidal bryozoan zooids, planktic foraminifers, benthic 
foraminifers, broken ostracod shells, infaunal echinoid 
plates and spines, and siliceous sponge spicules. The 
minor mud fraction is generally silt–sized skeletal biof-
ragments, many of which are unidentifiable. The depos-
its are generally in deeper water on the outer shelf and 
upper slope (80–200 mwd) but can range from 40 to 
475 mwd.

Fig. 6.5  Facies C5—Articulated Coralline and Intraclast Sand. 
(a) Sand composed almost entirely of geniculate coralline algal 
rod-like segments; most of these sands are stranded, (b) close 
view of this sand that also contains some intraclasts ( arrows) 
and a few other skeletal fragments. (Great Australian Bight, 
GAB 087–90 mwd)
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Fig. 6.6  Facies C6—Fine skeletal sand. (a) Fine and very fine 
biofragments with a few bryozoans (B) and a demosponge hold-
fast (S), (b) close view of the numerous fragmented particles 
together with articulated zooidal bryozoan zooids ( arrows). 
(Great Australian Bight, GAB 056–73 mwd)
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6.2.1.8  �Facies C8—Scaphopod, Pteropod Sand 
and Mud

The material is a fine sandy and silty carbonate with 
conspicuous scaphopods ( Dentalium), corals, pteropod 
cones, small delicate pectens, and bryozoans (Fig. 6.8). 
The facies is usually deep water (300–500 mwd), but is 
as shallow as 75 mwd in Bass Strait and on the eastern 
Tasmania shelf. The sand is composed of infaunal and 
epifaunal benthic foraminifers, fecal pellets, infaunal 
echinoid segments, gastropods, and serpulids. The silt 
is mainly skeletal grains such as planktic foraminifers, 
siliceous sponge spicules, echinoid pieces, and uni-
dentifiable grains. The sediment is surprisingly coarse-
grained for such depths and thus could be somewhat 
winnowed.

6.2.1.9  �Facies C9—Mollusc, Coralline, Benthic 
Foraminifer Gravel, Sand and Mud

Sediments in Posidonia- and Amphibolis-dominated 
seagrass beds (<25 mwd) are composed, for the most 
part, of poorly sorted muds and sandy muds with con-
spicuous whole molluscs and benthic foraminifers 
(Fig. 6.9). This facies occurs as shore-attached banks 
along the margins of the gulfs and as shoals in small 
embayments, especially along the western coast of 
Eyre Peninsula.

The Quaternary sediment in and beneath grass mead-
ows and banks has been carefully documented (Hails 
et al. 1984a; Barnett et al. 1997; Cann et al. 2000) and 

6.2.1.7  �Facies C7—Delicate Branching 
Bryozoan Muddy Sand

Erect flexible articulated  branching cyclostomes (plus 
some cheilostomes)  dominate the sediment, forming 
an almost mud-free sediment (Fig. 6.7). Sands also 
contain abundant infaunal benthic foraminifers, sili-
ceous sponge spicules, pteropod cones, and serpulids. 
The bryozoan component is distinct from shallower 
shelf assemblages in the relatively greater abundance 
of delicate cyclostomes, and absence of robust shelf 
forms such as Adeona sp. Although fragmented, most 
bryozoans are not significantly worn, and preserva-
tion of extremely delicate structures and whole fragile 
bryozoans is common. Mud is distinctively silty and 
composed of biofragments. Deposits are generally 
confined to the outer part of the shelf and upper slope 
between 60 and 350 mwd.

6.2  Megafacies C—Recent Carbonate

Fig. 6.7  Facies C7—Delicate Branching Bryozoan Muddy 
Sand. (a) Numerous small branches of dominantly cyclostome 
bryozoans forming an almost mud-free sediment, (b) a close 
view of the bryozoans wherein retention of delicate zooidal 
architecture indicates little movement or abrasion. (Great Aus-
tralian Bight, ACM 085–196 mwd)
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Fig. 6.8  Facies C8—Scaphopod, Pteropod Muddy Sand. A 
close view of the coarse fraction composed of delicate bivalves 
(M) echinoid plates (E), scaphopods (D) and pteropods (P). 
(Great Australian Bight, ACM 100–495 mwd)
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its poorly-sorted character reflects the nature of this 
factory. It is dominated by siliciclastic and carbonate 
muds, sands rich in coralline algae ( Metagoniolithon, 
Corallina, Jania), benthic foraminifera ( Nubecularia, 
miliolids (Quinqueloculina, Triloculina, Milionella, 
Spirolculina), rotaliids (Discorbis, Elphidium), large 
soritids (Peneropolis)), and mollusc fragments (Gostin 
et al. 1988; Cann et al. 2002).

6.2.2  �Muddy Carbonate Facies

6.2.2.1  �Facies C10—Bivalve Muds

This facies floors the large gulfs and the center of Bass 
Strait from 25 to 80 mwd. Mollusc fragments, planktic 

foraminifers, and infaunal echinoid pieces dominate 
the muds and sands. The bivalves are mostly epifaunal 
or semi-epifaunal forms such as Pinna, Maleus, and 
Chlamys.

6.2.2.2  �Facies C11—Spiculitic Skeletal  
Sandy Mud

The sediment is a mixture of fine neritic benthic parti-
cles swept seaward, pelagic calcareous foraminifer and 
nannoplankton fallout, skeletal sand with local small 
segments of erect flexible delicate branching bryozoans 
floating in the mud and in situ production (Fig. 6.10). 
It mostly extends from depths as shallow as 100 mwd 
down to ~500 mwd across all shelf sectors. Carbonate 
content ranges from 23 to 80%, the remainder being 
clay minerals. Sediment is variably rich in catenecellid 
singlets, with the only larger bryozoan of importance 

Fig. 6.10  Facies C11—Spiculitic, Skeletal Sandy Mud. (a) Fine 
sediment with scattered pteropods (P) and small gastropods (G) 
(Lacepede Shelf, VH91 115–582 mwd), (b) close view of the 
sandy nature of the sediment composed, of fine biofragments 
together with siliceous sponge spicules ( arrows). (Great Aus-
tralian Bight, GAB 022–374 mwd)
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Fig. 6.9  Facies C9—Mollusc, Coralline, Benthic Foraminifer 
Gravel, Sand and Mud. (a) Cores from beach sands ( 1,2) and 
adjacent offshore seagrass facies ( 3,4,5), Spencer Gulf (courtesy 
R.V. Burne). Grassbed cores contain numerous roots (G) and 
bivalves (M), (b) poorly sorted sediment from a shallow grass-
bed containing large bivalves (M) gastropods (G) and numerous 
Posidonia blades (P). (Investigator Strait near Kangaroo Island, 
PL94 71–15 mwd)
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being small free living (vagrant) lunuliform bryozoans. 
The sediment is locally winnowed into muddy sands 
and gravels rich in Dentalium, together with pteropods, 
oblate and small high-spired gastropods, small infau-
nal echinoid plates, bryozoans (spherical and vagrant 
forms), epifaunal and infaunal benthic foraminifers, 
ostracods, micromolluscs, and angular limestone clasts. 
Other locally abundant skeletons include solitary cor-
als and small pectens. Agglutinated benthic foraminif-
era are conspicuous. The small number of molluscs 
are tiny cerithid-like gastropods and pteropods. Shelf 
edge skeletal debris decreases progressively downslope. 
Large thin-walled brachiopods, high spired gastropods, 
scaphopods, and solitary corals are rare but conspicu-
ous. Sediment is thoroughly bioturbated and homog-
enous, with local vague burrow mottling in cores from 
on the Otway Shelf (Boreen et al. 1993).

6.2.2.3  �Facies C12—Coral–Arborescent 
Bryozoan Gravel and Mud

This facies comprises conspicuous, large, stranded 
arborescent bryozoans ( Celleporaria), and an other-
wise diverse assemblage of rigid robust branching, 
fenestrate, and free-living bryozoans (Fig. 6.11). 
Growing on this coarse substrate are variably abundant 
solitary corals as isolated colonies or as candelabra-
like associations. The facies begins at a depth of 160 m 
where it is transitional into shallower shelf facies but is 

best developed between 250 and 300 mwd, and is gra-
dational downwards into slope muds between 350 and 
400 mwd. Five skeletons of Celleporaria sp. from four 
localities in the Ceduna sector and Lincoln Shelf have 
14C ages ranging from 21.2 ka to 13.7 ka and from cores 
on the Otway Shelf have 14C ages of 21.0–10.3 ka.

A similar bryozoan assemblage (James et al. 1997) 
is associated with large topographically-positive fea-
tures on the Beachport Terrace off the Otway Shelf. 
The structures occur are present in 200–400 mwd, and 
have mound-like geometries with up to 120 m of relief. 
The intimate association of dense Celleporaria sp. bry-
ozoan-sponge accumulations and the mound features 
suggests that they may be exhumed parts of biological 
buildups similar to the late Pleistocene bryozoan reef 
mounds off the Eyre Sector (James et al. 2004). Deli-
cate cyclostome bryozoan sands occur on the mound 
flanks. Similar large bryozoan mounds have been sam-
pled along the eastern margin of Bass Strait, in an area 
of elevated nutrient and chlorophyll concentrations 
(Gibbs et al. 1986; Heggie and O’Brien 1988).

In summary, the facies is essentially a Holocene 
deep-water biota of corals (including stylasterines), 
bryozoans, gastropods, and bivalves growing on the 
coarse exhumed mainly bryozoan remains of stranded, 
moribund bryozoan-sponge mounds.

6.3  �Megafacies M—Relict-Rich 
Carbonate

Deposits that are a mixture recent and relict carbon-
ate particles cover large expanses of all shelves. Such 
relict-rich facies comprise a background of relict sedi-
ment (25 to 50%) that is being added to by the produc-
tion of younger carbonate. This megafacies is spatially 
transitional between recent carbonate deposits mega-
facies C outlined above and relict sediments of mega-
facies R described below (Table 2.1).

6.3.1  �Facies M1—Relict-Rich Skeletal 
Sand and Gravel

No one single skeletal particle type dominates these 
sediments. They mostly occur in the mid-neritic zone 

Fig. 6.11  Facies C12—Coral, Arborescent Bryozoan Gravel and 
Mud. A poorly sorted mixture of bryozoan-coral sand and gravel 
with conspicuous Celleporaria colonies (B) and azooxanthellate 
corals (C). (Lincoln Shelf, PL94 22–320 to 350 mwd)
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6.3  Megafacies M—Relict-Rich Carbonate
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but range between 30 and 120 mwd. Recent fragments 
are generally a diverse suite of bryozoans and bivalves. 
Particles are conspicuously rounded and abraded. The 
relict components are diverse and comprise lithoclasts, 
benthic foraminifers (including Marginopora), and 
bivalves (Fig. 6.12).

6.3.2  �Facies M2—Relict-Rich Quartzose 
Skeletal Sand and Gravel

Sediment is generally quartz-rich, bivalve-bryozoan 
sandy gravel, a heterogeneous, very poorly sorted 
mixture of roughly equal relict and recent bioclasts, 
and quartz (Fig. 6.13). It is found at 20–100 mwd 
on most shelf sectors but is conspicuously deeper 

(175–285 mwd) on the Bonney Shelf. The deposits 
can have a substantial coarse (>2 mm) component 
(up to 80% by volume) that is usually dominated by 
an extremely diverse suite of epifaunal and infaunal 
bivalves, robust as well as well as diminutive gas-
tropods, diverse bryozoans, and infaunal echinoids. 
Molluscs dominate the sand–sized fraction. The relict 
components are a suite of coralline rods, lithoclasts, 
large benthic foraminifers (e.g. Marginopora) and 
worn bivalves. The deposits are generally mud-free. 
The overall biota resembles a seagrass assemblage.

6.3.3  �Facies M3—Relict-Rich Molluscan 
Sand

The sediment is quartzose molluscan sand with up to 
50% relict grains. The sediments are shallow water 

Fig. 6.12  Facies M1—Relict-rich Skeletal Sand and Gravel. 
(a) A mixture of relict foraminifer (F) (particularly Margi-
nopora) and other brown skeletal fragments together with light 
coloured recent particles such as bivalves (M) and gastropods 
(G), (b) a close view of recent bryozoans (B) and bivalves (M), 
together with relict large benthic foraminifers (Marginopora) 
(F) and bivalves (MR), and numerous unidentified relict grains 
(R). (Great Australian Bight, ACM 080–60 mwd)
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Fig. 6.13  Facies M2—Relict-rich Quartzose Skeletal Sand and 
Gravel. (a) Sand composed of a mixture of abraded brown relict 
grains and light recent grains, (b) a close view of the rounded 
brown relict particles (R), Recent bryozoan fragments (B), and 
quartz grains (Q). (Lacepede Shelf, VH89 053–47 mwd)
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generally between 30 and 70 mwd. The material is 
typified by shells of the robust bivalves Katelysia, 
and locally, Chlamys. Sands are also dominated by 
mollusc fragments but with lesser bryozoans. Relict 
components comprise brown and grey-black pebble 
lithoclasts and worn bivalves (Fig. 6.14).

6.3.4  �Facies M4—Relict-Rich Bryozoan 
Sand

A mixture of Holocene bryozoan sand and gravel and 
obvious brown relict particles gives this sediment a 
speckled brown and cream or ‘salt and pepper’ appear-
ance (Fig. 6.15). The sediment is present on most shelf 
sectors between 30 and 175 mwd with most shallower 
than 100 mwd. Quartz comprises up to 20% of the sed-

iment on the Lacepede and Otway shelves. The coarse 
fraction (>2 mm) is mostly a diverse suite of bryozoans 
and a few bivalves, mainly Glycymeris, Katelysia, 
and local Chlamys, gastropods and echinoid spines, 
together with some cemented calcarenite clasts. The 
sands are overwhelmingly bryozoan particles. Relict 
grains are dominantly lithoclast cobbles, with a few 
bivalves, and large benthic foraminifers in the Great 
Australian Bight.

6.3.5  �Facies M5—Relict-Rich Fine 
Skeletal Sand

This sediment is similar in composition to that of 
facies C6 and can contain up to 50% relict grains. 
The sediment is homogenous, well sorted, fine to very 
fine-grained sand and consists of fragmented, fresh 

Fig. 6.14  Facies M3—Relict-rich Molluscan Sand. (a) Sand 
that is a mixture of brown relict grains and white recent parti-
cles together with numerous whole bivalve shells ( Katelysia), 
(b) close view of the sand fraction composed of well rounded, 
abraded, and polished brown relict grains and white recent biof-
ragments. (Lacepede Shelf, VH89, LB 2–28 mwd)
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Fig. 6.15  Facies M4—Relict-rich Bryozoan Sand. (a) A sand 
of Recent bryozoan pieces against a background of dark brown 
relict grains, (b) close view of the dark brown, worn relict grains 
and the white recent bryozoan fragments. (Lacepede Shelf, 
VH89, 23–58 mwd)
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6.3  Megafacies M—Relict-Rich Carbonate
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particles, with an infinitesimal (0–20%) coarse fraction 
(Fig. 6.16). The material is mostly catenecellid bryo-
zoan zooids, planktic foraminifers, benthic foramini-
fers, broken ostracod shells, infaunal echinoid plates 
and spines, and siliceous sponge spicules. The minor 
mud fraction is generally silt–sized skeletal biofrag-
ments, many of which are unidentifiable. This sedi-
ment is found east of Cape Otway, in Bass Strait, and 
covers large areas off the Tasmanian coast between 45 
and 175 mwd.

6.4  �Megafacies R—Relict Carbonate

Relict carbonate sediments, wherein such grains form 
>50% of the sediment, cover wide areas of the middle 
shelf, especially in the Great Australian Bight. Whereas 
some sediments are almost entirely relict, others have 
substantial mollusc and bryozoan components. These 

sediments are typically bimodal with relict sand-sized 
grains and much larger recent skeletons. One particu-
lar deposit, limestone gravel (facies R4), is disposed in 
linear ridges on the shelf and interpreted to be a series 
of paleostrandlines (Table 2.1).

6.4.1  �Facies R1—Relict Sand

Distinguished by little recent material, these sedi-
ments are almost all brown-stained relict intraclasts 
(Fig. 6.17). They are found between 30 and 95 mwd 
on most shelf sectors with the majority at 50–90 mwd. 
The obvious shells are mostly pectens and thin-shelled 
infaunal bivalves, a small variety of bryozoans, rhodo-
liths in mid to deep neritic environments, and Margi-
nopora. The sand is almost wholly relict intraclasts, 
small benthic foraminifers, large benthic foraminifers 

Fig. 6.16  Facies M5—Relict-rich Fine Skeletal Sand. (a) Fine 
and very fine biofragments with a few bryozoans, (b) close view 
of the numerous fragmented particles together with erect, flex-
ible articulated zooidal bryozoan zooids. (Western Tasmania 
Shelf, GA 2062–148 mwd)
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Fig. 6.17  Facies R1—Relict Sand. (a) Bimodal sediment 
composed of well rounded and well sorted relict sand domi-
nated by brown relict particles and a few larger white recent 
biofragments, (b) close view of the varied brown intraclasts 
that comprise the sediment (Great Australian Bight, ACM 
076–91 mwd)
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( Marginopora) with accessory recent mollusc and 
bryozoan fragments and coralline rods.

6.4.2  �Facies R2—Mollusc-Rich Relict 
Sand

This well-sorted, rounded, medium sand to coarse 
gravel is composed of relict intraclasts, minor quartz, 
and numerous large recent molluscs (more abundant 
than bryozoans) (Fig. 6.18). It occurs between 30 and 
90 mwd but also lies in deep water (270–280 mwd) on 
the Bonney Shelf. The whole to slightly fragmented 
bivalves are mainly Tawera, Chione, Glycymeris, Ost-
rea, and Pecten, the sands are overwhelmingly com-
posed of mollusc fragments, together with numerous 
benthic foraminifers. Marginopora occurs in all loca-
tions in the Great Australian Bight but there are no live 

forms east of Esperance Bay. Sediments in the far west 
contain a higher percentage of intraclasts (~65%), fewer 
coralline algal rods, and up to 40% benthic foraminifers 
in the sand size fraction. The numerous relict compo-
nents comprise mostly brown lithoclast pebbles.

6.4.3  �Facies R3—Bryozoan-Rich Relict 
Sand

Relict-rich sands with numerous and diverse recent bry-
ozoans are present between 50 and 120 mwd. The abun-
dant recent coarse fraction (>2 mm) is dominated by 
fenestrates, robust rigid branching, vagrant and locally 
arborescent growth forms; bivalves are less numer-
ous and rhodoliths are present locally (Fig. 6.19). The 
sands are mostly bryozoans even though the sediments 
contain numerous benthic foraminifers, molluscs, and 
coralline rods. The relict particles are lithoclast pebbles 

Fig. 6.18  Facies R2—Mollusc-rich Relict Sand. (a) Sand with 
a salt-and-pepper appearance due to the mixture of brown relict 
and white recent particles with whole and broken bivalve shells, 
(b) close view of the numerous rounded brown relict grains and 
the angular Holocene bivalve fragments. (Investigator Strait, 
PL94 59–40 mwd)
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6.4  Megafacies R—Relict Carbonate

Fig. 6.19  Facies R3—Bryozoan-rich Relict Sand. (a) Sand with 
a salt-and-pepper appearance due to the mixture of brown relict 
intraclasts and white recent particles most of which are bryo-
zoans, (b) close view of brown relict particles and white recent 
bryozoan fragments. (Lacepede Shelf south of Kangaroo Island 
PL94 50–114 mwd)
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with a few bivalves, large benthic foraminifers and cor-
alline rods, all of which are conspicuously abraded.

6.4.4  �Facies R4—Limestone Gravel

These sediments are difficult to summarize because 
of the wide depth range over which they occur (15–
180 mwd), but in general the deposits are coarse in shal-
low water and become finer grained with more planktic 
elements in deeper water. The facies is distinguished 
by chocolate brown limestone pebbles and cobbles 
with numerous brown-stained and abraded bivalves, 
gastropods, and lesser bryozoans (Fig. 6.20). They are 
essentially quartz sands and abundant worn lithoclasts 
resembling beach cobbles and abraded shallow-water 
bivalves, together with numerous Holocene bivalves in 
shallow water, and bryozoans, living azooxanthellate 
corals, and planktic foraminifers in deep water. The sed-

iments are interpreted to be a drowned late Pleistocene 
shallow-water beach facies that is now serving as a sub-
strate for Holocene epibenthic growth.

6.5  �Megafacies Q—Quartz Sand

Whereas many facies have a quartz sand component 
this megafacies is almost all quartz with only a minor 
carbonate component (Table 2.1).

6.5.1  �Facies Q1—Calcareous Quartz 
Sand

Fine-to medium grained and well sorted grained quartz 
sand (>50%), these yellow, brown, or orange sands 
on the Lacepede Shelf, and almost pure quartz sands 
on the Albany Shelf, containing variable proportions 
of relict and recent carbonate, particularly infaunal 
bivalves and limestone cobbles (Fig. 6.21). They cover 

Fig. 6.20  Facies R4—Limestone Gravel. (a) Brown, mostly 
rounded relict limestone pebbles, cobbles, and relict sand 
grains mixed with white recent biofragments most of which are 
bivalves. (Lacepede Shelf, VH89 085–56 mwd), (b) a variety of 
selected pebbles illustrating the diversity of clast types. (Lace-
pede Shelf, VH91 152D–62 mwd)
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Fig. 6.21  Facies Q1—Calcareous Quartz Sand. (a) Medium to 
coarse-grained quartz sand with a few angular white bivalve frag-
ments, (b) close view of the subangular to rounded clear, yellow, 
and orange quartz. (Lacepede Shelf, VH89 011–42 mwd)
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much of the central Lacepede Shelf where most of the 
quartzose sand is relict or stranded and came from the 
ancient River Murray when it flowed across the shelf 
during the LGM. They also lie along the inner shelf 
of western Tasmania shelf, a region of relatively high 
rainfall, significant runoff, and fluvial sediment input.

6.6  �Megafacies B—Biosiliceous Mud

Sponge spicules are a recurring component of many 
outer neritic—upper slope deposits but these sedi-
ments, localized to the estuarine environments in 
western Tasmania, are dominated by siliceous spicules 
(Table 2.1).

6.6.1  �Facies B1—Spiculitic Peloidal 
Siliciclastic Mud

The shallow floor of Bathurst Harbour estuary is com-
pletely dark and populated by a marine biota. Some-
what acidic waters, however, dissolve most carbonate 
grains and leave an organic-rich peloidal terrigenous 
mud rich in siliceous sponge spicules. Spicules, con-
stituting up to 20% of the sediment, are predominantly 
siliceous monaxons and triaxenes with calcareous 
triactines. The complete siliceous sponge spicules 
occur together with scattered, partially dissolved fine 
sand sized particles of foraminifers, bryozoans, echi-
noderms, molluscs and calcareous sponge spicules. 
Peloids are the fecal remains of numerous burrowing 
heart urchins ( Echinocardium sp.) (Fig. 6.22).

6.7  �Synopsis

The sediments are divided into five megafacies within 
which there are 23 facies. The different deposits have 
been classified largely on the basis of the relative pro-
portions of recent carbonate, relict carbonate, and sil-
iciclastic particles.

1. � Megafacies C—Recent Carbonate, in which all 
sediment contains >50% recent carbonate biofrag-
ments is present across the environmental spec-
trum from <20 to >350 mwd. Deposits comprise 12 

facies, eight of which are grainy and 4 of which are 
muddy.

2. � Grainy carbonate facies on the inner and middle 
parts of the shelf are dominated by bryozoans, mol-
luscs, and benthic foraminifers (facies C1, C2). 
Shallow (<50 mwd) relatively warm parts of the 
shelf, in the Albany sector, in the western Great 
Australian Bight, and in Spencer Gulf in particular, 
have spreads of rhodoliths (facies C3). The mollusc, 
coralline, benthic foraminifer gravel, sand and mud 
(facies C9) defines grass beds. The seafloor across 
the shelf edge, between ~80 and 200 mwd, is usu-
ally covered with fine skeletal sand (facies C6) or 
delicate branching bryozoan muddy sands (facies 
C7) that alternate spatially along strike. The upper 
slope is locally covered with scaphopod, pteropod 
sand and silt (facies C8). This facies, although 
mostly pelagic, contains relatively little mud.

Fig. 6.22  Facies B1—Spiculitic Siliciclastic Mud. (a) Pel-
leted clay-mineral-rich mud and siliceous sponge spicules, (b) a 
washed sample from which the mud has been removed illustrat-
ing the numerous siliceous sponge spicules and angular carbon-
ate skeletal particles. (Images courtesy of C. M. Reid) (Bathurst 
Harbour, Tasmania—6 mwd)
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3. � Muddy carbonate facies are localized to small 
shoreline embayments, the gulfs, or the deep-water 
slope. The shallow parts of the gulfs <50 mwd are 
covered with bivalve muds (facies C10). The sea-
floor across the shelf edge to at least 500 mwd can 
be covered by spiculitic skeletal sandy mud (facies 
C11). Like facies C8, the sediment is mainly 
pelagic and spiculitic with a few bryozoans but 
locally numerous Dentalium. The coral—arbo-
rescent bryozoan gravel and mud (facies C12—
200–400 mwd) is clearly the top of an exposed and 
marooned bryozoan mound that now forms a sub-
strate for coral growth that is also being blanketed 
by pelagic carbonate mud.

4. � Megafacies R—Relict carbonate wherein >50% of 
the particles are relict and generally lies between 
20 and 120 mwd with most deeper than ~50 mwd. 
The sediments are largely confined to the open 
shelf and comprise four facies. These facies are 
either dominated by relict particles (facies R1), 
are mollusc-rich (facies R2), are bryozoan-rich 
(facies R3), or contain abundant fine skeletal 
sand particles (facies M5). Facies R4 (limestone 
gravel) is a series of linear ridges that are inter-
preted to represent paleostrandlines. Like facies 
C12, these hard substrates are now sites of epiben-
thic growth.

5. � Megafacies M—Relict-rich carbonate, wherein the 
sediment is a mixture of recent grains and relict 
particles comprises a consistent 25–50% of the 
sediment. The deposits lie spatially between the 
previous two megafacies. The relict-rich sediments 
usually cover the seafloor between 60 and 100 mwd 
and laterally grade into megafacies 1 or 3. The four 
facies are relict–rich examples of many recent car-
bonate megafacies; skeletal sand and gravel (facies 
M1), quartzose skeletal sand and gravel (facies 
M2), molluscan sand (facies M3), bryozoan sand 
(facies M4), and fine skeletal sand (facies M5).

6. � Megafacies Q—Quartzose sand comprises only 
facies Q1 (calcareous quartz sand). The quartzose 
component can be relict, left over from when sil-
iciclastic sand was delivered to the shelf during the 
LGM lowstand, or modern if there is significant 
fluvial modern input. The calcareous component 
(especially molluscs) is from the modern calcare-
ous infaunal and epifaunal community.

7. � Megafacies B—Biosiliceous mud has only one 
facies (B1—spiculitic peloidal siliciclastic mud) 
and is confined to the Bathurst Inlet estuary floor. 
Much of the carbonate has been removed from the 
seafloor via dissolution by organic acids. The sea-
floor here is also completely dark because of the 
high tannin content of the water.



7.1  �Introduction

The southern continental margin of Australia today has 
been much the same throughout the late Cenozoic and 
so the Holocene depositional system is a continuation 
of one that has been in place for ~2 my. It has been 
dominated by strong SW winds that drive high-energy 
waves and swells directly onto exposed coasts. The cli-
mate, however, has become progressively drier since 
the mid-Pliocene such that much of southern Australia 
is today semi-arid. Exceptions are the Albany coast and 
the somewhat mountainous coasts of southern Victoria 
and Tasmania. This chapter is a documentation of the 
suite of modern marine depositional environments that 
are present across the continental margin.

The carbonate depositional system extends from 
the shoreline across the shelf onto the upper slope 
(Fig. 7.1). The wide continental margin is best catego-
rized as an open shelf (cf. Ginsburg and James 1974). 
The shelf itself ranges from 20 to 230 km wide, extends 
to ~200 mwd, and passes gradually seaward into a pro-
gradational or erosional continental slope. It lacks an 
elevated rim, is relatively deep, and many depositional 
environments are disturbed by storm waves and swells. 
It is a swell-dominated, hydrodynamically partitioned, 
high-energy system (Fig. 7.1) that resembles a silici-
clastic shelf except that sediment production takes 
place throughout (Fig. 7.2).

The seafloor of the continental shelf cannot be 
easily partitioned. Different parts are bathymetrically 
alike but the surface is also profoundly influenced 
by hydrodynamics. In bathymetric terms, the shelf 
is most simply divided into a relatively narrow inner 
shelf to ~60 mwd, a middle shelf that extends outboard 
to a small cliff that was formed by strandline erosion 
during the LGM and the base of which today lies at 

~120 mwd (Fig. 7.1). The commonly degraded crest 
of this escarpment is at ~90–100 mwd. The outer shelf 
in this scheme extends from 120 to the shelf edge at 
~220 mwd.

Such a division, although useful, bears little rela-
tionship to the present nature of shelf deposition or the 
distribution of modern seafloor biological communi-
ties both of which are in part controlled by hydrody-
namics. Thus, the seafloor is better partitioned in terms 
of modern oceanography. The shelf is herein defined 
(Fig. 7.1) as a neritic setting (between the intertidal 
and 100 fathoms [~200 mwd] or the shelf edge; Bates 
and Jackson 1984). The two important hydrodynamic 
interfaces are normal storm wave base at ~60 mwd 
and deeper swell wave base at ~140 mwd. For practi-
cal purposes there are, therefore, two active hydrody-
namic zones; (1) the zone of wave abrasion, wherein 
grainy sediment is moved more or less constantly by a 
combination of year-round swells and seasonal storms 
and the base of which lies at ~60 mwd, (2) the zone of 
swell and episodic storm wave disturbance, wherein 
grainy sediment is moved and winnowed episodically, 
mostly by swells but also by exceptionally intense 
storms. Numerous seafloor images, especially those 
from the Lincoln Shelf, Lacepede Shelf, and the West 
Tasmanian Shelf, indicate that physical sedimentary 
structures, especially subaqueous dunes and rippled 
coarse-grained sands and gravels, produced by these 
waves and swells, extend to ~140 mwd but rarely 
deeper.

On the basis of the foregoing, Shallow Neritic Envi-
ronments are classified as those found from the strand-
line to ~60 mwd, most of which on the open shelf lie 
within the zone of wave abrasion. These environments 
also include the floors of most intrashelf basins such 
as Spencer Gulf, Gulf St. Vincent and Bass Strait. That 
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part of the shelf between ~60 and ~140 mwd, the zone 
of swell and episodic storm wave disturbance, is herein 
defined as the Middle Neritic Environment. The Deep 
Neritic Environment in the case of southern Australia 
extends from ~140 mwd to the shelf edge, which lies 
at 200–220 mwd. Sediments in this zone are charac-
teristically muddy. Beyond this depth the seafloor lies 
within the Upper Slope Environment, again a tranquil 
environment. The shallow upper slope to ~400 mwd is 

the site of progressively decreasing epibenthic growth 
and below 400 mwd the seafloor is just sediment.

These defined zones do not strictly correspond to 
carbonate ramp environments as defined by Burchette 
and Wright (1992) because, although the physiographic 
setting is similar, hydrodynamics are different. Normal 
storm wave base is not the deepest high-energy ele-
ment swell as wave base is generally deeper. Never-
theless, shallow, middle and deep neritic environments 

Fig. 7.1  A sketch illustrating 
the different morphological 
and neritic environments on 
the shelf
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can, in a general way, be encompassed within inner, 
mid, and outer ramp settings respectively.

Depth of the photic zone, as expected, varies greatly 
across the spectrum of environments. It is <10 mwd 
over large areas of Spencer Gulf and Gulf St. Vincent 
where the water contains abundant suspended matter. 
By contrast, most of the open shelf has a deep photic 
zone, generally between 65 and 102 mwd, (as meas-
ured by growing coralline algae). When taking video 
images in the Great Australian Bight, the camera could 
be operated without lights to depths of 120 mwd. This 
illuminated seafloor wherein light is able to penetrate 
deeply into the water column is likely due to the low 
trophic resource levels and thus low planktic biomass.

A total of 13 neritic depositional environments are 
recognized (Figs. 7.3, 7.4, 7.5, 7.6). Names for some of 
these marine environments have, as is common prac-
tice, been borrowed from the terrestrial biological lit-
erature, e.g. turf, coppice, and scrub. 

7.2  �Shallow Neritic Environments

7.2.1  �Setting

The shallow neritic environment (Fig. 7.1) extends to 
~60 mwd and is wholly within the photic zone. The 
seafloor lies entirely above fairweather wave base, and 
so the open shelf is incessantly swept by waves and 
swells, particularly from the southwest.

The zone, because of the complex nearshore geog-
raphy and geology of southern Australia, includes a 
wide variety of settings such as estuaries, small embay-
ments, lagoons, and intrashelf basins (Figs. 7.3, 7.4, 
7.5). Spencer Gulf, Gulf St. Vincent, and most of Bass 
Strait are intrashelf basins. These areas are, because of 
geography, somewhat protected from the open ocean 
swells and waves that sweep across the shelf. As a 
consequence, sediments can be muddy, influenced by 

Fig. 7.3  Charts of the Albany and Great Australian Bight sectors of the southern continental margin (see inset map) highlighting the 
modern neritic zones in each sector
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Fig. 7.4  Charts of the South Australian Sea sector of the southern continental margin (see inset map) highlighting the modern neritic 
zones
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terrestrial processes, and strongly affected by climate. 
Water clarity and thus seafloor illumination is reduced 
in many of these environments by suspended sediment 
or floating macroalgae.

The environment on the open shelf typically 
descends rapidly to ~40 mwd over distances of <5 km 
and then gradually flattens out to ~50 mwd. The shal-
low neritic environment is particularly narrow on the 
Albany Shelf, the Ceduna sector of the Great Australian 
Bight, and the Otway and western Tasmanian shelves. 
By contrast, in other areas it is a wide irregular to flat 
bedrock surface partially veneered with sediment, 

such as the Roe Terrace in the Great Australian Bight 
(30–60 mwd–70 km wide), or the Kingston Terrace and 
Margaret Brock Reef on the Lacepede Shelf (12 mwd) 
(Figs. 7.3, 7.4). Where the shelf is adjacent to Precam-
brian crystalline rock cratons, there are numerous small 
submarine outcrops and groups of offshore islands e.g. 
Recherche Archipelago islands in the western Great 
Australian Bight, the Nuyts Archipelago in the eastern 
Great Australian Bight, the Althorpes and Banks islands 
in the Neptune Sector, and islands in Bass Strait. On the 
other hand, numerous highs adjacent to the Delamerian 
fold belt have created shallow subaqueous banks along 

Fig. 7.5  Charts of the Southeastern Continental Shelf sector of the southern continental margin (see inset map) highlighting the 
modern neritic zones
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the inboard margin of the Lacepede Shelf (e.g. Sanders 
Bank, Threshold bank, Carters Knoll—Fig. 7.4).

There are eight major environments in the shal-
low neritic zone; (1) restricted estuary, (2) intrashelf 
basin, (3) rocky reef, (4) tidal sand shoal, (5) seagrass 
meadow, (6) rippled sand barren, (7) marooned beach, 
and (6) coralline pavement. A wide variety of litho-
facies are present in these environments.

1.	 Restricted Estuary (Fig. 7.7)
This environment is characteristic of the southeast-
ern continental margin (especially the Otway Coast 
and western Tasmania) where rainfall is higher than 
in the west and leads to fluvial runoff. The sedi-
mentology is not well documented but sediments 
are siliciclastic-dominated. One particularly impor-
tant example is the narrow, restricted estuary of Port 
Davy-Bathurst Harbour in western Tasmania where 
low-nutrient, dark tannin-rich brackish waters over-
lie normal marine seawater. Such tannins block out 
all light below 2–3 mwd and so the floor of the estu-

ary is completely dark. Sediments here are all facies 
B1 (spiculitic peloidal siliciclastic mud)

2.	 Intrashelf Basin Floor (Fig. 7.8)
Spencer Gulf (5520 km2) and Gulf St. Vincent 
(1530 km2) are located in a zone of ancient crus-
tal weakness between the Paleoproterozoic Gawler 
Craton massif in the west and the Neoproterozoic 
-early Paleozoic deformed continental margin-fore-
land basin complex of the Delamerian Fold Belt in 
the east (Fig. 2.1). The modern gulfs themselves each 
lie atop Cenozoic rift basins that initially formed 
during the separation of Antarctica and Australia. 
The area is one of tectonic instability with seismic-
ity continuing to the present day (Greenhalgh et al. 
1994). Bass Basin is a large subcircular depression 
located over stretched Mesozoic crust.

Spencer Gulf & Gulf St. Vincent
The two gulfs (Fig. 7.4) are important depocenters 
on their own. The region also marks the transitional 
zone between largely warm-temperate, neritic, 

Fig. 7.6  A chart of different 
neritic zones, the environ-
ments present in these zones, 
and the facies in each of the 
environments
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marine environments to the west and cold-temper-
ate shelf settings to the east and south. The embay-
ments are characterized, because of the regional 
semi-arid climate, by relatively little terrigenous 
clastic sediment input, and by strong seasonal anti-
estuarine circulation such that waters range from 
near normal marine at the mouth to hypersaline 
at the head. This aspect, their overall shallowness, 
(<60 mwd) and the fact that they are protected from 
open ocean swells, is reflected in the extensive 
development of carbonate sediments (Shepherd and 
Sprigg 1976; Burne and Colwell 1982; Gostin et al. 
1984; Cann and Gostin 1985; Belperio et al. 1988; 
Cann et al. 1988). The gulf floors are largely low 
energy depocenters (Fig. 7.8). The floors of these 
basins are covered with facies C10, bivalve muds.

Bass Strait
Bass Strait (Fig. 7.5), located between Tasmania 
and mainland Australia, has a maximum present 

depth of 83 m. Two ridges with numerous islands 
that extend along the eastern and western margins 
restrict water circulation somewhat in the deeper 
parts of the basin resulting in a relatively tranquil, 
albeit shallow, depositional environment. The basin 
floor is covered with facies C10, bivalve muds, but 
with a significant pelagic component.

3.	 Rocky Reef (Fig. 7.9)
Offshore from erosional shorelines, there are gen-
erally numerous submerged rocky substrates in the 
form of elongate ridges, buttresses, or isolated out-
crops called ‘reefs’. These hard substrates (facies 
C4) are typically sites of prolific epibenthic growth. 
The seafloor biota is in most instances dominated 
by algae, particularly macrophytes, and mobile or 
epibenthic attached invertebrates.
Shallow subtidal rock surfaces in warm temperate 
environments west of Cape Jaffa are covered by 
articulated coralline algae ( Corallina) to ~3 mwd 
and encrusting corallines to ~100 mwd. These sur-
faces are habitats of grazing gastropods (including 

Fig. 7.7  The Bathurst Harbour Estuary, southwestern Tasmania. 
(a) An areal view of the estuary looking inland, (b) an underwater 
image at a depth of 6 m, taken at mid-day in complete darkness 
using a flash to highlight the extensive sponge (S), octocoral (O), 
and bryozoan (B) community; image courtesy of C. M. Reid

Fig. 7.8  Intrashelf basin. (a) Shallow quartzose and biofrag-
mental sand (facies Q1) with scattered seagrass and numer-
ous bivalve shells (5 cm divisions on scale); 6 mwd Adelaide, 
(b) sparse seagrass, the semi-infaunal bivalve Pinna sp. and 
attached ascidian in facies Q1 sands, 3 mwd, Adelaide; exposed 
portion of shell is 8 cm high
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Haliotis [abalone]), and a few solitary corals, all of 
which are partially obscured by the prolific canopy 
of macroalgae ( Ecklonia, Cystopora, Sargassum, 
and Caulerpa). Ecklonia radiata, the most abundant 
form, grows to 35 mwd in clear waters but shallows 
to 5 mwd in turbid waters.

Cool-temperate inshore rocky habitats east of Cape 
Jaffa and around western, southern and eastern Tas-
mania are, by contrast, more highly vegetated by 
macroalgae than elsewhere in Australia, probably 
because of cool temperatures and somewhat higher 
nutrients. The euphotic zone extends to ~40 mwd 

Fig. 7.9  Rocky reef environment (facies C4). (a) A meter-high 
rock ridge heavily encrusted by soft red algae, coralline algae, and 
sponges (S) together with asteroids (sea-stars)–Tosia australis, (E) 
6 mwd, Edithburgh, Gulf St. Vincent, (b) the brown alga Ecklonia 
(E), soft green algae, and coralline algae on a rocky substrate, 4 mwd, 
Gulf St. Vincent, width of image = 1.2 m, (c) oscular sponges grow-
ing on a bare rock ridge, Gulf St. Vincent 8 mwd, crab carapace is 

12 cm wide, (d) rocky substrate heavily encrusted with coralline 
algae (C) and local bryozoans (B) 4 mwd, Otway Shelf (image is 
2 m across), (e) grazing echinoid (6 cm wide) on a surface covered 
with numerous encrustations of coralline algae, 5 mwd, Noarlunga 
Reef, off Adelaide, (f) rock surface encrusted with coralline algae 
(C) and articulated zooidal bryozoans (B), cm scale, 26 mwd, Lace-
pede Shelf. Images A, C, E courtesy of J. Bone-George
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(Harris et al. 1987) with shallow portions domi-
nated by the growth of large kelp not present in the 
west.
This environment not only forms the seafloor but it 
also caps a series of banks that rise above the mid-
dle neritic siliciclastic sand plain on the Lacepede 
Shelf (Sanders Bank, Threshold Bank, and Cart-
ers Knoll) and ridges in Investigator Strait. Out-
crops are also sporadically present on parts of the 
outer shelf. Images show surfaces veneered by a 
wide variety of encrusting and rooted (particularly 
encrusting) bryozoans, multiple layers of crus-
tose coralline and peyssonnelid algae, coppices of 
rigid branching coralline algae, small clusters of 
brachiopods, and intergrowths of serpulid worms. 
Between and rising above this low-level biota is an 
abundant and extraordinarily diverse fauna of dem-
osponges. In shallow areas of the euphotic zone 
there are also, rooted between all these organisms 
and rising into the water column in great profu-
sion, a variety of macroalgae. These algae are the 
ephemeral substrates for other encrusting calcare-
ous algae, bryozoans, and foraminifera. Particles 
from this sediment factory are shed onto the sur-
rounding seafloor.

4.	 Tidal Sand Shoal
Shallow seafloor environments swept by strong 
tidal currents are either bare rock surfaces dusted 
with a lag of coarse, relict-rich molluscan sand 
(facies M3) and skeletal sand and gravel (facies 
C2) or the same sediment swept into impressive 
subaqueous dunes. They are well developed at the 
head of Spencer Gulf and along both sides of Bass 
Strait. The sediment comes from the bare seafloor, 
seagrass meadows, upstanding seafloor rock ridges 
(as described above) and growth on the dunes 
themselves. The sands host numerous vagrant 
(free-living) bryozoans.

5.	 Seagrass Meadow (Fig. 7.10)
Southern and Western Australia are two of the 
world’s most extensive areas of temperate seagrass 
growth (Kirkman and Kuo 1990). The most luxuri-
ant of these seagrass meadows occur in the clear, 
shallow, sheltered gulf waters of Spencer Gulf and 
Gulf St. Vincent (Lewis et al. 1997; Edyvane 1999) 
but are also important on inner parts of the shelf.
The carbonate sediment is generated on the grass 
itself and on the seafloor. The calcareous biota is 
dominated by coralline algae, infaunal bivalves, 
gastropods, bryozoans, serpulid worms, small ben-

thic foraminifers, and locally by, symbiont-bear-
ing large benthic foraminifers (Burne and Colwell 
1982). This results in two types of sediment, car-
bonate mud from the disintegration of encrusting 
coralline algae and delicate bryozoans together 
with lime sand from the breakdown of articulated 
(geniculate) corallines (especially Metagoniolithon 
and Amphiroa), bryozoans, and benthic foramini-
fers (facies C9). The most abundant calcareous 
epiphytes are coralline algae with non-geniculate 
(encrusting) types more abundant than geniculate 

Fig. 7.10  Seagrass environment (facies C9). (a) Extensive Posi-
donia growth at 4 m depth, Port Victoria, Spencer Gulf, grass 
blades ~1 cm wide, (b) a ripped up mat of individual Amphibo-
lis plants illustrating the extensive intertwined root system that 
binds sediment together in the shallow neritic zone, Great Aus-
tralian Bight, (c) seagrass having been eroded from just offshore 
during winter storms and now piled on the beach, Marion Bay, 
Investigator Strait
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(articulated) types. The seagrass blades also sup-
port a prolific and distinctive benthic foraminifer 
biota characterized by the encrusting form Nubec-
ularia, the large form with symbionts Peneropo-
lis, and the small forms Discorbis and Elphidium. 
Epiphyte abundance peaks at water depths of 
~10 m (James et al. 2009). These, together with 
articulated coralline algae, scabs of encrusting 
corallines, serpulid worms, and encrusting bryo-
zoans comprise an active sediment-producing fac-
tory. The molluscs living beneath and on the grass 
blades and stems together with mud trapped by the 
extensive roots system results in texturally vari-
able sands and muds with floating large bivalves 
and gastropods. There are local areas of facies M3 
(relict-rich molluscan sand) and facies M2 (relict-
rich quartzose skeletal sand), reflecting modern 
grass growth on relict carbonate and quartzose 
sand respectively.

6.	 Rippled Sand Barren (Fig. 7.11)
These areas of open sand form extensive subaque-
ous sand plains or occur between rocky substrates 
and grass beds. They extend into deep water and 
merge with sands of the mid-neritic zone (see 
below). Overall the seafloor is devoid of obvious 
algae or epifaunal invertebrates except for those 
attached to shells or lithoclasts or semi-mobile bra-
chiopods and large, low diversity bryozoan assem-
blages attached to the pioneer bryozoans (e.g. 
Adeona) and articulated zooidal species. There is, 
however, a ubiquitous bivalve infauna. The sedi-
ments are typically quartzose or relict-rich and so 
are either facies Q1 (calcareous quartz sand), facies 
M1 (relict rich skeletal sand and gravel), facies M2 
(relict-rich quartzose skeletal sand and gravel), or 
facies M3 (relict-rich molluscan sand). Large areas 
of the outer neritic environments are floored by 
facies C2 (skeletal sand and gravel).

7.	 Marooned Beach (Fig. 7.12)
These coarse deposits of stranded and relict lime-
stone pebbles and large bivalves (facies R4) occur 
in both shallow- and deep-water settings. In shal-
low water, at discrete depths of 40 and 65 m on the 
Lacepede and Otway shelves, they form semi-con-
tinuous, narrow sublinear, shore-parallel bands. 
Seafloor images show ridges and sheets of lime-
stone pebbles and bivalve coquinas with bryozoans 
growing on many of the larger clasts. They are 
similar in composition to sediments adjacent to the 

modern shoreline and are thus interpreted as pale-
ostrandlines (James et al. 1992).
The gravels are also present in much deeper water 
on the Bonney Shelf, between 150 and 400 mwd, 
as a complex and poorly sorted mixture of relict, 
shallow water bioclasts, limestone pebbles, quartz 
sand, and modern deep-water components such as 
corals, bryozoans, sponges, and brachiopods. They 
form a dm-thick capping veneer over upper slope 
muds and are interpreted as a relict facies related to 
conditions of deposition during the LGM or earlier 
lowstands (Boreen and James 1993).

8.	 Coralline Pavement
The seafloor in these relatively shallow-water envi-
ronments can be entirely covered by coralline algae 
in the form of either rhodoliths or rigid-branching, 
fruticose, subspherical nodules, both of which can 
be up to 10 cm in diameter (facies C3—coralline 
gravel). Rhodoliths are typically an interlayered 
consortium of corallines (especially Sporolithon) 
and encrusting foraminifers (usually Gypsina and 
related types). These dense or branching corallines 
can be so densely packed that they form a “billiard  

Fig. 7.11  Underwater images–shallow neritic environment, 
Great Australian Bight Baxter Sector, compass scale 12 cm 
diameter, (a) rippled sand barren with a sparse sponge and bryo-
zoan biota, 60 mwd, (b) rippled sand barren with large ripples 
composed of coarse bryozoan fragments, 60 mwd
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ball–like” carpet several nodules thick on the sea-
floor. The broken twigs of fruticose types can lodge 
between the nodules to form a dense, almost impen-
etrable pavement. This pavement in turn acts much 
in the same way as a rocky reef and supports a com-
munity of macrophytes, bryozoans (mostly fenes-
trates), epifaunal bivalves (especially pectens), and 
gastropods. All such environments are present in 
semi-protected settings along the western sides of 
the Great Australian Bight, Spencer Gulf, and the 
Lacepede Shelf, away from the incessant swell that 
comes from the southwest.
They are particularly abundant around Cape Pas-
ley and eastward inboard off Israelite Bay, with 
the densest accumulations at ~30 mwd. Deposits 
on the western Roe Terrace are both rhodoliths and 
branching corallines together with a profusion of 
red, green and brown macroalgae in water depths 
of 35–50 m. Particularly large rhodoliths were 

observed on video under natural light without 
strobes to 90 mwd. In Spencer Gulf these coral-
lines are best developed in 20–40 mwd along the 
western margin (Fuller et al. 1994) and around 
topographic highs on the shelf proper (James et 
al. 1997). Similar facies surrounding highs on 
the Lacepede Shelf are composed not only of 
the branching coralline Metagoniolithon sp., but 
numerous bryozoans, especially large pieces of 
Adeona sp. (James et al. 1992). Epifaunal bivalves 
are prominent in all areas.

7.3  �Middle Neritic Environments

7.3.1  �Setting

This vast region that lies between ~60 and ~140 mwd 
(Figs. 7.3, 7.4, 7.5) is roughly similar everywhere with 
differences only at the local scale. It is a storm-domi-
nated setting with the seafloor swept by long period 
swells and winter storm waves. Seafloor gradients 
range from 0.11° on narrow shelves to 0.03° on wide 
shelves. There are two major environments: the (1) rip-
pled sand barren and (2) epibenthic coppice.

At the large scale, the shelf is a flat submarine 
plain that ranges from a few tens of kilometers to 
several hundred kilometers in width. It extends sea-
ward from ~60 mwd, which is usually the foot of a 
small, discontinuous but persistent terrace, across 
the major terrace at ~120 mwd and onto the slope in 
front. The top of the deeper terrace that marks the 
position of the LGM eustatic lowstand can be as shal-
low as 100 mwd, whereas the base can be as deep as 
130 mwd. This environment comprises most of the 
Albany Shelf, much of the Baxter sector and most 
of the Ceduna sector of the Great Australian Bight 
where it is locally more than 200 km across. The envi-
ronment also forms most of the Lacepede Shelf and 
wide areas of Bass Strait. It is narrow on both the 
Otway and western Tasmania shelves.

The seafloor is typically a series of variably sub-
dued terraces, 5–30 km in width, each of which has an 
irregular ridge-like topography with 5–10 m relief at 
the seaward, distal end. The most conspicuous terraces 
are at 95 mwd (most prominent terrace), 110 mwd, and 
115 mwd. 

Fig. 7.12  Paleostrandline (facies R4). (a) Seafloor image at the 
foot of a gravel ridge with numerous bivalves ( Plebidonax sp.), 
living articulated bryozoan at arrow; 57 mwd, Lacepede Shelf 
(compass scale 12 cm diameter), (b) lithoclast gravel of brown 
Fe-stained pebbles and cobbles with scattered recent bryozoans 
and mollusc fragments; 36 mwd, Lacepede Shelf

7.3  Middle Neritic Environments
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Much of this environment reflects recent tectonic 
inversion and so is flat to gently seaward-dipping 
Cenozoic limestone bedrock variably veneered with 
sediment. Small outcrops of crystalline rock again 
form islands on this segment of the shelf where there is 
Precambrian basement onshore. Particularly prominent 
are the Recherche Archipelago on the Albany Shelf, 
the islands and outcrops at the entrance to Spencer 
Gulf and Gulf St. Vincent, and the island complexes 
marginal to Bass Strait. The islands create small sub-
environments of shallow mixed carbonate-siliciclastic 
sedimentation while the submerged bedrock is an ideal 

substrate for numerous calcareous invertebrates and 
macrophytes.

1.	 Rippled Sand Barren (Figs. 7.13, 7.14)
Wide areas of the open shelf are covered with rip-
pled sand, in some places wholly carbonate in 
other parts mostly quartz. A distinguishing feature 
throughout is the scarcity of epibiota, such that in 
some regions it has been referred to as a biological 
desert. This is particularly true on the middle parts of 
the Lacepede Shelf and the eastern Great Australian 
Bight where much of the seafloor is rippled quartz 

Fig. 7.13  Underwater images–shallow neritic environment, Lin-
coln Shelf, (a) rippled sand barren with no seafloor biota except 
a few small Free-living vagrant bryozoans ( dark spots); scale in 
cm divisions, 96 mwd, (b) rippled sand barren of wave-rippled 
fine sand and numerous vagrant bryozoans ( arrows); ripple crests 
are ~20 cm apart; 126 mwd (c) rocky reef with abundant sponge 
(S) and bryozoan (B) growth; scale in cm divisions, 110 mwd

Fig. 7.14  Underwater images–middle neritic environment, NW 
Tasmania, all scales 20 cm. (a) Rippled sand barren with no 
obvious biota, 138 mwd, (b) rippled sand barren–wave rippled 
sand with scattered bryozoans ( arrows), mostly articulated zooi-
dal growth forms, 128 mwd, (c) rippled sand barren adjacent to a 
rocky reef with abundant bryozoan growth ( arrows), 129 mwd. 
Images courtesy of Commonwealth Scientific and Industrial 
Research Organization
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or biofragmental sand respectively with little obvi-
ous biota except free-living (vagrant) bryozoans and 
brachiopods (mostly Anakinetica cumingi) with an 
infauna dominated by bivalves (especially Donax 
and Katalysia). The seafloor is smooth and monot-
onous. Bottom photographs show clean sediments 
with small straight-crested wave ripples (10–15 cm 
apart) and no large organisms other then burrowing 
anemones and scattered rooted bryozoans ( Adeona 
and Parmularia), various articulated zooidal types, 
and local vagrant forms ( Lunulites).
Small local areas do, however, support a 20–40% 
organism cover. The most obvious large benthos 
comprises sponges, generally upright flat planar 
to digitate, oscular forms growing together, and a 
wide variety of bryozoans. Such an association sug-
gests that the epibenthic biota is growing on a hard 
substrate dusted with a thin sediment veneer.
Sediment from three megafacies are represented 
(Fig. 7.6); megafacies C = facies C6 (fine skeletal 
sand) and facies C5 (articulated coralline and intra-
clast sand), megafacies M = facies M1 (relioct rich 
skeletal sand and gravel, facies M3 (relict-rich mol-
luscan sand) and facies M5 (relict-rich fine skeletal 
sand), megafacies R = facies R1 (relict sand), facies 
R2 (mollusc–rich relict sand), and facies R3 (bryo-
zoan-rich relict sand).

2.	 Epibenthic Coppice (Figs. 7.15, 7.16, 7.17)
The seafloor in this environment is a patchwork of 
rocky reefs and open rippled sands that support a 
variably prolific epibenthic biota. The environ-
ment begins at ~60 mwd and usually extends to 
~140 mwd, but can continue all the way through 
the deep neritic to the shelf edge at ~220 mwd. The 
term coppice is borrowed from the terrestrial lit-
erature where it means a small forest of underwood 
and small trees grown for periodic cutting (Oxford 
Dictionary) and is commonly used in the marine 
paleobiological literature.
The calcareous biota that inhabits the hard substrates 
(facies C4) produces sediment that is shed onto the 
surrounding seafloor where it is moved by waves and 
swells. Such sediment eventually covers the hard 
seafloor, and if thick enough, the biota is dominated 
by rooted instead of attached organisms (James et al. 
1992, 1997). The calcareous invertebrates also grow 
as epizooal attachments on the calcareous and non-
calcareous epibenthos (cf. Hageman et al. 2000). 
Although relatively slow growing, these flourishing 

subaqueous coppices and biogenic islands are akin 
to the reefs of tropical carbonate settings, but they 
do not accrete in the same way because the inverte-
brates are primarily sediment producers rather than 
hard substrate encrusters. The sediment of all grain 
sizes is generated by the growth of epifaunal mol-
luscs, sponges, bryozoans, hydroids, ascidians, and 
their epizooal counterparts.
This observation has led to the “shaved shelf” con-
cept (James et al. 1994: see Chap. 12) whereby the 
rocky substrate produces sediment that is partly 
swept away on a regular basis by the energetic 

7.3  Middle Neritic Environments

Fig. 7.15  Underwater images–middle neritic environment, 
Lacepede Shelf. These images from 100 mwd show the range in 
environments over a short distance; all scales = 20 cm. (a) Mixed 
rippled sand and scattered epibenthic growth, mainly bryozoans 
(B) and sponges, (b) prolific epibenthic coppice with bryozoan 
(B) and sponge (S) epibenthic growth, (c) close view of large 
sponges (S) and bryozoans (B) in the epibenthic coppice
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hydrodynamic environment. In deeper environ-
ments, where sediments are intermittently moved, at 
least during winter months, angularity of Holocene 
biofragments and lack of fines argues for winnow-
ing and offshelf transport of fine-grained material 
as the major physical process. The role of renewed 
hard substrates produced by synsedimentary cemen-
tation in this setting (cf. Nelson and James 2000) 
has yet to be evaluated.
Precision depth profiles on outer parts of the shelf 
indicate large subaqueous dune fields in a zone of 

seaward-dipping clinoforms. Bottom photographs 
show rock substrates covered by variable thick-
nesses of coarse sediment with environments rang-
ing from rippled sands to starved ripples to an open 
hard seafloor dusted with sediment. Open rippled 
sands are barren except for local areas where the 
surface is 20–40% covered by organisms. The most 
obvious benthos is sponges, generally upright flat 
planar to digitate oscular forms growing together. 
The sediments themselves are mainly facies C1 

Fig. 7.16  Underwater images–middle neritic environment, 
Lacepede Shelf; all scales = 20 cm. (a) Rippled sand barren with 
degraded bedforms and a large (10 cm high) fenestrate bryozoan 
(B), Adeona sp., 120 mwd, (b) ripped sand barren of somewhat 
degraded interference ripples and fenestrate bryozoans (B–upper 
right) 120 mwd, (c) hard seafloor (rocky reef–lower right) with a 
bryozoan epibiota (B) and a starved wave ripple (R) composed 
of coarse bryozoan fragments, 100 mwd

Fig. 7.17  Underwater images along a 20 m transect–middle ner-
itic environment, NW Tasmania, scale bar = 20 cm. (a) Epiben-
thic coppice of bryozoans (B) and sponges (S), dominated by 
articulated zooidal and delicate branching types, together with 
skeletal sand, 137 mwd, (b) extensive epibenthic coppice domi-
nated by bryozoans (B) and subsidiary sponges (S), 134 mwd, 
(c) epibenthic coppice of bryozoans (B) and large sponges (S), 
137 mwd. Images courtesy of Commonwealth Scientific and 
Industrial Research Organization
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(bryozoan sand and gravel) and facies M4 (relict-
rich bryozoan sand) reflecting bryozoans as the 
most important sediment producer and the presence 
of relict grains in shallow parts of the environment.

7.4  �Deep Neritic Environments  
and Facies

7.4.1  �Setting

The outer part of the shelf that extends down from 
~140 mwd to the shelf break at ~220 mwd is compara-
tively narrow (Figs. 7.3, 7.4, 7.5), usually <10 km wide, 
a more steeply dipping and irregular slope than above, 
and of comparative complexity. The seafloor is affected 
only by exceptionally intense storm waves and as a 
result the sediment is muddy. It is relatively narrow on 
most shelves except on the Lincoln Shelf, and Eyre and 
Ceduna sectors of the Great Australian Bight.

The shallower part, between ~140 and 180 mwd, 
is usually a series of seaward-dipping strata that are 
imaged on seismic profiles as the updip, truncated 
edges of prograding clinoforms. Recent sediment 
veneers these outcrops and is ponded between the hog-
backs. Repeated attempts to sample the ridges were 
mostly unsuccessful but fishers with strong dredges 
have recovered hardgrounds (see Chap. 11). Discon-
tinuous terraces with irregular topography and small 
cliffs at their leading, seaward margins locally inter-
rupt these strata at depths of 140–150 mwd.

The lower part of the deep neritic between ~160 
and ~220 mwd along most of the margin is a complex 
region of terraces, mass wasting, or continuing clino-
forms. In most areas, the edge is marked by an increase 
in slope at about 150–160 mwd that becomes locally 
precipitous at ~220 mwd. There are numerous scarps 
on the outer part of the edge, which, on seismic, are 
clearly the exposed hanging walls of normal faults or 
enormous slumped masses, some of which have moved 
downslope several hundred meters as documented in 
detail by von der Borch and Hughes-Clarke (1993) for 
the Lacepede Shelf. An exception is the shelf edge in 
the central part of the Great Australian Bight with a 
prominent terrace at 200 mwd that grades with depth 
into a prograding upper slope sediment wedge (Feary 
and James 1998). There is only one environment here, 
an epibenthic scrub.

7.4.2  �Epibenthic Scrub

This environment is one of irregular rocky substrates, 
intervening areas of sediment, and variable topography 
all in close proximity. Biogenic carbonate production is 
also variable. Images of the seafloor depict a burrowed, 
muddy sediment with scattered bryozoans and sponges 
to an environment wherein the seafloor is completely 
covered with these same organisms. Regardless, it is 
the same community, a low-level, mid-tier, epibenthic 
assemblage, not as tall as the mid-neritic coppices, but 
locally as prolific (Figs. 7.18, 7.19, 7.20).

7.4  Deep Neritic Environments and Facies

Fig. 7.18  Underwater images–deep neritic environment–Lace-
pede Shelf. (a) Close view of delicate articulated branching 
bryozoans and scattered small bryozoans (B) comprising an 
epibenthic scrub, scale 5 cm, 175 mwd, (b) epibenthic scrub of 
small bryozoans and a burrowed muddy sediment, scale 10 cm, 
175 mwd, (c) burrowed mud barren, 10 cm scale, 140 mwd
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Availability of different local environments all below 
fair-weather wave base that are only occasionally per-
turbed by storms results in a diverse benthic biota that 
generates a spectrum of muddy carbonate sediment that 
largely accumulates in place. These sediments are nev-
ertheless augmented by material swept seaward from the 
mid-neritic environment. Thus, although much of the 
sediment is autochthonous, some is also allochthonous.

The biota is a cornucopia of small sponges, bryo-
zoans, molluscs, hydroids, and ascidians, with locally 

numerous ophiroids but dominated by sponges and 
bryozoans.. There is a complete spectrum of bryozoan 
growth forms but delicate branching forms, robust 
forms such as Adeona sp., and articulated branching 
(particularly articulated zooidal) types are most con-
spicuous. Sponges and bryozoans act as substrates for 
numerous other epibionts resulting in a strongly tiered 
community. The bryozoan Celleporaria sp., for exam-
ple, typically encrusts and grows over oscular sponges, 
resulting in a distinctive hollow, tubular morphology 

Fig. 7.19  Underwater images–deep neritic environment–NW 
Tasmania; scale on all images = 20 cm. (a) Epibenthic scrub 
and burrowed mud barren of small, low bryozoans (B) and 
muddy sediment, 175 mwd, (b) epibenthic scrub of bryozoans 
(B) including fenestrates (F), sponges (S), and carbonate mud, 
154 mwd with evidence of trawling damage in upper LHS, (c) 
epibenthic scrub of bryozoans (B) and abundant yellow sponges 
(S), 191 mwd. Images courtesy of Commonwealth Scientific and 
Industrial Research Organization

                  

Fig. 7.20  Underwater images–deep neritic environment.  
(a) Epibenthic turf of small bryozoans and mud, compass 12 cm 
diameter, Great Australian Bight, Baxter Sector, 200 mwd,  
(b) bryozoan-dominated (B) epibenthic turf scoured by a fishing 
trawl (T), and illustrating rapid recolonization by burrowers, NW 
Tasmania, scale bar 20 cm, 203 mwd, (c) dense epibenthic turf of 
small bryozoans (B) and sponges (S), NW Tasmania, scale bar 
20 cm; 207 mwd. Images B and C courtesy of Commonwealth 
Scientific and Industrial Research Organization

                  



�	125

(Hageman et al. 1998). The resulting muddy sediment 
contains a diverse association of calcareous biofrag-
ments, large and small, that are augmented by a minor 
pelagic component. Resulting sediments form facies 
C6 (fine skeletal sand), facies C7 (delicate branching 
bryozoan muddy sand), and facies C11 (spiculitic skel-
etal sandy mud).

7.5  �Upper Slope Environments  
and Facies

7.5.1  �Setting

The shelf edge as such is either the transition into a 
near-vertical upper slope, a complex zone of irregu-
lar topography that passes downward into the upper 
slope, or an imperceptible change in seafloor gradient. 
Regardless, it is not marked by a specific environment, 
but instead exhibits a change in the seafloor biota.

The shallowest parts of the slope to 500 mwd, the 
deepest sites investigated, comprise two segments, 
(1) an upper part (<400 mwd) with a calcareous ben-
thic biota, and (2) a lower part (>400 mwd) that is only 
sediment. The upper slope deeper than ~200 mwd is 
in places the extension of a collapsed margin that has 
been incised by submarine canyons. In the Eyre sec-
tor, however, the upper slope is a large prograding 
wedge of Plio-Pleistocene carbonate (James and von 
der Borch 1991; Feary and James 1998; Feary et al. 
2000b), with buried bryozoan mounds (James et al. 
2000) that downlaps on to and form part of the Eyre 
Terrace. These mounds are also likely present, on the 
basis of mounded seafloor reflectors, off the Lacepede 
Shelf. A Pliocene–Holocene system canyon system 
(von der Borch 1968; Leach and Wallace 2001; Exon et 
al. 2005; Hill et al. 2005) is incised into the upper slope 
in many sectors.

Surficial sediments beyond the shelf edge are a 
mosaic of deeper water recent muddy deposits that 
locally overly or are mixed with older relict deposits 
that formed during the LGM lowstand and during the 
early stages of the subsequent sea level rise. The most 
widespread of these facies is composed of numerous 
erect, rigid robust bryozoans, especially Celleporaria, 
that form a floatstone to rudstone texture with an oth-
erwise diverse coral and bryozoan biota (facies C12). 

The other stranded facies is a series of inner shelf cal-
careous quartz sands (facies Q1). The deeper-water, 
fine-grained Holocene facies range from delicate 
branching bryozoan muddy sands (facies C7) to spicu-
litic skeletal sandy muds (facies C11). The coarse-
grained stranded facies are locally sites of abundant 
azooxanthellate coral growth.

7.5.2  �Epibenthic Turf

Below storm and swell wave base on the upper slope 
to ~400 mwd the seafloor is monotonously similar, an 
undulating, muddy substrate with a short, diminutive, 
low diversity, but abundant bryozoan and sponge biota 
(facies C7 and C11). This community decreases with 
increasing water depth (Figs. 7.21, 7.22).

7.5.3  �Burrowed Mud Barren

The seafloor below 400 mwd is muddy sediment partly 
pelagic, partly autochthonous, and partly derived from 
above that is burrowed by a variety of infaunal and 
neritic organisms (facies C8 and C11). There are few 
obvious epibenthic invertebrates (Fig. 7.22).

7.6  �Synopsis

The seafloor in Spencer Gulf, Gulf St. Vincent, Bass 
Strait, and on the open shelf is herein divided, on the 
basis of modern hydrodynamics, into four major envi-
ronments (1) shallow neritic, 0–60 mwd and above 
storm wave base, (2) mid neritic, 60–140 mwd, and 
above swell wave base, (3) deep neritic, 140–220 mwd 
and largely below any hydrodynamic disturbance, and 
(4) upper slope, >220 mwd. Shallow neritic seafloor 
environments are the most diverse. The mud-line lies at 
~140 mwd on the open shelf. The various facies present 
in each large environment are outlined in Fig. 7.6.

1. � The shallow neritic segment comprises eight envi-
ronments. Carbonate muds with a conspicuous 
bivalve biota blanket the seafloor in the two gulfs 
and Bass Strait. Although there is not much infor-
mation about estuaries, the restricted estuary at 

7.6  Synopsis
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Bathurst Harbour in western Tasmania is floored 
with spiculitic siliciclastic muds, largely the result 
of carbonate dissolution. Seagrass meadows, rooted 
in muddy sediments rich with molluscs, coralline 
algae fragments, and benthic foraminifers occur in 
the two large gulfs and just offshore in many open 
shelf settings. Coralline algal pavements are present 
in the two gulfs and in nearshore environments, 
often in the same locations as seagrass beds. Tidal 
currents locally sweep the carbonate sediments into 
subaqueous dunes, especially in areas of focused 

tidal flow, such as the upper reaches of Spencer 
Gulf and Investigator Strait.
Rock outcrops are common in these shallow loca-
tions and are populated by a profuse epibenthic 
growth of macroalgae and invertebrates, especially 
bryozoans and sponges that commonly act as sub-
strates for another higher, more elevated tier of 
calcareous organisms. The biota on these rocky 
reefs shed carbonate particles onto the surrounding 
seafloor. Paleostrandlines composed of beach cob-
bles, boulders, and molluscs form slightly elevated, 

Fig. 7.21  Underwater images–upper slope environment–NW 
Tasmania; all scales = 20 cm. (a) Epibenthic turf of numerous 
small bryozoans (B) and sponges (S), 263 mwd, (b) epibenthic 
turf and irregularly burrowed carbonate mud, 355 mwd, show-
ing little difference from that 100 m above, (c) epibenthic turf 
scoured by trawling (T) but exposing the underlying mud sub-
strate, 261 mwd. Images courtesy of Commonwealth Scientific 
and Industrial Research Organization

Fig. 7.22  Underwater images–upper slope environment–NW 
Tasmania–all scale bars = 20 cm. (a) Epibenthic turf of scattered 
diminutive bryozoans (B) and small sponges (S), 359 mwd, 
(b) burrowed mud barren–sparse epibenthic turf and flathead 
fish, 425 mwd, (c) burrowed mud barren, 500 mwd. Images 
courtesy Commonwealth Scientific and Industrial Research 
Organization
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hard habitats for epibenthic growth on an otherwise 
open sandy seafloor and likewise act as islands of 
carbonate sediment production. These locations are 
surrounded by vast areas of barren rippled carbon-
ate and siliciclastic sand, especially on the open 
shelf wherein there is little epibenthic growth, but a 
locally abundant infaunal bivalve fauna.

2. � The middle neritic seafloor, in spite of its vast 
extent, comprises only two environments, an open 
sand barren similar to the one present in the inner 
neritic environment and an epibenthic coppice. The 
coppice is similar to the shallower rocky reef envi-
ronment but more irregular with hard substrates and 
sand deposits in close proximity over large areas. 
It has been called a ‘shaved shelf system’ wherein 
epibenthic growth is razored off by the incessant 
vigorous swell regimen to produce calcareous 
sediment.

3. � The deep neritic environment extends across and 
over the shelf edge. The shelf edge ranges from a 
gradual deepening of the seafloor, to eroded rocky 
limestone clinoforms, to numerous erosional scarps. 

The environment here is called an epibenthic scrub 
because it is a low-level, mid-tier biota that is 
mostly surrounded by muddy burrowed sediment. 
Again, sponges and bryozoans dominate the living 
biota with bryozoans comprising a conspicuously 
mixed robust and delicate biota. Sediments have a 
noticeable pelagic component.

4. � The upper slope environment is one of muddy sedi-
ment with a progressively decreasing epibenthic 
biota downslope. An epibenthic turf of short dimin-
utive scattered sponges and bryozoans interspersed 
with burrowed muddy carbonate forms a monoto-
nous seafloor across wide areas. This substrate 
passes downward on the slope into muddy bur-
rowed sediment that is partly allochthonous from 
above and partly pelagic.
This muddy seafloor is locally interrupted by rel-
ict sediment in the form of (1) bryozoan gravels 
(stranded deep-water reef mounds) with modern 
deep water corals growing on them and, (2) spreads 
of relict quartzose–carbonate, shallow neritic sedi-
ments and beach sands.

7.6  Synopsis



8.1  �Introduction

The western part of the southern Australian continen-
tal margin is a huge shelf that extends some 2000 km 
from Cape Leeuwin (115° E) in the west to Coffin Bay 
(135° E) in the east (Figs. 8.1, 8.5). The shelf stretches 
from 33° to 35° S. It comprises two quite different sec-
tors; the 800 km long relatively narrow Albany Shelf 
and the 1200 km long wide Great Australian Bight. 
The region is dominated by two massifs, the Yilgarn 
Craton in the west and the Gawler Craton in the east, 
with the Eucla Basin in between.

Waters that cover the shelf range from warm temper-
ate to sub-tropical with most currents flowing from west 
to east. Neritic waters are strongly influenced by seasonal 
variations in flow of the Leeuwin Current, summer heat-
ing and evaporation and local seasonal upwelling. There 
is virtually no freshwater flow onto the shelf except for 
small ephemeral streams along the Albany coast; there is 
no fluvial input in the Great Australian Bight.

Surface sediments are highly variable and almost 
wholly heterozoan carbonate except near the coast 
where they are locally quartzose. Photozoan elements 
are present in areas on the Albany Shelf. The Great 
Australian Bight is distinguished by large areas of rel-
ict and stranded sediment.

8.2  �The Albany Shelf

8.2.1  �General Attributes

The Albany Shelf stretches from Cape Leeuwin to 
Cape Pasley. The relatively narrow shelf, 40–75 km 
across, lies at a latitude of 34°–35° S. The shelf is a 

transitional environment between the long meridonal 
continental shelf facing the Indian Ocean off Western 
Australia to the west and the vast latitudinal Great 
Australian Bight to the east. The seafloor in most 
places descends quickly to 60 mwd and is relatively 
deep throughout except in the east where the shelf is 
dotted by more than 100 islands and 1500 shoals of the 
Recherche Archipelago (Fig. 8.1).

The shelf west of Albany is narrow and terraced. 
The narrow shoreface is fronted by an escarpment that 
descends steeply to a prominent terrace at ~50 mwd. 
This relatively flat seafloor is, in turn, terminated by 
another escarpment that drops from 50 to 120 mwd and 
another terrace that lies between 120 and 170 mwd at 
the shelf edge only ~50 km from shore. The shelf is 
much wider (75 km) east of Albany across Esperance 
Bay and in the Recherche Archipelago.

The shelf has not been sampled in the same detail 
as other parts of the continental margin. Nevertheless, 
when combined with recent surveys in the Recherche 
Archipelago (Ryan et al. 2007, 2008) and local shal-
low water studies (Cann and Clarke 1993) a general 
picture of the sedimentology emerges.

8.2.2  �Oceanography

The narrow continental shelf is exposed to the most 
extreme wave energy of the entire continental Austral-
ian coastline (Hemer 2006). The relatively warm Leeu-
win Current dominates Albany shelf waters during 
winter when it flows strongest and there is a distinctive 
west-to-east temperature gradient. Inshore seawater 
temperatures range from ~22°C in summer to a spring 
minimum of 16° (Ryan et al. 2008). Winter shelf-edge 
currents may exceed 50 cm s−1 (1.0 knot). The absence 
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of upwelling despite a favourable summer wind system 
has been attributed to blocking by the Leeuwin Cur- 
rent. There is, nevertheless, cool water on the inner 
shelf during summer and it flows westward from near 
Albany, around Cape Leeuwin and northward up the 
coast of western Australia: the Capes Current (Pearce 
and Pattiaratchi 1999). These waters, are ~1°C cooler 
than the Leeuwin Current overall, come from the base 
of the Leeuwin Current itself and are upwelled onto 
the inner shelf (Gersbach et al. 1999), 5 to 9 times each 
summer. Such waters are low in both nitrogen and phos-
phorous. Chlorophyll-a values range from 0.1 mg m−3 
outboard to 0.3 mg m−3 inboard in summer and 0.4 to 
0.5 mg m−3 in winter (low mesotrophic) (Fig. 8.2).

8.2.3  �Marginal Marine

The low-lying coast of mostly Archean and Protero-
zoic crystalline rocks at the southern end of the Yilgarn 

Craton is locally veneered with Paleogene sediments 
and sedimentary rocks (Gammon et al. 2000; Gam-
mon and James 2003). The thin, irregular cap com-
prises Bremer Basin Eocene siliciclastic, calcareous, 
carbonaceous, and spiculitic sediments and Eucla 
Basin limestones. Eocene paleovalleys inland are now 
large saline lakes. Gentle Neogene uplift has elevated 
the Paleogene strata such that they now form a gently 
seaward dipping plane.

The coast is a series of somewhat sheltered quartz 
sand beaches (Fig.  8.3) between crystalline basement 
promontories (Sanderson et al. 2000). Prolonged 
Phanerozoic erosion of basement rocks has created a 
series of inselberg-like hills of crystalline rock that are 
onlapped by Cenozoic strata onshore and surrounded 
by Holocene sediments offshore. Small rivers flow to 
the coast but they have low discharge rates because 
of the Mediterranean like semi-arid climate wherein 
annual rainfall (~619 mm year−1) is exceeded by evap-
oration (1716 mm year−1). Estuaries are small and inac-
tive during the dry summers.

Fig. 8.1  Charts of the Albany Shelf: (a) Geology of the mainland, localities mentioned in the text, and bathymetry. (b) Major ocean 
currents in the region
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Fig. 8.2  Temperature and salinity profiles for the upper 1000 m 
of the open ocean water column ( top) and the upper 100 m of 
the shelf water column ( bottom) during summer and winter 
seaward of Esperance. AAIW Antarctic Intermediate Water, 
SAMW Subantarctic Mode Water. The mixed and surface layers 

are composed of sub-tropical surface water modified by input 
from the Leeuwin Current, summer heating, and winter cool-
ing. (Compiled from CSIRO (2001) Data Trawler, Marine and 
Atmospheric Research (CMAR) Data Center, Commonwealth 
Scientific and Industrial Research Organization)
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8.2.4  �Shelf Sediments

Overview:  The megafacies distribution is relatively 
simple. Beaches are mainly composed of white ortho-

quartzitic sand but such sediments do not extend far 
offshore because the shallow neritic zone is so narrow. 
Much of the middle neritic seafloor is veneered by 
relict-rich sediment with local areas of wholly relict 

Fig. 8.3  Marginal marine images of land adjacent to the west-
ern continental shelf. (a) White quartzose sand beach and adja-
cent low dunes along Israelite Bay. (b) The steep 90 m high 
Nullarbor Cliffs eroded into relatively soft Eocene to Middle 
Miocene limestone. (c) Degraded 60 m-high paleoseacliffs 
(Madura Cliffs) some 30 km inland from the present shore-
line ~30 km west of Eucla. (d) Surface of the Nullarbor Plain 

north of Eucla illustrating the arid nature of the countryside. 
(e) A beach along the shore of the Roe Plain with abundant 
saltbush and other halophytes (shrubs ~2 m high). (f) Seacliff 
~25 m high composed of gently dipping Jurassic sandstone ( J ) 
overlain by Pleistocene Bridgewater Formation aeolianite ( P), 
person for scale ( circled); near Streaky Bay on the coast of 
Eyre Peninsula
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material. Most of the outer neritic shelf is covered 
by recent carbonate with areas of stranded sediment 
(Fig. 8.4).

Shallow Neritic:  The seafloor ranges from sublinear 
and irregular rocky reefs to sediment covered sand 
plains to islands surrounded by mixed siliciclastic 
and carbonate sediment, particularly in the Archi-
pelago of the Recherche. Extensive rocky reef com-
munities are widespread and seagrass banks lie in 
sheltered inshore lagoons leeward of offshore islands 
and rocky reefs. Barnacles are particularly conspicu-

ous on rocky intertidal headlands. Macroalgae thrive 
on rocky substrates from intertidal environments 
to ~50 mwd as extensive populations of Ecklonia 
radiata and Sargassum sp. with mixed assemblages 
of foliose, green, red, and brown algae. Seagrass 
banks are present in sheltered environments from 0 
to 45 mwd. Many areas shallower than 20 mwd, espe-
cially in Esperance Bay, support a sub-tropical biota 
of platy zooxanthellate corals ( Plesiastrea versipora, 
Coscinaraea ssp.), large benthic foraminifers (e.g. 
Marginopora vertebralis), green algae ( Halimeda 
cuncata, Rhipiliopsis peltata) and large gastropods. 

Fig. 8.4  Charts of neritic sedimentary facies on the Albany 
Shelf. (a)  Megafacies illustrating the quartz-rich sediments 
along and adjacent to the coastline, the inner neritic relict-rich 

deposits and the mid-to outer neritic zone covered with recent 
carbonates, some of which are locally rich in stranded particles. 
(b) Composition of surface sediment facies
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These organisms do not extend more than a few tens 
of meters from land, be it the mainland or an island. 
The green algae, although usually calcareous else-
where, are not calcified here.

The shelf sediment is predominantly carbonate but 
the shallowest parts are almost wholly quartz sand 
(facies Q1). The siliciclastic material is eroded from 
crystalline basement, from Eocene sandstones, and 
from Pleistocene sands. Littoral drift sweeps the grains 
many hundreds of kilometers eastward.

The shallow seafloor has been studied in detail 
in Esperance Bay (Ryan et al. 2007, 2008), one of 
the few areas so well examined in the western shelf. 
There, as elsewhere, quartz sand beaches pass seaward 
into a shore-attached quartzose sand prism with minor 
carbonate that extends ~4 km offshore to ~35 mwd. 
Deeper parts of the shallow neritic environment to 
~60 mwd are a complex seafloor mosaic of numerous 
bedrock islands and rocky reefs. The shallow offshore 
sediment in this narrow zone (too small to be depicted 
on Fig. 8.4) is medium to coarse carbonate sand (facies 
C2) and rhodolith gravels (facies C3) with mixed car-
bonate and siliciclastic sand (facies C2) extending 
landward as leeward tails behind the islands. These 
facies details cannot be depicted at the scale of this 
study.

Middle Neritic:  The seafloor deeper than 60 mwd in 
Esperance Bay is a typical shaved shelf (cf. James 
et al. 2001) with the Cenozoic limestone sea floor 
variously covered by relict-rich bioclastic sands 
locally rich in bryozoans (facies M1 and M4) that are 
swept into large subaqueous dunes (Ryan et al. 2008, 
this study).

Deep Neritic:  Clean bryozoan sands (facies C1) char-
acterize the outer neritic seafloor in most regions. This 
sector contains one of the most prolific sponge-bryo-
zoan communities of any along the southern margin. 
Areas of stranded coralline algal sands (facies C5) 
with variable proportions of bryozoan fragments and 
pecten shells occur east, south, and west of Esperance. 
Outermost shelf and upper slope facies are mostly fine 
bioclastic sands (facies C6), spiculitic skeletal sandy 
muds (facies C11) and coral, arborescent bryozoan 
gravel and mud (facies C12). Planktic sub-tropical and 
temperate foraminifers overlap in this zone, highlight-
ing the complex effects of the warm Leeuwin Current 
and the cold Flinders Current.

8.3  �The Great Australian Bight

8.3.1  �General Attributes

The huge Great Australian Bight comprises several dif-
ferent sectors (Fig. 8.5). The Baxter Sector in the west, 
stretching from Cape Pasley to Twilight Cove, borders 
the quartzose dune complexes of the Israelite Plain 
and formidable Baxter Cliffs, a vertical escarpment cut 
into Cenozoic carbonates of the Eucla Group. The cen-
tral Eyre Sector from Twilight Cove to Head of Bight 
is opposite the low Roe Plains and Nullarbor Cliffs, 
likewise cut into Cenozoic cool-water carbonates. The 
extensive Ceduna Sector from Head of Bight to Coffin 
Bay Peninsula, is a wide, relatively deep shelf that lies 
offshore from the Gawler Craton that resembles the 
Yilgarn, a largely Paleoproterozoic suite of crystalline 
rocks (Daly and Fanning 1993), but in this case locally 
veneered with Quaternary aeolianites. These crystal-
line rocks also form several series of offshore small 
island groups such as Flinders Island and the Nuyts 
Archipelago. Inboard environments are also similar, 
numerous small embayments with mixed terrigenous 
clastic and carbonate sediments (Fig. 8.5).

8.3.2  �Oceanography

Wind stress curl and thermohaline circulation in sum-
mer can result in an anticyclonic gyre (Herzfeld and 
Tomczak 1997; Middleton and Platov 2003) with 
coastal currents flowing northward along the Eyre 
coast and west across the top of the Great Australian 
Bight (Marshallsay and Radok 1972). These coastal 
winds also act to lower sea-level, drive the westward 
currents, and upwell water toward the coast. The ther-
mocline water in summer has temperatures above 15°C 
and is upwelled near the coast but downwelled above 
the shelf break (Figs. 8.5, 8.6, 8.7).

By contrast, the prevailing and stronger winter west-
erlies act to raise sealevel near the coast, drive a coastal 
current (15–30 cm s−1) from west to east, generate an 
east-flowing current at the shelf edge (Godfrey et al. 
1986), and give rise to downwelling. Passing fronts and 
low pressure systems every 3–12 days lead to mixing and 
cooling of the waters resulting in a deep 150–250 mwd 



�	135

surface mixed layer. Waters near the shelf break are 
downwelled during winter to about 200 mwd and a sur-
face mixed layer extends to ~75 m; water temperature 
over the shelf break is ~15°C. There is a seasonal ther-
mocline at 50–70 mwd during the transition to summer. 
Shelf water seasonality is detailed by Herzfeld (1997).

Spring:  Spring waters on the shelf are well mixed 
overall, with sea surface temperature (SST) ~17°C. 
There is strong heating on the shelf, which is espe-
cially manifest in the NW and in embayments along 
the Ceduna Sector, where waters are warm (18°C–
19°C) to depths of ~30 m.

Summer:  Continued heating during summer gener-
ates a zone of warm and saline water, much warmer 
than the rest of the shelf, all along the northern and 
western inboard margins. Heating is augmented 
by hot air bursts from the north, with air tempera-
tures > 40°C, as much as 20°C above SST (Godfrey 
et al. 1986). Resultant salinities there commonly 
exceed 36‰. This water becomes permanent during 
midsummer as the GAB Plume and expands eastward 
with some parts becoming detached. These waters 
are presumably replaced by flow up onto the shelf in 
the Baxter Sector from the open ocean to the south. 
Meanwhile, cold water develops in the Ceduna Sector 

Fig. 8.5  Charts of the Great Australian Bight. (a) Geology of the mainland, bathymetry, and named sectors. (b) Main ocean cur-
rents, water circulation patterns, areas of summer heating, and seasonal upwelling
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Fig. 8.6  Charts of the  
Great Australian Bight  
illustrating the seasonal 
change in surface and 
near-surface water patterns 
(summarized from Herzfeld 
1997). (a) Widespread spring 
uniformity in temperature 
with local heating in the  
northwest. (b) Extensive 
summer heating in the  
north and northwest and 
formation of the GAB  
Plume that drifts eastward; 
upwelling of cold waters 
along the western Eyre  
Peninsula coast. (c) Wide- 
spread relatively warm  
water across the region dur-
ing autumn coinciding with 
initial incursion of the Leeu-
win Current from the west. 
(d) Winter cooling of waters 
along the coast,  
maximum extent of the  
Leeuwin Current into the 
region, movement of the 
GAB Plume off the shelf to 
the southeast where it  
joins the South Australian 
Current
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Fig. 8.7  Temperature and salinity profiles for the upper 1000 m 
of the open ocean water column ( top) and the upper 100 m of 
the shelf water column ( bottom) during summer and winter 
seaward of Eucla. AAIW Antarctic Intermediate Water, SAMW 
Subantarctic Mode Water, SAC South Australian Current. The 
mixed and surface layers are composed of sub-tropical sur-
face water modified by input from the Leeuwin Current, sum-

mer heating, and winter cooling. The Flinders Current flows 
strongest in summer and forms an undercurrent to the Leeu-
win Current in winter. (Compiled from CSIRO (2001) Data 
Trawler, Marine and Atmospheric Research (CMAR) Data 
Center, Commonwealth Scientific and Industrial Research 
Organization)
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because of coastal upwelling (Griffin et al. 1997). 
Both the heating and cooling intensify as summer 
progresses, with the coldest waters in the east fall-
ing to 10°C–14°C where upwelling surfaces, while 
the warmest waters in the northwest locally rise to 
~23°C. These thermohaline differences can enhance 
the westward flowing coastal current and produce 
currents of 3 cm s−1.

The area of most significant upwelling is along 
the western Eyre Peninsula coast (Griffin et al. 1997). 
Observations of bottom temperatures do not support 
deep shelf break upwelling off Eyre Peninsula (Kämpf 
et al. 2004; Ward et al. 2006). Modelling indicates that 
the upwelling water comes from further southeast, 
originating during deep (~150 mwd) upwelling south 
of  Kangaroo Island and its subsequent NW drift (Sand-
ery and Kämpf 2005; Middleton and Bye 2007). The 
rate of drift is, however, too slow to explain simultane-
ous upwelling of cool water off both Kangaroo Island 
and the Eyre coast. Thus McClatchie et al. (2006) con-
cluded that the nutrient-rich waters upwelling along 
the Eyre coast are a year old and represent water drawn 
from the Kangaroo Island pool and transported NW to 
upwell during the following year.

Autumn:  Autumn cooling of NW coastal waters 
begins with falling air temperatures and the saline, 
oligotrophic, GAB Plume extending still farther east-
ward as a slow current (South Australian Current), 
covering much of the Ceduna Sector, and becoming 
somewhat cooler. The Leeuwin Current begins to 
flow along the shelf edge and intrude into the Great 
Australian Bight from the west, increasing in strength 
and moving farther east with time until, at the end of 
autumn, it begins to interact with the South Austral-
ian Current.

The coastal strips undergo rapid cooling toward 
winter and the GAB Plume separates from the coast, 
moving into the eastern Great Australian Bight as the 
South Australian Current and cooling as it does so. 
These dense waters appear to sink down the slope off 
Coffin Bay. The Leeuwin Current connects with the 
South Australian Current and by mid winter there is 
a warm band of water formed by the Leeuwin Cur-
rent and South Australian Current from Cape Leeuwin 
along the entire outer margin of the shelf. Outer shelf 
waters are now considerably warmer than those at the 
coast. The Leeuwin Current waters likely act as a wall, 
preventing any intrusion of Flinders Current waters 
onto the shelf, much as they do off western Australia 

(Gersbach et al. 1999; James et al. 1999). The shelf-
edge current has progressively higher salinities from 
west to east.

Winter:  Further cooling during the winter isolates the 
warm water in the Great Australian Bight away from 
the coast, and slowly destroys the band of warm water. 
Dense water moves across the shelf in the Ceduna Sec-
tor towards the shelf edge as a gravity current (Petru-
sevics et al. 2009). The Great Australian Bight waters 
have again attained uniform temperature throughout 
by late winter and spring heating begins.

Waters in the western Great Australian Bight, dur-
ing winter cruise FR 07/95, were isothermal and the 
Leeuwin Current distinct offshore. During summer 
cruise FR 03/98 upwelling was observed along Eyre 
Peninsula, in the region of Streaky Bay and Anxious 
Bay with bottom salinities of 35.4–35.5‰ on the 
shelf. By contrast, waters off Ceduna and in the Head 
of Bight were downwelling, with bottom salinities 
>36.00‰.

Shelf water chlorophyll values, a proxy for primary 
productivity and nutrient availability, generally range 
from 0.3 mg m−3 outboard to 0.4–0.5 mg m−3 inboard 
(mesotrophic), dropping as low as 0.2 mg m−3 in sum-
mer (almost oligotrophic) and consistently over 0.4 in 
winter (Motoda et al. 1978; Young et al. 1999). There 
is, however, as emphasized above, important summer 
upwelling in the Ceduna Sector (Griffin et al. 1997; 
Middleton and Platov 2003; Kämpf et al. 2004; Ward 
et al. 2006).

8.3.3  �Neritic Sediments

Large scale facies trends across the Great Austral-
ian Bight are straightforward. Deep neritic and upper 
slope environments are consistently areas of recent 
carbonate sedimentation. The shallow neritic in the 
eastern Great Australian Bight (Ceduna Sector) is 
very narrow and the site of mostly recent carbonate or 
quartzose sand facies, locally enriched in relict sedi-
ment. The wide and laterally extensive shallow neritic 
zone in the central and western parts of the shelf is 
generally covered with recent carbonate except in the 
far west where the sediments are relict rich. The exten-
sive middle neritic zone is covered with mainly relict 
or stranded sediment containing relatively little recent 
material (Figs. 8.8, 8.9).



�	139

Fig. 8.8  Chart of surface sediment megafacies in the Great Aus-
tralian Bight illustrating the discrete areas of relict sediment in 
the middle neritic zone, inner neritic carbonate and relict rich 

deposits and the deep neritic environment dominated by recent 
carbonate material; the zone of stranded, coralline-rich carbon-
ate sediment is highlighted
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8.4  �Baxter Sector (Western Great 
Australian Bight)

8.4.1  �General Attributes

This westernmost part of the Great Australian Bight 
between 31.5° and 34° S latitude and 124° and 127° E 
longitude (Cape Pasley to Twilight Cove) is narrow 
(100–110 km) compared to the rest of this shelf, with 
the outer shelf and upper slope particularly steep. The 
shoreline sediments range from quartz sand beaches 
and mixed quartz-carbonate dunes around Israelite 
Bay eastward to the impressive Baxter seacliffs of 
Cenozoic limestone (Fig. 8.5).

8.4.2  �Local Oceanography

The shelf is somewhat protected from the predominant 
SW swells during most of the year by Cape Pasley, but 
is still exposed to strong storm waves and surge during 
winter. Nearshore waters begin to heat in springtime, 
as the shelf is covered with isothermal ~17°C water. 
These inshore waters over the Roe Terrace rise to ~22°C 
during summer and this pool of warm, saline water, the 
GAB Plume, expands during summer and autumn. The 
warm, oligotrophic Leeuwin Current begins to intrude 
from the west during autumn and occupies all of the 
outer shelf during winter to depths of 200 mwd, at a 
time when inshore waters are cooling dramatically to 
15°C or less. Chlorophyll-a values range from lows of 
0.2–0.3 mg m−3 in summer to 0.4–0.5 mg m−3 in winter, 
indicating that all are low mesotrophic.

8.4.3  �Marginal Marine

Cenozoic limestone sea cliffs and the low-lying Isra-
elite Plain form the shoreline in this sector. The Bax-
ter Cliffs are an impressive 100 m high escarpment. 
The rock face is steep and overhanging, with waves 
and swells crashing directly onto the base of the cliff. 
The Israelite plain is a ~30 km wide complex of dunes 
and saline lakes backed by a degraded paleo-sea cliff. 
Little has been published about this isolated region. 
The dunes are quartzose and the lakes evaporitic 

(Lowry 1970). These sediments are in part due to the 
presence of numerous offshore rocky reefs that pro-
tect the sandy beaches and foreshore sand dunes from 
oceanic swells, producing a calmer region between 
the reefs and the shore suitable for seagrass growth 
and epiphyte carbonate production. The reefs them-
selves are colonized by macroalgae and invertebrates 
(Fig. 8.3).

8.4.4  �Neritic Sediments

Overview:  Sediments in this sector are different from 
west to east (Fig. 8.8). Seafloor deposits off Israelite Bay 
are relict-rich and relict across both the inner and mid-
dle neritic parts of the shelf, with local areas of wholly 
relict sediments (Fig. 8.10–line 1). This is in stark con-
trast to the seafloor off the Baxter Cliffs that are almost 
wholly recent carbonate, suggesting more active recent 
carbonate sediment generation (Figs. 8.8, 8.9).

Shallow Neritic:  The Roe Terrace is a nearshore 
zone of flourishing macrophytes, grasses, and sessile 
epibenthic invertebrates that generate prolific sedi-
ment (facies C2), particularly coralline algal nodules 
(facies C3). This is a warm-temperate environment 
with apparent adequate nutrient supply. The hard sea-
floor is either dusted with sand or covered with numer-
ous living rhodoliths and a luxuriant growth of red, 
green, and brown macroalgae. The rhodolith pavement 
environments are particularly conspicuous to 30 mwd 
from Israelite Bay to Twilight Cove.

Middle and Deep Neritic:  Overall, sediments on 
the mid-shelf are relict-rich and relict (facies M1, R1, 
and R2) with a local area of recent fine skeletal sand 
(facies C6) extending well inboard. Local active car-
bonate production is illustrated by facies C3 extending 
out to 60 mwd, 80 km inboard from the shelf edge. The 
sediments contain conspicuous living rigid-branching 
coralline fragments (maerl), encrusting corallines on 
bryozoans, and bivalves. Sediments on the mid-shelf 
are also the muddiest shelf deposits. Outboard of the 
rhodolith facies C3 the sponge population is both pro-
lific and diverse with individuals commonly >20 cm 
in height. The recent particles are less abraded than 
elsewhere (J. Lukasik 2009, personal communication). 
All these attributes probably reflect the somewhat 
protected position of this sector. Bryozoan sands and 
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Fig. 8.10  Bathymetric profiles across the western Great Austral-
ian Bight (see Fig. 8.9 for locations) constructed from precision 
depth recorder and seismic records and illustrating distinctive 

bottom features, positions of prominent submarine terraces 
where possible, and the disposition of sedimentary facies (see 
Fig. 8.9 for facies compositions)
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gravels (facies C1) are the most luxuriant and diverse 
of any in the Great Australian Bight, indicating good 
trophic resources in the epibenthic coppice environ-
ment (cf. McKinney and Jackson 1989; Bone and 
James 1993).

All of these traits are reminiscent of the Rottnest 
Shelf off Western Australia (Collins 1988; James 
et al. 1999; Pearce and Pattiaratchi 1999). The waters 
inboard support abundant macrophyte and coralline 
algal growth whereas bryozoans are prolific out-

board. The nutrients required for such growth cannot 
come from the land. Instead, although the Leeuwin 
Current blocks any upwelling, especially during the 
winter months, it weakens during the summer and 
thus allows short-term onshelf incursion of nutri-
ent-rich slope waters. Summer shoreline upwelling 
is not reported from the Baxter Sector but incur-
sions of the nutrient-rich Flinders Current onto the 
shelf are likely (J. Bye and P. Baxter 2000, personal 
communication).

Fig. 8.11  Bathymetric profiles across the eastern Great Aus-
tralian Bight (see Fig. 8.9 for locations) constructed from 
precision depth recorder and seismic records and illustrating 

distinctive bottom features, positions of prominent submarine 
terraces where possible, and the disposition of sedimentary 
facies
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8.5  �Eyre Sector (Central Great 
Australian Bight)

8.5.1  �General Attributes

This sector forms most of the central Great Australian 
Bight between 31.5° and 34.5° S latitude, and 127° and 
131° E longitude, Twilight Cove and Head of Bight 
have attributes that are quite unlike the rest of the con-
tinental margin. The shelf is much wider overall than 
in the west or east and the shallow Roe Terrace extends 
out to almost the geographic middle of the shelf. The 
shoreline ranges from the extensive quartzose-carbon-
ate sand-covered Roe Plain in the west (James et al. 
2006; James and Bone 2007) to the steep Nullarbor 
Cenozoic limestone cliffs in the east. The continental 
slope downlaps onto and forms part of the Eyre Ter-
race in ~700–1000 mwd. The shelf margin is a large 
prograding wedge of fine-grained Quaternary car-
bonate sediment (Feary and James 1998; Feary et al. 
2000b) (Fig. 8.6).

8.5.2  �Oceanography

The sector is exposed to winter storms and feels the full 
force of year-round SW swells. While the shelf is cov-
ered with ~17°C water in spring, solar heating warms 
shallow waters over the Roe Terrace. This heating 
extends into summer when water temperatures rise to 
more than 23°C inshore, the warmest in the Great Aus-
tralian Bight, and become somewhat saline via evapo-
ration. Summer water column stratification is prevalent 
and downwelling is prominent. Winter sees dramatic 
cooling of inshore waters, falling to as low as 15°C 
along the shoreline and incursion of the warm Leeuwin 
Current from the west to join with the GAB plume on 
the outer shelf-upper slope. Chlorophyll-a values vary 
from 0.2–0.3 mg m−3 in summer to >0.5 mg m−3 in win-
ter (low mesotrophic) (Figs. 8.6, 8.7).

8.5.3  �Marginal Marine

This region is dominated by sea-cliffs. The degraded 
paleoseacliffs behind the Roe Plains pass laterally into 
impressive modern seacliffs east of Eucla to the Head 

of Bight as the Nullarbor Cliffs. The Nullarbor Cliffs 
are steep, overhanging, and largely inaccessible.

The Roe Plains are a Pliocene erosional terrace cut 
into Cenozoic limestones in much the same way as 
similar limestones are being eroded today in front of 
the Baxter and Nullarbor cliffs (Lowry 1970; James 
et al. 2006). Eroded Oligocene limestones on the Roe 
Plains are veneered by the m-thick, Pliocene, mollusc-
rich Roe Calcarenite (James et al. 2006; James and 
Bone 2007) that is in turn overlain in the west by mori-
bund quartz aeolian dunes. Beaches throughout the 
western and central Great Australian Bight are quartz-
rich due to western longshore transport. Dunes at the 
eastern end of the Roe Plains near Eucla (the Dessinor 
Sandhills) are, however, more carbonate-rich and have 
locally blown up and over the tops of the cliffs. The 
seafloor directly offshore the Roe Plain is a series of 
active seagrass meadows whose blades and calcareous 
epiphytes are swept onshore to form thick piles of dead 
seagrass on the beach (Fig. 8.3).

8.5.4  �Shelf Sediments

Overview:  The Eyre Sector seafloor is partitioned into 
shallow recent neritic carbonates, middle neritic relict 
and stranded deposits, and recent deep neritic carbonates 
(Fig. 8.10, lines 2 and 3). The shallow neritic seafloor is 
mostly on the Roe Terrace, an area of extensive seagrass 
meadows and active recent carbonate productivity. Unlike 
most other locales along the southern margin shelf, there 
is little distinctive clean bryozoan sand in deep neritic 
environments but instead the seafloor between 100 and 
200 mwd is covered with spiculitic mud containing scat-
tered floating delicate branching bryozoans, far shal-
lower than anywhere else (Figs. 8.8, 8.9).

Inner Neritic:  Inner shelf environments are locally 
rich in macrophytes and grasses, with abundant mod-
ern carbonate production. The inshore non-calcare-
ous biota is less prolific than in the Baxter Sector and 
decreases eastward, suggesting comparatively lower 
trophic resources overall. Nevertheless, the sediments 
are largely skeletal sands (facies C2) throughout.

Middle-Neritic:  The seafloor outboard of the Roe Ter-
race is a monotonously rippled sand barren, with few 
living epibenthic organisms and the sediment is largely 
composed of stranded coralline algal rods (facies C5). 

8.5  Eyre Sector (Central Great Australian Bight)
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Ripple troughs are littered with pebble-size lithic intra-
clasts, bivalves, and bryozoan fragments. Free-living 
bryozoans and brachiopods (particularly A. cumingi) 
are locally abundant. Scattered bright orange and yel-
low sponges and articulated zooidal bryozoan shrubs 
up to 5 cm high cover ~5% of the surface. The few 
hard, bioeroded substrates are subaqueous islands or 
epibenthic coppices of profuse epibenthos (Facies C4, 
too local to depict on Fig. 8.9), particularly sponges 
(up to 1 m high), ascidians, hydroids, bryozoans ( Par-
mularia, Adeona, articulated zooidal forms), brachio-
pods, pectenid bivalves, and rare cowries.

Deep Neritic:  These outermost shelf deposits com-
prise only a narrow zone of bryozoan sand and gravel 
(facies C1). By contrast, large areas are covered by 
rigid delicate branching bryozoan muddy sands (facies 
C7) and fine skeletal sand (facies C6) forming an 
epibenthic turf that extend well onto the shelf and up 
into the middle neritic zone. The water is clear. The 
seafloor is a muddy, locally microbially veneered, 
uniform substrate supporting the 1–2 cm high turf of 
epibenthic organisms. The burrowed fine sand and 
mud in shallower water, ~125 mwd, is textured with 
degraded ripples and conspicuous ray feeding traces. 
Overall epibenthic growth in these areas is less than 
in facies C1 and covers only ~30% of the surface. The 
sediment is intensively burrowed with numerous pits 
and depressions. There are local small clusters of dem-
osponges ~3 cm high and isolated anemones. About 
1/5 of the sediment surface is littered with free-living 
and rigid delicate branching bryozoan skeletons.

The shelf edge and upper slope is mostly covered 
with fine spiculitic skeletal muddy sand (facies C11) 
and scaphopod, pteropod muddy sand (facies C8). This 
facies disposition is interpreted to reflect year-round 
downwelling and scarce trophic resources (James et al. 
2001). The high proportion of infaunal benthic foramini-
fers (Li et al. 1999) supports this interpretation.

8.6  �Ceduna Sector (Eastern Great 
Australian Bight)

8.6.1  �General Attributes

This extremely wide shelf between 31.5° and 35° S 
latitude and 131° and 136° E longitude (Head of Bight 

to Coffin Bay Peninsula) (Fig. 8.6a) has a very nar-
row inner neritic environment mostly in the form of 
irregular bays, Precambrian crystalline rock outcrops, 
and high erosional cliffs of Pleistocene aeolianite. The 
middle neritic zone is up to 150 km wide, the most 
extensive in the Great Australian Bight.

8.6.2  �Oceanography

The whole region feels the full force of SW swells 
as reflected by the thick and extensive onshore Pleis-
tocene aeolianites composed of shallow neritic carbon-
ate particles that are swept onshore. The middle neritic 
shelf plain, most of which is within the zone of wave 
abrasion, also experiences fluctuating water composi-
tion. Water movement is in the form of an anticyclonic 
gyre (Richardson et al. 2009) that shows progressive 
mixing, heating, and evaporation of cool upwelled 
waters as it flows in a northwesterly direction along 
the coast. These waters mix with GAB Plume waters 
at the Head of the Bight and then flow southeastwards 
toward the shelf edge (Figs. 8.5, 8.6, 8.7).

A total of five water masses have been identified in 
the Ceduna Sector (Richardson et al. 2009); end mem-
bers are the Flinders Current and GAB plume with the 
others being mixtures of these waters. Spring waters 
over the shelf are, as everywhere else, ~17°C and iso-
thermal. Surface waters warm significantly in summer 
as the GAB plume expands and moves eastward, while 
at the same time sub-thermocline waters become cold 
through upwelling. Shelf water stratification weakens 
and disappears during autumn and winter, when saline, 
nutrient-depleted GAB plume waters cover the entire 
Ceduna sector. This water cools and moves eastward 
during the winter, cascading off the shelf as an outflow 
south of Coffin Bay. The influence of this low-nutrient, 
saline water body is profound: sediment in the mid-
neritic environment is almost all relict with virtually 
no modern carbonate production and accumulation 
(James et al. 2001) (Fig. 8.8).

Summer upwelling that brings cold waters, across 
the shelf and to the shore, locally counterbalances this 
effect. Integrated physical and chemical oceanogra-
phy suggest that the upwelled water is a combination 
of the Flinders Current and the Great Australian Bight 
outflow; i.e. the GAB plume water flows off the shelf, 
mixes with the Flinders Current and is incorporated into 
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upwelling water along Eyre Peninsula. This upwelling 
water comes from ~150 mwd at the shelf break but 
seems to incorporate some additional nutrient-rich 
deep upwelled water from Kangaroo Island that has 
been advected westward along the shelf and into the 
Ceduna Sector.

Winter chlorophyll-a values in the area are low 
(<1 mg m−3) and comparable to those in the west-
ern GAB (Ward et al. 2006). Summer values outside 
upwelling areas are similar (~0.2 mg m−3). Values 
within upwelling regions, however, can be as high as 
4.5 mg m−3 (mesotrophic).

8.6.3  �Marginal Marine

This is the most laterally variable succession of mar-
ginal environments in the Great Australian Bight 
because of the changing geology afforded by the 
Gawler Craton, and the spectacular aeolianites formed 
by winds and waves from the southwest (Belperio 
1995). The numerous, variably protected embayments 
are due to erosional breaching of Pleistocene dune sys-
tems when sea level rose to near modern levels at ~7 ka. 
The bays themselves are located in former back-beach 
corridors. Sedimentation has been so active since that 
time that many bays have been partially to completely 
filled by either Holocene marine sediments or seaward 
prograding dunes.

The coast is a series of shoreline calcreted Pleis-
tocene aeolianites overlying Precambrian basement 
in the form of unprotected eroding cliffs, islands and 
shoals, headland-attached barriers, and large prograd-
ing dunefields. Dune sedimentation appears to have 
been most active during early stages of the Holocene 
highstand and many dune systems are now eroding; in 
extreme examples clifftop dunes have had their sand 
ramp completely removed. The bays have a variety of 
facies that are similar to those in the large gulfs to the 
east. They typically contain intertidal sand flats, man-
groves, cyanobacterial-halophyte marshes, and Posi-
donia australis seagrass banks. The most important 
sediment producers are benthic foraminifers, bryo-
zoans, and molluscs.

Although they were once open, broached embay-
ments such as Tourville Bay and Smoky Bay are now 
largely filled in with peritidal mudflats and mangrove 
marshes that have prograded seaward over Posidonia 

grassbanks (facies C9) yielding excellent shallowing-
upward successions (Belperio et al. 1988; Belperio 
1995). Those bays with somewhat restricted entrances 
(Streaky Bay, Venus Bay, Coffin Bay) are partially 
filled by flood-tidal deltas and associated sand shoals 
that protect nearshore shallow muddy depressions. The 
sediments are swept into the bay from the inner shelf, 
eroding aeolianites, and from in situ grass bank pro-
duction (facies C9). Finally, those embayments that are 
now completely cut off from the ocean and where sea-
water seeps into coastal depressions (Sleaford Mere, 
Lake MacDonnell) are sites of gypsum and carbonate 
(aragonite) precipitation (Warren 1982a).

8.6.4  �Shelf Sediments

Overview:  Most of the Ceduna Sector, in contrast to 
the nearby Eyre Sector, is relatively deep and lies in the 
middle neritic zone. It is distinguished by relict sedi-
ments, the largest such area along the southern conti-
nental shelf (Fig. 8.8). Living encrusting corallines are 
present on bioclasts and lithoclasts to depths of 115 m, 
defining the effective base of the photic zone. The nar-
row inboard shallow neritic is locally rich in carbonate 
sediments and quartzose facies. Superimposed on this 
bathymetric facies trend is a an area of active epibenthic 
growth, the ‘Ceduna Tongue’ of James et al. (2001) that 
appears to coincide with an area of seasonal upwelling. 
Deep neritic sediments are wholly carbonate with local 
stranded facies in the southeast (Figs. 8.8, 8.9).

Shallow Neritic:  Inner-shelf sediment ranges from 
very coarse sand and gravel (facies M2) near islands 
or headlands to medium and coarse sand to almost 
all recent fines in gentle depressions off Anxious Bay 
(facies C6). Deposits locally contain up to 15% terrig-
enous material, generally quartz, feldspar, and crystal-
line rock fragments. Near islands it may rise up to 50% 
coarse igneous rock fragments, or up to 10% large 
cemented clasts (facies M2).

Middle-Neritic:  The sediment mosaic is complex 
and characterized by a high proportion of relict grains. 
Inboard parts of the zone are covered with relict-rich 
sediment ranging from almost wholly relict sand 
(facies R1) in the west to relict-rich skeletal sands and 
gravels (facies M1) in the northwest to bryozoan and 
mollusc relict sands in the southeast (facies R2).

8.6  Ceduna Sector (Eastern Great Australian Bight)



146	8   The Southwestern Shelf

Facies R1 is a sand barren environment that images 
show to be a sea floor of extensively rippled sands. 
Wave ripples (l = ~50 cm; a = ~10–20 cm) are sinu-
ous-crested and somewhat degraded with bioeroded 
and abraded shells in the troughs. Epibenthic growth 
is scattered and not clustered; it covers only ~10% of 
the seafloor as 20–30 cm high individuals. Most organ-
isms are long thin demosponges, bryozoans (especially 
Adeona, Parmularia, and flexible articulated zooidal 
forms), and abundant hydroids.

Images of the seafloor to the south off Elliston show 
sand barrens of rusty-coloured relict biofragmental 
sands and gravels rich in molluscs (facies R2) and little 
epibenthos. Wave ripples are straight-crested to locally 
sinuous (l = ~5–60 cm; a = ~5–10 cm) whose troughs 
are filled with bivalve shells (with occasional second-
ary smaller ladder ripples). About 10% of the surface 
is covered with numerous white (dead) or brown (live) 
free-living bryozoans. The only upright epibenthos are 
a few small hydroids.

The deeper outboard part of the middle neritic zone 
is clean bryozoan sand, but it still contains a substantial 
relict component (facies C1, M4 and R2). Sediments 
are, however, distinguished by 20–40% stranded artic-
ulated coralline algal particles (facies C5). These vast 
spreads of uniform sand have minor coarse material, 
generally bryozoans, ubiquitous slit shells (Siliquarids, 
implying abundant sponges), scattered calcarenite 
clasts encrusted with the red foraminifer M. miniacea 
and serpulid worms, epifaunal echinoid spines, and a 
few rhodoliths in deeper waters.

The Ceduna Tongue south-west of Anxious Bay 
(Fig. 8.9) is, in contrast to the relict rich molluscan sands 
and relict sands described above, a conspicuously dif-
ferent region of epibenthic growth. The stranded facies 
C5 (articulated corallines and intraclast sand) are over-
printed by facies C1 (bryozoan sand and gravel).

Seafloor images in this area from deepest water 
show prolific epibenthic growth in sands and on rocky 
reefs. At midday in the core of the clean bryozoan sand 
facies (facies C1), although dim, there is enough light 
at 120 mwd to see the seafloor and operate the video 
camera without lights. Roughly 20% of the seafloor is 
hard substrate (epibenthic coppice), 10% is open, rip-
pled and barren sand, and 70% is rippled sand with 
scattered upright filter feeders (sand barren). The rock 
is partly mantled with a centimeter-thick veneer of 
medium to very coarse sand and gravel or locally com-
pletely buried by the same sediment. The epibenthic 

coppice is a site of sublinear rocky outcrops, a meter 
or two wide and 5–10 m lateral extent that dip gently 
seaward. These hard substrates are epibenthic islands 
covered by a dense growth of numerous demosponges, 
especially vase, globular and invaginated forms, that 
are typically covered with epizooidal bryozoans, 
innumerable hydroids, conspicuous shrubs of articu-
lated zooidal bryozoans, ascidians and brachiopods. 
Sponges also host the gastropod Tenagadus whereas 
ascidians and sponges locally bind the sandy substrates, 
thus providing a suitable substrate for further epiben-
thic colonization. Bryozoans are diverse, the most con-
spicuous forms being Adeona, the smaller fenestrate 
Iodictyum, and articulated zooidal shrubs. Organisms 
are either dispersed or together in small clusters in the 
sandy substrate but densely packed on rocky highs.

The sands between epibenthic coppices are not 
totally barren. The sharp wave ripples are sinuous to 
straight-crested (l = ~30–80 cm; a = ~5–30 cm) locally 
starved, and confused in places. The clean sand is mod-
erately sorted and rich in recent angular, medium sand 
to gravel-size bryozoan fragments. The sand supports 
scattered isolated colonies of Adeona and hydroids. 
Densities of large Adeona, up to 20 cm high, can reach 
5 individuals per square meter in the sandy substrates.

In shallower water, well onto the shelf, up to 100 km 
inboard from the shelf edge, in ~80 mwd (facies R3) 
sponges are still prolific but the bryozoans, although 
numerous, are less diverse. Sediments and living bryo-
zoans are dominated by fenestrate, foliose, vagrant and 
locally articulated zooidal growth forms. Stranded cor-
alline algal rods and dendritic rhodoliths are present in 
sediments to 90 mwd (facies C5).

Deep Neritic and Upper Slope:  Sediment patterns 
are intricate. Clean bryozoan sands (facies C1) extend 
to ~180 mwd where they grade downward into deeper 
water rigid delicate bryozoan muds and sands (facies 
C7). Rhodoliths (facies C3) form roughly 30% of the 
sediment, between 120 and 250 mwd; maximum devel-
opment is between 160 and 220 mwd. These coralline 
algal nodules are clearly stranded and out of equilib-
rium with their current growth environment. Coralline 
algal rods (facies C5), that are also stranded, have a 
similar distribution they are highest between 85 and 
200 mwd where they comprise between 20% and 40% 
of the sand-size grains.

Slope sediments below 200 mwd are principally 
delicate branching bryozoan muds (facies C7) or spicu-
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litic skeletal sandy muds (facies C11). Images of the 
upper slope show a muddy seafloor covered by a uni-
form growth of tiny filter feeders, none more than 2 cm 
high, that overall resembles a sparse lawn (an epiben-
thic turf). They are mostly hydroids, sponges and rigid 
delicate branching and free-living brozoans, with vari-
able numbers of flexible articulate zooidal bryozoans.  
Erect rigid fenestrate growth forms are rare. There are 
widely spaced small (4 cm high) tubular sponges, some 
of which are encrusted with Celleporaria. The sedi-
ment surface, partially covered with a microbial scum 
and littered with a few bryozoan fragments, was stirred 
up every time the camera landed. There are occasional 
bare patches and burrowing is locally intense. Scours 
across the seafloor attest to intensive commercial trawl-
ing. This pattern is interrupted by a distinctive zone 
of Facies M, robust bryozoan-coral gravel between 
~250 and 350 mwd. Sediments below 350 mwd are a 
burrowed mud barren, (mainly facies C8–scaphopod, 
pteropod muddy sand).

8.7  �Synopsis

Against a background of generally high-energy and 
cool-water oceanography, the region has several dis-
tinctive characteristics, in particular the flow of the 
seasonal Leeuwin Current, local upwelling, and pro-
found solar heating. Most of the shelf is a warm-tem-
perate (cf. Betzler et al. 1997; Fornos and Ahr 1997), 
marginally-tropical depositional setting inboard with 
cold-temperate deep neritic and upper slope environ-
ments outboard. Robustness of the carbonate factory 
is largely dependent upon local oceanography and 
adequate trophic resources because the main carbon-
ate-producing organisms are infaunal and epifaunal 
filter feeders.

1. � Siliciclastic sands dominate marginal marine sedi-
ments along the coast east of Cape Leeuwin. This is 
because of the strong wave and swell regimen that 
keeps the material close to shore and drives par-
ticles eastward via longshore drift. The sands are 
orthoquartzitic along the Albany and Baxter sec-
tors but become progressively diluted by carbonate 
material eastward such that in the Eyre sector they 
are roughly equal parts of carbonate and quartz.

2. � The shelf adjacent to a coast of Precambrian crystal-
line rock has offshore island complexes that compli-

cate the simple ‘graded shelf’ facies pattern. These 
islands act as sources of local terrigenous clastic sedi-
ment and generate a series of protected environments 
in otherwise shallow- and mid-neritic settings.

3. � Warm-temperate shallow to mid-neritic environ-
ments in the Albany and western Great Australian 
Bight are characterized by abundant corallines, espe-
cially rhodoliths and dendritic forms. This situation 
is in contrast to cool-temperate environments at simi-
lar depths to the east where the most abundant shal-
low neritic sediment producers are molluscs.

4. � The near oligotrophic system with few planktic 
microorganisms and minor suspended material 
results in transparent ocean waters wherein light 
penetrates much deeper than in those environments 
with higher nutrient levels. Thus, seagrasses grow to 
40 mwd, macroalgae to 40 mwd, and coralline algae 
to 102 mwd. They are important sediment produc-
ers to ~40 mwd. Measurements indicate summer, 
midday light levels at 80–90 mwd are ~5% of those 
at the surface. When taking videos at this time there 
was enough ambient light to see clearly at 95 mwd 
and dimly at 120 mwd. Using living encrusting cor-
allines as a proxy for light, they are present across 
the Great Australian Bight to 65 mwd with the deep-
est growing at 66 mwd (Baxter Sector), 95 mwd 
(Eyre Sector), and 102 mwd (Ceduna Sector).

5. � The sponge-bryozoan coppice assemblage is wide-
spread and prolific in the Baxter sector especially 
from mid-neritic depths of ~80 m across the deep 
neritic zone to the shelf edge. This situation implies 
somewhat elevated trophic resources, at least 
seasonally.

6. � This is in stark contrast to the Eyre sector in the 
centre of the GAB where upper slope muddy facies 
extend well onto the shelf and in the mid-neritic 
zone, suggesting low nutrient levels brought about 
by year-round downwelling.

7. � The marginal marine zone along western Eyre 
Peninsula in the Ceduna Sector is complex, com-
prising bedrock and aeolianite headlands with 
intervening embayments or beach complexes. 
These bays are mostly breached Pleistocene aeo-
lianite ridges with the lagoons themselves located 
in former interdune corridors. They range in style 
from normal marine to restricted and evaporitic. 
Many bays are now being filled or have been totally 
filled with recent sediment from both the adjacent 
open ocean and associated seagrass beds.

8.7  Synopsis
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  8. � The middle-neritic zone across much of the cen-
tral and eastern Great Australian Bight is almost 
of devoid of recent carbonate. The sediments are 
instead dominated by relict and stranded parti-
cles. This is interpreted to be the result of the long 
residence times of the GAB Plume composed of 
somewhat saline and nutrient–depleted waters 
in this region and so relatively low carbonate 
productivity.

  9. � By contrast, the deep neritic zone seaward in the 
Ceduna sector is an area of exceptional sponge-
bryozoan growth, much like the Baxter Sector 
described above. This abundant carbonate produc-
tion is correlated with seasonal summer upwelling 
that locally reaches the coast.

10. � Recent benthic foraminifers that constitute a 
steady 15–20% of the Holocene sand-size car-
bonate fraction show a distinctive west-to-east, 
warm-to-cold gradation in species across the 
Great Australian Bight (Li et al. 1999). The 
large foraminifer Marginopora vertebralis, a 

signature of warm-temperate, euphotic environ-
ments (Hallock 1984) is particularly instructive. 
Although generally present in low numbers, 
dead tests occur in ~50–90 mwd and extend 
eastward across the Great Australian Bight to 
about Elliston, and not much farther (James 
et al. 1997). Heterostegina, indicative of simi-
lar conditions, is present in a few of the same 
localities. No living examples of either of these 
large benthic foraminifers were found in any of 
our bottom samples across the Great Australian 
Bight. At this point it is unclear if these tests are 
stranded, but regardless, they do not represent 
modern oceanographic conditions.

11. � Several species of zooxanthellate corals and cal-
careous green algae (together with the above large 
benthic foraminifers) live in the shallowest Esper-
ance Bay environments where waters remain warm 
during summer. The green algae are not calcified, 
much like the situation along the western coast of 
Australia (James et al. 1999).



9.1  �Introduction

The seascape of elongate gulfs that penetrate into the 
continental interior, the corridor of Investigator Strait, 
the sweeping arc of Lacepede (Encounter) Bay, and 
the bedrock of Kangaroo Island together generate 
a wide variety of neritic depositional environments 
(Fig. 9.1). The cliffed coast around Kangaroo Island 
and Yorke Peninsula is mostly bedrock, as it is along 
the southern tip of Fleurieu Peninsula with bays cut 
into softer Pleistocene Bridgewater calcarenites. The 
curving sweep of the Lacepede Bay shoreline is a 
prograding aeolianite coast and high-energy beaches 
that have undergone Quaternary uplift. It is now a 
series of stranded Pleistocene beach-dune complexes 
that in some places may stretch back to the late 
Pliocene. The entrances to Spencer Gulf and Gulf St. 
Vincent are bounded either by bedrock or by aeolian-
ites whereas the interiors have local low energy tidal 
flats. There are no rivers delivering any significant 
siliciclastic sediment in this relatively arid region 
(Figs. 9.1, 9.2, 9.3).

The oceanography is in many ways similar to the 
Great Australian Bight, being dominated by the Leeu-
win Current System, local evaporative heating, and 
seasonal upwelling. The southeast-flowing Leeuwin 
Current System is here dominated by outflow of the 
Great Australian Bight Plume that forms the South 
Australian Current that is driven eastward by prevail-
ing winds. Both gulfs are inverse estuaries.

Investigator Strait connects Spencer Gulf and Gulf 
St. Vincent to the open ocean and to one another and 
the Lincoln Shelf. Although waters flow from Gulf 
St. Vincent eastward via Backstairs Passage onto the 
Lacepede Shelf during winter, their affect on ocea-
nography is minimal. The River Murray today does 
not reach the ocean because of anthropogenic activity 

but may have delivered fresh water to the sea in the 
past. Thus, the Lacepede Shelf is normal open marine 
in character. The South Australian Current generally 
blocks upwelling from the base of the Flinders Cur-
rent system, although favourable summer winds lead 
to significant upwelling on the southeast part of the 
Lacepede Shelf and off southern Kangaroo Island.

There is a clear overall macrofacies trend from 
shallow neritic carbonates to relict sediment in the 
middle neritic zone. These relict sediments are gradu-
ally mixed with recent carbonate outboard such that 
the deep neritic environment is almost wholly recent 
carbonate sediment. This pattern is perturbed some-
what by active carbonate sedimentation adjacent to 
Kangaroo Island and the vast siliciclastic blanket on 
the Lacepede Shelf. These latter quartzose megafacies 
were mostly deposited during and just following the 
LGM lowstand (James et al. 1992; Hill et al. 2009). 
The gulfs are floored by recent sediment.

9.2  �Spencer Gulf

9.2.1  �General Attributes

Spencer Gulf lies in a broad, 30 km-wide meridonal 
depression, is up to 200 km wide at the mouth, and 
extends northward for almost 400 km. It is flanked by 
Eyre Peninsula to the west and bounded by the Flinders 
Ranges and Yorke Peninsula to the east. Basement 
along the western edge comprises Paleo- to Middle 
Proterozoic crystalline rocks intruded by Neoprotero-
zoic mafic dikes (Daly and Fanning 1993). The north-
ern part of the eastern shore is mostly formed by the 
Flinders Ranges, a modest range of hills that rise ~800 m 
above a Pleistocene alluvial fan apron. The southern 
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Fig. 9.1  Chart and map of the South Australian Sea illustrating important localities, geology of the adjacent mainland, bathymetry, 
and different neritic zones
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Fig. 9.2  Chart of the South Australian Sea illustrating major ocean currents, local seasonal currents, and areas of seasonal 
upwelling

9.2  Spencer Gulf
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part along the shore of Yorke Peninsula is mostly a 
series of low rocky headlands of Precambrian crystal-
line and hard sedimentary rocks irregularly overlain by 
easily weathered Permian and younger sedimentary 
rocks. Late Tertiary tectonism led to deposition of the 
~100 m-thick Pleistocene Hindmarsh Clay a series of 
alluvial fans, valley flat and playa lake mottled clays, 
sands, and gravels with local massive gypsum around 
northern Spencer Gulf. The recent package is the last 
of four discrete Pleistocene sea-level highstand sedi-
mentation events, most of which did not extend to the 
current shoreline (Belperio 1995) (Figs. 9.1, 9.4).

Crystalline Proterozoic rocks form parts of the shal-
low sea floor and also poke up as scattered islands and 

seafloor outcrops particularly in the southern half of 
Spencer Gulf and at the Gulf entrance. The remainder 
of the seafloor is soft Cenozoic carbonate and silici-
clastic sediments and sedimentary rocks together with 
minor Permian glacigene sediments. Extensive Qua-
ternary calcarenites comprise beach-dune complexes 
of interbedded bioclastic sand blown onland during 
Pleistocene sealevel highstands, altered by meteoric 
diagenesis, and capped by a carapace of indurated cal-
crete. Topographic depressions within aeolianite com-
plexes that are underlain by the Glanville Formation 
and St. Kilda Formation or Permian glacigene rocks 
form modern playa lakes and are sites of restricted 
carbonate and evaporite precipitation (Belperio 1995). 

Fig. 9.3  Chart of the South Australian Sea illustrating surface 
sediment megafacies. There is a general pattern of carbonate 
facies outboard and a complex mosaic of carbonate, relict-rich 
and relict sediments inboard; the quartzose sediments on the 

Lacepede Shelf are mainly stranded and were deposited in and 
adjacent to the River Murray during the last glacial maximum 
and following sea level rise
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Overall Holocene deposition can be summarized as a 
series of shoreline-attached sediment wedges passing 
seaward into a thin deep-water sediment blanket.

The seafloor comprises a shallow, <10 mwd, 5–
10 km-wide shelf around the perimeter that drops gently 

to a relatively flat seafloor at 30–60 mwd. The central 
seafloor deepens southward such that the deepest part 
lies just inside of the gulf mouth. The entrance from 
the Southern Ocean is marked by a ridge at 50 mwd, 
from which numerous islands rise to the surface  

Fig. 9.4  A chart of Spencer  
Gulf with an enlargement of  
the northern sector at right,  
illustrating surface sediment  
facies and environments.  
Compiled from our studies,  
Gostin et al. (1984) and Fuller  
et al. (1994)

9.2  Spencer Gulf
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(e.g. Thistle Island, Wedge Island) forming an impedi-
ment to onshore movement of open ocean waves and 
swells. The gently sloping, western side of the Gulf is 
shallow, less than 30 m deep, somewhat protected, and 
dotted with islands (e.g. Banks Islands). The steeper, 
eastern, Yorke Peninsula side is narrower, and more 
affected by the predominant open-ocean swell from the 
southwest. The northern 1/3 tapers dramatically such 
that the wide shelf becomes a narrow central channel 
that is swept by strong tidal currents.

9.2.2  �Local Oceanography

Spencer Gulf is a negative or inverse estuary wherein 
warm temperatures and low rainfall together pro-
mote high rates of evaporation and elevated salini-
ties (Bye 1981; Nunes and Lennon 1986). Rainfall 
averages 250–350 mm whereas relatively high air 
temperatures (25–32°C), promote evapotranspiration 
averages of 2,400 mm year−1. The area is semi-arid and 
most runoff in the north seeps into the alluvial fans 
and does not reach the gulf. There are no permanent 
watercourses that drain into Spencer Gulf but several 
ephemeral creeks and streams are important sources of 
terrigenous sediment in times of flood. Yorke Penin-
sula is strongly semi-arid with no watercourses at all 
(Fig. 9.2).

Salinities at the head of Spencer Gulf remain 
above 40‰ throughout the year. There is a clockwise 
or cyclonic advective circulation with fresh seawater 
inflow north along the west coast and saline seawater 
outflow south along the east coast (Bye 1981; Nunes 
and Lennon 1986). Water appears to be prevented 
from leaving the Gulf during summer because ocean 
upwelling and a sharp temperature-salinity front at the 
mouth (Petrusevics 1993).

The Gulf is macrotidal. The semi-diurnal tide (3.1–
3.9 m) can be increased by up to 2 m in the northern 
gulf during low-pressure events and storms. There are, 
however, periods of virtually no tide (a dodge tide) 
because the solar constituent is roughly equal to the 
lunar constituent. Tidal currents reach peak velocity 
during spring tides of ~1 m s−1 (2 knots). At the head 
of the gulf, where the largest tides in the region occur, 
they are largely damped out by peritidal samphire 
and mangrove. Water movement overall results from 
tidal currents and wind-driven wave action; prevailing 

winds are from the north and south and can generate 
waves up to 2 m high in channels.

9.2.3  �Shallow Neritic Facies

Overview:  Information about recent sediments in 
Spencer Gulf is variable. The northern part of the gulf 
has been extensively studied (Burne 1982; Burne and 
Colwell 1982; Shepherd 1983; Gostin et al. 1984; 
Hails and Gostin 1984; Gostin et al. 1988; Barnett 
et al. 1997; Cann et al. 2000, 2002), the seafloor at 
and adjacent to the entrance has been surveyed (Fuller 
et al. 1994; James et al. 1997), but there is little infor-
mation about the centre of the gulf proper. Shorelines 
around the gulf pass seaward into seagrass banks with 
locally adjacent peritidal beaches or peritidal mudflats 
(Bone 1978, 1984). In the southwestern corner these 
seagrass meadows grade outboard into coralline algal 
gravels whereas in most of the southern and possibly 
central gulf the banks descend downward into bivalve 
muds. Grassbanks in the narrow northern part of the 
gulf pass downward into a tidal channel of coarse sedi-
ment swept into subaqueous dunes (Fig. 9.4).

Seagrass Banks & Peritidal Facies:  The most 
active and productive carbonate systems in the gulfs 
are shore-attached seagrass banks. These structures 
(facies C9) rise from water depths of 10 m to the sur-
face where their inner parts are veneered with periti-
dal deposits. They are asymmetric in their distribution 
some 200 m wide along the western shore but up to 
2 km wide along the eastern coast.

The shallow seafloor is covered with dense growths 
of Posidonia australis and P. sinuosa from spring 
low water to 4 mwd and P. sinuosa to 8–10 mwd. The 
wide blades are sites of prolific calcareous epiphyte 
growth and the extensive root systems bind the sedi-
ment together (Burne and Colwell 1982; Gostin et al. 
1984; James et al. 2009). Molluscs, together with some 
bryozoans and echinoderms, ascidians, and hydroids 
live within and beneath the grass canopy and on the 
muddy sediment. These are locally mixed with Pleis-
tocene Glanville Formation components, especially 
the warm-water bivalve Anadara and the large benthic 
foraminifer Marginopora. Sediments are grey, poorly 
sorted terrigenous and calcareous sandy muds with 
fragmentary gastropods and bivalves. An abundant 
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epifaunal contains numerous benthic foraminifers, 
especially encrusting and symbiont-bearing types. The 
seagrass banks are cut by steep-sided sinuous chan-
nels up to 8 m deep that pass landward into intertidal 
creeks. Coarse sands and abundant shell lags floor 
channels and creeks. Sedimentation rates vary from 
0.2 to 2.7 mm year−1 with accumulations of up to 6 m 
in the last 6000 years.

Peritidal environments are generally wide and form 
a veneer over the inner parts of the grassbanks because 
of progradation over the last 7000 years, driven largely 
by hydro-isostasy (Lambeck and Nakada 1990). Inter-
tidal and supratidal muds are locally covered by cyano-
bacterial mats, particularly in mangrove and samphire 
environments. They are best developed in shallow 
depressions that stay moist but split and curl during 
long periods of desiccation.

The intertidal zone is a complex lateral mosaic 
of sand flats and beaches along exposed coasts with 
mangrove forests and samphire flats in more pro-
tected areas. The low intertidal zone comprises bar-
ren or Zostera and Heterozostera seagrass-covered 
sandflats. Sediment is grey to light grey poorly sorted 
terrigenous and calcareous shelly muddy sand with 
numerous bivalves and gastropods. In high-energy 
areas these sand flats terminate in shelly sand beaches 
(facies C2). The middle intertidal zone is dominated 
by mangrove woodland, a low forest that extends from 
mean sea level to spring high-tide and is crossed by a 
network of tidal channels. The mangroves are present 
southward to Franklin Harbour at Cowell on the west 
coast and to 20 km south of Port Pirie on the east 
coast. The distribution of mangroves is controlled by 
pneumatophores on the root system, which require 
air to flush salts from the tree. The sediment here is a 
mixture of terrigenous and carbonate mud that is cov-
ered to varying degrees by cyanobacterial mats. The 
siliciclastic clay fraction is both aeolian and eroded 
Hindmarsh Clay. The brown or bluish grey, muds are 
riddled with fragments of roots sheaths and fibres. The 
sediment is extensively burrowed by crabs and inhab-
ited by gastropods, bivalves, and innumerable poly-
chaetes, foraminifers, and diatoms. The high intertidal 
zone, landward of the mangroves, is a broad undulat-
ing plane with samphire-microbial communities. The 
sediment is pale brown to light grey, commonly mot-
tled calcareous and terrigenous clay rich muds with 
scattered small gastropods, bivalves, foraminifers, and 
gypsum.

The supratidal zone comprises bare evapora-
tive mud flats with local gypsiferous dunes and clay 
lunettes in protected settings with beach ridges and 
dunes in higher energy locations. Beach ridges are 
shelly quartz sands to gravels (facies Q1). Coastal 
dunes are quartz-rich shelly sands (commonly decal-
cified) with abundant gypsum silt. The poorly drained, 
saline, gypsiferous flats with cyanobacterial mats in 
ponded areas are weakly layered, fenestral, calcitic 
mud and mottled sandy clays with discoidal and lay-
ers of gypsum. Dolomite occurs as white aggregates 
along the seaward side in the uppermost 10 cm. A 
regional continental groundwater system flows sea-
ward from the Flinders Ranges (Ferguson and Burne 
1981) with aragonite and gypsum precipitation, 
megapolygons, and teepees present where the waters 
emerge as springs. Overall, however, there is relatively 
little authigenic carbonate in the supratidal sediments 
(Burne and Colwell 1982). The total thickness of the 
upper intertidal and supra-tidal sediments is less than 
a meter.

Rhodolith Pavements:  Grass banks (facies C9) at 
the Gulf mouth grade seaward into relict-rich skeletal 
sands and gravels (facies M1) or skeletal sands and 
gravels (facies C2). Coralline algal gravels (facies C3) 
are developed in 20–40 mwd along the southwestern 
part of the gulf. Images show a seafloor covered with 
rhodoliths with associated Chlamys or Pinna shells 
and fenestrate bryozoan fragments. Most rhodoliths 
are nodular (not frucitose–short branching) with ellip-
soidal to elliptical shapes and occur as a pavement 
wherein all rhodoliths are touching. The algal nod-
ules are frequently turned over by currents and fish 
feeding.

Channel Sand Dunes:  The narrow channel or trough 
between grass beds on both sides of northern Spen-
cer Gulf is 10–25 mwd and floored by either subaque-
ous dunes (Facies C2) or by a thin veneer of sediment 
(facies C10) overlying stiff Hindmarsh Clay alluvial 
clays (Hails et al. 1984b). The linear belts and broad 
areas of tidal sand dunes are elongated parallel to 
the channel margin. Dunes are characterized by long 
strait crests, wavelengths = 2–20 m and heights = 0.5–
1.3 m (Shepherd and Hails 1984). Individual dunes 
migrate 2–8 m year−1. They are populated by a foli-
ose rooted bryozoan ( Parmularia) and an ascidian-
dominated benthic community. The scoured channel 
floor between dunes supports a varied soft red algal, 

9.2  Spencer Gulf
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ascidian-gorgonian community on a shelly or sandy 
bottom. Intervening rocky substrates or hammer oyster 
( Malleus) clusters are typified by a sponge–anthozoan 
community that includes sponges, worms, echinoids, 
bryozoans ( Celleporaria, Anmathia), as well as ascid-
ians. Overall the biota is sparse and carbonate produc-
tion is relatively low. It would appear that much of 
the coarse sediment in the dunes is allochthonous and 
from adjacent grass banks.

Gulf Floor:  The central part of Spencer Gulf is poorly 
documented but appears to be mostly bivalve muds and 
sands (facies C10). Where studied in the deepest part 
inboard of the entrance (Fuller et al. 1994), the 30–
50 m depression is floored by medium to fine grained 
sands of highly variable composition but mostly facies 
R2, mollusc-rich relict sand and facies C2, skeletal 
sand and gravel.

9.3  �Gulf St. Vincent

9.3.1  �General Attributes

This somewhat smaller ~200 km long embayment lies 
in a fault-bounded trough on top of the Cenozoic St. 
Vincent Basin (Belperio 1995). The juncture between 
the two major underlying Precambrian-Paleozoic crus-
tal elements runs roughly down the axis of the gulf 
and just of the north coast of Kangaroo Island (Foden 
et al. 2006). The Tertiary rift basin was a large open 
gulf facing the Southern Ocean during Paleogene and 
early Neogene time (Lindsay and Alley 1995). It is 
now bounded on the east by the Mt. Lofty Ranges, part 
of the Adelaide fold and thrust belt. This eastern mar-
gin is a series of half-graben embayments formed by 
blocks tilting to the SE against arcuate faults. Along 
the southern margin it is framed by hard rock cliffs, 
with most of the intervening shoreline a series of low 
cliffs formed by soft sandy, calcareous and clayey Per-
mian and Cenozoic sediments and sedimentary rocks 
(Figs. 9.1, 9.5, 9.6).

Gulf bathymetry is similar to that of Spencer Gulf. 
A shallow inboard shelf, <10 m deep surrounds the 
margin north of Adelaide and Edithburg, forming a 
10–25 km-wide shallow platform, called the Orontes 
Shelf in the west (Shepherd and Sprigg 1976). Shallow 
portions of the gulf reflect adjacent geology. Linear 

ridges of bedrock are common adjacent to hardrock 
outcrops and form subaqueous rocky reefs. Most of the 
modern gulf is a relatively flat seafloor with a maxi-
mum depth of ~40 m.

9.3.2  �Local Oceanography

Gulf St. Vincent is characterized by an easterly low-
salinity open marine flow up the west coast (Bye 
1976). In summer this water rapidly increases in salin-
ity northward due to evaporation to ~38–39‰ at the 
head (up to 47‰). Strong northward longshore drift 
retards the southward movement of this high salinity 
water mass until winter when it flows southward along 
the east coast. The annual range in surface water tem-
perature is 10–22°C (50 year average). The gulf is mes-
otidal with the tidal range at Outer Harbour, Adelaide 
being ~2 m. The diurnal component of the tides van-
ishes at the equinox so the water level is constant for a 
whole day (Dodge Tide) (Fig. 9.2).

9.3.3  �Shallow Neritic Sedimentary 
Facies

Overview:  Gulf St. Vincent has a facies disposition 
similar to that in the larger Spencer Gulf, strandline 
carbonate-siliciclastic sand beaches and local muddy 
tidal flats that pass seaward into grassbanks (Fig. 9.6). 
Bivalve muds that are rich in terrigenous clays cover 
the shallow gulf floor.

Seagrass Banks and Peritidal Flats:  The seagrass 
banks (facies C9), beaches (facies Q1) and peritidal 
mud flats that occur along the shores of the northern 
half of the gulf are similar to those in Spencer Gulf 
(Belperio 1995). The ongoing progradation seems to 
have, however, been more extensive and rapid (Cann 
and Gostin 1985; Cann et al. 2009).

Rhodolith Pavements:  Coralline algal gravels (facies 
C3) are only present on MacIntosh Bank (east of 
Edithburgh), a ridge that rises to 15 mwd from a depth 
of 26 mwd, above a seafloor that appears as a virtual 
desert of facies M3 and M5 except for scattered mol-
luscs and seapens (Shepherd and Sprigg 1976). The 
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coralline algal pavement environment, the top of which 
is swept by currents that can exceed 1.6 cm s−1 (3 knots) 
and is capped by coarse calcareous sand (facies C2) 
and rhodoliths.

Gulf Floor:  Sediments on the gulf floor deeper than 
~10 mwd are somewhat better known than those in 
Spencer Gulf (Shepherd and Sprigg 1976; Cann et al. 
1993; Bone et al. 2006; Fox et al. 2007). They are 

Fig. 9.5  Marginal marine environments adjacent to the South 
Australian Sea. (a) Proterozoic crystalline rocks overlain in 
the distance by modern aeolianites, southern Yorke Peninsula; 
foreground width of image ~8 m. (b) The western cliffed shore 
of Fleurieu Peninsula in southern Gulf St. Vincent (cliffs are 
~80 m high) composed of deformed Cambrian metasedimentary 
rocks, (photograph courtesy N. George). (c) Cliffs of Eocene 
Tortachilla Limestone and Blanche Point Formation overlain by 

Pliocene and Pleistocene sands and clays (cliffs ~25 m high), at 
Maslins Bay south of Adelaide on Gulf St. Vincent. (d) Bridge-
water Formation aeolianites, southern shore of Kangaroo Island; 
cliff in background ~12 m high. (e) Extensive beach and adja-
cent low dunes composed of carbonate sand from adjacent grass 
beds, Marion Bay, southern Yorke Peninsula along the northern 
shore of Investigator Strait. (f  ) Saline lake ~200 m wide in farm-
land ~80 km southeast of Adelaide (Fig. 9.1)

9.3  Gulf St. Vincent
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predominantly fine grained (facies C10); it is a sedi-
ment sink. The whole basin seafloor, however, lies in 
the photic zone although there is increased turbidity 
towards the head of the gulf as reflected by the depth 
of Posidonia australis growth; 30 mwd in Investigator 
Strait, 20 mwd in the lower gulf, and 10 mwd in the 
upper gulf. Both Heterozostera tasmanica and Halo-
phila ovalis grow to 35 mwd throughout.

Deposits are a mixture of siliciclastic and bioclastic 
carbonate mud. The fine carbonate is a combination 
of autochthonous and allochthonous, disarticulated 
and bioeroded skeletons, whole benthic foraminifers, 
and pelagic skeletons. Siliciclastic sands and muds 
result from episodic runoff from the Mount Lofty 
Ranges and erosion of Cenozoic sediments at the 
shoreline. The most obvious macrobiota throughout 

Fig. 9.6  Chart of Gulf St. 
Vincent illustrating the dif-
ferent surface sedimentary 
facies; compiled from our 
information and Shepherd  
and Sprigg (1976)

                  



�	159

are bivalves together with bryozoans, sponges, ascid-
ians, ophiroids, crinoids and innumerable burrowing 
echinoderms. Carbonate in the muds is dominated by 
Mg-calcite.

Silty, very fine grained biofragmental, calcareous 
sand, with <20% siliciclastic sand and clay particles 
(facies C6) forms the seafloor in the northern and cen-
tral parts of the gulf. Coppices of living and piles of 
dead razor clams support a rich epizoic community 
of small sponges, ascidians, and bryozoans. In deeper 
waters between 25 and 35 mwd, the fine sediment still 
contains a few Pinna but they are exceeded by numer-
ous epizoic bryozoans, ophiroids, and crinoids.

By contrast, siliciclastic-rich, fine, biofragmen-
tal sands, silts and muds, with up to 50% quartz and 
clay (facies C10) lie along the eastern side of the Gulf. 
In shallow water, 15–30 mwd, the fine sands have a 
conspicuous ascidian and scallop epifauna whereas in 
the deepest part of the Gulf, 32–40 mwd, the fine sedi-
ments have a prominent bivalve ( Malleus and Pinna) 
biota. These deeper environments are not well under-
stood but as well as a sparse infauna there is a scat-
tered epifauna of scallops, small sponges, and some 
bryozoans, particularly Parmularia sp. All sediment is 
conspicuously burrowed.

9.4  �Investigator Strait and Backstairs 
Passage

9.4.1  �General Attributes

Gulf St. Vincent is connected to the open ocean via 
two straits, the broad Investigator Strait between 
Kangaroo Island and Yorke Peninsula (27–35 m 
deep, 40 km wide) and the narrow Backstairs Passage 
(35–70 m deep, 15 km wide) that separates Kangaroo 
Island from Fleurieu Peninsula (Fig. 7.5). Investiga-
tor Strait is deep and is floored by seafloor reliefs of 
Pleistocene aeolianite dunes. Backstairs Passage is a 
trough whose bottom is a planed off Permian muddy 
sandstone surface on which large ripples of mixed 
Permian siliciclastic and recent carbonate sands up 
to 0.5 m high are formed by strong tidal currents. 
Coarse sediments in Investigator Strait are winnowed 
by both storm waves from the SW and strong tidal 
flows, with the fine fraction swept eastward to settle 

out in the quieter, deeper waters of the Gulf proper 
(Fig. 9.1).

9.4.2  �Local Oceanography

Low salinity open ocean waters flow eastward along 
the northern margin of Investigator Strait (Bye 1976). 
In winter, warm saline waters flow down the eastern 
side of the Gulf and exit as a well mixed stream via 
Backstairs Passage onto the Lacepede Shelf. There 
are, however, variations with periods during the sum-
mer when the outflow moves as an underflow along 
the north coast of Kangaroo Island. The floor of 
Investigator Strait is swept by strong tidal currents of 
50–200 cm s−1 (1–4 knots) that are weakest near the 
coast and strongest in the centre of the strait. Similar 
currents across Troubridge Shoals at the eastern end 
of Investigator Strait are ~1 m s−1 (2 knots). Tidal cur-
rents in Backstairs Passage are ~1–2 m s−1 (2–4 knots) 
(Fig. 9.2).

9.4.3  �Shallow Neritic Sedimentary 
Facies

Investigator Strait:   The northern coast, at the south-
ern end of Yorke Peninsula, is a series of prominent 
Middle Proterozoic crystalline rock headlands capped 
by spectacular Bridgewater Formation aeolianites and 
intervening bays with aeolianites and sand beaches 
that pass oceanward into seagrass banks. The southern 
erosional coast is hard, Neoproterozoic and Cambrian 
rocks and local outcrops of Miocene and Permian 
sediments. Open embayments are filled with seagrass 
meadows (facies C9) that pass landward into beaches 
and low dunes (Fig. 9.6).

The Strait shallows to less than 30 mwd as a N-S 
bar at the mid-point and deepens again to 40 mwd at 
the southern end of Gulf St. Vincent. Lithified and cal-
cretized shell beds form much of the seafloor as rocky 
reefs with up to 5 m or more relief. More specifically, 
SCUBA observations (Shepherd and Sprigg 1976) 
indicate rocky reefs veneered with coarse, shelly sand. 
Submerged Pleistocene aeolianite dunes are prominent, 
forming rough bottom topography, particularly along 
the north shore of Kangaroo Island, and supporting a 

9.4  Investigator Strait and Backstairs Passage
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rich biota of algae, massive erect orange sponges, cri-
noids, and epifaunal molluscs (facies C4). Oscillatory 
action of the waves forms small subaqueous dunes 
(wavelength = 1–2 m) and straight to interference wave 
ripples (wavelength = 10 cm) in facies T sediments 
at the western end of the Strait. Posodonia seagrass 
meadows extend to depths of 30 m, some 20 km out 
from shore along the southern shore of Yorke Penin-
sula and eastern Kangaroo Island with deeper areas 
to 35 mwd supporting scattered Heterozostera grass 
communities. Sediments here (facies C2 and M3) are 
grey in colour with many grey-black stained particles 
due to the reducing conditions amongst the seagrass 
roots.

The sand biota throughout is classified by Shep-
herd and Sprigg (1976) as belonging to a Heterozostra 
(seagrass) and Lunulites (vagrant bryozoan) and bra-
chiopod (Anakinetica sp.) community with few other 
animals. The 5–60% coarse fraction is a cornucopia 
of bivalves (some of which are grass dwellers), large 
Chlamys, oysters, laterite, blackened calcrete frag-
ments, white Permian sandstone clasts, and oblate, 
poorly lithified, calcarenite lumps, many of which were 
beach cobbles (facies C2 and C9). Pelican Lagoon off 
northern Kangaroo Island contains a rich sponge com-
munity (Millikan 1994; Wirtz 1994).

Backstairs Passage:  The bedrock surface is covered 
by a thin layer of coarse sand, small flat pebbles, and 
biogenic carbonate (facies C2, C4 and M1). There are 
many big sponges, large bryozoans, and numerous 
brachiopods ( Anakinetica cumingi) at depths greater 
than 40 m.

9.5  �Lincoln Shelf

9.5.1  �General Attributes

This region of the continental shelf between 35° and 
36° S lies south of Spencer Gulf at the entrance to 
Investigator Strait and west of Kangaroo Island. Kan-
garoo Island which is part of the Mount Lofty Ranges 
(Flottmann and James 1997) extends well onto the 
shelf and nearly to the shelf edge. As such the island, 
together with the seasonal outflow of saline waters 
from the gulfs, act as a major oceanographic and bio-
logical barrier (Fig. 9.1).

9.5.2  �Oceanography

This shelf sector is affected by shelf bathymetry and 
the nearby gulfs and like the Great Australian Bight is 
best summarized in terms of season. In early summer 
surface waters come from the Great Australian Bight, 
are relatively warm (18–19°C), and of moderate salin-
ity (36.0–36.5‰). There is a pronounced thermocline 
at 30–50 mwd below which offshore cold (<15°C) 
oceanic waters intrude onto the shelf and such that 
upwelling near the mouth of Spencer Gulf effectively 
isolates gulf waters during the summer months. The 
thermocline deepens to 100 m by mid-summer. Waters 
inside the gulfs are generally well mixed. By mid-late 
autumn oceanic waters retreat off the shelf, waters 
in the gulfs undergo convective overturning (Nunes 
and Lennon 1986) and the thermocline on the shelf 
is destroyed. During the winter shelf waters are well 
mixed, warm, and saline and flow southeastward along 
the shelf (Figs. 9.2, 9.7).

Cooling of saline waters at the head of Spencer Gulf 
in winter leads to a dense water mass (Bowers and Len-
non 1987; Nunes Vaz et al. 1990) which descends, moves 
out of Spencer Gulf, and flows across the shelf. This 
warm (>17°C) 20 m-thick, 100 km-long, bottom-hug-
ging, saline (36–37‰) current is many hundred meters 
wide and has velocities of 0.1 cm s−1 (0.2 knots). It is 
denser (>27 kg m−3) than the shelf water (26.8 kg m−3) 
and the resultant gravity current or plume that flows out 
of the eastern mouth of Spencer Gulf and then south 
and east along Kangaroo Island descends to reach neu-
tral buoyancy at 250–300 mwd (Godfrey et al. 1986; 
Lennon et al. 1987). The water, which is rich in par-
ticulate organic matter, but depleted in dissolved P, N, 
and C (Smith and Veeh 1989), may influence biological 
productivity at the shelf edge as it flows southeastward. 
Chlorophyll-a levels are consistently high >0.5 mg m−3, 
(mesotrophic) likely due to a combination of seasonal 
upwelling and outflow from the gulfs.

In summary, warm waters of the South Australian 
Current flow eastward onto the Lincoln Shelf, parts 
flowing into the gulfs, along their western margins, and 
parts deflected outboard by Kangaroo Island, to flow 
southeastward at, or along, the shelf edge. Waters that 
emerge from Spencer Gulf flow onto the Lincoln Shelf 
as cool and saline bottom currents during winter. Thus, 
the Lincoln Shelf is an area of complex, mixed waters 
today and has likely been so since waters flooded the 
gulfs in the early Holocene.
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Fig. 9.7  Temperature and salinity profiles for the upper 
1,000 m of the open ocean water column ( top) and the upper 
100 m of the shelf water column ( bottom) during summer 
and winter on the Lincoln Shelf. AAIW Antarctic Intermedi-
ate water, SAMW Subantarctic Mode Water. The thermocline 
and surface layers are composed of Sub-tropical Surface Water 
modified by summer heating and winter cooling. Saline bot-

tom waters flow out from Spencer Gulf and across the shelf 
during winter; summer upwelling is thought to be derived from 
waters moved by the Flinders Current. (Compiled from CSIRO 
(2001) Data Trawler, Marine and Atmospheric Research 
(CMAR) Data Center, Commonwealth Scientific and Indus-
trial Research Organization)

9.5  Lincoln Shelf
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9.5.3  �Marginal Marine

The southern end of Eyre Peninsula, the southern coast 
of Yorke Peninsula, and Western Kangaroo Island 
frame this part of the shelf. Eyre Peninsula and Yorke 
Peninsula are much like the Ceduna sector, with crys-
talline basement rocks of the Gawler Craton (Daly and 
Fanning 1993) overlain by spectacular Bridgewater 
Formation aeolianites with local intervening embay-
ments. Western Kangaroo Island is also a largely cliffed 
coastline but the rocks are hard sedimentary strata 
of the Adelaide fold and thrust belt part of the Dele-
marian Orogen. They are capped on the south coast 
of the island by prograding and stacked sequences of 
Pleistocene aeolianites that extend up to 10 km inland 
(Fig. 9.1).

9.5.4  �Neritic Sediments

Overview:  The shelf, like the adjacent Ceduna sec-
tor of the Great Australian Bight to the west, is deep 
and mostly lies in the middle and deep neritic zone. 
The shelf is distinguished by the large aerial extent of 
recent carbonate, most of which is fine grained. The 
western sector is essentially an extension of the Ceduna 
sector facies pattern of relict, relict-rich and stranded 
facies (Figs. 9.8, 9.9).

Shallow Neritic:  These shallow environments are 
in large part localized to Spencer Gulf, Investigator 
Strait and a shallow nearshore zone. The sediments are 
mostly mollusc rich relict sands (facies R2) or relict 
rich skeletal sands and gravels(facies M1).

Middle Neritic:  The patterns of sediment with a vari-
able relict component typify the western part of the 
shelf, generally bryozoan dominated (facies M4 and 
R3) with a band of intermixed stranded coralline facies 
C5. By contrast the eastern part of the shelf is mostly 
covered by green-olive-tan, extremely fine sand and 
silt, but with no mud and a minuscule coarse fraction 
(facies C6). The same facies occupies a wide region 
just west of Kangaroo Island. Bottom images of the 
outer shelf show interference wave ripples (wave-
length = 10 cm) partly degraded by bioturbation, scat-
tered elongate, branching sponges. Environments 
range from rippled sand barrens (albethey fine grained) 
to local epibenthic scrub.

Sediments in the west are more complicated but 
always contain a significant bryozoan component in 
both the relict sand (facies R3) and relict-rich sand 
(facies M4). A band of stranded coralline algal (facies 
C5) straddles the 100 mwd bathymetric contour. These 
facies pass outboard beyond ~120 mwd into the fine 
skeletal sand (facies C6) on the eastern part of the 
shelf.

Deep Neritic:  The deep neritic zone is extraordinarily 
wide, ~60 km on this part of the shelf. This environ-
ment is almost everywhere covered by facies C6, with 
very little bryozoan sand and gravel (facies C1) that 
usually occurs in this setting. The fine skeletal sands 
of facies C6 everywhere grade with depth, below 
200 mwd, into delicate branching bryozoan muddy 
sands (facies C7—epibenthic turf environment) or in 
a few places into facies C1. Spiculitic skeletal sandy 
muds (facies C11) occur on the upper slope between 
250 and 300 mwd together with local concentrations of 
corals and arborescent bryozoans (facies C12).

9.6  �The Lacepede Shelf

9.6.1  �General Attributes

The Lacepede Shelf, lying between 36° and 37° S, is 
a broad embayment into this otherwise relatively nar-
row continental shelf. It is framed by the south coast 
of Kangaroo Island and Fleurieu Peninsula to the west 
and north and by the arcuate beach in front of the 
Coorong Lagoon complex, to the northeast as far as 
Cape Jaffa. The Lacepede Shelf is a seaward exten-
sion of the onshore Murray Basin (Lukasik and James 
2003; Brown 2005; Bone 2009), a broad shallow sedi-
mentary basin to the northeast filled with up to 1 km 
of mostly flat-lying Tertiary limestone. Active Ceno-
zoic faulting controls the western margin of both the 
onshore and offshore Murray Basin (Fig. 9.1).

Kangaroo Island and the Mt. Lofty Ranges of Fleu-
rieu Peninsula are horst-like features of deformed 
Proterozoic or Paleozoic basement with Delamerian 
elements of the Encounter Bay granitoid suite in the 
west and the Padthaway suite in the east. The south 
coast of Kangaroo Island consists of metamorphosed 
Neoproterozoic sedimentary rocks facing the open 
ocean exposed positions, with Bridgewater Formation 
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aeolianites in somewhat sheltered embayments. The 
south coast of Fleurieu Peninsula is composed of Cam-
brian sedimentary rocks. Rocks immediately underly-
ing the Lacepede Shelf surface are Eocene-Miocene 
bryozoan-rich carbonates (Sprigg 1952; James and 
Bone 1989; Hill et al. 2009).

The relatively flat-lying Tertiary carbonates imme-
diately onshore are veneered by a thin succession 
of stranded Plio-Pleistocene beach-dune ridges that 
extend inland for 200 km (Sprigg 1952, 1979; Cook 
et al. 1977; Schwebel 1983). Sprigg (1979) identified 
30 linear paleoshoreline systems, each one roughly 

Fig. 9.8  Composition of surface sediment facies in the South Australian Sea. Lines of section in Figs. 9.9 and 9.11 are designated 
by number

9.6  The Lacepede Shelf
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parallel to the Coorong Lagoon and related to high-
stands and lowstands of sea level. Stranding has been 
due to Plio-Pleistocene tectonics associated with 
ongoing structural inversion. Ridges are progressively 
younger southwestwards towards the sea (Cook et al. 
1977). During glacial lowstands of sea level a north-
ward shift of the “roaring forties” climatic belt of low 
pressure systems resulted in increased rainfall and dis-
charge of the River Murray (Belperio 1995). Strong 
westerlies during such pluvial periods also led to aeo-
lian transport of terrigenous sediments eastward from 
the River Murray and their deposition as extensive 
downwind sand sheets (Sprigg 1979).

The channel of the River Murray today is graded 
to lower sea level stands, and is entrenched more than 
50 m into Tertiary limestones and Quaternary sedi-
ments of the Murray Basin. The River Murray currently 
empties into a broad former estuary, Lake Alexandrina, 
with only a single pass through the northwestern end 
of the barrier system. Although the focal point of this, 
Australia’s largest and the world’s fifth largest drain-
age network, the river system is not currently contribut-
ing sediment to the shelf. Gradients are extremely low 
along the distal 600 km and flow is relatively sluggish 
due to over-extraction of water throughout the entire 
drainage basin, with the result that most of the bedload 
is trapped in upstream point-bar systems and the lower 
fresh-water lakes that are now almost dry. The River 
has been heavily dammed for the last 100 years. The 
relatively minor portion of the suspended load that is 
permitted into Lake Alexandrina no longer reaches the 
ocean. Conversely, fresh water no longer flows into the 
Coorong Lagoon, thereby leading to ever increasing 

salinity. Prior to extensive barraging the River emptied 
directly onto the Lacepede Shelf and sediments were 
largely dispersed southeastward by strong longshore 
and tidal currents.

9.6.2  �Local Oceanography

Waters that cover this eastern shelf are on the whole 
cooler than those in the west. General water move-
ment is to the southeast throughout the year and is 
strongest in winter months, resulting in general down-
welling and low nutrient levels. Physical structure of 
the waters is, however, strongly seasonal, similar to 
that on the Lincoln Shelf, being stratified over the 
summer period and more vertically homogeneous 
throughout the winter months. Stratification is due to 
upwelling of deep, cold, open ocean waters onto the 
shelf (Schahinger 1987). Important areas of cold water 
occur along the Bonney Sector of the Otway Shelf and 
south of Kangaroo Island. These areas of cold water 
incursion have alongshore velocities of 25–40 cm s−1 
and can transport waters 215–430 km over a 10-day 
period. Thus, water can potentially be transported as 
far west as Eyre Peninsula, where local winds during 
subsequent upwelling bring it to the surface. Middle-
ton and Bye (2007) suggested that a pool of upwelling 
water is likely to be maintained off Kangaroo Island 
(Figs. 9.2, 9.10).

Bonney Coast upwelling seems to be especially 
important because Cape Jaffa marks the eastern-
most extent of many broadleaf sea grasses but more 

Fig. 9.9  Bathymetric profile 
across the western outer shelf 
of Lincoln Shelf, (see Fig. 9.8 
for location) constructed 
from precision depth recorder 
records and illustrating dis-
tinctive bottom features, posi-
tions of prominent submarine 
terraces where possible, and 
the disposition of sedimentary 
facies. (see Fig. 9.8 for facies 
compositions)
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importantly, the northernmost extent of the large kelps 
Durvillea and Macrocyctis, phaeophytes that dominate 
all nearshore environments to the east and around all 
of Tasmania.

When modeled, upwelling should also be strong 
off the Coorong (Middleton and Platov 2003). As it 
upwells off the eastern Coorong the water is moved to 
the west and northwest. These winds also lower coastal 

9.6  The Lacepede Shelf

Fig. 9.10  Temperature and salinity profiles for the upper 
1,000 m of the open ocean water column ( top) and the upper 
100 m of the shelf water column ( bottom) during summer 
and winter seaward of the Lacepede Shelf. AAIW Antarctic 
Intermediate water, SAMW Subantarctic Mode Water. The 
thermocline and surface layers are composed of Sub-tropical 

Surface Water modified by summer heating and winter cool-
ing. Summer upwelling is thought to come from waters moved 
by the Flinders Current. (Compiled from CSIRO (2001) Data 
Trawler, Marine and Atmospheric Research (CMAR) Data 
Center, Commonwealth Scientific and Industrial Research 
Organization)
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sealevel (~25 cm), thus driving a weak (<10 cm s−1) 
westward flowing coastal current (Fig. 9.2).

Although the River Murray does not appear to have 
much influence on shelf waters, warm saline waters 
from Gulf St. Vincent (Bye 1976) do spill through 
Backstairs Passage and past Kangaroo Island onto 
the western part of the shelf in winter. Chlorophyll 
a values range from 0.3 to 0.4 mg m−3 in summer to 
>0.5 mg m−3 in winter, except for local upwelling on 
the Bonney Coast, is mid to low mesotrophic.

9.6.3  �Marginal Marine

Erosional cliffs on Kangaroo Island and southern 
Fleurieu Peninsula form the western part of the Lace-
pede Shelf. The rocks range from granitoids to meta-
morphosed Paleozoic sedimentary rocks to local soft 
Permian sediments containing numerous erratics to 
Pleistocene aeolianites. By contrast, the northern and 
eastern sides of the Lacepede Shelf are a sweeping arc 
of barrier islands and beaches. This depositional coast 
is produced by the River Murray delta and a series of 
prograding Plio-Pleistocene aeolianite complexes that 
extend some 100 km inland.

The Holocene depositional system is dominated by 
the continuous 180 km-long barrier island system of 
the Younghusband Peninsula that in turn protects the 
elongate Coorong Lagoon behind. The Peninsula is a 
series of active, largely unvegetated, dune sheets, large 
parabolic and transverse dunes 30–40 m high with 
deflation basins down to sea level. The high-energy 
beaches grade offshore into extensive upper shoreface 
grass banks. Longshore sediment transport results in 
a north-to-south increase in carbonate content and 
decrease in siliciclastic grain size away from the mouth 
of the River Murray.

The 130 km long backbarrier Coorong Lagoon 
is a series of depressions that become increasingly 
restricted and more saline southward (see Chap. 5 and 
Belperio 1995 for details). Waters are derived from 
winter rains and groundwater. Lagoon sediments are 
very fine bioclastic high-magnesium calcite and arag-
onite sand and pelleted mud derived from molluscs 
dominated by the gastropod Coxiella sp., ostracods, 
and benthic foraminifers. Strandline environments are 
characterized by a unique bryozoan-serpulid commu-
nity (Bone and Wass 1990; Sprigg and Bone 1993). 

The southern end is a series of isolated lacustrine 
depocenters (lakes) dominated by groundwater flow. 
Precipitated carbonate muds include dolomite, pro-
todolomite, hydromagnesite, high-magnesium calcite, 
aragonite, and monohydrocalcite. Each lake has its 
own suite of minerals even if only a few kilometers 
apart. Stromatolites are present locally (Mazzoleni 
et al. 1995); and desiccation produces a suite of fenes-
tral and laminar crusts, polygonal crusts, polygo-
nal cracks, teepees, and mud chip breccias. Overall 
the deposits are similar to those in the Ceduna sec-
tor enclosed embayments except that gypsum is not 
common and magnesium carbonates predominate. 
The modern increase in salinity is the result of anthro-
pogenic influence, especially barrages in the River 
Murray and the draining of swamps adjacent to the 
Coorong Lagoon.

9.6.4  �Shelf Sediments

Overview:  This large arcuate bay is floored by 
the most extensive spread of siliciclastic sand on 
the southern continental margin. The sediment was 
deposited during sealevel lowstands (James et al. 
1992; Hill et al. 2009) and is now variably popu-
lated by skeletal invertebrates. The most quartz-rich 
sands floor the centre of the shelf and are mostly 
surrounded by relict-rich facies. The middle neritic 
zone south of Kangaroo Island is covered with recent 
carbonate, as are the tops of bedrock banks, and the 
rocky reef off Robe. A zone of relict carbonate is 
present in the west. Linear bands of carbonate-rich 
gravel cover the sediment surface, especially at 40 
and 65 mwd. Bathymetric sections across the outer 
shelf (Fig. 9.11) south of Kangaroo island (line 7) and 
the central part of the shelf (line 8) show bryozoan 
sands and gravels locally veneering seaward-dipping 
submarine outcrops of Cenozoic limestone. Slumps 
and listric faults characterize the slope towards the 
east (Fig. 9.11—line 9, 9.8).

Shallow Neritic:  The present outlet of the River 
Murray can be classified as a wave-dominated delta 
(cf. Galloway 1975) in a region of microtidal range, 
whose front is formed by beach-barrier shorelines 
of the Coorong Strand and whose delta plain is the 
strandplain of paleodune complexes to the north. The 
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barrier-beach system is as much constructed from 
offshore-derived carbonate as river-borne terrigenous 
sand.

The extensive terrigenous sand sheets on the shelf 
attest to the importance of the River Murray in deliver-

ing sediment to this region over the long term and con-
firm that during lower stands of sea level, siliciclastic 
sands were spread across the now-submerged delta 
plain (Hill et al. 2009). Even when sea level was low 
the same processes would be operative; terrigenous 

9.6  The Lacepede Shelf

Fig. 9.11  Bathymetric profiles across outer part of the Lace-
pede Shelf (see Fig. 9.8 for locations) constructed from preci-
sion depth recorder records and illustrating distinctive bottom 

features, positions of prominent submarine terraces where pos-
sible, and the disposition of sedimentary facies. (see Fig. 9.8 for 
facies compositions)
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clastics would be largely trapped along the shoreline 
and only spill over the edge via submarine canyons. 
All sediment inboard of 80 mwd contains significant 
amounts of quartz, but the content drops off abruptly 
below these depths. Seafloor sands adjacent to Fleu-
rieu Peninsula are more calcareous as facies R2 (mol-
lusc-rich relict sand) and facies M1 (relict-rich skeletal 
sand and gravel).

The siliciclastic grains in this rippled sand barren 
environment are fine to medium grained and gener-
ally very well sorted (facies M2 and Q1). Bivalves 
( Glycymeris, Katelysia) are mostly infaunal but 
epifaunal Chlamys is locally conspicuous. The sea-
floor is smooth and monotonous and bottom images 
show clean sediments with small straight-crested 
wave ripples (10–15 cm apart) and no large organ-
isms other than burrowing anemones. There are 
also scattered slit shells and a variety of small gas-
tropods (olives, cones, periwinkles, and cerithids). 
Bottom images and bathymetric profiles show ridges 
to sheets of limestone pebbles and bivalve coqui-
nas (facies R4–marooned beaches) with bryozoans 
growing on many of the larger particles. The tops 
of shallow banks in the western part of the shelf are 
encrusted rocky substrates (facies C4) with abundant 
macroalgae that are veneered with and surrounded 
by rhodoliths (facies C3).

Middle-Neritic:  Siliciclastic facies remain prominent 
to ~80 mwd in the center of the shelf. The sands are 
otherwise rich in relict particles and so deposits range 
from relict-rich skeletal sands and gravels (facies M1), 
to mollusc-rich or bryozoan-rich relict sands (facies 
R2 and R3), to just relict sand (facies R1). These sedi-
ments have a speckled brown and cream or ‘salt and 
pepper’ appearance. Noticeably worn bivalve frag-
ments are present in some areas whereas other regions 
contain worn small brown lithoclast pebbles (facies 
R4). Relict components decrease with depth such that 
the sediments between 70 and 90 mwd are mostly rel-
ict-rich bryozoan or skeletal sands and gravel (facies 
M4 and M1).

Diverse but robust and variably abraded bryo-
zoans typify the bryozoan sand and gravel (facies 
C1) outboard. There are two end-member environ-
ments, epibenthic coppices and rippled carbonate 
sand barrens. Bottom images and bathymetric profiles 
(Fig. 9.11) show rock substrates covered by variable 
thicknesses of coarse sediment.

The epibenthic coppice environment comprises hard 
rock substrates 50–60% covered by sessile benthos. 
The most obvious organisms are sponges, gener-
ally upright flat planar to digitate oscular forms (cf. 
Mycale, Iophon, Chondropsis, Clathria) or globular 
types (cf. Ancorina). They grow together with numer-
ous hydroids and bryozoans, the most noticeable of 
which are articulated zooidal and Adeona sp.

Intermediate environments comprise large subaque-
ous dune fields, as defined by precision depth profiles 
in a zone of seaward-dipping clinoforms. Most images 
depict starved small dunes to large ripples with abun-
dant organisms growing on hard substrates (epibenthic 
coppice) in the troughs between bedforms.

Carbonate sand barrens are extensive areas of 
sand containing ripples to small subaqueous dunes 
with estimated spacings of 30–60 cm and heights of 
10–30 cm. Bedforms are symmetrical, straight-crested 
to bifurcating and their crests are either sharp and lin-
ear or textured by smaller ripples and always oriented 
NW-SE. Clasts recovered are similar in composition 
and mineralogy (confirmed by staining) to the loose 
sediments. The sands are barren except for small areas 
where the surface is 20– 40% covered by organisms 
with sands between rippled in a disorganized fashion. 
The seafloor below 120 mwd is mostly rippled sedi-
ment with a few large organisms.

Deep Neritic & Upper Slope:  The outer shelf, shelf 
edge and upper slope are covered with poorly sorted 
green fine sand and mud (facies C7 and C11) that 
become progressively depleted in bryozoans with 
increasing depth. The epibenthic coppice is not promi-
nent. Images of the upper parts of this zone (140–
180 mwd) depict a gradual transition from shallower 
rippled coarse sands (facies C1) to these more muddy 
sediments; the sharp-crested linear ripples (10–15 cm 
height, 10–30 cm spacing) die out between -140 and 
150 mwd and grade, with depth, into areas of subdued, 
more bifurcating ripples (5–10 cm high, 2–5 cm spac-
ing) textured by smaller confused and irregular ripples 
interspaced with regions with no obvious physical sed-
imentary structures, but pockmarked by numerous bur-
rows. Areas of the seafloor between 150 and 180 mwd, 
although mostly burrowed, are locally textured by 
subdued cm-scale diffuse ripples with ladder ripples in 
their troughs that have been modified by burrowing.

The shelf edge between 180 and 200 mwd is a rela-
tively flat to gently undulating surface dimpled with 
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cm-size depressions and bumps, pockmarked with ver-
tical burrow openings and disturbed by rare trails of the 
mobile benthos (a burrowed mud barren). Numerous, 
small, cm-size or less, delicate, branching bryozoans 
grow either scattered across the seafloor or clumped 
in patches 10–30 cm across (epibenthic scrub). These 
clusters are dense intergrowths of bryozoans (espe-
cially adeonids and catenecellids), small sponges, 
and hydroids that form a “ground-cover” to heights of 
10 cm or so. Sediments are either bryozoan sand and 
gravel or fine skeletal sand (facies C1 and C6)

The upper slope between 250 and 350 mwd is 
composed of facies C7 (delicate branching bryozoan 
muddy sand), facies C11 (spiculitic skeletal muddy 
sand), or facies C8 (scaphopod, pteropod muddy sand). 
The coarse fraction in facies C7 is almost entirely 
branching cyclostome bryozoans (15% of material). 
Other scattered bryozoans are Celleporaria sp. as well 
as erect rigid robust branching and fenestrate forms.   
Celleporaria sp. grows as irregular encrusting sheets, 
free small particles, hollow tubes, and subhemispheres 
up to 6 cm in diameter. The only bivalves are Chlamys 
sp. and Venericardia sp. whereas rare gastropods are 
the slit shell ( Tenagodus sp.), turitellids, olives, and 
whelks. Other components are solitary corals, regular 
echinoid spines, siliceous sponge spicules, pteropods 
and serpulid tubes.

9.7  �Synopsis

The South Australian Sea is a region characterized by 
complex geography wherein regional climate exerts a 
strong influence on seawater temperature and salinity 
and thus the seafloor biota. Water temperatures over 
the shelf decrease eastward. The two large gulfs that 
extend into the continental interior become progres-
sively more affected by the arid continental climate 
northward, resulting in a warm-temperate environment 
much like the northern Great Australian Bight. Their 
semi-enclosed nature and greater intensity of evapora-
tion compared to the Great Australian Bight, however, 
leads to higher evaporation rates. The shelf proper over 
most of the region is cool-temperate.

1.  The two gulfs have many similar properties.

    (a) � A clockwise circulation pattern wherein open 
ocean waters flow into the gulf from the west, 

northward up the western coast, are heated and 
evaporated at the head during summer, and then 
flow southward down the eastern coast.

    (b) � Rhodolith pavements along the leeward south-
western sides of the gulf.

    (c) � Extensive shallow subtidal seagrass banks, par-
ticularly toward the northern ends.

    (d) � Locally important muddy tidal flats especially 
along the eastern coasts.

    (e) � Locally important subaqueous tidal sand shoals.
    (f) � Mollusc-dominated facies, both marginal marine 

and on the basin floor.

2.  The large salients also have several differences.

    (a) � Spencer Gulf has higher salinity because it nar-
rows more at the head and extends much further 
into the continental interior.

    (b) � Waters have a longer residence time in Spencer 
Gulf because there is a submarine ridge and a 
sharp salinity front at the gulf mouth that pre-
vents continuous exchange with the open ocean 
during summer, thus enhancing the effects of 
heating and evaporation. High salinity is espe-
cially promoted at the northern end by the 
presence of an elongate sand spit (Ward Spit) 
that impedes water exchange. By contrast, such 
waters flow out of Gulf St. Vincent via Investi-
gator Strait during most of the year with a sec-
ondary flow via Backstairs Passage in winter.

    (c) � Rhodolith pavements are much more extensive 
in Spencer Gulf.

3. � The Lacepede Shelf comprises the largest region of 
quartzose sand on the southern margin. This sand 
is, however, relict and stranded, originating when 
the River Murray flowed across the shelf during 
MIS 2 lowstand and earlier. The river also flowed 
more intensively during these stormy periods and 
delivered much more sediment to the ocean. The 
extensive rippled sands are either barren or popu-
lated by infaunal molluscs.

4. � The mid- to outer neritic facies are similar to those 
west on the Lincoln Shelf; mollusc- and bryozoan-
dominated or relict sediment and bryozoan-domi-
nated facies respectively.

5. � Whereas large benthic foraminifers, especially 
Peneropolis sp. are, because of the warm waters, 
present in the upper reaches of the gulfs there are 
none on the shelf because the water is too cold.

9.7  Synopsis
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6. � The upper slope is cut by numerous canyons and 
subject to local mass wasting. The reason for the 
numerous canyons is interpreted to be the numerous 
small and large rivers that flowed across the shelf 

during the wetter climates of the last MIS 2 glacial. 
The reason for the mass wasting is the continuing 
seismic activity in the region, unlike the relatively 
quiescent Great Australian Bight.



10.1  �Introduction

The southeast part of the continental margin comprises 
the Otway Shelf and the Bonney Coast, Bass Strait, and 
the western shelf of Tasmania (Fig. 10.1). The 400 km 
long Otway Shelf lies between 37° and 43.5° S, and 
139.5° E (Cape Jaffa) and 143.5° E (Cape Otway). The 
narrowest point is off Portland, where the shelf is less 
than 20 km wide. It broadens progressively westward, 
to 60 km off Robe, and eastward to 80 km off Warrnam-
bool. Bass Strait, an intracontinental basin, has an area 
of 66,000 km2, extends ~400 km east-west and 250 km 
north-south between 39° and 41° S and has a string of 
islands at each end. Depth ranges from 55 to 80 mwd with 
maximum water depth of 83 mwd near the geographic 
center. The Basin is essentially a bowl with a deep center 
that shallows toward the Victoria coast, the northern Tas-
mania coast, and sills along the eastern and western mar-
gins. The western Tasmania continental shelf that ranges 
from 20 to ~60 km wide, is the geomorphic continuation 
of the Otway Shelf but swings around into a meridonal 
orientation. The shelf is relatively deep, whereby the 
50 m bathymetric contour lies near the coast. The conti-
nental slope has variable relief due to numerous subma-
rine canyons and uplifted fault blocks and extends to the 
abyssal plain at about 5,000 mwd (Figs. 10.2, 10.3).

The shelf stretches from 37° to 43.5° S and so extends 
towards the sub-polar realm with attendant extreme 
weather, high sea states, and cooler seawater tempera-
tures. The sea is a complex mixing zone between the 
Pacific Ocean to the east, the Indian Ocean to the west 
and the Southern Ocean to the south. There is an area 
of conspicuous summer upwelling along the Bonney 
Coast (Fig. 10.2). There is also upwelling accompany-
ing severe storms off northern Tasmania between King 
Island and Cape Grim during winter; this is a potentially 

important source of nutrients (Middleton and Black 
1994; Evans and Middleton 1998; Cresswell 2000). The 
subtropical convergence moves from south of Tasma-
nia in winter northward to the central coast in summer, 
with nutrient levels and associated biota substantially 
higher south of the front (Fig. 10.3). Thus, nutrients are 
generally higher than around mainland Australia, but 
still lower than temperate latitudes worldwide. Highest 
nutrient values are associated with the south coast and 
the intrusion of subantarctic water. The Zeehan Cur-
rent along the western margin and the East Australian 
Current along the eastern margin of Tasmania dominate 
circulation (Fig. 10.2). Both currents flow southward 
but they are out of phase; the East Australian Current 
is strongest and reaches furthest south in summer; the 
Zeehan Current is strongest and reaches furthest south 
in winter. Prevailing westerlies result in a west-to-east 
water flow through Bass Strait but Paleozoic granite 
ridges that locally rise above sea level as islands along 
the eastern and western margins restrict this oceanic 
flow somewhat. These islands, such as King Island and 
Tasmania proper also tend to protect most of Bass Strait 
from SW swells and waves.

Surficial sediments are mainly cool-temperate (cf. 
James and Lukasik 2010), commensurate with the lower 
seawater temperatures. There are no large, symbiont-
bearing benthic foraminifers. Articulated corallines are 
not as common as in the west. The rocky inshore plat-
forms are fringed with the bull kelp Durvillea sp. south 
and east of Cape Jaffa; this macroalga is not present in 
warmer waters to the west of Cape Jaffa.

Megafacies are areally dominated by carbonates 
(Fig. 10.4). Relict sediments are not as widespread as 
on other parts of the southern continental shelf with 
relict-rich deposits localized to shallow neritic envi-
ronments along the mainland, around islands in Bass 

N. P. James, Y. Bone, Neritic Carbonate Sediments in a Temperate Realm,
DOI 10.1007/978-90-481-9289-2_10, © Springer Science+Business Media B.V. 2011
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Strait and along the Tasmanian shelf. Quartzose sedi-
ments are most numerous along the coasts of Tasma-
nia. A zone of complex facies lies along the outer part 
of the Bonney Coast and is detailed below.

10.2  �Otway Shelf

10.2.1  �General Attributes

This shelf extends from Cape Jaffa southeastward to 
Bass Strait (Fig. 10.1). It is geographically contiguous 

but partitioned by oceanography. The northern part, 
called the Bonney Coast, is subject to strong seasonal 
upwelling. It borders a similar coastline to that of the 
Lacepede Shelf but with numerous small embayments. 
The eastern part of the shelf, however, lies adjacent 
to uplifted Cretaceous siliciclastic rocks of the Otway 
Ranges.

10.2.2  �Local Oceanography

Shelf waters are cool temperate (<18°C) with open 
ocean salinities (35.1–35.6‰) (Schahinger 1987; 

Fig. 10.1  Map and chart of the southeastern continental shelf, 
comprising the Otway Shelf and Bonney Coast, Bass Strait, and 
west Tasmanian shelf, the adjacent mainland, and the island of 

Tasmania, illustrating regional geology, bathymetry, and neritic 
zones
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James et al. 1992) (Fig. 10.5). The water column is 
well mixed during winter months, with near uniform 
salinities of 35.6‰ and temperatures of 14°C across 
the shelf. Strong summer stratification results in two 
distinct water masses; a 30–40 m thick relatively warm 
(18°C) and saline (35.2‰), surface layer that over-
lies a cold (11–12°C), less saline, oxygen-depleted, 
nitrate-rich (6.0–7.0 µM) and dense bottom layer 
(Lewis 1981). This pronounced layering is produced 
by strong, wind-induced summer upwelling events 
that episodically move cold, nutrient-rich, offshore 
Antarctic Intermediate Water and Antarctic Mode 
Water from the Flinders Current onto the shelf plat-
form south of Robe. This water reaches the surface as 
a band from just north of Portland to the middle part of 

the Lacepede Shelf. Thus, surface waters in this region 
are 4°C cooler in summer than in winter. Seasonally 
high shelf edge nutrient levels have also been recorded 
in the Warrnambool sector (Fandry 1983; Levings and 
Gill, in press). Chlorophyll-a values are, however, 
generally low, usually between 0.3–0.4 mg m−3 in sum-
mer and 0.4–0.5 mg m−3 in winter (low mesotrophic) 
(Fig. 10.2).

10.2.3  �Marginal Marine

The coastline between Cape Jaffa and Cape Otway, 
except for the Otway Ranges in the far east, is a relatively  

Fig. 10.2  Chart of the southeastern continental shelf illustrating major ocean currents and areas of upwelling
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low coastal plain <200 m in elevation. Gradual Plio-
Pleistocene uplift around Mount Gambier resulted 
in the seaward progradation of Bridgewater Forma-
tion aeolian dune complexes (see Chap. 3). Thus, the 
western part of the coast resembles the Ceduna Sector 
wherein the youngest seaward facing dune ridges have 
been breached and numerous coastal lagoons, saline 

lakes, and high-energy beaches now occupy former 
interdune corridors (e.g. Rivoli Bay, Discovery Bay, 
Lake George) (Figs. 10.6, 10.7).

More specifically, the coastal plain from Cape Jaffa 
east to Portland consists of aeolianites, high-energy 
beaches, small bays that are locally interrupted by 
areas of the newer volcanics (thin lava flows, scoria 
cones, and ash), and uplifted Cenozoic limestone. The 
Glenelg River has a small estuary but does not con-
tribute much terrigenous clastic sediment to the sea. 
The scalloped nature of the aeolianite coast towards 
Warrnambool is due to flooded calderas. By contrast, 
the coast east of Warrnambool is a series of spectac-
ular vertical cliffs and offshore stacks of soft Ceno-
zoic cool-water carbonates that stand as much as 70 m 
above narrow carbonate sand beaches.

The Otway Ranges are a deeply dissected upland 
whose highest point is 700 m above sea level. The high-
lands, one of the wettest parts of Victoria (1,200 mm 
of rain annually), are covered with a tall temperate 
rainforest. There are small streams flowing from these 
uplands but no major rivers. The sedimentary rocks 
form a spectacular coastline of 90–150 m-high wooded 
cliffs and shore platforms actively incised into early 
Cretaceous sandstones and mudstones. Erosion of these 
relatively soft sedimentary rocks contributes quartzose 
and feldspathic sand to the shore but it nowhere forms 
more than 10% of the modern sediment.

The seacliffs continue eastward and eventually pass 
into a cliffed and embayed coast of Cenozoic cool-
water carbonate sedimentary rocks along the northern 
coast of Bass Strait that are morphologically much like 
the Cenozoic cliffs to the west in the Great Australian 
Bight. Holdgate et al. (2001) documented the marine 
geology of Port Philip Bay.

10.2.4  �Shelf Sediments

Overview:  Most of this relatively narrow shelf is cov-
ered with recent carbonate sediment (Fig. 10.7) (Boreen 
et al. 1993). Bathymetric profiles show distinct ridges 
of limestone gravel and an outer shelf with seaward-
dipping limestones (Fig. 10.8). The slope off the Bon-
ney Coast is a zone of disturbed bedding incised by 
tributaries leading to major submarine canyons.

Shallow Neritic:  Much of the shallow neritic environ-
ment is a series of encrusted rocky reefs (facies C4).  

Fig. 10.3  Chart of the ocean around Tasmania illustrating sea-
sonal variation in the position of the Subtropical Convergence 
Zone ( STCZ), flow of the Zeehan Current ( ZC), and flow of the 
east Australian Current ( EAC). (After Cresswell 2000)
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Relict-rich facies M1 and M2 occur as local sediment 
patches <50 cm thick and are a continuation of the simi-
lar sediment on the Lacepede Shelf. Bioclastic grains 
are extensively fragmented, abraded, polished, and often 
intensely bioeroded. Bryozoans are mainly encrusting 
and robust growth forms. Coralline algal fragments and 
irregular rhodoliths form up to 15% of the sediment. 
Cored sediments are uniformly homogeneous and lack 
identifiable physical and biological structures.

Mid-Neritic:  The bryozoan sands (facies C1) of epiben-
thic coppice and sand barren environments are clean and 
poorly-sorted with up to 30% bioclastic gravel frag-

ments and no mud. Deposits have lower quartz (gener-
ally <10%) and relict grain contents than shallow neritic 
accumulations; skeletal grains are fragmented and vari-
ably abraded. The sediments are cross-stratified in core. 
Angles of dip vary from horizontal to 30° and scour-trun-
cation surfaces are common. Cross-bed sets are 15–30 cm 
thick and typically fine-upward from gravelly-to medium 
grained-sand. Coarser layers (bottom sets) have a more 
open framework than the interbedded finer-grained sedi-
ments (foresets) and are dominated by erect rigid robust 
branching and arborescent bryozoans, with locally abun-
dant mollusc fragments, and echinoid debris. Fine sand 
layers are homogenous and facies C6 in composition.

Fig. 10.4  A chart of surface sediment megafacies on the south-
eastern continental shelf, most of which are carbonates, with 
quartzose and relict facies restricted to the shallow neritic zone. 

The area off the Bonney Coast is a zone of rapidly changing 
facies, slumping, mass wasting and downslope transport making 
facies differentiation difficult
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Fig. 10.5  Temperature and salinity profiles for the upper 
1,000 m of the open ocean water column ( top) and the upper 
100 m of the shelf water column ( bottom) during summer and 
winter on the Otway Shelf seaward of Portland (Fig. 10.1). AAIW 
Antarctic Intermediate water, SAMW Subantarctic Mode Water, 

SAC South Australian Current. The surface layer is composed 
of Sub-tropical Surface Water modified by summer heating and 
winter cooling. (Compiled from CSIRO (2001) Data Trawler, 
Marine and Atmospheric Research (CMAR) Data Center, Com-
monwealth Scientific and Industrial Research Organization)
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Deep Neritic & Upper Slope:  The deep neritic shelf 
and local intrashelf depressions are covered by homo-
geneous and bioturbated fine to very fine sand (facies 
C6). They form a continuous band that parallels the 
shelf edge.

Delicate branching bryozoans dominate olive-
coloured muddy bryozoan sands in epibenthic scrub 
environments (facies C7) blanket the shelf edge and 
upper slope between 180 and 400 mwd and form a 
semi-continuous band paralleling the shelf-slope break 

Fig. 10.6  Marginal marine environments and adjacent areas 
along the coast of the southeastern continental margin. (a) Car-
bonate beach and dune complex near Beachport 30 km south 
of Robe on the Bonney Coast (Fig. 10.1). (b) Cliffed coast and 
sea stacks of Miocene carbonates about 100 m high near Port 
Campbell ~40 km south of Warrnambool (Fig. 10.1). (c) Heavily 
wooded hills of the Otway Ranges that are ~500 m in elevation, 

near Cape Otway (Fig. 10.1). (d) Dense forest near the top of the 
Otway Ranges resulting from high annual rainfall. (e) A coast 
of Jurassic volcanic rocks in eastern Tasmania ~100 km north of 
Hobart (Fig. 10.1). (f) A dense forest with numerous ferns and 
dense stands of Gondwana flora such as Southern Beech and 
Huon Pine, on the western coast of Tasmania near Macquarie 
Harbour (Fig. 10.1)

10.2  Otway Shelf
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along the entire length of the shelf. Fragmented bryo-
zoans are not significantly worn and preservation of 
extremely delicate structures and whole fragile bryo-
zoans are common.

The top of the slope also contains local Coral-Celle-
poraria gravels (facies C12—too local to depict on 
Fig. 10.7) composed of stranded and Holocene compo-
nents. These sediments have a framework- to matrix-
supported fabric (rudstone-floatstone) and consist of 
coarse bryozoan gravel with a fine-grained, bioclastic 

muddy sand matrix. Most of the coarse carbonate is 
arborescent bryozoans ( Celleporaria sp.) wherein 
large cylindrical (5 cm max long axis) and sheet-like, 
nodular and arborescent forms are characteristic and 
locally dominate the facies. The corals, mostly large 
living and dead azooxanthallate Caryophyllia plani-
lamellata occur as scattered cups among and on the 
bryozoans or as prolific, monospecific accumulations 
with few bryozoans. They are locally attached to one 
another.

Fig. 10.7  Composition of surface sediment facies on the Otway Shelf. Lines of section in Fig. 10.8 are designated by number
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Sediment between depths of 350 and 500 mwd in 
the burrowed mud barren environment is a mixture of 
pelleted foraminifer-nannofossil mud and skeletal sand 
(facies C11) wherein carbonate content varies between 
25% and 80%. This thoroughly bioturbated sediment 
also contains articulated bryozoan singlets, pteropods, 
and sponge spicules.

10.2.5  �Zone of Mixed Facies

The deep neritic and upper slope of the Bonney Coast, 
especially between Portland and Robe is a zone of 
mixed facies. There the facies are not easily separated 
into contiguous bands but instead samples of the sea-
floor sediment, commonly quite close to one another, 
are dramatically different. Furthermore, sediment oth-
erwise identified as shallow water deposits elsewhere 

are present in relatively deep water. This is a region 
of ongoing seismicity, slope failure and mass wast-
ing (von der Borch and Hughes-Clarke 1993). These 
deposits are either an intimate mixture of materials 
deposited at different sea level stands or allochthonous 
shallow water sediments that have been transported 
into deep water environments (Figs. 10.4, 10.7, 10.8).

10.3  �Tasmania

10.3.1  �Introduction

The two depocenters here are Bass Basin and the 
continental shelf. Bass Basin is bounded by shallow 
bedrock ridges on either side with local island com-
plexes on the ridges themselves. The northern side of 

Fig. 10.8  Bathymetric profiles across the shelf off the Bonney 
Coast at Robe and off the Otway Shelf at Portland (see Fig. 10.7 
for location) constructed from precision depth recorder records 

and illustrating distinctive bottom features, positions of promi-
nent gravel ridges and submarine terraces where possible, and 
the disposition of sedimentary facies
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the basin is framed by Cenozoic limestone cliffs and 
narrow beaches with younger volcanics in the east, 
and the outlet of Port Philip Bay, the large harbour for 
Melbourne (Holdgate et al. 2001) mid-way along the 
Victorian coast. The northern margin of the Tasmania 
consists of local Cenozoic limestones, extensive Pale-
ozoic glacigene sediments, and Jurassic volcanics.

Western Tasmania by contrast is a highly dissected, 
heavily forested bedrock upland. The geology, lying 
west of the Tamar Fracture zone, is complex and com-
posed of Precambrian crystalline rocks, early Paleo-
zoic sedimentary, volcanic, and ultramafic rocks and 
scattered Devonian granitoid bodies. The exception 
is Macquarie Harbour, which is located in a small 
Cenozoic graben. This wild, remote, and virtually 
unpopulated region is characterized by ragged head-
lands, deserted beaches, and forested mountains that 
are pounded by huge swells and swept by high winds. 
Rainfall exceeds 4 m year−1 and so rivers with high 
outflow dominate.

Southern Tasmania is a highly dissected coastline 
with numerous inlets and open estuaries with little 
freshwater input. Many of these estuaries are drowned. 
Such estuaries in northern Tasmania are all open 
because they are mesotidal (>2 m) with high river run-
off (rainfall = 2–3 m year−1) but low gradient.

The West Tasmania Shelf itself, between 40° and 
43.5° S, and 143.5° E and 147° E, is relatively narrow 
and overlies the Mesozoic Sorell rift-basin. There are 
few rivers of importance other than the Franklin River 
which has its outlet in Macquarie Harbour. Most of the 
beaches are siliciclastic sediment.

10.4  �The Bass Basin

10.4.1  �General Attributes

The basin, now manifest as Bass Strait, is largely a 
protected depositional environment wherein King 
Island and the Hunter Group as well as the island of 
Tasmanian itself serve to protect the basin somewhat 
from southwesterly seas and swell. Surface sediment 
in this shallow depression, almost all of which is in 
the shallow neritic environment, ranges from coarse-
grained across the eastern and western sills, to muddy 
in the basin center (Blom and Alsop 1988; Malikides 
et al. 1988; James et al. 2008).

10.4.2  �Local Oceanography

Water in summer is stratified with a warm (13°C–20°C), 
saline surface layer overlying a colder (7°C–13°C) less 
saline well-mixed layer below 60 mwd (Middleton 
and Black 1994). The warm layer is either part of the 
South Australian Current—Zeehan Current water that 
is driven into the Strait or intrusions of East Australian 
Current water from the east. The cold layer is Subant-
arctic Intermediate Water. Summer seasurface temper-
atures reach 17°C–18°C in the west and 19°C–20°C 
in the east. Cool subantarctic water is forced into the 
strait during winter (May–September) and the water 
column is thoroughly mixed with temperatures averag-
ing 13°C–15°C, with coldest temperatures (11°C) dur-
ing August–September. Saline bottom water is driven 
eastward during winter and flows off the edge of the 
continental shelf and down the continental slope off 
eastern Gippsland (the Bass Strait Cascade; Godfrey 
et al. 1980) and beneath the East Australian Current 
(Fig. 10.2).

Nutrient levels in the Strait are low throughout the 
year (<1 μmol of nitrates). Low salinity nutrient rich 
waters upwell off the eastern shelf break associated 
with the Bass Strait Cascade. Upwelling also accom-
panies severe winter storms in the southwest corner 
between King Island and Cape Grim; this is a poten-
tially important source of nutrients. Chlorophyll-a 
measurements are always slightly above 0.5 mg m−3, 
relatively high compared to the rest of the margin.

Strong oscillatory currents are present in Bass 
Strait. The current pattern is mostly tidal with residual 
currents being wind-driven. Strongest components are 
the semidiurnal tides across the sills, with flows up to 
2.5 m s−1 (~5 knots). The flow in the west is opposite 
to the flow in the east and so currents in the middle 
are slow.

10.4.3  �Neritic Sediments

Overview:  This shallow bowl-like depression is open 
to the west and to the east with shallow confining rims 
dotted with islands. Sediments near these islands are 
siliciclastic- and relict-rich with complex facies pat-
terns. Deposits along the mainland coast to the north 
and Tasmanian coast to the south are likewise silici-
clastic and relict-rich. Coarse carbonates cover the 
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shallow submerged ridges away from the islands and 
are a mixture of recent and relict-rich carbonate. The 
basin centre is floored by recent muddy carbonate 
(Figs. 10.4, 10.10).

Coastlines and Islands:   Sediment in shallows around 
the islands and close to the Victoria coast is locally 
quartzose (facies Q1). The relict inshore sands (facies 
R1, R2, R3) that typify the Otway coast continue east-
ward to Melbourne but further east they contain more 
recent materials and are thus relict-rich (facies M1, M2, 
M5). The most areally complex facies patterns occur 
around and adjacent to Cape Barren Island, Flinders 
Island and other associated small islands in the east. 
The facies range from quartzose (facies M2, Q1) to 
stranded coralline (facies C5), to relict-rich (facies 
M1, M2) to recent carbonate (C2, C6), all in relatively 
close proximity. Such complexity doubtless reflects 
local irregular bathymetry, contributions from island 
erosion and the influence of mixed Bass Strait, East 
Australian Current and seasonally upwelled waters.

Subaqueous Ridges:   The shallow ridges that run 
north from Cape Grim through King Island and north-
ward across Flinders Island to the Victoria coast are 
mostly sand-covered except near the islands where the 
sediment is more gravelly. Ridge sediments are mostly 
relict-rich (facies M2, M5) except at the crests where 
they contain numerous molluscs (facies C2). The sill 
along the eastern margin of the basin is similar with 
the ridge covered with bryozoan-dominated carbonate 
sands and gravels (facies C1) that are locally relict-rich 
(facies M1).

Subaqueous tidal dunes are present at 40–46 mwd 
in eastern Bass Strait, between Flinders Island and the 
mainland (Malikides et al. 1989). Similar dunes occur 
on the western side between King Island and Cape 
Grim. These bedforms (wavelength = 55–1,730 m, 
height = 2–12 m) are textured with many superimposed 
ripples and megaripples. Local tides are non-rectilinear 
and bedforms are transverse to ebb flow but subparallel 
to flood flow. Maximum spring tidal range is 3.0 m and 
tidal currents may reach speeds of 100 cm s−1 (2 knots).

Basin Floor:  Bathymetry deepens towards the basin 
floor bivalve mud environment and sediment in this 
becomes muddier with molluscs and bryozoans aug-
mented by progressively more numerous small ben-
thic foraminifers, echinoderms, calcareous worms, 
and sponge spicules (Blom and Alsop 1988; Nelson 

1988b). The muddy sands differ slightly along the 
western and eastern sides of the bowl; along the west-
ern side they are rich in scaphopods and pteropods 
(facies C8) whereas those in the east contain numerous 
delicate branching bryozoans (facies C7). The highly 
bioturbated, pelleted carbonate muds on the basin floor 
are coccolith-rich, and contain benthic foraminifers, 
tunicate spicules, broken planktic foraminifers, and 
some sponge spicules (facies C10).

10.5  �West Tasmania Shelf

10.5.1  �General Attributes

The shelf is narrow, mostly <50 km wide. The shallow 
neritic zone is <20 km wide and so most of the shelf 
is middle neritic. It borders a steep, forested hinter-
land with high rainfall, numerous rivers, and several 
prominent estuaries, especially Macquarie Harbour 
and Bathurst Inlet.

10.5.2  �Local Oceanography

Numerous small and a few large, high-gradient, west-
ward-flowing rivers deliver large amounts of fresh 
water to the ocean, resulting in a seaward-protruding 
low salinity lens in the upper 50 m (particularly off 
Macquarie Harbour) and seasonal freshening of the 
Zeehan Current (Cresswell 2000). Riverine flow is, 
however, not a source of nutrients because it is rich in 
tannin from peat bogs and such waters possess lower 
nutrients than the open sea (Crawford et al. 2000) 
(Figs. 10.2, 10.3, 10.9).

The Zeehan Current, averaging 0.3–1.0 m s−1, domi-
nates nearsurface water flow (Lyne and Thresher 1994). 
The Current is relatively warm (~12°C) in winter and 
streams down the western shelf around to eastern Tas-
mania and then northward as far as Maria Island before 
encountering and being mixed with the Eastern Austral-
ian Current. In summer, the Zeehan Current reaches 
southern Tasmanian where it is entrained into the East-
ern Australian Current that overshoots and extends 
200 km past the island. There is marked summer water 
stratification on the shelf. Relatively warm (16°C) high 
salinity surface water derived from the Great Australian 

10.5  West Tasmania Shelf



182	1 0  The Southeastern Continental Margin

Fig. 10.9  Temperature and salinity profiles for the upper 
1,000 m of the open ocean water column ( top) and the upper 
100 m of the shelf water column ( bottom) during summer and 
winter seaward on the western Tasmania shelf. AAIW Antarc-
tic Intermediate water, SAMW Subantarctic Mode Water. The 

thermocline and surface layers are composed of Sub-tropical 
Surface Water modified by summer heating and winter cool-
ing. (Compiled from CSIRO (2001) Data Trawler, Marine and 
Atmospheric Research (CMAR) Data Center, Commonwealth 
Scientific and Industrial Research Organization)
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Bight is underlain below the thermocline (50–80 mwd) 
by a layer of colder (12°C) high salinity water between 
80 and 170 mwd (Cresswell 2000), likely Flinders Cur-
rent water that is upwelled onto the shelf.

There is a 400 m deep surface mixed layer off the 
southern tip of Tasmania, coastal downwelling to 
400 mwd and upwelling between 1,500 and 400 mwd. 
Chlorophyll-a measurements there are always 
>0.5 mg m−3, again relatively high compared to most 
of the southern Australian continental margin.

10.5.3  �Marginal Marine

The coastline of western Tasmania is a largely inac-
cessible, wild, and poorly studied marginal marine 
environment. It is not an important depositional sys-
tem in areal extent. Precambrian and Paleozoic rocks 
dominate the region and form a mountainous coast that 
is covered by a dense, impenetrable temperate rainfor-
est that includes relict Gondwana elements such as the 
Southern Beech. The erosional coast consists of rocky 
headlands and a few pocket beaches.

10.5.4  �Marine Depositional Systems

Overview:  Marine deposition is taking place in estu-
aries and on the open shelf. The estuaries are poorly 
known, except for Bathurst Harbour. The neritic zone 
has been sampled to depths of 200 m, the deep neritic 
zone (Jones and Davies 1983b). The shelf is covered 
by coarse-grained sediment either sand, gravelly sand, 
or sandy gravel. Megafacies are relatively straightfor-
ward; inner neritic quartzose sand, mid-neritic relict-
rich sediment, and deep neritic-upper slope biogenic 
sands and gravels. This is a continuation of the general 
Otway Shelf facies trend although the sediments them-
selves are more quartzose overall. This relatively high 
siliciclastic content reflects outflow from the numer-
ous rivers draining adjacent highlands all along the 
west coast of the island. Most of the shelf, however, is 
veneered with bryozoan-rich sands and gravels that are 
locally muddier outboard (Fig. 10.10).

Shallow Neritic-Estuarine:  Bathurst Harbour, one of 
the two major estuarine systems along the west coast, 
has been recently studied and supports a unique depo-
sitional system (Reid et al. 2008). A sharp halocline at 

2–3 mwd in this elongate estuary separates dark, tan-
nin-rich, low-salinity surface water above from clear, 
normal marine bottom water. Tannins, while supply-
ing few nutrients, substantially reduce light penetra-
tion to bottom environments and result in a profoundly 
thinned photic zone and a mixing of deeper-water 
sub-photic biotas comprising soft corals, bryozoans, 
and sponges with other organisms more typical of the 
regional temperate, shallow-water marine environ-
ment. The well-defined halocline allows a typically 
marine biota, including echinoderms and otherwise 
deep-water organisms, to live in the dark, lightless 
bottom waters of this estuary. The bioclastic factory, 
producing both carbonate and biosiliceous particles, 
exists in marine subphotic bottom waters along incised 
channel and shallow rocky shoreline environments in 
the outer parts and surrounding inner parts of the estu-
ary. Organic-rich soft sediments in deeper (6–8 mwd) 
protected parts of the estuary, in contrast, generate few 
bioclasts, but contain high numbers of allochthonous 
sponge spicules that were transported from the adja-
cent bioclastic factory. Trapping of organic material 
within the inner estuary lowers sediment pH, thus pro-
moting dissolution of carbonate biofragments, result-
ing in the preferential preservation of siliceous sponge 
spicules. The resulting sediment is a spicule-rich silici-
clastic mud (facies B1).

Barrier estuaries and lagoons along the eastern and 
northeastern coast, which lie in a rainshadow and have 
rainfall amounts <100 cm, are hypersaline in the sum-
mer and so likewise do not deliver significant nutrients 
to the marine realm. Southern Tasmania possesses a 
highly dissected coastline with numerous inlets and 
open estuaries again with little freshwater input.

Shallow Neritic-Shelf:  Quartzose sands on the shelf 
proper are especially prominent opposite Macquarie 
Harbour, Bathurst Inlet and D’Entrecasteau Channel. 
They are generally facies Q1, similar to the sands on 
the Lacepede Shelf except that the recent biogenic 
component is more diverse wherein small benthic 
foraminifers, echinoid fragments, and calcareous 
worm tubes are equal to the contribution from bryo-
zoans and molluscs.

Middle Neritic:  Images of the epibenthic coppices 
(see Chap. 7) show bryozoan growth that is conspicu-
ously more extensive than on most of the Southwest-
ern Continental Shelf (except off the eastern Albany 
Shelf) or the South Australian Sea shelf. Bryozoans 

10.5  West Tasmania Shelf
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Fig. 10.10  Composition of surface sediment facies on the continental shelf around Tasmania. See Fig. 10.1 for additional nearshore 
bathymetric contours
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are, furthermore, noticeably larger, more numerous, 
and prolific in surface sediment than in most other 
areas.

Sediment to roughly 100 mwd are relict-rich; with 
abundant bryozoans (facies M4) along most of the 
shelf that are replaced by fine skeletal sands in the 
south (facies M5). Deposits below ~100 mwd are bryo-
zoan sands and gravels throughout (facies C1). Most 
bryozoan fragments are articulated zooidal, articulated 
branching and encrusting types inboard and robust 
rigid branching and fenestrate forms outboard. Coral-
line algal rods are absent although encrusting coralline 
fragments are present.

Deep Neritic:  Only the shallow part of the deep ner-
itic epibenthic scrub environment has been sampled 
(Jones and Davies 1983a) but it is either bryozoan sands 
and gravels or skeletal sands and gravels (facies C1 and 
C2). Sediment off the south coast at these depths is par-
ticularly rich in rigid delicate branching growth forms 
(facies C7). Living bryozoans are, as in the middle ner-
itic zone, mostly more numerous than elsewhere.

10.6  �Eastern Tasmania

10.6.1  �Oceanography

The eastern shelf is protected by Tasmania from SW 
waves and swells and is a lower energy, somewhat 
warmer water environment than along the west coast. 
Summer sea surface temperatures range from 18°C in 
the north to 13°C in the south but are <13°C throughout 
winter. Shelf waters are stratified during summer with 
warm waters extending down to 75–100 mwd, but well 
mixed to depths of 300 m during winter. When flow 
of the oligotrophic East Australian Current is reduced 
in winter, the shelf is covered to depths of 300 m by 
mixed waters, mostly of subantarctic origin. Nutrient 
levels overall are low (~3 μmol nitrate) but interrupted 
locally during summer by shelfward incursions of 
slightly higher nutrient (up to 6 μmol nitrate) waters.

10.6.2  �Sedimentology

Surficial sediments on the relatively narrow eastern 
shelf are conspicuously finer grained (generally muddy 

sands to locally muds) than those on the west coast, 
even though they display the same general facies dis-
position. Quartzose sands (facies Q1) occupy a narrow 
nearshore strip and floor Great Oyster Bay. Middle-
neritic deposits contain fewer relict particles (facies 
M5, R3) and include a higher proportion of biogenic 
fragments other than bryozoans and molluscs (facies 
C7, C11). Bryozoans are mostly fenestrate and articu-
lated branching types. The deep neritic environment 
is, however, similar to the west coast of Tasmania and 
dominated by bryozoan sands and gravels (facies C1) 
with many articulated branching, delicate branching, 
and fenestrate forms (Fig. 10.10).

10.7  �Synopsis

The continental margin that extends from Cape Jaffa 
eastward to Cape Otway and further south and east 
across the entrance to Bass Strait and south along the 
western coast of Tasmania is bathed in waters that 
become progressively colder southward. The shelf 
borders the Victorian and Tasmanian coast but is open 
across the entrance to Bass Strait. The area has sev-
eral particular characteristics, mainly the southward 
flow of the Leeuwin Current system, seasonal local 
upwelling and northward movement of the Subtropical 
Convergence Zone to intersect the Tasmanian coast, 
a mostly wet climate, attendant fluvial runoff, and a 
wave and swell climate that intensifies southward. The 
progressive decrease in seagrasses eastward and their 
virtual disappearance off western Tasmania coincides 
with their replacement by macroalgae in shallow ner-
itic environments and has a profound affect on carbon-
ate sedimentation.

The shelf overall is cool-temperate (cf. Betzler et 
al. 1997; James and Lukasik 2010) and grades south-
ward into a marginal cold polar setting. The carbonate 
factory appears to be most important in the mid- to 
deep neritic zone, with shallow-neritic seafloor envi-
ronments that border the coast rich in siliciclastic 
sediment or bare rock substrates that support a rich 
epifaunal benthic community.

1. � The most important control on carbonate sedimen-
tation appears to be seawater temperature, with 
upwelling and increased trophic resources aug-
menting carbonate production and accumulation. 
Decreasing water temperature precludes some of 
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the main sediment producers from the temperate 
carbonate factory, namely large benthic foramini-
fers, articulated coralline algae, and seagrasses. 
Summer upwelling in the Bonney Coast and win-
ter upwelling near King Island are not reflected by 
any profound differences in carbonate sedimenta-
tion. This may be because the waters are sourced 
from the Flinders Current system and so are not 
especially nutrient-rich. It does appear, however, 
that overall increased trophic resources result in 
amplified benthic productivity, as illustrated by the 
relatively larger proportion of bryozoans and the 
reduced numbers of relict grains in sediment.

2. � The marginal marine environment along the north-
ern part of the Otway Shelf is similar to that in the 
South Australian Sea but comparatively higher 
rainfall across the Otway Ranges and over western 
Tasmania leads to greater fluvial runoff. Rivers that 
deliver sediment to the coast are only significant, 
however, in Tasmania where shallow neritic envi-
ronments are characterized by siliciclastic sands.

3. � The change from a seagrass-dominated to mac-
roalgal-dominated shallow neritic zone eastward 
has several implications. Lack of extensive seagrass 
meadows means that:

  (a) � The sediment is not bound by extensive root 
systems and so is more easily moved, leading to 
more grainy deposits with physical bedforms.

  (b) � The epiphytes that are typically associated with 
the grasses, namely benthic foraminifers, artic-
ulate coralline algae, spirorbid worms, bryo-
zoans, and encrusting corallines are less well 
represented in the sediment.

  (c) � The diverse and abundant seagrass-associated 
mollusc community, especially gastropods, is 
low.

  (d) � Mud produced by epiphyte breakdown and 
bioerosion is absent.

  (e) � The highly productive seagrass carbonate fac-
tory is eliminated and so carbonate sedimenta-

tion rates are correspondingly reduced. This, in 
turn, results in part in the somewhat higher pro-
portion of siliciclastic sand inboard and relict 
grains on the mid-shelf.

By contrast, macroalgae, that are localized to hard sub-
strates, have an associated benthic biota that is domi-
nated by crustose coralline algae, echinoids, epifaunal 
molluscs, and bryozoans. Barnacles, which are asso-
ciated with such kelp forests elsewhere, are compara-
tively minor here, probably because of the relatively 
low trophic resource levels.

4. � The shallow neritic environment at the entrance to 
Bass Strait is quite different from the open shelf. 
Unimpeded water movement amplified by tidal res-
onance has created a series of impressive subaque-
ous carbonate sand shoals. These dunes are mainly 
bryozoan-rich deposits but with sands along the 
crest rich in mollusc fragments and relict grains.

5. � The marooned arborescent bryozoan ( Celleporaria 
sp.) facies C12 that is today colonized by azooxan-
thellate corals is particularly prominent in the deep 
neritic zone of the Otway Shelf but does not appear 
to be present off western Tasmania. The facies 
may, however, occur at the eastern entrance to Bass 
Strait.

6. � Bass Strait, an intrashelf basin like the Spencer 
Gulf and Gulf St. Vincent is, however, quite dif-
ferent from them. It is open to the ocean at either 
end, has currents flowing into the depression from 
both east and west, there is no significant evapora-
tion, and there are only local seagrass facies. Like 
the gulfs it is mostly shallow neritic with deepest 
water facies generally muddy. These fine-grained, 
coccolith-rich sediments contain a significant small 
benthic foraminifer, echinoid, worm and sponge 
spicule component. It is not certain if these muddy 
deposits contain the same large bivalve (e.g. Pinna) 
as in the gulfs.
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11.1  �Introduction

Diagenetic change begins early in carbonate depositional 
environments (Bathurst 1975; James and Choquette 
1990) and is usually manifest in the form of biogenic 
and chemical alteration (Fig. 11.1). The overall result of 
such processes in temperate water systems is loss of car-
bonate (Smith and Nelson 2003). Whereas this theme 
is true for the southern Australian open marine realm, 
large segments of the same marginal marine deposi-
tional system, because of semi-arid climate, are sites of 
intensive mineral precipitation.

11.2  �Marginal Marine Environments

Diagenesis in marginal marine settings across south-
ern Australia is most pronounced on muddy tidal 
flats, in restricted lagoons and estuaries, and in saline 
lakes. Sandy beaches are not usually prone to intertidal 
cementation and beachrock is rare.

Most diagenesis in tidal flats, lagoons, and lakes 
is in the form of carbonate and evaporite precipitates 
(see Chap. 5), particularly adjacent to the Albany 
Shelf, Great Australian Bight, the South Australian 
Sea and the Otway Shelf. These precipitates have 
been extensively documented with the most important 
and widespread being dolomite and other magnesium 
carbonates together with gypsum and minor halite 
(Belperio 1995). The dolomite and gypsum grow dis-
placively in the muddy carbonate sediment whereas 
the gypsum also precipitates directly out of seawater. 
These environments have many similarities to those in 
tropical environments such as the Persian Gulf (Purser 
1973; Alsharhan and Kendall 2003), and the Carib-
bean (Hardie 1977).

Such chemical precipitates are not present along 
the western Tasmania coast because of the relatively 
high rainfall. By contrast, however, at least one estu-
ary along the humid Tasmanian west coast is an area 
of carbonate loss wherein the skeletal particles are dis-
solved and the remaining biosiliceous spicules form 
the bulk of the sediment on the estuary floor.

11.3  �Neritic Environments

11.3.1  �Biological Alteration

Biological breakdown of carbonate particles is every-
where accomplished by predation and boring (Fig. 1.1). 
Predation is important in two ways; (1) particle size is 
reduced as a byproduct of biogenic breakage, especially 
by durophagus fishes, and (2) rasping of algal-covered 
rocky substrates by various herbivorous invertebrates 
produces mud-sized sediment. Boring weakens the rock 
or skeleton making it more susceptible to mechanical 
breakage and produces silt-size particles. The principal 
bioeroders in the neritic realm are boring micro- and 
macro-endoliths, as they are in most carbonate systems 
(Tucker and Wright 1990). The major microborers are 
cyanobacteria, green and red algae, and fungi (Fig. 11.2) 
(cf. Golubic et al. 1975, 2000). The most important 
macroborers are bivalves, sponges, barnacles, and 
worms. This process leads to the production of progres-
sively finer grains and eventually muds (Flügel 2004). 
The empty holes left by the endolith upon death also 
increases the surface area susceptible to chemical altera-
tion as well as weakening the skeleton.

The effects of such alteration have not yet been quan-
tified on the southern Australian shelf. Nevertheless, 
as a broad generalization, the processes documented 

Chapter 11
Diagenesis

N. P. James, Y. Bone, Neritic Carbonate Sediments in a Temperate Realm, 
DOI 10.1007/978-90-481-9289-2_11, © Springer Science+Business Media B.V. 2011



188 11  Diagenesis

for other cool-water carbonate systems (Farrow and 
Fyfe 1988; Young and Nelson 1988; Smith and Nelson 
2003) are also present here. In this context there are 
several pertinent observations concerning recent car-
bonate particles; (1) although microboring is present, 
it is not pervasive, particles are generally well pre-
served and, (2) microboring is much more prevalent in 
molluscs than in bryozoans.

11.3.2  �Chemical Diagenesis

Synsedimentary diagenesis of neritic carbonates is gen-
erally thought of as the combined effect of chemical 

and biological processes that lead to micrite envelopes, 
total micritization, and facies-specific cementation in 
warm-water environments (Bathurst 1975; James and 
Choquette 1990; Tucker and Wright 1990), and mac-
eration or seafloor dissolution in cool-water settings 
(Alexandersson 1978, 1979; Freiwald 1995; James 
1997; Smith and Nelson 2003).

The prevailing view, until recently, has been 
that cool-water carbonates undergo little synsedi-
mentary, chemical (constructive) diagenesis gener-
ally manifest as cementation (Nelson et al. 1988b; 
James and Bone 1989; James 1997). This notion is 
supported by several lines of evidence, in particu-
lar the absence of precipitated grains such as ooids, 
the relative paucity of non-biogenic carbonate mud 

Fig. 11.1  A flow diagram 
illustrating the different types 
of biological and chemical 
alteration processes affecting 
carbonate particles on and 
just below the modern neritic 
seafloor off southern Australia 
and highlighting the major 
processes and products
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in neritic environments, the lack of micrite enve-
lopes, and the apparent scarcity of synsedimentary 
cements. This perception seems to be supported by 
the fact that relatively low water temperatures result 
in slower reaction rates, higher ion activity prod-
ucts, and lower saturation levels for the carbonates. 
Whereas this is largely true, recent studies in south-
ern Australia indicate not only that synsedimentary 
carbonate precipitation is taking place, but paradoxi-
cally that mineral-specific dissolution is also wide-
spread (James et al. 2005; Rivers et al. 2008) in this 
cool-water system. These findings are in turn sup-
ported by observations of similar Cenozoic deposits 
in the region (James and Bone 1989, 1994; Kyser 
et al. 2002). Such processes are important because 
they dramatically change the character of the result-
ant deposits that enter the geological record.

11.3.3  �Synsedimentary Cementation

Synsedimentary lithification in the form of extensive 
hardgrounds has not been demonstrated in neritic envi-
ronments on the southern Australian shelf. This could 
be for two reasons; (1) they are not there, or (2) they are 
there but cannot be sampled. The relatively deep nature 
of the shelf and the high-energy sea state necessitates 
remote sampling and observation, as opposed to direct 
observation in shallow warm-water environments. By 
contrast, there is recurring evidence of particle cemen-
tation, largely in the form of grain aggregates. Perhaps 
the most convincing evidence, however, comes from 
the composition of relict grains, wherein early cement 
precipitation plays an important role.

11.3.3.1  �Grain Aggregates

Sand-size particles of all types, calcareous skeletons, 
dolomite crystals, and siliciclastics, can be cemented 
by white to buff, microcrystalline Mg-calcite (Fig. 11.3) 
(Bone et al. 1992; Rivers et al. 2008). Such sand-size 
particle aggregates are found across the southern mar-
gin to ~100 mwd. They usually form a minor, <5% 
fraction of the sediment but are not present every-
where. The calcite cement crystals are platy to euhe-
dral, <10 μm in size, and contain 10–14 mol% MgCO3. 
These cements are identical to those found in the 
intraskeletal pores of various skeletal grains.

11.3.3.2  �Relict Particles

These iron-stained, abraded grains are either skeletons 
or intraclasts (Chap. 3). The material in intraskel-
etal pores and the red-brown microcrystalline mate-
rial cementing intraclasts is Mg-calcite with minor 
amounts of clay. This calcite is identical to that in grain 
aggregates, <10 μm rhombs containing 10–14 mol% 
MgCO3.

11.3.3.3  �Hardgrounds

There are almost no recorded hardgrounds other than 
granule-size clasts. One exceptional example, however, 
comes from 130 mwd on the Ceduna sector (Nelson 
and James 2000). The limestone slabs have intra- and 
interparticle cements in the form of <10–70 μm-thick 
isopachous rinds of fibrous calcite spar and genera-
tions of interstitial micrite, especially microbioclas-
tic and micropeloidal varieties (Fig. 11.4). Cement 
is predominantly Mg-calcite averaging 13–14 mol% 
MgCO3. The hardground is likely stranded shallow 
neritic because the 14C age of a Glycymeris cemented 
into the limestone is 18,400 ± 150 years BP.

11.3.3.4  �Micrite Envelopes

In spite of evidence that cementation is occurring, albeit 
not extensive, grains are rarely if ever surrounded by a 
micrite envelope. Microborings in tropical settings are 
generally filled with microcrystalline Mg-calcite or 
aragonite, much of which is cement (Bathurst 1975). 

Fig. 11.3  Aggregate grains. (a) Skeletal particles and dolomite 
rhombs cemented together by microcrystalline magnesium cal-
cite. (b) Scanning electron microscope image of the magnesium 
calcite crystals. (Images courtesy of J. Rivers)
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Microborings in these sediments are either empty or 
more often filled with amorphous Fe-oxides.

11.3.4  �Fe-oxide Coating and 
Impregnation

Iron is a conspicuous component in these carbonates 
sediments. It is most obvious as the buff, yellow, and 
brown discoloration of stranded and relict grains. Riv-
ers et al. (2007, 2008) have documented the nature of 
iron associated with particles in the neritic zone. No 
discoloration is apparent in some grains, whereas in 
others the staining is evident as a rim of brown impreg-
nation with the central portion of the grain unaltered. 
Most discoloration follows borings, is blotchy, or is 
pervasive. Intraskeletal microcrystalline cement is 
generally more intensely stained than the skeleton 
itself. Attempts to identify the clay and Fe-bearing 
phases were undertaken using selective dissolution 
techniques and a Gandolfi X-ray camera, but were 
unsuccessful perhaps due to the minute portion of 
the phases. Nevertheless, under SEM it appears that 

the dull buff color of stranded grains and the orange-
brown color of relict grains is due to clay particles and 
associated Fe-bearing phases.

This situation is superficially similar to that on the 
outer shelf (200–300 mwd) of eastern Australia where 
Marshall (1983) found that the dark reddish brown or 
yellow-green planktic foraminifer chamber fillings 
and mollusc shell impregnations were verdine (bereth-
erine) and goethite. Such sediments were interpreted 
to be relict with verdine originally forming in shal-
low water and presently breaking down to goethite 
under the modern oxidizing conditions. Although such 
a process is viable for neritic sediments off southern 
Australia, no verdine phases have been observed.

Quartz grains from southeastern Australian beach 
sand are stained by Fe oxides coating clay particles 
(Sullivan and Koppi 1998) with Si/Al/K ratios similar 
to those detected by Rivers et al. (2008). The clay is 
a mixture of illite and kaolinite, whereas the Fe oxide 
phase is goethite.

Goethite is the most common Fe oxide in marine 
sediments (van der Zee et al. 2003). Precipitation of 
Fe oxides in marine pore waters is a product of redox 
cycling (Burdige 1993). Microbes may, however, play 
a more direct role in the Fe-staining of the sediments. 
Raghukumar et al. (1989) noted the presence of Fe oxide 
deposited by boring cyanobacteria in bivalve shells. The 
staining of borehole walls in relict skeletal grains dem-
onstrates that a similar process might be partly responsi-
ble for dissemination of Fe oxide in the shelf sediments. 
With little fluvial input in the region, the ultimate source 
of iron in the sediments is likely aeolian (Fig. 11.5).

Fig. 11.4  Thin section image under crossed-polarized light of a 
marine hardground dredged from 130 mwd in the eastern Great 
Australian Bight south of Port Lincoln. The particles of coralline 
algae (A), benthic foraminifers (BF), molluscs (M), and intrac-
lasts (IC) are cemented together by an isopachous rind of mag-
nesium calcite (HMC–13 mol% MgCO3) cement. The mollusc 
has a 14C age of 18,400 years BP. Remaining spaces between the 
grains and postdating the cement is a fill of planktic foraminifer-
rich carbonate mud (IS). The cement is interpreted to be shal-
low marine and coincide with the last glacial maximum sealevel 
lowstand whereas the muddy internal sediment records the sub-
sequent sealevel rise; V = void

18,400 yrs
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Fig. 11.5   Iron-rich siliciclastic dust from central Australia 
blowing south off the cliffs and out to sea along the northern 
shore of Investigator Strait, Yorke Peninsula; circled automobile 
for scale
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11.3.5  �Synsedimentary Dissolution

A recurring observation in neritic cool-water car-
bonates, particularly Cenozoic deposits, is that the 
original particles were composed mainly of calcite 
skeletons. This is because there is no evidence in 
many Cenozoic limestones, either in the form of cal-
citized shells or skeletal molds, that there were any 
aragonitic skeletal particles originally. This obser-
vation appears to be in direct contrast to the min-
eralogical composition of sediments in the southern 
Australian neritic realm.

Analysis of sediment samples from the Great 
Australian Bight and Lacepede shelves (James et al. 
2005) indicates that the Holocene sediment fraction 
is a mixture of aragonite, LMC, IMC, and HMC. 
They are, however, overwhelmingly dominated by 
aragonite (Figs. 11.6, 11.7). Compositionally on the 
Great Australian Bight, the aragonite components 
range from 100% molluscs and 0% bryozoans to 15% 
molluscs and 85% bryozoans, averaging 63% mol-
luscs, 35% bryozoans, and 2% other grains. On the 
Lacepede Shelf (as measured in 21 thin sections) the 
ranges are similar, from 100% molluscs and no bryo-

zoans to 14% molluscs and 86% bryozoans, averag-
ing 58% molluscs and 39% bryozoans with 3% other 
particles.

Spatially on the Great Australian Bight most such 
sediments have >50% Holocene aragonite particles 
(Fig. 11.6), except for inshore facies west of the Roe 
Plain, that are dominated by coralline algal rhodo-
liths (HMC). Most inner and middle neritic environ-
ments contain >70% aragonite, with large areas having 
>80%. A similar pattern is evident on the Lacepede 
Shelf (Fig. 11.7), where areas with >70% aragonite 
extend across the middle and deep neritic zones and 
comprise the whole shelf off Robe. Like the Great 
Australian Bight, there are areas of the outer shelf that 
are conspicuously low in aragonite directly adjacent to 
regions of high aragonite content.

This apparent mineralogical contradiction is not 
new; there has always been a nagging suspicion that 
much of the aragonitic biota in Cenozoic cool-water 
limestones was somehow lost prior to initial lithifica-
tion (Beu et al. 1972; Nelson 1978; Nelson and James 
2000). The abundance of aragonite in southern Aus-
tralian neritic sediments compared to similar Ceno-
zoic deposits would seem to confirm this notion and 

11.3  Neritic Environments

Fig. 11.6  The percentage of aragonite in Holocene sediment on 
the Great Australian Bight as determined by X-ray diffraction 
(modified from James et al. 2005). Dots are samples analyzed. 
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furthermore suggest that such loss was via dissolution 
in the marine environment.

The principal control on carbonate dissolution in 
seawater is mineralogy (Bathurst 1975; Morse and 
Arvidson 2002). Secondary control revolves around 
multiple intrinsic variables (Martin 1998; Smith and 
Nelson 2003) such as skeletal robustness (Davies et al. 
1989; Smith et al. 1992), grain size (Walter and Burton 
1990), organic coatings, intraskeletal pore space and 
amount of intercrystalline organic material (Freiwald 
1995), as well as size and shape of crystallites (Walter 
and Morse 1984, 1985; Henrich and Wefer 1986).

James et al. (2005) determined that seawater in this 
region is oversaturated with respect to both arago-
nite and calcite to depths of 1000 m. Ωaragonite values 

at 100 mwd are 2.8–3.2, being highest in the central 
Great Australian Bight and lowest on the outer Great 
Australian Bight and Lacepede Shelf. Values decrease 
with depth to ~2.80 at 200 mwd, ~2.65 at 300 mwd and 
1.35–1.45 at 1000 mwd. Ωcalcite values over the same 
depth range vary from ~4.6 at 100 mwd to ~2.20 at 
1000 mwd. Thus, from the perspective of solution 
chemistry, seawater overlying modern neritic seafloor 
carbonate sediments in this region is more than 2× 
oversaturated with respect to aragonite, confirming 
that aragonite is not dissolving because the water mass 
is undersaturated. There must be some other reason. 
James et al. (2005) concluded that changes leading to 
undersaturation could have been brought about by the 
oxic to anoxic microbial degradation of sedimentary 

Fig. 11.7  The percentage of aragonite in Holocene sediment on 
the Lacepede Shelf as determined by X-ray diffraction (modi-
fied from James et al. 2005). Dots are samples analyzed. LMC 
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organic matter (Froelich et al. 1979) via several path-
ways, including: (1) aerobic oxidation of organic mat-
ter, (2) oxidation of reduced by-products and H2S, (3) 
sulphate reduction and (4) anaerobic methane oxida-
tion. Such processes are decoupled from overlying 
bottom waters, and have little relationship to the satu-
ration state of the ambient seawater. Walter and Bur-
ton (1990), Walter et al. (1993), Patterson and Walter 
(1994), and Ku et al. (1999) demonstrated that in 
photozoan sediments from Florida and the Bahamas, 
where seawater is oversaturated with respect to arago-
nite yet pore waters are saturated or undersaturated, 
approximately 50% of the sediment has undergone 
dissolution.

Refining this argument, Rivers et al. (2008) 
observed that although aragonitic components make 
up 40–90% of Holocene carbonates on the Lacepede 
Shelf and the Great Australian Bight, there is ~40% 
less aragonite in stranded sediments compared to 
Holocene ones. Furthermore aragonite only comprises 
~5% of relict grains and in the case of gastropods the 
grains are mainly steinkerns. That this loss of arago-
nite is a marine process is confirmed by the unaltered 
mineralogy of Marginopora vertebralis (10–13 mol% 
MgCO3) in both stranded and relict sediments. This 
observation further indicates that there has been no 
Mg-calcite neomorphism over this time. Such results 

imply that in the present shelf depositional system 
most aragonite should be lost via reactions associated 
with the aerobic oxidation of organic matter in the very 
shallow subsurface in ~20,000 years (Fig. 11.8).

A caveat to the foregoing discussion is that arag-
onitic skeletons, particularly gastropods, infaunal 
bivalves, and locally parts of bimineralic bryozoans, 
are preserved in some shallow neritic and marginal 
marine carbonates. The precise reasons for this situa-
tion are unclear. It could be related to the faster deposi-
tion rates in these environments and thus less time for 
shallow sub-seafloor alteration.

11.4  �Synopsis

Early diagenesis is widespread in marginal and marine 
environments along the southern Australian continen-
tal margin.

1. � Alteration and mineral precipitation in the mar-
ginal marine setting is climate controlled. These 
processes are most active where the climate is 
semi-arid or locally arid, particularly adjacent to 
the Albany, Great Australian Bight, and South 
Australian Sea sectors. The humid climate adjoin-
ing the eastern parts of the Otway Shelf and  

11.4  Synopsis

Fig. 11.8  A diagram illustrat-
ing the major loss of aragonite 
in surface sediments just 
below the seafloor across 
much of the southern conti-
nental margin over an esti-
mated period of ~20,000 years
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Tasmania results in minor early diagenesis, except 
in restricted estuaries.

2. � Marginal marine alteration under the semi-arid cli-
mate is focused in saline lakes, lagoons, and peritidal 
mud flats. Precipitation of dolomite and other Mg-
carbonates, and evaporites (particularly gypsum) 
are widespread. The suite of sedimentary structures 
associated with similar environments elsewhere (e.g. 
Shark Bay, Persian Gulf) are common.

3. � Biological diagenesis in the marine realm is exten-
sive. All particles are subject to boring by micro-
endoliths. The lack of marine cement in the empty 
microtubules, unlike microcrystalline cement pre-
cipitation and formation of micrite envelopes in the 
tropics, leads to rapid grain breakdown.

4. � Contrary to expectation, there is evidence of construc-
tive diagenesis. Aggregate grains, sand-size particles 
formed by smaller biofragments, quartz and dolo-
mite are cemented by microcrystalline 10–14 mol% 
MgCO3. Hardgrounds, although not widely docu-
mented, are present locally with particles cemented 
by fibrous 13–14 mol% MgCO3. Relict grains are 
cemented by microcrystalline 10–14 mol% MgCO3.

5. � Fe-oxides coat relict grains and to a lesser extent 
stranded particles. The source of the iron is likely 

aeolian dust but it is as yet uncertain how this 
is fixed on the grain surface. The intensity of 
impregnation increases with length of time on the 
seafloor.

6. � Holocene skeletal particles on the Great Australian 
Bight and the Lacepede Shelf are composed mainly 
of IMC, LMC and aragonite, yet similar Cenozoic 
deposits commonly contain little or no evidence of 
ever having aragonitic components. The implica-
tion is that aragonite is lost before these sediments 
pass, with time, into meteoric or burial diagenetic 
environments. Modern seawater is, however, more 
than 2× saturated with respect to aragonite in south-
ern Australian neritic environments. Thus, dissolu-
tion must be taking place in the shallow subsurface. 
Such dissolution is thought to occur via undersatu-
ration brought about by oxic and anoxic microbial 
degradation of organic matter. Aragonite appears to 
be lost within ~20,000 years.

7. � Such loss of aragonite means that sediments go into 
the rock record missing a large proportion of their 
original components; thus the geological record of 
such deposits is biased. This loss may also account 
for the apparent low accumulation rates of many 
cool-water carbonates.
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12.1  �Introduction

Carbonate sediment, generated by marine microbes, 
plants, and animals, covers many continental shelves 
of the world and has done so throughout much of geo-
logical history. Biofragments produced in the sea are 
unusually sensitive proxies that record the health of the 
oceans, their changing composition, and within their 
calcareous hard parts contain irrevocable evidence of 
global tectonic evolution. One of the ongoing quests 
of earth science is to ascertain how faithfully these cal-
careous particles encrypt environmental information. 
It has long been known, for example that modern trop-
ical reefs, ooid shoals, and muddy tidal flats are pow-
erful tools for unlocking past marine environments. 
Only recently has it become clear that carbonate sedi-
ments in temperate and polar oceans are widespread, 
distinctive, and important and thus can also be used 
to decipher the nature of ancient mid- and high-alti-
tude oceans. The deposits that are documented herein, 
along the southern margin of Australia, are extremely 
important in this endeavour because they comprise the 
largest deposit of such carbonates in the modern world. 
Thus, this vast neritic realm contains information that 
can be used to unlock the nature of many Cenozoic 
and Mesozoic limestones, and to help formulate mod-
els that together can act as an intellectual bridge into 
the older world of ancient Paleozoic carbonates.

Each large modern depositional province is unique 
in the sense that sedimentation is controlled by an 
integrated set of variables (Fig. 12.1). The southern 
Australian continental margin is no exception. Such 
controls are both extrinsic or allogenic and intrinsic 
or autogenic. The most important extrinsic control 
is sea level fluctuation. In this region the sediments 
have accumulated during the late Quaternary, a period 

of dramatic sea level change on the order of 100 m. 
The intrinsic controls are more numerous, specifically 
geography, tectonic history, climate, oceanography, 
and seawater nutrient levels. The southern Australian 
shelf is mostly zonal (latitude parallel) and has under-
gone relatively recent uplift. Whereas the climate is 
largely Mediterranean, the ocean is cold, stormy, and 
extremely energetic. Trophic resource levels are rela-
tively low throughout. It is the partial or complete inte-
gral of all these controls that determines the spectrum 
of the modern surficial sediments.

12.2  �Environmental Controls

12.2.1  �Geography

This immense shelf stands out against other temperate 
depositional regions in the modern world. Most others, 
such as those around New Zealand, along the margin of 
continents in the Atlantic, adjacent to southern Africa in 
the Indian Ocean, and around the Pacific Rim are meri-
donal and so change rapidly from north to south. Only 
the roughly latitude parallel Mediterranean Sea is some-
what similar but it is a much lower energy system over-
all. Southern Australia is different because it is zonal 
and so variations in oceanography and climate affect 
sedimentation in more subtle ways than elsewhere.

12.2.2  �Sea Level History

The vast open shelf has over the last 100,000 years 
ranged from being completely inundated and under 
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relatively deep water as it is today (MIS 5 and 1) to 
being only partially covered by shallow water (<10 m) 
with the shoreline moving back and forth across what 
is now the middle neritic zone (MIS 3 and 4), to being 
almost completely exposed with the coastline at mod-
ern depths of ~120 m (MIS 2) in the deep neritic zone 
near the present shelf edge (Fig. 3.17). Thus, the sedi-
ments are first and foremost palimpsest, a mixture of 
materials produced and diagenetically altered during all 
of these phases. Relict grains are mixed with stranded 
grains and these particles serve as a substrate for the 
accumulation of Holocene biofragments (Fig. 12.2).

12.2.3  �Geology and Tectonic History

The shelves and gulfs are the product of regional geol-
ogy. The two Precambrian cratons of mostly hard 
crystalline rocks are resistant to erosion and so have 
relatively narrow shelves. The wide Great Australian 
Bight is largely a product of northward moving marine 
erosion of soft Cenozoic Eucla Basin carbonates. The 
Otway and western Tasmania shelves are relatively nar-
row because of relatively recent uplift and hard coastal 
lithologies. The two gulfs of the South Australian Sea 
that pierce the hinterland are due to subsidence along 
reactivated ancient north-south Precambrian faults.

Accommodation on the shelf is a function of the 
interaction between sea level change and tectonic 
movement. Rifting and passive margin subsidence 
during the Cenozoic provided the framework for thick 
and extensive Eocene to middle Miocene largely car-

bonate sediments, but this situation was interrupted by 
late Miocene tectonic inversion. Such relatively recent 
uplift, deformation, and tilting not only exposed the 
inner parts of much of the shelf composed largely of 
Paleogene and early Neogene sediment and sedimen-
tary rocks, but also slowed or arrested ongoing shelf 
subsidence, thus reducing sediment accumulation 
space. The Great Australian Bight, for example, is a 
bipartite shelf wherein the inner shelf is eroded into 
Cenozoic limestone and dusted with Holocene carbon-
ate sediment whereas the outer shelf and upper slope 
is a late Neogene, prograding carbonate sediment 
wedge (James and Bone 1994; Feary and James 1998) 
(Fig. 3.16).

12.2.4  �Climate

The semi-arid Mediterranean climate (Fig. 2.6) over 
much of the area has several important consequences, 
namely lack of terrestrial sediment and nutrient input, 
seasonal seawater heating, and extensive marginal 
marine evaporite systems.

The relative paucity of rain throughout the region, 
except for Victoria and western Tasmania, means 
that fluvial input is negligible. This is even true for 
the River Murray, the largest river in Australia, that is 
currently not delivering any sediment to the sea. This 
situation means that in most areas carbonate sediments 
can accumulate unimpeded by terrigenous clastic 
sediment deposition, a prime prerequisite for carbon-
ate sedimentation in general (James et al. 2009) and 

Fig. 12.1   A sketch illus-
trating the autogenic and 
allogenic controls on carbon-
ate sedimentation along the 
southern continental margin 
of Australia
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cool-water carbonates in particular (Nelson 1988a). 
Nevertheless, the River Murray was an active fluvial 
depositional system during the LGM when it flowed 
across the shelf and into the Murray Canyon (von der 
Borch 1968; Hill et al. 2009). Much siliciclastic sand 
was blown out of the river and eastward across the 
coastal plain such that most of the shelf is now covered 

with this late Pleistocene quartzose sand (James et al. 
1992; Hill et al. 2009). The modern biota is merely 
an addition to this siliciclastic sand blanket. By con-
trast, rivers along the wet coastline of Tasmania still 
deliver a considerable amount of terrigenous sediment 
to the sea and so shallow neritic sediments are largely 
siliciclastic.

Fig. 12.2   Sketches depicting different types of palimpsest sedi-
mentation on the southern Australian continental shelf. (a) A 
seafloor of relict sand particles, both lithoclasts and bioclasts, 
formed during marine isotope stages 3 and 4, that now serve 
as a substrate for the growth of a recent epibenthos dominated 
by bryozoans, sponges, molluscs, and benthic foraminifers that 
together produce a variety of carbonate sediment particles. 
(b) Paleostrandline ridges of relict boulders and cobbles together 
with shallow water bivalves that are today sites of recent rocky 
reef epibenthic growth dominated by bryozoans, sponges, mol-

luscs, and benthic foraminifers. (c) A seafloor of carbonate sand 
dominated by stranded particles of articulated coralline algae and 
molluscs that formed in a seagrass environment during the early 
stages of the last sea level rise (16–11 ka) when the water depths 
were much shallower than today; the seafloor is now occupied 
by a middle to deep neritic epibenthic biota. (d) The exhumed 
surface of deep water sponge-bryozoan mounds (MIS 2)  
composed of large bryozoan skeletons that are now in the deep 
neritic environment and populated by living sponges, bryozoans, 
and azooxanthellate corals
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Lack of fluvial input also results in little or no deliv-
ery of nutrients to the marine realm. Hence, overall 
biological productivity is reduced in nearshore areas 
because of low trophic resources. The role of Fe-rich 
aeolian dust blown offshore from the continental inte-
rior is as yet unclear in the trophic resource spectrum 
of this region.

Cool-water carbonate systems elsewhere lie in the 
stormy mid-latitude belts with associated relatively 
high rainfall. This is also true for the southeastern 
shelf of Australia. By contrast, the South Australian 
Sea and most of the Great Australian Bight lie under 
a semi-arid climate. This situation results in summer 
temperatures that exceed 40°C in many places and 
attendant extensive evaporation. Hence the marginal 
marine environment is locally one of evaporites and 
muddy tidal flats like those of such tropical areas as 
the Persian Gulf and the Bahamas. This situation leads 
to one of the more surprising results of this research, 
the juxtaposition of marginal marine evaporite systems 
and marine cool-water carbonate sediment.

Hot summer days also result in heating of shallow 
waters allowing some photozoan carbonate producers 
to exist in local shallow environments, specifically 
large benthic foraminifers, a few zooxanthellate cor-
als, and green calcareous algae. This heating also leads 
to strong thermal stratification and local thermohaline 
seawater circulation.

12.2.5  �Oceanography

The Southern Ocean has one of the most energetic sea 
states on the globe and this situation profoundly affects 
biology and sedimentation. Waves and swells from 

the south batter exposed rocky and cliffed coastlines 
and sweep unimpeded onto extensive sandy beaches 
backed by dune complexes. These shores are partially 
protected by prolific seagrass banks that absorb some 
of the energy. Low-energy muddy strandline deposition 
only occurs in large gulfs or small embayments that 
are somewhat protected from this turbulent ocean.

Waves and swells result in the continuous move-
ment of grains to 60 mwd on the open shelf. This leads 
to extensive regions of the shelf where particles are in 
almost constant movement and only the most securely 
attached epifauna or adapted infauna can survive. Thus, 
all deposits outside inboard protected or outboard deep 
neritic environments are grainy.

Most of the shelf lies to the north of the Subtropi-
cal Convergence Zone and so is bathed in subtropical 
waters. The temperatures of such waters only locally 
rise above 20°C and become colder from west to east, 
being coldest in southern Tasmania. In terms of car-
bonate sedimentation, the seafloor west of Kangaroo 
Island is warm-temperate whereas to the east it is cool-
temperate (cf. James and Lukasik 2010) with the Lace-
pede Shelf being a transition zone (Fig. 12.3). Summer 
heating results in a stratified water column that is 
destroyed by autumn and winter storms and results in 
a deep mixed water column during winter.

Water flow is dominated by two opposing shelf 
edge—upper slope current systems, the eastward-
flowing Leeuwin Current System and the westward-
flowing Flinders Current System (Figs. 2.7, 2.8). The 
Leeuwin Current brings warm oligotrophic waters 
into the Great Australian Bight region from the west 
during winter and the ongoing South Australian Cur-
rent and Zeehan Current transport relatively warm 
and saline waters eastward along the outer shelf. The 
most important attribute of this system is that it blocks 

Fig. 12.3   Southern Australian 
continental shelf illustrat-
ing the location of the warm 
temperate and cool temperate 
provinces with the southern 
Kangaroo Island and Lace-
pede Shelf being transitional 
regimens. Image courtesy of 
Geoscience Australia
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extensive upwelling despite favourable seasonal wind 
circulation. This overall downwelling situation, com-
bined with the lack of terrestrial nutrient element sup-
ply, results in a generally low mesotrophic to marginal 
oligotrophic trophic resource system (see below). The 
Flinders Current system that flows below or outboard 
of the Leeuwin Current system advects Subantarctic 
Mode Water and Antarctic Intermediate Water with 
elevated nutrients westward parallel to the upper slope. 
Local conditions, especially on the Bonney Coast, 
south of Kangaroo Island, and in the eastern and pos-
sibly western Great Australian Bight allow this water 
to locally upwell onto to the shelf. Such an overall cir-
culation pattern leads to a benthic and pelagic environ-
ment that is one of general low productivity, except in 
the discrete areas of upwelling.

12.2.6  �Trophic Resources

Australian marine environments are generally low in 
nutrients and consequently have relatively low bio-
logical productivity (Zann 2000). The shelf waters are 
dominated by low-nutrient water masses (with espe-
cially low nitrates and phosphates), there are no major 
upwellings of nutrient-rich deep water, the runoff 

from ancient leached soils is naturally low in nutri-
ents, and the rainfall is low. As a result, large areas 
of the ocean around Australia are virtual biological 
deserts. The low mesotrophic (0.1–0.5 chlorophyll-a 
μmol m−3) nature of the southern continental margin 
(Fig. 12.4), with some waters borderline oligotrophic, 
contrasts with most other mid-latitude oceans that 
are mid to high mesotrophic (Longhurst 1998; Halfar 
et al. 2004).

The Subtropical Convergence Zone (Fig. 2.7), a 
biologically productive zone in itself, largely isolates 
the southern part of the continent from nutrient rich 
subantarctic waters. The continental margin is, never-
theless relatively close to these productive waters and 
they play an important role in overall bioproductivity. 
This is firstly manifest when the Subtropical Conver-
gence Zone moves northward during summer months 
to lie at about the latitude of Macquarie Harbour, Tas-
mania (Fig. 10.3). Secondly, the Flinders Current is 
formed from Antarctic Intermediate water and Subant-
arctic Mode Water just southwest of Tasmania (Barker 
2004) and it moves this water northward and westward 
along the upper slope across southern Australia to 
Cape Leeuwin and beyond. This water in turn upwells 
onto the shelf during summer and in this way elevated 
nutrients from Antarctica are delivered to a variety of 
neritic environments along the shelf.

12.2  Environmental Controls

Fig. 12.4   A cross plot of 
minimum sea surface tempera-
ture and seawater chlorophyll 
content with appropriate envi-
ronments wherein the different 
carbonate sediment associa-
tions are plotted; conditions 
on the southern Australian 
shelf are highlighted. (Modi-
fied from James and Lukasik 
2010)
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More specifically, upwelling forms an ~800 km 
long coastal upwelling system from about Ceduna in 
the eastern Great Australian Bight, to Portland on the 
Otway Shelf (Kämpf et al. 2004; Ward et al. 2006; 
Levings and Gill, in press). Mathematical modeling, 
although the database is small, supports this concept 
(Middleton and Bye 2007). The region, especially the 
eastern Great Australian Bight, supports a rich and 
diverse summer ecosystem of sharks, whales, sea lions, 
and fur seal colonies as well as sardines, anchovies and 
bluefin tuna. Ward et al. (2006) contended that with 
chlorophyll-a values that are similar to those in the 
lower portions of the California, Benguela, and Hum-
bolt upwelling current systems, the region affected 
by coastal upwelling is moderately productive during 
summer and early autumn months, more so than off 
most of Australia. The other areas of upwelling are 
along the western Albany Shelf (Capes Current) and 
off northwest Tasmania.

As stressed above, the ocean off southern Australia 
changes dramatically with the seasons; winter and 
spring are times of downwelling everywhere, summer 
and autumn are still characterized by overall down-
welling but are also punctuated by local upwelling. 
There is a general correlation between nutrient levels 
and carbonate sedimentation at the broad scale on the 
open shelf. Relict sediments are particularly useful in 
this regard because these late Pleistocene particles can 
be used as proxies for relative rates of carbonate pro-
duction. If the proportion of relict grains in the sedi-
ment between ~60 and ~140 mwd is high (>50%) then 
there has not been much Holocene sediment produc-
tion, whereas if they are low then production has been 
somewhat greater. Although a qualitative measure, 
these assumptions are useful.

Relatively low nutrient levels are present over the 
Eyre Sector, the Lacepede Shelf, and the Lincoln Shelf. 
Summer heating and attendant evaporation, together 
with predominant downwelling in the Eyre sector pro-
duce the Great Australian Bight plume, a nutrient-poor, 
relatively saline water mass that drifts eastward during 
autumn (Fig. 8.6). Sediments beneath this plume con-
tain the highest proportion of relict grains anywhere 
on the southern margin. This relationship is interpreted 
to reflect arrested Holocene sediment production. The 
perpetual downwelling leads to low rates of sedimen-
tation in deep neritic environments here and attendant 
migration of slope facies up onto the shelf (Fig. 12.9). 
The Lincoln Shelf productivity may be reduced by 

flow of the nutrient-depleted saline waters out across 
the shelf during winter. The wide Lacepede Shelf does 
not appear to be affected by any significant upwelling 
and so has remained largely a siliciclastic neritic depo-
sitional environment.

Upwelling and temporally elevated nutrients seem 
to correlate with active carbonate production on the 
Bonney Shelf, south of Kangaroo Island, and in the 
Ceduna sector, but in each case with caveats. The 
narrow Bonney Shelf is covered with carbonate sedi-
ment, with the deep neritic zone especially prolific, but 
generalizations are difficult to make because of active 
downslope sediment movement. The middle and deep 
and neritic seafloor south of Kangaroo Island may be 
likewise prolific, but there, sedimentation is attenu-
ated somewhat above 200 mwd because of saline water 
outflow from Spencer Gulf during winter. As stressed 
above, sedimentation below the Great Australian Bight 
Plume is low but in the middle of this zone there is 
an area of active bryozoan and carbonate productiv-
ity (called the Ceduna Tongue by James et al. 2001). 
This area would appear to correlate with the observed 
upwelling in the eastern Great Australian Bight.

By contrast, our sampling has revealed that the deep 
neritic zone along the eastern part of the Albany Shelf 
around Cape Pasley and along much of the Baxter 
Sector is one of the most productive regions along the 
southern continental margin. This has not, as yet been 
identified as a region of elevated trophic resources. 
Finally, bryozoans in sediments around Tasmania, 
especially along the eastern and western margins are 
prolific with seafloor images showing high densities of 
epibenthic growth. These observations are tentatively 
correlated with higher nutrient levels associated with 
subantarctic waters within and south of the subtropical 
convergence zone.

Some inshore areas are, paradoxically, dominated 
by highly productive mangrove and seagrass communi-
ties. High productivity implies high nutrient demands. 
A large proportion of such nutrients in seagrass mead-
ows probably come from efficient recycling (Hillman 
et al. 1989) since seagrasses can tap both the sediment 
and the water column for nutrients. As illustrated by 
the piles of grass on many beaches, there are at any 
given time, large amounts of leaf material in various 
stages of disintegration and dissolution. It is estimated 
that in situ remineralization within the sediment and 
uptake by roots may release 30–50% of all the nutri-
ents required for new grass growth.
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12.3  �Zones

As a consequence of this research, it is now possible 
to partition modern neritic marine environments along 
the southern margin of Australia into zones. Utilizing 
the foregoing tectonic, oceanographic, sedimentologi-
cal, and trophic resource continuum, the region can 
now be divided into three provinces (Fig. 12.3). Nutri-
ent regimens are based on the combined attributes of 
foraminiferal biofacies (Li et al. 1996a, b, 1999) and 
measurements presented herein. The zones are defined 
using the terminology of James and Lukasic (2010).

Warm Temperate:  This zone extends from the Albany 
Shelf and the Great Australian Bight onto the Lincoln 
Shelf and major Gulfs of the South Australian Sea. The 
area is nearly oligotrophic on the Albany Shelf in the 
west and is essentially a continuation of the environ-
ment that characterizes the neritic zone of southern 
Western Australia in the Indian Ocean (Collins 1988; 
James et al. 1994). Local seasonal upwelling in the 
deep neritic zone of the Albany Shelf, the Ceduna Sec-
tor of the Great Australian Bight, and south of Kanga-
roo Island increases available nutrient elements.

Transitional:  An intermediate province across the 
wide Lacepede Shelf with fluctuating conditions that 
range from warm-temperate to cool-temperate but 
with overall low mesotrophic trophic resources.

Cool Temperate:  The narrow Otway Shelf has overall 
low mesotrophic nutrient levels, but with important sea-
sonal upwelling (Bonney Coast) and thus local elevated 
benthic productivity. Western Tasmania and Bass Basin 
are areas wherein seasonal influence of the subtropical 
convergence zone raises productivity levels and places 
a region in the low- to mid-mesotrophic zone.

12.4  �Sedimentology

The shelf and adjacent environments can be viewed as 
a vast natural laboratory in which to study the nature 
of cool-water carbonate deposition. The processes of 
carbonate sediment formation and accumulation here 
are universally applicable whereas the products of 
this system are a function of local controls. Processes 
operative in these neritic and marginal marine environ-
ments are dominated by epibenthic growth, physical 
disturbance, and early diagenesis.

12.4.1  �Epibenthic Sediment Production

Sessile, epibenthic invertebrates, the most important of 
which in terms of sediment production, are bryozoans, 
molluscs, and benthic foraminifers, dominate carbon-
ate deposition in southern Australia. Whereas much 
is known about the role of molluscs and foraminifers, 
documentation of sedimentation in this region has dra-
matically clarified the way in which bryozoans pro-
duce sediment. Research documented herein has also 
revealed the importance of marine algae and plants in 
cool-water carbonate deposition.

12.4.1.1  �Bryozoans

Our findings (Bone and James 1993; Hageman et al. 
1995; Hageman et al. 1998) have built on the pioneer 
work of Nelson et al. (1988a) in New Zealand. The 
organisms, although present across the neritic realm, 
are most numerous and important in middle and deep 
neritic environments. They produce sediment across 
the grain-size spectrum (Fig. 4.3) from boulder size 
skeletons to mud-size particles.

•	 It is now clear that there is a fundamental difference 
in the way the particles are produced. Colonies that 
comprise a non-segmented skeletal element either 
go into the sediment as such or are fragmented by 
a combination of physical and biological proc-
esses; thus grain size is unpredictable. By contrast 
articulated colonies, in particular erect articulated 
branching and articulated zooidal growth forms, 
break down due to biological disintegration of the 
protenaceous connections between segments or 
zooids and hence generate grains of a predictable 
size. The former produce coarse sand- to small cob-
ble- size rods whereas the latter generate individual 
silt-size grains of delicate individual zooids.

•	 The large (5–15 cm high) and common erect, rigid 
fenestrate bryozoan Adeona sp., typical of middle 
to outer neritic environments, is most numerous in 
warm-temperate environments. The colony is one 
of the few that has the ability to grow in shifting 
sediment substrates, because of its protenaceous 
root system that can extend tens of cm into the sand. 
This form, together with articulated zooidal types, 
is a pioneer.

•	 The erect, rigid multilaminar arborescent form 
Celleporaria sp. has been shown to be most numer-

12.4  Sedimentology
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ous in mesotrophic environments (Hageman et al. 
2003). Whereas it can grow to large size (20 cm—the 
largest of all bryozoans in this area), it also grows 
as an encircling colony around oscular sponges.

•	 Encrusting types range from thin sheets only one 
zooid thick on grass blades to multilaminar forms 
that encrust ephemeral substrates to large encrust-
ing masses growing on other invertebrate skeletons. 
Thus, they form sediment from mud to cobble size 
grains.

•	 Fenestrates and encrusters are the most numerous 
bryozoans in seagrass environments.

•	 There are depth-related differences in environ-
mental space occupied by different bryozoans, for 
example, robust rigid branching forms (especially 
Adeonellopsis) grow to much deeper depths and 
the foliose form Parmularia is more numerous in 
cooler waters.

•	 The only significant bryozoans growing on mac-
roalgae in southern Australia are encrusting types 
(especially Membranipora membranacea).

12.4.1.2  �Marine Plants

The marine plants, macroalgae, coralline algae, and 
angiosperms, are fundamental components of the 
system. The photic zone is especially deep along this 
continental shelf, likely because of the low nutri-
ent content of the water, and can extend to 100 mwd. 
The plants exhibit strong environmental partitioning. 
Marine grasses grow to 35 mwd throughout the warm 
temperate environments, but are much reduced in cool-
temperate settings. Coralline algae, although present 
throughout, are most numerous in the warm temperate 
sector. Macroalgae, also present throughout, are more 
numerous, more robust, and of higher generic diversity 
in cool-temperate settings.

Marine grass beds are amongst the most prolific 
carbonate producing systems on the southern Austral-
ian margin. The accumulation rates of 20–100 cm ky−1 
are, to date, the highest on the shelf. Carbonate comes 
from the epiphytes and is dominated by coralline algae, 
spirorbids, and encrusting foraminifers. This research 
and the work of others (see James et al. 2009 for ref-
erences) has confirmed that these epiphytes produce 
copious amounts of carbonate that either stays in place 
or is swept onto the beach and blown into dunes. Dune 
systems are much reduced in areas where offshore 
grass is absent.

Coralline algae in grass beds are mostly geniculate 
(articulated) forms that produce great numbers of sand-
size calcareous rods. This is in contrast to encrusting 
and rigid branching types that produce numerous bro-
ken branches or remain whole in the form of rhodoliths. 
Rhodoliths, although locally common, are nowhere as 
prolific as they are off western Australia, along the 
middle part of the eastern shelf and in the Mediterra-
nean (Carannante et al. 1988; Betzler et al. 1997). The 
reasons for this are not clear but the cause may be low 
nutrient levels.

Macroalgae are particularly important on the rocky 
seafloor and are present throughout the photic zone. 
They are not prolific carbonate factories, however, 
because chemicals on the blades commonly prevent 
settling by epiphytic invertebrates. It is only on the 
holdfasts that corallines, bryozoans and, foraminif-
ers are numerous. Barnacles and echinoids, which are 
common elsewhere in macroalgal environments, are 
not prolific in southern Australia, again likely because 
of relatively low seawater nutrient levels.

12.4.1.3  �Substrate

The role of substrate has proven to be of fundamental 
importance for carbonate sedimentation. Nelson et al. 
(1988b) noted that New Zealand shelf sedimentary 
environments were puzzling because these were large 
areas of sand with little biota and rocky reefs with 
abundant growth and it appeared that these islands of 
growth were the only environments producing most 
of the sediment. This observation has been confirmed 
off southern Australia. The two main seafloor environ-
ments are open sands and rocky reefs. The rocky reefs 
are sites of epibenthic growth dominated by sponges 
and bryozoans throughout with macroalgae in shallow 
water. The change from coppice to scrub to turf with 
depth reflects a lessening of hydrodynamic energy 
together with a decrease in water temperature. These 
rocky substrates are mainly bedrock but some may be 
hardgrounds, an aspect that has yet to be assessed.

By contrast the sand barrens, although largely devoid 
of epibenthos, are locally host to numerous infaunal 
bivalves. Bryozoans that are specifically adapted to this 
environment of shifting sand are the fenestrate Ade-
ona, various articulated zooidal growth forms, several 
vagrant (free-living) genera, and the brachiopod Anaki-
netica cumingi. Muddy substrates, such as those in the 
gulfs and in deep neritic to upper slope environments 
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can be intensively burrowed, but any shell or rock is the 
site of epibenthic growth, especially in the gulfs.

Rocky reefs are, however, not the only hard sur-
faces. Epibenthic sediment producers also preferen-
tially colonize old submerged beach ridges and large 
aggregations of large stranded skeletons such as those 
on the exhumed tops of bryozoan mounds (Fig. 12.2).

The nature of the sediment substrate also parti-
tions the infauna. Sandy substrates of the shallow 
and middle neritic zone have few infaunal remains. 
Epifaunal echinoids are common but infaunal echi-
noid spines, where present, are not numerous. The 
sediments are not conspicuously burrowed and 
benthic foraminifers are mainly epifaunal (Li et al. 
1996b). By contrast, muddy sediments in deep ner-
itic and upper slope environments are burrowed, con-
tain infaunal echinoid spines, and numerous infaunal 
benthic foraminifers, all of which attest to the sedi-
ment as a food source.

12.4.2  �Physical Disturbance

As emphasized throughout this book, the hydrody-
namic environment off southern Australia is one of the 
most energetic on the globe. Waves and swells disturb 
grains almost daily to 60 mwd whereas swells and 
exceptional storm waves intermittently promote sea-
floor sediment movement to 140 mwd. Such partition-
ing (Fig. 3.6) results in discrete zones of sedimentation 
(1) the shallow neritic is largely, except for grass beds, 
an environment of sediment production but little accu-
mulation with most sediment transported landward, 
(2) extensive rippled sands and subaqueous dunes and 
rocky substrates characterize the middle neritic zone 
of sediment reworking, and (3) muddy sands and grav-
els mantle the deep neritic and upper slope, a setting 
of much sediment accumulation. Movement of grains 
in the middle neritic environment does not appear to 
result in extensive grain abrasion whereas it does on 
the shallow neritic seafloor.

12.4.3  �Authigenesis and Diagenesis

12.4.3.1  �Authigenesis

One of the most important findings of this research 
has been the recognition of the sediments as palimps-

est, and the origin of relict and stranded grains. The 
prevalence of these particles in middle and deep ner-
itic environments further attests to the slow sedimen-
tation rates across the region but also identifies the 
continental margin as a classic starved shelf. This is 
especially so for the relict particles that formed in the 
marine environment (cf. Rivers et al. 2005). They are 
a signal of low sedimentation rates and are useful as 
indicators of such conditions in the rock record. They 
are, for example, numerous in the Cenozoic Mannum 
Formation in the Murray Basin (Lukasik and James 
2003).

Glauconite and phosphate should also be abundant 
in this situation (Nelson 1988a) but they are not. Glau-
conite is present in insignificant amounts in most shelf 
sediments in southern Australia and phosphate is vir-
tually absent. Paucity of phosphate likely reflects the 
absence of deep water upwelling. Glauconite generally 
forms in low energy, calm water, confined microen-
vironments at the interface between oxidizing seawa-
ter and slightly reducing interstitial water between 50 
and 500 mwd at water temperatures of <15°C on the 
outer shelf and slope (Odin and Fullagar 1988; Amo-
rosi 2003). The origin of the mineral is poorly under-
stood but the ions come from both seawater and the 
parent sediment. Importantly, glauconite is character-
istic of transgressive and condensed sections (Amorosi 
1995).

At first glance, the setting would seem to be ideal 
for glauconite formation. The sediments are transgres-
sive, sedimentation rates are relatively low, and there 
is abundant iron in the system. Most environments are, 
however, high-energy and there is little fluvial input to 
provide K and Si. Thus, glauconite is not a common 
accessory authigenic mineral in this situation. This 
finding illustrates the capricious nature of glaucony 
facies and more importantly, highlights the fact that 
areas of low sediment accumulation are not necessar-
ily sites of glauconite formation.

12.4.3.2  �Diagenesis

A further consequence of marine diagenesis is the 
importance, in this area, of early dissolution of arago-
nite skeletal particles whereas the Mg-calcite grains 
appear to undergo little if any change on or just 
beneath the seafloor (Fig. 11.8). It is not yet clear how 
widespread such processes are but the implications 
are profound. The loss of aragonite in time frames 

12.4  Sedimentology
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of probably <20,000 years (Rivers et al. 2007) means 
that many, but not all, shelf sediments enter meteoric 
or burial diagenetic environments as calcite sediments 
with little if any carbonate available for dissolution and 
reprecipitation as cement. It also leads to a misconcep-
tion as to the original composition of the sediments. 
Finally, it reduces the thickness of sediment accumu-
lated over a given length of time and thus lowers sedi-
mentation rates.

12.4.4  �Sedimentary Facies

12.4.4.1  �Shallow Neritic Facies

The shallow neritic environment (Figs. 12.5, 12.6) 
lies within the euphotic zone, is <60 mwd, and is most 
affected by summer seawater warming. It comprises 
two broad settings, low-energy intrashelf basins and the 
high energy open ocean. Climate is important because  

Fig. 12.5   A series of 
cross-sections depicting 
the different environments 
and resultant sediments in 
examples of semi-arid, warm 
temperate, shallow neritic 
environments in southern 
Australia
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it controls, to some degree, the amount of siliciclastic 
sediment input and the water temperature. Shallow sea-
floor sediments in low energy settings, such as those 
exemplified by muddy tidal flats and prolific seagrass 
meadows, are dominated by a combination of molluscs, 
benthic foraminifers (including large forms) and cor-
alline algal pieces. Hydrodynamics is not a key factor 
except for sweeping muds onto the tidal flats. High-
energy shallow neritic sediments are likewise mollusc, 
benthic foraminifer, coralline-dominated in shallowest 
water. These sediments are the source of beach and 
dune sands with linear depression between dune sets, 
locations for lagoons and evaporative lakes. Deeper 
parts of the shallow neritic zone are constantly swept by 
waves such that sediment produced there is swept away 
and or locally concentrated into subaqueous dunes. 
Bryozoans, molluscs, and benthic foraminifers domi-
nate these sediments. The seafloor adjacent to bedrock 
coasts is typically the site of macroalgal growth with 
grasses populating the adjacent sediment substrates.

Siliciclastic sand beaches and shore attached sedi-
ment wedges populated by seagrasses dominate warm-

temperate nearshore environments in areas of higher 
rainfall. The grasses are missing in cool-temperate, 
humid settings and sediment production is focused 
on bedrock substrates and shed onto the surrounding 
seafloor.

High biological productivity in this area of low 
trophic resources suggests that nutrients must be effec-
tively recycled. The most critical factories here are 
seagrasses in sediment substrates and macroalgae on 
rocky substrates. Grasses dominate in the sub-tropical 
warm water environments whereas macroalgae, espe-
cially large kelp, prevail in cooler water regions.

As in tropical settings, seagrasses both stabilize the 
sediment substrate and act as hosts for a cornucopia 
of epiphytes, but the sheer volume and abundance of 
the grasses in this area exceeds those in most tropi-
cal settings, the reasons for which are as yet unclear. 
The volume of calcareous epiphytes is directly propor-
tional to the volume of seagrasses (Brown 2005; James 
et al. 2009). Sediments are like those in the tropics, 
muddy and mollusc-rich, but these environments also 
contain high numbers of coralline algae and if the 
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Fig. 12.6   Cross-sections 
illustrating the different 
environments and resultant 
sediments in selected exam-
ples of humid, high energy, 
shallow neritic environments 
in southern Australia
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water temperatures are warm enough, some large ben-
thic foraminifers. It must be stressed, however, that 
this seagrass-related carbonate factory is limited to 
the warm-temperate environments and is ineffective in 
cool-temperate environments where the grasses virtu-
ally disappear.

Macroalgae are localized to rocky substrates, where 
they are prolific. As presently understood, the com-
munities are nowhere as prolific sediment factories as 
the seagrasses. This is largely because many of these 
algae, especially kelp, repel calcareous epiphyte settle-
ment via the exudation of allelopathic chemicals. Thus, 
calcareous algae and sessile invertebrates are largely 
localized to the macroalgal holdfasts and intervening 
rocky substrates. The resultant sediment is, in addition 
to molluscs and corallines, largely echinoid-rich with 
little or no mud. Whereas such a factory is present in 
warm-temperate inner shelf and embayment environ-
ments adjacent to the seagrass factory, it is the only 
euphotic carbonate factory in cool-temperate environ-
ments (Fig. 4.4).

As emphasized above, shallow neritic carbonate 
sediment production is much reduced when seagrasses 
disappear and the environment is dominated by mac-
roalgae. This would seem to be the case in southern 
Australia where the Otway Shelf marginal marine 
environment contains aeolianites but they are not com-
mon along the western coast of Tasmania. The pau-
city of this facies in Tasmania probably corresponds 
to the virtual absence of seagrasses, with their place 
being taken by extensive macrophytes. Thus, it would 
appear that the cool-temperate inner shelf environ-
ment is not a region of high carbonate production and 
consequently few tidal flats or aeolianites should be 
expected. The consequence is that peritidal facies in 
such colder water settings are siliciclastic-dominated, 
even in semi-arid climatic settings, and not geographi-
cally extensive. This could be one of the reasons why 
peritidal and aeolianite deposits are so rare in the Terti-
ary of southern Australia.

The preceding situation, however, cannot be di-
vorced from sea state and tectonics. The whole shelf 
has been uplifted relatively recently in the late Ceno-
zoic such that much of the sea floor is a hard rocky, 
generally Cenozoic, limestone surface. This surface 
lies mostly within the zone of wave abrasion and 
so what sediment does form is swept away. In other 
words, accommodation is low partly because the hard 
seafloor is shallow relative to the deep zone of wave 

abrasion. It is not simply sea level that controls accom-
modation, it is also oceanography (Fig. 12.1). Only 
when the seafloor falls below the zone of wave abra-
sion and is instead sporadically affected by swells and 
deep storm waves, does sediment begin to accumulate 
in any significant way.

The base of the zone of wave abrasion, however, is a 
function of both climate and sea level. Lowering of sea 
level also lowers the base of wave abrasion. Increasing 
or decreasing storminess also lowers or raises the base of 
wave abrasion respectively while sea level remains con-
stant. As a result in southern Australia, accommodation, 
that zone between the base of wave abrasion and the 
seafloor, is determined by both sealevel and climate.

Thus, the concept of a “shaved shelf” has been 
developed (James et al. 1994) wherein sediment is pro-
duced on the hard seafloor by an upright and encrusting 
biota only to be swept away and deposited elsewhere 
(Fig. 12.7). An inevitable consequence of this circum-
stance is that the whole region can be an environment 
of relatively low sediment accumulation.

12.4.4.2  �Peritidal Facies

Peritidal mud flats (Fig. 12.5), with or without man-
groves, in this semi-arid climatic realm are, because of 
the high summer air temperatures, virtually identical 
to those in more tropical settings such as the southern 
Bahamas and the Persian Gulf (cf. Pratt 2010). They 
contain the whole suite of sedimentary features that 
characterize such facies worldwide and in much of the 
geological record. Thus, muddy tidal flat facies can be 
expected adjacent to cool-water, low-energy subtropi-
cal marine environments.

Beach-dune complexes (Fig. 12.5) that face the 
southwest prevailing winds are some of the most 
extensive and spectacular on the globe. They are espe-
cially well developed in the eastern Great Australian 
Bight and the South Australian Sea as well as along the 
coast of Western Australia. The aeolianites are form-
ing today and have done so throughout the Pleistocene. 
Sediment in these complexes is almost wholly derived 
from the adjacent shallow offshore sediment factory 
(Wilson 1991) and is locally mixed with variable 
amounts of siliciclastic particles. The extent of such 
aeolianites is likely due to the combined effects of the 
prolific shallow-water seagrass factories and the high-
energy marine environment.
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When viewed at the large scale, disregarding the 
carbonate components, this whole region in terms of 
peritidal deposition strongly resembles the Bahamas; 
i.e. aeolianites and muddy tidal flats. This similarity 
is doubtless in large part due to the virtual absence of 
terrigenous clastic material in the system wherein the 
adjacent marine carbonate factory controls all marginal 
marine deposition. It is also a function of the mid-lati-
tude location of each system, between ~25° and 40° 
latitude, where climate is dominated by high-pressure 
systems and attendant onshore winds.

12.4.4.3  �Middle Neritic Facies

The middle neritic shelf (60–140 mwd) is a region of 
rocky outcrops, shifting sand and subaqueous dunes 
(Fig. 12.8a). Macroalgae and seagrasses are not pro-
lific but corallines can be locally numerous. The 
most striking aspect of this environment is the con-
trast between rocky reefs that are profusely decorated 
with a wide variety of sessile invertebrates, especially 
bryozoans and sponges, (the epibenthic coppice envi-
ronment) and bare rippled sands with few obvious 
animals or plants other than opportunistic species such 
as rooted or unattached bryozoans, and uncemented 
brachiopods. This is in part due to the high-energy 
environment wherein the sediments are constantly or 
semi-constantly moving such that only specific ani-
mals can successfully inhabit the mobile seafloor. As a 
result, the rocky substrate is the only serious carbonate 
sediment factory. The seafloor can be viewed as rocky 

islands of sediment producers separated by areas of 
carbonate sand derived from such factories. The inevi-
table consequence of this situation seems to be that as 
the sediment is produced the islands get buried in their 
own carbonate debris and the factory shuts down. This 
does not, however, seem to be the case everywhere 
because storm waves and swells periodically impact 
the seafloor and transport much of this sediment away, 
towards the land or towards the shelf edge and slope 
(see below).

A prominent and recurring feature is the paleoshore-
line formed during the LGM, usually a seacliff several 
tens of meters high whose base lies at ~120–130 mwd. 
The crest of this sharp to degraded escarpment is a 
seafloor of subaqueous dunes whereas the foot and 
seafloor extending out from it into deeper water is cov-
ered by the more muddy burrowed facies.

12.4.4.4  �Deep Neritic and Upper Slope Facies

Deep neritic and shelf edge environments (140–
230 mwd) usually lie below swell and storm wave 
base (Fig. 12.8b) but the bathymetry is complicated 
by relatively recent Pleistocene history. The seafloor 
is an irregular carpet of diminutive sponges and bryo-
zoans or burrowed muddy sediment. The shelf edge is 
not generally a sharp declivity but is instead a gradual 
increase in depth that leads to the upper slope. It is 
usually a region of rock outcrops along southern Aus-
tralia, locally in the form of seaward-dipping lime-
stone beds, populated by a community of calcareous 

Fig. 12.7   A sketch of the 
continental shelf depicting 
the concept of a shaved shelf. 
The seafloor lies within the 
zone of wave abrasion with 
Cenozoic bedrock acting as 
a substrate for epibenthic 
growth. Carbonate produced 
by this biota is swept away to 
either lodge in local depres-
sions or more typically to be 
moved landward or seaward 
and form significant accu-
mulations in marginal marine 
and slope environments 
respectively. (Modified from 
James et al. 1994)
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invertebrates, particularly bryozoans, sponges, and 
molluscs (Fig. 12.8b). In regions of seasonal upwelling, 
these communities are prolific and extend into shal-
lower water well onto the outer shelf (Fig. 12.9). By 
contrast, in areas of downwelling, muddy slope facies 
dominated by sparse delicate bryozoans can extend up 
onto the shelf edge. This relationship illustrates the 
importance of even slight nutrient enhancement on the 
nature of the carbonate-producing biota.

The upper slope is either a steep incline, a region 
of mass wasting, or a prograding wedge of sediment, 
locally incised by submarine canyons. Prograding 
margins, as exemplified by those documented in the 
central Great Australian Bight (Feary and James 1998) 
attest to the massive transport of sediment off the shelf 

in this high-energy regimen. The prograding wedge 
of almost wholly carbonate sediment in the Eyre Sec-
tor is >600 m in thickness and all Quaternary in age 
(Feary et al. 2000a). This situation is the opposite of 
that inshore wherein sediment is transported land-
ward. The outboard sponge- and bryozoan-dominated 
biota becomes less numerous with depth and below 
~400 mwd the seafloor is burrowed muds and fine 
sands. The thickness and extent of this sediment wedge 
indicates that a similar oceanography-dominated sedi-
mentary system has been operating here throughout 
much of the Pleistocene and probably longer.

It has long been known that off-shelf sediment 
transport is an important process along the southern 
Australian margin, with neritic sediment discovered on 

Fig. 12.8   (a) An interpretive 
cross-section of the middle 
neritic depositional environ-
ment. (b) An interpretive 
cross-section of the deep ner-
itic depositional environment
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the abyssal plain (Conolly and von der Borch 1967). 
Recent studies of slope and submarine canyon proc-
esses have illuminated this depositional realm (Pass-
low 1997; Exon et al. 2005; Hill et al. 2005). Some of 
these canyons are the largest on earth. It appears that 
most canyons are ancient, having been initially cut in 
the late Cretaceous and episodically re-eroded during 
periods of eustatic sea level lowstand (especially the 
Oligocene). Their location is the topic of some con-
troversy, whereas they seem to be most numerous off 
bedrock promontories (von der Borch 1968) and adja-
cent steep slopes, they are also conspicuous offshore 
from major river systems (Hill et al. 2005). Alterna-
tively they may be related to erosion along zones of 
weakness such as Mesozoic basin-forming faults (Hill 
et al. 2009).

Consensus seems to be that erosion coincides with 
sea level lowstand and is mostly in the form of head-

ward erosion promulgated by active off-shelf sedi-
ment movement. Shelf-to -basin transport appears to 
be most active during sea level lowstand and early 
transgression, with highstand coinciding with periods 
of finer grained deposition. This relationship is also 
true for slope deposition in general wherein the Eyre 
sector wedge, for example is characterized by grainy 
sediment (packstone) during lowstands and muddy 
sediment (wackestone) during highstands (Feary et al. 
2004). Thus, today LGM grainy sediments are covered 
by fine-grained sediment implying little downslope 
sediment transport (Feary et al. 1992; Passlow 1997). 
Much of this sediment, however, appears to be down 
slope mudflows, not pelagic fallout. Alternatively, 
mass wasting and downslope movement seems to be 
locally ongoing (Hill et al. 2005).

An important conclusion from the foregoing is 
that the cool-water carbonate factory continues to 

Fig. 12.9   A sketch illustrating the response of the seafloor epib-
enthos to upwelling and downwelling. (a) Seasonal upwelled 
waters deliver somewhat increased nutrients to the shelf leading 
to active growth and carbonate sediment production. (b) Down-

welling waters with relatively low nutrients result in reduced 
growth of the carbonate sediment producing biota and a shift 
of slope or deep neritic facies into shallower waters. (Modified 
from James et al. 2001)
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operate during lowstands, in contrast to warm-water 
flat-topped, rimmed platforms (cf. James and Kendall 
1992) that become largely moribund. The cool-water 
factory just shifts downslope and sedimentation con-
tinues unimpeded (Boreen and James 1993; Passlow 
1997).

12.5  �Accumulation Dynamics

12.5.1  �Tectonics and Accommodation

Accommodation, or the space available for sediment 
accumulation, is one of the most critical controls on 
deposition: positive accommodation allows sediment 
accumulation to take place, whereas negative accom-
modation causes sedimentation to cease and creates 
the potential for erosion (Dalrymple 2010). Accom-
modation change in marine environments results from 
the combination of subsidence/uplift of the seafloor 
and eustatic sea-level fall/rise. Hydrodynamics in 
southern Australia are also important in controlling 
accommodation.

Tectonic inversion has profoundly changed the char-
acter of the continental margin over the last 30 my. The 
combination of a high-energy hydrodynamic system 
wherein normal storm wave base is 60 mwd and there 
is little subsidence means that most of the shelf is one 
of low or negative accommodation. Only the outer part 
is a region of positive accommodation. Sediment is not 
actively accumulating over large parts of the shelf; it is 
an area of sediment production but non-accumulation. 
Onshore transport is demonstrated by the extensive 
aeolianite complexes composed of marine sediment, at 
>200 m. Profound offshore transport is highlighted by 
the extensive upper slope progradational wedges with 
accumulation rates (up to 300 m my−1) that are higher 
than those of most tropical photozoan systems.

Accommodation in carbonate depositional systems, 
especially those in temperate latitudes, is also deter-
mined by hydrodynamics and this is especially true 
for the high-energy shelf of southern Australia. The 
critical hydrodynamic interface is storm wave base, 
above which all loose sediment is moved almost con-
tinuously because of the combined action of swell and 
storm waves. Thus, in southern Australia, the base of 
wave abrasion is also practically the upper limit for 

much carbonate accumulation. This interface is, how-
ever, not fixed and should predictably deepen dur-
ing glacial periods when climate deteriorates and the 
sea state becomes more turbulent. The roaring forties 
low-pressure systems would move northward and thus 
affect the shelf year-round and not just in the winter as 
they do now.

12.5.2  �Holocene Stratigraphy

A glimpse into latest Pleistocene and Holocene neritic 
sedimentation is provided by a few vibracore transects 
in the Otway (Boreen et al. 1993), Eucla (James and 
Bone 1994), and Albany (Ryan et al. 2008) sectors 
(Fig. 12.10). Accumulation reflects both the strong 
hydrodynamic partitioning of the shelf and sedimenta-
tion change during sea level rise.

12.5.2.1  �Shallow Neritic

The inner neritic zone comprises two different envi-
ronments, (1) the low energy protected to semi-pro-
tected gulfs and Bass Strait and (2) the high-energy 
open shelf in the zone of wave abrasion. The gulfs have 
a wide spectrum of facies as outlined in Chap. 7 with 
basin floors covered by a 0.5–2.0 m thick, muddy sedi-
ment (facies C10) over bedrock or calcrete-covered 
Pleistocene MIS 5 deposits. Basin margins <10 mwd 
are sites of extensive, 4–8 m thick, seagrass banks. The 
stratigraphic succession under the banks ranges from 
7.5–2.0 ka.

The best record of shallow open ocean but some-
what protected neritic sedimentation is in Esperance 
Bay in the lee of the Recherche Archipelago on the 
eastern Albany Shelf (Ryan et al. 2008). A basal lag of 
lithoclast—mollusc (especially Pecten) gravels (facies 
M3) in the innermost parts of Esperance Bay are over-
lain by quartzose sand with seagrass fibers in the upper 
parts (facies C9). The same basal lag in the outer bay 
(<50 mwd) is covered by very poorly sorted coarse 
biofragmental sand containing numerous rhodolith 
horizons (facies C3). The basal lag records sea level 
rise and ranges from 7–12.5 ka in the open bay but 
from 5.6–8.7 ka, inboard reflecting gradual sea level 
rise. The seagrass beds can be up to 7 m thick whereas 
open bay deposits are generally <3 m thick.
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There is a general theme of a shelf veneered by a 
thin ragged blanket of sediment over mostly Cenozoic 
limestone on the open, unprotected shelf within the 
zone of wave abrasion (>60 mwd) on both the Otway 
Shelf and the Great Australian Bight (Eyre Sector). The 
irregular limestone surface with large shallow depres-
sions and small pockets filled by Holocene sediment 
alternates with large areas of rocky seafloor that are 
swept clean or populated by an active macrophyte and 
filter feeding invertebrate biota. 

Sediment pockets are generally a meter or less thick 
and comprise a mollusc-rich lag overlying a bored and 
encrusted surface of Tertiary or locally Pleistocene 
limestone. Glycymeris and Katelysia together with 

many other worn shells including surf clams ( Donax) 
dominate bivalve gravels. Overlying sediments on 
the Eyre Shelf are relict-rich quartzose skeletal sand 
wherein about 1/3 of the sediment is bivalve fragments 
(facies M2). The numerous recent articulated coral-
lines, benthic foraminifers, and molluscs together with 
scattered Marginopora attest to a seagrass environment 
(facies C9). Ages at the base of the cores are <3 ka. 
Similar sediments overlying the basal lag (1.5–5 ka) in 
shallow depressions on the Otway Shelf are medium 
to coarse, quartzose, mollusc, and bryozoan sands with 
abundant relict particles (facies M2, M3, and M4).

These findings have been confirmed by seismic, 
coring, and bottom sampling of the Lacepede Shelf 

Fig. 12.10   A sketch summarizing the thin Holocene sedi-
ment stratigraphy on the southern continental shelf, mainly 
from the western sector and the Otway Shelf, synthesized from 
Boreen and James (1993); James et al. (1994); and Ryan et al 
(2008). The outer shelf has a basal rhodolith and epibenthic lag  
(8–12 ka) overlain by a succession of bryozoan-rich sediments 
that are locally cross-bedded. The middle-shelf has the same lag 
but is succeeded upward by more poorly sorted relict-rich sands. 

The inner shelf is complex and can be a mixture of quartzose 
sediment and carbonate seagrass facies. The basal lag becomes 
progressively younger landward, i.e. it is a transgressive suc-
cession. The stacked succession in the depression from the 
Warrnambool Transect (Otway Shelf) comprises a basal sea-
grass facies overlain by an open shelf facies; they are separated 
by a hiatus and molluscan lag that is interpreted to represent 
arrested sedimentation in the zone of wave abrasion
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(Hill et al. 2009). The Pleistocene succession there lies 
on top of a relatively flat karst unconformity with up to 
10 m of relief eroded into Miocene neritic carbonates. 
Sediment is thin or absent over much of the shallow 
and middle neritic parts of the shelf. Where present, the 
Holocene is a fine quartz sand less than a meter thick, 
likely reworked LGM aeolian sheets and dunes from 
when the ~180 km-wide shelf was exposed. These sands 
locally overlie late Pleistocene estuarine muds and 
sands that can be mollusc-rich. The thickest accumula-
tions are a 6–10 m thick succession of lagoonal, lacus-
trine, and fluvial River Murray paleochannel deposits in 
a wide shallow depression near the centre of the shelf.

12.5.2.2  �Middle Neritic

This part of the seafloor is one of scattered rocky reefs 
or open limestone seafloor and wide expanses of rip-
pled sands that are swept into subaqueous dunes. The 
ubiquitous basal lag comprises a mixture of bivalves, 
molluscs, and lithoclasts on the Otway Shelf (7–10 ka) 
and bryozoans on the Eyre Shelf (8.2–9.2 ka). Overly-
ing sediments on the Eyre Shelf are a mixture of the 
relict rich sands described above and delicate bryo-
zoan muddy sands (facies C7). On the Otway Shelf 
they are cross-bedded bryozoan sand (facies C1) or 
fine bioclastic sand (facies C6) up to 1 m thick.

A particularly important succession comprising two 
stacked 30–50 cm thick units was cored between 60 
and 80 mwd in the Warrnambool sector of the Otway 
Shelf (Boreen et al. 1993; Boreen and James 1993). 
The lower unit is dark-grey carbonate sand with a 
poorly sorted mix of bivalve fragments, shell frag-
ments, minor quartz sand and mud, and a distinctive 
seagrass assemblage (facies C9). The basal bivalve lag 
has ages of 27, 11, and 9 ka. The upper unit is a red-
brown fine-grained bioclastic sand with an open shelf 
biota (facies M1). The basal bivalve lag has an iso-
tope age of 7.8–5.1 ka. Basal contacts of both units are 
abrupt, burrowed, and marked by a bivalve lag.

Similar sediment packaging is also present in cores 
taken from >60 mwd in western parts of the Bass Basin 
(Blom and Alsop 1988). A lower embayment facies up 
to 30 cm thick, rests upon earlier lacustrine sediments, 
and contains an assemblage of estuarine to lacustrine 
molluscs with 14C ages ranging from 10.3 to 11.7 ka. 
A single sample of the overlying modern Bass Strait 
facies has an isotope age of 8.7 ka.

The middle neritic environment on the Lacepede 
Shelf is a Miocene hardground largely devoid of sur-
face sediment cover. As documented by James et al. 
(1992), the sediment comprises thin patches of carbon-
ate sand and gravel and some small pockets of win-
nowed carbonate in the lee of bedrock topographic 
highs. Some of the platform is rough and jagged with 
5–10 m of relief.

12.5.2.3  �Deep Neritic

This zone, where the seafloor is rarely disturbed by 
waves and swells, is dominated by muddy bryozoan-
rich carbonates. Cores did not intersect bedrock on the 
Eyre Shelf. The basal lag is a rhodolith gravel (facies 
C3) with isotope ages ranging from 9.1 to 12.9 ka 
wherein the nodules are formed by an intergrowth of 
coralline algae and encrusting foraminifers. The lag is 
overlain by <1.5 m of delicate bryozoan microbioclas-
tic muddy sand (facies C7). There are no cores from 
this zone on the Otway Shelf.

12.5.2.4  �Summary

The thin recent transgressive to highstand succession 
everywhere sampled so far comprises a basal lag that 
becomes younger inboard. The bored and encrusted 
rock substrate on the middle and shallow neritic 
zone suggests ravinement and arrested sedimentation 
accompanied and immediately followed marine inun-
dation. Although data is limited the lag appears to be 
rhodolith gravels outboard and quartzose, relict-rich 
mollusc sand inboard. The stacked succession on the 
Warrnambool sector records seagrass deposition in an 
embayment environment not unlike the gulfs today fol-
lowed by a hiatus and then middle neritic facies. This 
hiatus is interpreted to be the record of the passage of 
the zone of wave abrasion across this area.

12.6  �Forward Modelling

The main controls on neritic, cool-water carbonate 
sedimentation, as outlined in Chap. 4, are water tem-
perature, hydrodynamic energy, seawater salinity, 
siliciclastic sediment input from land, and trophic 
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resource levels. The southern Australian neritic shelf 
environment illustrates the sedimentological response 
to most of these controls except variations in hydro-
dynamic energy trophic resources and changing 
accommodation. The system present is one of high 
hydrodynamic energy, low mesotropic to marginal 
oligotrophic conditions, and minor accommodation. 
Using the processes of sediment formation determined 
from this environment, it is useful to vary the param-
eters and then predict what the differences in sedimen-
tation would be.

12.6.1  �Hydrodynamic Energy

Decreasing the hydrodynamic energy (Fig. 12.11) 
across the shelf, but maintaining the same water 
depths, should result in:

1.	 Migration of upper slope and outer neritic facies 
into shallower mid-neritic and shallow neritic 
environments.

2.	 An overall muddier facies spectrum.
3.	 Decreased off-shelf sediment transport, enhancing 

retention of muds in the neritic environment and 
reduction in the size of the seaward prograding 
slope wedge.

4.	 Co-occurrence of phototrophic taxa with inverte-
brate taxa that occur in deeper water settings on the 
present shelf in overall shallower environments.

5.	 Reduction in the number of carbonate producing 
taxa capable of living in mobile substrates and 
overall increase in benthic organism diversity in the 
mid-shelf region.

12.6.2  �Trophic Resources

Increasing trophic resource (Fig. 12.12) leading to 
overall high mesotrophic conditions should have sev-
eral consequences:

1.	 Higher planktic biomass, that would in turn result in:

(a) � Increased food sources for filter-feeding benthic 
invertebrates and thus increased overall biomass, 
carbonate production, and sedimentation rate.

(b) � Decreased water clarity resulting in the shal-
lowing of phototrophs such as seagrasses, mac-
roalgae, and calcareous algae.

2.	 Increased numbers of those organisms that require 
higher trophic resources such as barnacles, oysters, 
and bryozoans.

12.6  Forward Modelling

Fig. 12.11   An interpretive 
sketch of the shelf profile 
illustrating the effects of 
decreased hydrodynamic 
energy on sedimentation 
across the southern Australian 
continental margin

Sea level

DECREASED HYDRODYNAMIC ENERGY

SWELL & STORM WAVE BASE

. Shallowing of storm & swell wave base

. Narrowing of shallow and middle neritic zones

. Widespread muddy facies across the shelf

. Increased accomodation

. More diverse shelf epibiota (not energy limited)

. Migration of deep neritic biota and facies onto wide shelf

. Decreased offshelf sediment transport

Photic Zone Zone of wave abrasion
Shallow
neritic

Middle
neritic

Deep neritic

                        



214 12  Summary & Synthesis

3.	 An increase in the number of endolithic organisms, 
resulting in higher rates of bioerosion and increased 
carbonate sand and silt production.

4.	 A decrease in the number of invertebrates with  
photosymbionts (especially large benthic foramini- 
fers).

12.6.3  �Accommodation

Increasing accommodation by lowering the hydrody-
namic energy and changing tectonics such that there is 
less uplift and overall subsidence would lead to:

1.	 Less offshelf sediment transport.
2.	 Reduction in the number of rocky seafloor habitats 

because they would be buried beneath sediments 
produced by the organisms that live on them.

3.	 Fewer aeolianites as shallow neritic sediment is 
retained in the depositional environment instead of 
being transported landward.

4.	 Preservation of a good neritic stratigraphic record 
during each eustatic sealevel cycle.

12.7  �Global Comparison

This high energy, low nutrient, cool-water carbonate 
system, with environments ranging from muddy tidal 
flats to wave-swept sands to deep water bryozoan 
coppices, and dominated by a heterozoan benthic 
biota, has parallels in other parts of the globe. The 
attributes and aspects of cool-water carbonate sedi-
mentation in the modern world have been organized 
and summarized by Nelson (1988a), James (1997), 
Pedley and Carannante (2006) and recently synthe-
sized into a series of facies models by James and 
Lukasik (2010).

The following is a short comparison of some of 
these other modern settings with the southern mar-
gin of Australia. The comparison is most practically 
framed in the context of the different hemispheres. 
The difference is glaciation. The northern hemisphere, 
with large areas of land in polar latitudes, was exten-
sively and repeatedly glaciated during the Pleistocene 
and this ice cover extended out onto the continental 
shelf. Thus, most neritic sediment comprises glaci-
gene diamict or outwash overlain by a thin veneer of 

Fig. 12.12   An interpretive 
sketch of the shelf profile 
postulating the effects of 
increased trophic resources 
on sedimentation across 
the southern Australian 
continental margin
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Holocene carbonate. The southern hemisphere, with 
comparatively little land near the pole, except for 
Antarctica itself, has continents whose shelves were 
exposed during the Pleistocene but not necessarily 
affected by glaciation.

12.7.1  �Southern Hemisphere

12.7.1.1  �Australia

The continental shelf extends northward and equator-
ward along the eastern and western margins of Aus-
tralia and in both instances it is mainly a carbonate 
depositional province. A southward-flowing, rela-
tively warm, low-nutrient current in both cases (Leeu-
win Current in the west and East Australian Current 
in the east) dominates large-scale water movement 
(Fig. 2.7). The shelves extend into a tropical, mainly 
reef-dominated environment north of ~25° S latitude 
(Fig. 1.2).

The eastern Australian shelf is relatively narrow 
compared to the southern margin and south of ~25° S 
is composed of a shore-attached siliciclastic sediment 
wedge (Boyd et al. 2004) that passes outboard into 
cool-water carbonates. The shelf is blanketed with 
siliciclastic sediment inboard because of higher rain-
fall than in the south and the proximity of the Great 
Dividing Range, a source of such sediment. The region 
has only been documented in a reconnaissance fashion 
(Marshall and Davies 1978). The carbonates are simi-
lar in aspect to those on the Otway Shelf. An extensive 
region of coralline algal deposits marks the northward 
transition into truly tropical Great Barrier Reef car-
bonates (Marshall and Davies 1978; Marshall et al. 
1998).

The shelf off Western Australia south of the Abrol-
hos Reef Complex at 30° S (called the Rottnest Shelf) 
is likewise comparatively narrow. The sediments are 
all oligotrophic, warm temperate (Collins et al. 1993; 
James et al. 1999) with conspicuous large benthic 
foraminifers and small coral accumulations as far 
south as Perth. The whole shelf has an elevated rim 
of unknown composition that is covered by encrust-
ing corallines and rhodoliths along its entire length. 
Otherwise the deposits are most similar to those in 
the very western Great Australian Bight and Albany 
Shelf.

12.7.1.2  �New Zealand

Neritic carbonates around New Zealand are particularly 
well studied (Nelson et al. 1988b). The deposits are 
cold temperate and high-energy throughout and most 
resemble those around western and southern Tasmania. 
Siliciclastic sediments predominate on the inner shelf 
next to the mainland, largely because of the wet cli-
mate. The outer shelf and the vast Three Kings platform 
to the north (34° S) and the Snares Platform to the south 
(47–49° S) are, however, sites of extensive carbonate 
deposition. Barnacles, macroalgae, echinoids, coral-
line algae characterize intertidal to very shallow, rocky 
neritic environments (<10 mwd) in the north with kelp 
forests deeper. Otherwise the composition and distribu-
tion of neritic carbonate sediments are similar to those 
described herein from southern Australia. The major 
differences are that there are no large benthic foramini-
fers or grass banks off New Zealand whereas barnacles 
comprise a significant proportion of all sediments and 
glauconite is common in intraskeletal chambers, nei-
ther of which are important in southern Australia.

12.7.1.3  �South America

The meridonal continental shelf off Brazil extends 
from the tropical north to the temperate south. Outside 
the Amazon and San Francisco rivers there is little ter-
rigenous sediment input and so the shelf is blanketed 
with carbonate sediment (Carannante et al. 1988). Cor-
als are rare in the tropical environments north of 15° S. 
The transition zone between 15° and 25° S has all of the 
attributes of the warm-temperate system in southern 
Australia. South of 25° S, however, the environment is 
cold-temperate with bryozoans becoming significantly 
reduced as the seawater temperature decreases. The 
warm-temperate facies are similar to those in southern 
Australia but the apparent cold-temperate setting with-
out bryozoans has no counterpart.

12.7.2  �Northern Hemisphere

12.7.2.1  �North Atlantic & North Pacific

These facies along the NW coast of Europe, both 
coasts of Canada, the South China Sea and Japan are  

12.7  Global Comparison
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cold-temperate. Of particular importance on these 
shelves is the presence of a hard substrate formed by 
boulder pavements resulting from winnowing of mud 
and sand from diamict during the Holocene transgres-
sion. Such a relationship is lacking in southern Aus-
tralia although the low accommodation and extensive 
exposed bedrock in the form of rocky reefs creates a 
similar factory. Shallow neritic facies are kelp forests 
and coralline algal banks. Kelp forests with innumer-
able barnacles, common epilithic bivalves and echi-
noderms, generate copious amounts of barnacle-rich 
sediment. This material covers the adjacent seafloor in 
the form of rippled sands that are generally barren but 
in less energetic settings are burrowed and populated by 
numerous infaunal and epifaunal bivalves. The maerl 
facies occupies somewhat protected environments 
behind islands. The rigid branching corallines grow 
on hard surfaces or form banks (reefs) of interlocking 
branches and algal crusts. These particles are swept 
into banks and shoals of cross-bedded sand and gravel. 
Sediments in middle and deep neritic environments are 
likewise generated on hard substrates, either bedrock 
or winnowed glacigene boulder lags. Bivalves, bryo-
zoans, corals, and serpulids, as well as echinoids, and 
benthic foraminifers densely colonize such substrates.

12.7.2.2  �Mediterranean

The Mediterranean Sea is a large enclosed basin with 
limited water exchange with the Atlantic Ocean at its 
western end. It is a wave-dominated, almost tideless, 
comparatively low energy depositional system wherein 
the main sediment producers are red algae, bryozoans, 
molluscs, benthic foraminifers, and barnacles (Caran-
nante et al. 1995; Betzler et al. 1997). Fairweather 
wave base is 5–15 mwd whereas storm wave base is 
30– 40 mwd. The waters are near-oligotrophic and 
there is a west to east, cool to warm seawater tempera-
ture gradient. As pointed out by Betzler et al. (1997), 
the system, except for the size difference, is most simi-
lar to the large gulfs in southern Australia described 
herein. The shallow depositional environments are all 
warm-temperate with extensive seagrass banks and 
associated mollusc-benthic foraminifer facies (Betzler 
et al. 1997; Fornos and Ahr 1997). By contrast, there 
are much more extensive coralline algal facies both 
in the form of broken branching corallines (maerl) in 
30–65 mwd and rhodoliths (pralines) at 55–75 mwd.

The Adriatic (McKinney 2007) has an east-to-west 
trophic resources gradient with relatively warm oligo-
trophic–mesotrophic waters adjacent to the Croatian 
coast and eutrophic waters near the Italian coast due to 
high nutrients and counterclockwise circulation. The 
seafloor under oligotrophic conditions is dominated by 
an upright filter-feeding calcareous biota whereas the 
more terrigenous clastic muddy seafloor immersed in 
eutrophic waters is dominated by an infaunal biota. Bry-
ozoans are particularly evident in oligotrophic waters 
where local meadows of upright articulated bryozoans 
( Cellaria sp.) form extensive muddy floatstones. This 
setting strongly emphasizes the importance of terres-
trial sediment and nutrient input, a feature lacking in 
southern Australia.

12.7.2.3  �Gulf of California

The Gulf of California (Halfar et al. 2006a, b) is an 
elongate meridonal gulf wherein there is year-round 
upwelling with extensive tidal mixing at the northern 
end. A strong nutrient gradient is present from oligo-
trophic at the gulf entrance in the south to eutrophic 
in the north. Molluscs are ubiquitous and occur in all 
facies but zooxanthellate corals are only present in oli-
gotrophic settings in the south; coralline algae domi-
nate in the mesotrophic central part; bryozoans are 
most abundant in the more eutrophic head of the gulf. 
It would seem that only the northern part has parallels 
in southern Australia.

12.8  �Conclusion

The continental margin of southern Australia has long 
been recognized as one of the great carbonate deposi-
tional systems in the modern world and now with this 
book it has been appropriately documented. The shelf 
and adjacent environments stand with the Great Bar-
rier Reef, the Persian Gulf, and Florida-the Bahamas 
as fundamental sites of carbonate sediment forma-
tion and deposition. The sweep of the environments 
in southern Australia is astonishing; saline lakes, iso-
lated lagoons, aeolianite ranges and cliffs, perpetually 
dark estuaries, formidable rocky coasts, turbulent surf 
beaches, quiet muddy tidal flats, luxuriant mangrove 
woodlands, illuminated seagrass banks and kelp for-
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ests, moving tidal sand shoals, rhodolith pavements, 
luxuriant bryozoan-sponge coppices, continuously 
shifting subaqueous dune fields, submerged fossil 
beaches, moribund biogenic mounds, and deep bur-
rowed muddy slopes. Impressive biogenic and abiotic 
processes have produced an extensive suite of depos-
its that range from evaporites to muddy and grainy 
carbonates. The sedimentary processes and products 
here are part of the global temperate water deposi-
tional realm and as outlined above, contain elements 
of most similar systems worldwide. We have herein 
deliberately synthesized attributes over a vast area in 
an attempt to distill the essence of the system. In some 
cases the theme is emphasized at the expense of the 
detail but this is deliberate in order to highlight the per-
vasive themes of sedimentation.

This marine realm lies in an icehouse world of 
dramatic sea level, seawater temperature, and climate 
change. The shelf surface over the last 50 ky has at var-
ious times been one of large lagoons (some of which 
were evaporitic), high-energy beaches that swept back 
and forth across the shelf surface, abrading, sorting, 
and altering the sediment grains, a terrestrial landscape 
of locally vegetated dunes that were destroyed by the 
rising sea, and finally a deeply submerged shelf with 
a seafloor ranging from sponge-bryozoan meadows to 
shifting subaqueous dune fields to wave swept bedrock. 
All of this history has been deciphered from a ragged 
blanket of sediments that now cover the shelf. The sed-
iment once generated is not, however, all retained and 
it now appears that much of it disappears via physical 
and chemical processes. Active hydrodynamics sweep 
much of the shelf sediment both inboard and outboard. 
Most aragonite skeletal components appear to vanish 
via dissolution soon after deposition. The fortuitous 
west-to-east temperature gradient led to the opportu-
nity to contrast the warm-temperate seagrass environ-
ment in the west with the cool-temperate macrophyte 
regimen in the east. The warm-temperate seagrasses 
are the most vigorous carbonate factory in the system 
with production and accumulation rates that rival those 
of the tropics.

When we began to study this area we assumed that 
deposition would follow the rules and take place in a 
region where an anticlockwise southern hemisphere 
oceanic gyre dominated circulation and thus control-
led carbonate production and accumulation. Nothing 
could be further from the truth! The region operates 
under conditions that are at odds with predicted global 

mid-latitude oceanography. The sea state and hydro-
dynamic background are similar or perhaps more 
energetic than elsewhere. By contrast, the unforeseen 
near-oligotrophic nutrient regimen, locally harsh semi-
arid climate, zonal orientation of the shelf, inverse 
tectonic regimen, and backwards clockwise oceanic 

12.8  Conclusion

Fig. 12.13   Ancient cool-water limestones. (a) Bryozoan-bivalve 
grainstone-rudstone, Oligocene, western Yorke Peninsula, South 
Australia. (b) Bryozoan-brachiopod rudstone, Permian, Maria 
Island, Tasmania. (c) Core of Mississippian bryozoan rudstone-
floatstone, Pekisko Formation, Alberta, Canada
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circulation patterns impart an unexpected series of 
controls on sedimentation. These unique attributes 
have not hampered carbonate deposition but serve to 
highlight the fact that not all such sedimentation is 
controlled by predictable oceanographic attributes.

One of the current challenges of carbonate sedimen-
tology is how to apply fundamental concepts of modern 
cool-water carbonate deposition deduced from regions 
such as this to the ancient rock record. Seafloor depos-
its provide a window into the ancient world but their 
direct application comes with many caveats, the major 
ones being biotic evolution and changing oceanogra-
phy. There are now numerous accounts of interpreted 
cool-water limestones especially in the volumes edited 
by Nelson (1988a, b), James and Clarke (1997), and 
Pedley and Carannante (2006). An additional source 
of references outside these compilations can be found 
in James and Lukasik (2010).

This vast area contains many depositional envi-
ronments from which to pluck information about 
sediment-organism and sediment-oceanographic rela-
tionships that can be used when interpreting the origin 
of carbonate rocks throughout geologic history. Our 
findings are most useful when deciphering Cenozoic 
rocks (Fig. 12.13), when the cool-water marine biota 
was largely similar to that in the modern ocean. Our 
discoveries are also applicable, with evolutionary 

caveats, to the Mesozoic but with trepidation to the 
Paleozoic.

The epicontinental seas of southern Australia are 
natural laboratories wherein we can clearly see the proc-
esses of sedimentation, even though the products are 
largely the result of time-limited interactions. We are, 
today, on the threshold of a new era in sedimentology 
where ancient carbonates can be interpreted in a much 
more sophisticated fashion than ever before. To make 
this achievable, more studies like this one are needed 
so that we can use as much information from modern 
neritic seas as possible to wring out all the information 
encrypted in ancient carbonates (Fig. 12.13) and thereby 
interpret them in an ever more intelligent fashion.

There is a wealth of information about the evolu-
tion of our globe entombed in carbonate sedimentary 
rocks. Although it seems that we have, by document-
ing some modern systems, acquired all the informa-
tion that we need to decipher the rock record, this is an 
illusion. There is more information in these rocks than 
we have even begun to extract. To unlock this infor-
mation we must return to the ocean and document or 
re-investigate modern carbonate depositional systems. 
New tools and innovative concepts will refine and per-
haps even overturn previous interpretations of modern 
depositional systems. This book is but one example of 
such a study.

12  Summary & Synthesis
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�Appendix A  Seafloor Sample  
Sites–Albany Sector

Appendices

Sample # Depth (m) Latitude Longitude Facies
GAB 001 42 34°02.18′ S 114°57.14′ E C3 Coralline gravel
GAB 086 90 34°26.19′ 123°48.54′ C5 Articulated coralline and intraclast sand
GAB 087 90 34°32.54′ 123°40.17′ C5 Articulated coralline and intraclast sand
GAB 088 98 34°34.81′ 123°37.74′ C5 Articulated coralline and intraclast sand
GAB 089 210 34°37.14′ 123°32.20′ C5 Articulated coralline and intraclast sand
GAB 090 403 34°38.45′ 123°31.67′ C11 Spiculitic skeletal sandy mud
GAB 091 293 34°37.87′ 123°27.62′ C11 Spiculitic skeletal sandy mud
GAB 092 154 34°37.24′ 123°25.07′ C1 Bryozoan sand & gravel
GAB 093 95 34°31.59′ 122°58.42′ M1 Relict-rich skeletal sand & gravel
GAB 095 430 34°40.75′ 122°26.53′ C12 Coral, arborescent bryozoan gravel & mud
GAB 096 292 34°39.36′ 122°26.03′ C12 Coral, arborescent bryozoan gravel & mud
GAB 097 190 34°38.99′ 122°25.90′ C5 Articulated coralline and intraclast sand
GAB 098 156 34°38.71′ 122°25.83′ C5 Articulated coralline and intraclast sand
GAB 099 105 34°33.72′ 122°24.98′ C6 Fine skeletal sand
GAB 100 335 33°57.18′ 122°01.87′ C12 Coral, arborescent bryozoan gravel & mud
GAB 101 236 33°57.22′ 122°01.86′ C1 Bryozoan sand & gravel
GAB 102 35.5 33°57.18′ 122°01.88′ C2 Skeletal sand & gravel
GAB 103 55 33°58.27′ 121°55.17′ M2 Relict-rich, quartzose skeletal sand & gravel
GAB 104 67 34°00.06′ 121°51.20′ M2 Relict-rich, quartzose skeletal sand & gravel
GAB 105 78 34°04.13′ 121°44.01′ R1 Relict sand
GAB 106 87 34°12.00′ 121°31.87′ R1 Relict sand
GAB 107 90 34°19.99′ 121°31.80′ R1 Relict sand
GAB 108 101 34°28.66′ 121°32.16′ M1 Relict-rich skeletal sand & gravel
GAB 109 123 34°32.36′ 121°31.92′ C1 Bryozoan sand & gravel
GAB 110 154 34°32.72′ 121°31.66′ C1 Bryozoan sand & gravel
GAB 111 95 34°29.50′ 120°38.86′ C5 Articulated coralline and intraclast sand
GAB 112 65 34°20.16′ 119°55.11′ M1 Relict-rich skeletal sand & gravel
GAB 113 106 34°36.03′ 119°55.17′ C1 Bryozoan sand & gravel
GAB 114 190 34°36.74′ 119°55.13′ C1 Bryozoan sand & gravel
GAB 115 350 34°37.37′ 119°54.85′ C11 Spiculitic skeletal sandy mud
GAB 116 66 34°37.01′ 119°21.77′ M1 Relict-rich skeletal sand & gravel
GAB 117 65 34°35.12′ 119°00.04′ Q1 Calcareous quartz sand
GAB 118 87 34°59.40′ 119°00.01′ C1 Bryozoan sand & gravel
GAB 119 149 35°00.20′ 118°59.84′ C1 Bryozoan sand & gravel

N. P. James, Y. Bone, Neritic Carbonate Sediments in a Temperate Realm, 
DOI 10.1007/978-90-481-9289-2, © Springer Science+Business Media B.V. 2011
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Sample # Depth (m) Latitude Longitude Facies

GAB 002 49.5 32°4.12′ 127°30.79′ R3 Bryozoan-rich relict sand
GAB 003 30 32°19.10′ 127°30.00′ C2 Skeletal sand & gravel
GAB 004 36 32°14.94′ 128°00.26′ R1 Relict sand
GAB 005 40 32°06.16′ 128°29.09′ R1 Relict sand
GAB 006 40 32°0.40′ 128°29.12′ R1 Relict sand
GAB 007 42 31°50.49′ 129°00.32′ C2 Skeletal sand & gravel
GAB 008 43 31°43.00′ 129°30.59′ C2 Skeletal sand & gravel
GAB 009 47.5 31°59.94′ 130°59.97′ M1 Relict-rich skeletal sand & gravel
GAB 010 54 31°59.92′ 129°59.66′ M1 Relict-rich skeletal sand & gravel
GAB 011 60 32°25.01′ 129°59.77′ M1 Relict-rich skeletal sand & gravel
GAB 012 70 32°42.04′ 129°59.58′ C2 Skeletal sand & gravel
GAB 013 101 33°05.75′ 129°59.90′ C11 Spiculitic skeletal sandy mud
GAB 014 153 33°17′ 130°00′ C11 Spiculitic skeletal sandy mud
GAB 015 200 33°20′ 130°00′ C11 Spiculitic skeletal sandy mud
GAB 016 308.5 33°21.31′ 129°58.79′ C11 Spiculitic skeletal sandy mud
GAB 017 400.5 33°22.80′ 129°59.02′ C11 Spiculitic skeletal sandy mud
GAB 018 498 33°24.47′ 129°59.23′ C11 Spiculitic skeletal sandy mud
GAB 019 301 33°21.63′ 129°19.19′ C11 Spiculitic skeletal sandy mud
GAB 020 156.5 33°19.98′ 129°17.67′ C6 Fine skeletal sand
GAB 021 492.5 33°21.59′ 128°28.29′ C11 Spiculitic skeletal sandy mud
GAB 022 347 33°19.99′ 128°28.07′ C11 Spiculitic skeletal sandy mud
GAB 023 343 33°19.79′ 128°27.88′ C11 Spiculitic skeletal sandy mud
GAB 024 305 33°19.31′ 128°29.08′ C11 Spiculitic skeletal sandy mud
GAB 025 295 33°19.17′ 128°29.13′ C11 Spiculitic skeletal sandy mud
GAB 026 309 33°19.28′ 128°29.26′ C11 Spiculitic skeletal sandy mud
GAB 027 358 33°20.00′ 128°29.00′ C11 Spiculitic skeletal sandy mud
GAB 028 205 33°19.79′ 128°29.06′ C7 Delicate branching bryozoan muddy sand
GAB 029 148 33°16.04′ 128°31.74′ C1 Bryozoan sand & gravel
GAB 030 137 33°13.08′ 128°28.67′ C6 Fine skeletal sand

Sample # Depth (m) Latitude Longitude Facies
GAB 120 325 35°00.52′ 119°00.72′ C1 Bryozoan sand & gravel
GAB 121 82 35°17.80′ 118°19.98′ M1 Relict-rich skeletal sand & gravel
GAB 122 109.5 35°24.80′ 117°58.01′ M4 Relict-rich bryozoan sand
GAB 123 147 35°27.31′ 117°48.15′ C1 Bryozoan sand & gravel
GAB 124 303 35°27.97′ 117°45.78′ C1 Bryozoan sand & gravel
GAB 125 230 35°26.41′ 117°40.06′ C1 Bryozoan sand & gravel
GAB 126 86.5 35°21.12′ 117°26.61′ M4 Relict-rich bryozoan sand
GAB 127 86 35°12.92′ 117°05.08′ M2 Relict-rich, quartzose skeletal sand & gravel
GAB 128 59 35°07.27′ 116°52.44′ Q1 Calcareous quartz sand
GAB 129 70 35°06.97′ 116°20.39′ Q1 Calcareous quartz sand
GAB 130 100 35°07.41′ 115°58.56′ C5 Articulated coralline and intraclast sand
GAB 131 160 35°07.09′ 115°51.07′ C1 Bryozoan sand & gravel
GAB 133 416–476 34°46.97′ 114°45.66′ C6 Fine skeletal sand

Appendix B  Seafloor Sample Sites– 
Great Australian Bight Sector
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Sample # Depth (m) Latitude Longitude Facies

GAB 031 90.5 33°02.58′ 128°28.71′ C1 Bryozoan sand & gravel
GAB 032 54.5 32°40.05′ 128°28.90′ C2 Skeletal sand & gravel
GAB 033 87 32°59.65′ 128°00.39′ C5 Articulated coralline and intraclast sand
GAB 034 200 33°18.10′ 127°31.53′ C1 Bryozoan sand & gravel
GAB 035 153.5 33°16.40′ 127°29.77′ C7 Delicate branching bryozoan muddy sand
GAB 036 100 33°10.16′ 127°29.69′ C5 Articulated coralline and intraclast sand
GAB 037 76.5 32°59.03′ 127°11.19′ C5 Articulated coralline and intraclast sand
GAB 038 51 32°40.48′ 126°38.92′ R1 Relict sand
GAB 039 42.5 32°28.02′ 126°22.79′ R1 Relict sand
GAB 040 41 32°24.00′ 126°13.98′ C3 Coralline gravel
GAB 041 36 32°21.83′ 125°57.55′ C3 Coralline gravel
GAB 042 234 33°25.94′ 125°58.05′ C1 Bryozoan sand & gravel
GAB 043 227 33°25.77′ 125°58.02′ C1 Bryozoan sand & gravel
GAB 044 163 33°25.20′ 125°58.09′ C12 Coral, arborescent bryozoan gravel & mud
GAB 045 143.5 33°24.84′ 125°58.04′ C1 Bryozoan sand & gravel
GAB 046 136.5 33°24.59′ 125°58.00′ C1 Bryozoan sand & gravel
GAB 047 305 33°53.68′ 125°21.88′ C12 Coral, arborescent bryozoan gravel & mud
GAB 048 182 33°53.57′ 125°21.81′ C1 Bryozoan sand & gravel
GAB 049 156 33°52.55′ 125°21.79′ C1 Bryozoan sand & gravel
GAB 050 118.5 33°52.47′ 125°20.92′ C1 Bryozoan sand & gravel
GAB 052 71.5 33°36.00′ 125°11.00′ R3 Bryozoan-rich relict sand
GAB 053 62 33°26.30′ 125°04.98′ M1 Relict-rich skeletal sand & gravel
GAB 054 54 33°11.59′ 124°55.20′ M1 Relict-rich skeletal sand & gravel
GAB 055 61.5 33°16.76′ 125°18.16′ C6 Fine skeletal sand
GAB 056 72.5 33°19.94′ 125°43.92′ C6 Fine skeletal sand
GAB 057 112 33°21.37′ 125°59.25′ C1 Bryozoan sand & gravel
GAB 058 65 33°08.22′ 125°57.73′ C1 Bryozoan sand & gravel
GAB 059 56 32°50.08′ 125°58.31′ R1 Relict sand
GAB 060 49.5 32°36.00′ 125°58.00′ R1 Relict sand
GAB 061 46 32°42.01′ 125°42.84′ C3 Coralline gravel
GAB 062 50 32°46.97′ 125°25.23′ C3 Coralline gravel
GAB 063 46 32°52.11′ 125°05.22′ C3 Coralline gravel
GAB 064 42 32°57.55′ 124°46.61′ C3 Coralline gravel
GAB 065 42.5 33°03.50′ 124°22.92′ M1 Relict-rich skeletal sand & gravel
GAB 066 46 33°12.92′ 124°22.94′ C2 Skeletal sand and gravel
GAB 067 50 33°22.00′ 124°22.95′ M1 Relict-rich skeletal sand & gravel
GAB 068 59 33°37.90′ 124°22.99′ R1 Relict sand
GAB 069 64 33°43.01′ 124°23.03′ R2 Mollusc-rich relict sand
GAB 070 73.5 33°54.87′ 124°23.07′ M1 Relict-rich skeletal sand & gravel
GAB 071 79 34°07.12′ 124°22.91′ R1 Relict sand
GAB 072 87.5 34°13.79′ 124°23.15′ C1 Bryozoan sand & gravel
GAB 074 117–125 34°14.66′ 124°23.88′ C6 Fine skeletal sand
GAB 075 140–180 34°15.07′ 124°24.79′ C1 Bryozoan sand & gravel
GAB 076 173 34°15.25′ 124°24.55′ C1 Bryozoan sand & gravel
GAB 077 311 34°16.67′ 124°22.63′ C11 Spiculitic skeletal sandy mud
GAB 078 380 34°16.98′ 124°23.04′ C11 Spiculitic skeletal sandy mud
GAB 081 403 34°22.15′ 124°11.16′ C11 Spiculitic skeletal sandy mud
GAB 083 180 34°20.92′ 124°08.49′ R4 Limestone gravel
GAB 084 96 34°20.47′ 124°08.04′ C1 Bryozoan sand & gravel
GAB 085 80 34°16.38′ 124°00.12′ M1 Relict-rich skeletal sand & gravel
GAB 086 90 34°26.19′ 123°48.54′ C5 Articulated coralline and intraclast sand
GAB 087 90 34°32.54′ 123°40.17′ C5 Articulated coralline and intraclast sand
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Sample # Depth (m) Latitude Longitude Facies

GAB 088 98 34°34.81′ 123°37.74′ C5 Articulated coralline and intraclast sand
GAB 089 210 34°37.14′ 123°32.20′ C5 Articulated coralline and intraclast sand
GAB 090 403 34°38.45′ 123°31.67′ C11 Spiculitic skeletal sandy mud
GAB 091 293 34°37.87′ 123°27.62′ C11 Spiculitic skeletal sandy mud
GAB 092 154 34°37.24′ 123°25.07′ C1 Bryozoan sand & gravel
ACM 037 380 35°22.75′ 134°42.02′ C12 Coral, arborescent bryozoan gravel & mud
ACM 038 200 35°21.68′ 134°42.11′ C7 Delicate branching bryozoan muddy sand
ACM 039 124 35°09.11′ 134°46.26′ C5 Articulated coralline and intraclast sand
ACM 041 83 34°40.00′ 134°54.08′ R3 Bryozoan-rich relict sand
ACM 041A 75 34°12.13′ 134°52.22′ R2 Mollusc-rich relict sand
ACM 042 55–45 33°47.09′ 134°50.15′ R2 Mollusc-rich relict sand
ACM 043 48 33°40.01′ 134°49.97′ R2 Mollusc-rich relict sand
ACM 044 500–480 35°00.86′ 133°54.21′ C11 Spiculitic skeletal sandy mud
ACM 045 310–340 35°00.57′ 133°55.46′ C7 Delicate branching bryozoan muddy sand
ACM 046 200–180 34°58.99′ 133°54.96′ C1 Bryozoan sand & gravel
ACM 047 121 34°52.09′ 133°55.54′ C1 Bryozoan sand & gravel
ACM 048 96 34°26.03′ 134°00.16′ C5 Articulated coralline and intraclast sand
ACM 049 84 34°05.07′ 134°05.02′ R2 Mollusc-rich relict sand
ACM 050 71.5 33°38.17′ 134°10.49′ R2 Mollusc-rich relict sand
ACM 051 71.5 33°19.98′ 134°15.04′ C6 Fine skeletal sand
ACM 052 65 33°12.88′ 134°16.46′ M2 Relict-rich quartzose skeletal sand & gravel
ACM 053 500 34°27.34′ 132°48.54′ C12 Coral, arborescent bryozoan gravel & mud
ACM 054 254–214 34°24.99′ 132°51.25′ C7 Delicate branching bryozoan muddy sand
ACM 055 169–182 34°23.82′ 132°51.31′ C1 Bryozoan sand & gravel
ACM 056 121 34°13.55′ 132°59.01′ C5 Articulated coralline and intraclast sand
ACM 057 94 33°44.09′ 133°15.97′ C1 Bryozoan sand & gravel
ACM 058 72.5 33°18.02′ 133°32.05′ R1 Relict sand
ACM 059 62 32°53.39′ 133°48.25′ R1 Relict sand
ACM 060 31 32°40.09′ 133°59.21′ M2 Relict-rich quartzose skeletal sand & gravel
ACM 061 31 32°37.00′ 133°58.55′ M2 Relict-rich quartzose skeletal sand & gravel
ACM 062 26 32°34.58′ 133°57.08′ C4 Encrusted rocky substrate
ACM 063 515 34°02.61′ 132°23.21′ C8 Scaphopod, pteropod sand & mud
ACM 064 261–315 34°00.05′ 132°25.32′ C1 Bryozoan sand & gravel
ACM 065 174 33°59.94′ 132°26.78′ C1 Bryozoan sand & gravel
ACM 066 123 33°47.07′ 132°35.12′ C1 Bryozoan sand & gravel
ACM 067 94 33°24.09′ 132°51.11′ R1 Relict sand
ACM 068 82 33°06.98′ 133°05.82′ R1 Relict sand
ACM 069 57 32°41.02′ 133°24.93′ R2 Mollusc-rich relict sand
ACM 070 28.5 32°21.82′ 133°39.31′ M2 Relict-rich quartzose skeletal sand & gravel
ACM 071 18.5 32°15.27′ 133°29.73′ R1 Relict sand
ACM 072 50.5 32°18.03′ 133°06.99′ R1 Relict sand/R2 Mollusc-rich relict sand
ACM 073 360 33°35.81′ 131°40.92′ C7 Delicate branching bryozoan muddy sand
ACM 074 195 33°30.76′ 131°43.33′ C1 Bryozoan sand & gravel
ACM 075 120 33°21.34′ 131°48.92′ R3 Bryozoan-rich relict sand
ACM 076 91 32°55.31′ 132°02.71′ R1 Relict sand
ACM 077 74.5 32°36.63′ 132°13.81′ R1 Relict sand
ACM 078 63 32°12.24′ 132°27.70′ M1 Relict-rich skeletal sand & gravel
ACM 079 45 32°00.11′ 132°34.90′ C2 Skeletal sand and gravel
ACM 080 60 32°03.91′ 131°43.07′ M1 Relict-rich skeletal sand & gravel
ACM 081 70 32°22.05′ 131°31.00′ R1 Relict sand
ACM 082 89 32°52.09′ 131°15.68′ R1 Relict sand
ACM 083 550–590 33°29.97′ 130°51.94′ C8 Scaphopod, pteropod sand & mud
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ACM 084 351 33°25.22′ 130°51.97′ C8 Scaphopod, pteropod sand & mud
ACM 085 196 33°22.45′ 130°51.80′ C7 Delicate branching bryozoan muddy sand
ACM 086 125 33°15.13′ 130°52.10′ C5 Articulated coralline and intraclast sand
ACM 087 106 33°08.04′ 130°52.18′ C5 Articulated coralline and intraclast sand
ACM 088 87 32°49.02′ 130°52.00′ R2 Mollusc-rich relict sand
ACM 089 68 32°16.01′ 130°51.92′ C2 Skeletal sand and gravel
ACM 090 50 31°38.52′ 130°52.14′ M1 Relict-rich skeletal sand & gravel
ACM 091 38 31°30.76′ 131°06.33′ M1 Relict-rich skeletal sand & gravel
ACM 092 50 31°38.94′ 130°27.98′ M1 Relict-rich skeletal sand & gravel
ACM 093 56 31°57.89′ 130°27.98′ M1 Relict-rich skeletal sand & gravel
ACM 094 66.5 32°30.03′ 130°28.24′ C5 Articulated coralline and intraclast sand
ACM 095 94 32°56.14′ 130°28.23′ C5 Articulated coralline and intraclast sand
ACM 096 150 33°15.98′ 130°28.22′ C7 Delicate branching bryozoan muddy sand
ACM 097 260 33°22.35′ 130°28.06′ C7 Delicate branching bryozoan muddy sand
ACM 098 504 33°26.18′ 130°28.12′ C8 Scaphopod, pteropod sand & mud
ACM 100 495 33°29.88′ 139°30.08′ C8 Scaphopod, pteropod sand & mud
ACM 101 342.5 33°25.03′ 129°30.26′ C8 Scaphopod, pteropod sand & mud
ACM 102 200.5 33°21.47′ 129°30.33′ C1 Bryozoan sand & gravel
ACM 103 127 33°11.48′ 129°29.95′ C5 Articulated coralline and intraclast sand
ACM 104 80 32°55.98′ 129°29.96′ C5 Articulated coralline and intraclast sand
ACM 105 65 32°38.06′ 129°29.99′ C5 Articulated coralline and intraclast sand
ACM 106 51 32°10.05′ 129°30.05′ C2 Skeletal sand & gravel
ACM 107 41 31°39.44′ 129°30.02′ C2 Skeletal sand & gravel
PL 94-01 51 33°43.25′ 134°54.98′ R2 Mollusc-rich relict sand
PL 94-02 72 33°56.19′ 134°41.15′ R2 Mollusc-rich relict sand
PL 94-03 80 34°07.93′ 134°30.08′ R2 Mollusc-rich relict sand
PL 94-04 90 34°20.83′ 134°17.32′ R2 Mollusc-rich relict sand
PL 94-05 90 37°27.48′ 134°10.14′ C5 Articulated coralline and intraclast sand
PL 94-06 110 34°40.34′ 133°56.53′ C1 Bryozoan sand & gravel
PL 94-07 120 364°46.96′ 133°49.60′ C5 Articulated coralline and intraclast sand
PL 94-08 160–220 34°.5′ 133°42.7′ C1 Bryozoan sand & gravel
PL 94-8/9 250–160 34°55.10′ 133°43.05′ C12 Coral, arborescent bryozoan gravel & mud
PL 94-10 450–500 34°55.63′ 133°40.72′ C11 Spiculitic skeletal sandy mud
PL 94-12 45 34°44.92′ 135°19.42′ R2 Mollusc-rich relict sand
PL 94-13 50 34°48.32′ 135°16.32′ M1 Relict-rich skeletal sand & gravel
PL 94-14 95 34°56.93′ 135°10.73′ C5 Articulated coralline and intraclast sand
PL 94-15 114 35°07.07′ 135°03.15′ C5 Articulated coralline/C6 Fine skeletal sand
PL 94-16 125 35°14.24′ 134°57.85′ C6 Fine skeletal sand
PL 94-17 129 35°16.54′ 134°54.80′ C5 Articulated coralline and intraclast sand
PL 94-18 118 35°21.86′ 134°51.26′ C6 Fine skeletal sand
PL 94-19 148 35°23.92′ 134°49.94′ C6 Fine skeletal sand
PL 94-20 160–180 35°25.44′ 134°49.12′ C7 Delicate branching bryozoan muddy sand
PL 94-21 220–250 35°26.10′ 134°48.85′ C12 Coral, arborescent bryozoan gravel & mud
PL 94-22 320–350 35°26.84′ 134°48.73′ C12 Coral, arborescent bryozoan gravel & mud
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�Appendix C  Seafloor Sediment Sample 
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Sample # Depth (m) Latitude Longitude Facies

ACM 009 30 38°07.93′ S 140°45.74′ E C4 Encrusted rocky substrate
ACM 010 191 38°13.13′ 140°24.13′ C7 Delicate branching bryozoan muddy sand
ACM 011 35 37°46.47′ 140°12.92′ M1 Relict-rich skeletal sand & gravel
ACM 012 130 37°51.25′ 139°59.80′ C6 Fine skeletal sand
ACM 013 179 37°52.49′ 139°56.06′ C6 Fine skeletal sand
ACM 014 278 37°53.18′ 139°54.06′ C7 Delicate branching bryozoan muddy sand
ACM 015 38 37°26.81′ 139°49.18′ C1 Bryozoan sand & gravel
ACM 016 280–200 37°30.60′ 139°24.94′ C12 Coral, arborescent bryozoan gravel & mud
ACM 018 130 37°27.51′ 139°27.03′ M4 Relict-rich bryozoan sand
ACM 019 35 37°05.06′ 139°37.25′ C1 Bryozoan sand & gravel
ACM 020 185–200 37°12.06′ 139°00.19′ M4 Relict-rich bryozoan
ACM 021 255 37°11.25′ 138°58.51′ C1 Bryozoan sand & gravel
ACM 023 50 36°50.23′ 139°04.62′ M4 Relict-rich bryozoan sand
ACM 024 44 36°05.95′ 139°18.05′ Q1 Calcareous quartz sand
ACM 025 42 35°46.98′ 138°58.00′ Q1 Calcareous quartz sand
ACM 026 48 35°55.06′ 137°54.07′ C1 Bryozoan sand & gravel
ACM 027 137 36°49.24′ 137°26.82′ C1 Bryozoan sand & gravel
ACM 028 267 36°50.45′ 137°27.17′ C1 Bryozoan sand & gravel
ACM 029 57 36°04.00′ 137°03.14′ C1 Bryozoan sand & gravel
ACM 030 126 36°33.75′ 136°51.48′ C1 Bryozoan sand & gravel
ACM 031 200 36°36.50′ 136°50.58′ C1 Bryozoan sand & gravel
ACM 032 275 36°37.27′ 136°51.43′ C1 Bryozoan sand & gravel
ACM 034 177 36°07.52′ 135°53.81′ C1 Bryozoan sand & gravel
ACM 035 285 35°59.93′ 135°42.42′ C7 Delicate branching bryozoan muddy sand
ACM 036 182 35°42.38′ 135°27.12′ C7 Delicate branching bryozoan muddy sand
ACM 039 124 35°09.11′ 134°46.26′ C5 Articulated coralline and intraclast sand
ACM 041 83 34°40.00′ 134°54.08′ R3 Bryozoan-rich relict sand
ACM 041A 75 34°12.13′ 134°52.22′ R2 Mollusc-rich relict sand
ACM 042 55–45 33°47.09′ 134°50.15′ R2 Mollusc-rich relict sand
ACM 043 48 33°40.01′ 134°49.97′ R2 Mollusc-rich relict sand
ACM 111 46 136°54.73′ 34°56.69′ R3 Bryozoan-rich relict sand
PL 94-01 51 33°43.25′ 134°54.98′ R2 Mollusc-rich relict sand
PL 94-02 72 33°56.19′ 134°41.15′ R2 Mollusc-rich relict sand
PL 94-03 80 34°07.93′ 134°30.08′ R2 Mollusc-rich relict sand
PL 94-04 90 34°20.83′ 134°17.32′ R2 Mollusc-rich relict sand
PL 94-05 90 37°27.48′ 134°10.14′ C5 Articulated coralline and intraclast sand
PL 94-06 110 34°40.34′ 133°56.53′ C1 Bryozoan sand & gravel
PL 94-12 45 34°44.92′ 135°19.42′ R2 Mollusc-rich relict sand
PL 94-13 50 34°48.32′ 135°16.32′ M1 Relict-rich skeletal sand & gravel
PL 94-14 95 34°56.93′ 135°10.73′ C5 Articulated coralline and intraclast sand
PL 94-15 114 35°07.07′ 135°03.15′ C5 Articulated coralline/C6 Fine skeletal sand
PL 94-16 125 35°14.24′ 134°57.85′ C6 Fine skeletal sand
PL 94-17 129 35°16.54′ 134°54.80′ C5 Articulated coralline and intraclast sand
PL 94-18 118 35°21.86′ 134°51.26′ C6 Fine skeletal sand
PL 94-19 148 35°23.92′ 134°49.94′ C6 Fine skeletal sand
PL 94-20 160–180 35°25.44′ 134°49.12′ C7 Delicate branching bryozoan muddy sand
PL 94-21 220–250 35°26.10′ 134°48.85′ C12 Coral, arborescent bryozoan gravel & mud
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PL 94-22 320–350 35°26.84′ 134°48.73′ C12 Coral, arborescent bryozoan gravel & mud
PL 94-23 57 34°54.87′ 135°45.94′ M1 Relict-rich skeletal sand & gravel
PL 94-24 81 35°05.91′ 135°42.15′ M1 Relict-rich skeletal sand & gravel/C5 articulated 

coralline
PL 94-25 96 35°14.73′ 135°39.67′ C5 Articulated coralline and intraclast sand
PL 94-26 112 35°24.91′ 135°33.52′ M4 Relict-rich bryozoan sand
PL 94-27 126 35°31.50′ 135°29.10′ C6 Fine skeletal sand
PL 94-28 165 35°38.56′ 135°24.10′ C6 Fine skeletal sand
PL 94-29 166 35°39.44′ 135°23.55′ C7 Delicate branching bryozoan muddy sand
PL 94-30 220 35°41.43′ 135°22.72′ C7 Delicate branching bryozoan muddy sand
PL 94-31 300–243 35°41.52′ 135°22.33′ C11 Spiculitic skeletal sandy mud
PL 94-32 380–320 35°42.41′ 135°22.34′ C11 Spiculitic skeletal sandy mud
PL 94-35 460 36°04.32′ 135°44.30′ C11 Spiculitic skeletal sandy mud
PL 94-36 300 36°03.10′ 135°45.69′ C1 Bryozoan sand & gravel
PL 94-37 200 36°01.58′ 135°45.82′ C6 Fine skeletal sand
PL 94-38 145 35°54.08′ 135°49.83′ C6 Fine skeletal sand
PL 94-39 130 35°45.62′ 135°54.17′ C6 Fine skeletal sand
PL 94-40 126 35°39.99′ 135°56.50′ C6 Fine skeletal sand
PL 94-41 110 35°35.43′ 135°58.78′ M4 Relict-rich bryozoan sand
PL 94-42 104 35°28.67′ 136°01.81 R3 Bryozoan-rich relict sand
PL 94-43 90 35°20.52′ 136°18.97′ C5 Articulated coralline and intraclast sand
PL 94-44 47 35°08.98′ 136°41.98′ R2 Mollusc-rich relict sand
PL 94-45 78.5 35°23.94′ 136°34.21′ C6 Fine skeletal sand
PL 94-46 95 35°34.42′ 136°27.17′ C6 Fine skeletal sand
PL 94-47 115 35°45.64′ 136°22.02′ C6 Fine skeletal sand
PL 94-48 120 35°55.28′ 136°18.05′ R3 Bryozoan-rich relict sand
PL 94-49 115 36°05.72′ 136°18.01′ M4 Relict-rich bryozoan sand
PL 94-50 114 36°15.88′ 136°17.97′ R3 Bryozoan-rich relict sand
PL 94-51 115 36°19.35′ 136°18.26′ R3 Bryozoan-rich relict sand
PL 94-52 140 36°28.02′ 136°18.23′ C6 Fine skeletal sand
PL 94-53 205 36°30.64′ 136°18.12′ C12 Coral, arborescent bryozoan gravel & mud
PL 94-54 357–204 36°31.37′ 136°18.31′ C12 Coral, arborescent bryozoan gravel & mud
PL 94-56 86 35°36.46′ 136°42.59′ C6 Fine skeletal sand
PL 94-57 64 35°29.02′ 136°49.75′ C5 Articulated coralline and intraclast sand
PL 94-58 38 35°35.48′ 137°09.10′ R2 Mollusc-rich relict sand
PL 94-59 40 35°29.31′ 137°06.30′ R2 Mollusc-rich relict sand
PL 94-60 43 35°23.51′ 137°05.03′ R2 Mollusc-rich relict sand
PL 94-61 29 35°17.11′ 137°02.89′ C2 Skeletal sand & gravel
PL 94-62 26 35°17.56′ 137°20.25′ M3 Relict-rich molluscan sand
PL 94-63 35 35°25.94′ 137°21.87′ R2 Mollusc-rich relict sand
PL 94-64 27 35°32.47′ 137°19.23′ M3 Relict-rich molluscan sand
PL 94-65 30 35°31.48′ 137°41.11′ C2 Skeletal sand and gravel
PL 94-66 36 35°22.03′ 137°39.52′ C2 Skeletal sand and gravel
PL 94-67 26 35°10.70′ 137°30.80′ C2 Skeletal sand and gravel
PL 94-68 32 35°13.45′ 137°46.41′ M3 Relict-rich molluscan sand
PL 94-69 38 35°21.42′ 137°52.38′ M3 Relict-rich molluscan sand
PL 94-70 36 35°28.95′ 137°59.00′ C10 Bivalve mud
PL 94-71 15 35°42.60′ 137°49.64′ C9 Mollusc, coralline, benthic foraminifer gravel, sand 

& mud
VH89-01 171 36°56.57′ 137°39.18′ C1 Bryozoan sand & gravel
VH89-02 127 36°55.59′ 137°39.47′ C1 Bryozoan sand & gravel
VH89-03 123 36°55.46′ 137°38.84′ C1 Bryozoan sand & gravel
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VH89-04 67 36°45.75′ 137°47.55′ M4 Relict-rich bryozoan sand
VH89-05 68 36°37.28′ 137°57.5′ Q1 Calcareous quartz sand
VH-89-06 65 36°28.25′ 138°07.20′ R4 Limestone gravel (paleostrandline)
VH89-07 62 36°19.50′ 138°17.5′ Q1 Calcareous quartz sand
VH89-08 57 36°10.58′ 138°27.18′ M2 Relict-rich, quartzose skeletal sand & gravel
VH89-09 52 36°01.88′ 138°37.13′ R3 Bryozoan-rich relict sand
VH89-10 47 35°53′ 138°47′ Q1 Calcareous quartz sand
VH89-11 42 35°44′ 138°57.3′ Q1 Calcareous quartz sand
VH89-12 36 35°39′ 138°51.2′ R4 Limestone gravel (paleostrandline)
VH89-13 42–45 35°42.5′ 138°47.3′ R2 Mollusc-rich relict sand
VH89-14 43 35°43′ 138°40.2′ R2 Mollusc-rich relict sand
VH89-15 37 36°02.31′ 138°22.62′ C3 Coralline gravel
VH-89-16 38 36°02.44′ 138°20.29′ C3 Coralline gravel
VH89-17 38 35°54.58′ 138°16.67′ M4 Relict-rich bryozoan sand
VH89-18 24 35°55.36′ 138°14.85′ C4 Encrusted rocky substrate
VH89-19 38 35°54.45′ 138°11.92′ M2 Relict-rich, quartzose skeletal sand & gravel
VH89-20 42 35°54.77′ 138°11.66′ M2 Relict-rich, quartzose skeletal sand & gravel
VH89-21 61 36°10.03′ 138°16.44′ M2 Relict-rich, quartzose skeletal sand & gravel
VH89-22 45 36°09.48′ 138°10.95′ C3 Coralline gravel
VH89-23 58 36°07.61′ 138°00.21′ M4 Relict-rich bryozoan sand
VH89-24 65 36°14.75′ 137°53.47′ R1 Relict sand
VH89-25 74 36°22.47′ 137°46.03′ R2 Mollusc-rich relict sand
VH-89-26 81 36°30.43′ 137°34.62′ R2 Mollusc-rich relict sand
VH89-27 90 36°38.15′ 137°25.62′ M4 Relict-rich bryozoan sand
VH89-28 63 36°41.46′ 137°52.72′ R4 Limestone gravel (paleostrandline)
VH89-29 144 37°02.60′ 137°58.13′ C6 Fine skeletal sand
VH89-30 108 37°02.14′ 138°01.47′ C1 Bryozoan sand & gravel
VH-89-31 85 37°00.51′ 138°02.82′ C1 Bryozoan sand & gravel
VH89-32 73 36°54.40′ 138°07.85′ M2 Relict-rich, quartzose skeletal sand & gravel
VH89-33 62 36°50.30′ 138°12.73′ M2 Relict-rich, quartzose skeletal sand & gravel
VH-89-34 61 36°41.74′ 138°22.45′ R4 Limestone gravel (paleostrandline)
VH89-35 62 36°32.75′ 138°32.23′ Q1 Calcareous quartz sand
VH89-36 59 36°23.96′ 138°42.21′ Q1 Calcareous quartz sand
VH89-37 53 36°15.26′ 138°51.54′ Q1 Calcareous quartz sand
VH89-38 48 36°06.05′ 137°01.46′ Q1 Calcareous quartz sand
VH89-39 46 35°57.97′ 139°10.54′ Q1 Calcareous quartz sand
VH89-40 41 36°09.94′ 139°25.86′ M2 Relict-rich, quartzose skeletal sand
VH89-41 50 36°18.59′ 139°17.66′ Q1 Calcareous quartz sand
VH89-42 53 36°27.32′ 139°07.47′ Q1 Calcareous quartz sand
VH89-43 55 36°35.91′ 138°56.68′ Q1 Calcareous quartz sand
VH89-44 52 36°46.32′ 138°46.57′ M2 Relict-rich, quartzose skeletal sand
VH89-45 57 36°50.19′ 138°42.57′ M2 Relict-rich, quartzose skeletal sand
VH-89-46B 67 36°54.50′ 138°36.94′ M2 Relict-rich, quartzose skeletal sand
VH89-47 77 36°58.46′ 138°32.58′ M1 Relict-rich skeletal sand & gravel
VH89-48 98 37°02.79′ 138°27.46′ C1 Bryozoan sand & gravel
VH89-49 164 37°08.56′ 138°52.07′ C6 Fine skeletal sand
VH89-50 91 37°04.12′ 138°56.31′ M1 Relict-rich skeletal sand & gravel
VH89-51 76 37°00.17′ 139°01.13′ M2 Relict-rich, quartzose skeletal sand & gravel
VH-89-52 50 36°42.18′ 139°10.83′ M4 Relict-rich bryozoan sand
VH89-53 47 36°42.18′ 139°20.67′ M2 Relict-rich, quartzose skeletal sand & gravel
VH89-54 39 36°34.35′ 139°30.21′ M2 Relict-rich, quartzose skeletal sand & gravel
VH89-55 29 36°57.84′ 139°31.24′ M4 Relict-rich bryozoan sand
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VH89-56 62 37°07.92′ 139°22.37′ M2 Relict-rich, quartzose skeletal sand & gravel
VH89-57 74 37°11.48′ 139°17.27′ M1 Relict-rich skeletal sand & gravel
VH89-58 141 37°14.86′ 139°12.69′ C6 Fine skeletal sand
VH89-LB2 28 36°45.94′ 139°38.42′ M3 Relict-rich molluscan sand
VH89-59 167 37°33.10′ 139°25.39′ M1 Relict-rich skeletal sand & gravel
VH89-60 82 37°23.29′ 139°30.81′ C1 Bryozoan sand & gravel
VH89-61 51 37°21.88′ 139°36.00′ R4 Limestone gravel (paleostrandline)
VH89-62 62 37°20.39′ 139°37.42′ R4 Limestone gravel (paleostrandline)
VH89-63 40 37°17.40′ 139°41.07′ M2 Relict-rich, quartzose skeletal sand
VH-89-64 220 37°31.28′ 139°25.84′ M1 Relict-rich skeletal sand & gravel
VH-89-65A 186 37°17.04′ 139°11.07′ C6 Fine skeletal sand
VH-89-66 180 37°09.36′ 138°49.36′ C1 Bryozoan sand & gravel
VH89-67 164 37°05.20′ 138°24.72′ C12 Coral, arborescent bryozoan gravel & mud
VH89-68 113 36°43.55′ 137°18.29′ C1 Bryozoan sand & gravel
VH-89-69A 176 36°46.07′ 137°14.24′ C6 Fine skeletal sand
VH89-70 97 36°27.28′ 137°07.67′ C6 Fine skeletal sand
VH89-71 130 36°35.68′ 136°57.83′ C1 Bryozoan sand & gravel
VH89-72 129 36°37.37′ 136°55.75′ C1 Bryozoan sand & gravel
VH89-73 84 36°14.61′ 136°55.43′ R1 Relict sand
VH-89-74A 115 36°24.68′ 136°43.37′ M1 Relict-rich skeletal sand & gravel
VH89-75 160 36°32.82′ 136°33.32′ C6 Fine skeletal sand
VH89-76 196 36°34.12′ 136°31.50′ C6 Fine skeletal sand
VH89-77 41 36°08.35′ 138°10.99′ M4 Relict-rich bryozoan sand
VH89-84 49 35°54.40′ 138°44.80′ Q1 Calcareous quartz sand
VH89-85 56 36°06.8′ 138°28.6′ R4 Limestone gravel (paleostrandline)
VH89-88 38 35°54.26′ 138°10.52′ M2 Relict-rich, quartzose skeletal sand & gravel
VH-89-89 38 35°50.4′ 138°26.9′ R4 Limestone gravel (paleostrandline)
VH91-100 31 35°42.13′ 138°22.01′ M1 Relict-rich skeletal sand & gravel
VH91-102D 128 36°54.83′ 137°37.27′ C1 Bryozoan sand & gravel
VH91-103D 135 36°55.70′ 137°37.26′ C1 Bryozoan sand & gravel
VH91-104 190 36°56.38′ 137°36.95′ C7 Delicate branching bryozoan muddy sand
VH91-107D 425 36°57.19′ 137°35.63′ C8 Scaphopod, pteropod sand & mud
VH91-108D 281 36°56.35′ 137°36.06′ C7 Delicate branching bryozoan muddy sand
VH91-109D 106 36°53.42′ 137°39.47′ C1 Bryozoan sand & gravel/C6 Fine skeletal sand
VH91-110D 99 36°53.10′ 137°39.90′ C1 Bryozoan sand & gravel
VH91-111D 105 36°53.02′ 137°39.95′ C6 Fine skeletal sand
VH91-112D 97 36°53.08′ 137°39.61′ C1 Bryozoan sand & gravel
VH91-113D 90 36°49.58′ 137°41.73′ C1 Bryozoan sand & gravel
VH91-114D 124 37°01.38′ 137°56.38′ C1 Bryozoan sand & gravel
VH91-115G 582 37°12.24′ 138°34.42′ C11 Spiculitic skeletal sandy mud
VH91-116G 434 37°09.90′ 138°34.43′ C11 Spiculitic skeletal sandy mud
VH91-117G 305 37°07.74′ 138°34.71′ C11 Spiculitic skeletal sandy mud
VH91-118D 200 37°07.11′ 138°34.74′ C1 Bryozoan sand & gravel
VH91-119D 243 37°07.18′ 138°34.77′ C1 Bryozoan sand & gravel
VH91-119G 189 37°07.12′ 138°34.38′ C1 Bryozoan sand & gravel
VH91-120D 173 37°05.93′ 138°33.82′ C1 Bryozoan sand & gravel
VH91-121D 148 37°04.90′ 138°33.33′ C1 Bryozoan sand & gravel
VH91-122D 136 37°04.15′ 138°33.56′ C6 Fine skeletal sand
VH91-123 174 37°06.94′ 138°35.24′ C1 Bryozoan sand & gravel/C12 Coral, bryozoan gravel 

& mud
VH91-124D 256 37°07.61′ 138°33.48′ C1 Bryozoan sand & gravel
VH91-127D 189 37°06.23′ 138°04.34′ C1 Bryozoan sand & gravel
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VH91-128D 179 37°06.07′ 138°04.81′ C1 Bryozoan sand & gravel
VH91-129D 160 37°05.41′ 138°04.64′ C1 Bryozoan sand & gravel
VH91-130D 113 37°03.71′ 138°05.26′ C1 Bryozoan sand & gravel
VH91-131G 1048 37°16.47′ 138°11.47′ C11 Spiculitic skeletal sandy mud
VH91-132D 200 37°04.32′ 138°13.82′ C1 Bryozoan sand & gravel
VH91-133D 153 37°03.90′ 138°13.93′ C6 Fine skeletal sand
VH91-134D 113 37°03.04′ 138°14.16′ C1 Bryozoan sand & gravel
VH91-135D 99 37°01.97′ 138°14.27′ C1 Bryozoan sand & gravel
VH91-136D 77 36°53.53′ 137°57.84′ C1 Bryozoan sand & gravel
VH91-137D 86 36°57.63′ 137°57′ C1 Bryozoan sand & gravel
VH91-138D 97 36°59.72′ 137°56.62′ C6 Fine skeletal sand
VH91-139D 141 37°02.30′ 137°56.54′ C6 Fine skeletal sand
VH91-140D 170 37°03.29′ 137°55.79′ C6 Fine skeletal sand
VH91-141D 335 37°04.40′ 137°55.52′ C7 Delicate branching bryozoan muddy sand
VH91-142D 429 37°05.86′ 137°58.80′ C11 Spiculitic skeletal sandy mud
VH91-143 95 36°59.81′ 137°56.81′ C6 Fine skeletal sand
VH91-144 154 37°03.92′ 138°13.86′ C6 Fine skeletal sand
VH91-146D 98 36°27.18′ 136°56.59′ M4 Relict-rich bryozoan sand
VH91-147D 108 36°29.55′ 136°56.10′ M4 Relict-rich bryozoan sand
VH91-148D 123 36°33.88′ 136°54.38′ M4 Relict-rich bryozoan sand
VH91-149D 129 36°36.37′ 136°54.08′ C1 Bryozoan sand & gravel
VH91-150D 137 36°37.61′ 136°54.36′ C1 Bryozoan sand & gravel
VH91-151D 28 37°21.57′ 139°48.12′ M1 Relict-rich skeletal sand & gravel
VH91-152D 62 37°25.57′ 139°38.48′ R4 Limestone gravel (paleostrandline)
VH91-153 95 37°30.75′ 139°36.24′ C1 Bryozoan sand & gravel
VH91-154D 151 37°33.39′ 139°31.99′ M1 Relict-rich skeletal sand & gravel
VH91-155D 175 37°34.14′ 139°31.20′ M2 Relict-rich, quartzose skeletal sand & gravel
VH91-156D 29 37°36.21′ 140°02.61′ C4 Encrusted rocky substrate
VH91-157D 60 37°38.66′ 139°58.60′ C1 Bryozoan sand & gravel
VH91-158D 83 37°43.23′ 139°53.75′ M2 Relict-rich, quartzose skeletal sand & gravel
VH91-159D 220–280 37°47.13′ 139°47.67′ R2 Mollusc-rich relict sand
VH91-160D 285 37°47.79′ 139°46.72′ M2 Relict-rich, quartzose skeletal sand & gravel
1884 22 34°25.70 ′S 136°11.80 ′E C9 Mollusc, coralline benthic foraminifera gravel, sand 

& mud
1881 29 34°32.31 ′S 136°26.48 ′E C3 Coralline gravel
1878 40 34°40.49 ′S 136°41.43 ′E C3 Coralline gravel
1876 44 34°45.64 ′S 136°51.66 ′E R2 Mollusc-rich relict sand
1875 36 34°47.49 ′S 136°57.37 ′E C1 Bryozoan sand & gravel
1874 34 34°49.22 ′S 137°04.23 ′E M1 Relict-rich skeletal sand & gravel
1885 17 34°34.04 ′S 135°59.84 ′E C9 Mollusc, coralline benthic foraminifera gravel, sand 

& mud
1887 24 34°43.33 ′S 136°12.48 ′E C3 Coralline gravel
1890 24 34°43.38 ′S 136°18.14 ′E C3 Coralline gravel
1896 41 34°43.61 ′S 136°28.56 ′E C2 Skeletal sand & gravel
1899 45 34°46.18 ′S 136°42.19 ′E R2 Mollusc-rich relict sand
1903 8 34°53.34 ′S 137°04.74 ′E C9 Mollusc, coralline benthic foraminifera gravel, sand 

& mud
1908 19 34°48.80 ′S 136°06.00 ′E C3 Coralline gravel
1864 40 34°50.14 ′S 136°18.79 ′E C2 Skeletal sand & gravel
1867 56 34°54.77 ′S 136°32.54 ′E R2 Mollusc-rich relict sand
1870 48 34°59.24 ′S 136°46.17 ′E R2 Mollusc-rich relict sand
1872 18 35°02 ′S 136°55 ′E C4 Encrusted rocky substrate
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1911 35 35°00′S 136°12 ′E C1 Bryozoan sand & gravel
1915 47 35°05 ′S 136°24 ′E R2 Mollusc-rich relict sand
1917 45 35°07 ′S 136°28 ′E C3 Coralline gravel
1920 48 35°08 ′S 136°37 ′E M3 Relict-rich molluscan sand
1923 20 35°12 ′S 136°50 ′E R2 Mollusc-rich relict sand
1926 55 35°20 ′S 136°45 ′E R2 Mollusc-rich relict sand
1927 55 35°26 ′S 136°51 ′E R2 Mollusc-rich relict sand
1928 35 35°20 ′S 136°51 ′E R2 Mollusc-rich relict sand

Sample # Depth (m) Latitude Longitude Facies

1900 22 37°57′ 147°50′ Q1 Calcareous quartz sand
1901 48 38°07′ 147°50′ C6 Fine skeletal sand
1902 52 38°17′ 147°50′ C2 Skeletal sand & gravel
1903 60 28°27′ 147°50′ C2 Skeletal sand & gravel
1904 64 38°38.6′ 147°50′ C2 Skeletal sand & gravel
1905 72 38°47′ 147°50′ M1 Relict-rich skeletal sand & gravel
1906 62 38°59′ 147°45′ C1 Bryozoan sand & gravel
1907 56 39°10′ 147°42′ M1 Relict-rich skeletal sand & gravel
1908 60 39°14′ 147°35′ C1 Bryozoan sand & gravel
1909 58 39°04′ 147°35′ M1 Relict-rich skeletal sand & gravel
1910 61 38°54′ 147°35′ C1 Bryozoan sand & gravel
1911 54 38°44′ 147°35.8′ C1 Bryozoan sand & gravel
1912 49 38°33′ 147°36.4′ M3 Relict-rich molluscan sand
1913 45 38°28.5′ 147°35′ M3 Relict-rich molluscan sand
1914 35 38°13′ 147°35′ M2 Relict-rich quartzose/M3 Relict-rich mollusc sand
1915 16 38°18.6′ 147°20.1′ R4 Limestone gravel (paleostrandline)
1916 32 38°28.6′ 147°20.3′ M2 Relict-rich quartzose/M1 relict-rich skeletal sand
1917 45 38°39′ 147°19.5′ M1 Relict-rich skeletal sand & gravel
1918 57 38°50′ 147°19′ C1 Bryozoan sand & gravel
1919 57 39°04′ 147°18.5′ C1 Bryozoan sand & gravel
1920 58 39°14′ 147°18′ C1 Bryozoan sand & gravel
1921 53 39°20′ 147°50′ M1 Relict-rich skeletal sand & gravel
1922 42 39°30′ 147°50′ C1 Bryozoan sand & gravel
1923 M1 Relict-rich skeletal sand & gravel
1924 38 39°48.5′ 147°46.5′ Q1 Calcareous quartz sand
1925 40 39°59.5′ 147°46′ C2 Skeletal sand & gravel
1926 34 40°08.5′ 147°51′ C5 Articulated coralline & intraclast sand
1927 42 40°16′ 147°45.5′ C5 Articulated coralline & intraclast sand
1928 36 40°25.5′ 147°50′ C2 Skeletal sand & gravel
1929 32 40°35.5′ 147°50.5′ C5 Articulated coralline & intraclast sand
1930 38 40°39.5′ 148°07′ R4 Limestone gravel (paleostrandline)
1931 39 40°38.5′ 148°30.5′ C6 Fine skeletal sand
1932 56 40°39′ 148°43′ M2 Relict-rich quartzose skeletal sand & gravel
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1933 17 40°07′ 148°23′ Q1 Calcareous quartz sand
1934 46 40°10′ 148°55′ M2 Relict-rich quartzose/C6 Fine skeletal sand
1935 118 40°10′ 148°48′ C11 Spiculitic skeletal sandy mud
1936 97 40°23′ 148°50′ C7 Delicate branching bryozoan muddy sand
1937 20 40°20′ 148°37′ M2 Relict-rich quartzose skeletal sand & gravel
1951 46 40°10.6′ 147°35′ M1 Relict-rich skeletal sand & gravel
1952 50 40°02′ 147°34.8′ R3 Bryozoan-rich relict sand
1953 48 39°51.5′ 147°34.5′ C1 Bryozoan sand & gravel
1954 58 39°51.9′ 147°21.5′ C1 Bryozoan sand & gravel
1955 63 40°02′ 147°21.5′ C1 Bryozoan sand & gravel
1956 64 40°11.5′ 147°21.5′ C1 Bryozoan sand & gravel
1957 52 39°31.6′ 147°33′ C1 Bryozoan sand & gravel/C2 Skeletal sand & gravel
1958 52 39°22.5′ 147°33′ C1 Bryozoan sand & gravel/C2 Skeletal sand & gravel
1959 56 39°23′ 147°20.3′ C1 Bryozoan sand & gravel
1960 55 39°33′ 147°20′ C2 Skeletal sand & gravel
1961 59 39°43′ 147°20′ C1 Bryozoan sand & gravel/C2 Skeletal sand & gravel
1962 70 39°53′ 147°07.5′ C7 Delicate branching bryozoan muddy sand
1963 71 40°03′ 147°07′ C7 Delicate branching bryozoan muddy sand
1964 72 40°13′ 147°07′ C7 Delicate branching bryozoan muddy sand
1965 43 40°40.7′ 147°35.5′ M2 Relict-rich quartzose skeletal sand & gravel
1966 46 40°31′ 147°35′ M2 Relict-rich quartzose skeletal sand & gravel
1967 46 40°21′ 147°35′ M5 Relict-rich fine skeletal sand
1968 55 40°31′ 147°21′ M5 Relict-rich fine skeletal sand
1969 52 40°31′ 147°22′ M4 Relict-rich bryozoan sand
1970 50 40°40.6′ 147°21′ M2 Relict-rich quartzose skeletal sand & gravel
1971 40 40°50.5′ 147°21.4′ M2 Relict-rich quartzose skeletal sand & gravel
1972 52 40°50.6′ 147°08.4′ M5 Relict-rich fine skeletal sand
1973 66 40°40.7′ 147°08.4′ C7 Delicate branching bryozoan muddy sand
1974 70 40°26′ 147°08′ C7 Delicate branching bryozoan muddy sand
1975 71 39°42′ 147°05′ C7 Delicate branching bryozoan muddy sand
1976 63 39°31.7′ 147°05′ C7 Delicate branching bryozoan muddy sand/C1 Bryo-

zoan sand & gravel
1977 62 39°21′ 147°05′ C1 Bryozoan sand & gravel
1978 54 39°11′ 147°05′ C1 Bryozoan sand & gravel
1979 55 39°01′ 147°05′ C1 Bryozoan sand & gravel
1980 52 38°51′ 147°05′ M1 Relict-rich skeletal sand & gravel
1981 52 38°58′ 146°50′ M1 Relict-rich skeletal sand & gravel
1982 130 43°17.2′ 148°00.5′ R3 Bryozoan-rich relict sand
1983 39 43°17.4′ 148°07.2′ M4 Relict-rich bryozoan sand
1984 172 43°10′ 148°12′ M4 Relict-rich bryozoan sand
1985 113 43°10′ 148°06.7′ R3 Bryozoan-rich relict sand
1986 95 43°10′ 148°01.4′ M4 Relict-rich bryozoan sand
1987 80 43°00.6′ 148°00′ C7 Delicate branching bryozoan muddy sand
1988 97 43°00′ 148°06.8′ C6 Fine skeletal sand
1989 122 43°00′ 148°13.6′ C1 Bryozoan sand & gravel
1990 157 42°51′ 148°20.4′ C1 Bryozoan sand & gravel
1991 99 42°50′ 148°14′ C7 Delicate branching bryozoan muddy sand
1992 84 42°50′ 148°07.3′ C11 Spiculitic skeletal sandy mud
1993 58 42°50′ 147°59.8′ Q1 Calcareous quartz sand
1994 84 42°39.7′ 148°11.6′ C1 Bryozoan sand & gravel
1995 106 42°39.6′ 148°17.2′ C7 Delicate branching bryozoan muddy sand
1996 130 42°39.5′ 148°24′ C7 Delicate branching bryozoan muddy sand
1997 44 42°30.5′ 148°03.8′ M2 Relict-rich quartzose skeletal sand & gravel
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1998 66 42°30′ 148°10.4′ C6 Fine skeletal sand/C11 Spiculitic skeletal mud
2000 106 42°29.8′ 148°23.2′ C7 Delicate branching bryozoan muddy sand
2001 184 42°30.2′ 148°29.3′ C1 Bryozoan sand & gravel
2002 115 42°21.2′ 148°31′ C7 Delicate branching bryozoan muddy sand
2003 45 42°20′ 148°13′ Q1 Calcareous quartz sand
2004 42 42°20′ 148°07.7′ Q1 Calcareous quartz sand
2005 33 42°20′ 148°03′ Q1 Calcareous quartz sand
2006 18 42°14.8′ 148°02.8′ Q1 Calcareous quartz sand
2007 24 42°14.5′ 148°08.1′ Q1 Calcareous quartz sand
2008 16 42°14.6′ 148°13.6′ Q1 Calcareous quartz sand
2009 15 42°10.2′ 148°14.2′ Q1 Calcareous quartz sand
2010 16 42°10.2′ 148°10.4′ Q1 Calcareous quartz sand
2011 14 42°10.2′ 148°06.2′ Q1 Calcareous quartz sand
2012 148 42°00′ 148°35.5′ C1 Bryozoan sand & gravel
2013 88 41°59.5′ 148°29.5′ C7 Delicate branching bryozoan muddy sand
2014 70 42°00′ 148°23.0′ M5 Relict-rich fine skeletal sand
2015 28 42°00′ 148°18′ C2 Skeletal sand & gravel
2016 64 42°10.3′ 148°21.7′ M5 Relict-rich fine skeletal sand
2017 205 42°10′ 148°34.7′ C7 Delicate branching bryozoan muddy sand
2018 104 42°10.2′ 148°29.2′ C7 Delicate branching bryozoan muddy sand
2020 100 42°20′ 148°26.3′ M4 Relict-rich bryozoan sand
2021 73 42°20′ 148°21.4′ C1 Bryozoan sand & gravel M5 Relict-rich fine sand
2024 53 43°14.5′ 147°27.8′ Q1 Calcareous quartz sand
2025 33 41°50′ 148°17.3′ Q1 Calcareous quartz sand
2026 60 41°50′ 148°23.3′ M2 Relict-rich quartzose skeletal sand & gravel
2027 84 41°50′ 148°28.9′ C7 Delicate branching bryozoan muddy sand
2028 128 41°49.9′ 148°35.3′ C1 Bryozoan sand & gravel
2030 113 41°39.8′ 148°32.1′ C1 Bryozoan sand & gravel
2031 69 41°40′ 148°25.1′ M4 Relict-rich bryozoan sand
2032 27 41°40′ 148°18.4′ Q1 Calcareous quartz sand
2033 31 41°30′ 148°17.5′ Q1 Calcareous quartz sand
2034 71 41°30.2′ 148°23.6′ M5 Relict-rich fine skeletal sand
2035 113 41°30′ 148°30′ C11 Spiculitic skeletal sandy mud
2037 73 41°20.1′ 148°23.4′ C11 Spiculitic skeletal sandy mud
2038 110 41°20.6′ 148°30′ C11 Spiculitic skeletal sandy mud
2039 121 41°20′ 148°37′ C7 Delicate branching bryozoan muddy sand
2040 161 41°10′ 148°38.6′ C7 Delicate branching bryozoan muddy sand
2041 110 41°10′ 148°32.2′ C11 Spiculitic skeletal sandy mud
2042 95 41°10.1′ 148°25.7′ C11 Spiculitic skeletal sandy mud
2043 60 41°09.8′ 148°19.2′ Q1 Calcareous quartz sand
2044 60 41°00′ 148°24.3′ Q1 Calcareous quartz sand
2045 97 41°02′ 148°31.5′ C8 Scaphopod, pteropod sand & mud
2046 119 41°00′ 148°38.3′ C6 Fine skeletal sand
2047 33 40°48.7′ 148°20.1′ Q1 Calcareous quartz sand
2048 51 40°48.7′ 148°27′ M2 Relict-rich quartzose skeletal sand & gravel
2049 62 40°49.5′ 148°32.1′ M2 Relict-rich quartzose skeletal sand & gravel
2050 82 40°49.6′ 148°39.9′ M2 Relict-rich quartzose skeletal sand & gravel
2051 399 40°50.6′ 148°46.5′ C12 Coral, arborescent bryozoan gravel & mud
2052 113 41°45.5′ 148°31.0′ C7 Delicate branching bryozoan muddy sand
2054 161 43°28.8′ 147°58.0′ C1 Bryozoan sand & gravel
2055 62 43°28.6′ 147°22.6′ M5 Relict-rich fine skeletal sand
2056 121 43°35.5′ 147°32.3′ M4 Relict-rich bryozoan sand
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2057 146 43°40.5′ 147°40.3′ C1 Bryozoan sand & gravel/M4 Relict-rich bryozoan 
sand

2058 212 43°47.0′ 147°48.5′ C1 Bryozoan sand & gravel
2059 175 43°58′ 147°30′ C1 Bryozoan sand & gravel/C7 Delicate BR bryozoan 

muddy sand
2060 84 43°33.6′ 147°06′ Q1 Calcareous quartz sand
2061 128 43°43.5′ 147°07.1′ M5 Relict-rich fine skeletal sand
2062 148 43°53.2′ 147°08.3′ M5 Relict-rich fine skeletal sand
2063 168 44°02.9′ 147°10′ C7 Delicate branching bryozoan muddy sand
2064 154 43°47.9′ 147°25.6′ C1 Bryozoan sand & gravel/M4 Relict-rich bryozoan 

sand
2065 95 43°39.5′ 147°20.5′ C1 Bryozoan sand & gravel
2066 104 43°40.4′ 146°50.4′ M2 Relict-rich quartzose skeletal sand & gravel
2067 124 43°46.5′ 146°50.5′ M4 Relict-rich bryozoan sand
2068 168 43°55.0′ 146°51′ M5 Relict-rich fine skeletal sand
2069 176 44°02.2′ 146°50.5′ C7 Delicate branching bryozoan muddy sand
2070 58 43°35.5′ 146°33.5′ Q1 Calcareous quartz sand
2071 115 43°42′ 146°33′ M5 Relict-rich fine skeletal sand
2072 159 43°49.5′ 146°33.5′ M5 Relict-rich fine skeletal sand
2073 159 43°57′ 146°33.7′ M5 Relict-rich fine skeletal sand
2074 168 43°58.5′ 146°19.1′ C1 Bryozoan sand & gravel
2075 165 43°50.6′ 146°18.5′ M5 Relict-rich fine skeletal sand
2076 108 43°42.2′ 146°18.6′ M4 Relict-rich bryozoan sand
2077 97 43°20.3′ 147°37.7′ C2 Skeletal sand & gravel
2078 133 43°24.6′ 147°48.8′ M5 Relict-rich fine skeletal sand
2079 53 43°33.5′ 146°14.2′ M2 Relict-rich quartzose/M5 Relict-rich fine sand
2080 119 43°38.5′ 146°07.8′ M5 Relict-rich fine skeletal sand
2081 159 43°44.0′ 146°00.5′ C1 Bryozoan sand & gravel
2082 161 43°33.5′ 145°52.1′ C1 Bryozoan sand & gravel
2083 104 43°31.5′ 145°55.8′ M5 Relict-rich fine skeletal sand
2085 82 43°20.3′ 145°48.2′ M5 Relict-rich fine skeletal sand
2086 144 43°22.5′ 145°44.5′ M5 Relict-rich fine skeletal sand
2087 159 43°24.2′ 145°41.2′ C1 Bryozoan sand & gravel
2088 62 43°12.2′ 145°43.3′ R4 Limestone gravel (paleostrandline)
2089 132 43°13.8′ 145°36.9′ M5 Relict-rich fine skeletal sand
2090 155 43°15.0′ 145°30.6′ C1 Bryozoan sand & gravel
2091 190 43°16.2′ 145°23.7′ C1 Bryozoan sand & gravel
2092 154 43°06.4′ 145°16.1′ C1 Bryozoan sand & gravel
2093 135 43°05′ 145°26′ M5 Relict-rich fine skeletal sand
2094 73 43°04.1′ 145°35.7′ M2 Relict-rich quartzose skeletal sand & gravel
2095 84 42°58.2′ 145°26.6′ Q1 Calcareous quartz sand
2096 132 42°58.1′ 145°15.5′ C1 Bryozoan sand & gravel
2097 188 42°58.2′ 145°05′ C1 Bryozoan sand & gravel
2098 91 42°51.1′ 145°19.5′ M4 Relict-rich bryozoan sand
2099 124 42°51.1′ 145°09.9′ M5 Relict-rich fine skeletal sand
2100 146 42°51.2′ 145°00.6′ C1 Bryozoan sand & gravel
2102 90 42°39.5′ 145°09.6′ M4 Relict-rich bryozoan sand
2104 88 42°30′ 145°09.1′ R3 Bryozoan-rich relict sand
2105 104 42°30′ 145°01.0′ C1 Bryozoan sand & gravel
2106 154 42°30.2′ 144°52.5′ C1 Bryozoan sand & gravel
2107 44 40°30.5′ 144°37.5′ C6 Fine skeletal sand/M2 Relict-rich quartzose
2108 50 40°30′ 144°23.4′ R4 Limestone gravel (paleostrandline)
2109 71 40°29.8′ 144°09.7′ R2 Mollusc-rich relict sand
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Sample # Depth (m) Latitude Longitude Facies

2110 58 40°20′ 144°10′ R2 Mollusc-rich relict sand
2111 55 40°20′ 144°22.9′ C1 Bryozoan sand & gravel
2112 55 40°20′ 144°36.4′ C1 Bryozoan sand & gravel
2113 49 40°19.8′ 144°49.5′ R2 Mollusc-rich relict sand
2114 49 40°20.2′ 145°02.5′ M5 Relict-rich fine skeletal sand
2115 53 40°10.2′ 145°00.7′ C6 Fine skeletal sand
2116 55 41°00′ 144°33.7′ C1 Bryozoan sand & gravel
2117 80 41°01.2′ 144°21.5′ C1 Bryozoan sand & gravel
2118 104 41°00′ 144°07.5′ M4 Relict-rich bryozoan sand
2119 170 41°00′ 143°55′ C1 Bryozoan sand & gravel
2120 132 41°09.4′ 144°10.6′ C1 Bryozoan sand & gravel
2121 88 41°09.2′ 144°24.2′ C1 Bryozoan sand & gravel
2122 119 41°29.5′ 144°24.4′ C1 Bryozoan sand & gravel
2123 91 41°29.5′ 144°36.2′ M4 Relict-rich bryozoan sand
2124 49 41°30.3′ 144°45.8′ R3 Bryozoan-rich relict sand
2125 60 41°39.8′ 144°47.3′ M4 Relict-rich bryozoan sand
2126 130 41°39.5′ 144°37.1′ M4 Relict-rich bryozoan sand
2128 170 41°50′ 144°34.6′ C1 Bryozoan sand & gravel
2129 86 41°49.5′ 144°46′ C1 Bryozoan sand & gravel
2130 69 41°50′ 144°57.1′ Q1 Calcareous quartz sand
2131 155 41°58.3′ 144°37.3′ C6 Fine skeletal sand
2132 132 42°00.2′ 144°51.8′ M4 Relict-rich bryozoan sand
2133 88 42°00.5′ 145°00.6′ Q1 Calcareous quartz sand
2135 37 42°10.2′ 145°10.4′ Q1 Calcareous quartz sand
2136 28 44°10.2′ 144°57.2′ C1 Bryozoan sand & gravel
2137 161 44°09.6′ 144°43.8′ C1 Bryozoan sand & gravel
2138 170 44°19.8′ 144°51.0′ C1 Bryozoan sand & gravel
2139 122 44°20.2′ 145°00.3′ M4 Relict-rich bryozoan sand
2140 90 42°20′ 145°08.3′ Q1 Calcareous quartz sand
2141 80 41°11.2′ 144°35.6′ M1 Relict-rich skeletal sand & gravel
2142 30 41°20.3′ 144°39.8′ R3 Bryozoan-rich relict sand
2143 128 41°19.6′ 144°26.6′ M4 Relict-rich bryozoan sand
2144 49 40°10.2′ 144°06.5′ M2 Relict-rich quartzose skeletal sand & gravel
2146 59 40°10′ 144°32.6′ C6 Fine skeletal sand
2147 59 40°10′ 144°45.8′ C1 Bryozoan sand & gravel
2148 51 40°09.2′ 145°11.6′ M5 Relict-rich fine skeletal sand
2149 64 40°09.5′ 145°25.5′ C6 Fine skeletal sand
2150 128 40°22.5′ 143°39′ M1 Relict-rich skeletal sand & gravel
2152 104 40°09.5′ 143°30.6′ C6 Fine skeletal sand
2153 106 40°20′ 143°27.5′ M4 Relict-rich bryozoan sand
2154 86 40°20.5′ 143°41′ M2 Relict-rich quartzose skeletal sand & gravel
2155 59 40°21.2′ 143°53.6′ Q1 Calcareous quartz sand
2157 95 40°13.8′ 143°35.7′ C1 Bryozoan sand & gravel
2158 110 40°24.8′ 143°34.3′ M1 Relict-rich skeletal sand & gravel
2159 108 40°36.5′ 143°37′ C1 Bryozoan sand & gravel
2160 90 40°36.4′ 143°47′ C1 Bryozoan sand & gravel
2161 33 40°00.1′ 144°13.7′ Q1 Calcareous quartz sand
2162 46 40°00′ 144°26.5′ M2 Relict-rich quartzose skeletal sand & gravel
2163 46 40°00′ 144°38.5′ M3 Relict-rich molluscan sand
2164 53 40°00′ 144°52.6′ C6 Fine skeletal sand
2165 55 40°00′ 145°06.0′ C6 Fine skeletal sand
2166 64 40°00′ 145°19.0′ M5 Relict-rich fine skeletal sand
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Sample # Depth (m) Latitude Longitude Facies

2167 73 40°00′ 145°32.5′ C8 Scaphopod, pteropod muddy sand
2168 27 39°49.6′ 144°11.9′ M2 Relict-rich quartzose skeletal sand & gravel
2169 37 39°49.9′ 144°25.3′ M2 Relict-rich quartzose skeletal sand & gravel
2170 46 39°50′ 144°38.7′ M2 Relict-rich quartzose/C6 Fine skeletal sand
2171 49 39°50′ 144°51.3′ C6 Fine skeletal sand
2172 51 39°50′ 145°04.6′ C2 Skeletal sand & gravel
2173 59 39°50′ 145°18.0′ M5 Relict-rich fine skeletal sand
2174 68 39°50′ 145°31.0′ C1 Bryozoan sand & gravel
2175 71 38°40′ 144°01.1′ M5 Relict-rich fine skeletal sand
2176 73 38°40′ 144°14.0′ R2 Mollusc-rich relict sand
2177 77 38°40′ 144°27.0′ R2 Mollusc-rich relict sand
2178 77 38°40.5′ 144°39.4′ R2 Mollusc-rich relict sand
2179 75 38°40.5′ 144°47.4′ M2 Relict-rich quartzose skeletal sand & gravel
2180 73 38°40′ 144°53.8′ R2 Mollusc-rich relict sand
2181 73 38°40′ 145°06.7′ R2 Mollusc-rich relict sand
2182 73 38°40′ 145°19.2′ C10 Bivalve mud
2183 44 38°40.3′ 145°30.2′ Q1 Calcareous quartz sand
2184 77 38°50′ 143°58.5′ R2 Mollusc-rich relict sand
2185 75 38°49.6′ 144°11.2′ R3 Bryozoan-rich relict sand
2186 79 38°50′ 144°24′ M5 Relict-rich fine skeletal sand
2187 73 38°50′ 144°36.6′ R1 Relict sand
2188 73 38°50′ 144°49.3′ M5 Relict-rich fine skeletal sand
2189 72 38°49.2′ 145°02.4′ M1 Relict-rich skeletal sand & gravel
2190 73 38°49.6′ 145°14.0′ M1 Relict-rich skeletal sand & gravel
2191 71 38°52.5′ 145°30′ M1 Relict-rich skeletal sand & gravel
2192 84 39°10.0′ 144°05.3′ R2 Mollusc-rich relict sand
2193 75 39°09.5′ 144°19.0′ M5 Relict-rich fine skeletal sand
2194 66 39°09.5′ 144°33.6′ C6 Fine skeletal sand/R1 Relict sand
2195 62 39°09.0′ 144°47.6′ M3 Relict-rich molluscan sand
2196 68 39°09.0′ 145°02.2′ C6 Fine skeletal sand
2197 71 39°08.5′ 145°15.9′ M1 Relict-rich skeletal sand & gravel
2198 73 39°08′ 145°31.0′ M5 Relict-rich fine skeletal sand
2199 71 39°08′ 145°39.5′ M1 Relict-rich skeletal sand & gravel/R1 Relict sand
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