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Abstract 

The southeastern coast of South Australia contains a spectacular and world-renown suite of 

Quaternary calcareous aeolianites.  This study is focused on the provenance of components in the 

Holocene sector of this carbonate breach-dune succession.   Research was carried out along seven 

transects from ~30 meters water depth offshore across the beach and into the dunes.  Offshore sediments 

were acquired via grab sampling and SCUBA.  Results indicate that dunes of the southern Lacepede and 

Otway coasts in particular are mostly composed of modern invertebrate and calcareous algal allochems.  

The most numerous grains are from molluscs, benthic foraminifera, coralline algae, echinoids, and 

bryozoans.  These particles originate in carbonate factories such as macroalgal forests, rocky reefs, 

seagrass meadows, and low-relief seafloor rockgrounds.  The incorporation of carbonate skeletons into 

coastal dunes, however, depends on a combination of; 1) the infauna within intertidal and nearshore 

environments, 2) the physical characteristics of different allochems and their ability to withstand 

fragmentation and abrasion, 3) the wave and swell climate, and 4) the nature of aeolian transport.  Most 

aeolian dune sediment is derived from nearshore and intertidal carbonate factories.  This is particularly 

well illustrated by the abundance of robust infaunal bivalves that inhabit the nearshore sands and virtual 

absence of bryozoans that are common as sediment particles in water depths > 10mwd.  Thus, the 

calcareous aeolianites in this cool-water carbonate region are not a reflection of the offshore marine shelf 

factories, but more a product of shallow nearshore-intertidal biomes.  
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Chapter 1 

General Introduction and Purpose of Study 

1.1 Introduction 

Aeolian carbonate deposits are sedimentary rocks formed by wind-driven processes, 

composed of mostly CaCO3 material, and are commonly cemented by early diagenetic calcium 

carbonate (Sayles, 1931; Bourgeois & Fairbridge, 1978; Frébourg et al., 2008). Quaternary 

carbonate aeolian dunes form on ocean coastlines in arid to semi-arid climates, where siliciclastic 

sediment input is restricted. They are rarely documented prior to the Quaternary, possibly due to 

misinterpretation as shallow marine deposits (Hunter, 1977; McKee & Ward, 1983; Loope & 

Abegg, 2001). The mid-latitude southern shoreline of Australia hosts extensive aeolian carbonate 

dune complexes. This actively forming coastal barrier dune belt resides on the coast of the 

Southern Ocean, and is mostly unaltered by pedogenic processes.   

The South Australian coastline lies on a passive continental margin, and is adjacent to the 

largest modern cool water carbonate factory in the world (James & von der Borch, 1991; James et 

al., 1992; Bone & James, 1993). The open shelf is exposed to high ocean swells and seasonal 

upwelling events. Shelf sediments are a mix of modern carbonates and relict particles (James et 

al., 1992). The shelf carbonates are bryozoan, mollusc, and benthic foraminifera-rich (James et 

al., 1992; Boreen et al., 1993; Li et al., 1996). Although various aspects of the shelf have been 

studied, the shallow inner shelf carbonate factory remains largely undocumented, due to the 

difficulty of obtaining sediment samples in the high energy environment. 
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1.2 Purpose of Study 

This thesis documents the compositional attributes of Holocene aeolian carbonate dunes 

onshore, and shallow-water (<30 meters water depth; mwd) inner shelf sediments on the 

Lacepede Shelf and adjacent Otway Shelf (Figure 1.1).  The purpose of this study is to (1) 

identify the components of the actively forming aeolian coastal dunes; (2) identify the origins of 

the aeolian particles; and, (3) relate the aeolian components to the offshore carbonate factory.  

Previous workers have predicted that coastal dunes and carbonate aeolianite deposits can 

be used as a proxy for the palaeo-offshore environment (Short, 2010).  A strong correlation 

between the carbonate allochem ratios in coastal dune complexes and offshore sediments along 

the southern Lacepede and northern Otway coasts would imply that aeolian deposits are a proxy 

for interpreting offshore shelf environments. If this is true, the aeolianites formed in a cool-water 

open-shelf setting are predicted to indicate the offshore carbonate factory, and the oceanography 

at the time of their formation.  
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Figure 1.1 Regional setting. 
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Chapter 2 

Background 

2.1 Aeolian Carbonates  

The term “carbonate aeolianite” was termed by Sayles (1931) for all consolidated 

sedimentary deposits that were deposited by wind, and where the rock is composed of >50% 

calcareous material. For the purpose of this study, the term “aeolian deposit” is used to describe 

any unconsolidated wind-blown sediment.  The term aeolianite is used for rocks of the same 

composition.  

Carbonate aeolianites occur in both inland and coastal depositional environments (Abegg 

et al., 2001b). This study is focused on coastal carbonate aeolianites. Coastline Quaternary 

carbonate aeolian deposits form large elongated sediment or rock bodies parallel to ocean 

shorelines, and can eventually be lithified by diagenetic and pedogenic processes (Figure 2.1; 

Abegg et al., 2001b; Frébourg et al., 2008). Coastal carbonate aeolianites and aeolian deposits are 

found worldwide in tropical regions such as Joulter Cays, Bahamas (Nelson, 1853), Bermuda 

(Nelson, 1837; Sayles, 1931), Persian Gulf (Teller et al., 2000), and in sub-tropical regions such 

as southwestern, southeastern Australia (Sprigg, 1952, 1958; Cann et al., 1999), western Australia 

(Teichert, 1947, 1950; Logan et al., 1970), and the Mediterranean (Frezzotti & Giraudi, 1990).  

Calcareous aeolian deposits are typically homogeneous well-sorted fine sediment, with 

quartz particles having distinct abraded surfaces attributed to their reworking and mechanical 

abrasion during transport (Pye & Tsoar, 1990).  Carbonate aeolianites are composed of very fine 

to medium sand-sized grains, were grains >4 mm are rare. Carbonate aeolianites have a greater 

variation in grain-size compared to siliciclastic aeolianites. As a result of their moderately sorted 

assemblages, aeolian physical sedimentary features are not easily identified in carbonate  
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Figure 2.1 Modern carbonate aeolian deposits, this dune belt is actively forming along 

Australia’s southern shoreline today, Canunda National Park, South Australia. Black box 

surrounds the author for scale, picture captured by Dr. Noel James during 2015 field season. 
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aeolianites. The identification and interpretation of carbonate aeolianites in the rock record, 

therefore, is controversial (Ahlbrandt & Fryberger, 1982; Fryberger et al., 2001). 

Sedimentary features are poor indicators for the interpretation of ancient aeolianites due 

to their similarities with high-energy shallow marine deposits (Hunter, 1977; Ahlbrandt & 

Fryberger, 1982; Loope & Abegg, 2001).  This is because carbonate aeolianites similarly have a 

composition enriched in marine particles, and commonly show large-scale cross stratification, 

both attributes resulting in their misrecognition in ancient rocks (Hunter, 1977; Fryberger et al., 

2001). A physical sedimentary feature commonly identified in coastal carbonate aeolianites is 

large scale, high-angle landward dipping cross-beds, indicating the dominant prevailing wind 

direction.  

Recognizing carbonate aeolianites 

In spite of the above, physical sedimentary features used for recognizing carbonate 

aeolianites are large-scale cross stratification and inversely graded laminations. Large-scale cross 

stratification typically has a landward-dipping direction indicating the prevailing wind direction. 

Inversely graded laminations are produced by the climb and migration of wind ripples (Hunter, 

1977; Bagnold, 2012).  Climbing wind ripples are the only sedimentary feature distinguishing 

aeolian deposits from their subaqueous analogs, and serve as the definitive criteria for 

distinguishing aeolian dunes (Loope & Abegg, 2001).   

Biologic sedimentary features such as calcretes and scattered rhizoliths commonly occur 

within a carbonate aeolianite succession. Some researchers, however, still rely on terrestrial 

evidence for the identification such as the preservation of rare features like rhizomorphs, raindrop 

impressions and vertebrate trackways (Walker & Harms, 1972; Abegg et al., 2001b; Loope & 

Abegg, 2001).  Since recognizing ancient carbonate aeolianites remains controversial, the study 
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of modern carbonate dune complexes should provide important information for interpreting older 

carbonate deposits worldwide. 

2.2 Formation Models 

Abegg et al., (2001) compiled a review of carbonate aeolianite depositional models 

according to location.  Carbonate constituents for the models are hypothesized to be derived 

primarily from adjacent beaches, and are then picked up and transported landward by strong trade 

winds or westerly winds (Abegg et al., 2001b; Carew & Mylroie, 2001). Local vegetation can act 

as a baffle inhibiting landward migration of the unconsolidated sediment (Abegg et al., 2001b).   

Prolific carbonate production is interpreted to occur in shallow marine environments 

during periods of banktop flooding. Storms and currents rework the shallow marine carbonate 

sediments, depositing them on beaches, and thus supplying the carbonate bioclasts for coastal 

aeolian dunes. 

Steep-Rimmed Platforms & Aeolianites 

A slight change in sea-level in flat topped platform settings results in exposure of the 

platform top. Small-scale fluctuations in sea-level can lead to the switch between marine 

deposition and subaerial diagenesis. This is typical in warm water carbonate factories with reef 

margins. Calcareous organisms in warm water settings such as corals grow large enough to form 

robust shallow-reefs, forming rimmed platforms. A small reduction in sea-level would expose the 

carbonate factory to meteoric diagenesis, particularly cementation, therefore preventing the 

aeolian transport of carbonate particles.  

Ramps & Aeolianites 

Carbonate deposition in ramp settings is not as sensitive to small-scale fluctuations in 

sea-level (Carew & Mylroie, 2001). The formation of coastal carbonate aeolianites on ramps can 
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occur at all times during the sea-level cycle.  This is because on a carbonate ramp, a drop in sea-

level results in a basin-ward shift of the carbonate factory, and sediment production does not 

cease.  Therefore, small-scale fluctuations in sea-level do not prevent carbonate production in a 

ramp setting. During a subsequent sea-level rise, the carbonate factory shifts landward, and most 

of the dunes deposited during lowstands are potentially eroded. This erosion of aeolian deposits 

leads to the underrepresentation of aeolian successions in the rock record (Abegg et al., 2001b).  

Diagenesis 

When a carbonate platform becomes exposed during sea-level lowstands, stranded and 

newly formed sediments are subject to pedogenesis and meteoric diagenesis (Carew & Mylroie, 

1995).  Carbonate sediment becomes lithified, and the beach no longer supplies carbonate 

allochems for dune formation.  Karst surfaces and palaeosols can form. These features are 

interpreted to reflect lowstand conditions on the platform top, and their preservation in the rock 

record is determined by their ability to withstand erosion by subsequent transgressive ravinement 

(Carew & Mylroie, 2001). As a result, the lithified aeolian facies within an aeolianite succession, 

are commonly underlain by beach strata, and overlain by terra-rossa palaeosol and/or a karst 

surface (Mylroie et al., 1995).  

2.3 Carbonate Aeolianites and the Sea-level Cycle 

Consensus is that carbonate aeolianites are formed during interglacial periods (Carew & 

Mylroie, 1995; Abegg et al., 2001b; James & Bone, 2011). Carbonate coastal dunes, however, 

can form at any time during the sea-level cycle when the carbonate factory is active (Abegg et al., 

2001b). During lowstands carbonate deposition on the platform is terminated, and meteoric 

diagenesis of the subaerially exposed carbonate factory results in rapid lithification, thus reducing 

the potential for wind transporting carbonate particles (Dravis, 1996). Hence, when the carbonate 
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factory is inactive, carbonate coastal dune formation is arrested (Carew & Mylroie, 2001).  

Some authors have, however, speculated that carbonate aeolianites would best form 

during glacial icehouse periods (McKee & Ward, 1983; Rice & Loope, 1991). This is because 

glaciers expanding and retreating during icehouse periods results in sea-level fluctuation, and 

promotes aeolian deposit formation.  

Aeolianite Sequence Stratigraphy 

Classic carbonate aeolianites, such as the Pleistocene stacked dunes of Bermuda are 

considered to be predominantly regressive or progradational (Vacher & Rowe, 1997).  The 

carbonate aeolianites of the Bahamas were, however, deposited during glacioeustatic sea-level 

rise, stillstand, and sea-level fall of the Quaternary (Carew & Mylroie, 1995, 2001). 

According to the depositional model largely based on Bahamian Quaternary dunes, the 

coastal aeolianites are mostly transgressive, and are commonly eroded by landward-moving 

beaches.  The best preserved dunes are the late transgressive deposits in up-dip and/or elevated 

locations. These dunes could then prograde over subtidal units during sea-level fall, resulting in 

beach strata found directly below carbonate aeolianites as they track the retreating shoreline 

(Carew & Mylroie, 2001). Murray-Wallace et al., (2001) examined a cutting of the late 

Pleistocene, marine isotope stage (MIS) 5e aeolianite of South Australia, and recognized 

preservation of some regressive facies within the overall transgressive succession. 

2.4 Factors Influencing Carbonate Aeolianite Formation 

Several factors influence how quickly coastal aeolian dunes form, including rate of 

cementation and subsequent preservation together with their potential to migrate inland. The 

specific factors that promote carbonate aeolianite deposition are 1) subaerial exposure/presence of 

accommodation; 2) glacioeustatic sea-level change; 3) sufficient carbonate sediment available; 4) 
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limited siliciclastic input; 5) semi-arid or arid climate; and 6) a high energy windward margin 

(modified from Abegg et al., 2001). Only two prerequisites are required for carbonate aeolianite 

deposition to take place, presence of accommodation on land and limited siliciclastic input.  

Prior to the 1980’s carbonate aeolianites were most commonly interpreted as being 

associated with warm water carbonate factories. Wherever cool-water carbonate factories are 

capable of supplying sufficient carbonate sediment, coastal carbonate aoelianites should, 

however, accumulate (James & Bone, 1989; James et al., 1992; Kyser et al., 1998).  Semi-arid 

and arid climates typically reduce vegetation that can stabilize sands, limit siliciclastic input, and 

limit cement precipitation for meteoric alteration (Abegg et al., 2001b). Reduced cementation, 

however, can also decrease preservation potential, because sediment is easily eroded.  

Factors that influence landward dune migration are climate and grain mineralogy.  An 

arid climate with limited precipitation results in minimal meteoric diagenesis.  Thus, the 

carbonate sediments remain unconsolidated for a long period of time, and landward movement by 

high-energy events such as storms is likely.  It is commonly assumed that tropical carbonate 

factories are dominated by aragonitic components, and the subsequent diagenesis causes the 

coastal dune complexes to become cemented early (Flügel, 2004b). This increases the 

preservation potential of carbonate dunes formed in tropical climates. By comparison, cool water 

carbonate factories with few aragonitic components are composed primarily of calcite (Flügel, 

2004b; James & Jones, 2015). So the minor to absent early cementation would allow the 

mobilization of carbonate bioclasts into dune deposits, and landward coastal dune migration, 

except where covered by a calcrete carapace.  

Since onshore winds move carbonate grains from the beach landward to coastal dunes, 

high-energy windward margins typically promote aeolian deposition (Abegg et al., 2001b).  
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Seasonal variations in wind regimes also affect the net transport of grains. The latitude and 

orientation of the marine margin determines what wind cells are contributing to the transport of 

bioclastic material. 
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Chapter 3 

Geologic Setting, Climate & Oceanography 

3.1 Introduction  

The eastern South Australian margin is divided into the Lacepede and Otway Shelves 

(Figure 1.1). They lie on top of a series of extensional basins that resulted from the rifting of 

Australia from Antarctica in the late Cretaceous (Veevers & Eittreim, 1988). Southeastern 

Australia is characterized by aridity, low elevation and subdued relief (James & von der Borch, 

1991). The Lacepede Shelf is an embayment west of the Coorong Lagoon Complex which trends 

northwest-southeast from latitude 35.5° to 37° S, and from longitude 138.5° to 140° E (Figure 

1.1). The morphology of the Lacepede Shelf appears as a southeast wedge that narrows from 

200km wide in its northern extent to 50km wide in the south (James et al., 1992; Li et al., 1996).  

The Otway Shelf is a narrow, open shelf extending to latitude 40° S south of the Lacepede Shelf. 

The Otway Shelf has a slope break at 180mwd, ~50 to 60 kms from the coast along the northern 

sector (Boreen et al., 1993). Unlike the Lacepede Shelf, the Otway Shelf profile drops steeply 

from the strandline (Boreen et al., 1993). 

The South Australian continental margin faces the southeastern portion of the Indian 

Ocean, also called the Southern Ocean. The region of this study comprises the southern part of 

the Lacepede Shelf and northern part of the Otway Shelf (Figure 1.1). The northern part of the 

Otway Shelf includes the Robe sector, locally referred to as the Bonney Coast. The Robe sector is 

a narrow open shelf ~60 km wide (Boreen et al., 1993).   

The Coorong is a ca. 180km long coastal lagoon system that receives water from the 

River Murray.  Introduction of freshwater from the River Murray into the Coorong lagoon results 
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in brackish water conditions that diminish southward with increasing distance from the river 

mouth. The Coorong Lagoon Complex has aspects of a reverse estuary. It is separated from the 

ocean by partially vegetated coastal barrier dunes of the Younghusband Peninsula (Figure 1.1, 

James et al., 1992; Fryberger et al., 2001; Harvey, 2006).  

The River Murray is the longest river in Australia at over 2500km. The headwaters 

originate in the Australian Alps, it forms the border between the states of New South Wales and 

Victoria, and drains into Lake Alexandrina in South Australia. During lowstands, the River 

Murray carried siliciclastics onto the shelf, however, during highstands the siliciclastic input is 

much reduced (Fryberger et al., 2001). At present the River Murray is not considered a significant 

source of siliciclastics (Li et al., 1996). A combination of lack in fluvial activity and calm seas 

lead to the complete blocking of the river mouth in 1981 (Bourman & Harvey, 1983; Harvey, 

2006).  Thus, terrigenous input is dominantly quartz, and deposition is restricted to local vicinity 

of the River Murray mouth.   

3.2 Tectonic Evolution of the Southern Australian Margin 

The Australian landmass resides on the Indo-Australian Plate. South Australia is 

anchored by the Archean Yilgarn and Gawler cratons, composed of igneous, metasedimentary 

and metavolcanic provinces (Figure 1.1). The Delamerian Fold Belt forms the Flinders Ranges, 

Mt. Lofty Ranges, and Olary Arc in South Australia (Foden et al., 2006). Eastern South Australia 

is composed of a series of accreted exotic terranes, linear sedimentary basins, and volcanic arcs 

(James & Bone, 2011). Delamerian-related granitoid rocks are exposed on the beaches opposite 

of the Coorong Lagoon forming several ~2 meter-high rounded whalebacks in the intertidal zone.  

The early Cretaceous brought continental extension, with rifting between India and 

Australia/Antarctica resulting in opening of the proto-Indian Ocean at ~118 Ma (Veevers et al., 
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1991).  Continued rifting lead to eventual opening of the Proto-Southern Ocean around the 

Eocene-Oligocene boundary (Li et al., 2003; Huber et al., 2004).  Increased spreading rates and a 

north to south spreading in the Eocene resulted in the formation of a series of Cenozoic basins 

that form the modern shelf morphology, and extend onto the continent as a series of epicratonic 

basins (Lowry, 1970; Fraser & Tilbury, 1979; Bein & Taylor, 1981; Australia. Bureau of Mineral 

Resources et al., 1990; Hocking, 1990; Hill & Durrand, 1993; Totterdell & Bradshaw, 2004). 

Tectonic changes in the Eocene coincided with the first appearance of carbonate sediments on the 

continental margin and in epicratonic basins (McGowran et al., 1997; Li et al., 2003; James & 

Bone, 2011). Despite the equatorial migration of Australia during the Cenozoic, the carbonates 

forming remained largely associated with cool-water (James & Bone, 2011). 

Collisions of the northern and eastern margins of Australia in the middle-late Miocene 

lead to compression of the southern Australian margin.  The epicratonic basins and passive inner 

continental margin were uplifted and exposed to the extent they are present day (James & Bone, 

2011).  

3.2.1 Pleistocene 

 The most studied localities for Quaternary climate change typically have high and steady 

rates of tectonic uplift such as Papua New Guinea (Bloom et al., 1974; Chappell, 1974), and 

Barbados (Fairbanks & Matthews, 1978; Fairbanks, 1989; Guilderson et al., 1994; Peltier & 

Fairbanks, 2006). This uplift prevents deposited carbonate terraces from being altered and/or 

overprinted by successive sea-level rises, and results in preservation of the carbonate sediment’s 

attributes.  Although South Australia has been steadily rising throughout the Quaternary, and the 

coastal deposits are well exposed, the shelf record is incomplete.  

The Pleistocene coastal deposits of southeast Australia are composed of bioclastic beach 
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barrier and transgressive dune complexes.  Marine transgressions have repeatedly constructed, 

and reworked these coastal barrier complexes (Belperio et al., 1995). With each subsequent sea-

level fall, regression eroded portions of the coastal dunes. Subaerial exposure, however, also lead 

to the formation of calcretes and palaeosols that aided in the preservation of the coastal barriers.   

A series of sub-parallel carbonate aeolianites (Figure 3.1) are found up to 50km inland on 

the Robe-Naracoorte Coastal plain (Sprigg, 1952; Belperio et al., 1995; Cann et al., 1999; 

Murray-Wallace et al., 1999; Harvey, 2006).  The coastal plain is characterized by low relief, but 

has been steadily rising through much of the Quaternary.  The coastal barriers are stranded due to 

continuous tectonic uplift, with a rate of 0.07 mm/year increasing southward towards Mt. 

Gambier (Belperio et al., 1995, 1996).  The carbonate aeolianite ridges formed as transgressing 

coastal barriers that increase in age landward.  They are locally called ranges, despite their low 

elevation, of an average of 15 meters (Cann et al., 1999). 

The two late Pleistocene dune complexes are the Woakwine and Robe Ranges which date 

to ~125,000 years and younger (Belperio et al., 1995; Murray-Wallace et al., 2001). The Robe 

ranges are the most proximal to the coastline, and the Woakwine ranges are situated ~10km 

inland (Murray-Wallace et al., 2001).  Shallow lakes, ponds, and wetlands were originally 

between the ranges, but have been mostly drained by a system of channels for agricultural 

purposes.  Excavations have resulted in exposure of clear stratigraphic sections showing well-

preserved sedimentary structures used to identify their aeolian origins.  

The Woakwine range is composed of transgressive aeolianite complexes that rise up to 

~60m above the former shoreface (Belperio et al., 1995). Belperio et al., (1995) identified five 

different facies present in a Woakwine Cutting. The Woakwine range is interpreted to represent 

the last interglacial shoreline, and has been dated to 125 000 years BP, which corresponds to  
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Figure 3.1 A geological map of the southern part of the Lacepede Shelf, the Otway Coast and 

the prograding coastal plain inland from the shore-hugging Younghusband Peninsula. The 

series of Pleistocene aeolianite complexes called Ranges (Bridgewater Formation) are 

highlighted. Cross-section A-A is depicted at lower left) with each dune complex correlated to a 

known sea-level highstand. (Modified from Belperio, 1995; Drexel and Preiss, 1995; James and 

Bone, 2011). 
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marine isotope stage 5e (Schwebel, 1983; Murray-Wallace & Belperio, 1991; Belperio et al., 

1995).  

The younger Robe ranges are characterized by irregular cliffs, stacks and islands (Cann et 

al., 1999). Schwebel (1983) recognized three constructional episodes for the Robe Range, and 

correlated the first two of these to Oxygen Isotope Sub-stages 5c and 5a, correlating to ages 105 

ka and 82 ka respectively.   

The Robe barrier complexes outcrop on the shoreline of South Australia from Carpenter 

Rocks to Cape Jaffa (Figure 3.1). North of Cape Jaffa the Robe ranges are submerged, and no 

longer act as barriers. Holocene sediment is actively accumulating along the seaward margin of 

the Coorong Lagoon Complex as the Younghusband barrier.  

Sea-level fall at the end of the Pleistocene eroded the unconsolidated Pleistocene deposits 

on the continental shelf down to the lithified Miocene bedrock.  Current Holocene sediments on 

the continental shelf lie directly on the Gambier Limestone Formation, and there is no preserved 

record of shelf Pleistocene deposits, excluding the components preserved in the transgressive 

dunes complexes onshore.  

3.2.2 Holocene Coastal Southeastern Australia 

Large coastal barrier complexes comprising aeolian dune, foredune and back-barrier 

lagoon facies characterize exposed Australian coastline facing the Southern Ocean. The St. Kilda 

Formation refers to all Holocene coastal and shelf sediments of the St. Vincent Basin (Figure 

3.2), and comprises various sedimentary facies deposited by a variety of processes (Drexel & 

Preiss, 1995). The Holocene Semaphore Sand Member encompasses the unconsolidated white, 

bioclastic quartz-carbonate sand of modern beaches and transgressive dune fields, including  

foredune and dune sand atop the Mount Gambier coastal plain (Cann & Gostin, 1985).  
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Figure 3.2 Stratigraphic section of Quaternary south Australia (modified from Drexel and 

Preiss 1995). 
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The Younghusband Peninsula (Figure 1.1) separates the Coorong Lagoon from the 

Ocean. The peninsula is approximately 180 km long, and up to 2 km wide, with coastal barrier 

dunes reaching up to 40 m high (Harvey, 2006). The Younghusband is a well studied modern 

analog for the Pleistocene barriers (Short & Hesp, 1984; Fryberger et al., 2001; Harvey, 2006).  

Coastal sediments along the Younghusband barrier are predominantly bioclastic 

carbonates increasing in grain-size and carbonate content with distance from the Murray River 

mouth (Belperio et al., 1996).  Fryberger et al. (2001) analysed the composition of the coastal 

dunes, and found the carbonate content increases from 12% near the Murray River mouth to over 

75% in the Lacepede Bay near Kingston.  This is due to the River Murray supply of quartz in the 

north – and a proportional increase in carbonate content south from the mouth of the River 

Murray. Short (2003) indicated that the carbonate sands are derived from the biota of the 

continental shelf.  

Radiocarbon ages indicate that the Holocene coastal barriers are tied to the climax of the 

post-glacial marine transgression 7000-8000 years BP (Cann et al., 1999; Harvey, 2006). This 

was the initiation of sediment supply from the shelf, which is speculated to feed the coastal 

barrier dunes (Short, 2010).  

Fryberger et al. (2001) indicated that the Younghusband Peninsula and older carbonate 

barrier complexes in the area (existing onshore and submerged) are excellent analogs for ancient 

aeolian petroleum reservoirs.  This is attributed to the high quantities of clean sand leading to 

increased porosity and permeability, with a general minor record of vegetation during 

sedimentation of dunes.  The Younghusband Peninsula has been well studied, however, Holocene 

dunes south of the Coorong Lagoon remain under-explored.   
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3.3 Climate 

 Southern Australia is characterized by a semi-arid climate, with dry summers and wet 

winters (Tyler et al., 1983; James & von der Borch, 1991). The average rainfall in southeastern 

Australia is 400-600mm per year, with mean annual temperatures ranging from 14-21° Celsius 

(Tyler et al., 1983; James & Bone, 2011). In the summer, mean evaporation is ~200mm per 

month, and in the winter mean evaporation is ~75mm per month (James & Bone, 2011). During 

the summer months (December, January, and February), the high pressure cells produce 

predominantly southerly and some southwesterly winds and decrease in intensity inland (Tyler et 

al., 1983). During the winter months (May, June, and July), the dominant wind direction is north-

west to north-east (Tyler et al., 1983). The annual average wind speed measured in Adelaide, a 

proximal city to the study area, is 10.4km per hour at 9am, and 15.9km per hour at 3pm (Bureau 

of Meteorology - Wind Roses, 2004).  

3.4 Oceanography  

The South Australian shelf is a swell-and storm-dominated, open cool-water carbonate 

platform (Davies & Clayton, 1980; James & von der Borch, 1991; James et al., 1992; Boreen et 

al., 1993; Li et al., 2003). Cape Jaffa lighthouse observation statistics indicate typical wave 

heights of >2m 68% of the time, and wave heights >6m 6% of the time (Wright et al., 1982).  

Long period southwesterly swell waves (12 to 16 seconds) are common, and the surf zone is 400 

to 500m wide (Wright et al., 1982).  

The Southern Ocean is composed of two different water masses; polar waters that 

surround Antarctica and sub-tropical waters adjacent to the Australian continental margin (Figure 

3.3). The subtropical convergence zone separates the two water masses.  Surface waters shallower 

than 400 mwd typically overlie the shelf and upper slope, and are strongly affected by changes in  
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Figure 3.3 A map of Australia and surrounding ocean currents (from James and Bone, 2011). 
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climate in terms of composition and movement.  Changes in prevailing wind direction between 

winter and summer results in a change of surface water movement, and causes a dominant 

downwelling current and seasonal episodes of upwelling (Figure 3.4; Suginohara, 1977; 

Middleton and Cirano, 1999; Cirano and Middleton, 2004) 

Throughout the year the general water movement on the shelf is to the southeast, being 

strongest during winter months (James et al., 1992). The warm nutrient-depleted Leeuwin current 

(Figure 3.3.) is born off northwestern Australia in tropical latitudes, and moves to low salinity 

waters south, then transitions east along the southern margin (Godfrey & Ridgway, 1985; Church 

et al., 1989; Smith et al., 1991; Cresswell & Peterson, 1993). The temperate South Australian 

Current is a plume of water that forms in the Great Australian Bight during the summer months, 

and merges with the Leewin Current along the eastern sector of the Great Australian Bight 

(Black, 1858). This warm, subtropical shallow surface current moves east along the South 

Australian coastline and eventually merges with the Zeehan Current approaching Tasmania 

(Baines et al., 1983). The shore-parallel shallow-water South Australian Current is nutrient-

depleted, and is driven east by westerly winter winds (James & Bone, 2011). The Flinders 

Current is sourced from the sub-antarctic zone, and flows westward along the southern Australian 

shelf (Bye, 1970; Middleton & Cirano, 2002; McCartney & Donohue, 2007; Middleton & Bye, 

2007; Currie et al., 2012). 

The southern continental margin of Australia is latitude-parallel and falls in the middle 

latitudes.  The Coriolis effect leads to Ekman transport, and thus seasonal upwelling (Figure 3.4).  

During the summer, the high-pressure system over the southern margin of Australia (Figure 3.5) 

induces southeasterly winds, and during the winter the anticyclone moves north, causing a 

dominant westerly wind regime (Gentilli, 1971; James & Bone, 2011).  The reverse in wind  
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Figure 3.4 Upwelling event during 2015 field season, images from SARDI. A) Ocean Currents August 

2014, B) Upwelling Episode Feb 17th, 2015 C) Feb 18th, 2015 D) Sample Collection during upwelling 

event at Beachport, South Australia, note poor visibility because of prolific phyto- and zooplankton growth. 
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A) Winter

B) Summer

Figure 3.5 Maps of Australian Meteorology (modified from Gentilli; 1971, and James and Bone; 

2011). A) Plot of the major intracontinental highs and associated 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 associated wind patterns during summer. Study area 

is outlined by red box. 
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direction seasonally changes the surface current direction.  During the summer, southeasterly 

winds cause waters to move offshore via Ekman transport, inducing local upwelling of Flinders 

Current waters towards the coast.  Upwelling is locally prominent along the Bonney Coast 

(Kämpf et al., 2004), and the water temperature drops from 18° to 11° Celsius in < five 

kilometers distance during an upwelling event. In the winter, westerly winds cause the more 

dominant downwelling currents (Figure 3.4B; Fryberger et al., 2001; James and Bone, 2011). 
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Chapter 4 

Methods 

4.1 Field Methods 

Field work was conducted between February 1st and 28th, 2015 out of Adelaide and Robe, 

South Australia, with support from the South Australian Research and Development Institute 

(SARDI). Samples were collected from land and from the shallow shelf by grab sampling and 

SCUBA diving.   

Sample localities were chosen based on previous personal reconnaissance and research. 

Samples were collected from the true aeolian deposits, back beach, beach and intertidal zones 

when possible. The unconsolidated sediment was placed in labeled ziplock bags.  Detailed notes 

on macrofossils including types, distribution, abundance and size were taken and photographed 

for further identification. Some macrofossils and macrofauna/flora where also sampled. Sediment 

samples were taken from seven outcrop transects on land (Figure 4.1). Three transects of older 

dunes where collected, but only one of the transect sample sets were analyzed. Sample localities 

were photographed when sampled.   

A zodiac boat was provided by SARDI for offshore sampling. For samples collected 

offshore, the mean water depth in which a sample is collected is recorded, in addition to the 

distance the sample location is from land.  

The marine locations sampled were latitude parallel to the localities onshore, and samples 

were collected from 3-5 mwd, 10 mwd, and 20-25 mwd.  A cylinder 20cm in diameter hooked to 

a chain was lowered by the side of the boat and allowed to drag on the seafloor for a 

minute before recovery. The sediment collected was divided using a 2mm sieve, and 
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Figure 4.1 Sample transects. 
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placed into two ziplock bags (Figure 4.2).  In locations of algal forests, stipes and fronds would 

get entangled in the dredge, and it was not possible to collect seafloor sediment.  In these 

locations (offshore Little Dip Conservation park at 10mwd, and offshore the town of Southend at 

20mwd) the plants and algae were extracted and identified, and the holdfasts, where sediment was 

concentrated, were photographed and sampled. Rough sea conditions limited precise collection 

depths.  

The Aaron Louise, a local fisherman’s boat was used for SCUBA analysis. The boat was 

equipped with a seafloor imaging device used for lobster fishing, that also indicated the presence 

of any dangerous large fish. The diving locations were chosen based on different carbonate 

producing seafloor environments and depths. Photographs and videos of the flora and fauna of the 

benthic environment were documented using a GoPro Hero4 and Canon Powershot D30.  

Detailed notes of seafloor observations were recorded in between dives. 

Field samples and corresponding hand samples were numbered according to the order in 

which sites were visited.  All wet samples were rinsed with freshwater and left to dry in the sun 

prior to packing. Preliminary observations were made using a portable binocular microscope. 

GPS coordinates of all sample locations were recorded. 

Within this report the nearshore environment is defined as the zone where waves steepen 

and break in their passage to the beach. For the purposes of this study, the nearshore environment 

will be used to describe subtidal-environments of the offshore, referring to the zone of subtidal 

waters ~10mwd to 5mwd and shallower, including the marine riparian zone (interface between 

land and river or stream). The offshore environment is used in referral to depths greater than 

10mwd, where the dominant hydraulic influence transitions from waves to ocean currents.  
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B

A  

Figure 4.2 Sample collection offshore. A) Dredge lowered off the side of the 

boat, B) sediment placed in a basin before sieving and bagging (February, 2015). 
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4.2 Laboratory Methods 

Petrographic microscopy was best suited for studying the components present in samples. 

Unconsolidated sediments were placed in a small vial and covered with a clear epoxy resin before 

cutting into thin sections. Sixty uncovered thin sections were analyzed via a transmitted and 

reflected light microscope, using standard transmitted light petrographic techniques (Tucker & 

Wright, 2009). 

The relative percentages of grain-size and sorting were estimated for each sample using 

visual comparison charts (Flügel, 2004b; Coimbra & Olóriz, 2012). Original percentages of 

quartz, Cenozoic, relict and modern grains where estimated. Relative percentages of skeletal 

components were also estimated. Feature characteristics (e.g., common benthic foraminifera 

present, and main components forming lithoclasts) were documented.  

Carbonate allochems such as coralline algae and benthic foraminifera were identified by 

comparisons to standard thin sections (Scholle & Ulmer-Scholle, 2003). Thin section data is in 

Appendix one and two. Macroorganisms were identified on the outcrops and in the laboratory 

using field images and hand samples. Duplicate analysis was conducted for two samples from 42 

Mile Crossing. The general mineralogy of two samples were determined by XRD analysis, the 

sediment from the intertidal environment at The Granites, and the sediment from the back beach 

environment at Robe. 

Sedimentary Description  

 Composition abundances were determined for carbonate allochems present within each 

thin section. For simplicity, carbonate allochems are given an abundance index of rare (1-5%), 

uncommon (6-15%), minor (16-30%), common (31-50%), and abundant (>51%).
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Chapter 5 

Results 

5.1 Introduction 

Thin section petrography revealed that the common carbonate-producing components 

present in the nearshore and coastal environments are bivalves, gastropods, benthic foraminifera, 

coralline algae, echinoids, and bryozoans. Other components identified as present in minor 

abundances are planktonic foraminifera, peloids, worm tubes, barnacles, sponges, dolomite 

crystals, and lithoclasts. Unidentified particles ranged from 2-22%, and highly depended on the 

size and degree of abrasion of the components analyzed. The major components are plotted 

against the minor components in pie charts, representing the primary organisms contributing to 

carbonate production at a sample locality.  

5.2 Carbonate Components 

 Three types of carbonate components occur on the upper Lacepede and Otway Shelves: 

modern, relict and Cenozoic. Modern components are skeletal fragments produced by organisms 

today. Modern particles are commonly fragmented, but do not show evidence of cementation or 

dissolution in thin section (Figure 5.1). Relict components are carbonate skeletons formed in 

shallow waters during marine isotope stages 3 and 4, when sea-level was 50-80m lower than it is 

today (James et al., 1992; Rivers et al., 2007).  Relict particles are commonly highly abraded, 

rounded, and stained brown due to the presence of iron-oxides. If intraskeletal pores are present, 

they are filled with biogenic carbonate and micrite (Figure 5.1).  

 Cenozoic carbonate particles are primarily a product of erosion of the Gambier 

Formation.  The Gambier Formation forms the underlying bedrock of the upper Lacepede and  
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Figure 5.1 Photomicrographs of carbonate components in plane polarized light. A) Modern 

benthic foraminifera Elphidium from offshore the Granites 20mwd, B) relict benthic 

foraminifera from offshore Guichen Bay 20mwd, C) Cenozoic benthic foraminifera from 

Beachport intertidal, D) general photomicrograph from offshore Guichen Bay 25mwd, MBr: 

Modern bryozoan, MBi: Modern bivalve, RL: Relict lithoclast, CBr: Cenozoic bryozoan, 

MG: Modern gastropod. 
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Otway Shelves. Cenozoic particles are either lithoclasts of cemented skeletons or isolated 

skeletons or skeletal fragments. They are identified by the presence of clear meteoric cement 

within skeletal pores (Figure 5.1).  

5.3 42 Mile Crossing 

The most northern sample locality is on the 42 Mile Crossing a 1.2km long access road 

leading to the Younghusband Peninsula at ~S36.293° (Figure 4.1). The transect on land starts at 

the intertidal zone and samples the beach, coastal dune, inland dunes and three deflation surfaces 

(Figure 5.2). The intertidal and beach are broad zones with medium relief, and the beach and back 

beach sand surfaces are covered with a thin layer of macroshells, primarily bivalves. Scattered 

marine and terrestrial gastropods occur on the back beach. Poorly lithified older dunes are located 

further inland, and separated from younger dunes by deflation surfaces. Offshore sediment was 

collected via grab samples, and SCUBA observations of the seafloor environment are absent.  

Nearshore Sediments of 42 Mile Crossing  

 Three grab samples were collected from 5mwd, 10mwd, and 20mwd. The samples 

collected from 5mwd and 10mwd both consist of 97% silt-sized particles with a high quartz 

content of 40%.  The remaining 3% consists of 1.5-2cm vibrant purple Mactra australis bivalve 

shells. The carbonate composition of the sediment at 5mwd and 10mwd is dominated with 46% to 

48% bivalve and gastropod fragments. Coralline algae form between 11-18% of the sediment, 

with minor echinoids 4-6%. At 5mwd and 10mwd the sediment contains a high percentage of silt-

sized particles, resulting in a high number of unidentified grains.  

The 20mwd sample was collected ~7km offshore, and the sediment is primarily granule-

size. The sediment consists of 5% quartz, however, the sample contained 17% relict components. 
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The carbonate components are primarily bryozoans (41%) and molluscs (33%).  The sediment at 

20mwd includes several partially intact granule-sized fenestrate, branching and encrusting 

bryozoan colonies. Benthic foraminifera and coralline algae occur in minor abundances 

consisting 6% and 8% of carbonate composition respectively. A variety of microgastropods 

~3mm in size and worm tubes are also present. 

Coastal Sediments of 42 Mile Crossing  

Along this transect, there is a general increase in quartz content landward, with the most 

quartz-rich sediment at dune crests, and the least quartz-rich sediment in the interdune deflation 

surfaces (Figure 5.2). The composition of relict particles increases landward with the highest 

relict particles present in deflation surfaces 1 and 2 (Figure 5.2).  

The intertidal and beach are composed of 70% coarse carbonate particles and 30% 

pebble-sized bivalves and gastropod fragments. The bivalve fragments covering the beach and 

back beach are dominated by Plebidonax, and are up to 7cm in size. Secondary identified 

bivalves include a variety of Mactra and Katelysia species (Figure 5.3). Scattered gastropods 

dominated by Bankivia fasciata, seagrass blades and cuttlefish bones are found in the beach.  The 

terrestrial gastropod Theba pisana occurs in between patches of grass on the back beach.  

Coastal dune sediment is composed of fine sand- to silt-sized particles, dominated by 

40% quartz. The coastal dunes do not form a single elongated ridge, but instead are composed of 

multiple 12-15m high partially-connected dunesets that have a moderate vegetation cover of 

shrubs and bushes concentrated on the dune crests.  

Deflation Surfaces  

The first deflation surface is biomodal in particle size. The underlying sediment is well-

rounded medium to fine sand-sized grains dominated by quartz and mollusc fragments.  
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Figure 5.3 Macrofauna of 42 Mile Crossing.	A) Mactra pura from beach B) 

Plebidonax, left from beach, right from deflation surface #1 C) Theba pisana, terrestrial 

gastropod from back beach D) Mactra australis, from offshore present at 5 and 

10mwd E) Bankivia fasciata from beach F) Cochlicella acuta from a deflation 

surface G) Tricolia pallus from 20mwd offshore H) Katelysia, 2mm width from 20mwd 
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This is covered with a veneer of granule- to pebble-sized particles of bivalves, bryozoans, and 

coralline algae. Cochlicella acuta, a terrestrial gastropod occurs in the deflation surface.  A 

second deflation surface, farther inland, contains similar biofragment and siliciclastic 

constituents.  The underlying sediment of the second deflation surface is fine sand- to silt-size, 

dominated by molluscs, and coralline algae, and notable quartz.  The second deflation surface is 

covered with a layer of worn Plebidonax shells, mixed with Theba pisana. Numerous abraded 

<1cm unidentifed gastropods are intermixed with the bivalve fragments.   

Inland (Older) Dunes 

Poorly lithified older Holocene dunes start ~400m inland (Figure 5.2, Figure 5.4). Large 

meter-scale landward-dipping cross beds are inter-fingered with fragmented shell layers, 

dominated by Katelysia and some Plebidonax. The dipping beds are separated from underlying 

sediment by a palaeosol, and penetrated by the overlying vegetation’s root system.  Successive 

inland dunes are composed of progressively finer-grained sediment, and become increasingly 

enriched in relict particles. 

5.4 The Granites  

A second transect was sampled along the Younghusband Peninsula at a locality ~ 20km 

North of Kingston, SA called The Granites (Figures 5.5). This is a common surfing destination 

for locals and tourists, and is named due to the rounded, up to 2.5m high Cambrian granitic 

outcrops located in the intertidal and lower beach zones.  The granite outcrops are remnants of the 

Delamerian Orogeny documented in Chapter 3. The intertidal and beach zones at The Granites 

are broad, with low relief. Partially lithified Holocene dunes ~500-800m from the beach contain 

grass layers interbedded with fine sand- to silt-sized carbonate sediment layers. Large marine 
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Figure 5.4 Images from 42 Mile Crossing. A) Vegetated partially lithified older dunes; B) A 

deflation surface covered with a layer of bivalve shells; C) Close up of older dune deposits 

intermixed with modern plant roots; D) Multiple thin shell layers, with numerous Katelysia 

and Plebidonax. 
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invertebrates up to 10cm in size occur in abundance among those dunes.  Offshore sediment was 

collected via grab samples, and SCUBA observations of the seafloor environment are absent. 

Shallow Marine Sediments of The Granites 

  Grab samples were collected from 5mwd, 10mwd, and 20mwd offshore.  The 5mwd 

sample taken 360m from shore contain silt-sized grains, consisting of 65% quartz and 

volcanolithics.  The sample collected at 10mwd is 19% quartz and volcanolithics, and the sample 

collected at 20mwd (11.2km from shore) consists of 5% quartz (Figure 5.5).  

The main carbonate components of the sediment at 5mwd are molluscs (41%) and 

coralline algae (9%), with minor bryozoans and benthic foraminifera each comprising 3%. The 

carbonate sediment at 10mwd is dominated by coralline algae (43%), and molluscs (34%), with 

minor benthic foraminifera and bryozoans constituting 5% and 2% of the carbonate respectively. 

Bryozoans become a main component in sediments at 20mwd, comprising roughly 17% of the 

allochem content. Molluscs and coralline algae remain the main components representing 38% 

and 18% of the sediment respectively.  

Coastal Sediments of The Granites 

The granite outcrops (Figure 5.6) host a variety of marine organisms. The intertidal and 

beach zones at The Granites sample locality contain scattered Mactra pura and Mactra australis 

up to three centimeters in length. Colonies of black mussels <4mm in size coat the outcrops just 

above the high tide mark. The lower parts of the outcrops are in the intertidal zone, and are 

encrusted with colonies of worm tubes. Seagrass blades are present in areas of soft sediment in 

the lower intertidal zone.   

Intertidal, beach, back beach and dune sediment samples all consist of fine sand- to silt-

sized particles, with 45% to 60% quartz and igneous minerals, generally decreasing in quartz  
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Figure 5.5 The Granites transect profile and sediment composition. 
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Figure 5.6 Images of The Granites and macrofauna. A) Granite outcrops in the intertidal zone, 
largest whaleback is ~2m tall; B) ball of brown seagrass (G), a white cuttle fish bone (CB), 
and an oyster shell (O); C) bryozoan Celleporaria cristata (EB) encrusting dried Amphibolis 
seagrass (S) collected from an inland dune; D) Katelysia collected from an older dune, arrows 
indicate bioerosion; E) Pecten collected from older dune. 
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content landward (Figure 5.5). The carbonate particles identified contained abundant molluscs 

and benthic foraminifera. The abundance of benthic foraminifera progressively decreases 

landward from 23% in the intertidal to 12% composition in the barrier dune. This trend is offset 

by a landward increase in the mollusc fragments from 35% in the intertidal to 45-49% in the back 

beach and dune sediment.  A few echinoid skeletons and spines are present in the sediment.  The 

abundance of echinoids progressively decreases landward from 16% in intertidal sediments to 6% 

in dune sediments. Bryozoans, are rare comprising zero to 3% of the allochem content of coastal 

sediment. 

5.5 Robe  

A transect was sampled at Long Beach, which is 11.3km in length, and ~3 km north of 

the town of Robe (Figure 4.1). The intertidal and beach zones at Long Beach are long and broad, 

with moderate relief. The back beach hosts two modern coastal dunes ridges separated by a 

deflation surface (Figure 5.7). Adjacent Guichen Bay is Long Beach. Samples were collected at 

6mwd, 10mwd, 20mwd, and 25mwd. Sonar devices on Aaron Louise indicated a rocky reef 

structure located at 20mwd. This reef is locally called Snewin Reef. Grab samples were taken 

from inside the reef at 20mwd, and from outside the reef at 25mwd.  One of the SCUBA diving 

localities is at 10mwd in Guichen Bay. 

SCUBA Diving Offshore Robe 

The water temperature in mid-February at 10mwd depth in Guichen Bay is 14°C , and the 

water visibility is 4-5m. The bottom was a flat rocky substrate with only a few centimeters of 

relief. Sediment is located in small depressions (<30cm in size) in the rocky seafloor.  The rocky 

substrate forms a reef structure, no higher than 40cm off the seafloor. The rocks are partially 

barren, with some covered with green algae and sponges, and minor red and blown algae. A 
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Figure 5.7 Robe transect profile and sediment composition. 
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variety of encrusting bryozoan colonies thrive on the algal stalks and holdfasts (Figure 5.8).  The 

most dominant benthic organisms are echinoids. Abundant starfish dominated by Tosia 

magnifica, Tosina australis, and Smilasterias irregularis are also present. Echinoids are found 

sheltered in crevasses between rocks or on algal holdfasts. Ophiuroids, holothuroids, various 

species of the gastropod Haliotis, serpulid worm tubes, and actiniars also cover the rocky 

substrate.  

Shallow Marine Sediments of Guichen Bay 

The sediment size of grab samples gradually increases seaward. The sediment at 6mwd is 

silt-size, but at 25mwd sediment is primarily composed of coarse sand- to granule-sized particles 

(Appendix 1). The percent of relict particles increases seaward within the nearshore sediment, 

with the highest abundance found at 20mwd depth, inside Senwin reef (Figure 5.7). This trend is 

complimented with a decrease of quartz abundance seaward, from 17% at 6mwd to 2% at 

25mwd. The sediment inside Senwin reef, however, at 20mwd is 12% quartz.  

Outside Senwin reef, the carbonate composition is primarily bryozoans (35%), with 

mollusc fragments and coralline algae comprising 27% and 17% respectively (Figure 5.7).  Inside 

Senwin reef carbonate benthic composition is dominated by molluscs (47%) and coralline algae 

(26%), with only 1% bryozoans. At 25mwd and 20mwd, benthic foraminifera and echinoids 

account for 1% of the carbonate sediment. 

Sediment at 10mwd is consisting primarily of molluscs (35%), coralline aglae (23%), and 

bryozoans (17%). Benthic foraminifera and echinoids are minor allochems with an abundance of 

6% and 5% respectively. At 6mwd, the sediment composition shifts towards increasing 

abundances of bivalve and gastropod fragments. Molluscs constitute 46% of the carbonate 

sediment, while benthic foraminifera (12%) are a secondary contributor. Bryozoans (4%),  
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Figure 5.8 A,B) Bryozoans at 10mwd offshore Robe during SCUBA. A) arborescent Cellaporaria sp., 

encrusting an algal stem, B) A colony of fenestrate bryozoan Triphyllozoon sp., C) Holdfast retrieved from 

10mwd offshore Little Dip with (I) encrusting coralline alga, and (J) the red algae Corallina sp., D) Close up 

of Corallina sp. which covers majority of holdfast in C, E) Holdfast retrieved from 20mwd offshore Southend, 

F) The underside of holdfast in E, showing a variety of encrusting and fenestrate bryozoans living on the 

holdfast. (K) Triphyllozoon sp., (L) Membranipora sp., (M) Hornera sp.. (O) an ascidian. 
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coralline algae (4%), and echinoids (6%) are minor carbonate components.  

Coastal Sediments of Long Beach 

 Along the Long Beach onshore transect 95% of the particles are fine sand- to silt-size. 

There is a progressive increase in the abundance of quartz sand landward from 5% in the 

intertidal zone to ~22% in dune sets (Figure 5.7).  

The main carbonate allochems in the coastal sediment are bivalves and gastropods, 

constituting between 30% and 40%. Benthic foraminifera comprise between 8-27%, and 

echinoids form between 6-14% of the coastal carbonate sediment. There is a gradual decrease in 

echinoid and bryozoan composition landward (11-12%) at the intertidal to (4-5%) at the coastal 

dune. Bryozoans account for 12% of the carbonate components in the intertidal sediment, but this 

progressively decreases to 6% of the sediment composition in the coastal dune.  

Macrofauna collected from beach and back beach environments include a colony of 

bryozoans identified as Costaticella, and a colony of serpulid worm tubes (Figure 5.9). Several 

bivalves that inhabit littoral to sub-littoral sands occur in the beach and back beach, including 

Tellina albinella, Mactra pura. Four identified gastropods include Phasianella ventricosa which 

lives around rocks and algae in the lower to sub-littoral zone, Turbo (Subninella) undulates a 

grazing gastropod that inhabits the littoral zone on rocks, Polinices incei, that inhabits intertidal to 

shallow subtidal habitats, in ocean sand, and Cominella lineolate which lives on ocean sand or 

under rocks  (Ludbrook, 1984).   

5.6 Little Dip 

In Little Dip Conservation Park, the beach has high relief, and is backed by several 

stacked modern dunes up to 14m high (Figure 5.10). Patchy grass covers the steeper dunes,  
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Figure 5.9 Macrofauna collected from the beach and back beach environments at Long Beach, 

north of Robe. A) A colony of the bryozoan Orthoseuticella sp., composed mostly of articulated 

zooids; B) serpulid worm tube colony; C) Tellina albinella; D) Phasianella ventricosa; E) 

Polinices incei; F) Turbo (Subninella) undulatus. 
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Figure 5.10 Little Dip transect profile and sediment composition. 
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with shrubs and bushes covering the dune crest. A transect sampled the intertidal, back beach and 

dune. Offshore samples were collected from 10mwd and 20mwd. 

SCUBA Diving Offshore Little Dip  

At 20mwd offshore Little Dip, the water temperature is 12°C, and the water visibility is 

3-4m. The ocean bottom is a rocky substrate with outcrops averaging 0.5-1m high. Ninety percent 

of the rocky outcrops are covered with red algae, the remaining 10% are either exposed or host 

brown algae. Rare sediment is located in patches no wider than 1-2m. The sediment in these 

patches is coarse sand- to granule-size, includes numerous <5mm long unidentified gastropods, 

mixed with echinoid spines.  

Red algae are diverse, whereas the main brown algae is Ecklonia. Prolific bryozoan 

colonies grow on all the algal holdfasts. Hydrozoa such as Solanderia fusca, are found on red 

algae holdfasts.  Exposed rocky substrates are encrusted with coralline algae and encrusting 

bryozoans, with scattered actiniars and sponges. Abundant echinoids, asteroids and ophiuroids are 

found on the rocky substrate. Crayfish are located in crevasses, along with the gastropod abalone 

and large echinoids. Tiny shrimp and krill are suspended in the water column.  

Shallow Marine Sediments of Little Dip 

 Grab samples were collected from 10mwd and 20mwd. Absence of a bottom sediment 

sample from 5mwd is due to rough sea conditions inhibiting closer access to shallow waters. The 

sediment at 10mwd, and 20mwd depth contains ≥ 72% modern carbonate grains, minor quartz 

ranging between 4-7%, and relict grains ranging from 11-12%. A notable high anomaly of 8% 

Cenozoic particles are present in the sediment at 10mwd.  

The carbonate composition of the sediment at 10mwd is dominated by mollusc and 

echinoid fragments with 37% and 23% composition respectively. Bryozoans and coralline algae 
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contribute 14% and 5% of the carbonate sediment composition.   

At 20mwd three dredging attempts recovered small volumes of sediment. The sediment 

collected was dominated by mollusc and bryozoan fragments comprising 44% and 30% of the 

carbonate composition respectively.  Coralline algae and echinoids comprise 11% and 3% of the 

sediment.  During collection attempts, a thallus of Ecklonia sp., several meters long was 

recovered. Coralline algae, various microgastropods, and encrusting, branching and fenestrate 

bryozoans were observed on the holdfast (Figure 5.8). Ranella austalasia is among the 

gastropods identified at 20mwd.  

Coastal Sediments of Little Dip 

The intertidal sediment at Little Dip is 70% granule- to pebble-size, the back beach is 

dominantly coarse to medium sand-size, and the dune is fine sand- to silt-size.  The beach, back 

beach, and dune sediment contains 61-64% modern carbonate grains in composition, 17- 20% 

quartz, and 15-16% relict grains (Figure 5.10).  

The carbonate composition of the intertidal, back beach and dune sediment is dominated 

by molluscs, primarily gastropods, ranging in abundance from 49-52%. The intertidal sediment 

contains 28% coralline algae, and 3% bryozoans.  The back beach however, contains 21% 

coralline algae and 24% bryozoans. The intertidal and beach are covered with scattered 1-7cm 

large shells of the gastropod Turbo (Subninella) undulatus. Thirty percent of the intertidal 

sediment consists of opercula belonging to the gastropod Turbo. Dune sediment is primarily 

composed of molluscs (49%), coralline algae (8%), and bryozoans (7%; Figure 5.10). 

5.7 Beachport  

An intertidal-beach transect was made north of the town of Beachport. Grab samples 

were collected from the offshore environment at 5mwd, 10mwd, and 24mwd. SCUBA diving in 
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11mwd offshore Beachport allowed for a detailed environment description of the seafloor.  The 

beach is ~40m wide and exhibits low relief. The back beach hosts two to three stacked dune sets 

roughly 11m high (The Robe Ranges; Figure 5.11). 

SCUBA Diving Offshore Beachport  

 The seafloor 1.07km offshore Beachport is a limestone rockground at 11mwd. The 

rockground is covered with outcrops 1-3m high, separated by sandy patches of poorly sorted 

coarse sand- to pebble-sized bioclastic material. Several gastropods up to 4mm in size are present 

in the sand. The sandy patches have bidirectional ripples with 35-40 cm high crests. Algae 

growing on the outcrops have stalks several meters long, and are dominated by brown and green 

macrophytes. The rockground is covered with various gastropods, and in between the outcrops 

are small caves, adequate sheltered locations for large crustaceans such as crayfish. No echinoids 

or bivalves were seen, however, the sediment has many visible echinoid spines.  

 Coralline algae thrive on the rockground and on algae holdfasts. Various unidentified 

bryozoans are hosted on the holdfasts or encrusting the algal stalks.  The holdfasts also host a 

large number of <0.5cm microgastropods.   

Shallow Marine Sediments of Beachport 

Grab samples were taken from 5mwd, 10mwd, and 24mwd. The sediment at 24mwd and 

10mwd is primarily coarse to medium sand-size, and the sediment at 5mwd is predominantly silt- 

size. The marine sediment has a significant amount of relict grains, accounting 6-13% of the 

composition. The sediment at 5mwd contains 16% quartz, but at 10mwd and 24mwd the quartz 

content drops to 2% and 1% respectively (Figure 5.11).  

The carbonate content of the sediment collected at 24mwd and 10mwd is dominated by 

bryozoans ranging between 34-37%, and molluscs ranging 34-35% composition.  
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Figure 5.11 Beachport transect profile and sediment composition. 
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Coralline algae, echinoids and benthic foraminifera are present in the sediment but consist of 

≤7% each. At 10mwd Clanculus undatus, a brown and black speckled gastropod, that lives under 

rocks and on kelp was observed.  

At 5mwd the carbonate sediment is dominated by benthic foraminifera at 27% 

composition. Molluscs, coralline algae, and bryozoans are secondary carbonate contributors at 

5mwd with abundances of 21%, 8% and 7% respectively.  

Coastal Sediments of Beachport 

The intertidal and beach sediment are coarse to medium sand-size, while dunes sediment 

are fine sand- to silt-size. The sediment of the beach, back beach and dune are 70%-76% marine 

carbonate in composition, mixed with 14-19% relict particles, and 2-4% quartz.   

The carbonate components of beach, back beach and dunes primarily molluscs (48-58%). 

The intertidal and beach sediment composition contains >40% gastropod opercula. The secondary 

carbonate allochem at this location is the coralline algae, and it shows a gradual decreasing trend 

from the intertidal (26%) to dune (15%). Benthic foraminifera in the coastal sediment account for 

1-6% of the carbonate fraction, and echinoids compose ≤ 6%. 

5.8 Southend 

 The intertidal and beach opposite the town of Southend has low relief. The back beach is 

a steep minor-vegetated incline, and the coastal dunes form a continuous 4m high barrier covered 

with grass and shrubs (Figure 5.12). Offshore samples are collected from 5mwd, 10mwd, and 

20mwd. 

SCUBA Diving Offshore Southend 

At 10mwd offshore Southend in mid-February, the water temperate is 11 °C. The 

seafloor bottom is a limestone rockground with only a few centimeters relief, and is covered with 
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Figure 5.12 Southend transect profile and sediment composition. 
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dense and diverse green, brown and minor red algae with stalks up to 1.5m in length. Encrusting 

coralline algae are observed growing on the rockground, and on the algal holdfasts.  

The main macrofauna observed are echinoderms, dominated by echinoids and asteroids. 

Several unidentified <5mm gastropods were present on the rocky substrate, however, bivalves 

and bryozoans were not observed on the bottom. Identified gastropods include Turbo (Subninella) 

undulates, Phasianella ventricosa, Tricolia pallus, Thalotia sp., Notocypraea sp., and an Haliotis 

sp.. 

Shallow Marine Sediments of Southend  

 Grab samples were collected from 5mwd, 10mwd, and 20mwd offshore Southend. The 

grab sample from 20mwd recovered an Ecklonia sp. holdfast (Figure 5.8). This holdfast is 

significantly different from the holdfast recovered offshore Little Dip at 10mwd. Multiple 

unidentified microgastropods are embedded in the Echlonia. More than five kinds of encrusting 

and fenestrate bryozoans were observed growing on and underneath the holdfast.  

The sediment at 10mwd is 80% granule- to pebble-size, whereas the sediment at 5mwd is 

primarily fine-grained. The sediment is at 10mwd is consists of 85% modern carbonate particles, 

13% relict grains, and 2% quartz. The sediment at 5mwd contains 74% modern particles, contains 

13% quartz, 7% relict particles, with the remaining 6% either Cenozoic or both relict and 

Cenozoic.  

The carbonate sediment composition at 10mwd contains 61% molluscs, with 18% 

echinoids, and a minor 4% coralline algae, 3% benthic foraminifera, and 2% bryozoans. At 

10mwd the bottom sediment carbonate composition is 40% molluscs, with 23% benthic 

foraminifera, 9% echinoids, and a minor 7% coralline algae and 7% bryozoans (Figure 5.12).  
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Coastal Sediments of Southend  

The sediment from the intertidal, beach, and dune is >96% silt-size particles. The coastal 

sediment is 11-18% quartz, contains between 3-10% relict particles, and 5-8% Cenozoic particles 

in composition. The main carbonate components of the coastal sediment are molluscs (29-33%), 

benthic foraminifera (15-21%), and echinoids (11-15%). The intertidal sediment contains an 

unusual abundance of sponge tufts (17%), which are absent from any other environment in 

Southend.  

5.9 Canunda  

 The most southern transect is opposite Canunda Causeway on the coastline at S37.7°. A 

popular fishing location among locals, and inland is the first location drilled exploring for oil 

onland South Australia.  Canunda beach is a wide, broad, flat beach with moderate relief (Figure 

5.13). The dunes average between 12-16m above the shoreline, and are vegetated at their crests 

with shrubs and bushes. The intertidal has numerous keystone vugs, and the back beach sand has 

<3cm high ripples indicating a wind direction from South to North.  

Shallow Marine Sediments of Canunda 

 Grab samples were collected from 5mwd, 10mwd, and 20mwd. The offshore sediment 

comprised of  >90% silt-sized grains. Modern carbonate particles are the primary constituent, 

with quartz (12-15%) and relict grains (≤4%) as minor components.  The main carbonate 

allochems are molluscs (39-41%), with some benthic foraminifera (9-19%), coralline algae (5-

19%) and echinoids (7-9%), varying in percentages with depth (Figure 5.13). Two species of 

macrogastropods averaging 1-2cm long occur in the bottom sediment at 10mwd. Both gastropods 

are Bankivia fasciata, an animal that lives in seagrass meadows or in sandy patches nearby. This 

gastropod is also found 100m inland at Robe.  
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Figure 5.13 Canunda transect profile and sediment composition. 
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Coastal Sediments of Canunda  

 The intertidal sediment is composed of granule- and coarse to medium sand-sized grains, 

the beach sediment is comprised of fine sand- to silt-sized particles. The back beach and dune 

sediments contain 80% silt-sized grains. The coastal sediment is 79-86% modern carbonate 

components, with 3-10% quartz composition, and 4-15% relict particles. The abundance of relict 

grains progressively decreases landward from 15% at the intertidal to 6% in the dunes. Inversely, 

the abundance of quartz grains increases landward from 3% in the intertidal to 10% in the dunes 

(Figure 5.13).  

The coastal sediment at Canunda contains a large proportion of highly abraded silt-sized 

grains, resulting in a high percentage (17-22%) of unidentified particles in thin section. The 

carbonate components of the sediment are bivalve fragments (31-59%), coralline algae (13-19%) 

and benthic foraminifera. Echinoids are minor contributors (4-6%), and bryozoans account for  ≤ 

1% of the allochem content in all the coastal environments.  
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Chapter 6 

Interpretation 

6.1 Introduction 

 The samples collected are interpreted in two parts, first the shallow subtidal sedimentary 

environments of the Lacepede and Otway Shelves, and second the intertidal to dune sediment of 

coastal settings. This is followed by an interpretation of the relationship between the onshore 

sediment and adjacent shallow subtidal carbonate factory. 

6.1 Shallow Marine (0-30mwd) Offshore Sediment of Southeast Australia  

6.1.1 General Composition  

The main source of carbonate sediment on the Lacepede and Otway shelves is the 

modern carbonate factory. More than 50% of sediment in the offshore environment is composed 

of modern carbonate allochems. A marked increase in terrigenous components occurs proximal to 

local exposures of igneous bedrock along the coastline (ie: The Granites), and near the mouth of 

the River Murray.   

Relict Sediment 

The abundance of relict sediment in the offshore environment ranges from absent to 21%, 

with an increase seaward. Relict particles average 4% at 5mwd, 8% at 10mwd, and 13% at 

20mwd. The highest percentage of relict particles are present inside Senwin Reef, in Guichen bay 

(offshore Robe). The progressive increase of relict grains in deeper, distal environments and in 

Senwin Reef is interpreted to reflect transgressive reworking of older carbonate sediments 

deposited on the shelf when sea-level was 50-80m below what it is today (Rivers et al., 2007). 

The increase in relict fragments in and around Senwin Reef likely reflects entrapment of 
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winnowed sediment in the rocky reef, where currents are baffled.  

Cenozoic Sediment 

Oligo-Miocene particles in the sediment offshore 42 Mile Crossing, The Granites, and 

Robe range from zero to two percent. Offshore Little Dip, Beachport, Southend and Canunda, the 

Cenozoic particles constitute two to eight percent of the sediment, with the greatest abundances 

occurring in sediments sampled at 10mwd offshore of Little Dip and Canunda. The presence of 

Cenozoic particles is interpreted to reflect bioerosion and reworking of seafloor exposures of the 

underlying Gambier limestone. The abundance of Cenozoic particles at 10mwd offshore Little 

Dip and Canunda can be attributed to one or a combination of the following: 1) a larger exposed 

surface area of the underlying Gambier Limestone; 2) higher wave and/or bottom current energies 

capable of eroding and reworking lithified bedrock; and 3) the bioerosion of underlying bedrock 

by boring benthic organisms, or by the scraping and foraging of echinoderms. 

6.1.2 Offshore Carbonate Factories  

Four offshore carbonate factories are identified based on SCUBA observations, seafloor 

sonar data, and the occurrence of environment-indicating macrofauna. The four environments 

identified are rocky reefs, algal forests, seagrass meadows, and low-relief rockgrounds (Figure 

6.1). A general description of each environment is provided below, and environments are 

identified per location in section 6.2.  

Rocky Reefs 

Rocky reef environments typically have a limestone substrate as 0.5-3m high rock 

promontory. This hard substrate is colonized by encrusting coralline algae and encrusting 

bryozoans. Sediment is located in pockets of various sizes, and is composed of coarse sand- to 

pebble-sized bioclastic material. The rocky outcrops are also inhabited by algae, the species 
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Figure 6.1 Images of the four identified offshore environments. A) A rocky reef environment, B) a 

low-relief rockground, C) an algal forest, D) a seagrass meadow. Images captured by Dr. Noel P. 

James at Port Fairy (south of study area) in 2011. These images are used because of their clarity, 

images during 2015 field season were captured during upwelling episodes in poor visibility. 
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of which varies depending on the water depth. Red algae are abundant in deeper environments 

due to their ability to grow in reduced sunlight. Brown and green algae thrive in shallower 

environments. Gastropods commonly occur in sediment patches, while large echinoids that feed 

on the algae are found between holdfasts.  Algal colonies are microenvironments that facilitate 

carbonate production. Algal holdfasts host a variety of <4mm gastropods, and act as stable 

substrate for encrusting and branching bryozoans to grow on. Bryozoans also encrust the algal 

stipes, commonly covering over 50% of the holdfast and stipe surface area (Figure 5.8).  

Asteroids and ophiuroids occur on or at the base of exposed rocky substrate. 

Carbonate sediment in pockets throughout rocky reef environments commonly contain 

bryozoan and mollusc particles, along with uncommon coralline algae and echinoid grains. The 

carbonate composition of rocky reef environments averages 34-44 % molluscs, ≥30% bryozoans, 

≤11% coralline algae, and ≤7% echinoids.  

Low-Relief Rockgrounds 

 Rockground environments are flat rocky substrates with only a few centimeters of relief. 

Sediment is located sparsely in depressions <30cm in diameter. The rockground surface is 

partially barren, however, some outcrops are covered with sponges, a variety of encrusting 

bryozoan colonies, serpulid worms, and algae. Bryozoan colonies are also present on algal stipes 

and holdfasts in this environment. Echinoids occur in sheltered crevasses and between rocks, or at 

the base of algal holdfasts. Asteroids, ophiuroids, holothuroids, and actiniars occur on rocks. 

Sediment collected from low-relief rockground environments contains three main 

carbonate constituents that average: 35% molluscs, 23% coralline algae, and 17% bryozoans.  

Despite the abundance of observed echinoids, the sediment composition contains only 5% 

echinoid pieces, possibly due to the sparse algae.  
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Algal Forests 

 The algal forests offshore southeast Australia are primarily composed of the brown alga 

Ecklonia sp., however, Macrocystis sp. occur in some intertidal settings. This environment was 

identified from boat observations, where the algal stipes and fronds occur densely at the water 

surface. Algal holdfasts grown on hard substrates, or on the holdfasts of other algae, thus an 

assumption is that the seafloor of this environment partially consists a rockground substrate.  

 Sediment collected in algal forests contains a high abundance of echinoid fragments 

ranging between 18-23%. Echinoids feed on the numerous algal holdfasts in this environment. 

Molluscs remain the dominant allochem ranging in abundance between 37-61%, bryozoans are 

uncommon and range from 2-14%, and coralline algae are rare ranging 5-4%. 

Seagrass Meadows 

 Seagrass meadows are environments of dense seagrass growth, and are identified based 

on the environmental indicating macrofauna retrieved in sediment collected.  Seagrass grows in 

shallow and sheltered coastal waters, becoming rare in environments deeper than 10mwd are rare 

(Belperio et al., 1984). Seagrasses require soft substrates (sand or mud) in order to anchor their 

roots.  

Belperio et al., (1984; 1988) stated that seagrass meadows in the subtidal zone of Spencer 

Gulf, and Gulf of St. Vincent are dominated by the genus Posidonia australis down to 10mwd. 

James et al., (2013) indicated the dominant seagrass species Amphibolis thrives in protected 

embayments along the coast of southwestern Victoria. They also highlight the importance of a 

tranquil relatively low energy sandy seafloor setting. The Amphibolis stems occurring in 2-8mwd 

offshore Victoria are coated with encrusting bryozoans (James et al., 2013). 
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 The seagrass meadow environments in this study area are assumed to have similar 

characteristics. The macrogastropod Bankivia fasciata lives in seagrass or in sandy patches 

nearby seagrass (Ludbrook, 1984), and its presence in sediment samples is used as an indicator of 

seagrass meadows. The underlying sediment in seagrass meadow environments is rich in red 

algae, benthic foraminifera, and bivalve fragments. 

6.1.3 Overview of Shallow Subtidal Carbonate Allochem Content  

The focus of this study is to describe the type and abundance of carbonate allochems that 

constitute the Holocene aeolian deposits. This information is used to determine the sedimentary 

relationship between the coastal aeolian deposits and the adjacent present-day carbonate factory 

in the offshore. To identify this relationship, the allochems of the offshore carbonate factory were 

examined and compared to samples from the coastal dunes.  

The shallow subtidal modern carbonate sediment of <30mwd on the Lacepede and Otway 

shelves consists primarily of bivalves, gastropods, coralline algae, and bryozoans. Benthic 

foraminifera and echinoids, are minor constituents and are only present in some locations. 

Molluscs are the dominant sediment constituents at all depths; however, changes in their 

abundance relative to other allochems from 10 to 20mwd reflect ecological changes in the 

seafloor environments where carbonate production is occurring. In higher energy, rocky reef 

environments where a solid substrate is present, sediments contain the highest proportions of 

bryozoans. Low-relief rockground environments are dominated by molluscs, bryozoans, and 

coralline algae. The carbonate allochems in algal forests contain abundances of echinoids and 

bryozoans, along with molluscs. Carbonate sediment in seagrass meadow environments lacks 

bryozoans, but has a high abundance of benthic foraminifera and echinoids in addition to 

molluscs.   
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There is an observed positive correlation with bryozoan abundance and sample depth in 

the majority of transects, this increase is most evident in samples collected in locations of greater 

than 20mwd. At depths ≥20m, the carbonate composition of the sediment averages 23% bryozoan 

bioclasts, and ranges from zero to 41%. This trend is apparent at 42 Mile Crossing, The Granites, 

Little Dip, Beachport, and at 25mwd offshore Robe. Offshore Robe and Canunda, however, the 

bryozoan composition is 2% and 0% at 20mwd (Figure 6.2).   

The primary allochems in sediment collected from <10mwd are molluscs and coralline 

algae. Minor echinoids and benthic foraminifera are present, however, the abundance of 

bryozoans is greatly reduced with the bryozoan content at 10mwd averaging 10%. Recall, 

however, that offshore of The Granites, Southend, and Canunda the abundance of bryozoan is 

less than two percent (Table 1). At 10mwd offshore of Beachport bryozoans account for 34% of 

allochems. Throughout the study area, sediment at 5mwd has a bryozoan content of less than 

seven percent (Table 2), and averages less than four percent. 

The occurrence of bryozoans is attributed to local upwelling episodes (Figure 3.4).  

Seasonal upwelling brings cold, nutrient-rich deep waters onto the shelf (Kämpf et al., 2004). 

This phenomena initiates blooms of primary producers in the photic zone. Upwelling events last 

~1 week each, and occur on average two to three times per summer, bringing prolific phyto- and 

zooplankton onto the shelf. These microorganisms provide nourishment of filter feeding 

organisms such as bryozoans. In a swell-dominated continental margin such as eastern South 

Australia, wind and swell-driven waves create high-energy conditions that predominate over 

shallow shelf environments. It is interpreted herein, that bryozoans thrive in offshore settings 

influenced by upwelling, where wave reworking is minimized. 
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Figure 6.2 Bryozoan abundances in shallow subtidal sediments and coastal dunes of 

the Lacepede and Otway Coasts. Blue circles represent percent abundance of 

bryozoans in sediment. 
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Table 1 Percent bryozoan composition of the carbonate sediment for each environment.

Location/Depth 25mwd 20mwd 10mwd 5mwd Intertidal Beach Back Beach Dune
42 Mile Crossing * 41 0 0 1 2 3 2
The Granites * 17 2 3 2 3 2 0
Robe 35 2 17 4 12 3 4 6
Little Dip * 30 14 * 3 * 24 7
Beachport * 37 34 7 0 * 4 5
Southend * ** 2 7 3 3 * 3
Canunda * 0 2 5 0 1 1 1

*No sediment collected, **Only an Ecklonia holdfast retrieved 

Constituent/Location 25, 20mwd 5mwd Intertidal Dune
Molluscs 37 39 46 41
Corallina Alga 15 9 14 10
Benthic Foraminifera 5 14 11 11
Echinoids 4 5 8 7
Bryozoans 23 4 3 3

Table 2 Average assemblages of carbonate constituents in sediment within study area. 
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6.2 Coastal Sediment of SE Australia, and Relation to Adjacent Marine Sediment  

6.2.1 General Composition  

The coastal sediment of southeast Australia excluding sediment at The Granites is >50% 

modern carbonate material. Compositional trends suggest that coastal sediments of SE Australia 

can be divided into two sections: 1) localities on the Lacepede Coast consisting of 42 Mile 

Crossing and The Granites; and 2) localities on the Otway Coast, consisting Robe, Little Dip, 

Beachport, Southend and Canunda.  

North of Cape Jaffa (Figure 4.1), the coastal dunes contain ~45% igneous minerals 

including quartz, and 6% relict particles and 2% Cenozoic grains. The presence of terrigenous 

material is interpreted to be a combination of erosion of the coastal granitic outcrops as well as 

the riverine influx of detrital sediment from The River Murray. The modern coastal dunes on the 

northern Otway coast contain an average of 14% igneous minerals including quartz, 10% relict 

particles, and 3% Cenozoic grains. The lower clastic content in southern locations is likely due to 

the increased distance from The River Murray, and lack of local influences such as coastal 

granitic outcrops.  

6.3 Relationship of Coastal Sediment and Adjacent Subtidal Carbonate Factory 

6.3.1 Introduction 

Factors that influence carbonate coastal dune formation are summarized in Chapter 2. 

These factors are present in southeast Australia and are interpreted to facilitate the deposition of 

coastal carbonate aeolianites throughout the Holocene and to the present-day.  Local 

environmental conditions influence changes in mineralogy, grain-size, siliciclastic content and 

carbonate skeletal composition of the coastal dunes. 
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6.3.2 42 Mile Crossing 

 The modern coastal sediment at 42 Mile Crossing contains a significant proportion of 

quartz (23-40%). This high abundance is consistent with the 40% quartz composition of adjacent 

subtidal sediment samples from 5-10mwd. The mouth of the River Murray is proximal (<110km 

north) of this sample location, and is interpreted to be the primary source of clastic sediment for 

nearby coastal environments. It is interpreted that during sea-level lowstands the River Murray 

discharged significant quantities of terrigenous sediment onto the Lacepede Shelf. This clastic 

material was reworked during transgression, and forms a significant portion of the modern coastal 

deposits.  

 The first duneset of 42 Mile Crossing consists of abundant molluscs, uncommon benthic 

foraminifera and coraline algae, and rare echniods. Bryozoans are also rare constituting only two 

percent. The first dune’s carbonate content is similar to the intertidal and nearshore sediments, but 

has a relatively enriched amount of benthic foraminifera, and a reduced amount of molluscs. This 

trend is interpreted to reflect the preferential transport of benthic foraminifera tests by wind. The 

high micro-porosity of foraminifera tests likely results in lower density skeletal fragments that are 

easily transported by aeolian processes.  

Offshore 42 Mile Crossing 

 Roughly seven kilometers from the shore, the sediment at 20mwd is 95% carbonate 

material, whereas the sediment at 5mwd and 10mwd collected ≤ four kilometers from shore 

contains 40% terrigenous material.  This implies that longshore drift transports sediment from the 

River Murray, however, it is not considered a significant contributor to siliciclastic sediment on 

the Lacepede Shelf at distances >4km from the coast.  
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 The carbonate content of sediment at 5mwd and 10mwd contains common molluscs, 

minor to uncommon coralline algae, with rare benthic foraminifera and echinoids, and no 

bryozoans. The environments ≤10mwd are unidentified, however, the sediment assemblage at 

20mwd indicates a transition to a rocky reef environment. The sediment at 20mwd contains 

common bryozoan and molluscs, with uncommon coralline algae. This carbonate assemblage is 

similar to the sediment collected via SCUBA from 20mwd offshore Little Dip and 10mwd 

offshore Beachport, where a high relief rocky reef environment occurs.  

6.3.3 The Granites  

 The erosion of granitic outcrops results in a localized igneous mineral input into the 

sediment.  Analysis of the intertidal sediment identified quartz as the most abundant igneous 

mineral at 56%, but also included uncommon pyroxene, and minor anorthite and albite. The 

siliciclastic content of the sediment is highest in the intertidal and beach environments, and 

gradually decreases inland. This is interpreted as a preferential landward aeolian transport of less 

dense carbonate particles.  

  The carbonate content of the coastal sediment is dominated by molluscs, benthic 

foraminifera, and echinoids. Molluscs are the most common allochem in coastal sediments with 

an observable trend increasing in abundance landward.  Echinoids are minor in the intertidal and 

progressively decrease in abundance landward, becoming rare in dune sediment. This is 

interpreted as reduced taphonomic preservation of weaker skeletal fragments. Echinoid skeletons 

are less dense, fragile, and easily breakable, in comparison to bivalve and gastropod skeletons, 

which are robust and resistant to abrasion. It is likely that the high-energy conditions in the 

intertidal zone results in preferential breakdown of weaker skeletons, decreasing echinoid 

preservation potential in the coastal dunes.  
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Offshore The Granites 

The igneous minerals present in the intertidal zone reach a high of 65% in the sediment at 

5mwd. The abundance progressively decreases seaward becoming rare at 20mwd. This indicates 

the erosion of granite outcrops has a localized effect on the sediment composition, with igneous 

minerals rarely reaching ≥ 20mwd.  

Molluscs are common in all sample sediments offshore The Granites. Coralline algae are 

uncommon at 5mwd, but become more common at 10mwd. This is possibly due to a transition of 

bottom substrate, with a higher abundance of rockground substrate or brown algae which the 

coralline algae can encrust. The composition of shallow marine sediment changes seaward of 

10mwd. At 20mwd molluscs are common, bryozoans and coralline algae are minor, and 

echinoids are rare. The appearance of bryozoans and echinoids at 20mwd are indicators of 

increased algal substrates. This is accompanied with uncommon benthic foraminifera. Benthic 

foraminifera are common in fine sand-sized sediment, their occurrence is interpreted as the 

presence of fine-grained sediment patches within the 20mwd environment. 

6.3.4 Robe and Guichen Bay  

 Coastal sediment at Long Beach is composed of 65-89% modern carbonate material. 

Quartz and relict particles are rare in the intertidal zone, and progressively increase in abundance 

landward to 22% and 11%, respectively in the coastal dunes. Relict particles are most abundant in 

the beach constituting 13% of the sediment. The composition of coastal dunes differs from 

intertidal zone sediments by ~10%, but it is similar to the sediment collected from 6mwd of 

Guichen Bay.  

 The carbonate allochem proportions of coastal dunesets are similar in composition to 

intertidal and nearshore sediments, with molluscs, benthic foraminifera and echinoids comprising 
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the main allochems.  The dune deposits at Long Beach (3km north of Robe) are are finer grained 

with 98% of dune sediment within the silt-size fraction. The fine grain nature of this sediment 

makes grain identification difficult, and as a result, there is a higher proportion of unidentified 

allochems. Intertidal sediments of Long Beach are similar in composition to the dunes, however 

they are coarser grained, resulting in a lower proportion of unidentified allochems. 

Offshore Robe 

 Samples taken from 20mwd inside Senwin Reef are composed of uncommon quartz, and 

relict particles up to an abundance of 21%. Sediments collected at 25mwd from around the reef 

are dominated by modern carbonate allochems with 15% relict particles and rare quartz. When 

sea-level was 50-80m below present day during MIS 3, restricted water circulation in Guichen 

Bay formed a saline lagoon, and relict particles formed (Rivers et al., 2007). The high abundance 

of relict particles surrounding Senwin Reef is possibly because Guichen Bay is a sheltered 

structure, which has reduced the onshore movement of particles. The higher abundance of quartz 

inside Senwin Reef is possibly due to erosion of the reef itself. It is possible that Senwin Reef is 

composed of older sediment that underwent preferential cementation during a previous sealevel 

lowstand, making it resistant to erosion. It is also possible that Senwin Reef is a previously 

lithified submerged coastal dune formed during a previous highstand. The origin of the reef 

structure is unknown, and more data is required to comment on this.  

The carbonate allochem assemblage inside Senwin Reef is different than the assemblage 

outside the reef. Inside Senwin Reef at 20mwd, the sediment consists of abundant molluscs, 

common coralline algae, and rare bryozoans, echinoids, and benthic foraminifera. The rare 

bryozoans at 20mwd (landward of the reef) is interpreted to occur due to restricted seawater 

circulation caused by Senwin Reef, which may act as a barrier to upwelling currents. The 
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sediment outside Senwin Reef at 25mwd is composed of common bryozoans, and minor molluscs 

and coralline algae, with rare echinoids and benthic foraminifera. The absence of bryozoans 

inside Senwin reef is interpreted to reflect the lack of nutrient-rich seawater inside the reef 

structure.  The rare presence of benthic foraminifera in both Senwin reef and surrounding seafloor 

is possibly a result of the coarse-grain nature of sediment.  

6.3.5 Little Dip  

 Coastal sediment at Little Dip has a general composition of 61-64% modern carbonate 

allochems, 17% to 20% quartz, and 15% to 16% relict grains, with rare Cenozoic particles. The 

relative abundance of terrigenous material to carbonate grains are similar throughout the 

intertidal-to-dune transect. The general composition of coastal dunes is similar to intertidal 

sediments. The sources of terrigenous and relict particles in this location are unknown, but could 

include a variety of possibilities such as erosion of inboard Pleistocene dunes, and large-scale 

aeolian transport from the mid-continent desert.  

 The carbonate allochem assemblage of the coastal sediment at Little Dip is not consistent 

in the intertidal, back beach, and dune sediment (Figure 5.10). Molluscs are abundant, and remain 

the main skeletal constituent. The intertidal sediment is composed of common coralline algae and 

rare bryozoans, the back beach sediment, however, is composed of minor coralline algae and 

minor bryozoans. Both coralline algae and bryozoans are uncommon in the coastal dunes. The 

back beach has an enriched bryozoan composition 21% greater than the sediment of the intertidal 

environment (Figure 5.10). This is interpreted as actions of recent storm waves. During storms, 

larger magnitude waves affect the shoreline, and larger waves are capable of transporting 

sediment from deeper environments onshore, thus bringing an abundance of bryozoans to the 

back beach environment. The bryozoan content of the coastal dune, however, is 7%. It is 
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interpreted that episodic storm transport, although capable of transporting large quantities of 

sediment, does not occur frequently enough to have a significant impact on the skeletal allochems 

reaching the coastal dunes over longer time-scales.  

Offshore Little Dip 

 Sediment samples from 10mwd and 20mwd offshore Little Dip have a general 

composition of 72% to 78% modern carbonates, uncommon relict particles, 4% to 7% quartz, and 

3% to 8% Cenozoic particles.  No sediment was collected from 5mwd due to rough sea 

conditions. A rockground environment composed of Gambier Limestone at 10mwd could provide 

a source of Cenozoic grains, and explain the anomalously high abundance of Cenozoic particles 

in offshore sediment.  

 Sediment at 20mwd is composed of common molluscs and bryozoans, with uncommon 

coralline algae, rare echinoids and benthic foraminifera. At 10mwd the sediment contains 

common molluscs, minor echinoids and bryozoans, and rare coralline algae.  An Ecklonia stipe 

and holdfast was retrieved as well. The transition in allochem content from 20 to 10mwd along 

with the presence of algae at 10mwd is interpreted as representing a change in environment from 

macroalgal forests at 10mwd to a rocky reef at 20mwd. The enrichment of echinoid fragments at 

10mwd is probably due an abundance of algae providing shelter and a sufficient food source. The 

presence of algae also suggests that the seafloor in this area is likely a rockground.  The reduction 

of echinoids at 20mwd is likely due to a reduction of algae, which could be attributed to limited 

sunlight at greater depths. 

6.3.6 Beachport  

 The general composition of the coastal sediment at Beachport is 70% to 76% modern 

carbonate allochems, 14% to 19% relict particles, with rare quartz and Cenozoic grains.  The 
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relative abundance of these constituents are consistent throughout coastal sediments, and vary by 

less than 6%. The carbonate allochem assemblage onshore is also relatively consistent. Molluscs 

are abundant to common, coralline algae are minor, and decrease in abundance landward. 

Bryozoans are absent in intertidal sediments, but become present as a rare constituent of coastal 

dunes. Benthic foraminifera and echinoids are rare and differ by less <5% from the intertidal to 

the dune sediment. 

 The major allochems of the coastal dune sediments are similar to the intertidal sediments. 

Benthic foraminifera and bryozoans are slightly enriched in the dunes with a presence 5% greater 

than the intertidal. Sediment sampled at 5mwd, however, is different from the intertidal deposits. 

At 5mwd the sediment contains an anomalously high abundance of benthic foraminifera (27%), 

and uniquely high presence of 7% bryozoans. This is interpreted to reflect relatively lower energy 

swell- and wind-driven wave energies in the nearshore setting. The nearshore environment at 

Beachport provides some rockgrounds for bryozoans to colonise on, with sediment pockets 

containing finer grained sediment where benthic foraminfera survive. Furthermore, the intertidal 

sediment is uniquely coarse to granule sized, confirming the lower energy setting.  

Offshore Beachport 

 The sediment offshore Beachport is primarily modern carbonate allochems ranging from 

73% to 83%, with minor to uncommon relict particles, minor to rare quartz, and rare Cenozoic 

particles. The abundance of relict particles increases from 6% at 5mwd to 13% at 24mwd. Quartz 

is uncommon at 5mwd, and becomes rare at 10 and 24mwd. The increase in abundance of quartz 

at 5mwd is interpreted to reflect longshore transport by nearshore waves or currents from Little 

Dip to the north.  
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 The sediment in the nearshore (5mwd) is 97% silt-size, highly abraded and fragmented, 

thus contains a high percentage of unidentified carbonate allochems. Sediment collected at 5mwd 

consists of 27% benthic foraminifera, minor molluscs, uncommon coralline algae and bryozoans, 

and rare echinoids.  A sheltered bay microenvironment only several kilometers from this sample 

location consists of intertidal karst.  The karst extends into the subtidal, and onshore exposed 

outcrops of stacked Robe Ranges are present. The anomalously high benthic foraminifera in the 

nearshore at Beachport are possibly due to the nearby sheltered microsetting, where karst features 

act as sheltered pockets for sediment.   

Sediment collected at 10 and 24mwd are coarser grained and consist of common 

molluscs and bryozoans, rare to uncommon coralline algae, echinoids, and benthic foraminifera.  

The observed change in allochem ratios from and grain- size from 5 to 24mwd is interpreted to 

indicate an environmental transition from 5 to 10mwd. SCUBA observations identified the 

presence of a rocky reef at 10mwd offshore Beachport. Because the carbonate allochem 

assemblage and grain-size does not change significantly between 10mwd and 24mwd, it is 

inferred that the rocky reef extends to 24mwd.   

 6.3.7 Southend  

 The composition of the coastal sediment at Southend consists of 66% to 79% modern 

carbonate allochems, 11% to 18% quartz, 3% to 10% relict particles, and 5% to 8% Cenozoic 

grains. The dune sediment composition is similar to the intertidal and nearshore sediment, with a 

landward enrichment of 7% quartz. The overall enrichment of Cenozoic particles at Southend is 

interpreted as input of erosion of local Gambier Limestone outcrops.  

 The carbonate allochem assemblage of the coastal sediment at Southend is consistent 

through the intertidal, beach, and dune facies and is dominated by molluscs, benthic foraminifera, 
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and echinoids. Molluscs are common, echinoids are uncommon, benthic foraminifera are minor, 

and coralline algae and bryozoans are rare. Intertidal sediment is 96% silt-size, and the remaining 

4% are pebble-sized unidentified microgastropod shells. The beach and dune sediment are 99% 

silt-size. The small size of fragmented grains at Southend contributed to a high abundance of 

unidentified carbonate skeletons up to 17%. In general, the coastal dunes have a similar carbonate 

allochem proportions as the intertidal and nearshore environments, with a higher percentage of 

unidentified allochems present in the dune. 

A localized occurrence of demosponge colonies is present in the intertidal zone, and 

comprises 17% of the intertidal sediment. The sponges were likely transported to the intertidal by 

actions of waves and swells. These sponge colonies are absent in beach and dune sediments, and 

sponge spicules are absent from all coastal sediment. This observation suggests that high energy 

waves in the intertidal zone breakdown the sponge colonies prior to landward transportation. 

Excluding the sponge colonies, the carbonate allochem assemblage of the dune sediment is ≤6% 

different from the carbonate allochem assemblage of the intertidal zone.  

Offshore Southend  

  The composition of the sediment at 5mwd is 74% modern carbonate allochems, 13% 

quartz, 7% relict particles with rare relict and Cenozoic grains. The sediment at 10mwd is 85% 

modern carbonate allochems, 13% relict particles and rare quartz. No sediment was collected 

from 20mwd, but an Ecklonia holdfast was recovered. The sediment in nearshore environments at 

Beachport (the most proximal location north of Southend) contains 6% Cenozoic particles. The 

enrichment of quartz and Cenozoic particles at 5mwd could be due to either longshore transport 

of sediment, or landward input of particles, as the coastal sediment at Southend consists an 

average of 6% Cenozoic particles.  
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 The carbonate allochem assemblage at 5mwd consists of common molluscs, uncommon 

echinoids, coralline algae and bryozoans, and minor benthic foraminifera. At 10mwd molluscs 

are abundant, and echinoids are minor, while benthic foraminifera, bryozoans, and coralline algae 

are reduced to rare. This shift in allochem abundance is interpreted to reflect a change in 

environment from 5mwd to 10mwd.  

SCUBA observations identified a low-relief rockground at 10mwd. The rockground is 

only partially covered with algae, and the microenvironments of holdfasts and stipes provide 

surface areas for bryozoans to colonize.  Observations included numerous gastropods, but did not 

include bivalves or bryozoans. The abundance of bivalves in the sediment collected is interpreted 

indicate the presence of infaunal bivalves, and/or the transportation of bivalve shells from nearby 

offshore environments by swell-driven waves.  

After several attempts at dredging the seafloor at 20mwd an Ecklonia holdfast was 

recovered. The lack of sediment in this location hinders the ability to predict the environment 

accurately.  The multiple failed attempts of sediment collection and increased density of Ecklonia 

are interpreted suggest that the seafloor is rockground, where sediment only occur in isolated 

pockets.  

6.3.8 Canunda 

 Canunda National Park is the southernmost extent of this study area. The general 

composition of the coastal sediment at Canunda is 79% to 86% modern carbonate allochems, 2% 

to 15% relict particles, 3% to 10% quartz, and rare Cenozoic grains. The abundance of relict 

particles decreases landward. Quartz is rare in the intertidal, and progressively increases 

becoming uncommon in the coastal dune. The landward enrichment in quartz is possibly due to 

the presence of a weaker wind regime preferentially transporting smaller particles landward, this 
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is consistent with the observations at 42 Mile Crossing and Robe.  

 A consistent ratio of carbonate allochems is present in coastal sediments. Molluscs are 

abundant to common, coralline algae are minor to uncommon, benthic foraminifera are common, 

echinoids are rare, and bryozoans account for ≤1%. The abundance of unidentified particles 

progressively increases landward. The intertidal sediment is composed of coarse sand- to granule-

sized particles with rare unidentified carbonate allochems. The sediment fines landward to silt-

size in to the dunes. The fine-grained carbonate skeletons present in the dunes are highly abraded 

and fragmented, resulting in an increase of unidentified allochems (22%).  Even with the increase 

in unidentified allochems, the carbonate assemblage of the dune sediment remains similar to the 

intertidal and nearshore sediments.  

Offshore Canunda 

The composition of the sediment offshore Canunda does not significantly vary with 

depth, and is dominated by 79% to 81% modern carbonates allochems, 12% to 15% quartz, 3% to 

6% Cenozoic grains, and rare relict particles. The compositional consistency between offshore 

sediments is interpreted to reflect a lack of environmental change throughout the shallow marine.  

Molluscs are common, echinoids are uncommon and bryozoans are rare.  Benthic 

foraminifera are uncommon at 20mwd, but increase in abundance to minor in the nearshore. 

Coralline algae, however, are minor at 20mwd and decrease in abundance to rare in the nearshore. 

The sediment at 10mwd included several gastropods identified as Bankivia fasciata, which live in 

seagrass meadows or in nearby sediments. 

 The carbonate allochem assemblage combined with Bankivia fasciata, are used to 

interpret the presence of a seagrass meadow at 10mwd that potentially extends into shallower 

environments. This interpretation is supported by the presence of numerous seagrass blades in the 
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intertidal zone. The progressive enrichment in coralline algae seaward, combined with reduction 

in benthic foraminifera seaward are interpreted to reflect a gradual transition in environment from 

seagrass meadow to a partial rockground. The presence of a hard substrate at depth would provide 

a surface for coralline algae to encrust. It is likely that sediment pockets and patchy grass 

meadows allow benthic foraminifera to thrive in the sediment as well.  

Offshore Canunda is the only locality where bryozoans absent.  This observation is 

interpreted to be a result of a combination of: 1) the lack of local upwelling; and 2) the seagrass 

meadow environment denying sufficient surface area for bryozoan colonies to grow.  

6.4 Older Dunes 

 Older, and partially lithified dunes such as the ones present at 42 Mile Crossing exhibit a 

decreasing abundance of quartz landward from 35% in the second dune, 32.5% in the third dune, 

and 17% in the fourth dune. This is offset with a higher composition of relict and modern 

carbonate bioclasts. This trend is probably due to the lower density of porous carbonate grains 

relative to quartz, combined with a possible decrease in wind strength inland. The more exposed 

coastal locations experience the strongest wind regimes, but further inland, several barriers 

including modern and older dunes could decrease wind strength. Thus, resulting in the 

preferential transport of less dense particles.    

 The higher abundance of relict clasts in older dunes is interpreted to reflect a greater 

presence of relict particles in the intertidal and nearshore environments during the time of older 

dune formation. The relict particle abundance increases progressively inland from 4% in dune , to 

9% in dune 2, 10% in dune 3, and a high of 18% in dune 4.  Previous works determined that relict 

particles formed in shallow waters during marine isotope stages 3 and 4, when the sea-level was 

50 to 80m lower than it is today (James et al., 1992; Rivers et al., 2007). Although the older 
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dunes have not been dated, it can be predicted that the older dunes formed during a time of higher 

supply of relict grains in the nearshore environment.  

Older Shell Layers 

 Katelysia and Donax preserved shell layers observed in older dunes are interpreted to 

represent either palaeo-shorelines, or palaeo-deflation surfaces.  Belperio et al., (1995) identified 

the last interglacial palaeo-shoreline by accurately locating the intertidal position via in-situ 

Katelysia beds in Robe and Woakwine middens, south of Robe. In this study, deflation surfaces 

contain scatter terrestrial gastropods such as Cochlicella acuta. No terrestrial gastropods are 

present in the preserved shell beds. The lack of terrestrial gastropods in the shell beds, however, 

cannot be used to definitively rule out the possibility that these shell beds may be palaeo-deflation 

surfaces.  

The shell beds at 42 Mile Crossing are located ≥ 400m inland from the current shoreline, 

they overly a palaeosol, and intermix with modern plant roots. The palaeosol (Figure 5.4) implies 

subaerial exposure. If the shell bed was a palaeo-deflation surface overlaying a palaeosol this 

would suggest dune migration inland, and the consequent migration of a deflation surface atop an 

older landward dune.  If the shell bed was a palaeo-shoreline deposit over a palaeosol, this could 

indicate see-level rise, and the migration of a palaeo-intertidal shell bed atop the coastal dune. 

Further information needs to be gathered to infer more about the shell layer origins. 

6.5 Overview of Carbonate Allochems of Holocene Coastal Dunes 

Molluscs comprise the primary allochem of southeast Australia’s coastal dune 

complexes. The abundance ranges between 29% to 50% of the allochems present, with an 

average abundance of 41%. Benthic foraminifera and coralline algae are the second most 

abundant carbonate allochems, averaging 11% and 10% of the coastal dunes respectively. 
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Echinoids account for seven percent, while bryozoan fragments are present in minor amounts, 

ranging from absent at The Granites, to seven percent in the coastal dune of Little Dip (Table 

6.1).  

Terrestrial gastropods are seen among vegetated dunes, however, differentiating between 

marine and terrestrial gastropod fragments is not possible in thin section petrography.  Terrestrial 

gastropods are unquantifiable in this thesis, but considered to have minor contributions to the 

coastal dune sediment. 

Sediment samples taken from the intertidal zone have an average allochem assemblage of 

46% molluscs, 11% benthic foraminifera, 14% coralline algae, 8% echinoids, and 3% bryozoans.  

Sediment sampled at 5mwd contains on average 39% molluscs, 14% benthic foraminifera, 9% 

coralline algae, 5% echinoids and 4% bryozoans (Table 6.2).  

Average allochem abundances in coastal dunes differ ≤ 5% from intertidal sediments, and 

≤ 3% from nearshore sediments. When comparing coastal dune sediments to offshore sediments 

(≥20mwd) the most significant difference is the proportion of bryozoan fragments. Offshore 

sediments ≥20mwd contain on average 23% bryozoans, quite unlike coastal dune sediments, 

which contain only minor amounts averaging 3% bryozoans. It is concluded that coastal dunes of 

southeast Australia exhibit similar carbonate allochem abundances as those found in sediments 

from intertidal and nearshore environments (<10mwd). 
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Chapter 7 

Discussion 

7.1 Coastal Dune Source Material  

Sixteen sources identified contribute to the allochems forming the coastal dunes of 

southeast Australia (Figure 7.1). Nine of the sources are marine, and seven are terrestrial in 

origin.  Some sources contribute large amounts of material, while others contribute small amounts 

across the entire study area. Sources are discussed below with a focus on the modern marine 

carbonate skeletons that form high proportions of the coastal material.  

7.1.1 Marine Carbonate Sources  

The majority of sediment on the inner parts of the Lacepede and Otway Shelves are 

modern marine carbonate skeletons. The most commonly occurring offshore environments are 

rocky reefs and algal forests, and are thus considered the environments that contribute the largest 

amounts of carbonate sediment. Seagrass meadows are less numerous, and typically occur in 

sheltered embayments. Low-relief rockground environments lack the abundant brown algae 

which allow encrusting carbonate organisms to prosper. Relict, and Cenozoic grains are all older 

allochems, and clasts are uncommon to rare constituents in the modern sediment. 

7.1.2 Terrestrial Sediment Sources 

  Holocene coastal dunes of southeast Australia incorporate detrital sediment produced by 

erosion of exposed bedrock in terrestrial environments, from riverine discharge associated with 

the River Murray, and the aeolian transport of quartz from inland deserts. Erosion of localized 

outcrops of Cambrian and Ordovician aged granite locally contribute quartz and other minor  
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Figure 7.1 A summary of sources that contribute to coastal dune sediment. 
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igneous minerals to adjacent coastal and nearshore environments. Locally, the abundance of 

terrestrial material in sediment decreases away from these bedrock exposures to rare constituents 

in the offshore. Discharge from the River Murray occurs north of the Younghusband Peninsula’s 

coastal barrier dunes. The influence of riverine detrital sediment is strongest in northern locations 

such as 42 Mile Crossing, which is nearest to the river mouth,  resulting in abundant detrital 

material in coastal sediments (Fryberger et al., 2001). The presence of detrital riverine-derived 

material decreases to rare in offshore settings >4km from the coast on the Lacepede shelf, and in 

localities south of Cape Jaffa.  

 Clasts of underlying Oligo-Miocene Gambier Limestone and inboard Pleistocene dunes 

are comparatively rare, and are interpreted to occur due to a combination of bioerosion, 

physical/chemical erosion and aeolian transport.  Terrestrial gastropods are also rare, but can 

occur in the back beach, deflation surfaces, or among vegetation in the coastal dunes.  

Other possible terrigenous clastic sources that cannot be overlooked are erosion of the 

mid-continent desert (Abegg et al., 2001a), and erosion of local Cenozoic volcanics such as 

Mount Gambier . The continent of Australia hosts a large arid desert, and aeolian processes are 

capable of transporting quartz hundreds to thousands of kilometers away. Mount Gambier and 

Mount Shack are two large Cenozoic volcanos in southeast Australia. The primary wind direction 

is from the North to North-West at Mount Gambier (Figure 3.5; Bureau of Meteorology - Wind 

Roses, 2004), however, it is possible for rare igneous particles to get transported to the coastal 

dunes. 

7.1.3 Provenance of Carbonate Allochems in Holocene Coastal Dunes  

Coastal dune sediments herein do not seem to reflect the carbonate composition of the 

deeper offshore environment proper.  Instead, allochems appear to be derived mostly from the 
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adjacent intertidal and nearshore environments. Bryozoans are common in offshore sediments at 

20-25mwd, but are uncommon to absent in shallower, nearshore and intertidal environments, nor 

are they readily observed in coastal dunes (Figure 6.2).  

Bryozoan colonies globally inhabit areas of low terrigenous sedimentation with abundant 

hard substrate such as rocks, and algal holdfasts, stipes, and fronds (Flügel, 2004a). These 

environments are abundant in the offshore under study, however, it is observed herein that the 

beach, intertidal and adjacent nearshore environments of east South Australia lack hard 

substrates. The seafloor is mostly composed of loose unconsolidated sediment that commonly 

reworked with intense wave, swell, and current hydrodynamics. As a result, it is interpreted that 

the physical oceanography of southern Australia creates two distinct marine biomes that produce 

distinctly different carbonate sediment compositions in nearshore and offshore environments.  

7.2 Taphonomy and Bioclast Preservation Potential   

Carbonate hardparts in marine environments degrade through a combination of physical, 

chemical, and biochemical process.  Physical process include physical abrasion, fragmentation 

and commination. Biochemical processes include bioerosion by grazing, predation, and 

micritization. Chemical processes include the breakdown and dissolution of aragonite. 

Decomposition of organic tissue and digestive processes by organisms that process carbonate 

fragments can also cause syndepositional recrystallization, and partial dissolution (Bathurst, 

1966; Freiwald, 1995, 1997; Cuif et al., 1999; Peterhänsel & Pratt, 2001).  

The dominant processes influencing the shallow subtidal <30mwd sediments of southeast 

Australia are physical abrasion, fragmentation, and bioerosion. Evidence of micritization, 

recrystallization, and dissolution in the modern carbonate allochems are absent.  
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7.2.1 Physical Abrasion and Fragmentation 

 Experimental measurements of shell strength and the subsequent taphonomic 

interpretation by Zuschin and Stanton (2001) identify factors that influence the breakdown of 

carbonate hardparts and skeletons. Carbonate bioclast breakdown is controlled by 1) primary 

mineralogy; 2) ultrastructure; 3) shape and size; 4) crystal size; 5) the porosity and permeability 

of the skeletons; 6) the resistance of organic coatings against decomposition; 7) shell strength; 

and 8) the morphology of the skeleton. 

Preferential preservation of carbonate skeletons is observed during transportation from 

one environment to another. This observation has been made for different organisms compared to 

one other, and for different skeletal parts of the same animal. This principle is evident for 

bivalves that have robust shells and lack intraskeletal porosity. Likewise, gastropod shells, 

encrusting coralline algae, and encrusting bryozoans have robust skeletons. Such skeletons are 

capable of enduring abrasion in the high energy nearshore setting and subsequent reworking into 

coastal dunes. 

Echinoids have more fragile skeletons, thus are more easily broken down after the 

organisms’ death. Similarly, branching and articulated bryozoan colonies commonly breakdown 

to individual zooids.  Benthic foraminifera and bryozoan skeletons have significant intraskeletal 

porosity, whereas this porosity can create points of weakness causing a foraminifera test or 

bryozoan zooid to breakdown, it also provides the organisms with a lower bulk density. Delicate 

organisms include sponges and non-mineralized algae such as Ecklonia.  

Bryozoans 

 Within marine environments, bryozoan skeletons are considered fragile-to moderately-

durable to abrasion and breakage (Smith & Nelson, 2003).  Classic tumbling experiments found 
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branching and encrusting bryozoans are among the least durable shells, while free living 

bryozoans are more resistant to breakage and abrasion, but still not as robust as large bivalves or 

compact gastropods (Chave, 1964; Smith & Nelson, 1996). Strong mollusc shells are finely 

crystalline and compact, with relatively little organic matrix, and thus generate the most resistant 

carbonate grains. Brittle, porous, open-structured, and organic-rich skeletons, such as branching 

bryozoans, form fragile grains, with the least resistance to breakage and abrasion (Smith & 

Nelson, 2003).  

Echinoids 

Echinoid skeletons disintegrate rapidly following death. Regular echinoids have larger 

spines that drop and lie flattened against the test in the final stages of death, within a week most 

spines have fallen off (Smith, 1984). Irregular echinoids have smaller spines that are lost within 

hours after death (Smith, 1984). The difference between regular and irregular echinoids 

preservation potential is attributed to their different life-styles (Kier, 1977). Regular echinoids are 

grazers, and are epifaunal, they live on firm or rocky substrata. Irregular echinoids evolved as 

deposit feeders, they are infaunal and live predominantly in areas of unconsolidated sediment 

(Kier, 1977; Smith, 1984).  

Echinoids observed in rocky reef and algal forest environments are grazing regular 

echinoids. Various sizes of echinoid spines and plates are observed in the sediment collected from 

these environments. The echinoid fragments observed in the nearshore, intertidal and coastal 

sediment are primarily small spines, with rare calcite plates. This attribute is interpreted as 

irregular echinoids inhabiting the nearshore and subtidal environments, and echinoid skeletons 

preserved in the coastal dunes belonging primarily to irregular echinoids. Such an observation 

predicts further taphonomic bias in the preservation of irregular echinoids compared to regular 
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echinoids in the geologic record.  

The likelihood of echinoid preservation depends on the type of environment, but also on 

how readily the skeletons disintegrate after death (Smith, 1984). The fragile nature of echinoid 

tests, and their rapid rate of degradation reduces the shells’ resistance to wave abrasion in the 

intertidal zone. When echinoids are present in the intertidal (The Granites, Robe and Southend) a 

diminished proportion is incorporated into the dune sediment. In the dune allochems at The 

Granites, 31% of the intertidal echinoids are incorporated into the adjacent dune deposits, at Robe 

57% are included, and at Southend 73%. It is assumed herein that if echinoid fragments are 

uncommon to rare in coastal dunes, they are probably present in minor amounts in the intertidal. 

Furthermore, echinoid spines are more robust than the carbonate plates that form the organisms’ 

outer shell.  Echinoid fragments incorporated into the dune sediment are commonly a small spine, 

rather than a calcite plate.  

Gastropods 

Gastropod shells are robust, but field observations herein indicate the organism’s 

opercula are more resistant to abrasion than the remainder of the shell. This is observed at 

Beachport, where many hundreds of 2-3cm-sized Turbo sp. opercula are found in the intertidal 

zone, but the remainder of the organism’s shells were rare or absent. Thin section analyses 

indicate that the opercula does not show the characteristic chevron gastropod pattern, which 

coiled gastropods exhibit. Thus, if petrographic analysis was the only method used to identify 

carbonate skeletons, gastropod opercula might be misidentified as bivalve shells.  

Sponges 

Sponges are rarely preserved in the rock record because of the soft bodied nature of the 

organism. Even though sponges where observed during SCUBA (Robe at 10mwd; 20mwd Little 
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Dip), sponge spicules were absent from the bottom sediment analyzed. Intact sponge tufts occur 

in the intertidal environment of Southend, and comprise 17% of the sediment. Analyses of the 

coastal sediment from other environments at Southend, however, have no record of sponge tufts 

or spicules. This is interpreted to reflect the fact that sponge tufts have a fast degradation rate. It is 

assumed that even if sponge tufts are prolific in the intertidal or nearshore environment, the rapid 

breakdown of the sponge body into individual spicules results in their wide redistribution. 

Siliceous sponge spicules are porous, and commonly float (Scholle & Ulmer-Scholle, 2003), 

which may lead to rapid transportation from their original habitat soon after the organism’s death. 

It is not understood why sponge spicules are not preserved in the adjacent coastal dune deposits.  

7.2.2 Bioerosion 

 Biologic processes responsible for the breakdown of carbonate shells are visible on 

multiple scales within the study area. Macrobioerosion, such as bivalve shells with visible 

gastropod borings occur in the intertidal zone. The breakdown of bivalve shells in the nearshore 

and subtidal is due to a combination of bioerosion by microbes and fragmentation and abrasion 

by wave action. Experimental studies indicated  unbored bivalve shells experience up to 20% 

shell volume bioerosion within 12-24 months (Lescinsky et al., 2002). Bioerosion may not cause 

the complete breakdown of the organism shells, but can create points of weakness causing shells 

to degenerate faster during reworking and hydromechanical bombardment.  

 Bronstein and Loya (2014) named echinoids “reef engineers”, because they play a major 

role in bioerosion and herbivory on coral reefs. Echinoids feed on algal holdfasts, and reduce 

algal cover, at the same time, they remove large parts of the reef hard substrata via surficial 

grazing, gradually leading bioerosion of the coral reef (Bak, 1990, 1994; Mokady et al., 1996; 

Carreiro-Silva & McClanahan, 2001; Bronstein & Loya, 2014). The actions of echinoids on coral 
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reefs in warm water settings is a widely accepted phenomenon, and where echinoids are present 

in cool-water environments, the assumption is made that these organisms are capable of acting as 

“reef engineers” as well. Within this study area, relatively enriched abundances of Cenozoic 

grains in offshore settings are interpreted to occur due to the bioerosion of the underlying 

Gambier Limestone. There is a correlation between offshore localities with enriched echinoid 

skeletons and above average abundances of Cenozoic particles. This is interpreted to suggest that 

echinoids bioerode the underlying limestone bedrock. 

The most evident example of echinoid-induced bioerosion of the underlying bedrock 

takes place at Little Dip in 10mwd, where Cenozoic particles consist 8% of the sediment, and 

echinoids compose of 23% of the carbonate allochem assemblage. Throughout the study area, if 

echinoids are present in ≥ 5% of the bottom sediment allochems, the Cenozoic grains present are 

≥2%. The only exception is Southend at 10mwd, where the brown alga Ecklonia are common. It 

is possible that the establishment of Ecklonia is new and the process of gradual rocky reef 

degradation has not started yet. Another possibility is a that the bedrock at 10mwd at Southend is 

not formed by Gambier Limestone. 

Grazing gastropods such as Turbo have chitin teeth that contain mineralized hematite, 

some limpet teeth have incorporated goethite, and chiton teeth also exhibit iron mineralization 

(Webb et al., 1991; Brooker et al., 2003; Sone et al., 2005, 2007).  Such grazing gastropods can 

potentially increase rates of bioerosion. At Beachport the intertidal and beach sediments contain 

10 and 22% Turbo opercula, respectively. Limpets and chitons were seen to occur in the intertidal 

environment during field observations. The bioerosion of grazing gastropods can be used to 

predict the 1-2% above average presence of Cenozoic particles at Beachport.  
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7.2.3 Biologic/chemical dissolution 

 The major carbonate skeletons in cool-water carbonates are low-Magnesium calcite 

(bryozoans and some bivalves), and/or high-Magnesium calcite (coralline algae and echinoderms) 

(Flügel, 2004a). Aragonitic skeletons are uncommon in cool-water settings (infaunal bivalves, 

gastropods, and corals). There is no evidence of aragonite dissolution in the nearshore sediment 

herein. 

7.2.4 Taphonomy Within the Offshore Environments 

Many soft-bodied organisms are observed in abundance in modern cool-water carbonate 

environments, but are rarely observed in the fossil record due to the absence of mineralized 

skeletons (Flügel, 2004a). Similar morphologies such as sponges and algae which is composed of 

a holdfast, stipe and fronds are constructed with soft tissue. Once the organism dies it deteriorates 

rapidly leaving little evidence of its presence. The low preservation potential of algae results in 

algal forests being under represented in the rock record. This study recognizes that within the 

offshore environments, Ecklonia forests provide significant habitats for bryozoan colonies and 

serve as a food source for echinoids. Even in modern sediment there is no direct evidence to 

indicate the presence of brown algae in the offshore environment.  It is possible that preserved 

bryozoan and abundant echinoid fossils in the rock record were associated with algal forests 

(James et al., 2013).  

7.2.5 Taphonomy Within the Coastal Environment 

The preservation potential of coastal carbonate dunes is discussed in Chapter 2. Climate, 

temperature, and wind strengths are among the taphonomic processes influencing terrestrial 

environments.  Bryozoans and benthic foraminifera are the two major carbonate allochems of this 

study that exhibit intraskeletal porosity. Bryozoans are rare to absent in the intertidal and 
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nearshore environments, and so are not reworked into the coastal dunes.  

Throughout this study area, benthic foraminifera present in the intertidal environment 

occur in elevated abundances in coastal dunes, excluding The Granites and Robe. This is 

interpreted as preferential transport of less dense particles. Calcite has a higher bulk density than 

quartz at 2.71 g/cm3 and 2.65 g/cm3 respectively (Nesse, 2012).  Carbonate grains, with 

intraskeletal microporosity, or with platy grain shapes have a reduced bulk density, allowing 

larger grains to be transported by saltation (Abegg et al., 2001b; Yordanova & Hohenegger, 

2007). Benthic foraminifera are preferentially transferred landward by wind. This enrichment 

does not occur at The Granites and Robe. where quartz is present in abundant amounts at the 

Granites, and minor amounts at Robe. At those localities, quartz is preferentially transported 

landward instead of benthic foraminifera, possibly because silt-sized or smaller quartz is less 

dense than the benthic foraminifera tests.  

If the coastal dunes of southeast Australia are subsequently preserved in the rock record, 

they would exhibit taphonomic bias for two carbonate skeletal organisms. The dunes would have 

an enriched representation of benthic foraminifera, but a depleted representation of echinoids and 

siliceous sponge spicules relative to the intertidal environments present during dune formation.  

7.3 Physical Oceanographic Processes  

The potential oceanographic processes influencing sediment transport onshore SA are 

tides, swell-driven waves, wind-driven waves, and ocean currents. South Australia is a micro-

tidal setting, where the maximum tidal range recorded at Kingston is 1.46m, at Robe is 1.06m, 

and at Beachport is 1.41m (Tide Times and Tide Chart for Kingston; Robe; Beachport 2016). The 

tidal currents are locally amplified in the gulfs, however, they are considered to have a minimal 

influence on sediment transport in open platform environments.  
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The South Australian continental shelf is a high energy swell dominated setting, 

experiencing frequent storm waves. The dominant wind and swell-wave approach is from the 

southwest year-round, with storms occurring in the winter and spring, from June to November 

(Chapter 3; James and Bone, 2011). Boreen et al., (1993) calculated the depth of modern wave 

abrasion to 70mwd, swell-wave base to 130mwd, and storm-wave base to >250mwd on the 

Otway Shelf. On the Lacepede Shelf, the depth of modern wave abrasion is similarly deep at 

approximately 60-70mwd, and swell-wave base is calculated to 140mwd (James et al., 1992; 

Bone & James, 1993; Li et al., 1996).  

The shore-parallel shallow-water South Australian Current is nutrient-depleted (Chapter 

3), however, in the summer it periodically interacts with localized upwelling currents along  the 

Otway Shelf (Boreen et al., 1993; James & Bone, 2011). Bryozoans and other carbonate 

producing filter feeders, reliant on the presence of particulate organic matter are somewhat 

localized to these upwelling localities. Because of its seasonality, the SA current is likely to be 

responsible for some eastward shore-parallel transport of sediment in the summer months. Further 

information is required to quantify the extent and distance of transport capable by the South 

Australian Current. 

7.3.1 Shelf Bathymetry and Influence of Deep Ocean Swells   

 Carbonate particles produced in the open platform setting are continuously exposed to 

swell and wave reworking especially in the nearshore setting. These processes abrade grains and 

result in their eventual disintegration, and transport away from environment of production. The 

bathymetric profile of a shelf has a direct influence on the swell waves that reach the nearshore 

environment. If a shelf has a shallow profile, with a gentle slope, more wave energy is dissipated 

by friction, and less energy reaches the shoreline. If a shelf has a steeper profile, less wave energy 
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is attenuated by friction with the seafloor, thus, larger waves reach the nearshore, and in general a 

higher energy shoreline results (Garrison, 2015).  

The Lacepede Shelf is a wide, open shelf (Chapter 3) with a slope break at 180-190mwd 

which occurs ~200km from the coast along the northern Lacepede, and 50km from the coast 

along the southern Lacepede (James et al., 1992). The Otway Shelf is considered a narrow open 

shelf, with a slope break at 180mwd approximately 50-60km from the coast along the northern 

sector (Boreen et al., 1993). The steeper shelf profile of the Otway Shelf results in lower swell-

wave attenuation, and larger waves reaching the shoreline. The Otway coast thus experiences 

relatively higher energy conditions relative to the Lacepede coast.  The finer grain-size of 

sediment collected from the Otway coast (Little Dip, Beachport, Southend, and Canunda) is 

interpreted to reflect intense wave reworking in a higher energy regime.   

Studies in the early 1990’s used swell energy to characterize the shelf morphology, and 

depth zonation of carbonate sediment along the Lacepede Shelf (James et al., 1992; Bone & 

James, 1993).  James et al. (1992) divided the carbonate factory into high energy facies above 

swell-wave base (140mwd), and low energy facies below 140mwd. Above swell-wave base, 

bottom sediment is coarse grained, abraded, and rippled, resulting in a cross-bedded bryozoan 

grainstone facies. Below swell-wave base, sediments are muddy, burrowed, bryozoan bafflestone 

to floatstone facies (James et al., 1992).  

Swell-waves transporting sediment from the offshore setting (up to 140mwd) to 

shallower water would be moving bryozoan dominant grains. It is possible that the bryozoan 

enrichment in the sediment collected from 20mwd is partially due to grains formed in deeper 

settings transported to shallower environments via swell-waves.  
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7.3.2 Wind-driven waves  

 The coast of southeast Australia experiences strong landward winds, and several wind 

farms, such as one located at Canunda harvest wind energy to generate power. Grain movement 

in the nearshore environment is thought to be strongly influenced by wind-driven waves, this 

force is also interpreted to be the dominant process responsible for transporting particles from the 

nearshore subtidal to the intertidal setting. Onshore wind transport is countered by seaward 

directed downwelling, however, this is insufficient to counteract the wave-induced onshore 

transport (Short, 2010).  

Frequency and intensity of bottom sediment reworking in the nearshore environment 

governs the depth zonation of biota.  Nearshore environments in SA are dominated by highly 

mobile sediment. In this setting sessile organisms, such as bryozoans are unable to attach, and 

colonies are incapable of forming. Assuming the facies zonation of the offshore, nearshore, 

intertidal, beach, and coastal dunes have remained similar over the last 8ka (initiation of coastal 

dune formation), it is interpreted that bryozoans and other benthic marine organisms have 

remained restricted to the deeper water offshore setting since then. 

 Depth of constant agitation by shallow wind-driven waves is a rough estimate dictating 

the depth of sediment incorporated into the coastal dunes. This depth is different than the depth of 

wave abrasion, which is 60-70mwd along the Lacepede and Otway Shelfs. The depth of constant 

agitation is suggested to be the depth a shallow water wave breaks. This depth is calculated as 

d=L/20, where d equals depth, and L equals the wavelength of the wave (Garrison, 2015). On the 

Lacepede Shelf, waves are commonly ~200m in wavelength, thus the depth of constant agitation, 

and the depth of which sediment is incorporated into the coastal dunes is equal to ~10mwd. 
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It is worth noting that living biota such as algal forests on the shallow shelf dissipate 

wave energy. Therefore, ~10mwd is a relatively high estimate for depth of constant agitation, 

because it does not consider the dampening factor of modern biota dissipating wave energy.  

 Infaunal bivalves live in soft unconsolidated sediment, and cannot survive in rockground 

settings.  The abundance of bivalve fragments in the nearshore and intertidal environments is 

predicted to belong to infaunal bivalves. Further analysis is required to confirm this.  

7.4 Implications for Ancient Dunes as a Proxy for Nature of the Offshore Environment 

Previous workers have predicted that coastal dunes and carbonate aeolianite deposits can 

be used as a proxy to predict the offshore environment.  Southeast Australia contains shore-

parallel carbonate aeolianites dating back to 800ka (Murray-Wallace et al., 2001). 

A strong correlation between the carbonate allochem ratios in coastal dune complexes 

and nearshore sediments along the Lower Lacepede and upper Otway coasts suggests that aeolian 

deposits are a poor proxy for interpreting offshore shelf environments. Therefore, the aeolianites 

formed in a cool-water open-platform setting are not a true indicator of the offshore carbonate 

factory, nor the oceanography at the time of their formation. It is concluded in this study that 

coastal dune composition most likely reflects carbonate sedimentation in intertidal and nearshore 

environments on a cool-water, open platform setting. It is therefore concluded that allochem 

analysis of ancient carbonate aeolianites deposited in a cool-water, platform setting can be used 

as proxies for palaeo-nearshore and intertidal environmental interpretation.  

This study also proposes a new depositional facies for cool-water environments. The 

nearshore to shoreface facies are marginally different in carbonate allochem composition than the 

adjacent offshore facies, with a transition occurring around 10mwd. The above segregation 

between nearshore and offshore environments is likely a gradual transition.  The change in 
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carbonate producing bottom environment can be supported with grain-size analysis. At 5mwd, the 

sediment collected is on average fine sand- to silt-size. The sediment grain-size increases with 

distance from the coastline, and is on average medium grained at 10mwd, and coarse sized to-

pebble-size at 20mwd. 

 
 
  



 

 

 

102 

Chapter 8 

Summary & Conclusions 

1. The majority of sediment on the inner parts (<30mwd) of the Lacepede and Otway Shelves is 

composed of modern marine carbonate skeletons. Molluscs are the main allochems, the other 

main components are benthic foraminifera, coralline algae, echinoids, and bryozoans. These 

particles originate in marine carbonate factories such as macroalgal forests, rocky reefs, seagrass 

meadows, and low-relief seafloor rockgrounds. 

2. Siliciclastic sediment in the shallow marine and coastal environments is primarily sourced from 

the River Murray, together with lesser aeolian transport from inland deserts, erosion of older 

Pleistocene coastal dunes, and locally, the erosion of Cambrian and Ordovician granite outcrops 

along the Lacepede coast.  

3. The incorporation of carbonate skeletons into coastal dunes depends on a combination of: 1) the 

infauna present in the intertidal and nearshore environments; 2) physical characteristics of 

allochem skeletons and their ability to withstand abrasion; 3) active oceanographic processes such 

as waves, storms, and longshore transport; 4) aeolian transport.  

4. Bryozoans are common in offshore sediments at 20-25mwd, but are uncommon or absent in 

nearshore (<10mwd) and intertidal environments. This suggests the existence of two shallow 

marine biomes in southern Australia: 1) the nearshore environment where sediments are enriched 

in infaunal bivalves and if echinoids are present they are irregular types; and 2) the shallow 

marine offshore environments, where sediments are enriched in bryozoans.  

5. Inner shelf carbonate sediment is influenced by physical abrasion, fragmentation, and bioerosion 

leading to preferential preservation of carbonate skeletons during transportation from one 

environment to another. Bivalves are capable of enduring abrasion in the nearshore setting, 
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whereas echinoids are more susceptible to fragmentation in the intertidal zone. Where echinoids 

are present in the intertidal sediment, a diminished proportion is incorporated into the adjacent 

dunes. Echinoids present in intertidal and nearshore are irregular types, and thus more likely to be 

preserved than the regular echinoids found in deeper algal forest environments. Preferential 

preservation is also observed within organisms’ body parts. Echinoid spines are preferentially 

preserved in the coastal dune sediments over body plates. Gastropod opercula are more resistant 

to abrasion than the remainder of the organism, and are preferentially preserved in the intertidal 

environment. Even though siliceous sponge spicules are present in the intertidal environment they 

are not preserved in the coastal dunes.   

6. Preferential incorporation of less dense particles from the intertidal environment into the adjacent 

coastal dunes is evident in localities where quartz is rare to absent. Benthic foraminifera occur in 

elevated abundances in coastal dunes relative to the adjacent intertidal sediments, this is attributed 

to the intraskeletal microporosity and reduced bulk density enhancing transport by aeolian 

processes.  

7. Echinoids are considered “reef engineers” and grazing activities of echinoids bioerode the 

underlying limestone bedrock. This is particularly the case in offshore localities such as Little 

Dip, that have enriched echinoid skeletons and above average abundances of Cenozoic particles, 

predicted to be sourced from the underlying Gambier Limestone.  

8. Coastal dune sediment and carbonate aeolianite deposits formed in a cool-water open-platform 

settings are primarily derived from the adjacent intertidal and nearshore (<10mwd) environments, 

and do not reflect the composition of the deeper offshore environments. If these coastal dunes are 

subsequently preserved, their deposits can be used as a proxy for the palaeo-intertidal and palaeo-

nearshore environments. 
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Chapter 9 

Future Work 

Carbonate mineralogy of a deposit has a direct influence on its preservation potential in 

the rock record. If the dominant mineralogy of a carbonate complex is aragonitic, the subsequent 

diagenesis taking place during subaerial exposure causes early cementation, and increases the 

preservation potential. It is commonly assumed that cool-water carbonate factories contain fewer 

aragonitic components, and are dominated by calcite skeletons (Flügel, 2004a). This would result 

in minor to absent early cementation during exposure to meteoric diagenesis, thus reducing the 

preservation potential of the carbonate complex. Other consequences include the re-mobilization 

of carbonate bioclasts, and landward migration of the carbonate dune.  

The coastal carbonate dunes of eastern South Australia contain a high abundance of 

bivalves. The bivalves identified in the nearshore environment are mostly infaunal, and are made 

of aragonite Therefore, the coastal carbonate dune composition could contain more aragonite than 

initially predicted. This implies, that despite the semi-arid climate of Holocene east South 

Australia, the potential of carbonate dune preservation is relatively high.   

Carbonate allochem analysis has determined that aeolian dune deposits are 

compositionally complex. It is recommended that future work should encompass an investigation 

into the mineralogy of the common bivalves of the southeast Australia’s coastal sediment, and a 

reassessment of the general mineralogy of the coastal dune complexes. This work will have 

important implications pertaining to cool-water carbonate diagenesis, preservation potential, and 

aid in the identification and interpretation of ancient cool-water carbonate sediments preserved in 

the rock record. 
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 Appendix 1 

    
Location
42 Mile Crossing Quartz Modern Relict Relict + Cenozoic Cenozoic Pebbles Granules Coarse Medium Fine Silt
On Land
3.1 23 68.5 6 1 1.5 30 10 40 15 5
3.2 27 63 7 1 2 30 15 30 22 3
3.3 Duplicate analysis 35 58 3  4  10 30 60
3.4 Duplicate analysis 40 52 4  2 5  95
3.5 40 48.5 5.5 6 10 90
3.6 35 52 9 1 3 10 90
3.7 22 59 13 3 3 5 40 45 10
3.8 32.5 49.5 10 4 4 60 40
3.9 22 71 12 2 3 7 50 23 20
3.10 17 63.5 18 1.5 25 10 10 40 10 5
Offshore
K1.2 (5 mwd) 40 54 6 3 97
K1.1 (10 mwd) 40 52 7 1 100
K1.3 (20 mwd) 5 78 17 60 30 10

 

General Breakdown (%) Size (%)

Location Notes
The Granites (K3) Quartz Modern Relict Relict + Cenozoic Cenozoic Pebbles Granules Coarse Medium Fine Silt

On Land
G-1 Intertidal 56 43 0.5 0.5 100 Analysed by XRD
G-2 Beach 61 37 2 100
G-3 Back Beach 45 53 1 1 100
G-4 True Aeolian 50 40.5 7 1 1.5 2 30 68
Offshore
K3.1 (5 mwd) 65 34 1 2 98
K3.2 (10mwd) 18.5 62.5 13 5 1 4 6 60 20 10
K3.3 (20mwd) 5 78 13 2 2 3 15 67 10 5

General Breakdown (%) Size (%)

Location Notes
Long Beach (R1) Quartz Modern Relict Relict + Cenozoic Cenozoic Pebbles Granules Coarse Medium Fine Silt
On Land
LB1 Intertidal 5 89 4 1 1 2 98
LB2 Beach 15 67 13 5 5 30 65
LB3 Back Beach 20 66.5 9 0.5 4 40 60 Analysed by XRD
LB4 True Aeolian 22 65 11 2 2 98
Offshore
R1.4 (6 mwd) 17 81 1 1 100
R1.3 (10 mwd) D.S 6 86 6 2 15 10 35 40 Diving Sample
R1.2 (20 mwd) I.R 12 66 21 1 5 45 35 10 5 Inside reef
R1.1 (25 mwd) O.R 2 82 15 1 40 30 13 12 5 Outside reef

General Breakdown (%) Size (%)



 

 

 

121 

  

  

Location Notes
Little Dip (R2) Quartz Modern Relict Relict + Cenozoic Cenozoic Pebbles Granules Coarse Medium Fine Silt
On Land
LD1 Intertidal/beach 20 64 15.5 0.5 30 40 28 2
LD2 Back Beach 17 61 16 4 2 40 55 5
LD3 True Aeolian 18 61 15 2 2 1 30 69
Offshore
R2.2 (10 mwd) 7 72 11 2 8 Holdfast too
R2.1 (20 mwd) 4 78 12 3 3 4 40 40 10 6
No sample taken at 5mwd, it was too close to shore/unsafe for boat

General Breakdown (%) Size (%)

Location Notes
Beachport (B1) Quartz Modern Relict Relict + Cenozoic Cenozoic Pebbles Granules Coarse Medium Fine Silt
On Land 
BP1 Intertidal 2 76 19 1 2 20 30 45 5
BP2 Back Beach 4 70 16 7 3 30 60 10
BP3 True Aeolian 3 76 14 4 3 3 20 32 45
Offshore
B1.2 (6 mwd) 16 73 6 1 4 3 97
B1.3 (10 mwd) D.S 2 83 9 3 3 20 65 10 5 Diving Sample
B1.1 (24 mwd) 1 81 13 3 2 30 50 5 15

General Breakdown (%) Size (%)

Location Notes
Southend (B2) Quartz Modern Relict Relict + Cenozoic Cenozoic Pebbles Granules Coarse Medium Fine Silt
On Land
SO1 Intertidal 11 79 3 2 5 4 96
SO2 Beach 16 67 10 1 6 1 99
SO3 True Aeolian 18 66 6 2 8 1 99
Offshore
B2.2 (5 mwd) 13 74 7 3 3 20 60 20
B2.3 (10 mwd) 2 85 13 20 60 10 7 3
B2.1 (20 mwd) Holdfast only

General Breakdown (%) Size (%)

Location
Canunda (B3) Quartz Modern Relict Relict + Cenozoic Cenozoic Pebbles Granules Coarse Medium Fine Silt
On Land
C1 Intertidal 3 79 15 2 1 30 20 30 20
C2 Beach 4 81 9 3 3 20 30 50
C3 Back Beach 5 85.5 3.5 3 3 20 80
C4 True Aeolian 10 81 6 2 1 20 80
Offshore
B3.3 (5 mwd) 15 79 3 3 3 5 92
B3.2 (10 mwd) 12 79.5 2.5 6 3 97
B3.1 (20 mwd) 12 80.5 4 3.5 100

General Breakdown (%) Size (%)
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Appendix 2 

 

  

Location Notes
42 Mile Crossing (K1) Qtz B. F P. F Ech Moll Gast Biv CA L.Cl Pel Bry Dol MS WT Barn S.T Unk   
On Land
3.1 23 6 3 42 18 24 12 1 1 0.5 0.5 0.5 2
3.2 27 2 1 40 15 25 10 0.5 2 1 1 0.5 1 4 3% micro.g
3.3 35 5  4 27   8   2    12
3.4 40.0 6 3 27   6  1.0   11  
3.5 40 2 3 20 7 1 0.5 0.5 0.5 14
3.6 35 5 3 19 8 1 1 0.5 0.5 1 13
3.7 22 1 1 28 11 17 24 1 1 4
3.8 32.5 2 2 20 16 1 2 1 0.5 6 1% relict CA
3.9 22 1 0.5 3 34 14 20 11 1 1 1 0.5 1.5 0.5 7 1% relict CA
3.10 17 3 2 42 17 25 8 1 1 1 0.5 4
Offshore
K1.2 (5 mwd) 40 1 2 25 10 1 15
K1.1 (10 mwd) 40 1 3 25 6 17
K1.3 (20 mwd) 5 5 3 26 10 16 6 1 32 3 2 8% micro.g

Location Key
42 Mile Crossing (K1) B.F Ech Biv L.Cl Bry B.F L.Cl Bry B.F Ech Gast Bry L.Cl Qtz Quartz
On Land B.F Benthic Foram
3.1 2 3 1 1 0.5 1 P.F Planktic Foram
3.2 1 4 2 1 1 1 Ech Echinoid
3.3 3     3 1 Moll Mollusc
3.4 2 1 1  1 1 Biv Bivalve
3.5 2 0.5 2 1 4 2 CA Coralline Algae
3.6 5 1 2 1 1 2 1 L. Cl Lithoclast
3.7 3 2 6 2 3 2 1 Pel Peloid
3.8 2 2 5 2 1 1 3 1 Bry Bryozoan
3.9 3 1 5 2 1 1 2 1 Dol Dolomite
3.10 2 2 13 1 1 0.5  MS Mystery Spicule
Offshore WT Worm Tube
K1.2 (5 mwd) 2 1 3 Barn Barnicle
K1.1 (10 mwd) 3 1 3 1 S.T Sponge Tuft
K1.3 (20 mwd) 1 14 2 Unk Unknown

Relict C&R Cenozoic

Modern Components
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Location Notes
The Granites (K3) Qtz B. F P. F Ech Moll Gast Biv CA L.Cl Pel Bry Dol MS WT Barn S.T Unk
On Land
G-1 Intertidal 46 10 7 20 2 1 13 1% biotite,plag
G-2 Beach 61 5 3 16 2 1 10 1% biotite,plag
G-3 Back Beach 45 8 3 26 3 1 12 1% land plant, included in unknown %
G-4 True Aeolian 50 5 2 18 2 16 3 0.5 0.5 0.5 1 10
Offshore
K3.1 (3 mwd) 65 1 14 3 1 15 biotite,plag,zircons
K3.2 (10mwd) 18.5 3 2 21 4 17 27 1 1 1 1 0.5 5 1% micro.g
K3.3 (20mwd) 5 12 4 33 9 24 15 1 15 1 5

Key
Location Qtz Quartz
The Granites (K3) B.F Ech Biv L.Cl Bry B.F L.Cl Bry B.F Ech Gast Bry L.Cl B.F Benthic Foram
On Land P.F Planktic Foram
G-1 Intertidal 0.5 0.5 Ech Echinoid
G-2 Beach 1 1 Moll Mollusc
G-3 Back Beach 1 1 Biv Bivalve
G-4 True Aeolian 3 3 1 1 1 0.5 CA Coralline Algae
Offshore L. Cl Lithoclast
K3.1 (3 mwd) 1 Pel Peloid
K3.2 (10mwd) 2 1 4 6 1 2 2 1 Bry Bryozoan
K3.3 (20mwd) 2 1 8 2 1 1 1 1 Dol Dolomite

MS Mystery Spicule
WT Worm Tube
Barn Barnicle
S.T Sponge Tuft
Unk Unknown

Modern Components

Relict C&R Cenozoic



 

 

 

124 

   

Location Notes
Long Beach (R1) Qtz B. F P. F Ech Moll Gast Biv CA L.Cl Pel Bry Dol MS WT Barn S.T Unk
On Land
LB1 Intertidal 5 15 12 28 7 2 11 1 13 2% micro.gastro
LB2 Beach 15 5 1 4 27 15 12 8 2 3 2 1 1 2 1 10
LB3 Back Beach 20 18 0.5 5 20 5 2 2 3 1 1 1 8
LB4 True Aeolian 22 10 1 5 22 4 2 2 4 1 1 1 1 11
Offshore
R1.4 (6 mwd) 17 10 5 37 3 2 3 3 1 1 16
R1.3 (10 mwd) D.S 6 5 4 30 10 20 20 2 1 15 1 1 1 6 2% micro.gastropod
R1.2 (20 mwd) I.R 12 1 1 31 16 15 17 5 1 1 1 1 1 1 5 2% Peyssonellid sponge
R1.1 (25 mwd) O.R 2 1 1 22 18 4 14 7 1 28 2 1 1 1 2 10% Peyssonellid sponge

Location Key
Long Beach (R1) B.F Ech Biv L.Cl Bry B.F L.Cl Bry B.F Ech Gast Bry L.Cl Qtz Quartz
On Land B.F Benthic Foram
LB1 Intertidal 1 2 1 1 1 P.F Planktic Foram
LB2 Beach 7 1 3 2 3 2 Ech Echinoid
LB3 Back Beach 5 1 2 1 0.5 3 1 Moll Mollusc
LB4 True Aeolian 3 1 6 1 1 1 Biv Bivalve
Offshore CA Coralline Algae
R1.4 (6 mwd) 1 1 L. Cl Lithoclast
R1.3 (10 mwd) D.S 2 3 1 1 1 Pel Peloid
R1.2 (20 mwd) I.R 1 1 16 3 1 Bry Bryozoan
R1.1 (25 mwd) O.R 1 1 12 1 1 Dol Dolomite

MS Mystery Spicule
WT Worm Tube
Barn Barnicle
S.T Sponge Tuft
Unk Unknown
D.S Diving Sample
I.R Inside Reef
O.R Outside Reef

Modern Components

Relict C&R Cenozoic
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Location Notes
Little Dip (R2) Qtz B. F P. F Ech Moll Gast Biv CA L.Cl Pel Bry Dol MS WT Barn S.T Unk
On Land
MJ-15-1.1 Beach 17 1 15 20 7 13 6 7 2 1 0.5 1 2 5.5
MJ-15-1.2 Dune 17 7 4 25 5 2 1 8 1 1 17
LD1 Intr/beach 20 1 43 28 15 8 7 1 1 3 Opercula
LD2 Back Beach 17 1 42 25 17 7 3 1 1 2 4
LD3 True Aeolian 18 2 3 30 5 25 5 2 1 4 1 1 1 11
Offshore
R2.2 (10 mwd) 7 2 17 27 7 20 4 2 1 10 0.5 0.5 1 8 Holdfast with sample, 1%  micro.g
R2.1 (20 mwd) 4 1 2 33 8 25 8 4 1 22 0.5 0.5 5 3% micro.g

No sample taken at 5m, it was too close to shore/not safe for boat

 
Location Key
Little Dip (R2) B.F Ech Biv L.Cl Bry B.F L.Cl Bry B.F Ech Gast Bry L.Cl Qtz Quartz
On Land B.F Benthic Foram
MJ-15-1.1 Beach 1 10 1 1 2 1 2 2 P.F Planktic Foram
MJ-15-1.2 Dune 1 4 1 1 2 2 Ech Echinoid
LD1 Intr/beach 0.5 15 0.5 Moll Mollusc
LD2 Back Beach 14 2 1 2 1 1 1 Biv Bivalve
LD3 True Aeolian 2 1 10 2 2 1 1 CA Coralline Algae
Offshore L. Cl Lithoclast
R2.2 (10 mwd) 2 1 8 1 1 2 1 2 3 Pel Peloid
R2.1 (20 mwd) 1 10 1 2 1 1 3 Bry Bryozoan

Dol Dolomite
MS Mystery Spicule
WT Worm Tube
Barn Barnicle
S.T Sponge Tuft
Unk Unknown

Relict C&R Cenozoic

Modern Components
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Location Notes
Beachport (B1) Qtz B. F P. F Ech Moll Gast Biv CA L.Cl Pel Bry Dol MS WT Barn S.T Unk
On Land
BP1 Intertidal 2 1 2 42 10 32 20 3 2 1 1 4  
BP2 Beach 4 1 1 42 22 20 14 1 1 3 0.5 2 1 0.5 5
BP3 True Aeolian 3 5 5 39 15 24 12 2 2 4 0.5 2.5 9
Offshore
B1.2 (6 mwd) 16 20 1 4 15 6 3 2 5 1 0.5 0.5 15
B1.3 (10 mwd) 2 5 6 29 7 22 3 4 1 28 0.5 0.5 0.5 0.5 5 1% micro.gastropod
B1.1 (20 mwd) 1 1 3 28 10 18 7 5 1 30 1 1 1 4 2% micro.gastropod

Key
Qtz Quartz

Beachport (B1) B.F Ech Biv L.Cl Bry B.F L.Cl Bry B.F Ech Gast Bry L.Cl B.F Benthic Foram
On Land P.F Planktic Foram
BP1 Intertidal 1 1 10 7 1 1 1 Ech Echinoid
BP2 Beach 1 1 10 3 1 4 2 2 1 Moll Mollusc
BP3 True Aeolian 1 10 3 1 2 1 1 2 Biv Bivalve
Offshore CA Coralline Algae
B1.2 (6 mwd) 1 1 3 1 1 3 1 L. Cl Lithoclast
B1.3 (10 mwd) 1 7 1 1 2 1 2 Pel Peloid
B1.1 (20 mwd) 10 3 1 2 2 Bry Bryozoan

Dol Dolomite
Barn Barnicle
S.T Sponge Tuft
Unk Unknown

Relict C&R Cenozoic

Modern Components
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Location Notes
Southend (B2) Qtz B. F P. F Ech Moll Gast Biv CA L.Cl Pel Bry Dol MS WT Barn S.T Unk
On Land
SO1 Intertidal 11 12 1 12 23 2 1 1 2 1 17 5 17% Sponge tuft
SO2 Beach 16 10 1 10 22 5 5 1.5 2 0.5 2 8 2% micro.gastropod
SO3 True Aeolian 18 14 1 7 19 3 1 2 2 17
Offshore
B2.2 (5 mwd) 13 17 7 30 8 22 5 2 1 5 0.5 0.5 7 1% biotite, plagioclase
B2.3 (10 mwd) D.S 2 3 15 52 20 32 3 2 1 2 0.5 1 0.5 5 Diving Sample
B2.1 (20 mwd) Holdfast only 

Location Key
Southend (B2) B.F Ech Biv L.Cl Bry B.F L.Cl Bry B.F Ech Gast Bry L.Cl Qtz Quartz
On Land B.F Benthic Foram
SO1 Intertidal 2 1 1 1 5 P.F Planktic Foram
SO2 Beach 1 1 7 1 1 4 2 Ech Echinoid
SO3 True Aeolian 1 1 3 1 1 1 5 1 2 Moll Mollusc
Offshore Biv Bivalve
B2.2 (5 mwd) 4 1 2 1 1 1 1 2 CA Coralline Algae
B2.3 (10 mwd) D.S 0.5 12 0.5 L. Cl Lithoclast
B2.1 (20 mwd) Pel Peloid

Bry Bryozoan
Dol Dolomite
MS Mystery Spicule
WT Worm Tube
Barn Barnicle
S.T Sponge Tuft
Unk Unknown

Relict C&R Cenozoic

Modern Components
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Location Notes
Canunda (B3) Qtz B. F P. F Ech Moll Gast Biv CA L.Cl Pel Bry Dol MS WT Barn S.T Unk
On Land
C1 Intertidal 3 10 0.5 3 47 15 32 10 2 1 1 0.5 4
C2 Beach 4 5 3 37 2 35 15 2 1 0.5 0.5 17
C3 Back Beach 5 12 4 29 4 25 15 1 2 1 0.5 21
C4 True Aeolian 10 8 5 25 3 22 15 1 3 1 0.5 0.5 22
Offshore
B3.3 (5 mwd) 15 15 6 32 4 1 4 1 16 3% large bivalves
B3.2 (10 mwd) 12 10 0.5 7 33 10 1 2 1 15
B3.1 (20 mwd) 12 7 0.5 6 32 15 1 1 0.5 0.5 18

Location Key
Canunda (B3) B.F Ech Biv L.Cl Bry B.F L.Cl Bry B.F Ech Gast Bry L.Cl Qtz Quartz
On Land B.F Benthic Foram
C1 Intertidal 3 2 6 4 1 1 1 P.F Planktic Foram
C2 Beach 3 1 3 2 1 2 1 2 Ech Echinoid
C3 Back Beach 2 2 0.5 1 1 1 1 2 Moll Mollusc
C4 True Aeolian 1 2 2 1 1 1 1 Biv Bivalve
Offshore CA Coralline Algae
B3.3 (5 mwd) 1 2 2 1 L. Cl Lithoclast
B3.2 (10 mwd) 1 0.5 1 2 0.5 0.5 3 Pel Peloid
B3.1 (20 mwd) 2 1 1 1.5 2 Bry Bryozoan

Dol Dolomite
MS Mystery Spicule
WT Worm Tube
Barn Barnicle
S.T Sponge Tuft
Unk Unknown

Relict C&R Cenozoic

Modern Components


