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Living on the edge — 
waterfront views

Australia developed as a nation of coastal fringe dwellers even before the 

realisation in colonial times that there was no inland sea and the continent had 

a ‘dead heart’ of  desert and scrub. The maritime character of the nation developed 

with the reliance on coastal seas for transport and trade during European settlement, 

through to the present day where the coast is the setting for most of Australia’s 

population, industry, tourism and recreation. The geological history of the coast and 

its distinctive configuration, landforms and environmental regimes have produced 

a unique, highly diverse continental margin. In turn, the coast has profoundly 

influenced the pattern of settlement and development of Australia. 
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Our coastal home
Snorkelling on the Great Barrier Reef over luxuriant 

coral reefs, sailing on the splendid waters of 

Sydney Harbour, with its iconic bridge and opera 

house, and swimming in the warm, rolling surf 

of Queensland’s Gold Coast are popular images 

of coastal Australia. However, these images belie 

the wild and inhospitable character of most of the 

Australian coast, which posed great challenges to 

early European exploration and settlement of the 

continent. Indeed, the rugged form and prevailing 

oceanic and climatic regimes that characterise most 

of the Australian coast affected where Aboriginal 

people lived prior to European settlement and 

strongly influence where most Australians live today. 

By the middle 1600s, Dutch traders and explorers 

managed to map in some detail most of the 

southern, western and northern coasts of the 

Australian continent (Figure 6.1). The Dutch, 

however, did not escape unscathed, with a number 

of their ships wrecked on the rocky reefs and cliffs 

of the west coast. However, no settlement was 

attempted, due to the inhospitable conditions 

encountered, particularly along the southern and 

southwest coasts, which are pounded by dangerous 

waves generated in the Southern Ocean and lack 

safe anchorage. The northwest and northern 

coasts were no less unwelcoming, with strong 

tidal currents, shifting shoals and vast archipelagos 

of reef-fringed islands. The Dutch sailors also 

found little freshwater or suitable soils or, most 

importantly, any potential for profitable trade.

It was more than a century later before there was 

competition between England and France to map 

and colonise the continent. Both began to map in 

detail the more benign southeast and east coasts 

of the mainland and Tasmania,  and European 

settlement was considered feasible. It appears that 

these more watered and accessible sections of coast 

were likewise important for the Aboriginal people 

of Australia. Reports from early explorers such 

as Captain James Cook and Captain Matthew 

Flinders document the large number of Aboriginal 

encampments observed along these coasts, as well 

as the coast of northern Australia. It seems very 

likely that a large majority of the estimated (up to) 

750 000 Aboriginal people who lived in Australia 

prior to European settlement resided on the coast 

or partially relied on coastal resources (Chapter 1). 

Soon after the arrival of the First Fleet in Sydney 

Harbour in 1788, communicable diseases that 

were brought by Europeans, especially smallpox, 

decimated the Aboriginal population along the 

east coast of Australia. The first Australians were 

then displaced with the expansion of the colony. 

Shellfish is thought to have formed 30–50% of 

the protein consumed by many Aboriginal people, 

and the early European settlers. The extensive 

utilisation of coastal resources by Aboriginal 

people along the eastern seaboard was well 

recorded in shell middens that once lined many 

stretches of shoreline. Such was the extent and 

volume of these shell accumulations that they 

were mined for lime—the essential ingredient 

for mortar and cement (Chapter 5). As these 

deposits became depleted, oyster ‘reefs’ in bays and 

estuaries were ‘mined’ for lime. This exploitation 

of oyster reefs and middens formed the basis for 

an important coastal industry, supported by fleets 

of coastal vessels, and generated an important early 

Figure 6.1 (opposite): 17th century Dutch map of the 
southern, western and northern coasts of Australia. 
Thevenot, M (Melchisedech), 1620?–1692. 

Map courtesy of National Library of Australia, MAP NK 2785
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extension of European settlement out from the 

initial colonial outposts. Shell middens can still 

be found at many locations, especially on the less 

accessible and more remote stretches of coast, and 

are now protected by legislation. 

The initial colonial settlements were located in 

southeastern Australia, at the few sites with safe 

anchorage, reliable freshwater supplies and soils 

that appeared to support European agriculture 

Aboriginal shell midden at 
Ordinance Point, Tarkine 
Wilderness, northwest 
Tasmania.

© Getty images [T Mead]

(Chapter 5). These locations and the adjacent 

regions have remained the focus of population 

growth in Australia, in large part due to the 

attraction of the same coastal features that initially 

marked them as suitable for early European 

settlement. The cities of this region—Sydney, 

Melbourne, Hobart, Brisbane and Adelaide— 

make up more than 55% of the current national 

population (Figure 1.3), with another 8% located 

in Perth on the southwest coast; all these cities 

were established before the federation of Australia 

in 1901 (Figure 6.2). Over the past half-century, 

the residential areas of these cities and nearby 

coastal towns have rapidly expanded, and today 

more than 86% of Australia’s population lives, 

within 50 km of the coast. In fact, 9 of the 10 

largest urban centres in Australia (the exception is 

Canberra) were established in colonial times and 

are located on the southeast coast. The residents of 

these nine coastal cities make up more than 70% 

of the Australian population. 

In this chapter, we examine the influence the coast 

has on society, as well as the impacts people have 

on coastal environmental systems. We outline 

the geological evolution of the coast and how 

Australians’ experience and use of the coast vary 

markedly between coastal regions. Key features 

that make the Australian coast so distinctive are 

described, and we examine how these have helped 

shape Australian society. We also look at new 

geoscience knowledge of the coast and continental 

shelf that is increasing our understanding of its 

environmental character, value and hazards. This 

knowledge is better informing the management of 

Australia’s essential coastal ribbon.
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Australia: a maritime nation
The establishment of coastal ports was essential 

to the economic development of the colonies and 

their integration into an independent nation. The 

early pattern of British settlement of the Australian 

coast was closely tied to the development of trade in 

whaling, mining and agricultural products. In 1968, 

Professor James Bird of Southampton University 

published Seaport gateways of Australia, with which 

he hoped ‘to stimulate Australians to take an interest 

in their own ports, because Australia is a maritime 

nation and scarcely knows it’. Bird’s book described 

the main considerations that influenced the colonial 

governments in their selection of seaport gateways 

in an island continent whose geology provided few 

suitable gulfs, long and navigable estuaries, or rivers 

of sufficient length and volume. 

Australia’s being an island for the past 10 ka ensured 

that people coming to or leaving from Australia 

have had to use a ship or boat. This only changed 

in the 20th century with the advent of aviation. 

For most of the post-World War II immigrants, 

however, even up to the 1960s, a ship of the sea 

was the vessel used. Being an island nation does 

extend a strategic benefit in terms of defence. The 

Royal Australian Navy, established in 1911, has 

a proud tradition in both surface and submarine 

vessels, and it is arguably the only ‘blue water’ fleet 

in the region. 

Until the expansion of the wool trade, Australia’s 

economy was dominated by maritime activities 

such as whaling and sealing. In Tasmania alone, 

there were 35 whaling stations by 1841. The whalers 

and sealers plied the Pacific Ocean and deep into 

Whaling was one of Australia’s early 
industries. Sheltered bays, such as 
Twofold Bay at Eden, New South 
Wales, provided a haven for whales, 
from which they were harvested. 
Today, these same bays draw tourists 
to view whales, such as the humpback 
(Megaptera novaeangliae), as they migrate from Australia’s 
warm northern waters to the Southern Ocean.

the Southern Ocean, wreaking havoc on their prey. 

Their voyages led to the discovery of Macquarie 

Island (1810) and Heard and McDonald Islands 

(1853–54) (Chapter 1). Of more immediate impact 

to Australia was the establishment of bay whaling 

along the southern coast of Australia, with many 

of the settlements being beyond the reach of the 

colonial authorities of the day, often to the severe 

detriment of the Aboriginal people encountered.

By the middle 19th century, several ports had 

been established outside the major colonial cities 

to support trade in these commodities—for 

example, at Geraldton, Robe, Port Fairy, Bowen, 

Launceston and Newcastle. Today the whalers 

Image courtesy of Merimbula Marina, photographer Erich Schute
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and coastal trading ships have long gone, and port 

services have become more concentrated following 

the construction of rail and road networks. Former 

important port cities such as Rockhampton, Coffs 

Harbour, Warrnambool, Victor Harbor, Albany 

and Launceston no longer function as major 

trading ports but have developed into important 

regional centres that support agriculture, mining 

and tourism and provide key social services such 

as health care and education. Others, such as ports 

along the Western Australian coast (e.g. Geraldton) 

and the Queensland coast (e.g. Gladstone), are now 

important export hubs for the mining, petroleum 

and agricultural sectors.

In the past few decades, a number of new ports 

have been built far from the capital cities but close 

to key areas of agricultural and mineral production, 

to handle the rapid increase in the export of bulk 

commodities to Asia (Chapter 9). For example, 

Hay Point (coal) near Mackay, and Dampier 

and Port Hedland (iron ore) in the Pilbara and 

Kimberley regions are among the world’s largest 

export hubs for these resources. The export of bulk 

commodities from ports now underpins Australia’s 

economy. Australia exported more than $157 B in 

2008–09 in raw materials such as iron ore, bauxite, 

coal and natural gas, and $32 B in agricultural 

products such as wheat, beef, wine and wool. 

In September 2011, one ship alone, the MV Ocean 

Shearer, exported 24 683 live cattle to Indonesia. 

These exports, and the export of a range of other 

raw materials from Australia’s ports, represent an 

international trade worth approximately $249 B 

per year. 

Coffs Harbour jetty, Coffs Harbour, 
northern New South Wales.

© M Gottschalk, Lonely Planet Images
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Figure 6.2: The Australian coast and shelf. Locations referred to in the text are shown. Also shown is an approximate render 
of the position of the coastline during the last glacial maximum, 21 ka, when sea-level was 125 m lower than today. 
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The pull of the temperate coast

The concentration of people on the southeast 

and southwest coasts of Australia has, at least in 

part, been driven by the amenity of the temperate 

and subtropical sandy bays, estuaries and open 

shores of these regions. The temperate coasts 

are attractive, such that the New South Wales 

Auditor General found a positive correlation in 

2010 between workplace absence (sickies) and 

a worker’s proximity to the coast. These coasts 

provide virtually year-round safe swimming, 

fishing and boating, along with stunning harbour 

and beach views and a cool summer sea breeze. 

Numerous sandy beaches in these areas are exposed 

to persistent ocean swells, and the resulting wave 

regime has led to the development of the Australian 

surfing culture and its associated clothing and 

surf-gear industries (e.g. ‘global’ brands such as 

Billabong™ and Rip Curl™). Surfing has become 

Swell generated in the Southern 
Ocean breaking on Cow 
Bombie, about 2 km offshore 
in the Margaret River region, 
Western Australia.

Image by Jamie Scott Images

both a popular sport and an industry for many 

coastal cities and towns. For example, Sydney, with 

dozens of sandy beaches that have good surfing 

waves throughout the year, has been a ‘surfing city’ 

since the early 20th century. It was in Sydney in 

1907 that Surf Life Saving Australia—the first of 

its type in the world—was established. 

For many coastal towns, such as Noosa Heads, 

Tweed Heads and Ulladulla, Torquay and Margaret 

River, their proximity to good-quality surf breaks 

has been a significant driver of economic activity 

and population growth over the past 30 years. More 

recently, high population growth has extended to 

northern coastal cities such as Townsville, Darwin 

and Broome, largely driven by growth in tourism 

and the energy and mineral resources sectors 

(Chapter 9) in the adjacent hinterlands. Rapid 

urban expansion on the coast has been matched by 

a demographic shift away from many inland towns.



NINGALOO REEF (BOX 6.1)

Figure B6.1: Perspective view of the seabed seaward of Ningaloo 
Reef at Point Cloates, Western Australia, showing drowned reefs 
and sand dunes. The bathymetry was produced from multibeam 
sonar soundings collected by Geoscience Australia on the Australian 
Institute of Marine Science’s vessel RV Solander in 2008.

Ningaloo Reef extends almost 300 km along the 
coast of central Western Australia, forming a near-
continuous fringing coral-reef system. Listed as 
part of the Ningaloo Coast World Heritage Area 
in June 2011, it is the largest fringing reef in 
Australia and the only example in the world of 
a fringing reef located along the west coast of a 
continent. The reef forms here because, unlike 
other continental west-coast currents, the Leeuwin 
Current feeds warm tropical waters southwards 
onto the narrow continental shelf. In places, the 
reef is only 200 m from the shore, which, along 
with the shallow lagoon, provides an accessible 
amenity for tourism (particularly ecotourism, 
including watching whale shark that come to feed 
at times of coral spawning) at localities such as 
Coral Bay. 

The Ningaloo Coast has a long history of 
occupation by Aboriginal people, with shell 
middens preserved in coastal rock shelters dating 
back 35 ka. The archaeological record suggests 
that these sites were abandoned during the last 
glacial maximum when sea-level decreased 
but were reoccupied during the Holocene 
sea-level highstand. New seabed mapping of the 
continental shelf seaward of Ningaloo Reef has 
revealed in detail the drowned landscape that 
Aboriginal people might have utilised during 
the glacial period. This landscape includes an 
extensive system of relict reefs and dunes that 
would have formed during the Late Pleistocene 
to early Holocene. The drowned coast is widest 
offshore from Point Cloates, where it extends 
about 5 km west from Ningaloo Reef and includes 

hundreds of patch reefs up to 5 m high and ridges 
that are up to 20 m high and several kilometres 
in length. 

Underwater photography shows that the mounds 
and ridges provide hardground habitat for dense 
coral and sponge communities. The distribution 
of these relict seabed features along the Ningaloo 
Coast has determined the location and abundance 
of modern reef communities on the continental 
shelf. Importantly, this geoscience information is 
being used to inform the design and management 
of areas for marine biodiversity conservation and 
sustainable use, including the design of a national 
system of marine protected areas.

© Getty Images [T Mead]
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The remote north

Despite some wistful thinking in faraway London, 

no major colonial settlements were established 

on the northwest and northern Australian coasts. 

Sir James Stephens, then Undersecretary of State 

for the Colonies, wrote in 1842: 

To complete the greatness of the Australian 

nation, it will be necessary that they should 

have a greater variety than at present of 

climates, soils, products and exports. It is also 

necessary that they should secure harbours to the 

north and northwest. A belt of colonies drawn 

around the coast will give us absolute and 

undisputed possession of the interior … and 

for keeping to ourselves a source of commercial 

and maritime greatness which their tariffs, 

improvements etc., are daily rendering more 

important to us.

These remote coasts have large tides and strong 

tidal currents, extensive cliffs and numerous rocky 

islands, coral reefs and sandbanks. Their shorelines 

are often borderd with extensive mangrove forests 

and mud and salt flats; they are frequently struck 

by cyclones; and they have dry hinterlands. The 

settlement of Victoria was established in Port 

Essington on the Coburg Peninsula (near Darwin) 

in the 1830s but lasted only a few years. Darwin and 

Broome are the only substantial enduring colonial 

settlements on the northern and northwest coasts. 

Broome was established in the 1880s to service 

the pearling industry, which has developed into a 

major export industry for the region. The success 

of this industry is strongly linked to the natural 

state of this isolated coast, the abundance of large 

protected bays, very low levels of river discharge 
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and large tidal ranges, which favour the growth 

of pearl shells. Pearling in its early days relied on 

Aboriginal and Japanese divers, and Broome is 

still strongly influenced by these people and their 

cultures. Overall, however, the northern coasts 

remain sparsely populated today. For example,  on 

average along this more than 9000 km of coast, 

there is less than 1 person per square kilometre, and 

Darwin (193 000 people) and Broome (15 000) 

are the two largest cities in northern Australia 

(Figure 1.3).

In the past two decades, the same features that 

discouraged colonial settlement and subsequent 

urbanisation of the northern and northwest coasts 

have appealed to people wanting to experience a 

natural, ‘wild’ coast. Ecotourism has especially 

developed in the Kimberley region of northwestern  

Australia and on the World Heritage–listed 

Ningaloo Coast. Major attractions in these areas 

are the remoteness, dramatic landforms and 

pristine character of the marine environment, 

which includes archipelagos of hundreds of 

bedrock islands, fringing reefs and diverse marine 

ecosystems (Box 6.1).

Aerial photograph of the Alligator River 
Estuary in Kakadu National Park, Northern 
Territory. Water discharged from the 
catchment (upper right) is heavily laden 
with sediment. The estuarine water (upper 
left) is less cloudy. Also shown are the 
mangrove-lined shoreline and tidal creeks, and extensive 
intertidal mud flats.

© Getty Images [Science Photo Library]
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The Great Barrier Reef

The Great Barrier Reef of northeastern Queensland 

posed a major navigational hazard to early sailors, 

who feared running aground on the reef itself or on 

the numerous shoals inside the reef. Such was the 

fate of the renowned first English explorer, Captain 

James Cook, who in 1770 ran aground 146 km 

north of Cairns on what is now the Endeavour Reef, 

named after his ship. Although the Great Barrier 

Reef receives abundant swell from the Pacific 

Ocean, this wave energy is attenuated on the reef 

so that much smaller, locally generated waves are 

Figure 6.3: Multi-angle Imaging SpectroRadiometer (MISR) 
satellite image of the southern part of the Great Barrier Reef, 
highlighting numerous reefs and shoals and the lagoon used for 
shipping. (Source: NASA)

experienced on the mainland coast. Early colonial 

exploration and settlement were challenged, 

however, by a lack of deep anchorage, prevailing 

strong southeasterly onshore winds, extensive 

mangrove forests and broad tidal flats, especially 

in the meso- to macro-tidal reaches of the central 

and northern Great Barrier Reef. Nonetheless, 

shortly after settlement of the major colonial cities, 

a number of small colonial settlements sprang up 

along the mainland coast opposite the Great Barrier 

Reef to service a range of mining, agricultural and 

fishing industries—in particular, gold mining, 

grazing and sugar cane. Gladstone, Rockhampton, 

Bowen, Townsville and Port Douglas, for example, 

were all established between 1853 and 1870. 

The reefs and shoals of the Great Barrier Reef 

remain a risk for shipping today, as demonstrated 

by the grounding of the huge coal carrier 

Shen Neng 1 on Douglas Shoal in 2010. There 

are now, however, international shipping lanes 

that safely cross the reef and connect to a number 

of ports (e.g. Gladstone, Mackay, Townsville) to 

service thousands of vessels each year (Figure 6.3). 

The reef itself is also a major driver of economic 

activity. For example, during 2007, reef tourism 

generated $5 B, compared with $140 M by the 

long-established fishing industry. Although reef 

tourism is big business, the perception of the coast 

is still largely framed by its utility for recreational 

fishing. The clear-water outer reefs sit tens of 

kilometres offshore; there are no true surfing 

beaches; and, during the wet season, swimming is 

dangerous due to the presence of highly venomous 

jellyfish. Undoubtedly, the geomorphology of the 

Great Barrier Reef and lagoons, and the associated 
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sea conditions have shaped very different 

perceptions and uses of this tropical reef coast 

compared with the temperate coast of southern 

Australia, where most Australians live. 

Formation of the edge
Much of the configuration and broadscale 

landforms that comprise the Australian coast are a 

direct inheritance of Gondwanan break up in the 

Cretaceous and Paleogene (155 Ma and 34 Ma; 

Chapter 4). The Australian coast and continental 

shelf have changed little since the formation of 

the island continent because there has been no 

major tectonic activity to fracture or deform the 

continental margins. For example, thousands of 

kilometres of the present rocky coast of eastern and 

southwestern Australia largely retain the outline 

created more than 30 Ma. 

Following the break up of Gondwana, the 

northward migration of Australia and spreading 

of seafloor around the new continent created the 

modern ocean basins (Figure 4.1). As a result, 

Australia’s southern, eastern and western coasts 

became margins of the Southern, Pacific and 

Indian oceans, respectively, giving these coasts 

distinctive oceanographic and climatic regimes. 

Most notable are the continent’s southern margin 

and the subsequent formation of the world’s 

longest Southern Ocean coast. The record of 

marine inundation of the low-lying sections of 

southern Australia by the Southern Ocean during 

the Cenozoic, when the global sea-level was up 

to 100 m higher than at present (Box 2.6), is 

remarkably well preserved in the extensive marine 

and coastal deposits in the Eucla and Murray basins 

An aerial view of the 200 km 
unbroken line of coastal 
cliffs near ‘Head of the Bight’ 
in South Australia.

(Figure 5.7). Amazingly, in places, relict Cenozoic 

dune-capped barriers have been preserved, forming 

subtle elongate ridges in the modern landscape, 

especially in the Murray Basin (Chapter 5). The 

preservation of these beach and dune landforms 

over tens of millions of years is a product of the very 

low rates of sediment accumulation, coupled with 

minimal regional tectonic uplift and negligible 

landform erosion, the latter a strong feature of the 

flat, dry regions of southern Australia (Chapter 5). 

In the Eucla Basin, Eocene and Miocene shoreline 

deposits have been uplifted by up to 150 m 

relative to global sea-level at that time (Chapter 2), 

Main image © M Gottschalk, Lonely Planet Images, inset image © Getty Images [J Edwards]
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revealing that parts of the southern margin have 

been gently uplifting at a rate of up to 20 m/Ma. 

These palaeoshoreline elevation data, coupled with 

measurements of small-scale deformation, suggest 

that the continent appears to be ‘hinged’ across the 

centre, with the northern margin gently subsiding 

towards the northern subduction zone, while the 

southern margin, or at least parts of it, has been 

uplifting (Chapter 5). Although these coastal 

movements are subtle compared with tectonic 

movements on coasts that are on or near active 

plate margins (e.g. western coasts of South and 

North America), they help to explain differences 

in the geological character of the southern and 

northern coasts of Australia. The southern coast 

Figure 6.4: Satellite-derived sea-surface temperature, illustrating 
the warming influence of Australia’s poleward-flowing 
boundary currents, the East Australia and Leeuwin currents. 
(a) Map shows the vortex nature of the East Australian Current 
as it flows southwards along the New South Wales coast. 
(Source: CSIRO Marine and Atmospheric Research)

has large stretches of coastal cliffs and strandplains 

composed of Cenozoic to Quaternary marine 

limestones, whereas much of the northern coast 

features drowned bedrock landforms, with no 

major exposures of Cenozoic marine deposits.

The collision of Australia with the Pacific 

and Eurasian plates began around 40 Ma and 

eventually created a barrier to the western-flowing 

warm equatorial ocean current. As a result, the 

current diverged, with one branch flowing down 

the east coast of Australia, forming the East 

Australia Current, and the other branch flowing 

around New Guinea through the Indonesian 

archipelago and southwards down the Western 

Australian coast. Australia is now unique among 
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the continents in that it is bounded on both its 

eastern and western margins by warm-water, 

poleward-flowing boundary currents (Figure 6.4). 

The East Australia Current is a western boundary 

current of the Pacific Ocean, which transports 

about 15 M m3/s (15 Sverdrups) of warm tropical 

waters along Australia’s east coast. It is equivalent 

to the Gulf Stream and Kuroshio currents, which 

transport warm waters to the north along the eastern 

coasts of North America and Asia, respectively.

In contrast with the cool-water, equatorward- 

flowing boundary currents found on the eastern 

sides of all the other oceans, the eastern boundary 

current in the Indian Ocean is the warm, 

poleward-flowing Leeuwin Current. The Leeuwin 

Current transports about 6 Sverdrups of warm 

water southwards along Australia’s west coast, 

exerting an important influence on the climate 

and marine ecosystem of Western Australia. 

In particular, it is responsible for the presence of 

tropical marine organisms on the southwest coast 

of the continent. 

One important consequence of the Leeuwin 

Current is the absence of any significant fishery 

adjacent to Western Australia. In contrast, the 

Benguela Current System off southern Africa 

and the Humboldt Current System off South 

America are boundary currents that support rich 

coastal fisheries because of seasonal, wind-driven 

upwelling and highly productive continental shelf 

waters. Upwelling in Australia’s shelf waters is 

generally not sufficient to sustain zones of high 

productivity, and these waters are described as 

oligotrophic (with little nutrient to sustain life). 

One western coastal area at Ningaloo, however, has 

a strong seasonal productivity, which brings whale 

sharks to feed and breed, and this has now been 

heritage listed as a marine park. The general lack of 

nutrient-rich water around Australia means that it 

ranks only about 60th in fish production, despite 

having the third largest exclusive economic zone of 

any nation (ca 14 M km2).

Northern Australia entered tropical waters in 

the early Miocene (ca 24 Ma) as the continent 

steadily drifted northwards (Figure 5.5). These 

warm waters brought coral larvae from the north, 

providing the potential for the development of 

coral reefs in northern Australia. Reef growth 

was initiated adjacent to Torres Strait by around 

20 Ma, eventually extending down the outer 

shelf of northeastern Australia to form the 

Great Barrier Reef, which today extends around 

Whale shark (Rincodon 
typus) and golden trevally 
(Gnathanodon speciosus),
Ningaloo Reef, Indian Ocean, 
Australia.

© Getty Images [DS Seifert]
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2300 km from the strait to just east of Bundaberg. 

The reef limestone underlying the modern reef 

ranges from about 2 km in thickness in the north 

(at Ashmore Reef ) but is typically less than 200 m 

thick along the outer shelf barrier reefs. Drilling 

of continental-shelf limestone deposits indicates 

that reef growth was initiated in the central Great 

Barrier Reef by around 500 ka. Older and thicker 

reef deposits are interpreted to occur on subsiding 

marginal plateaus of the Coral Sea offshore 

from the Great Barrier Reef (e.g. the Marion, 

Queensland and Kenn plateaus).

There has been an accumulation of marginal- 

marine deposits as Australia migrated northwards, 

especially in the shallow seas of the northwest 

margin (e.g. North West and Sunda shelves). 

Towards the end of the Neogene (ca 3 Ma), Earth 

cooled and, as the ice caps grew, sea-level dropped. 

Under these lower sea-level conditions, the old 

exposed rocks around the continental margin and 

the younger marine deposits were eroded by the 

sea. The modern continental shelf comprises these 

eroded areas of the continental margin (e.g. in New 

South Wales) in combination with submerged 

low-lying areas of Gondwanan rocks and a cap 

of Neogene and Quaternary marine sediment 

(e.g. North West Shelf, Great Australian Bight).

The shifting edge—Quaternary 
climate and sea-level
During the Quaternary Period, small ice sheets 

and glaciers were limited to western Tasmania 

and the southeast highlands of Australia. This is 

in contrast to the Northern Hemisphere where, 

during the last glacial period (ca 75–11.5 ka), 

Aerial view of mouth of the 
Murray River, South Australia. 
The Coorong Estuary sits inland 
of the Younghusband Peninsula, 
a large sand barrier.

Image courtesy of Murray–Darling Basin Authority, photographer Michael Bell

the Fennoscandian (Europe) and Cordilleran 

(northern America) ice sheets spread across the 

continents and grew up to a few kilometres 

thick. In Australia, therefore, there has been 

no modification of coastal landforms by glacial 

erosion and sedimentation, and no isostatic 

movement of the land relative to the sea due to 

loading and unloading of the crust by ice, which 

commonly occurs with the accumulation and 

retreat of continental ice sheets. As a result, relict 

shoreline deposits in Australia provide important 

records of global changes in sea-level during the 

Quaternary (Box 2.6). For example, fossil coral 

reefs that grew during the last interglacial on the 

coast of Western Australia still sit at the same 

elevation (up to 3 m asl) as when they were 

growing, some 125 ka. This great stability of the 

Australian coast makes it an important location 

for assessing modern changes in sea-level related to 

global climate change. 

A sediment-starved coast

Skeletal fragments of marine organisms such as 

algae, foraminifera, molluscs, bryozoans and coral 

are the main constituents of sediment on the 

majority of the Australian coast and shelf. Physical 

erosion (e.g. currents and waves) and bioerosion 

(e.g. fish and sea cucumbers) break down these 

skeletons. In tropical waters, bioerosion of sediment 

by sea cucumbers and coral by fish produces much 

of this sediment; for example, each individual of 

bumphead parrotfish (Bolbometopon muricatum) 
can remove about 5 t/year of reef. In southern 

and southwestern Australia, biogenically produced 

calcium carbonate gravel, sand and mud dominate 

the temperate continental shelf, covering around 
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2 M km2 to form the world’s largest carbonate 

province. The dominance of carbonate is a 

consequence of the very low sediment load of 

most of Australia’s coastal rivers throughout the 

Quaternary (Chapter 5), with rivers virtually 

absent in some regions (e.g. Great Australian Bight). 

Even the great Murray–Darling River system, 

which drains Australia’s largest coastal catchment 

(>1 M km2), struggles to supply much in the way 

of sediment to the coast. The long-term average 

sediment discharge is estimated at about 1 Mt/year. 

This  represents  a small fraction of the sediment 

discharge of most rivers with similar-sized 

catchments in the Northern Hemisphere, and 

is much less than the estimated 4–7 Mt/year of 

continental aeolian dust that is deposited in the 

Pacific Ocean (Chapter 5). As a result, the Murray 

River has not formed a delta at its terminus 

on the eastern coast of South Australia, and 

periodically its mouth is completely closed off by 

wave-transported sand. To maintain a connection 

with the Coorong estuary, dredging has been 

necessary in the river mouth.

Calcium carbonate–producing organisms have 

flourished in these sediment-starved shallow 

marine regions. Knowing the composition of 

shelf and coastal sediment is important for 

assessing how future changes in climate, sea-level 

and temperature may influence the coast. For 

example, the supply of sediment from the land 

may decline with a reduction in coastal rainfall, 

resulting in a negative beach-sediment budget 

and erosion of the shoreline, whereas the offshore 

biogenic production of carbonate sediment may be 

adversely affected by changes in water temperature 

or pH of the ocean or even overfishing.

During the Quaternary Period, carbonate sediment 

has accumulated on the shoreline and been blown 

landward as mobile dunes before becoming 

cemented. Today, remnants of these deposits 

form aeolianite (lithified dunes) cliffs, reefs and 

islands along vast stretches of the southern and 

southwestern coast. The immense volume of 

biogenically produced sediment locked up in 

aeolianite along the coast of Australia exceeds the 

volume of tropical carbonate that has accumulated 

in the Great Barrier Reef. For example, Quaternary 

aeolianite forms most of the coast between Perth 

and Shark Bay (ca 800 km), including the Zuytdorp 

Cliffs north of Kalbarri that rise up to 260 m above 

the shoreline and extend virtually unbroken along 

more than 200 km of coast. In 1836, Charles 

Darwin visited Albany, 400 km south of Perth, and 

examined the nearby aeolianite coast, concluding 

that these deposits provided unique insights into 

the past productivity of marine carbonate organisms 

whose skeletal remains are preserved in the deposits. 

Darwin also thought that since the dune sediments 

were deposited there had been significant changes 

in sea-level and the position of the shoreline.

Along most of the eastern and much of the 

northern margin, terrigenous sediment forms the 

major component of coastal deposits. Even along 

the more humid east coast, however, much of the 

mid- to outer shelf is carbonate dominated. These 

shelf carbonates include relict shoreline deposits 

that record the relatively greater contribution of 

temperate carbonate biota (e.g. molluscs, coralline 

algae) to the coast during glacial periods of low 

sea-level, when the supply of terrigenous sediment 

to the coast was lower than now because rainfall 

was much lower. 

6.1: Submarine canyons 

Submarine canyons were first found in Australia by 
geologist Reg Sprigg in pioneer dives off the 
South Australian coast in the 1940s. Deep-cutting 
erosional submarine canyons are structures that 
form important sites of high marine biodiversity and 
provide habitat and breeding sites for cetaceans 
and commercially important fish species, especially 
where the canyons extend onto the continental shelf. 

Australia has relatively few, especially those that 
extend onto the shelf. This is probably because of 
the low rate of sediment supply to the shelf and the 
slow rate of associated processes of mass failure, 
which help form canyons. In turn, this is a product 
of the passive margin setting and the low rate of 
river sediment discharge to the Australian shelf. 

An example of a ‘shelf-incising’ submarine canyon 
is the Perth Canyon, which is one of the few that 
were probably directly connected to coastal rivers, 
at least via sediment pathways. During Quaternary 
periods of low sea-level, the sea dropped up to 
125 m, bringing the coast much closer to the head 
of the canyon.

you 
Did 

know?
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Twelve Apostles, Great Ocean Road, Victoria.

© Getty Images [JW Banagan]

A range of characteristics of the Australian coast 
clearly distinguish it from other continents. These 
features are a consequence of the continent’s 
geological evolution, which has set the 
configuration and aspect of the coast, in concert 
with a unique set of climatic and oceanographic 
regimes that determine wave and tide energy and 
the supply and distribution of sediment. 

Key large-scale features include:

1.  the extensive southern coast, the world’s 
longest south-facing continental margin, 
which constantly feels the force of large 
waves from the Southern Ocean

2.  thousands of coral reefs, including the vast 
barrier and fringing reefs around the margin 
of northern Australia

3.  thousands of kilometres of coastal cliffs, 
especially along the south and southwestern 
margin, composed of Cenozoic marine 
deposits and Quaternary aeolianite

4.  thousands of kilometres of coast with large 
gulfs, bays, beaches and headlands

5.  the macrotidal coasts of northwestern and 
northern Australia, with vast networks of 
tidal creeks, mangroves and tidal flats, often 
juxtaposed with exposed bedrock cliffs 
and ridges

6.  giant sand islands and coastal dunefields, 
especially on the southwestern, central-
eastern and northeastern coasts.

DISTINCTIVE FEATURES OF THE 
AUSTRALIAN COAST (BOX 6.2) 
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2.  Large coral reef, offshore Airlie Beach, 
Queensland.

5.  Mangroves lining the Alligator River, 
Northern Territory (photo high tide).

4. Bays and headlands.

1. Cape Bauer, Eyre Peninsula, South Australia, on the continent’s southern margin.

3.  Limestone cliffs, Pennington Bay, 
Kangaroo Island, South Australia.

6.  Giant sand dunes, Fraser Island, 
Queensland.

© Getty Images [P Walton]

© Getty Images [P Folrev] Image courtesy of Tourism Queensland© Getty Images [D Messent] © Getty Images [J Edwards]© R Lewis, Lonely Planet
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The terrigenous fraction of modern coastal 

sediment in southeastern and southwestern 

Australia is dominated by highly resistant ancient 

quartz sand grains. These grains are extensively 

rounded and etched, indicating that the sand 

has been mobilised over long periods. Grains of 

zircon, another highly resistant mineral, are also 

found in trace quantities and have been dated 

using the SHRIMP (Chapter 2). The age of the 

zircon grains reveals the location of the original 

onshore bedrock source of the sediment and 

shows that sand is often transported hundreds, 

even thousands, of kilometres along the coast 

(e.g. Sydney to Brisbane). This longshore-drift 

transport is driven by coastal wave and wind 

regimes and, over longer time scales, by the regular 

sweeping of the shoreline back and forth across 

the continental shelf approximately every 100 ka 

(Box 2.6). 

Changes in sea-level

Since the beginning of the Quaternary, the level of 

the sea has exhibited periodic excursions to around 

125 m below its present position, during which the 

Australian continental shelf has been repeatedly 

submerged and exposed (Box 2.6). The cycles 

of Quaternary sea-level change are driven by the 

growth and retreat of ice sheets and glaciers during 

20 or more ice ages. During the peak of the most 

recent glacial period at 21 ka, when ice sheets were 

at their maximum in the Northern Hemisphere, 

sea-level was 125 m lower than it is today because 

of the great volume of water locked up in ice. At this 

time, the coast lay several to hundreds of kilometres 

seaward of its present position, depending on the 

Figure 6.5: The submerged lake and reefs in the Gulf of Carpentaria. (a) Depth contours illustrate the approximate locations of shorelines 
when sea-level was 20 m below present (brown), 40 m below present (pale green) and 60 m below present (light blue). The dark blue area 
outlined in the centre of the gulf illustrates the maximum extent of Lake Carpentaria during the Late Pleistocene, around 21 ka. (b) and 
(c) Multibeam sonar bathymetry maps of submerged ‘give-up’ coral reefs (locations shown in a). These reefs are part of a reef province that 
extends around the southern margin of the gulf. (Source: Harris et al., 2008)
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Figure 6.5 continued 
Cyclone deposits adjacent to a submerged reef (c) in the Gulf of Carpentaria (reef surface is 26 m below sea-level). An acoustic 
sub-bottom profile over the deposit adjacent to the reef (d) shows the base of the deposit (blue) and the seabed reflector (red) 
that are used to derive sediment thickness (c). The orientation of observed cyclone deposits is controlled by the dominant net 
cyclone-induced current direction (Hearn & Holloway, 1990) on the coast of northeast Australia. Heavy arrows (a) indicate likely 
cyclone-induced stronger inshore currents, and light arrows indicate weaker offshore currents. These cyclone-induced transport 
pathways likely extend along most parts of northern Australia’s shallow continental shelf. (Source: Harris & Heap, 2009)

gradient of the shelf, exposing some 2 M km2 

of the Australian continental shelf. Vast coastal 

plains, the Sahul, existed on the North West 

Shelf, the Gulf of Carpentaria and the Great 

Barrier Reef lagoon. 

During these sea-level lowstands, Australia’s 

rivers flowed across the continental shelf, 

and a few connected to the heads of large 

submarine canyons, such as the Perth Canyon 

(Swan River, WA) on the southwest margin 

(see Did you know? 6.1) and the Sprigg Canyon 

(Murray River, SA) in the southeast. During 

this period, land bridges formed between 

mainland Australia and adjacent offshore islands 

including Kangaroo Island (SA) and Tasmania, 

and with Papua New Guinea, enabling 

Aboriginal people to move between these areas. 

At the same time vast, shallow, brackish lagoons 

and lakes (epicontinental lakes) were formed 

in the low-lying areas of Bass Strait, the Gulf 

of Carpentaria and Bonaparte Gulf. Rising 

sea-level around 12 ka flooded the land bridge 

between Tasmania and the rest of Australia, and 

the Tasmanian Aboriginal people were cut off 

from contact with the mainland. Their cultural 

development continued in isolation from 

mainland tribes for thousands of years, until 

European contact occurred in the late 1700s.

The formation of epicontinental lakes has 

occurred repeatedly during the Quaternary. For 

example, the shallow basin within the Gulf of 

Carpentaria has been submerged and exposed 

(Figure 6.5); it was transformed into a lake 

during times when sea-level was at least 53 m 

lower than at present—below the depth of the 

Arafura Sill. During the last glacial maximum, 

Lake Carpentaria may have been as much as 

500 km long, 250 km wide and 15 m deep. 

This lake phase was short lived, however, 

perhaps only around 10 kyr duration. When 

the Arafura Sill was breached by rising global 

sea-level, the gulf became a brackish to marine 

lagoonal environment. Recent studies of the 

Late Quaternary history of the gulf have shown 

that repeated exposure and submergence are 

recorded in basin-wide alternating marine and 

lacustrine sequences. During the most recent 

post-glacial sea-level rise, the Torres Strait Sill 

was breached around 10 ka and the Coral Sea 

was reconnected to the Gulf of Carpentaria.

In glacial periods, the land bridge between 

Cape York and Papua New Guinea formed at 

the location of present-day Torres Strait. This 

exposed land provided a migration route for 

Aboriginal and Torres Strait Islander people, 

which was open for most of the past 125 ka 

(Figure 6.5). During this period, sea-level 
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was at its present high position for only around 

13% of the time, and most often (>87% of the 

time) it was more than 10 m below its present 

position (Box 2.6). The extended coastal plains 

were undoubtedly important sites of occupation 

by Aboriginal and Torres Strait Islander people 

during these times, but today lie submerged. An 

example of this comes from around Perth, where 

Aboriginal artefacts made from Eocene-aged chert 

have no obvious exposed source area. Curious 

Figure 6.6: Bathymetry map for northeast Australia, showing 
the Great Barrier Reef. Locations of perspective views (a, b, c) 
are also shown. (a) Perspective view of the northern Great 
Barrier Reef in the Cooktown region, showing a chain of fossil 
reefs along the shelf edge and submarine canyons that incise 
the steep continental slope (land is grey). (b) Perspective view of 
the Great Barrier Reef in the Townsville region, showing the reef 
structures on the outer shelf and broad lagoon on the mid and 
inner shelf. (c) Perspective view of the southern end of the Great 
Barrier Reef in the Bundaberg region, showing the southern end 
of the reef, with Fraser Island, the world’s largest sand island, 
in the foreground. 

too is the fact that the size of the chert artefacts 

diminished with time, the people clearly recycling 

older tools. It was not until offshore oil drilling 

intersected the Eocene stratigraphy that the source 

of the chert was found. The low-stand sea-level 

must have exposed reefs of chert that were used, 

but, once covered by the sea around 6.5 ka, only 

the previously mined resources were available—for 

recycling.

Sea-level rose from a lowstand position of around 

125 m below present at 21 ka to reach its present level 

around 6.5 ka, rising at an average rate of around 

11 mm/year, rapidly flooding the continental shelf. 

Adjustment of the continental shelf to the greater 

load of water produced only very minor movements 

(<2 m) along some sections of the Australian 

shoreline during this sea-level highstand. 

The living edge—coral reef growth 
and sea-level

Knowledge of how reefs responded to past changes 

in sea-level and climate provides important insights 

into how they may respond to predicted future 

climate change. During the Quaternary, coral reefs 

were established on the continental shelf of Australia 

when rising sea-levels flooded the shelf, and then 

died when sea-level receded. At lowstands of the 

sea, coral reefs formed on the edge of the shelf in 

northern Australia and along the upper continental 

slope of the Great Barrier Reef, but coral growth 

ceased on these reefs when subsequent sea-level 

rise stranded them in deep water. Conversely, reefs 

that grew during periods of high sea-level were 

exposed during the subsequent glacial periods of 

low sea-level. The exposed reefs formed limestone 
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hills that stood tens of metres above 

the coastal plain and were eroded by 

rivers and rainfall. The Great Barrier 

Reef we see today is therefore the 

product of cycles of reef growth 

and erosion, in concert with 

the numerous Pleistocene sea-level 

cycles (Figure 6.6; Box 2.6). 

With rising sea-levels, coral reefs 

are usually re-established upon 

limestone foundations formed by 

the relict reefs that grew during a 

previous cycle. Only a portion of the 

available relict limestone platforms 

are, however, recolonised by active 

reef-forming coral colonies during 

rising sea-level. In the Great Barrier 

Reef, most platforms may support 

local, sparse patches of living 

reef-forming corals and diverse 

sponge and algal assemblages, 

but their upper surfaces largely 

comprise relict reef limestone and 

Holocene corals, forming what are 

known as ‘give-up’ coral reefs—

reefs that did not grow fast enough 

to keep pace with a rising sea-level.

In the Gulf of Carpentaria, a 

recently discovered reef province 

is composed almost entirely of 

give-up coral reefs (Figure 6.5). 

Uranium-thorium ages of coral 

taken from drill-core samples show 

that reef growth here commenced 

shortly after the limestone pedestals 

Figure 6.7: Holocene and modern coral reefs at Lord Howe Island. (a) Digital relief model of the 
submarine platform that surrounds Lord Howe Island (black), showing the modern and much larger 
relict reef. (b) Aerial view of Lord Howe Island, showing the modern reef and shallow lagoon 
(pale blue) that fringes the western coast of the island. (Source: Ian Hutton)

Image courtesy of Ian Hutton

were submerged by rising sea-level 

around 10.5 ka, making them the 

oldest Holocene reefs known in 

Australia. Reef growth persisted for 

around 2 ka, but had ceased at most 

locations by approximately 8 ka. 

Measurements of reef growth rates 

(0.95–4 m/ka) indicate that the 

reefs were unable to keep pace with 

contemporaneous rapid sea-level 

rise (>10 m/ka), which is consistent 

with a ‘give-up’ reef growth history. 

Similar relict Holocene reefs have 

been reported from locations in 

northern Australia in the Arafura 

and Timor seas, and surrounding 

Lord Howe Island, 700 km 

northeast of Sydney, which sits at 

the present southern limit of coral 

reef growth (Figure 6.7). The relict 

reef around Lord Howe Island is 

around 20 times larger than the 

modern reef. 

Australia has become greatly 

endowed with coral reefs during 

the Quaternary, ranging from large 

offshore barrier-reef complexes 

to fringing reefs attached to the 

mainland coast and islands. These 

structures comprise a framework of 

cemented dead coral and other reef 

sediments that have accumulated 

over the past several thousand 

years of reef growth, with a cap of 

living coral, coralline algae and 

associated reef organisms. Other 

b.
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large, biogenically formed seabed structures 

include carbonate sandbanks. These deposits 

predominantly comprise skeletal fragments of 

carbonate-producing biota, such as red and green 

algae (Halimeda) and foraminifera. Very large 

carbonate banks occur on the North West Shelf 

and Queensland Plateau and are recognised for 

their high biodiversity and pristine condition.

Reefs are well developed on the tropical and 

dry-tropical northeastern (Great Barrier Reef ), 

northern (e.g. Wessel Islands) and northwestern 

(e.g. Ningaloo Reef; Box 6.1) coasts of Australia. 

These localities are suitable for coral colonisation 

and reef growth because of a firm substrate, as 

well as low rates of sediment and nutrient input 

from the land. Australia forms the base of the 

so-called ‘Coral Triangle’, a region that includes 

Indonesia, East Timor, the Philippines and Papua 

New Guinea. This region has the greatest diversity 

of marine life known to exist anywhere on Earth. 

However, the luxuriant coral reef growth that is 

a dominant feature of the Great Barrier Reef and 

Ningaloo Reef continental shelves does not occur 

along Australia’s northern margin, which borders 

the Coral Triangle. There are fringing and patch 

reefs on the inner shelf along the Kimberley 

coast (e.g. Montgomery Reef ) and isolated atolls 

and banks further offshore (e.g. Ashmore Reef, 

Big Bank Shoals, Scott Reef ), but the shelf edge 

along the northern margin is otherwise devoid of 

coral reefs living at sea-level. This is despite the 

widespread availability of submerged limestone 

platforms that were apparently suitable for coral 

colonisation. Identifying the reasons for this 

pattern of reef development remains a challenge 

for marine scientists.

Zuytdorp Cliffs,  
Western Australia.

Image by Neville Coleman OAM

Beautiful one day, perfect 
the next: the modern 
Australian coast 
The modern coast of Australia takes many forms, 

but it is the sand, surf and sun that are the 

well-known characteristics of the Australian coast, 

which today totals more than 36 000 km in length. 

Sandy shorelines make up around half this length, 

but equally stunning are the vast stretches of cliffs 

and rocky ground that comprise one-third of the 

shoreline. Muddy shorelines are a major feature of 

the less well-known northern coast (north of the 

Tropic of Capricorn), where mud flats form the 

seaward margin of immense coastal lowlands, as 

well as the soft seaward margin of rocky areas. In 

general terms, most rocky coast occurs in southern 

and northwestern Australia, while large stretches 

of sandy coast occur right around the continent 

but predominantly in the south (Box 6.2). 

Here we examine the geological, geographical, 

oceanographic and climatic processes that combine 

to produce the much-loved and internationally 

renowned Aussie beaches, bays and coastal lakes, 

as well as the lesser known, but very distinctive, 

rocky and muddy coasts.

The hard edge

Australia has a unique range of rocky coasts, from 

rounded outcrops of granite in southwestern and 

southern Australia to the towering cliffs of marine 

limestone that form the sharp southern edge 

of the Nullarbor Plain (Figure 6.8). The rocky 

southern coast also presents great juxtapositions 

in the geomorphology and age of the coast. Here, 

huge, smooth domes of Proterozoic granite sit 
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adjacent to, or under, the sharp, ragged cliffs of 

Pleistocene aeolianite, the unconformity between 

these rocks marking the passage of 1330 Myr. 

Somewhat counterintuitively, in Australia it is the 

soft, younger rocks that form most of the cliffed 

and rocky shoreline, such as the Quaternary 

aeolianite cliffs and reefs on the southwestern 

(e.g. Zuytdorp Cliffs) and southern (e.g. Eyre 

and Yorke peninsulas) coasts, and the Cenozoic 

marine limestone cliffs along the Nullarbor Plain. 

However, the old, hard Gondwanan rocks do 

form extensive, dramatic rocky shorelines, such as 

on the eastern (e.g. Sydney and Otway Ranges), 

southern (e.g. Kangaroo Island, Tasman Peninsula) 

and northern (e.g. Kimberley) coasts. 

Most rocky shorelines have been cut back by waves 

during the Holocene and past periods of high 

sea-level. The rate of this, however, varies with 

lithology and exposure to wave energy. The hard 

sandstone coast around Sydney, which is exposed 

to moderate wave energy, has a long-term cliff 

retreat rate of around 1 mm/year, whereas the 

much softer Cenozoic limestone coast of the Great 

Ocean Road (southeast SA and western Vic.)—the 

‘Twelve Apostles’ coast (Box 6.2)—exposed to very 

high wave energy, has an average cliff retreat rate 

of around 25 mm/year. Nevertheless, even the high 

wave-energy regime of southern and southwestern 

Australia has had little discernible impact on 

sections of Proterozoic-aged granite coast. 

Shaping the soft coast

Australia’s sandy beaches and coastal dunes were 

deposited over the last few thousand years, during 

the present period of high sea-level. Estuaries were 

Beach near Fraser’s Reef in Bundjalung National 
Park, New South Wales.

© Getty Images [P Walton]
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Figure 6.8: Coastal localities of Australia, including notable cliffs, beaches and dunes.

also formed where streams and rivers were dammed 

or deflected as shoreline deposits accumulated, and 

with the flooding of valleys and lowlands by the 

rising sea. A key feature of many sections of the 

Australian coast is that these Holocene and modern 

deposits commonly overlie or sit against beach and 

estuarine landforms and sediments that date back 

to the Last Interglacial (125 ka), which was the 

previous period of warm climate and high sea-level 

(Box 2.6). The great stability of much of the coast, 

together with low rates of erosion, has resulted in 

the sea now being almost at the same level as the 

last highstand.

There are three major coastal sedimentary provinces 

in Australia. On the east coast, sediments are 

predominantly quartz rich and terrigenous; the 

south and west coasts are marine-sourced carbonate 

dominated; and the northwest is a mix of quartz 

and carbonate sediment. In the northwest, north 

and northeast, most terrigenous sediment has been 

delivered to the coast by tropical rivers. Large-scale 

examples of sandy beach deposits composed of 

quartz sand occur in northeastern and southeastern 

Queensland (e.g. Cape Flattery and the Gold 

Coast, respectively), northern and central New 

South Wales (e.g. Byron Bay and Forster), eastern 

Victoria (e.g. Ninety Mile Beach) and northern and 

eastern Tasmania (e.g. Bakers Beach, Marion Beach) 

(Figure 6.8). Coasts composed of carbonate or mixed 

carbonate/quartz sand occur in the south (e.g. the 

Coorong and Eyre Peninsula coasts) and along the 

southwestern coast. These areas are exposed to the 

strong wind and wave regimes generated in the 

Southern and Pacific oceans and are therefore also 

referred to as wave-dominated coasts. 
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reef or rock outcrops (Box 6.3). Each type has a 

particular shape and sediment texture, produced 

by the varying relative influence of wave and tide 

power on the composition of beach sediment. 

Knowledge of the morphology and dynamics 

of beaches is important for understanding how 

beaches change over seasonal cycles, and how 

they may react to storms, as well as to changes in 

waves and sea-level that may result from any future 

climate change. Another important application of 

this knowledge is the prediction of the amenity 

Inglis Creek in the remote 
Kimberley region of northwest 
Australia, showing bedrock ridges, 
mangrove forests and broad muddy 
tidal flats that are characteristic of 
this macrotidal coast.

© Getty Images [T Schmitt]

Australia’s northern coast is a mix of muddy, rocky 

and sandy environments. Much of this coast has 

a large tidal range, low wave energy and extensive 

muddy lowlands. There are numerous river 

deltas; broad, sandy beaches; and large barriers. 

In the Kimberley region, these depositional 

environments are commonly located within large 

bedrock-fringed embayments (e.g. Walcott Inlet). 

Tides in the north range up to 12 m, generated 

by the interactions between the regional tidal 

circulation system, the broad continental shelf, 

the highly indented shoreline and the orientation 

of the coast. Currents generated by these tides 

are capable of constantly moving sandy sediment 

along the seabed. Sediment mobility can be a 

major concern for shipping. For example, the Ports 

Corporation of Queensland maintains a major 

shipping channel through Torres Strait plus several 

port facilities on the remote islands in the strait 

where islander communities rely on sea transport 

for their livelihood and communication with the 

rest of Australia. 

Australia’s beaches and dunes

Beaches, dunes and estuaries can be 

classified into different types, based on their 

major geomorphological, sedimentary and 

oceanographic characteristics (Box 6.3). These 

classifications highlight well how particular 

regions have distinctive coastal processes and 

landforms. For example, Australia has more than 

10 700 beaches that occupy approximately 50% 

of the total coastline. They fall into four broad 

morphodynamic beach types: wave dominated, 

tide dominated, tide modified, and beaches with 
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and safety of the beach. This information informs 

coastal land-use planning and Surf Life Saving 

Australia, whose members patrol more than 250 of 

Australia’s most visited beaches. 

Beaches in southern Australia

Wave-dominated beaches, synonymous with the 

coast of southern Australia, have clearly been the 

most favoured backdrop for European settlement 

and urban expansion. These beaches have a broad 

low-gradient beach face made of well-sorted sand, 

and a wide surf zone with well-developed sandbar 

and troughs. They are often set between prominent 

headlands, comprise clean, white quartz or 

carbonate sand, with clear, clean water, and with a 

wave climate that produces regular year-round surf. 

A defining feature of much of the southern and 
Sand dunes, Bay of Fires walk, 
Tasmania.

southwestern coasts is the negligible discharge of 

terrigenous sediment by ephemeral rivers compared 

with the volume of bioclastic carbonate sediment 

produced on the shelf and moved onshore to form 

beaches by the strong wave regime (e.g. Dog Fence 

Beach, SA).

Beaches in northern Australia

Northern Australian beaches are largely shaped or 

significantly influenced by tides. They generally 

have a narrow, steep beach face of relatively coarse 

shelly sand, fronted by an extensive low-gradient 

sand or mud flat. At low tide, the shoreline 

may be hundreds of metres to a few kilometres 

(on low-gradient coasts) from the sandy beach face, 

the width increasing with tidal range. These beaches 

usually lack good surfing waves as a consequence of 

© H Leue, Lonely Planet Images
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the large tides, beach morphology and generally low 

wave energy. They occur where there are macrotidal 

regimes or where tidal energy is high relative to 

wave energy (e.g. Cable Beach near Broome, 

Carmila Beach near Broad Sound). There are also 

large stretches of the northern and northeastern 

coast with sandy beach systems formed under 

much smaller tidal regimes (2–3 m range), in places 

backed by large sand barriers and dunefields similar 

to those found in southern Australia (e.g. Cape 

Arnhem, Cape Flattery and Corio Bay). 

Coastal dunes

Approximately 85% of the sandy beaches in 

Australia are backed by coastal dunes. These aeolian 

landforms comprise sand that was transported 

to the beach by waves from the continental shelf 

(offshore) or from rivers (alongshore), then 

eroded from the beach by strong onshore winds 

and deposited inland. Coastal dunes range from 

shore-parallel deposits a few hundred metres to 

a few kilometres wide, that rise just a few metres 

above the beach, to vast sand seas that extend tens 

of kilometres inland, with dunes that rise tens to 

hundreds of metres. Dune barriers lie parallel to 

the beach and protect adjacent estuaries, lakes and 

coastal lowlands from the wave energy of the open 

ocean. They are common on the east, southeast and 

southwest coasts and at numerous sites in Tasmania. 

Some of Australia’s low coastal dunes have 

been readily transformed into urban areas—for 

example, much of the Gold Coast, parts of eastern 

Sydney and suburbs that line Warnbro Sound near 

Perth sit on coastal dunes and beach-ridge plains. 

In contrast, vast sand seas and large dunefields 

are conspicuous features of the wild southern and 

southwestern Australian coasts (e.g. Kaniaal and 

Warren beaches) and remain largely undeveloped 

due to their lack of freshwater, poor and unstable 

soil, and remoteness. These near-pristine dune 

landscapes are also characterised by high levels of 

terrestrial biodiversity, and several now sit within 

national parks and state reserves (e.g. Canunda 

National Park, D’Entrecasteaux National Park). 

Most coastal dunes in Australia were emplaced 

during the Holocene (typically 11–2 ka), 

which includes the later stage of the last marine 

transgression (11–6.5 ka; Box 2.6). Dunes continued 

to be deposited during the subsequent period of 

stable sea-level (last ca 6.5 ka), but often at a lower 

rate. Today, the rate at which sand is supplied to 

beaches is even lower than during the late Holocene. 

In rare cases, there is a negative sediment budget, 

with the beach undergoing long-term erosion and 

the shoreline moving landwards (e.g. Dee Why 

beach in Sydney, Fraser Island). Eroding shorelines 

such as these can create major problems for coastal 

communities, as discussed later.

Another common feature of many of Australia’s 

large coastal dunes is that they overlie or abut relict 

coastal dunes. For example, the giant sand dunes of 

southeastern Queensland (e.g. Fraser, Moreton and 

Stradbroke islands, and Cooloola) and the central 

coast of New South Wales (e.g. Stockton Bight) 

are where Holocene and recent sand dunes cap 

large Pleistocene dunes. Pleistocene dune barriers 

sit landward of modern barriers in numerous 

locations along the southern and southwestern 

coasts (e.g. Ninety Mile Beach; Ainslie Sand, 

northeastern Tasmania; and the Coorong Coast). 

you 
Did 

know?
6.2: Mapping the unknown edge— 
the benthic environment

Developing a comprehensive knowledge of seabed 
environments is a major challenge in Australia 
because of the vast size (ca 8.2 M km2) and diversity 
of the marine estate. Indeed, the biodiversity of the 
seabed is one of the nation’s least known key natural 
resources. In recent years, the true geomorphic detail 
of the seafloor has been revealed by high-resolution 
multibeam sonar mapping down to spatial scales of 
2–3 m (see Box 6.1). This approach is proving highly 
effective as it provides near-continuous coverage 
of large areas (hundreds of square kilometres) of 
seabed compared with site-specific information 
provided by scuba surveys, for example. In coastal 
waters and the adjacent shallow continental shelf, it 
is particularly important to map seabed morphology 
in this way because it can, to varying degrees, 
represent the diversity of seabed habitat types that 
exist over large areas at fine spatial scales and 
enable observations of seabed biota to be accurately 
related to the geomorphology of the site at which it 

was recorded (see Appendix 6).

Image by Rachel Przeslawski
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Why are Australia’s beaches so good for surfing? 
Well, not all of them are. Australia’s beaches 
can be classified into four major types: wave 
dominated, tide modified, tide dominated, and 
beaches fronted by rock or reef flats (Figure B6.3). 
In Australia, wave- and tide-dominated and 
tide-modified beaches represent nearly 90% 
of all beaches. They are typically bound by 
headlands and are usually free from offshore 
rocks and reefs. Wave-dominated beaches occur 
principally around the southern half of Australia; 
tide-influenced and tide-dominated beaches 
occur mainly along the northern half; and beaches 
with rock and reef flats are slightly more abundant 
in the north (Figure B6.3).

In reality, each beach can be classified by a ‘modal 
state’ that is aligned with the most common 
wave conditions to which it is subject. The 
morphology of a beach changes in response to 
variations in wave energy. Thus, wave-dominated 
beaches experience persistent high wave energy 
throughout the year and develop a wide, low 
gradient profile. This is in contrast to Northern 
Hemisphere low-gradient beaches that often 
experience greater seasonality, with a distinctive 
low–wave energy season. 

The morphology of wave-dominated beaches 
results in their being particularly good for 
surfing, but they are also relatively hazardous 
for swimming due to the plunging breakers and 
well-developed rip currents. For beaches fronted 
by rocks and reef flats, waves breaking on the 
steep upper beachface at high tide produce very 
dangerous surf conditions. These beaches are 
therefore some of the most hazardous, particularly 
along the southern Australian coast. At low tide, 
the rock or reef platform is exposed and waves 
break far offshore.

AUSTRALIA’S BEACHES  (BOX 6.3)

Bondi Beach, New South Wales.

© Getty Images [N Ellison]
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Figure B6.3: Distribution of beach types around the Australian 
coast. (Source: Short & Woodroffe, 2009)

Top image is of Manly Beach in Sydney, New South Wales—a typical wave-dominated beach with a wide surf zone, shore parallel bars 
and rip currents generated by relatively high wave energy. The image below shows the very broad low-tide sand flat at Cable Beach, near 
Broome, Western Australia, a tide-dominated beach.

© Getty Images [D Messent]

© R I’Anson, Lonely Planet Images
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Both the Holocene and Pleistocene dunes can 

provide valuable groundwater resources that are 

used by many coastal communities (e.g. Moreton 

Bay, Perth and Rottnest Island), and often host 

groundwater-dependent ecosystems (Chapter 7). 

While most large coastal dunes remain undisturbed, 

some systems located close to transport routes and 

industry have been used to extract valuable heavy 

minerals (e.g. rutile, zircon, ilmenite) that occur 

in sufficient concentration to warrant mining 

(Chapter 5). Examples of mineral-sand extraction 

from coastal dunes include North Stradbroke 

Island off the coast of Brisbane, Stockton dunes 

adjacent to the port of Newcastle, and Coburn, 

north of the port of Geraldton.

There are significant differences between the 

coastal dunes of northern and southern Australia. 

In southern Australia, dunes are more extensive 

and contain a far larger volume of sand than those 

in the north. A few exceptions are large coastal 

dunefields in Arnhem Land, and Cape St Lambert. 

Overall, these differences are a product of the 

higher wind- and wave-energy regimes of beaches 

in the south, where the coast feels the impact of 

strong swell and onshore wind, especially from 

the Southern Ocean, and a supply of sand from 

offshore (shelf ) or alongshore (river). In contrast, 

the coast of northern Australia experiences much 

lower levels of wave energy and therefore lower 

rates of sediment delivery to beaches, as well as less 

frequent strong onshore wind. 

Australia’s coastal waterways 
and estuaries 

Gulfs and large embayments

Australia has several large, shallow-water gulfs 

and bays in a wide range of geographical settings. 

Some of the larger examples are Shoalwater, Harvey 

and Moreton bays; Jervis and Twofold bays; Port 

Phillip Bay; Great Oyster Bay and Macquarie 

Harbour; Spencer Gulf and Gulf St Vincent; Shark 

Bay, Exmouth and Admiralty gulfs; and Joseph 

Bonaparte Gulf (Figures 6.2 and 6.8). Most are 

protected to varying degrees from ocean swell, and 

Figure 6.9: Satellite image of Shark Bay, Western Australia.
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their size, shape and shallow depth often produce 

unique wave and tidal regimes. Likewise, many have 

unique and highly diverse marine ecosystems that 

provide some of the more productive coastal fisheries 

and important tourism sites. A very large tropical 

example is the Gulf of Carpentaria (300 000 km2). 

In early 1606, the Dutch explorer Willem Janszoon, 

aboard the Duyfken, landed at the Pennefather 

River on the eastern coast of the gulf, near Weipa 

(Chapter 9). This coast remains sparsely populated 

(Figure 1.3) and has changed little since Janszoon’s 

visit, preserving internationally significant feeding 

and breeding areas for turtles, dugongs, dolphins and 

seabirds; several Aboriginal communities maintain 

their traditional fishing and hunting areas here. 

The gulf coast also contains nationally important 

commercial fishing grounds, especially for prawns 

and a range of fish (e.g. barramundi, mackerel), and 

some of the world’s largest bauxite mines and export 

facilities (e.g. Weipa and Gove; Chapter 9). 

Shark Bay is one of the world’s unique and pristine 

coastal seas and is on the Australian and World 

Heritage lists. With a coastline of 1500 km and 

a water area of 10 000 km2, this is a key tourism 

location for Western Australia. The bay supported 

three Aboriginal tribes when the first European, 

Dirk Hartog, visited in 1616, followed by a series of 

Dutch, French and British explorers in the 17th to 

early 19th centuries. Today, the population living 

on the shores of Shark Bay is less than 1000. The 

bay contains the world’s largest seagrass meadows 

(4000 km2), which support thousands of dugongs, 

and provides habitat for dolphins and whales. 

In the bay’s shallow, very saline reaches grow the 

world’s most diverse and abundant examples of 

stromatolites (Chapter 3). 

Estuaries

Estuaries are transition zones between marine 

and terrestrial environments. Frequent changes 

in the relative influence of land and marine 

processes result in estuaries being highly dynamic 

environments. We rely on estuaries for essential 

ecosystem services, such as shoreline protection and 

disturbance regulation (e.g. mangrove mitigation 

of cyclones), nutrient cycling, habitat diversity, 

food production and recreation. There are more 

than 1000 estuaries and other coastal waterways 

around Australia (Figure 6.10), and these have been 

Mangrove forest lining 
the Embley River estuary, 
Queensland.

© Getty Images [G McConnell]
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Figure 6.10: The distribution of gulfs and different estuary types around the Australian coast. There is a north–south divide, 
with wave-dominated waterways in the south and tide-dominated systems in the north. Large tracts of the southern and 
southwestern coasts have no estuaries due to the lack of rivers; few people live along these coasts (Figure 1.3). There is 
a greater variety of estuary types in northeastern Australia.
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classified into different types based on sediment 

supply and the relative influence of wave, tide and 

river processes. Here, the term ‘coastal waterway’ 

is used collectively to include estuaries, deltas, 

lagoons and tidal creeks, which are abundant on 

Australia’s wave- and tide-dominated coasts.

From a geological perspective, the extent to which 

the ‘accommodation space’ has filled with sediment 

is indicative of its degree of maturity;  estuary ‘basins’ 

that are completely filled with sediment and are 

prograding seawards are ‘deltas’. Estuaries and 

deltas with a relatively strong wave influence at their 

entrances are termed ‘wave dominated’, whereas 

those that have a relatively high tidal influence 

are ‘tide dominated’. Each type has a distinctive 

arrangement of geomorphological features. For 

example, sandy barriers usually sit across the 

mouth of wave-dominated systems (e.g.  Coorong 

Estuary), while tide-dominated estuaries have 

wide, funnel-shaped mouths (e.g. South Alligator 

River), and deltas may protrude seawards from 

the line of the coast (e.g. Burdekin River delta). 

Each waterway type has a distinctive arrangement 

of sedimentary environments or geomorphological 

habitats (e.g. fluvial deltas, saltmarsh, mangroves, 

tidal sandbanks and intertidal flats) and may 

differ in terms of the degree of vulnerability to 

anthropogenic disturbances.

Shaped by waves 

Several of Australia’s state capitals and largest 

population centres are located around large 

wave-dominated estuaries in southeastern and 

southwestern Australia (Figure 6.10). Australia’s 

major port facilities have been established in 

these waterways—for example, Sydney Harbour, 

Fremantle Harbour (Perth) and Port Phillip Bay 

(Melbourne). The port of Brisbane is located 

on the Brisbane River Delta that projects into 

Moreton Bay, a very large (1523 km2), partially 

filled, wave-dominated estuary. Moreton Bay is 

flanked by two giant sand islands, Moreton and 

North Stradbroke islands, which form a protective 

barrier from the Coral Sea, sheltering the central 

basin of the bay itself. 

Most wave-dominated systems experience 

microtidal conditions (spring tidal range <2 m) 

and have sandy beaches around part or all of the 

estuary shoreline. These estuarine or ‘bay beaches’ 

are often the focus for urban development, given 

their protected setting. In some regions, however 

(e.g. southeast Tasmania), the bay beaches can be 

particularly vulnerable to erosion from rises in 

sea-level and changes in wind and wave regimes. 

This represents a significant management 

challenge where buildings have been sited close to 

the shoreline, which is the case in many large cities 

(e.g. Sydney Harbour; Moreton Bay, Brisbane) and 

coastal towns. 

Wave-dominated estuaries and lagoons, by 

definition, have received a relatively small amount 

of terrigenous sediment input during the Holocene. 

These systems are geologically ‘immature’ as they 

have only partially filled with sediment and often 

have a relatively deep, central, muddy basin. 

These estuaries, therefore, have the capacity to 

gradually accumulate and retain sediment from 

the river catchment as they slowly infill, which 

has significant implications for the health of an 

estuary, as we will see later. 

6.3: Australia’s near-pristine 
estuaries

Near-pristine systems are assumed to have amounts 
of nutrient and sediment delivered in streams or 
groundwater at levels close to that of pre-European 
settlement. By implication, Australia’s near-pristine 
estuaries are usually located in the most remote and 
inaccessible parts of the coastline. In fact, about 
three-quarters are situated to the north of the Tropic 
of Capricorn, where population and development 
are relatively sparse. As part of the 2001 national 
assessment of waterways, 20% of these northern 
waterways were considered largely unmodified, 
and only 7% were classified as either modified or 
extensively modified. In comparison, more than 
50% of estuaries situated in the more populated areas 
south of the tropic were classified as modified or 
severely modified; approximately 25% were largely 
unmodified; and only 19% were in near-pristine 
condition. These near-pristine systems are largely 
restricted to conservation parks and reserves, where 
catchments have been little impacted by human 
activity and coastal development is restricted.

you 
Did 

know?
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Shaped by tides and rivers 

Tide-dominated estuaries and deltas, together 

with tidal flats, are defining features of the 

coast of northern Australia (Figure 6.10), where 

macrotidal  regimes (spring tidal range >4 m) are 

prevalent. Unlike the southern coasts, many of 

these waterways sit in broad, low-gradient coastal 

plains. In these systems, modern and relict marine, 

coastal and terrigenous sediments are reworked by 

strong tidal currents into the estuary and along 

the coast, creating highly turbid waterways and 

muddy shorelines. Macrotidal coasts are now being 

considered for their potential as a renewable source 

of energy; no tidal-energy infrastructure, however, 

is currently in place in Australia (Chapter 10).

In the southern Gulf of Carpentaria and on the 

northeast coast of Queensland, many waterways 

are interlinked by smaller tidal channels. These 

‘connected’ coastal waterways are recognised for 

their crucial role as fish nurseries and habitat for 

The Entrance, 
New South Wales.

© Getty Images [P Harrison]

fish such as Australia’s iconic barramundi, as well as 

for their recreational and biodiversity conservation 

values. They also support the rapidly expanding 

aquaculture and tourist industries. Another 

regionally unique estuary type is found on the 

highly embayed Kimberley coast. Here, estuaries 

occupy the dramatic ‘drowned’ joint-aligned 

bedrock valleys that can extend in a straight line 

several kilometres inland. These waterways have 

provided access to the rugged Kimberley plateau, 

which is largely inaccessible by road. 

The port of Darwin is located on a tide-dominated 

estuary with a macrotidal (6 m) range, low wave 

energy (wave height predominantly <0.6 m) and 

little input of terrestrial sediment. There are a 

number of large tide-dominated estuaries in this 

region, which have formed in the mouths of tropical 

rivers and receive significant river discharge in the 

wet season, produced by the arrival of the southern 

monsoon. The remote South Alligator and Daly 
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rivers, for example, have the classic funnel-shaped 

river mouth and tidal reaches that meander tens 

of kilometres inland. This channel morphology 

reflects the dominance of tidal energy over the 

highly seasonal river discharge in transporting 

sediment; a large proportion of sediment 

discharged from the estuary in the wet season is 

subsequently reworked by tidal currents back into 

the estuarine reaches of the river. These estuaries 

can have vast networks of tidal inlets and creeks 

lined with mangrove forests, and often connect to 

extensive saline flats that are only inundated during 

high tides, including spring high tides. Another 

defining feature of these estuaries is the large 

population of saltwater crocodiles. Colloquially 

know as ‘salties’ (in contrast to the much smaller 

freshwater species), these large (up to 6 m long) 

protected reptiles add a significant element of 

danger to living in northern Australia (Chapter 3); 

at the same time, they are an important part of 

these tropical ecosystems and a key attraction 

for the tourism industry. Extensive freshwater 

wetlands occur adjacent to the tidally influenced 

environments in many parts of northern Australia, 

especially during the wet season (e.g. Mary River). 

Approximately 20% of coastal waterways in 

Australia are wave- and tide-dominated deltas 

(Figure 6.10). They occur predominantly in wetter 

regions of northern and eastern Australia and on 

the Pilbara coast. Deltaic coasts often include 

floodplains or coastal lowlands that comprise 

alluvial and marine sediments, which were 

deposited as the coast advanced seawards. Coastal 

plains provide important groundwater resources 

and valuable arable land, which is increasingly 

being lost to extensive urban developments. For 

example, large-scale urban expansion has occurred 

on the floodplains formed by the Brisbane River, 

the Swan River, the Yarra River, and the Tweed, 

Clarence and Shoalhaven rivers.

Australia’s near-pristine estuaries

Approximately half of Australia’s estuaries were 

classified as near pristine during the first (2001) 

national assessment of coastal waterway condition. 

Near-pristine estuaries have not been significantly 

impacted by human activities, and are considered 

to exist in an almost natural state. These estuaries 

are valuable natural assets, with many cultural 

heritage values. They support nearshore fisheries, 

and are important as Aboriginal lands, as 

undisturbed habitat for biodiversity conservation 

and for ecotourism. Moreover, near-pristine 

estuaries are important because they can provide 

benchmark information for monitoring change in 

modified systems in terms of water quality, ecology 

and geomorphology. Most countries do not have 

this important opportunity for conservation of 

biodiversity and scientific inquiry because they 

lack estuaries in such good condition. 

Australia’s near-pristine estuaries are characterised 

by limited and sustainable fishing, no aquaculture, 

water movements through fringing wetlands and 

estuary inlets unaltered by structures (e.g. weirs or 

tidal embankments), and catchments that retain 

more than 90% of their natural vegetation cover. 

However, in reality, it is unlikely that any estuary 

is in absolutely pristine condition because human 

activities have altered global biogeochemical cycles 

over the past century. 

Muddying the water: 
environmental pressures 
on the coast
The coast, where most Australians live (Chapter 1), 

is also the focus of a range of broadscale primary 

industries such as agriculture, forestry, fishing and 

aquaculture. It is the location of rapidly expanding 

facilities for the minerals and energy sectors, and 

is the setting for fast-growing urban areas. At the 

same time, the coast’s natural attractions underpin 

most of the nation’s tourism. 

To better inform the management of these 

important environments, it is essential to have 

a comprehensive understanding of coastal 

sedimentary systems, especially of the processes that 

control the transport and deposition of sediments. 

These processes determine the morphology of 

estuaries, coastlines and the continental shelf, as 

well as the pathways of nutrients and contaminants. 

A decline in the quality of water in coastal 

waterways is common in Australia’s large urban 

centres, with some notable recent improvements 

following reductions in urban contaminant 

discharge (Box 6.4). But water quality is also a 

major issue for estuaries in rural regions, especially 

those connected to catchments with intensive 

agriculture. Water-quality problems have also been 

reported for the vast shallow shelf inside the Great 

Barrier Reef. As we shall see later, water quality is 

of major concern for the health of Australia’s coral 

reefs, as well as people. 



ENVIRONMENTAL ISSUES IN URBAN 
COASTAL WATERWAYS (BOX 6.4)

Moreton Bay (Brisbane, Qld)

•	  Nutrients (N and P) and sediment from the catchment causing west to east gradient in water quality—
with poor quality in the western reaches and good quality in the eastern reaches of the bay.

•	  Seagrass loss, especially in the western reaches of the bay.

•	  Episodic nature of rainfall on a catchment that has been significantly cleared—resulting in strong 
pulse of sediment loads.

•	  Around 50% of the 48 000 km stream vegetation in poor condition.

•	  Decline in aquatic species diversity in some streams and areas in the bay.

Derwent Estuary (Hobart, Tas.)

•	  Heavy metal contamination of water, 
sediment and biota.

•	  Nutrient and organic enrichment from sewage 
treatment plants and paper production.

•	 Poor recreational water quality at beaches.

•	  Loss of habitats and species. 

•	 Marine pests and coastal weeds.

•	  Artificial environmental flows from 
catchments.

•	 Barriers to fish migration.

Port Jackson (Sydney, NSW)

•	  Poor recreational water quality following 
heavy rainfall due to stormwater outflows of 
nutrients, bacteria and litter.

•	  Metals and persistent organic chemicals in 
sediments as a legacy from past industry and 
due to stormwater input.

Port Phillip Bay (Melbourne, Vic.)

•	  Reductions in freshwater flow, causing 
increased salinity.

•	  Loss of habitats (e.g. seagrass areas) and 
species (e.g. sand flathead).

•	  Increased turbidity due to dredging of 
shipping channels.

Swan–Canning Estuary (Perth, WA)

•	  Seasonal bottom-water anoxia in the upper 
estuary.

•	 Occasional toxic algal blooms.

Downtown Melbourne on the shores of Port Phillip Bay, Victoria.

© R Hyett, Lonely Planet Images
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Reduced river discharge and 
ecosystem health: the Coorong 
Estuary

The potential impact on estuaries of large-scale 

intensive agriculture in their catchments is well 

demonstrated by the Coorong Estuary at the 

mouth of the Murray River in South Australia. 

The estuary has experienced major declines in 

water quality and ecosystem health since the 

development of large-scale irrigation in the Murray 

River’s catchment, the Murray–Darling Basin—

Australia’s largest river catchment. This decline 

accelerated during a decade-long drought in the 

2000s. A key issue has been the extensive diversion 

of water for the irrigation of crops (e.g. rice, cotton 

and grapes) in the Murray–Darling Basin, which 

has led to a greatly reduced inflow of freshwater 

to the Coorong. As a consequence, salinity in 

the southern estuary has been up to eight times 

the salinity of normal seawater. In turn, there has 

been a system-wide die-back of seagrass and major 

reduction in habitat for fish and birds.

Land clearing and increased 
sedimentation

Despite several estuaries achieving near-pristine 

status, most Australian catchments have undergone 

varying degrees of large-scale land clearance and 

subsequent use of land for agriculture, forestry 

and urban development. Sediment cores from 

estuaries provide valuable records of the impact of 

these changes on estuarine sedimentary processes 

and ecology, which are usually otherwise not 

well documented. Sediment cores from estuaries, 

especially wave-dominated ones, typically reveal 

Aerial view of the Coorong river 
and lake system, South Australia.

very low rates of sediment accumulation before 

the removal of native vegetation (usually much 

less than 0.5 cm/year) and an abrupt increase in 

sedimentation in the years immediately following 

the removal (up to several cm/year). Pollen and 

other microfossils (e.g. diatoms, spores, charcoal) 

© Getty Images [R Woldendorp]
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preserved in the sediment provide evidence of the 

decline in native flora, the appearance of exotic 

‘weed’ taxa (e.g. Pinus), an increase in large-scale 

burning and changes in the estuarine aquatic taxa. 

In some cases, such as in Macquarie Harbour 

(Tas.), the sediment record actually shows a 

post-European reduction in charcoal and an 

increase in shrub pollen, evidencing the disruption 

to the regular Aboriginal burning of the catchment. 

The estuarine sediment record also provides 

evidence of changes in water quality. In particular, 

an increased occurrence of algae can be indicative 

of increased nutrient concentrations, as shown for 

the Gippsland Lakes in eastern Victoria, which 

experienced phosphate loading in the mid-20th 

century. Similar but longer term impacts on 

estuarine systems related to major changes in 

catchment land use have been recorded in estuaries 

in the Northern Hemisphere. Land clearance 

in Australia, however, has been largely in the 

period of mechanisation (post-World War I), with 

large areas cleared in the past 50 years. Rates of 

change evident in Australian estuaries, therefore, 

can be more rapid than occurred thousands of 

years or centuries earlier in European and North 

American estuaries. 

Acid sulfate soils

Low-lying plains around Australia’s coastal 

waterways have soils and underlying sediments 

that often contain abundant quantities of iron 

sulfides (principally pyrite). When these soils are 

exposed to air through physical disturbance related 

to urban and agricultural development, the sulfides 

oxidise to produce sulfuric acid and heavy metals. 

Aerial view of sugar cane fields, Bundaberg, 
Queensland.

Image courtesy of Tourism Queensland
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Water quality collapse: the Peel–
Harvey Estuary lesson

Peel Inlet and Harvey Estuary south of Perth 

form a shallow (mostly <2 m) wave-dominated 

barrier estuary. The estuary covers 136 km2 

and opens to the Indian Ocean. Before the 

introduction of farming in the 1830s, the estuary 

was characterised by low nutrient loads, clear 

water and extensive areas of seagrass. The Group 

Settlement Scheme established after World War 

I to settle former soldiers saw widespread land 

clearing of the catchment and drainage of the 

swampy coastal plain for farming. Soon after 

World War II, artificial fertilisers were introduced, 

allowing the area to be used for beef and dairy 

grazing and piggeries. The annual application of 

fertiliser across the Peel–Harvey catchment then 

soared, with superphosphate use rising from 5 t 

in 1945 to 25 000 t by 1975. The Peel–Harvey 

was then eutrophic and poorly flushed, with 

excessive nutrient loads derived from the fertiliser 

and intensive production of livestock. Adverse 

consequences included 50 000 t (dry weight) of 

macroalgal weed in Peel Inlet in 1979, and large 

toxic algal blooms in the surface waters. 

In order to improve the health of the estuary, 

superphosphate application was reduced to 9500 t 

in 1987. Up to 20 000 m3 of weed was removed 

each year, and in 1994 a channel was cut through 

the sandy barrier to the ocean. The new channel 

increased tidal flushing, thereby diluting the load 

of dissolved nutrients, improving light penetration 

to the estuary bed and reducing the potential for 

the growth of weed and toxic algae. By 1996, 

the volume of weed harvested had decreased to 

When released into coastal waterways, these 

contaminants can have devastating environmental 

and economic impacts, including fish kills, 

groundwater contamination and corrosion of 

infrastructure (Chapter 7). 

The term acid sulfate soils (ASS) describes soils 

that: (i) may produce sulfuric acid (potential ASS), 

(ii) are currently producing sulfuric acid 

(active ASS) or (iii) have produced sulfuric acid 

(post-active ASS) in amounts that have long-term 

effects on soil. Based on a recent estimate, Australia 

has 58 000 km2 of coastal ASS. Most of these soils 

developed during the Late Pleistocene  (125 ka) 

and early–mid Holocene (ca 125–6.5 ka), when 

sea-level was similar to or slightly higher than today, 

and shallow coastal depositional environments 

extended into low-lying plains that are currently 

less than 5 m asl. The iron sulfides were produced 

through a process called sulfate reduction, which 

requires anoxic conditions and a source of sulfate, 

iron and reactive carbon, which are abundant in 

coastal waterways. Indeed, ASS continue to form 

today in subtidal and intertidal environments such 

as salt marshes, tidal flats and mangroves. 

The disturbance of ASS is generally caused by 

human activities, such as the removal of native 

vegetation, agriculture and engineering works 

(e.g. drainage). There are a wide range of case 

studies (Chapter 7) that describe impacts and 

remediation options for coastal ASS (e.g. Lake 

Alexandrina, Gulf  St Vincent, Shoalhaven River 

coastal plain). The financial costs of ASS impacts 

on Australian primary industries and infrastructure 

were estimated at $10 B in 2000.

1300 m3. Harmful algal blooms are now greatly 

reduced and restricted to the upper reaches of the 

estuary, and the distribution and extent of seagrass 

has significantly increased.

The Great Barrier Reef lagoon

The Great Barrier Reef is internationally 

recognised as one of the world’s best-managed 

coral reef ecosystems. Nonetheless, the lagoon has 

water-quality problems, especially the inshore zone 

(<20 m depth, <20 km offshore), exhibiting signs 

of environmental decline—in particular, from an 

increase in the sediment loads of rivers that drain 

the coastal catchments. The long residence time of 

fine sediments in the inshore zone leads to higher 

water turbidity and light attenuation. The latter 

reduces the depth range of phototrophic biota, 

including corals. In contrast to the impacts on reefs 

of recently enhanced sediment loads and turbidity, 

there are some coral reefs that do survive well 

in naturally turbid waters (e.g. Paluma Shoals), 

predominantly in areas where strong tidal currents 

generate persistent high turbidity.

The population along the mainland coast of the 

Great Barrier Reef is relatively low at 700 000 

people along its 2000 km length. Despite the low 

population density, the load of sediment, total 

nitrogen and total phosphorus from rivers has 

increased from two-fold to more than four-fold over 

the past 150 years, based on the analysis of sediment 

cores from the lagoon, river-discharge data and 

sediment-discharge modelling. Approximately 80% 

of the catchment draining into the Great Barrier 

Reef lagoon supports some form of agricultural 

production. Cattle grazing covers the largest area, 
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followed by cropping (mainly sugar cane) and 

minor aquaculture. Records of the trace element 

(e.g. Ba, Ca and Y) concentrations of seawater 

preserved in the aragonitic skeletons of dated 

fossil coral indicate that the significant increases in 

suspended sediment in the lagoon are linked to these 

catchment land uses, particularly livestock grazing. 

An additional potential threat to the health of the 

Great Barrier Reef is posed by pesticide and herbicide 

runoff from agricultural lands. Contamination of 

nearshore coastal waters with a variety of pesticides 

used on sugar cane and banana crops (e.g. diuron, 

atrazine, hexazinone) and herbicides used in the 

grazing industry has been detected at the mouths 

of the Russell and Mulgrave rivers, south of Cairns. 

Although at low levels (nanograms per litre) that 

do not exceed the Australian and New Zealand 

Guidelines for Fresh and Marine Water Quality, 

pesticides in the marine environment are known to 

exacerbate the effect of thermal stress on some hard 

corals, making them more susceptible to bleaching 

and mortality, especially during episodes of raised 

sea-surface temperature. Discharge of pesticides onto 

the Great Barrier Reef occurs year round and has the 

potential to have widespread impact; low levels of 

pesticides have even been detected in the reef waters 

well removed from intensive agricultural catchments 

to the south, such as Princess Charlotte Bay.

River flow, and the associated impacts of sediment 

and nutrient discharge into the Great Barrier Reef 

lagoon, is temporally and spatially highly variable 

(Figure 6.11). The level of impact depends on the 

flood volume of the coastal river, the shoreline 

and seabed geomorphology and the prevailing 

oceanographic conditions. Dissolved nutrients 

delivered to the lagoon during flood events help 

macroalgae to dominate seabed habitats, which 

explains their proliferation in impacted inshore 

areas. Significantly, once a section of reef is invaded 

by macroalgae, it may become unavailable for the 

settlement of coral larvae as, for example, after a 

coral-bleaching event.

Crown-of-thorns ‘starfish’ (Acanthaster planci) 

predate on corals, and their population outbreaks 

are one of the biggest short-term threats to corals 

and coral reefs in the Great Barrier Reef. Major 

outbreaks of the sea stars have been recorded since 

the 1960s and may be linked to catchment runoff. 

Figure 6.11: Sediment outflow from the Burdekin River, 
Queensland, due to flooding following the passage of ex-tropical 
cyclone Nelson in February 2007. The Burdekin River mouth is 
a good example of a tide-dominated delta. Note the long-shore 
drift to the north of the sediment discharge and the narrow 
point—Cape Bowling Green. This long-shore drift illustrates the 
patterns predicted in the conceptual model shown in Figure 6.4.
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Banana crops destroyed by 
tropical cyclone Larry, Innisfail, 
Queensland (March 2006).

Increased nutrient loads from rivers enhance the 

food available for juvenile sea stars, increasing their 

survival and the frequency of population outbreaks. 

Enhanced sedimentation also significantly lowers 

the rate of survival of young corals and thus the 

capacity to recover from disturbances, such as sea 

star outbreaks and coral bleaching. Crown-of-thorns 

‘starfish’ outbreaks may not be a new phenomenon, 

their remains having been identified in drill cores at 

least 5 ka, although this interpretation is contested.

Clearly the health of the Great Barrier Reef is a 

concern to many Queensland coastal communities 

and businesses that rely on a healthy reef for 

their livelihood. This issue is also of national 

importance because of the reef ’s role in Australia’s 

environmental heritage and economy. Addressing 

the causes for the decline in water quality in the 

Great Barrier Reef is a priority of the Queensland 

and Australian governments, which have 

committed hundreds of millions of dollars to 

this endeavour via the 2009 Reef Water Quality 

Protection Plan. This comprehensive plan aims to 

reverse the decline in water quality entering the 

Great Barrier Reef from the land by 2013; one 

key goal is to ensure that by 2020 the quality of 

this water will have no detrimental impact on the 

health of the reef. The health of the reef is also of 

international importance because of the pressing 

need globally to conserve coral reef ecosystems. 

Hazards of living on the edge 
Natural disasters on the coast have helped shape 

Australia’s history, especially through the way 

communities, regions and the nation have pulled 

together to respond to emergencies and prepare for 

these events. Notable examples include the deadly 

impacts of tropical cyclone (TC) Mahina (1899) 

on several small communities along the east coast 

of Cape York Peninsula; TC Tracy (1974) on the 

city of Darwin; the very destructive Brisbane and 

Sydney hailstorms (1986, 1999); and widespread 

coastal floods in New South Wales (1955) and 

southeast Queensland (1974, 2011). While some 

of the impacts of natural disasters can be mitigated, 

the risk cannot be completely eliminated. For 

example, although the severe impacts of TC Larry 

(2006) and TC Yasi (2011) were restricted to local 

communities, the hinterlands suffered broadscale 

flooding and wind damage that significantly 

reduced agricultural production, damaged transport 

infrastructure and interrupted production at mines 

for several months (Chapter 9). The consequences 

of these impacts were then felt across the country 

as the growth rate of the national economy slowed. 

Natural disasters also cause enormous intangible 

effects following deaths and dislocation, and loss 

of property, heritage and jobs.

Tsunamis, tropical cyclones and coastal storms are 

hazards that regularly have major impacts on the 

Australian coastal zone. Oral history, Aboriginal 

Dreaming stories and coastal sedimentary records 

also provide evidence of the occurrence and impact 

of natural hazards in Australia prior to European 

settlement. Written records of these events begin 

with the diary entries of the early European 

settlers, newspaper articles and anecdotal accounts. 

Today, a relatively large and increasing proportion 

of people, buildings and infrastructure is exposed 

to coastal natural hazards because most of the 

population is concentrated in the narrow coastal 

© Getty Images [J Wood]



320 SHAPING A NATION | A Geology of Australia

zone. Here we examine the processes that generate 

tsunamis, tropical cyclones and shoreline erosion 

on the Australian coast and how these geohazards 

have influenced where and how Australians live on 

the coast. 

Tsunami

Modern Australia has never experienced the full 

catastrophic impact of a large tsunami such as the 

2004 Indian Ocean tsunami or the tsunami that 

struck northern Japan in 2011. However, tsunamis 

have struck the Australian coast during historic and 

prehistoric times, and the continent is surrounded 

to the north and east by some 8000 km of active 

plate boundaries capable of generating tsunamis 

that would reach the coast within two to four 

hours (Chapter 2). Furthermore, exposure to this 

hazard is significant because 50% of Australians 

live within 7 km of the shoreline, and even more 

spend a significant amount of their leisure time at 

or near the beach. The attraction of the Australian 

beach for international tourists adds to the number 

of people potentially exposed to this hazard. 

Potential sources of tsunamis include submarine 

earthquakes, volcanic eruptions, submarine 

landslides, and catastrophic slope failure associated 

with oversteep and unstable volcanic cones. Due 

to the relative frequency of earthquakes, our 

understanding of this source of tsunami generation 

is more advanced than for other sources, but there is 

still significant uncertainty regarding the frequency 

and maximum magnitude of earthquake-generated 

tsunami. Other potential sources of tsunamis 

(e.g. meteorite impact) are less well documented 

and are only beginning to be understood. 

An example of the uncertainty in the estimate 

of maximum earthquake magnitudes relates to 

the 2011 earthquake off the northeast coast of 

Japan. This event demonstrated the possibility of 

very large seabed movement on a relatively short 

(500 km) segment of a subduction zone giving 

rise to a far larger tsunami than had previously 

been anticipated. The impact of this event was 

catastrophic, with waves exceeding 12 m in height 

arriving at the Japanese coastline and then amplified 

by the configuration of the coast. In Australia, the 

tsunamis that have historically created the largest 

run-ups have been generated by earthquakes off 

the south coast of Indonesia and have inundated 

parts of the coast of Western Australia. The largest 

recorded run-up in Australia was 8 m by the 2006 

Java tsunami; in 1994, another Javan tsunami 

inundated the Exmouth Peninsula, with tsunami 

deposits found on the nearby coast aligned with 

gaps in Ningaloo Reef. There are also Dreaming 

stories of prehistoric large inundation events in 

Exmouth Gulf that led Aboriginal people to leave 

and never return to that area. The 2004 Indian 

Ocean tsunami was observed along the length 

of the Western Australian coast but created only 

minor damage and no loss of life: moored boats 

were damaged at Geraldton, and strong rips 

and currents swept several people out to sea at 

Rockingham, south of Perth.

The subduction zones considered to be the main 

sources of tsunami hazard for eastern Australia 

are those stretching from Papua New Guinea 

through the Solomon Islands and New Hebrides 

to New Zealand (Figure 2.1). In historical times, 

earthquakes along this zone have generated several 

Figure 6:12: Slope failures (slumps) on the edge of the 
continental shelf adjacent to the New South Wales coast.
(Source: Glenn et al., 2008)
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tsunamis that were recorded on the east coast 

but with only minor inundations. The Puysegur 

Trench is also considered to be a significant source 

of tsunami hazard for southeastern Australia, 

particularly Tasmania. Tsunamis can also be 

generated by foci sourced further away, such as the 

large earthquakes that have occurred in the eastern 

Pacific, off South America. The tsunami generated 

by the magnitude 9.5 Chile earthquake in 1960 did 

not propagate towards Australia. However, although 

this event caused no major coastal inundation, it 

did create currents strong enough to tear boats 

from their moorings in several harbours along the 

east coast. The 2011 Japanese tsunami also did not 

produce inundation, but it did alter the patterns 

of the East Australian Current for a few days (tide 

gauges observed 30–50 cm wave heights).

Although earthquakes are seen as the most likely 

source in the region, there are at least five active 

volcanic source regions capable of generating 

tsunamis that could affect Australia. These volcanic 

sources could be underwater caldera collapse, 

submarine landslides or large-volume pyroclastic 

flows into the sea. The only documented eruption 

to affect Australia’s continent, the caldera collapse 

of Krakatau on 26–27 August 1883, generated 

a tsunami that, according to eyewitness reports, 

reached several locations along the coast of 

Western Australia. 

Little is known about the magnitude and frequency 

of tsunamis generated by submarine landslides 

(slope failure), in part because they are harder to 

observe and because they are often coincident with 

an earthquake. Distinguishing between a purely 

earthquake-sourced tsunami and a co-sourced 

slope-failure/earthquake-generated one requires 

detailed bathymetric studies that are not routinely 

conducted in Australia. A recent seabed survey 

along the New South Wales continental slope 

identified that slope failures have occurred in the 

past and that there are several potential sources 

for future ones (Figure 6.12). The historical scars 

represent volumes up to about 20 km3 and reside 

in water depths that may have generated an initial 

sea-surface displacement of several metres. The 

nature of the mass movement, however, is a critical 

factor in determining whether a tsunami may be 

generated. Better understanding this potential 

Figure 6.13: An example from the national probabilistic offshore 
tsunami hazard assessment. This assessment is only for tsunamis 
generated by subduction-zone earthquakes and shows the 
maximum wave height at the 100 m depth contour expected for 
a given return period. The most vulnerable areas to tsunamis are 
located along the northwest coast of Western Australia, which 
has high-value energy and minerals infrastructure facing the 
subduction zone beneath Indonesia.
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hazard is important, as this part of the New South 

Wales coast is densely populated and has a range of 

critical infrastructure. Computational modelling of 

tsunami generation, propagation and inundation 

around Australia has been used to estimate the 

national offshore tsunami hazard (Figure 6.12) 

and onshore tsunami hazard in selected locations. 

The impact of a tsunami on communities along 

any affected section of the coastline is highly 

dependent on the population and infrastructure at 

that location. The 2006 Java tsunami that destroyed 

a family’s campsite on the Shark Bay coastline would 

have had a much different outcome if the same 

event had impacted a highly populated location. 

Inundation is not the only concern from tsunami 

impact, as strong rips and currents have been 

observed after tsunami events around the world, 

including Sydney and Perth. This is a significant 

hazard for the public in leisure activities on the 

beach, and the nearshore through to commercial 

activities in ports and harbours. Furthermore, these 

rips and currents are known to persist for 24–48 

hours after the initial earthquake that generated the 

tsunami, and this has implications for Australia’s 

ports in the northwest (e.g. Dampier) and on 

the east coasts (e.g. Newcastle and Mackay) that 

operate on a 24-hour basis. The Joint Australian 

Tsunami Warning Centre issues warnings to the 

public before a tsunami reaches Australian shores. 

Cyclonic events

Tropical cyclones

As noted above, cyclones generate very destructive 

wind, torrential rain and storm surge that can 

cause major damage to communities. The sparse 

population along most of the northern and 

western coasts of Australia means that many 

tropical cyclones have little direct impact on 

people. Conversely, regions with a high frequency 

of cyclones have been viewed as being far less 

favourable for European settlement. On occasion 

though, tropical cyclones pass over larger coastal 

communities or track further south and impact 

on large cities and more densely settled regions 

(Figure 6.14). Tropical cyclones that impact 

the Australian coast form in the Coral Sea, the 

Gulf of Carpentaria (Did you know? 6.4) or the 

eastern Indian Ocean. On average, 15 tropical 

cyclones develop over these waters each season 

(November–April), of which about six will make 

landfall, with the northwest coast between Broome 

and North West Cape most frequently impacted.

Tropical cyclone activity in the Australian region is 

significantly modulated by the El Niño–Southern 

Oscillation (Chapter 1). During El Niño years, 

there is a decrease in cyclone frequency over the 

Coral Sea, with the converse during La Niña 

years. This is reflected in the frequency of cyclone 

landfall, with landfall in El Niño years around 50% 

that in La Niña years along the Queensland coast. 

There is also a weak influence on the intensity of 

tropical cyclones, with a slight decline in intensity 

during El Niño years. Since the mid-1970s, there 

has been a significant shift towards more frequent 

El Niño events, and this has resulted in a reduction 

in tropical cyclone activity along the east coast. 

Coinciding with this relatively quiescent period, 

there has been major growth in communities along 

the Queensland coast. A shift back towards a more 

energetic Coral Sea would see these communities 

exposed to more frequent tropical cyclones.

6.4: Tropical cyclone Tracy— 
a chance to build better

On Christmas morning 1974, TC Tracy crossed 
the coast at Darwin, bringing winds of more than 
270 km/h and inflicting widespread destruction on 
the city. To this day, Tracy remains one of the most 
memorable natural disasters in Australia’s history. 
More than 60 people were killed, many as a result of 
injuries suffered as residential buildings were ripped 
apart when the cyclone slowly passed over the city. 
In total, around 60% of the houses in Darwin were 
completely destroyed and less than 5% remained 
habitable. The impact of Tracy resulted in the largest 
evacuation in Australian history, with 35 000 of 
Darwin’s 48 000 residents evacuated in a massive 
airlift to the southern capitals.

The impacts of Tracy brought about significant 
changes in building codes for tropical cyclone–
affected regions of the country, as well as 
fundamental changes in catastrophe risk insurance 
in Australia. 

you 
Did 

know?
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Figure 6.14: (a) Map showing historical tropical cyclones in 
the Australian region, 1981–2011. The majority of cyclones 
make landfall along the northwest coastline, which is sparsely 
populated but hosts significant infrastructure and resources. 
Cyclones recurving to the southeast across southern Western 
Australia bring destructive winds, heavy rain and storm surge to 
southern parts of the continent. (Source: Geoscience Australia). 
(b) Tropical cyclone Yasi from space. This storm had an eye 
more than 100 km in diameter and maximum wind speeds of 
110 knots over a sustained 10-minute interval. TC Yasi struck 
land only 10 km from the point where TC Larry made landfall in 
2006. (Source: NOAA)

The impact of a tropical cyclone on the Australian 

coastal zone is manifold. Severe winds destroy 

structures (Figure 6.15) and critical transport 

networks. Coastal vegetation such as mangroves 

that protect the coast from wave and wind energy 

can also be destroyed, increasing local erosion due 

to wave action for some time following the passage 

of the cyclone. Heavy rain accompanying tropical 

cyclones often leads to flooding in coastal rivers 

and increased transport of sediments, nutrients and 

pollutants from land areas into estuaries and coastal 

waters. The storm surge produced by cyclones can 

have a very destructive impact on the shoreline 

(Figure 6.16). The low atmospheric pressure in 

the centre of a cyclone causes sea level to rise into 

a large dome by several tens of centimetres. As a 

cyclone approaches the coast, the extreme winds 

drive water onto the coast, increasing water levels 

dramatically. When combined with astronomical 

tides and breaking waves, water levels can exceed 

the highest astronomical tides by several metres. 

This recently occurred with TC Yasi in northeastern 

Queensland, with a surge of up to 3 m. 

The size and intensity of a cyclone are the most 

readily observed factors affecting the magnitude 

of a storm surge as it approaches the coast. Local 

bathymetry, coastline orientation and astronomical 

tide are the other major influences. Areas of 

coastline where the edge of the continental shelf is 

close to shore (and deep waters are relatively close 

to coastal population) are less likely to experience 

significant storm surge. However, deep offshore 

water allows large waves to be generated more 

b.

Image courtesy of NOAA
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readily, increasing coastal impacts such as beach 

erosion. For example, large waves generated by 

TC Pam in 1974 caused significant damage to 

Sydney’s beaches, despite the storm passing close 

to Lord Howe Island more than 700 km to the 

northeast. Conversely, coastlines with shallow 

offshore waters are more susceptible to large 

storm surges, such as the northwestern coast of 

Western Australia. The large astronomical tidal 

range around Australia’s northern coastline also 

plays a major role in determining the outcome of 

a cyclone—Townsville was spared a devastating 

storm surge in 1971 when TC Althea made landfall 

at low tide. 

An important source of information on cyclone 

magnitude and frequency over long time-scales 

is provided by Holocene shoreline deposits that 

were emplaced during cyclone-generated storm 

surges. These geological records suggest that the 

recurrence interval of high-magnitude cyclones in 

northeastern Australia may be considerably shorter 

than has been predicted based on the historical 

record of cyclones. This information is important 

for planning for the potential impact of cyclones 

on coastal communities and infrastructure. 

Current projections of tropical cyclone activity have 

large uncertainties at all scales, but the scientific 

consensus is that there will be a global decline in 

tropical cyclone frequency with continued global 

warming. The intensity of tropical cyclones is, 

however, likely to increase slightly as the climate 

warms. Several studies in the Australian region 

indicate similar trends to the global projections, 

with a decline in frequency and an increase in the 

proportion of intense cyclones. 

Impact of cyclones on the seabed

Cyclone-generated currents in northern Australia 

can radically reshape the seabed. The potential 

impacts of this erosion on cables or pipelines 

include the removal of support through scouring 

of the underlying sediment and burial by mobilised 

sediment. Potentially, this sedimentation could 

result in a disruption to gas and oil production, 

port activities and communications. Infrastructure 

damage can also be produced by the stress induced 

by the cyclone-generated currents. Currents 

associated with tropical cyclones can mobilise as 

much as the upper 1–2 m of seabed sediment, 

resulting in the formation of distinctively 

structured storm beds (‘tempestites’). 

Cyclone-generated currents also appear to 

profoundly influence the overall distribution of 

sediment along the coast. In the Great Barrier Reef 

and the Gulf of Carpentaria, widely distributed 

accumulations of reef sediment are attributed to 

sediment mobilisation under currents generated 

by tropical cyclones (Figure 6.5). The orientation 

of these deposits is indicative of a consistent, 

along-coast transport pathway. An explanation 

for this pattern is that currents generated by the 

passage of a cyclone are asymmetric in plan view, 

such that stronger flows are generated between 

the eye of the cyclone and the coast, giving rise to 

sediment transport along hundreds of kilometres 

of coast. The result of the passage of many cyclones 

over geological time-scales is a consistent force for 

the net along-coast sediment transport on the 

inner to mid-shelf, possibly extending throughout 

northern Australia.

Figure 6.15: Damage to residential buildings in Innisfail, 
Queensland, following tropical cyclone Larry (2006).

Figure 6.16: Storm surge damage and sand deposition from 
tropical cyclone Yasi (2011) at Tully Heads, Queensland. 
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Mid-latitude storms

Intense low-pressure systems that traverse the 

Southern Ocean can hit the southern coast of 

Australia. However, the Southern Ocean storms 

rarely hit populated areas. An exception is the 

storm that crossed the coast at Esperance in 2007, 

which caused severe flooding and widespread 

infrastructure damage. Intense  lows also form 

over the warm waters of the East Australian 

Current, between southern Queensland and 

northern Tasmania. These storms often impact on 

the southeastern coast,  the most developed and 

densely populated section of the Australian coast 

(Figure 1.3). In recent decades, the most powerful 

east-coast low occurred in May 1974, generating 

extreme winds, large swells and storm surges that 

eroded the beaches along hundreds of kilometres 

of the New South Wales and Queensland coast 

(Did you know? 6.5). 

East-coast lows, although generally short lived, 

are capable of generating winds and heavy rain 

comparable to tropical cyclones—the Sygna storm 

of May 1974 generated wind gusts of 160 km/h 

but lasted less than 24 hours. The Great Divide 

of eastern Australia (Figure 5.6) amplifies the 

temperature gradient between the relatively 

warm East Australia Current and the cooler 

land, providing conditions conducive to rapid 

intensification of these storms (in a matter of 

hours) close to the coastline. Similar coastlines 

around the world, with warm currents adjacent 

to mountain ranges, such as along the eastern  

seaboard of the United States, also experience these 

types of explosive storms.

Often the east coast events are remembered for 

the ships lost during the storm (e.g. the 1974 

Sygna storm, the Pasha Bulker storm in June 

2007), but they affect more than just shipping. 

The storm responsible for grounding the Pasha 

Bulker in Newcastle caused flooding in the adjacent 

Hunter Valley, with an insurance bill estimated at 

$1.35 B. Large swells generated by the Maitland 

Gale (May 1898) resulted in Stradbroke Island 

being cut in two, but only after repeated storms 

in the preceding years had narrowed the shore at 

Jumpinpin. Periods with an increased frequency of 

east-coast lows (e.g. through the 1970s) result in 

greater shoreline erosion because beach systems do 

not have sufficient time to recover between storm 

events. For example, the New South Wales sandy 

coastline was extensively eroded during a series 

of storms in 1974 and again in 1978, resulting 

in widespread reduction of beach width and 

property damage.

Climate change impacts

Some climate change scenarios predict up to a 

1.1 m sea-level rise for the Australian coast by 2100. 

Rises of this magnitude have been experienced in 

the recent geological past (Chapter 2). The greater 

number of people and their associated infrastructure 

today, however, mean that the impacts of sea-level 

rise will be greater. The 2010 national assessment 

of Australia’s coastal vulnerability to the climate 

change impacts of a rise in sea level and related 

erosion of sandy shorelines found that more than 

$220 B of infrastructure (replacement value in 

2008 dollars) is potentially at risk from such a rise 

in sea-level. Queensland and New South Wales 

6.5: The changing face of the beach

Over a timescale of years to decades, sandy 
beaches go through repeated cycles of erosion and 
accretion in tune with changes in wave energy. 
The wave-dominated beaches of southeastern 
Australia are particularly responsive to these 
changes. Periods of increased storm wave activity 
can result in a temporary loss of sand and, in some 
cases, erosion of the foredune and loss of property. 
Records of natural beach change began during 
a period of storm activity and beach erosion in 
southeast Australia from 1974 to 1976, with gradual 
recovery of these beaches by the 1990s. At Moruya 
Beach (NSW), the 1974 storms initiated a period 
of beach erosion that resulted in the landward 
displacement of the beach by 40–50 m. Sand was 
not lost from the system, but was stored temporarily 
in the nearshore and was gradually redeposited to 
form a new foredune.

Figure DYK 6.5: Envelope of beach profile change 
at Moruya Beach, New South Wales, between 1972 and 
2004. (Source: McLean & Shen, 2006)

you 
Did 

know?



THE GOLD COAST (BOX 6.5)

On the Gold Coast, in southeast Queensland, a 
range of environmental issues are a consequence 
of extensive and rapid urban expansion. This 
narrow coastal strip extends 32 km from 
Coolangatta in the south, on the New South Wales 
border, to Southport at the mouth of the Nerang 
River. This strip of coast consists of a series of four 
sandy embayments, each bounded by headlands: 
the southern beaches between Snapper Rocks and 
Currumbin, Palm Beach, Burleigh Beach, and the 
17 km stretch of continuous beach from Miami to 
the Nerang River entrance. European settlement 
began in the 1840s and mainly involved grazing 
and forestry. However, after World War II there 
was a moderate increase in the rate of settlement 
that continued until the development boom of the 
1960s. Development was initially focused on the 
sand-dune system immediately behind the beach 
but then moved to the swampy area behind the 
dunes. The population has increased from around 
50 000 in the late 1960s to more than 527 000 in 
2010. Population growth was more than 3% per 
year through the past decade, with projections by 
Queensland Treasury of around 750 000 people 
in 2031.

Severe beach erosion was recorded as early as the 
1890s but did not become a significant issue for 
communities until the mid-1960s after a series  of 
tropical cyclones resulted in extensive erosion of 
the shoreline into the developed land. A seawall 
was constructed, and the beach was replenished 
with imported sand along the length of the Gold 
Coast to protect the built areas from future erosion. 

Since the 1980s, a beach nourishment program 
has been operating, initially pumping sand from 
the Tweed River mouth in New South Wales, near 

the southern end of the Gold Coast, then dredging 
sand from directly offshore from the beaches 
(approximately 200 000 m3/year). Currently, more 
than 500 000 m3 of sand is pumped each year 
from Letitia Spit in New South Wales to maintain 
beaches along the Gold Coast. Despite these 
efforts, sections of the beaches are still susceptible 
to periodic erosion, and an assessment of the 
vulnerability of the Gold Coast to predicted climate 
change impacts by 2100, such as shoreline erosion 
and marine inundation, suggested that $5–7 B of 
residential and commercial infrastructure was 
potentially at risk. 

Image courtesy of Tourism Queensland

Aerial photo of Surfers Paradise, the Gold Coast, 1952. 
Image courtesy of John Oxley Library, State Library of Queensland, 
Neg: 8035-0001-0007

Aerial photo of Surfers Paradise, the Gold Coast, 2003. 
Image courtesy of John Oxley Library, State Library of Queensland, 
Neg: 10026-0001-0145, image creator Daryl Jones.
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were found to have the greatest vulnerability 

when considering both the value and number of 

buildings affected (Box 6.5). A 2009 study by 

Sydney University attempted to quantify some of 

the costs associated with sea-level rise. The study 

found that those beachfront properties at higher 

risk of erosion were 40% discounted in market value 

(2007 figures) compared with equivalent lower risk 

properties along the same beach. The same study 

also estimated that Manly beach, with its annual 

4 million visitors, generated almost $260 M of the 

state’s economy.

There are many uncertainties involved in estimating 

the potential impacts of rising sea-level hazards 

and in developing adaptation strategies. These 

include the rate of sea-level rise, the associated 

extent and rate of coastal erosion, and the complex 

interactions of waves and currents at the shoreline. 

Responses could range from building shoreline 

protection structures to the planned retreat of 

people, buildings and infrastructure out of the 

zone of potential erosion. 

All of Australia’s major capital cities 

(except Canberra) and a significant number of 

other densely populated coastal areas will be 

potentially affected by inundation induced by 

sea-level rise, higher tides and more frequent or 

intense storms. For example, Perth, Adelaide, 

Melbourne, Sydney, Cairns, Brisbane and the Gold 

Coast all have extensive low-lying coastal areas 

that include critical infrastructure and valuable 

commercial and residential precincts. The impact 

of inundation in these settings is potentially on 

a national scale. For example, floods produced 

by coastal storms that impacted southeast 

Queensland in December 2010 and January 2011 

had direct (flooding of houses and businesses) and 

indirect (reduced production and exports, health 

problems) impacts that cost the Queensland and 

Australian economy $5–6 B. Storms and floods are 

not the only impact of rising sea-levels. Inundation 

of coastal groundwater aquifers by salt water will 

damage these resources, especially where excessive 

pumping of the aquifers has occurred.

Beach sediment nourishment techniques are 

currently being utilised to offset sand losses at a 

number of locations, such as on the Gold Coast 

and the metropolitan beaches of Adelaide. These 

projects are costly, and appropriate sources for 

beach sand are becoming difficult to locate. With 

an increased appreciation of the natural protective 

function of coastal dunes, more holistic solutions 

are starting to be used to protect and enhance the 

amenity of beaches, such as revegetating dunes 

that back the shoreline.

Final say—better valuing 
the edge
Two common adages of real estate are ‘you can’t 

beat a waterfront view’ and ‘location, location, 

location’. The allure of a coastal home in temperate 

Australia has been a major factor in the recent rapid 

expansion of the large coastal cities of Australia, 

driven by a growing population and prolonged 

strong economic growth generated by the other 

‘boom’ in the export of commodities. This 

expansion of coastal cities has been an important 

driver of the domestic economy and has further 

Waterfront living at Sandy Bay, 
Hobart, Tasmania.

© Getty Images [A Watson]
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increased the proportion of the population in these 

cities. In the more remote and sparsely populated 

sections of coast are the ports that play a key role 

in the expansion of the commodities trade and the 

economic prosperity of Australia.

There is much more to the ‘clinging to the coast’ 

by Australians than the desire for a waterfront view. 

Much of the Australian coast is dry, wild and remote 

and represents the antithesis of a ‘good location’ 

for European settlement and development. 

As  a consequence, modern Australian society is 

concentrated in the more benign humid, temperate 

coastal regions. The spatial distribution of the 

Australian population, therefore, reflects the strong 

influence of the continent’s geological evolution 

on the geomorphological and oceanographic 

character of the coast. This interaction of geology, 

ocean and climate has produced the distinctive, as 

well as the less well-known, coastal environments 

of Australia.

Australians are now much more aware of the need 

to better manage coastal systems, both in urban 

areas and beyond, because of the key role these 

environments play in Australians’ quality of life 

and the national economy. There is also a growing 

awareness and understanding of the natural 

hazards that coastal communities are exposed 

to—how the level of exposure will increase as 

the coastal population continues to grow and 

the intensity of destructive events threatens to 

increase in the future. Australians have a long 

history of attempting to shape the land for 

their own purposes, with sometimes disastrous 

consequences. However, it is really only with an 

informed understanding of coastal processes and 

of how the coast has shaped Australian society, and 

a more widespread appreciation of this knowledge, 

that a more sustainable relationship can develop 

between Australians and this unique, valuable and 

often fragile edge.

Having walked along the shore, we will now dip 

our feet into the water and consider how fresh and 

salt water influence Australia.

Point Quobba near Carnarvon, 
Western Australia.

© Getty Images [P Walton]
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Phillip Island, Victoria.

Image by Jim Mason
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