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whyesists are comprised of unlithiflediuncansalidated sediments that have accumulated in response to
sea level changes and coastal processes operating over millennia. Those formed over the past 10,000 years
i response 1o the Hedocene rise and standstill in sea level & of particular inferest in coastal planning and
management. During this time unconsolidated sediment accumulated in large wedges of sand that ocoupy
large tracts of the modern coast and function as barriers between the open ocean and the coastal hinterland.
The barriers are coastal systerms comprised of a geopraphically diverse assemblage of Lendiorms, commonly
including heaches and dunes, While extensive changes o whole barriers may be slow, the heach and dune
landitrms comprising them are responsive to energetic meteomlogsc or oceanographic events. Individual
lanclfommns are highly variahle within a planning harizan of less than a century and may be markedly affected
by fand use activity.

Barriers

Indlividual barriers incorporate an assemblage of
landiforms that may include nearshore bars and beachses,
foredune ridges; a varicty of sand dune formations, and
hack-barrier flats. Barriers impound coastal lagoons and
wiatlands on parts of the coast. The particular landiorm
assemblage as well as the geclogic structure of a barrier
15 indicative of whether it is undergoing long-term
enosion or accretion, or is apparently stable. Several
forms are recognised as parts of an evolutionary or
Iransitional sequence, They range from barrier syslems
supporting high, wide fields of parabolic dunes; through
10 low;, wide plains of foredune ridges: and narrow,
moderately-high ridges of stationary and highly unstable, relreating barriers; 1o narow mainland beaches
ahutting, bedrock, The sequence is indicative of a decreased supply of sediment to the coast and increased
susceptibility o ercsion.

dy beaches are highly dynamic. They are respansive 1o shor-term varation in coastal processes at all
planming and management scales, although some beach morphology is more variable than others, Fence the
different sandy beach momphologies should be considerad in shoreline change projection,
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Two types of beaches are recognised along barier shores, Each supports a chamcieristic suite of landfoms,
responds differently to fluctuating coastal processes and presents different issues for numerical modelling
aml coastal management. On open ocean coasts beach profile shape varies from a steep, wave-reflective
profile form, though transitional morphologies with bars and rips, to 3 wave-dissipative form with a flat
heachface and multiple inshare bars with increasing energy conditions. In shelvered enviropments, such as in
coastal lagoons and estuaries, beach profile shape varies from a flat beachface and extensive subtidal terrace,
through a segmented shape a steep beachface abutting a flat subtidal terrace, to a rounded profile form.

The impacts of storm surge and sea level inundation processes may be more imporant on sheliered beaches
than on open coast although extreme events have significant effects in both envircrments,
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Low energy beach
Sheltered sardy beaches in semi enclosed
walers or the |ee of large geologic struciures,

The pattern and type of coastal dunes on-a barrier is
related (o the manner in which the barries is evolving
a5 well as to land surface stability, For example, the
long-term evolution of & retreating barier with a low,
narrow dune that is penetrated by waves and surge
during storms contrasts with a wide, low foredune plain
or a transpressive dune field comprised of multiple high
ridges of nested parabolic dunes, some of which may
be active blowouts. A retreating barrier has dunes that
are sediment starved and are actively esoding whereas a
foredune plain and field of nested parabolic dunes may
be undergoing long-term aceretion.

High energy beach
Cpen ocean sandy beaches, including wave and
lide dominated beaches.
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Long-term changes to the assemblage of dunes on a barrier are likely to be related to changes in the coastal
sediment budget and may be difficult to manage, Canversely, short-term changes to coastal dunes are related
tin the state of vegetation cover, a function of physical, biologic and anthropogenic factors. Stable dunes have
a full cover of vepelation whereas unstable dunes are apparent as aclive blow-outs or mebile sand sheets that
are unvipetated

Coastal lowlands

Coastaldowlands norh of the Murchison River include coastal plains and tidal flals associated with highly
active river deltas as well as features inherited from sea level inundation of deltaic lowlands over the past
twar million years of the Quaternary geologic perind, River deltas and outwash plains are not mutually
exclusive terms or [andforms, but from a shoreline perspective they signify whether a siream debouches
directly inta marine waters or discharges onto tidal flats before flood waters spread and drain into the ooean
via tidlal ereeks. The difference also highlights disparate sources of sediment for coastal processes with direct
deposition of fluvial sediments via the active rivers and rewarking of older sediments from the autwash
plains. South from the Murchison River coastal lowlands have developed in the loe of barrier systems.

Thee souithern lowlands inelude fosedune plains and the eouarine systems respectively deserbed in Sections

3.1 and 3.5, They are commanly associated with alluvial and marine filling of coastal lagoons landwand of

niver mouths that are seasonally blocked by sand bars. Coastal lowlands, together with landforms adjoining
the tidal reaches of inland waters {Section 3.5) are vulperabie to river flooding and marine inundation,
separately and coincidentally. The frequency and duration of both processes, as wel| their joint occurrence
as extreme events are important factors in the development of coastal lowlands as well as factors to be
considered in coastal plqnning and management.
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River deltas
The classio definition of a rver delta is that it isa D
shaped body of sediment farmed at the mouth of a river,
where the river discharges inta maring, estuaring or
lacustrine waters. At the coast deltas are formed from
the: diposition of sediment carried by the iver as the
flow leaving its mouth interacts with coastal processes.
Landfarms of aclive deltas include beaches, cheniers
and dunes as well as the alluvial ilats to landward.
These landforms should be regarded as highly unstable.
This is particularly applicable in areas where there is
evidence of evulsion, the river channel intermittently
changing position with the oocurence of extreme flood
events; and in areas where storm ridges have formed as cheniers along the shore,
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Outwash plains

Outwash plains are erded or eroding delias. Streams —_—

discharge onto the plains and into inherited overbank . —
hasins or former coastal lagoons, Minor deltas and fans 3
are common features at stream mouths and separate
the streams from tidal creeks draining tidal flats closer
1ty the shore. Landforms include islands of residual

land surface, aliuvial flats and fans on the landward
side of the mudflats; tidal creeks, tidal flats and levees
supporting mangroves in the hasins; and chanier riclges
spits, dunes arid beaches along the shore. Potentially,
all are subject to flooding and marine inundation during
extrerne meteorological events such as trropical eyclomes
and storm surge.
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Under State Coastal Planning Palicy (SPP 2.¢

should take into ac

an appropriate foreshore reserve
based on the, physical and biologic:

features of the particular coastal environment.

In determining the coast:

important to re

and space scales in which the landforms and their driving processes operate for
the planning timeframe. Long-term variation in processes determines the coastal

morphology upon which the effects of short-

bility are sup

Long-term scales encompass broad seale changes occurring to land
a planning horizon af 100'y

site planning scales and time

Roeky-enasts ans defined for the purposes of this paliey as seclors of shore where rock buterps contindously

along the shore and extends above the level of the highest astronomical tide (HAT). Alternativel y, racky coasts:
are those that continuously cuterop ahove the harizontal shorelime datum (HSD). They have been classed into
three proups according to their geology; hard rock, sedimentary rock and weakly lithified sedimentary rock
coast, The definition principally includes cliffed coast mnging from low bluffs to high vertical clifis, but also

encompasses reaches of coast with steeply sloping and rounded profiles,

The cross-shore profile shape of rocky coast primarily varles with rock resistance and the relative efficacy of
marine and terrestrial processes as weil as due to secondary features such as platiorms, ramps and colluvial
houlder deposits inherited from a previous geological time. Profile shapes range from sheer, vertical cliffs
plunging into deep water, ﬂ'arrJLq;h cliffs abutting sub-idal pavements and interidal rock plat frarrms, o low
bluffs and rounded forms.

Rocky coast may support unconsolidated sediments subtidally as well as above the reach of the tide, Abowe
HAT level the seaward crest of an outcrop is likely to be exposed by a combination marine and of terrestrial
processes. Depending on the height of the outcrop the marine processes potentially include wave un

up, splash, overwash and wave cast. Terrestrial processes include seepage, run off and mass movement.,
Further landward the outcrap may be buried by unconsolidated sediment. The extents to which unusual
conditions and extreme events are |ikely to affect 2 rock outcrop near its crest have been considered in the
recommended 50 metre set hack of coastal development from the crest line on racky coast,

Hard mck coasts are those comprised of erosion resistant
rock. They are commonly of plutonic, ignenus and
metamorphic ongin. Access and safety factors should

he considered in constal plans although little shos
change is likely tn nocur on these coasts over a planning
time frame.

Sedimentary rock coast

Sadimentary rock coasts are comprised of strongly
lithified sediments, They include landforms cut in
sandstone, limestone and calcillutite, Access and safery
factors showld be considered in coastal plans althousgh
shoreline retreat is slow, commonly taking place at time
spans longer than the planning horizon. In some places
undercutting by marine processes occurs and may result
in [ocalised slumping, rock-fall and slab collapse.
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akly lithified sedimentary rock coast

Sedimentary mcks which are poorly cemente

or have been highly woeathered and have a lower
resistance to erosion than mare strongly lithified forms.
Henece weakly lithified sadimentary rock coasts form
low cliffs and bluffs with substantial fracturing along
thedr crest. The cliffs and hlufis are likely 1o abut rock
platforms, talus slopes, block-fall or collapsing stabs.
Adelitionally, localised erosion of weakly lithified rock
coast may expose unconsolidated sediments 1o erosion
in places where the rocks ocour in narrow ridges that can
be breached, Geotechnical fagtors should be considered
in determination of coastal setback 1o development.
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Tidal reaches of inland waters

Thee tidal reaches of inland waters are water bodies landward of the general trend of the shoreline and which
are predominantly controlled by ocean processes, particularly tides and surges, They include rias, river
valleys that were drowned during the Holocene sea level rise of the past 10,000 years; the estuarine reaches
of river mouths and coastal lagoons formesd in association with barrier dunes. The three water bodies are
associated with landform development in and geologically, oceanographically and climatologically different
regions of the State: rias in the Kimberley, estuaries on the wiest coast between the Hill and de Grey Rivers
and coastal lagoons along the southwest and south coast, Attributes shared by shores of the three water
bodties include formation of well vegetated cosstal lowlands that are maintined through inundation by
marine inundation and flooding, Their beaches are idiosyneratically affected by locally penerated wind waves
and are mainly low-energy, sheltered beaches dominated by fides and sea level ranging.

Rias ( ned river valleys)

With the excepiion of Waychinicup Inlet on the south
coast, rias are common features of the Kimberley

region between Point Usbome, near Derby, and Cape
Londonderry but not elsewhers in the State. The region

is subject to large excursions of sea level, especially
when storm surge is coincidental with high tides.

These frequently inundate the valley lowlands which

ares flanked mainly by spectacular sandstone cliffs,

The shares of the rids are lined by extensive mangrow
forests (mangals) commonly growing in sha llow
sediments overlying rack platforms, Tidally dominated
beaches occur where thare is a suificient sediment supply
1o the shoswe 1o form storm ridises and narrow chinior
plains. The beaches are tide dominated forms of sheltered beaches,

Estuaries

Estuaries nccur as narrow hasins in the tidal reaches of 1
vivers andl streams discharging directly onto the coast
south of Cape Keraudren, particularly the seasanally
Tlowing streams of the Gascoyne region and northem
Swan Coastal Plain, Alluvial flats adjoining the estuary
waler badies were originally vegetated with sedges o
the: water's edge.: They are subject to marine inundation
when the nver mouth is open and to river flooding during
high fluvial discharge following periods of inlense or
protracted rainfall. Many, if not all estuaries have sand
bars at their mouths and river floading may be severe
when the mauth is closed by a high, wave constructed
har. In most estuarine environments the alluvial flats are separated from the ocean by limestone barriers
averlain with Holocene dunes, Sandy shores in the estuaries are small and in places flanked by broad
subtickal terraces.

Coastal lagoons

In southwestern Australia coastal lagoons are inherited
basins located landward of barriers that formed during
the: past half million years before present and have been
lithified to form coastal limestone, Rivers debouche into
the basins and contribute to delta building in them but
do nos flow directly to the ocean. Mixing of fluvial and
marine waters occurs within the basing when they are
open to the sea, ustally in spring, Opening regimes are
highly variable from lagoon 1o lagoon and principally
depend on the construction of bars at the lagoon
entrances by ocean proce as weell as river discharge
from the hinterland, Alluvial flats adjoining the lageonal

R

waters were originally vegetated by sedges and paperbark frees to the water's edge. Much of this has been

cleared for setlement and the establishment of infrastructure, As with the estuaries the alluvial fiats are
subject to maring inundation when the river mauth is open and to river fiooding during high fluvial discharge
foll owing periods of intense or protracted rainfall, The lagoonal beaches controlled by sediment movement
within the lagoonal basins, Shettered sandy beaches on the lagoon shores are commonly flanked by broad
substiddul terraces eomprised of sediments of marine origin,
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individual landforms and changes to them. The short-term changes are

ely, short-term scales refer to
pparent at
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Mﬁtﬁﬂﬂm“ﬂmn Australian coast consist of mixed sandy and mcky coasl. These are areds where
mck outcrops significantly affect coastal processes through provision of fixed, geological frameworks in
which unconsolidated sadiments are distributed and companents of coastal sediment budgets are organised.
Within the geologic framework the sandy seascapes and landiorms of mixed sandy and rocky coast are highly
dynamic, Marphologic change, including shoreline movement oceurs at all time and space scales,

Three mixed sandy and rocky coast systems are identifiable according to the location of the major rock
auterops with respect 1o sea fevel and distance from the shore. With increased proximity to the shore and
decreasing depth, they include sandy coast tied to fringing reefs, rock platforms and discontinuous cuterops
of rock along the shoreline. Distinetly different sandy beaches, herein referred to as perched beaches, are
associaled with each system. Caution is necessary in estimating perched beach and shoreline responses 1o
changing coastal processes by using current numerical models, Geotechnical investigation is recommendied
as part of any assessment of shoreline stability to ensure the distribution of mck is known and its interaction
with coastal processes determined,

Fringing reefs include long ridges of submesged reefs
and islands on the inner continerital shell that impound
a coastal basin in the nearshore waters, The reefs and
islands cause waves refraction and altenuation, thus
shellering the coast 1o various degrees, As a result the
supply of sediment across the reef [ines as well as along
the coast is critical for shareline change. The circulation
of the pearshore waters 1s commonly driven by winds
and tidal currents, Cuspate forelands and tombolos
develop in the lee of reefs and islands. Beaches on the
leeward side of these landforms commonly are more
chamcteristic of sheltered than open-ocean sandy coasts.
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Seciment transport along the seaward margin of the ridges commeonly occurs in water less than 30 metres
deep and is a significant component of the long-term coastal sediment budget. In the short-term, gaps in reef
lines may carry sediment onshore or offshore, depending on prevailing wave, weather and tidal conditions,
and inshore basins potentially function as sediment sinks. These factors affect potential beach responses to
changing meteorological and ocean conditions and should be considered in estimating shoreline movement.

Rock platforms are approximately flat rock surfaces

in shallow nearshore sublidal and intertidal walers.
Platfarms may be continuous along extensive tracts

of shore, as is commaon in the Gasooyne region, or
smaller discontinuous features like those of the Perth
Metropalitan Coast. They are mainly inherited features
that adjoin beachrock ramps, low bluffs or merge with
other, buried bedrack topography to landward,

The landward margin of a platiorm may be strewn with
wive cast boulclers, tempestite depasits guarried from the
seaward margin whene the platform: has been undercut
and collapsed. Finer unconsolidated sediments, beach
sands may form beaches that unconformably overlie the platform surfaces. Accretion and erosion of the
perched beaches occurs interannually, if not seascnally, Under depasitional canditions sands are moved
onta platforms by some combination of eolian transport along beaches updnit of the platforms, sediment
bypassing of headlands by littoral drift and construction of ramps against the seaward margin of the platiorms.
Erosion takes place rapicly when water depth over the platform is highest and wave and current processes
scour the unconsolidated sands from the platform surface. [t may be further exacerbated by groundwater

and stormwater runoff from the land, Under extreme erosional events perched beaches may be permanently
erded and older sediments overlying rock in the backshore exposed, These processes and the shareling
movement associated with them reguire copsidertion in the caleulation of sel-back 1o development.
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Discontinuous rocky shares occur as imegular subtidal
pavements and rock outcrops close to shore, beachrock
ramps o the beach face, headlands that cross the shore
and divide sandy beaches into discrete embayments of
various sizes and plan shape and some combination of
these. The headlands may be skirted by rock platforms
and fringing reefs may be present offshore, Embayment
shapes vary from arcuate shorelines in small bays,
through half-heart (zeta-form) embayments of various
sizes to straipht beaches. The shape of erbayed beaches
and their shoreline responses o variation in coasial
processes is determined hy sand supgly and inferactinn
of tide, wave and currents with the rocky landiorms.

The sandy beaches are highly dynamic, particularly near their ends.
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Rk outcrops on the beachface are commanly the boundaries of sediment cells, even where sediment by
passing nccurs around them and beaches may be perched an buried pavements or platforms, Sandy heaches
are highly dynamic where they adjoin rock outcrops, Close to the junctions they are likely 1o display a

higher variability of shoreline movement than the same beaches further away, This is due to the effects of
seasonal and longer term variation in the direction of littoral drift and beach rotation within the embayments,
Additionally, embayed beaches may incorporate tricts of perched beach likely o be associated with
substantial alongshose variation in shoreline movement in response to fluctuating sea levels and variability of
toaslal processes. Geolichnical factors and the complex beach responses o environmental change should be
considered in determining coastal setback lo dévelopment.

Islandsabundantly occur around the coast, with the principal archipelagos on the inner continental shelf
being the Recherche Archipelago; islands of the Garden Island Ridge, which includes Rottnest Island;
Heutman's Abrolhos; Dampier Archipelago; and the Buccanesr Archipelago, Other islands, coral atolls and
cays are located further offshore, either on the outer shelf or in the open océan, These include the Rowley
Shoals, Ashmaore Reef, Cocos Islands and Christmas Island, The size and composition of islands are important
ions for management. lelands display many of the characteristics of rocky coasts and, depending
on their size may incorporate a variety of coastal landforms, including sandy beaches, tidal reaches of inland
waters and coastal lowlands, The variability of processes around an island should ba considered due to
changes in aspect and the variety of landforms related o it Here, islands are considered in three groups for
canvenience; hard rock islands; soft rock islands and coral atolls and sand cays.

Hard rock islands

Hard rock islands ane resistant 1o erosion. Examples are
the plutonic rocks of the Recherche Archipelago and the
ignenus rocks of the Dampier Archipelago. The shores of
Lhe former are moderale fo steeply sloping smoath rock
on which wave rinup may be hazardaus for fisher folk.
Shores of islands in the Dampier Archipelago commonly
have: rack platforms and boulder ramps abutting steep
slopes to landward, Access and safety factors should

be considered in coastal plans although i
change is likely to occur on these coasts over a planning
time frame.

Soft rock islands

Many of lhe islands around the calcareous coast of

consider,

shoreline

Wistern Australia ane comprised of sodt rock, particuarly
coastal limestone in various degrees of lithification,
They alsa include islands comprised of sandstone,

such as islands in the Kimberley: biogenic matenal such
the Montgameny lslands; and those with a hard rock
layer overlying safter sediments, like the Murat Islands.
The calcarenite limestone istands are commonly flanked
by rock platfarms and sand shoals, Tempestite boulder
deposits apparent in some areas indicate islands with
them are subject to wave cast and other stoem impacts,
Adiditionally, some soft rock islands show evidence of
active undercutting and block collapse on their windwared shores.

Coral atolls & sand cays

Anatoll is a coral island or series of coral islands, such as —_—
the Cacos Islands, forming a ring thal nearly or entirely
wntloses o shallow lagoon, Atolls are surrsunded by deep
ocean water and range in diameter from about 1 kmto
aver 100 km. They are believed to form alang the fringes
of underwater valcanoes, Smaller sandy islets, like those

3

on the Ashburion Reef, form cays. They are usually of g
very low-elevation and formed on the surface of a coral £
reef platform, ‘]
E

Coral atolls and sand cays are low lying islands which are :
: : i
highly likely to be altered by changes in starminess or sea i

level. Fresh water supplies and infrastructure on low lying
islands are particularly al risk where land is likely 1o be lots in response 1o rising sea lovels.
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