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The Yalgorup Plain is a well preserved lat e Pleis tocen e coastal plain in the Perth Basin , southwes te rn Australia. The
carbonate and silicicla st ic sediment sequences therein show that P leistocene palaeo-coastal sedimenta tion was dom­
inated by narrow beachridge pla ins developed as ribbon shoreline deposits and cus pa te forelands behind offshore
barrier lim estone islands and rock y reefs. The key to interp reting the Pleistocene sequences and th eir sea level hi story
lies in the Holocen e models in the sa me region , especially in the geomorphology and stra tigraphy of coast types such
as barrier dunes , es tuarine lagoon s and large-scal e cuspa te bea chridge plains and in th e sma ll-scale st rat igr aphy in
beach/dune seque nces , shore face seque nces, rocky shores and seagr ass banks of the Holocen e models.

The Pleistocene seque nces contain 11 main sedimen t/rock types: (1) bioturbated foraminiferal calcarenite, (2) she lly/
bioturbated calcarenite, (3 ) laminated sh elly calca re nite /coquina, (4) laminated and cross-lamin ated marine calca r­
enite , (5) laminated to cross-lamina ted beach ca lca renite, (6) cross -la minate d to struct ureless ae olia n calcarenite , (7)
calc reted lim estone, (8) indura ted, bored lim estone, (9) she lly calciluti te , (10) qu artz sand, and (11) she lly mud. Sed­
imentation took place within a lin ea r seaway between a hinterland rid ge and two lin es of offshore lim estone rocky
reefs. Evolution of the Yalgorup coastal plain took place in several stages rela ted to sea level still-stands in the
Pleisto cen e: (1 ) form ation of an older Pleistocen e lim estone beachridge plain (Youda la nd), within which there was
sho aling from ma ri ne seagrass carbonate sedime ntat ion to bea ch to beachridges/dunes; (2) accumula t ion of qu artz
rich coas tal sand barriers (Mya lup Sand Shelf and Myalup Sand Ridg e ); (3) formation of a younge r Pleistocen e lime­
stone beachridge plain (Kooallupland) within whi ch the re was, agai n, shoaling from marine seagrass carbona te sed­
ime ntation to beach to beachridges/dunes.

The overall progressiv e accretion of the Yalorup Plain records , with subaeria l interruptions: (1) sedime ntati on and
prograd ation in a coas tal sett ing partly beh ind offshore rocky reefs , (2 ) cha nges in style from cuspa te fore la nd and
shore face accre t ion to coastal ba r riers , and (3 ) altern ation in sedime ntat ion from carbonate-rich to qu artz-ri ch . Pro­
grada tion was most marked under two sets of condit ions : where carbonate pr oduction was active, with sufficient
se diment production to promote progr adation, and where there was she lte r from open oceanic condit ions , such as
leeward of barri er rid ges. When carbona te production was low, qu artz sand from southe rn parts of the hin terland
was reworked by coa stal processes, and mobilised northwards to develop the shore-frin ging, san d platform an d a
sandy ba rrier, but during this ph ase, the re was no pronounced coas ta l accre t ion and progradation . The results ofthis
study pro vide seve ral insights: (1) the Qu aternary his to ry of the Perth Basin in southwes te rn Australia; (2) alternation
of carbonate/sili cicla stic se dime ntation in gen eral ; (3) th e control of the geometry of coas tal se dime nt bodies by an ­
ces tral topography; (4) the longevit y of lim estone ridges in ancest ra l topography; and (5) th e age structure of th e
Pleistocene coa stal plains.

ADDITIONAL INDEX WORDS: Pleistocene coastal palaeogeography; Sw an Coastal Plain ; southern Perth Basin;
south-western Australia; cuspate foreland .

INTRODUCTION

The Quaternary sequences of the Swan Coastal Plain,
Perth Basin, southwestern Australia in their mixed carbon­
ate and siliciclastic sediments provide a rich record of conti­
nental aeolian, coastal aeolian, shallow marine, estuarine,
fluvial and alluvial fan deposition, accretionary coastal plain
history, and climate history. It has long been recognised, for
instance, that the shore-parallel limestone ridge system that
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occurs in this region may record th e various shorelines of th e
Plei stocene and dune building phases during th e Quaternary
(FAIRBRIDGE and TEICHERT 1953; SEDDON 1972); and re­
cently GLASSFORD and SEMENIUK (1990) pointed to th e po­
tential record of alternating glacial and interglacial events
preserved in th e siliciclastic aeolian deposits inland on th e
coastal plain. To date, however, most research on Quaternary
coastal sedimentation and geomorphology in this region has
been concerned with Holocene deposits or with description of
Pleistocene stratigraphy and palaeontology (FAIRBRIDGE
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1950, 1953; FAIRBRIDGE and TEICHERT 1953; KENDRICK
1960; SEARLE and SEMENIUK 1985; PLAYFORD 1988). Few
studies hav e attempted reconstructing Pleistocene palaeoen­
vironments and palaeogeography in accretionary setti ngs, ei­
th er at the local scale, or regionally , largely because the Ho­
locene sequences were not yet fully documented to provid e
an alogu es. An exception is th e study of KENDRICK et al.
(1991), where the authors attempted to explain th e change
from predominantly siliciclastic sedimentation to carbonate­
rich sed imentation within the Quaternary, but without re­
course to interpretation of detailed sequences and lithofacies.

The key to interpreting the Pleistocene sequences in south­
western Australia lies in the Holocene models , and sufficient
information on Holocene sequences now exists to attempt in­
terpretation of the Ple istocene. Thi s information includes: (1)
classification and description of coastal types and regional
processes (SEARLE and SEMENIUK, 1985); (2) description of
geomorphology and stratigraphy of barrier dune, estuarine
lagoon, and large-scale cuspate beachridge plain coast typ es
(SEMENIUK and SEARLE, 1986a ; SEMENIUK1985; SEARLE et
al 1988); and (3) description of small-scale stratigraphy in
beach/dune sequences , shoreface sequences, rocky shores and
seagrass banks (SEMENIUK and JOHNSON 1982, 1985; SE­
MENIUK and SEARLE 1985, 1987; SEARLE and WOODS, 1986;
SEMENIUK 1994). It is only with such background informa­
tion that Pleistocene coastal hi story in terms of palaeogeog­
raphy, environments, eustasy, tectonism and climatic change
can be unravelled .

This pap er describes a well-preserved late Pleistocene
coast al sequence betw een Mandurah and Bunbury in south­
west ern Australia (Figure 1), and, using a geomorphic and
stratigr aphic approa ch, attempts reconstruction of Plei sto­
cene coastal palaeogeography and history. The patterns
emerging show that Pleistocene coast al sedimenta t ion was
dominated by narrow beachridge plains developed as ribb on
shoreline deposits and cuspate forelands behind offshore bar­
rier limest one islands and rocky reefs. As such this pap er
provides information useful for understanding th e long-t erm
evolution of Quaternary coastal landform s in southweste rn
Australia and offer s a model of coastal evolut ion useful for
int erpreting the geological record.

The study is based on data from stratigraphic sequences in
drill holes , road cuts, quarries and excavations (Figu re 1).

Aerial photographs were used to map regional patterns, and
traverses and drilling alon g 9 transects were conducted to
confirm geomorphic/geologic phototon es. Selected sa mples of
each rock typ e in the stratigraphic sequ ences were sliced for
thin section study, and select ed shells tDonax, Mactra, Ka­
telysia , and Ninella i from some profiles were submitted for
radiocarbon analysis to confirm th e Pleistocene age of some
limestone units .

GEOLOGICAL SETTING

The study area is situated in southwestern Australia in a
tract of country conta ining Pleistocene limestone within the
seaward portion of the Swan Coastal Plain (Mc ARTHUR and
BETTENAY, 1960; PLAYFORD et al., 1976) and is set wholly in
the Lesch enault-Preston Sector (SEARLE and SEMENIUK,

1985) of the Rottnest Shelf coast (Figu re 1). The subject of
this paper is the Yalgorup Plain (formerly Yoongarillup Plain
of McARTHUR and BARTLE, 1980; redefined by S EMENIUK,
1990; currently in amendment), that is a Plei stocene to Ho­
locene surface superimposed on a variety of fossiliferous lime­
stones, aeolian limestone, and quartz sand units. This plain
is bordered on the east by a prominent, linear, relatively
higher ridge of aeolian lime stone and quartz sand, and to the
west by a rel atively higher Holocene coastal aeolian ridge, or
by Holocene estuarine lagoonal deposits.

Quaternary sediments underlie the Swan Coastal Plain
and comprise the upp er sedimentary fill of the Phanerozoic
Perth Basin, which borders the Archaean Yilgarn Craton and
ha s accumulated sediments since at lea st the Permian (PLAY­
FORD et al., 1976). In this setting, Quaternary sediments un ­
der the Swan Coastal Plain are alluvial fan and fluvial de­
posits along the margin of the Precambrian craton, continen­
tal aeolian quartz sand in the longitudinally central part of
the Plain, and coas tal lime stone and coast al aeolian quartz
sand along seaward parts of the Plain (SEMENIUK and
GLASSFORD, 1988). The limestone and quartz sand under the
Yalgorup Plain thus are late Plei stocene deposits that abut
and overlie older aeolian quartz sa nd formations of th e cen­
tral Swan Coast al Plain further to the east (Figure 1).

The limestone units in this area in the past hav e been re­
ferred to as th e Tamala Limestone, but they are identified
readily as distinct units in terms of lithology, stratigraphy
and geography, and are treated here as separate formations .
Within the plain, there also are elongate wetlands and lakes
which appear mainly to be post-depositional geomorphic
overprints on the limestone sequence; the origin of these
lakes and wetlands is th e subject of a separate study (C. A.
SEMENIUK and SEMENIUK, 1995 ).

Offshore from the Yalorup Plain, the nearshore shelf is
mostl y an un conformity surface cut into Pleistocene lime­
stone, with veneers of quartz sa nd, Holocene sediment, or
minor reworked beach rock slabs (SEMENIUK and MEAGHER,
1981a; SEARLE and SEMENIUK, 1985; SEMENIUK and
SEARLE, 1987a). Locally, particularly to the north of the
study area, remnant shore-parallel ridges of Plei stocene lime­
st one form offshore rocky reefs and islands (Bouvard Reefs ;
SEMENIUK, 1994). Inliers of these lime stone ridges generally
are buried by Holocene barrier dunes in the northern and
southern parts of th e study area . The occurrence of remnants
of th e limestone ridges has implication for cont rolling the de­
velopment of cuspate forelands during th e Pleistocene.

HOLOCENE MODELS

The Ple istocene sequences in this region are best under­
stood if analogous Holocene sequ ence s and their Quaternary
settings are described first . The Holocene coasts directly ap­
plicable to interpret ing the Plei stocene sequ ences are of two

* Footnote: There ha s been a problem with th e concept, nomencl a­
tu re and application of the term Yoongarillup Plain (M c A RT HUR and
B ART L E, 1980; SEMEN IUK, 1990). At present, the term is being
amended to Yalgorup Plain (SEMENIUK, 1995). For purposes of this
paper, the proposed amendment will be used, rather than th e incor ­
rect current term.
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Figure 1. A, B, C & D: Location of st udy area in southwestern Australia in relationship to regiona l geology and geomorp hology. E: Location of th e
Yalgorup Plain, offshore reefs and coastal sector boundaries. F: Location of dr illing transects. Location of drill sites , quarries and road cuts are shown in
Figure 7.
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Figure 2. Elements of the Holocene model of geomorphology and stra­
tigr aphy at Rockingham-Becher . (A) Plan geomorphology showing the
hinterland, the offshore barrier ridge , the cuspate to scalloped strandline
of the low relief beachridge plain (after S EARLE et al; 1988). (B) Idealised
cross section of the system showing gross stratigraphic geometry and re­
lationships, and th e position of MSL determined by the large scale facies
junction between aeolian and marine. (C) Idealised cross section of the
system showing : more detailed geomorphic and stratigraphic relation­
ships, detailed stra tigraphy of the seagrass bank facies transition through
beach facies , to beachridgeldun e facies, and detailed sea level indicators.

types : (1 ) The Rockingham-Becher Plain (cuspate foreland
with beachridges) developed leeward of an offshore barrier
limestone ridge (SEARLE et al., 1988; SEMENIUK, et al., 1988);
and (2) barriers, as exemplified by The Coorong (SPRIGG,
1952, 1979) and the Leschenault Peninsula (SEMENIUK,
1985).

Rockingham-Becher Plain

In the Rockingham-Becher area, there are well developed
cuspate forelands with beachridge plains (Figure 2), the larg­
est in southwestern Australia. The coastal zone is wave dom­
inated, microtidal, with strong seabreezes. The ance stral
Quaternary topography forming the backdrop to Holocene de­
posits is a conspicuous Plei stocene landform, consisting of

shore-parallel ridges and depressions, which occurs in a belt
along the seaward edge of the Swan Coastal Plain (Me ­
ARTHURand BETTENAY 1960; SEARLE and SEMENIUK 1985).
The ridges are composed of inter layered limestone and quartz
sand (SEMENIUK and GLASSFORD 1988). With marine inun­
dation, thi s landform is transformed into a series of offshore
ridges, lin es of islands and rocky reefs parallel to the shore,
and a hinterland of limestone and quartz sand ridges, cliffed
along th e shore. With the las t post-glacial marine transgres­
sion , the Holocene sea eroded the mainland, forming lime­
stone rocky shores and isolating two series of ridges offshore
(SEARLE, et al., 1988). In th is setting, Holocene sedimentation
and coastal accretion has been confined to the linear depres­
sion bet ween an eastern ridge forming the mainland shore,
and a western ridge forming an offshore barrier. The ele­
ments of th e Holocene system are summarised below (Figure
2). (1) There is a moderate-relief, aeolianite limestone ridge,
mantled by quartz sand, that forms the hinterland; its west­
ern margin is the original (early) Holocene shoreline (SEARLE,
et al., 1988); (2) Offshore, an emergent to shallowly sub­
merged shore-parallel, linear ridge forms islands and rocky
reefs; subject to wave attack, the ridge is progressively
breached and eroded. The islands have well developed shore
platforms and a rocky shore suite of sediments and fauna
(SEMENIUK and J OHNSON, 1985); (3) Between the hinterland
and offshore ridge is a linear marine depression in which ac­
cumulates deep water carbonate mud (SEMENIUKand SEARLE,
1987b); (4) In zones of shelter leeward of the rocky reefs/is­
lands, shallow water sedimentation and coastal progradation
have taken place , forming submarine promontories/banks,
and beachridge pla ins as cuspate forelands. The beachridge
plain mostly has low relief, with ridge crests 2-3 m above
MSL, reflecting gradual progradation of the beachridges, but
locally th ere are line s of dune ridges up to 6 m high, and dune
belts up to 10 m high, reflecting periods of higher-than-nor­
mal dune building; the modern shoreline is broadly cuspate,
and beachridge trends on the plain indi cate a history varying
from simple to complex cuspate accretion; locally, prograda­
tion has been extensive enough to "capture" offshore islands;
sediment in the banks, beaches and dunes is biogenic carbon­
ate sand and gravel and exogenic lithoclast and quartz sand
(SEARLE et al., 1988).

Evolu tion of the system began with shoaling and prograd­
ing of a submarine bank, in most cases under a cover of sea­
grasses (SEARLE et al., 1988). Resident fauna and flora as ­
sociated with seagras s communities is rich in calcareous al­
gae , mollu scs, foraminifera, and burrowing benthos (SEAI<LE,
1984; LOGAN et al., 1970), and these develop shelly, biotur­
bated carbonate-rich sediments. With accumulation, eventu­
ally the bank formed a submarine barrier/sill that spanned
the marine depression between the offshore ridge and the
shore and init iated progradation of beach, beachridge, and
dune sediments across the bank top to form a cuspate, low­
relief coastal plain. Where adjacent cuspate promontories
have coalesced, a broad prograded plain capped by beachridg­
es and dune ridges has formed . The various linear beachridge
trends indicate the positions of former foredune shorelines
(FAIRBRIDGE, 1950; WOODS and SEARLE, 1983). The sedi­
ments of the beach, beachridge and dune facies have distinc-
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Figure 3. Idealised stra tigraphy from seagrass bank facies, through to beachridge/dune facies , and th e typ ical fauna .

tive sedimentary structure, lithology, and biota, as do th e
bank sediments (S EMENIUK and J OH NSON , 1982).

The evolution of the system is reflected in the distinct st ra ­
tigraphy beneath the cuspate foreland s and beachridge plains
beachridge plains (Figure 2). From th e top, stratigraphy in­
cludes: beachridge/dune sand, beach sediment , seagrass bank
sediment , and basin sediment unconformably lying on Pleis­
tocene carbonate and siliciclas tic sediment.

Key features of this stratigraphy useful to inte rpreti ng
Pleistocene sequences are as follow (S EMENIUK and SEARLE ,

1985, 1987b; S EARLE et al ., 1988). (1 ) Deeper water basin
sediments are (shelly) calcilutite (S E MENIUK and SEARLE

1987b). (2) The seagrass bank sediments are commonly sand
and shelly sand, with molluscan fauna typical of seagrass as­
semblages; locally they are foram enifera-r ich iMorginopora )
(S E ME NIUK and SEARLE 1985; S EARLE et al., 1988). (3) The
junction of the seagrass bank facies and the beach sequence
is distinctively burrowed, with abundant vertical crustacean
burrows 3-4 cIJ1 diameter, penetrating downwards for 50-75
em (S EAR LE et al., 1988). (4) The beach sequence is composed
of subtidal to low-tidal trough-bedded sand and shelly sand,
low to mid-tidal swash zone sediment with seaward-dipping

laminated sand and shelly sand containing Donax, high tidal
bubble sand, and supratidal cru dely layered , disrupted to
structureless sand with diagnostic shells of Spirula and Se­
p ia, and ghost crab tOcypode ) burrows; the sequence passes
upwards into the cross-laminated to structureless beachridge
sand (S E MENIUK and J OHNSON, 1982).

Key features of the litholo gy and biota of the seagrass bank
to beach sequence are presented in Figure 3. The molluscan
fauna of Holocene and Pleistocene seagrass assembl ages are
listed in Table 1. The cross-sectional shape of the Holocene
seagrass bank to beachridge sediment body shows that the
sequence abuts a former shoreline to the east , rests on deep
water Holocene basin sediment, or unconformably on Pleis­
tocene rocks and sediments, and pinch-outs down-dip to the
west , essentially (overall) forming a ribbon up to 10 m thick
with pinched-out margins (Figure 2). The seaward thinning
may be abru pt , conforming to a steep synoptic surface of a
seagrass bank.

The various facies and their interfaces provide useful sea
level indicators that can be used to interpret the Pleistocene
sequences (Figure 3). At the broad scale, the transit ion from
marine (shelly marine sand) to aeolian provides an approxi-
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Ta ble 1. Compa rati te table between seagrass assem blage molluscs -s- Ho­
locene and Pleistocene.

Tabl e 1. Conti nued .

Bivalvi a

Anodontia perplexa X X
Bra chidontes ustulatus X X
Callucina lacteola X X
Chlamys asperrimus X X
Chioneryx cardio ides X X
Diualucina cum ingi X X
Donax francisensis X X
Electroma georgiana X X
Eucrassatella sp. X X
Glycym eris strialularis X X
Gomphina und ulosa X X
Hem idonax chapmani X X
Iru s distan s X X
Mactra aus tral is X X
Mactra matthewi X X
Mysella sp. X X
S accostrea cucculata X X
Paphies cllneata X X
Pinn a sp. X X
Tawera coe/ata X X
Tawera lagopus X X
Telli na tenllilirata X X
Thra ciopsis subrecta X X
Wallllcina cf. jac ksoniensis X X

Gas t ropoda

Acteocina sp. X X
Amalda monili fera X X
Amblychilepas oblonga X X
Aetraliu m squamiferum X X
Bedeva pa ivae X X
Bit tium granarium X X
sou« quoyi i X X
Calyptraea calyptraeform is X X
Cantha ridus lepid us X X
Cant haridu s irisodontes X X
Cantharidus sp. X X
ClancIIIIIs sp. X X
Collisella onychi tis X X
Comi nella tasman ica X X
Conlls anem one X X
Dicath ais orbita X X
Drupa sp. X X
Ethminolia vitiliginea X X
Gibbu la lehmanni X X
Gibbula preissana X X
Ham inoea brevis X X
Hipponix conicus X X
Hipp onix foliuceus X X
Leiopyrga octona X X
Mangelia sp. X X
Mitrella austrina X X
Mitrella menkean a X X
Naccula punctata X X
Natica sp. X X
Notocochlis gua lteria na X X
Notom ella bajula X X
Oliva australis X X
Parcan assa sp. X
Phasianella australia X X
Phasianella solida X X
Phasianella ventricosa X X
Phasi atrochu s bellulu s X X
Polin ices conicus X X
Proterato sulcerato X X

"Ident ifica tions after GW Kend rick (Weste rn Aust ra lia n Museum ) as list­
ed in SEMENIUK and SEARLE (1985); supplem entary identifications from
ROBERTS and WELLS (1981) and WELLS and BRYCE (1985)

mation to sea level within 1 m, and is an interface relatively
easy to locate, even if th e limestones are altered. At the finer
scale, the various facies within the sequence provide indica­
tion of depos ition relative to sea level (SEMENIUK and J OHN­
SON 1982; SEARLE and WOODS 1986): (1) th e interfac e be­
tween burrowed bank sediment and lower part of the beach
sequence = c. 1-2 m below MSL; (2) laminated shelly sand
within th e beach sequence = c. MSL; (3) bubble sa nd within
the beach sequence = 0.5-1.0 m above MSL; and (4) zone of
Sepia and Sp irula in beach sequence = 1.0-2.0 m above MSL
(Table 1).

Holocene Barriers

The barriers of The Coorong, southeas tern South Australia
and th e Leschenault Pen insul a , southweste rn Australia , are
narrow Holocene barrier dunes ext ensive as line ar features
alon g th e open coast for some 120 km and 60 km , respective ­
ly. The barrier of The Coorong is anchored at its extremities
by bedrock (SPRIGG, 1952, 1979; SCHWEBEL, 1984), and th e
Leschenault Peninsul a is anchored at its ext remities by Pleis­
tocene limestone. The ocean ographic setting in both cases is
wave-dominated, microtidal , with st rong seabreezes. The im­
portance of th ese systems is not so much in th e stratigraphic
sequence, but rather in the extensive, linear and narrow na­
ture of th e barriers. A simila r narrow st ru cture is the Chesil
Bank in southern Engl and (GOUDIE and GARDNER, 1985),
th ough here the barrier is gravelly to th e eas t, progressively
changing to sa ndy to th e west .

The barrier s of The Coorong and th e Leschenault Penin­
sula ar e of moderate reli ef (20-30 m), and protect long, linear,
narrow lagoons, within which estuarine and lagoonal sedi­
ments accumulate . In The Coorong area , th e Holocene se­
quence overl ies and abuts older, similar linear barrier sys­
tems of Pleist ocene age. In th e Leschenault Pen insula , th e
Holocene sequence abuts a distinctly different Pleistocene
system (SEMENIUK 1983). In both cases, the Holocene barrier
is an assemblage of aeolian dunes composed of fine quartz
and carbonate sand , and th e estuarine lagoonal sediments
ar e quartz sa nd, carbonate sand, terrineous mud , and car­
bonate mud . The barrier s ar e retreating, retrograding locally
over th e estuarine lagoonal sediments.

X
X
X
X
X
X
X
X
X
X
X

Pleistocene
Assemblage

X
X
X
X
X
X
X
X
X
X
X

Holocene
Assemblage'

Pyrene scripta
Pyrenidae pseudo mycla
Syrnola sp.
Th alotia conica
Thalotia lehmanni
Th alotia pulcherrima
Thalotia chlorostoma
Tu rbo intercostali s
Tanea sagit tata
vexillum marrowi
Zafra vercoi

Pleistocene
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Tab le 2. Description of Pleistocene forma tions.

Format ion

Kooallu p Limest one

Myal up Sa nd

Tims Th icket Limestone

Ea ton Sa nd

Geometry

ribbon to wedge

ribbon to shoest ring

rib bon to wedge

shoes t ring ridge

Descript ion

whit e to crea m she lly/bioturba ted ca l­
carenite, lamina ted cross-la mina ted
she lly ca lcarenite /coquina, la min a t­
ed to cross -lami na ted beach ca lca r­
eni te . cross- lamina ted to struct ure­
less aeo liani tc: basa l she lly
ca lcilut ite

mai n ly white quartz sa nd; with local
len ses of ca lca re nite, ca lcilut ite ,
and mud, a ll with SOJ1l e shell laye rs

white to crea m she lly/biotu rba te d ca l­
ca re nite, bioturbated forami nife ral
limestone . la minated cross- laminat­
ed marine ca lca renite la minated to
cross -la mina te d beach ca lca re nite ,
cross -lamina te d to st ructu re loss
aeolia nitc

yellow an d white qu artz sa nd

Thickness

5- 16 m

5- 15 m

5- 10 m

20 J1l

Ind icators for MSL in the barrier sys tems are as follows:
(l ) the interface bet ween th e estuarine lagoonal sediment
and th e overlying aeolia n sediment where th e barrier is ret ­
rograding into the leeward lagoon; and (2) th e junctio n be­
tween shelly sand and aeolia n sand on th e sea ward side of
the barriers.

THE PLEISTOCENE LITHOFACIES

In total th ere are 11 suites of limestone, oth er sedim ent,
and qu artz sand in the Pleistocen e sequences : (l ) bioturbated
foraminiferal calcareni te ; (2) shellylbioturbated calcare nite;
(3) laminated she lly calcarenite/coquina; (4) lam inated and
cross-laminated marine calcareni te ; (5) laminated to cross-

la minated beach calcare nite ; (6) cross-lamina ted to structu­
reless aeolia n calca re nite ; (7) calcreted limestone; (8) indu ­
ra ted, bored limestone; (9) shelly calcilutite; (10) qu artz sand;
a nd (11) shelly mud , The sediments a nd limestones are
descr ibed below, with interpre ta tion as to th eir deposit ional
environme nt based on Holocen e ana logues. Term inology for
limestones follows DUNHAM (19621. All limestones are gen­
era lly white, cream to buff in colour. Grai nstones are weakly
to stro ngly cemented by sparry calc ite, depending on location
re la tive to the water tab le. Most limestones also a re variably
weakly indura te d by calcrete (GILE, et al. 1966; READ, 1974)
and may be stained by iron oxides . Occurrence of th e lith ol­
ogies with in th e form ations is described in Tables 2 and 3.

Tabl e 3. Relative abundance of Mari ne lithofacies in the Pleistocene lime­
stones .r.a

'Upper pa rt s of both the Tims Thicket Limestone and the Kooallu p Lime ­
stone a re bea ch and ae olian facies
2Rcla tive abunda nce sca le: 0 = abse nt ; 1 = uncommon; 2 = presen t ; 3 =
common

Low ene rgy facies
(under sea grass cover )

Bioturba ted foramin if-
eral calca reni te 2 0 0 0 0

Shelly/bioturbated cal-
care n ite 3 1 3 3 3

High ene rgy facies
(sa nd wave facies)

Lamina ted shelly ca l-
carenite 2 2 2 3 3

Lam inated coqu ina 1 1 2 3 3
Larninated/cross-larni-

na ted mar ine ca l-
care nite 2

Lithology

Lower Lower
Tims Tims Lower Lower Lower

Thicket Thicket KooaJlup KooaJlup KooaJlup
Limestone Limestone Limestone Limestone Limest one
Northern Southern Northern Cent ral South ern
Sections Section Sections Sections Sections

Bioturbated Foraminiferal Calcarenite

Bioturbated foraminifer al calcarenite is a fine to medium
sand grainstone of calcareous algae, invertebrate skeletons,
quartz, sh ell gr it , whole molluscs, and abunda nt granule­
sized foraminifera tMarginoporai . Th e sediment is bioturbat­
ed (Figures 4A, 4Bl, with burrows 3-4 ern diam eter , pene­
trat ing vert ically downw ards for 50-75 ern, otherwise th e bio­
turbation shows a general swirling of foram inifer al discs. The
shell content is mainly molluscan indica tive of seagrass bank
community . The sediment is often found later ally equivalent
to shellylbioturba te d calcarenit e descr ibed below. Th e fossils ,
st ructures, and evidence of encrust ing epibiota ind icate ac­
cumula tion in a shallow water, ma rine seagrass bank envi­
ronment (SEMENIUK and SEARLE 1985).

Shelly/ Bioturbated Calcarenite

Shellylbioturbated calcarenite is fine to medium graine d,
bioturbated to structureless, skeleta l quartz grains tone, with
abundant calcareous algae and molluscs. Shell where present
is randomly ori ented by th e bioturbation. The shell is a di­
verse molluscan assembl age indicat ive of seagrass commu­
nities and, together with th e sedimentary structures and ev­
iden ce of encr us ting epibiota , ind icates accumula tion in a ma-
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Figure 4. Field photographs of th e Plei stocen e limestones. (A) Vertical burrow s in th e bioturbated foraminiferal calcarenite of the seagrass bank facies .
(B) Contact between bioturbated seagrass bank facies with vertical burrows a nd overlying cross bedded ma rine calca renite. (C) Vertical burrows in cross
bedded marine calcarenite. (D) Bubbl e sand structures.

rine seagrass bank environment (LOGAN et al., 1970; SEMEN­
IUKand SEARLE, 1985).

Laminated Shelly Calcarenite/Coquina

Laminated shelly calcarenite/coquina is fine, medium to
coarse grained, laminated skeletal quartz grainstone, with
abundant calcareous algae and molluscs, varying to shell co­
quina. Shell is oriented convex-up along the lamination. The
shell is a diverse molluscan assemblage indicative of shallow
water communities. The molluscs and sedimentary struc­
tures indicate accumulation in wave-modified seagrass bank
and shoreface environments (SEMENIUK 1994).

Laminated and Cross-Laminated Marine Calcarenite

Laminated and cross-laminated marine calcarenite is me­
dium grained skeletal quartz grainstone, generally without
shell beds and is conspicuously laminated, cross-laminated
and trough-bedded (Figure 4A), with local vertical burrows
(Figure 4C). This limestone facies passes laterally into shelly/
bioturbated calcarenite, described above. Sedimentary struc­
tures, lateral facies relationships, and its occurrence just be-

low beach sediments indicate accumulation in a wave-agitat­
ed, shallow water marine environment. The Holocene ana­
logue is a sand wave facies on a wave-agitated bank (SEARLE
et al., 1988).

Laminated to Cross-Laminated Beach Calcarenite

Limestones of this suite have variable structure and tex­
ture, but nevertheless form a vertically shoal ing sequence,
usually over 2.0-2.5 m, that may be described as an inter­
rel ated series. The limestones are skeletal quartz grainstone,
mostly medium grained and locally coarse grained. Mollusc
shell horizons are present, with shells oriented convex-up.
The molluscan assemblage is limited-Donax is the most
common, but Glycymeris, Donacilla and gastropods also oc­
cur . Sedimentary structures and two diagnostic cephalopod
species distinguish the various sub facies in this suite (Figure
3; SEMENIUK and JOHNSON 1982). The lower part is trough­
bedded, medium to coarse grained, with local shell beds ; to­
day , such sediment accumulates in shallow subtidal beaches.
The middle zone is medium to coarse grained, with oriented
shell horizons and low inclined cross-lamination; it repre-
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sents a beach swash zone. The next subfacies is medium
grained , with bubble-sand structures (Figure 4D), and today
forms in th e upper tidal beach. The uppermost sub facies is
crudely layered to bioturbated to structureless, medium to
coarse grained, and has the diagnostic "floatable" ceph alopod
skeletons Sepia and Spirula and bioturbation structures due
to the ghost crab Ocypode; this sediment accumulates today
at storm water level s on beaches.

Cross-Laminated to Structureless Aeolian Calcarenite

Cross -laminated to structureless aeolian calcarenite is fine
to medium grained skeletal quartz grainstone. Cross-lami­
nation is large scale with sets 2-5 m high. Cross-laminated
aeolian calcarenite pa sses later ally into structure less aeolia n
calcarenite. Calcrete rhizoconcretions and calcret ed pipes are
common (cf. SEMENIUK and MEAGHER, 1981b ). Thi s quartz­
ose limestone, with its grainsize, sedimentary structures, cal­
cre te rh izoconcretions, and overa ll geometry has its ana logue
in Holocene coastal dunes.

Calcreted Limestone

Thi s is a limestone composed mainly of calcret e, i.e., cryp­
tocrystalline low-Mg calcite (GILE et al., 1966; READ 1974).
The calcrete is sheet-like, 20-30 em thick, or ma ssiv e, within
and on top of the parent lim est one, or forms coatings to pipes.
Later al and vertical rel ationsh ips and gradations and pal ­
impsest grains and textures indicate parent lithology to be
aeolianite, but for the most part calcrete is now domin an t.
Su ch limestone is best developed at unconformity sur faces,
and indicates a major subaeria l exposure.

Indurated, Bored Limestone

Thi s lime stone is variable from aeolianite to she lly lime­
stone and may also be calcreted . Its distinguishing feature is
induration by calcite cements (fine grained calcite, spa rry cal­
cite, calcrete), borings and pot-holes. Borings are 1 em di­
amete r or less. The surface of the limestone may show sedi­
ment-filled fissures and local pot-holes some 10-30 em di­
ameter. The pot-holes, fissures, and lime stone surface may
be venee red with rounded limest one gravel and she lls of N i­
nella, Marmarstoma, Littorina, limpets and barnacles. Thi s
limestone type and its gravel and fauna have analogues in
Holocene rocky shore platforms in this region (SEMENIUK
and J OHNSON 1985).

Shelly Calcilutite

She lly calcilutit e is lim e mudstone to skeleta l lime mud­
stone. It is stru ctureless except for shell beds. Simil ar sedi­
ment forms in deep water basins adjoin ing seagrass banks
(SEMENIUK and SEARLE, 1987b ).

Quartz Sand

Quartz sand is yellow, white or grey. It is medium grain ed,
well to poorly sorted, and composed mostly of quartz with some
feldspar and minor heavy minerals (GLASSFORD and SEMEN­
IUK, 1990). The quartz sa nd facies of thi s study is largely st ruc-

tureless, but elsewhere it exhibits large scale aeolian cross bed­
ding (SEMENIUK and GLASSFORD, 1990). The sand is Pleisto­
cene and ha s no Holocene analogue on th e Swan Coastal Plain .
Similar thick, ridge-forming deposits of yellow sand were in­
terpreted by SEMENIUK and GLASSFORD, (1988) to be mainly
continental aeolian . Where such quartz sa nd is intimately re­
lated stratigraphically and geomorphically with marine depos­
its (as in th is area), it tends to be white or grey and is likely
to be a locally reworked shore deposit .

Shelly Mud

Shelly mud is dark grey, stru cture less terrigenous mud
with estuarine she lls. The lithology and shell content is sim­
ilar to sediment accumulating today in estuarine lagoonal
set tings (SEMENIUK, 1983).

Sea Level Indicators in the Limestone

Facies and structures in the lime stones which are useful
for det ermining the relative positi on offo rmer sea levels were
applied at two scales. The gen er al junction between she lly
lime stone and aeolian fine sand can be used to locate MSL
at a gross sca le, particularly where limest ones hav e been al­
tered by calcrete, vugular porosity and pedogene sis and cores
did not exhibit enough lithological/structural detail to pre­
cisely fix th e position of former sea levels. The shell compo­
nents and fine sand nature of the lithology are two attributes
relatively easy to determine, and th e position of the Pleisto­
cene MSL determined by this method can be fixed to within
1 m. At a finer scale, where limestones exhibited well pre­
served sma ll scale facies, it was possible to resolve th e vari­
ous subfacies of th e beach and the contact betw een beach and
seagrass facies and hence determine the relative position of
former sea levels to within 0.5 m. Limestones with a well
preserv ed sequence of facies useful for determining th e Pleis­
tocene MSL wer e evident in man y cores, road cuts and quar­
ries.

THE PLEISTOCENE SYSTEM WITHIN THE
YALGORUP PLAIN AND THE ADJOINING UNITS

The Yalgorup Plain is a long, narrow plain, some 60 km
long and 5-6 km wide. Thou gh generall y of low relief and
undulating , th ere is local reli ef of 5-10(-15) m in the form of
aeolian limestone ridges or quartz sa nd ridges. The Plain is
bord ered to th e eas t by an ancestra l hinterland ridge (the
Mandurah-Eaton Ridge ) th at is a linear, moderately high sys­
tem, 20 m high and 3-4 km wide, exte nding in a north-south
direction for 90 km from Mandurah to Eaton (Figure 5), with
a slight conca vity in its form on th e west ern margin . The
junction of th e ridge with th e Yalgorup Plain is sha rp with
th e ridge descending ste eply down to the Plain . The Man­
durah-Eaton ridge is composed of Pleistocene aeolia n yellow
quartz sa nd and aeolian limestone but has variable stratig­
raphy: to th e south, it is mainly quartz sa nd and lesser lime­
stone, with limest one occurring as aeolia nite lenses (SEMEN­
IUK and GLASSFORD, 1988); to th e north, limestone is more
common. Even where limestone domin ates, the ridge is man ­
tled by yellow quartz sand. St ra tigraphically, th e sediment
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Figure 5. Map of the Pleistocene geomorphic units (la ndforms) on th e Yalgorup Plain , and detail of beachridge trend s in selected areas.

under the Mandurah-Eaton Ridge is underlain by shelly lime­
stone that extends to the offshore limestone ridge s, ind icating
that the Mandurah-Eaton Ridge is younger than the lime­
stone of the offshore ridges.

A discontinuous system of ridges and knolls of Plei stocene
aeolian limestone occurs in a north-south linear trend im­
mediately to the west of the Yalgorup Plain (Figure 5). One
ridge system forms offshore rocky reefs in the Bouvard Reefs
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Figure 6. St ratigra phic sections, Transects 1-9. Location of profile and
sections shown in Figure 1. Tran sect 8 is shown in Figure 7. -t

Sepia and Spirula, and then finally into large scale cross­
laminated aeolian calcarenite. Sea-level indicators in th e
Tims Thicket Limes tone point to relative MSL during depo­
sition as 3.0 m above present (Table 4).

C ALC RETE HORIZON 2 S IT E NUMBER
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Myalup Sand Shelf: Quartz Sand Shelf

A narrow platform of quartz sand, termed Myalup Sand
Shelf, separates the Mandurah-Eaton Ridge from the youn­
ger Pleistocene limestone on the Yalgorup Plain. The quartz
sand platform is narrow, 1-2 km wide and 5-10 m high , flank­
ing the Mandurah-Eaton Ridge to the south . It bifurcates in
the central part of the plain. The eastern part can be traced
northwards as a unit 0.5-1 km wide and up to 5 m high , to
the central part of the area where it onlaps the limeston e
under Youdaland, and the western part can be traced as a
narrow ridge (see below). The contact of the quartz sand body
with th e Mandurah-Eaton Ridge and limestone of Youdal and
is sharp; the western contact with younger limestone also is
generally sharp. Overall, the shape of the sand body is nar­
row and long (Figure 5).

The Myalup Sand Shelf is underlain mainly by grey and
whit e quartz sand (Myalup Sand) that is ribbon-like (up to
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Youdaland: Older Limestone Beachridge Plain

The oldest limestone unit on the Yalgorup Plain forms a
narrow strip, termed Youdaland, in the central to northern
part of the area. The Youdaland is an undulating, low rela­
tive relief (6 m) plain , up to 3-4 km wide, that extends north­
south for 40 km. While the overall sha pe of th e un it is ribbon­
like , to the north it has the sha pe of a cuspate foreland within
which former beachridges, preserved now as low-relief cal­
crete-indurated calcarenite ridges, are evident on the surface.
The cuspate pattern of the former beachridge trends and the
complex cuspate accretion also are evident (Figure 5).

Youdaland is underlain by the Tims Thicket Limestone.
This formation is ribbon-shaped. It unconformably overlies
older Quaternary sediments at depth, pinches out unconform­
ably eastwards against sediments of the Mandurah-Eaton
Ridge, and pinches out down-dip (westwards) as a natural
synoptic surface (Figure 6). It is unconformably overlain by
the Myalup Sand filling a kar st surface cut into the lime­
stone. In the vicinity of Cape Bouvard, th ere is an out crop of
a former island (White Hill , Figure 5C) that ha s been "cap­
tured" within the former beachridge plain; but for the most
part, the offshore limestone ridge system that promoted the
formation of this cuspate foreland exists presently offshore as
the Bouvard Reefs.

Within the limestone under Youdaland, five types of facies
are present; in strat igraphic order these are, from top to base:
(5) cross-laminated to structureless aeolian calcarenite; (4)
laminated to cross laminated beach calcarenite; (3) laminated
and cross laminated marine calcarenite ; (2) bioturbated fo­
raminiferal calcarenite; and (1 ) shelly/bioturbated calcarenite
with seagrass as semblage biota.

The limestone type s are in sequence of shoaling, with sea­
grass bank lithofacies and the laterally equivalent sand wave
lithofacies passing up into the beach sequence and then into
the beachridge/dune sequence (Figures 6 and 7). Within th e
beach facies , the subfacies are also in a shoaling sequence:
trough cross-bedded calcarenite passes up into laminated cal­
carenite with Donax (a beach zone indicator), into calcarenite
with bubbl e st ructures, into stru ctureless calcarenite with

area to the north. Another occurs buried under Holocene
dunes to the south. Generally, there are no prominent lime­
stone ridges or rocky reefs, buried or otherwise, in the central
part of the area .

The Yalgorup Plain and adjoining areas are described be­
low in terms of the Pleistocene components as follows: (1 )
older limestone beachridge plain (Youdaland); (2) quartz sand
shelf (Myalup Sand Shelf); (3) quartz sand barrier ridge (My­
alup Sand Ridge); (4) younger limestone beachridge plain
(Kooallupland); (5) northern offshore limestone ridge (Bou­
vard Reefs); and (6) southern limestone ridge (Buffalo Reefs).
The disposition of these is shown in Figure 5. Their stratig­
raphy is shown in Figures 6 & 7. Each of these units is de­
scribed below as to its landform expression within the Yal­
gorup Plain, its eastern and western margins, stratigraphy
and contac t relationships, and other key features. The de­
scription of the Pleistocene landforms and stratigraphy is
provided without the Holocene cover.
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Figure 7. Detailed stratigraphy drawn from quarry facies of some of the facies in the Pleistocene limestone. (A) Beach to beachridge sequence (Transect
4, Site 2). (B) Seagrass facies, marine sand-wave facies , and beach to beachridge facies (Transec t 1, Site 4). (0) Rocky shore (Transect 2, Site 3). (E)
Synoptic surface of the seaward edge of the cuspate seagrass bank along Transect 8.
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10 m thick, 2000 m wide, and 40 km long). The stratigraphic
contact of th e Myalup Sand with th e Mandurah-Eaton Ridge
is difficul t to differentiate. The conta ct with the und erl yin g
Tirns Thi cket Limestone is sharp and unconformabl e, and
marked by prominent karst in th e limestone (Figure 6). The
contact with th e younger Kooallup Limestone is sharp and
un conform able. It was not gene ra lly possible to differ entiate
facies within the Myalup Sand, but locally th er e are carbon­
ate -rich layers 2-3 m below present MSL, and th ese may in­
dicate former shoreline deposits.

Myalup Sand Ridge: Quartz Sand Ridge

A narrow low ridg e of quartz sa nd, termed th e Myalup
Sand Ridge, sepa rates th e younger Pleistocene limest one on
th e Yalgorup Pla in from the older Tim s Thicket limestone.
The rid ge is some 500 m wide and 4-5 m high and cont inu es
as a narrow, straight sa nd ridge virtually to th e north of th e
area until it is terminated by th e cuspate protrusion of You­
daland. The ridge separates two depressions (linear wetl and
cha ins ). The eastern margin of th e ridge thus is th e shore of
a wetl and. The west ern cont act of the rid ge with th e younger
limest one is sha rp, but to the north, it is modified locall y by
reworking along wetiandJIake margins. Overa ll, th e sha pe of
th e sand body is narrow, long and stra ight (Figure 5).

The Myalup Sand Ridge is und erlain by a shoe-string body
of grey and white quartz sand (Myalup Sand), up to 10 m
th ick, 500 m wide and 40 km long, flanked by a variety of
sediments th at fill th e line ar depressions that bord er it. As
described above, it was not possible genera lly to differ entiate
facies within th e Myalup Sand, but locally th ere are th in car­
bonate-rich layer s; th ese are generally 2-3 m below present
MSL and may ind icate the rela tive level of th e Pleisto cene
sea at tim e of deposition. In th e depressions adjoining th e
rid ge, there is a variable suite of facies th at overli e quartz
sand: calcilut ite, shelly calcilutite , and shelly terrigen ous
mud (Figure 6). The st ratigraphic cont act of th e Myalup Sa nd
of the Myalup Sand Ridge with th e younger Kooallup Lime­
stone is sha rp and unconformable, with th e base of the lime­
stone truncating th e ridge-and-depression sequence within
the Myalup Sa nd, and the Myalup Sa nd underlying but
pinching out und er the Kooallup Limest one.

Kooallupland: Younger Limestone Beachridge Plain

The youn gest limestone on th e Yalgorup Plain crops out in
a narrow strip, termed Kooallupland, in th e southe rn to cen­
tral part of th e area. Kooallupland is a generally undulating
plain of low relative rel ief (6 m), with local prominent former
dune ridges up to 15 m high. It is gene rally 2-3 km wide and
exte nds north-south for 60 km . The terrain is bounded along
its entire east ern length by a sha rp, straight contact with
Myalup Sand. The western margin of th e landform usually is
marked by onla pping Holocene dun e or estuarine-lagoon de­
posit s; in gener al , however , th e limest one per sists in subcrop
beneath th e Holocene form ations. Where exposed, th e west­
ern margin of th e limestone terrain is one of three types: (1)

to the south it has natural geomorphic cus pate sh apes; (2)
the central part has a straight margin, with natural synoptic
relief preserved ; and (3) in local areas where it forms th e

Tabl e 4. Height of Palaeo-sealevel indica t OT S in Pleistocene limestones.

Tims Th icket Limestone - Pos it ion of Pal aeo-sealevel

Tr a nsect 1 site 7 3.0 m
Tran sect 2 s ite 14 3.0 m
Tra nsect 2 site 1:l :l.0 m

Kooa llup Limesto ne - Positi on of Pa laeo-sea level

Tra nsect 7 site 4 4.0 III

Transect 6 s ite 4 4.0 m
Transect 4 East site 4 4.;; III

Tr ansect 4 West s ite 2 4.;; III

Tra nsect :3 East s ite 3 4.0 m
Tr a nsect a West site 2 3.0 m
Tran sect 2 East s ite 6 4.0 m

eas te rn shore of Lake Preston th e bound ary is eroded. To th e
nor th , the west ern limit of th e limestone is obscured by Ho­
locene dun es, but th e outcrop sha pe and subcrop exte ns ion
ind icat e a genera l widening of th e limesto ne here to form a
(truncated) cus pate foreland. Thu s, while its overall shape is
ribbon-like, towards th e northern and southern extremities
it has th e shape of cus pate forelands. In th e southern and
central pa rts, form er linear dune patterns are evident as sur­
face features, and as for th e Youdaland hist ory, th e cuspat e
pattern of th e former beachridge trends, and the complex cus­
pate accretion also a re evident (Figu re 5),

Kooallupland is und erl ain with Kooallup Limeston e. Thi s
formati on is ribbon-shaped. It un conformably overl ies older
Quaternary sediments at depth and pinches out unconform­
ably to the eas t aga ins t th e Myalup Sa nd; to th e west , it
pinch es out down-dip as a natural synopt ic surface, or abuts
a buried rid ge tha t is th e exte nsion of th e Bouvard Reefs
syste m. In th e formation, six types of facies are present. In
stra tigraphic order , from top to base, these are: (5) cross-la m­
inated to stru cture less aeolia n calcarenite ; (4) lam inated to
cross laminated beach calcaren ite; (3) laminated and cross
laminated marine calcarenite; (2A) laminated sh elly calcar­
eni te/coquina; or (2B) shelly/bioturbated calcarenite with sea­
grass assembl age biota; and (1 ) shelly calcilutite .

Along Transect 2, th er e was a former inter-ridge marine
depression and deep water calcil ut ite accumula ted. In th e
ma in , th e limestone sequences exhibit shoaling; sea grass
bank facies, and the laterally equivalent sand wave facies,
are overl ain by beach and th en beachridge/dune facies. The
beach sequence sh oals from subti dal to suprat idal, with pres­
ervat ion of bubbl e stru ctures and shells of Donax, Sepia and
Spirula (Figu re 7). Sea level indi cators show relati ve MSL
during deposition was 4.5-3.0 m above present (Table 4): at
the beginning of deposition, relative MSL stood 4.5-4.0 m
above present, but during progradation it fell progressively
to 3.0 m above present.

An additiona l feature within th e Kooallup Limest one is a
south to north facies cha nge; to th e south, beachridge and
dune facies above the seagra ss bank and beach facies are
quartz sa nd rich; to th e north, the sediments are more car­
bonate-grain rich. Thi s transiti on is related to major input of
quartz sa nd from two sour ces in the south: erosion of th e
Mandurah-Eaton Ridge (with concomitant net nor thwards
longsh ore dri ft ), and the Collie, Preston and Brunswick river s
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which tra ns port qu artz from the dunes east of th e Mandurah­
Eaton Ridge.

Northern Offshore Limestone Ridge (Bouvard Reefs)

Th ere is a local shore-paralle l ridge of Pleis tocene lime­
stone, now la rgely eroded, formi ng a line of rocky reefs (the
Bouvard Reefs) some 4-5 km offshore, commencing in t he cen­
t ra l area an d exte nding northwa rds (Figure 5). Th e reefs
sta nd 10-20 m above the surroun ding seafloor, a nd the ir top
generally is c. 4-5 m below MSL, alt hough local pinnacles and
reefs exten d to within 1-2 m of MSL. Th e reefs are best de­
veloped opposi te Youda land where it is cus pa te . Portions of
this system are "capt ured" a nd bu ried by the Tims Th icket
Limestone and Kooallup Limestone. Outcrops of these reefs
on the Yalgorup Plain show upp er parts of the limestone to
be aeoliani te with calcre ted pipes and calcrete sheets; cores
show the limestone to be shelly at depth, and this shelly lime­
sto ne exte nds under th e Ma ndurah -Eaton Ridge. Where well
exposed, th e former islands a nd rocky reefs exhibit feat ures
such as shore platforms and rocky shore fauna (Figure 7; SE­
MEN I UK a nd JOHNSON, 1985 ). The stratigraphic relation­
ships of t he fossil rocky reefs and islands with Tims Thic ket
and Kooall up limestones are discordant and/or un conforma­
ble. Where the reefs had re lief, the older rocky reef limestone
rises ab ruptly, termin ating the seq ue nce of the you nger lime­
stone; where th e older limest one was plan ed, the contact is
indurated by calcre te and may have a hard-hottom fauna .
St ratigraphic re lationships also indicate th at th e limestone
of th ese ridges is older t ha n th e sediment th at comp rises the
Mandurah -Eaton Ridge.

Southern Limestone Ridge (Buried Buffalo Reefs)

A north-south ridge of Pleis tocene limestone is buried un ­
der Holocene dunes in the Buffa lo Road area, north Leschen­
ault Peninsul a (Figure 5). This ridge is located west to south­
west of th e Kooallupland cuspate fore land. Outcrop on the
Leschen au lt Penins ula west shore shows a calcreted aeolian
limestone with calcret ed pipes. Th e stratigraphic rela tion­
ships of the bu ried rocky reefs with Kooallup Limestone is
discordan t and/or unconform abl e; th e rocky reefs rise abrupt­
ly and ter minate the seque nce of the younger limestone (Fig­
ure 6), or th e contact between older limestone and Kooallup
Limestone is planed, with an indurate d calcre te d surface, of­
ten with hard-bottom fauna . Shelly limestone underlies the
rid ges, and stratigraphic rela tionsh ips again indicate that
th is limestone is older tha n the sediment that comprises the
Mandurah-Eaton Ridge.

INTERPRETATION OF THE PLEISTOCENE
SYSTEM

The overa ll history of the Yalgorup Plain records sedimen­
tation and progradation in a coastal setting, changes in sed­
imentation sty le from cus pate fore land and shoreface accre­
t ion to barrier formation, and alte rnation in sedimentatio n
from carbona te-rich to qu artz-rich.

As described ea rlier, th e various typ es of Pleistocen e geo­
morphology in thi s area have modern ana logues in coas tal

and marine environments in term s of plan shape and surface
morphology. Thus, cuspate margins to part s of th e Yalgorup
Plain have counterparts in the modern shore line, a nd pr om­
inent dune-lines on the Pleistocene plain also have counte r­
part s in the higher-th an-norm al dune lines on Holocen e
beachridge plains (SEARLE et al., 1988). Holocene cus pate
shores, thro ugh accret ion, deve lop th e dist inct ive complex in­
tern al features of beachridge plai ns , and the surface mor­
phology of parts of Youda land and Kooallupland exhibit this
type of beac hridge complexity. Th e lin ear r idge of quartz sa nd
(Myalup Sa nd Ridge) has geomorphic ana logues in the Ho­
locene, in open coastal settings, such as at The Coorong and
th e Leschenault Peninsul a.

The various stratigr aph ic sequences in the Pleis tocene
unit s also have ana logues in Holocene coastal and marine
environments in te rms of specific facies and biota, as well as
seq uences of facies. Thus, the Pleis tocene lithologic seq ue nces
have their counterpa rt in Holocene stratigraphic sections un­
der prograded sa ndy plains, recor ding sedimentary shoa ling
from subtida l seagrass facies an d sa nd wave facies to beach,
beachridge an d du ne facies.

Eac h of the Pleistocene limes tone and qua rtz sand forma­
tions accum ulated at a separate sti ll-stand of sea level , an d
are sep arated by prominent subaerial unconformit ies. Th e
evidence for this is as follows: (1) a maj or karst surface se p­
arates the 'I'irns Th icket an d Mya lup formations; (2) soils and
major stratigraphic truncation occur between Kooallup and
Myalu p forma tions ; and (3) each form ation has its own in­
ternally cons iste nt sea level history. Unconformities on car­
bonate formations are strongly calcre te d; those on quartz
sa nd formations truncate the underl ying stratigraphic se­
quences. Thus , the seq uence from Tims Th icket Limes tone to
Kooallup Limestone does not represent stages of coastal pr o­
gra da tion within the one interglacial st illstand, but rathe r,
three sepa rate marine transgressions within the Pleistocen e.

Th e progressive accretion from Youdal and to Kooallupland
thus records, with subae rial interruptions, various phases in
the Pleistocen e whe n carbona te pr oduction was mark ed and
coas ta l carbona te sediments were dominant, and when car­
bonate production was minimal and coastal qu artz sand was
dominan t , and records coastal sedimentation in cus pate fore­
lands an d prograd ed shorefaces, and sedimentation in coastal
barriers. Th ese phas es of carbona te pr oduction and sedimen­
tation wer e as follows (Figures 8 and 9): (1 ) Youd aland Stage:
marked carbona te pr oduction; prograda tion of the shoreface
and cus pate fore lands; (2) Myalup Sa nd Stage: minimal car­
bonate pr oduction; construction of sa nd coas tal platform and
barri er; and (3) Kooallupland Stage: marked carbonate pro­
duction; pr ogr ad ation of the shoreface and cus pate forelands.

It appears that progr ad ation was most marked in th is area
under two condit ions: where carbona te production was extant
(so that sufficient sedime nt was gene rate d to pr omote pr o­
gradation) and whe re the re was shelte r from open oceanic
conditions (i.e. , leeward of rocky reefs). When carbonate pro­
duction was low, quartz sa nd from southe rn part s of the hin­
terl and ridge was rework ed by coastal processes and mobili ­
sed northwards to develop shore-fringing sa nd platforms and
sandy barriers, but du ring this phase t here was no pro­
nounced coas tal accre t ion and progr ad ation.
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STAGE 1 : BUILDUP OF THE
MANDURAH-EATON RIDGE

STAGE 2: GROWTH OF
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Figure 8. Reconstructed palaeogeograph y during Pleistoc ene time . Stage 1: Building of the Mandurah-Eaton Ridge. Stage 2: During Youda land time.
Stage 3: During Myalup Sand Shelf and Myalup Sand Ridge time . Stage 4: Kooallupland time .
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STAGE 4 : GROWTH OF KOOALLUPLAND

Because of their variability in cementation and original re­
lief and hence variability in erosion rates, spatially and tem­
porally, it ha s not been possible to reconstruct the detailed
local effects of the offshore islands and reefs on the coastal
plain sedimentation into a palaeo-geographic synthesis.

The first stage of coastal history involved the truncation
and bulldozing of a low-relief plain of aeolian quartz sand
(SEMENIUK and GLASSFORD 1988) by a marine transgression
into a prominent coastal ridge to form the Mandurah-Eaton
Ridge. This ridge was then to form the hinterland for all later
events and was to be one of the sources of quartz sand for
later coastal sedimentation. The various later phases of
coastal carbonate sedimentation in this region would have
mobilised isolated carbonate-rich coastal dunes onto the ridge
and developed additional limestone lenses within the quartz
sand body (SEMENIUK and GLASSFORD, 1988). Thus the
ridge , initially formed as a quartz-rich coastal ridge, would
have accreted additional lenses of carbonate sand to develop
into the final quartz-sand-and-limestone-lens body that it is
today. The Mandurah-Eaton Ridge is curved, with a concav­
ity on its western margin; it is within this concavity that all
subsequent sedimentation has been localised. A reconstruc­
tion of palaeogeography at thi s time is shown in Stage 1 of
Figures 8 and 9.

The next stage of coastal sedimentation in this area in­
volved accumulation of the Tims Thicket Limestone to form
Youdaland. The system, on the basis of geometry, surface
morphology , stratigraphy and modern analogues is inter­
preted to be a seagrass bank deposit capped by beachridges.
Two types of landform had developed . Leeward of the Bou­
vard Reefs, the terrain was a cuspate foreland , with internal
complex structures of beachridges (Figure 5). Where the off­
shore ridges were less prominent, or absent, the terrain was
a shore-fringing sand shelf. In both situations, the sequence
of facies indicates that progradation was effected by sedi­
men tation and accretion under seagrass bank conditions and
shoaling to beach and beachridge environments. Complexi­
ties in the beachridge terrain (Figure 5C) indicates the pres­
ence of nearby islands and rocky reefs . A reconstruction of
the palaeogeography at this time is shown as Stage 2 in Fig­
ures 8 and 9.

Following development of Youdaland, there was a major
period of subaerial exposure, with weathering, calcretization
and karst development. The next stage of coastal history in­
volved construction of the Myalup Sand Shelf, as a deposit
reworked from the still exposed southern part of the Man­
durah-Eaton Ridge. This deposit was shore-fringing and es­
sentially a wave-built platform and coastal aeolian stru cture.
The sand was mobilised for a limited distance northwards to
onlap the northern Youdaland shore. Later, perhaps due to
a slight fall in relative MSL, or to a change in regional wind
patterns and hence wind-wave patterns, a sand body split
from the main Myalup Sand Shelf to develop a barrier, an­
chored to the north by the limestone headland of the You­
daland cuspate foreland and to the south by the exposed part
of the Mandurah-Eaton Ridge. It may have developed ini­
ti ally from an alongshore spit anchored to the Mandurah­
Eaton Ridge. Inter-ridge lagoons in this barrier setting were
filled with wetl and and lagoonal sediments, and the strati-

............... ., .

STAGE 1: BUILDUP OF THE MANDURAH - EATON RIDGE

STAGE 2: GROWTH OF YOUDALAND

STAGE 3 : GROWTH OF MYALUP SAND SHELF & BARRIER RIDGE

SEAGRASS BANK AND
BEACHAIOGE PAOOAAOAT1OH.

The distribution of the older Pleistocene limestone that
forms the offshore rocky reef trends indicates that there is a
gap between the Bouvard Reef trend and the Buffalo Reef
trend. Based on modern oceanographic patterns of south­
westerly swell and wind-wave driven coastal processes, this
gap would have been a site where a straight coast would have
developed , for two reasons: firstly, there are no offshore is­
lands/reefs to promote cuspate foreland coastal forms; and
secondly, uninterrupted swell and wind-wave trains would
have straightened the coast. Thus, the straight portions of
Youdaland, the Myalup Sand Shelf, the Myalup Sand Ridge,
and Kooallupland correspond to those sections of coast that
would have received swell and wind-waves through the reef
gap.

The reconstruction of the Pleistocene history in this study
is presented as follows: Stage I-coastal erosion of quartz
sand hinterland; Stage 2-shoreface, cuspate foreland sedi­
mentation-Youdaland; Stage 3-coastal sand formation­
Myalup Sand Shelf and Ridge; Stage 4-shoreface, cuspate
foreland sedimentation- Kooallupland; Stage 5- post-depo­
sitional, geomorphic modifications.

Figure 9. Reconstructed geological history Pleistoc ene time, showing
stratigraphic stages in the progressive building of the Yalgorup Plain.
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graphic syste m th at developed cons isted of a sand-ridge-and­
basin- filled suite . The stratigraphic re lationships within th e
Myalup Sa nd sh ow tha t th e barrier did not retrograde over
its assoc iated basin-fill sediments, indicating th at as a coast­
al st ruct ure it was essentially sta tic . Reconstruction of pa­
laeogeography at this time is shown as Stage 3 in Figures 8
and 9.

Anothe r peri od of subaerial exposure followed, and wit h
the return of th e next marine tran sgression , the Myalup
Sa nd was eroded and t ru nca ted by coastal processes. The fi­
nal stage of Pleist ocene coastal sedimentation in this area
then involved a return to carbona te production and accu­
mul ation of th e Kooallup Limestone to form Kooall upl and.
The sys te m, sim ilar to th at in Youdaland, is inte rpreted to
be a seagrass bank deposit capped by beach ridges. Again, two
types of landform developed . To th e north and south, leeward
of the Bouvard Reefs and Buffalo Reefs, respectively, th e ter­
rain remained a cuspate fore land, with internal complex
structures of beachridges (Figu re 5D,E). In central part s,
where the offshore rid ge was less prominent, or absent, the
terrain developed into a shore -fringi ng sa nd shelf. However ,
in th e central area, it is also clear, from the complex internal
patterns of bea chri dges , th at ea rl ier in the hist ory of the
plain , th ere were local effects du e to nearby islands: such
islands, or rocky reefs, would have developed complex cus­
pate coastal form s along the mainland, bu t later with marine
degrad ation of these islands and reefs, the coast would have
been more exposed and would have developed a straight
coasta l form. As for the evolution of Youda land, in both sit­
uations of cus pa te forelan d and shore-fringing sa nd shelf,
pr ogradation was effected by sedimentation and accretion un­
der seagrass bank conditions and shoa ling to beach an d
beachridge environments . A reconstruction of palaeogeogra­
phy at th is time is shown as Stage 4 in Figures 8 and 9.

Subsequent to Stage 5, the re was another relative sea level
fall , and the te rra in of Kooallupland was subject to weath­
ering, eros ion, calcretization and ka rstificat ion. The current
Holocene incursio n has resul ted in estua rine-lagoona l and
barr ier dune deposits th at partly bury the terrain of Youda­
land and Kooallupl and where th ey extend promin ently to th e
west. In addition, throughout the late Pleistocene and during
th e Holocene, th e whole Yalgorup Plain und erwen t ground­
water and fluvial modification to develop wetlands as fluvial ,
lacustrine and karst geomorphic over prints on the systems .
Wetl and developmen t has been most pronounced along th e
un conformity boundaries between th e various Pleistoce ne
landform uni ts. However , th is is th e subject of anot her study
(C.A. SEMENIUK and SEMENIUK 1995).

DISCUSSION & CONCLUSIONS

The resul ts of th is st udy provide several insights into th e
Quaternary hi story of the Swan Coastal Plain in southwest­
ern Austra lia . Th ese are discussed with respect to cha nges in
coastal sedimentation style through the Quaternary, facies
variation in th e limestones, age structure of the Pleist ocene
limestones, longevity of the offshore ridge, and positi on of
former sea levels.

Changes in Coastal Sedimentation Style

The pa laeogeographic an d stra tigraphic record for th e Late
Pleistocene to the Holocene indicates large changes in coastal
sedimentation style (both in term s of coasta l geomor phology
and lith ofacies patterns) thro ugh the Quaternary. Coastal
sedimentation style in te rms of geomorphology alternated be­
tween cuspate forelands, wave-built platforms, an d barriers.
Today, the Yalgorup Plain is th e Pleistocene hinterl and to
th e Leschenau lt-Preston coastal sector (SEARLE and SEMEN­
IUK 1985), a sector dominated by a Holocene barrier dun e
with an estua rine lagoon to leeward (SEMENIUK, 1985). Sed­
imentation in this sa me sector during th e Pleistocene mostl y
involved narrow, low relief beachridge plains overlying beach
and seagrass bank facies, simila r to the modern coastal zone
in th e adjoining Ca pe Bouvard-Trigg Island Sector to th e
north. The change from prograded beachridge plains during
th e Pleistocene to barrier dun e during the Holocene may re­
flect the progressive diminution of the offshore barri er
through cumulative marine erosion. The coastal set t ing an d
type of sediments accumulated during the Pleis tocene are
similar to Holocene beachridge plains elsewhere in th e re­
gion, i.e. th e Rockingham-Becher area; however , th ere are
differ ences, due mainly to the ancestra l geomorphic setting.
The differences are : ( 1) Pleistocene sedimentation took place
beh ind a barrier rid ge situated only 5 km offshore from th e
palaeo-hinterl and and form ed a narrow coastal plain 3-5 km
wide, whereas in the modern setting th e ridge is 10 km off­
shore and th e prograded plain is up to 10 km wide ; and (2)
individu al Pleis tocene depositi onal uni ts were later ally more
extens ive along the coast, covering a distan ce of at least 60
km , while the modern exa mple cover s a coastal length of 40
km .

Variat ion in coas ta l sedimentation style during th e Pleis­
tocene, in terms of lith ofacies patterns rela ted mainly to the
alte rnation of carbonate-rich and carbona te -poor sedimenta­
tion to form limest one forma tions and quartz sand bodies,
respectively. Thi s alternation may have been related to
cha nges in sea temperatur es. At this stage, th e age of the
Pleistocene units is unknown; and hence th e relationship of
th ese sedimentary patterns to a globa l chronology in relation
to 180 patterns also is unknown. Th is area, however , would
appear to warrant fut ure research.

Facies Variation in the Limestones

Variat ion in lithology with in th e Pleis tocene limest one is
mainly confined to the su bma rine facies . The beach and
beachridge/aeo lia n facies throughout the Tims Thi cket Lime­
stone and Kooallup Limest one are very simila r in structures,
sequence of st ructures, grainsize and fossil content, albeit
with variati on in quartz content from sout h to north , as men­
tioned above. While th e subma r ine facies present a generally
sim ilar sui te of fossil molluscan components, thei r st ructural
and tex tura l varia tion within the limestones (viz. , biotu rbat­
ed foram iniferal calcarenite , shelly/biotur bated calcarenite ,
laminated she lly calcare nite/coquina, and lam inated and
cross -la mina ted mar ine calcare nite ) would appea r to be pr i­
marily related to locati on within th e coasta l setting in terms
of protection from wave act ion. Protected areas accumulated
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sediment und er seagrass cover and would have contained a
complement of associated benthos which bioturbated th e sed­
iment, forming bioturbated/shelly and bioturbated fora minif­
era l rich sediments . Less protected areas with seagrass cover
may have had a similar faunal component, but more consis­
tent wave action would have resu lted in constant physical
reworki ng, forming laminated shelly calca renite/coquina .
Wave-agitated areas without seagrass cover, which perha ps
received sa nd mobilised from adjoin ing areas, developed into
megarippled and sand-wave envi ronments, forming laminat­
ed and cross-lamina ted calcarenite .

Two situations would lead to more, or less, exposure to
wave action: location in relation to the gap in the offshore
reef systems and height of the palaeo-sealevel. Exposure to
wave action thro ugh the reef gap would result in a dominance
of laminated shelly calcarenite/coquina and lam inated to
cross-laminated calcarenite in centra l areas of th e Pleisto­
cene limestone systems. A higher sea level would resul t in
more wave tra ins passing through the offshore reef system
an d hence a more wave -agitated shoreface along the mai n­
land shore. This would mea n that sediments of the Kooallup
Limestone, forme d with palaeo-sealevel 1.0-1.5 m higher
tha n those formed during deposition of Tims Thicket Lime­
stone , would be more exposed to wave action, and hence lam ­
inated shelly calcarenite be more abundant in the Kooallup
Limes tone. In fact, facies variation within the Pleistocene
limestone to a large extent reflect these two situations , with
wave-generated marine lith ofacies dominating the forme rly
exposed parts of the terrain of both Youdaland an d Kooallup­
land and dominating the southern Kooallup Limestone sec­
tions (Table 3).

Of course, there are nu merous other factors in addition to
wave exposure discussed above th at would contribute to th e
overall variability of sedimentation and geomorphic patterns
in this area, but these would be too difficult at this stage to
unr avel. The se additional factor s would inclu de: 0 ) the ef­
fects of palaeo-temperature of the marine waters, an d its in­
fluence on faunal diversity, productivity, and carbonate pro­
duction rates; (2) the rate of sedimentation as determined by
longshore transport , local carbona te product ivity and erosion
of the offshore reefs; an d (3) the sculpturing of coasta l form
as related to wind directions and prominence of offshore
stru ctures. A total picture balancing the combined effects of
sea level, ance stral palaeo-topography, climate, and local tec­
toni sm, however , is beyond the scope of thi s paper. At this
stage, much of the variability of submarine facies, in terms
of their geomorphic express ion, sedime ntary st ructures and
textures can be explai ned, as discussed above, simply in
terms of exposure to wave climate within the context of a
window to swell and wind waves betwe en the Bouvard and
Buffalo reef trends (Figure 8).

Age Structure of the Pleistocene Limestone

The reconstruction of palaeogeography, the st ratigraphic
relationships betwee n limestones under the Yalgorup Plain,
and the pre-exist ing aeolianites provide information on the
age st ructure of Plei stocene limestone in this coastal area.
The success ion of units within th e Yalgorup Plain show a
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Figure 10. Age st ruc tu re of th e Plesistocene limestone syste ms .
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westward accretion and hence a younging to th e west , and
thus th e youngest limestone in this area is th e most west­
ward , th e Kooallup Limestone. However , an older aeolianite
ridge that helped develop the sedimentati on style in thi s area
occurs as a distinct ridge line even further to th e west. The
relative age structure of the Pleistocene limestones in this
area is schematically illu strated in Figure 10 and indicates
that the successive ridges and units of th e Pleistocene need
not become younger progressively from east to west as ha s
been ass umed traditionally (e.g., McARTHUR and BETTENAY,
1960). Rather, the age structure and internal relationships of
lithologies within the Pleistocene limestones in this region
demon strate a more complex pattern than simple younging
of formations and landforms from east to west. Although th e
ance stral Mandurah-Eaton Ridge and the offshore Plei sto­
cene ridg e lines that formed th e geomorphic framework to th e
sedimentat ion on the Yalgorup Plain may have initially been
of similar relative relief, the seaward ridge with progressive
eros ion has been diminished. Ultimately, an offshore ridge
through erosion may become quite negligible in terms of
stratigraphic distinction, as evidenced in th e subdued/buried
ridges in th e south of the area, so that the original hinterland
rid ge and th e prograded sand plain become th e prominent
geological units.

Longevity of the Offshore Ridge

Two events can terminate th e effectiveness of offshore ridg­
es, erosion and burial. As describ ed above , th e limestone ridg­
es that stimulated growth of the Plei stocene cus pate fore­
lands have been diminished through erosion over time and
may now be able to trap only limited/isolated cusps of sand.
This rai ses questions as to how long the offshore ridges per­
sist as stru ctures that can influence coastal sedimentation.
The Bouvard and Buffalo ridge lin es exist ed before the build­
ing of th e Mandurah-Eaton Ridge. This points to th eir overall
antiquity. Furthermore, they have been subject to several
phases of marine erosion; during th is late Pleist ocene phase
of the Quat ernary in thi s area, it is app arent th at the sea
reached approximately th e same level during each transgres­
sion ; and the ridges functioned as offshore barrier s for each
of th ese episodes, and thus would have been subject to cu­
mulative effects of marine erosion. Yet they are st ill extant,
though diminished in size, or buried by Holocene deposits. In
fact , th ese offshore ridges could st ill function as rocky reefs
today, again localizing cuspat e foreland accretion in more or
less the sa me locality, dependent of course on th e height of
sea level. Hence they have to be viewed as long-term features
that can influence sedimentation patterns through several
marine transgressive phases in the Quaternary. However, if
cusp ate foreland progradation proceeds to th e extent that
th ese offshore ridges are "captured" by low beachridge plains,
then they can longer function as barriers; and any further
accretion would not be directed towards cuspate foreland sed­
imentation. Currently, the southern ridge that stimulated
growth of cuspate forelands in Kooallupl and is buried by a
Holocene barrier dune system. This Holocene cover is a large
r idge in its own right, and if it cemented and ret ain ed its

topographic relief, it would form a formidable barrier for th e
next transgression .

Position of Former Sea Levels

Sea level indicators with the Pleistocene formations sug­
gest that each stage of Pleistocene sedimentat ion took place
with a specific sta nd of sea level. During Youdaland time,
relative sea level stood at c. 3 m above present MSL. During
deposition of th e Myalup Sand, relative sea level stood at c.
2-3 m below present MSL. During Kooallupland time, rela­
tive sea level stood at c. 4.5-4.0 m above present MSL, with
a progressive fall in sea level following the initial transgres­
sion. The se sea level positions are relative, becau se it is not
known by how much , if any, tectonism has moved the se­
quences sinc e th e Pleistocene (cf SEMENIUK and SEARLE,
1986b; PLAYFORD, 1988).
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o RESUME 0
La plaine de Yalgorup est une plaine cotierc bien conservee, du Pleistoene tardif, situee dans le bassin de Perth, au sud-ouest de I'Australie. Sea succession de
se diments calca ires et si liciclas tiques montre qu 'au Pleistocene, le processu s sedi mentaire pa leo-cot ier a etcdomin o par d'et roites plaines littorales a cretes longi­
tudinales, qui se sont developpees sous la forme d'un ruban de depots littoraux et des caps incurves iI l'abri d'iles-barri eres calcaires et de recifs rocheux situes au
large. La clef de l'interprotation des sequences sedirnentai res du Pleistocene, de l'histoire des variations de niveau mar in dont elles temoigncnt, reside dans l'exarnen
des modelcs holocenes presents dans la meme region- en particulier dans la geomorphologic et la stratigraphic de types de cotes tel que dune-barr ieres, lagons­
estuarins et plaines littorales " cretes longitudinales et caps incurves de grandes dimensions. ainsi que dans la stra tigraphic iI petite echelle des sequences plage/
dunes. des sequences de pontes littorales, des cotes rocheuses et des banes d'algues.

La sedimentation s'est produite il l'interieur d'un chenal lineaire entre une crete et nne double rangce de recifs calcaires situes au large de la cote. A Yalgorup,
l'evolution en plaine coticrc s'est deroulee en plusiers etapes, liees a des periods de stagnation du niveau marin durant le Pleistocene: 0 1formation, au Pleistocene.
d'une premiere plaine littorale calcaire i. cretes longitudinalcs (Youdaland l, pendant laquelJe une accumulation de debris d'algues calciques a forme une plage ou
des cretes littoralesldunes: 12, accumulation de barrieres cot.ieres de sable iI forte teneur en quartz (plate-forme sableuse de Myalup et crete sablcuse de Myalup):
131formation d'une plaine littorale calcaire iI cretes longitudinales du Pleistocene plus recent (Kooallupland), dans laquello, Iii encore, l'accumulation de debris
d'algues calciques a forme uno plago ou des cretes longitudinal/dunes.

Deux ensembles de conditions ont determine une progradat ion plus marquee: uno intense production de carbonate de calcium accornpagnee d'un apport sedimentaire
suffisant, et un abri centre lcs trubulences de la haute mer, tel qu'une crete formant barriere. Lorsquc la production de carbonate etait reduite. Ie sable quart zeux
du sud de l'arrierc-cotc, refaconnc par les turbulences cotieres. a cte entraine vers lo nord, format une plate-forme sableuse Ie long du littoral et. une barriere de
sable, mais cette phase n'a ete marquee par aucune accretion et progradation sensible. Le resultat de cette etude onrichit notre connaissance de: I'histoire du Bassin
de Perth, sud-ouest de l'Australie, pendant le Quaternaire; les alternances de sedimentation calcaire et silicilastique en general; Ie controle exerce sur la geometr ie
des formations sedimentaires cotioros par la topographic preexistante; la duree d'existence des cretes calcaires dans la topographic preexistante; et la structure de
datation des plaines cotieros du Pleistocene.
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