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INTRODUCTION

The Busselton and Augusta 13250,000 Sheets,
S1/50-5 and S1/50-9, are bounded by latitude 33° and 35° s
and by iongitude 114°% and 115° 30' E. The maih towns of
Busselton and Augusta are 147 and 205 miles respectively by

road south of Perth.
PHYSIOGRAPHY

The area can be divided into four physiographic
provinces (see Figure 1): the Leeuwin--Naturaliste Ridge,
the Swan Coastal Plain, the Blackwood Area, and the Scott
Coastal Plain. |

The Leeuwin--Naturaliste Ridge ig composed of
Precambprian énystalline'rocks capped by laterite and sand.,
Along the coast, dune sand and limestone overlying the Pre-
cambrian rocks rise to 750 feet above séa __ie‘Vel° Theycoaét
between Capes Leeuwin and Naturaliste is a rugged retrograding
shoreline with small sandy bays between promongcries of
gneiss and limestone. Numerous caves are developed in the
limestone and many of them have abundant calcite format ions
(stalagmites, stalactites, helictites, and flowstone). Four
6f the caves have been opened for public inspection: iewel
Cave near Augusta, Lake and Mammoth Caves near Witchcliffe,
and Yallingup Cave. |
| The Swan Coastél Piéin is underléin by Quaternary
alluvium and littoral dunes, Along the coast of Gedgraphe Bay
there is a narrow belt of active dunes having lagoons on the
landward side, The plainé rise gently from the coast to an
altitude of about 150 feet at the foot of the Whicher Secarp.
This scarp separates the Swan Coastal Plain to the north from
the Blackwood Area to the south, it is an arcuate feature

with a relief ranging from about 300 feet in the east to about
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100 feet in the west., It runs froﬁ‘the Darling Scarp (east of

the mapped area), to the Leeuwin--Naturaliste Ridge.  The

-Whicher Scarp was once thought to be a fault scarp;, but it is

now believed to have been formed by marine erosion during the
Pleistocene.

The Blackwood Area consists of undulating htilg of
Mesozoic sedimentary'rocks capped with laterite and sand. The
maximum elevation of aboﬁt 500 feet is reached in the Whicher
Range, immediately south of the Whicher Scarp. |

The Scott Coastal Plain is a low-lying swampy region,
with remnants of dunes which form scattered hills and ridges,
and a belt of lithified and active dunes along the coast, The
swamps have resulted from the blocking of thé drainage by the
coastal dunes, The coast of Flinders Bay is actively prograd-
ing at present, |

The Swan Coastal Plain and part of the Leeuwin--
Naturaliste Ridge are cleared for dairying and for grazing
beef cattle, The Blackwood Area is covered with Jjarrah forest,
mainly State forests which support an important timber-milling
industry. The eastern fringe of the dune limestone between
Margaret River and Augusta supports karri forest, and the dune
limestone opposite the eastern part pf the Geogfaphe Bay bears
a tuart forest, Elsewhere the dune sand and limestone is
generally scrub covered and undeveloped,

The climatelis warm with a high rainfall which is
largely restricted to the winter months (see Table 1). Ohly
three rivers (the Margaret, Blackwood and Scott Rivers) flow

permanently.
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TABLE 1
Ciimatic data for the Busseitoh—eAugusta area (based on records

of 56 years or more)

g Average dailyomean
ifean rainfall (inches) emperature ( F)

November-{April ovember- gprn -

Marph : October fTotal March cto ber
Busselton s.10  l29.68 |s2,78} 67.1° 56,4°
Cape Leeuwin 4.58 33.96 38,54 ] 66,2° 59,3°
Cape Naturaliste [4,94 27.35 [32.29] 66,9° 58,2°
Margaret River 4 .58 41,51 46,69

GEOLOGICAL INVESTIGATIONS

An early account of the geology of the dune Iiﬁe—
stone between Capes Leeuwin and Naturaliste was given by
Simpson (1902)., Saint-Smith (1912) later described the whole
of the area covered by the Busselton--Augusta Sheet. Since
then particular aspects of the geology have been deséribed by
various workers: the dune limestone by Fairbridge and
Teichert/(lsss), the iron ore by de la Hunty (1962) and Gregson
(1962), the heavy mineral sands by MéMath (1951), Low (1960);
and Welch {(1964), and the Mesozoi& sedimentary rocks by
Fairbridge (1953).

In 1963 R, C. Horwitz and I. Gemuts mapped the Pre-
cambrian rocks of the Busselton-Augusta Sheet, and D. C, Lowry
mapped the younger sediments under the supervision of P. E,
Playford, Horwitz prepared the parts of these notes dealing
with the Precambrian rocks and he made use of petrological

notes by Gemuts,

STRATIGRAPHY

PRECAMBRIAN

Crystalline rocks of Precambrian age are restricted

to the Leeéuwin Block. Outcrops are best on the coast, and
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along Hardy Inlet and the Margaret River.

Wilson (1958) has separated them from the bulk of
the Archaean of the Precambrian of Western Australia and
suggests that they have been affected by a younger Precambrian
metamorphism,

Four layered units have been distinguished. Their
order of superposition along the coast in the Cape Leeuwin
region is (from lowest to highest): the coarse-grained
granulite, the granite-gneiss, the basic granulite, and the
medium~gra ined granulité. The graniteégneiss occurs elsewhere
at different stratigraphic levels and intrudes locally into
the other units, It is thus best considered as the youngest
unit,

As noted by Prider (1954). there are no basic dykes

in the region.

Coarse-grained granulite

The coarse-grained granulite is foliated and has
coarse dark hands and segregations., In the hand specimen, it
is a white, saccharoidal rock with biotite and amphibole
defining the folia, Thin-sections show that coarse plagioclase
feldspar (bytownite) is predominant and is associated with
dark-brown hornblende and sphene. The dark bands are composed
of dendritic hornblende and black opaques,

‘The unit is more than 200 feet thick and is overlain

by granite,

Basic granulite

The basic granulite is a dark, banded rock. It
occurs in bands each about 100 feet ﬁhick. It is a medium-
gra ined, amphibole and amphibole-pyroxene rock; orthopyroxene
oecurs in areas with the highest grade of metamorphism,

In the Cape Leeuwin region the basie¢ granulite

occurs as a single band above the granite; further north,'it

occurs as several bands which appeér to be restricted to the
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lower part of the medium-grained granulite,

Wilson (1958) examined this unit at Bunker Baj (east
of Cape Naturaliste) and suggested that it might be a meta-
morphosed basic intrusive rock. If this is correct, the basic
granulite ié younger than the other granulites, but still

oclder tlan the granite-gneiss,

Mediur-grajined granulite

The medium-grained granulite is a grey rock,
gra~itic In composition and well foliated and banded., Some
rands are richly garnetiferouso It is more than 2,000 feet
thick; and is the highest unit exposed, Torming with the

8ranite-gneiss, the bulk of the Precambrian in this region,

Granite-gneiss

The granite-gneiss is widely distributed throughout
tﬁe area. It usually occurs as concordant bodies. FHowever,
locally it can be discordant and intrusive, for example at
Cowaramup Bay; where it éontains numerous xenoliths of basic
granuliteo The granite;gneiss at the contact with these rafts
is contaminated and more melanocratic.

The granite-gneiss is pink biotite rock and is
usually well foliated. In sectiumn, the rocks are seen to be
composed mainly of potassic feldspar and perthite with
subordinate plagioclase., The quartz is granulated and strained,
A specimen from a locality where the granite-gneiss is
intrusive shows a predominance of potassic feldspar, minor
plagioclase, and subordinate "basketwork" perthite; quartz is
ubiquitous and myrmekitic ihtergrowths usually occur at the
quartz-feldspar interface. Brown hornblende, magnetite, and
cordierite are accessories,

The granite-gneiss is present as a sheet at the top
of the coarse-grained granulite} other sheets occur throughout

the sequence above this contact.A North of Augusta, along

Hardy Inlet, a single pod of granite-gneiss whs observed in the
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coarse~grained granulite. The main sheets are about 1,000

feet thick,

JURASSIC -~ CRETACEOUS

Yarragadee Formation

Sedimentary rocks of Upper Jurassic to Lower (reta~
ceous age, correlated with the Yarragadee Formation, unéerlie’
the Quaternary deposits of the southern part of the Perth
Basin, The rocks do not crop out in the ares and are krown
only from bores and wells. |

The rocks are weakly lithiried¢ sandstone, silistone,
and shaie, with minor lignite and pyrite. The thickest
section penetrated is 1,712 feet thick in the Abba River No. 1
Bore, ©Dalme (in Low, 1958, p. 31) found a Lower Cretaceous
microflora in the upper part of the bore and zn Upper Jurassic
microflora in the lower part. Palynclogical examination of
samples from two wells (9 miles'east, and 9 miles northeast of
Margaret River) by Edgell (1963b) showdd that the sediments
there are non-marine and of Lower Cretaceous age. The forma-
tion is believed to be largely a fluviatile deposit, but the
upper (Lower Cretaceous) part also includes naralic sediments.
It probably overlies a thick sequence of Middle to Lower
Jurassic, Triasssic, and Palaeozoic rocks,

The Mesozoic stratigraphy ¢ the southern part of
the Perth Basin was first outlined by Fairbdridge (1953) who
proposed the name Capel River Group for the ssquence compris-
ing the Donnybrook Sandstone, Blackwood Shale, Fly Brook Shale,
and Warren River Sandstone., According to this subdivision,
the Mesczoic sediments of the mapped area would probably |
belong to either the Fly Brook Shale or che Elackwood Shale,
However, these two units are poorly defined and seem to be
iithologically indistinguishable, The only Valid fofmation in
Fairbridge®'s Capel River Group appears to be the Donnybrook

Sands;oneg which occurs to the east of the mapped area, There-
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fore the group name and the other formation names have not
been used. The sequence is referred to the Yarragadee Forma-
tiongta thick continental and paralic deposit defined in the

northern part of the Perth Basin (McWhae and others, 1958) .

Bunbury Basalt

The. Bunbury Basalt is a tholeiitic basalt flow which
occurs in a qprthwsouth belt along the eastern side of the
Perth Basin south of Bunbury, and extends westwards into the
southern parl{ of the mapped area, It has been examined petro-
logically by several workers including Edwards (1938) and
Trendall (1963). The basalt crops out in two small areas on
the Busseltun--Augusta sheet; at Scott River, and on Hammersley
Road, 12 miles to the northeast, These outcrops are in the
form of scattered boulders lying in soil, but better exposures
to the east of the mapped area (e.g. at Black Point) reveal
well=-developcd columnar jointing. Thg subsurface distribution
of the basali has been inferred from aeromagnetic and gravity
surveys (Fel:man and Lane, 1963). The basalt has been encount-
ered in Abb: River No, 3 Bore between 179 and 219 feet, and in
three seisnic shot holes 6 miles north of Lake Gingilup.
| In hand specimen, the basalt is dark grey, and is
commonly porphyritic and vesicular. In thin-section, the rock
is seen i) be either porphyritic or microporphyritic. The |
phenocry:ts are glomerocrysts of andesine crystals with oscill-
atory zoning in the composition range An56-62’ and having a
marginaj vone of labradorite (about An45)° The groundmass is
made ur of laths of labradorite, grains of pyrbxene (pigeonite
where determinable), glass, and épaque minerals (Trendall,
1967 .

The Bunbury Basalt may represent a single lava flow
wkich spread across the southern part of the Perth Basin,
‘rhe'antcrdp at Scott River is separated from the main body of

basa't. However, as the two bodies are petrologically very

similar, they were probably once continuous and were separated
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by erosicn., The age of the Bunbury Basalt haé been detevmiﬁed
as Lower Uretaceous by palynoiogical methods, The mo 8¢
precise determination i8 that of Edgeli (in Emmenegger, 1963):
from the Eaton No., 1 Bore, where he found that the sediménts“
both above and below the basalt had the same microflora which

is "Lower Cretaceous, possibly Upper Neocomian" in age.

Quindalup Beds

The name "Quindalup Beds" 1is proposed for the glau-
conitlc sediments encountered in bores and‘wei;s,12~m11es weét
of Busselton, Insufficient is known of the lithology and,
stratigraphic relationships of the unit to name it as a forma-
tianak The name is taken from the Quindalup railway giding
and the type section is designated as the beds between 10 feet
and 2§ feet in thé well on Sussex Location 182, sltuateq loé
miles north-northeast of the siding. The section in the well
(after Simpson, 1951) is as follows:

0-10 feet Quartz sand, white and yellow,

10-17 feet Greensand, composed of glauconite, siderite,
and calcite, with minor quartz ahd garnet,
(1.86 per cent acid-soluble potassium oxide).

17-21 feet Glauconitic clay, composed of glauconite,and
kaolin. (4.2 per cent acid soluble potassium
oiide). |

. 21-25 feet Greensgnd, ¢omposed of’glauconite and qugrtz
with minor kaolin. (2.22 per cent acid-
"soluble potassium oxide), | |

Descriptions by property owners and drillers
indicate that the glauconitic sediments (mostly shale and
siltstone, with some sandstone) attain a maximum thickness
of 110 feet. The unit is known from an area of about 3 square
miles, It may grade laterally into dark shale. ,There is an
isolated occurrence of a glauconitic sand in a bore 5 miles

to the south over the intervals 26 to 29 feet and 32 to 46
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feet which ﬁay represent the Quindalup Beds, although there
are no reports of glauconite in bores in the intervening area.

A sample of glauconitiec silt from a depth of 15 feet
in a well 1,200 yards southwest of the type section was
examined by Edgell (1964), who reported microplankton, spores
and pollen indicating an Albian to/Aptian age, The unit is
overlain by 10 to 20 feet of Quaternary sand, and is thought
to be underlain by, and to interfinger with, the Yarragadee

Formetion,
PLEISTOCENE

Podzolised sand dunes

Podzolised sand dunes are found 1 to 9 miles inland
;n belts parallel to the coast of Flinders Bay and Geographe
Bay, and also oecur in a small area § miles.northwest of
Augusta, parallel to the Leeuwin--Naturaliste coast. The
dunes are now composed of leached, well-rounded quartz sand
which overlies ferruginous laterite developed close to the
present water table. They are thought to have formed in the
middle and late Pleistocene,

The dunes can still be recognised by their topo-
graphy, although they have been modified by streams which have
cut through the dunes, and by rain and groundwater which have
reduced the relief by dissolving out calcium carbonate. These
older dunes are believed to have once been strongly célearéous,
resembl ing the dunes‘forming at present, and the quartz sand
that remains after leaching of the calcium carbonité may be
only a small part of the original volume of the dunes,

The podzolised dunes on the Swan Coastal Plain are
associated with a series of podzolised Pleistocene beach
ridges and foredunes. There is a large area of podzolised
dune sand parallel to the coast of Flindere Bay, but the |

ancient strand line ‘associated with it has not been recognised.
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Fodzelised beach ridges and foreau.. s

A series of beach ridges and associated foredunes
accumulated during successively lower still-stands of sea |
level during the Quaternary, The deposits are preserved 1nl
narrow bands on the Swan Coastal Plain parallel to the coast
of Geograrhe Bay and range up to 250 feet above pfesent sea
level (see Figure 2 and Table 2). Since their}accumulation,
all but the two youngest bands have been leached (podzolised)
by acid groundwater, in the same manner as the Pleistocene
dunes, The succession of deposits provides an interesting :
record of the progressive alteration of the initially calcar-
eous éand (see Table 2)., There is no corresponding set of
littoral deposits discernible on the Scott Coastal Plain
although there is a possible occurrence of a single foreddne
at an altitude of about 90 feet north of Lake Gingilup,

The physiographic conditions existing in Geographe
Bay at intervals during the Quaternary were favourable for the
concentration of heavy minerals in the beach ridges and fore-
dunes, Ilmenite is the dominant heavy mineral, but there ére,
also gaénet, zircon, and monaiite, and traces of rutile,
epidote, cassiterite, sillimanite, spinel, staurolite, tourma=
line, and kyanite.

The internal structure of the deposits can be seen
in excavations for heavy minerals at Capel and Yogﬁnup (3
miles and 5% miles east of the mapped area). At these local-
ities a basal beach conglomerate is overlain by 2 or 3 feet
of concentrated mineral beach sand, and this in turn is over-
lain by about 20 feet of less-concentrated foredune mineral
sand. The basal conglomerate 1n the Yoganup pit is made ﬁp
of pebbles and cobbles of weathered quartzite. The conglom-
erate at Capel includes boulders of kaoliniséd Bunbury Basglt
in addition to cobbles of quartzite, |

Abundant molluse casts occur in deposits isolated

from the main beach ridges at two localities. Seven miles
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southwest of Busselton at an altitude of 80 feet, they occur
In a massive vesicular sandy laterite, and 5 miles southwest
of Busselton at an altitude of about 30 feet they occur in a
ferruginous sandstone, The shells probably accumulated as a
beach deposit, and Edgell (1963a) regarded them as being
Quaternary in age, The region is tectonically stable and it
is likely that the strand-line movements were purely eustatic,
so that comparison with elevated depoéits and terraces in
other countries could provide an accurate dating of the various
beach ridges. Unfortunately the elevation data on the still-
stands represented by the Quaternary deposits of the Busselton
area are not sufficiently precise to make such correlations
with confidence, However, it is possible that the four lowest
deposits correlate with the Flandrian, Epi-Monastirian, Late
Monastirian, and Main lMonastirian interglacial sea levels of
the European standard., The Yoganup deposit may corrglate with
the Milazzian or Tyrrhenian sea levels, and the highest
(unmapped) deposit with the Sicilian sea level. If this is
correct, the mapped)podzolised beach ridges and foredunes rénge
in age.from'the‘M1ndélwkiss Interglacial period to the'end of

the Riss-warm Interglacial period.

Podzolised alluvium .

N ~ Part of the Swan Coastal Plain, and some small
terraces along the Blackwood River are built of Pleistocene
alluvium which has later been podzolised. The surface is
covered with gquartz sand (usuaily fine to medium-grained, and
subangular), and below ihe surface a ferruginous laterite is
developed close to the present water table. The Swan Coastal
Plain appears to be underlain by about 20 feet of{sénd, silt,
and clay, but the thickness of thesevdeposits is uncertain
because the boundary between the alluvium and the underlying
Yarragadee Formation is difficult to recognise.

Deposition of alluvium on the plains has probably

occurred intermittently since the sea last retreated from the
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Whicher Scarp, that is, since the iindel-Riss Interglacial

period.

Coastal Limestone

The Coastal Limestone consists_dominantly of eolian
calcarenite, but also included in this unit are minor oeccur-
rénces of marine limestone, fossil so;l, and beach conglomer-
ate. A shelly limestone near Geographe Bay is sufficiently
widespread to be mapped as a separate member,

The eolianite is best developed along the coast
between Capes Leeuwin and Naturaliste, where it is piled on
Precambrian rocks to a height of 750 feet above sea level and
is possibly as muéh as 500 feet thick, The limestone is also
developed in a belt parallel to the coasts of Flinders Bay
and Geographe Bay,

The eolianite is made up largely of rounded; frosted
quartz sand together with 10 to 90 per cent calcium carbonate
sand. Minor constituents include feldspar, sponge spicules,
and heavy minerals. The carbonate fraction (approximately 5%
magnesium carbonate and 95% calcium carbonate) is made up of
comminuted molluscé and calcareous algae, and foraminifera
(Fairbridge, 1953).

The conversion of a loose calcareous sand into a
hard limestone begins soon after the dune aécumulates. The
movement of meteoric water through the sand causes a redistria
bution of calcium carbonate. The mass of the dune becomes
lithified, and below the water table both lithification and
cave formation by solution take place (Bastian, 1964),

A hard ﬁcap rock' of secondary calcium carbonate is
in places exposed on the older dunes, and in others it is
buried to a depth of 10 feet beneath red or grey leached quartz
sand, Two conspicuous features of the Coastal Limestone are
strong cross bedding and the occurrence in some areas of hard,

ramifying, tubular structures caused by calcification around

tree rootsg,
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Fossll soil horizons are exposed in some of the
coastal cliffs and caves, and have been described at Hamelin
Bay by Fairbridge and Teichert (1953)., They also deseribed a
beach conglimerate at Cowaramup Bay (the "Céwaramuvaonglome
erate") szid to have formed when the sea wasFSFtofls feet
higher tlan present. Similar conglomerates occur at Bunker
Bay (up to 30 feet above presént sea level), and northwest of
Cape Lieuwin (10 feet above present sea level), but it is
doubted that these small lenticular bodies warrant the status
of formations,

A succession of dunes of different ages within the
Coastal Limentone can be recognised at different places along
tlie coast, but correlaiion from one area to another is hot yet
possib!e. The fossils containedzin the Coastal Limestone all
belong to Specles found living along the .coast and the forma-
vticu is clearly of Qualernary age. A more precise age of the
Cnastal Limestone can be deduced from the elevation of wave-
cut platforms and marine members, and Fairbridge and Teichert

- (1953) and MbAbthur and Beltenay (1960) concluded that the
oldest limestone was formed during the First Wurm Interstadial
period. However, the presence of podzolised beach ridges and
dunes that probahly date back to the Riss~M1nde1.Interglac1a1
period éhow that, although conditions did not permit its
preservation, eolian limestone was formed much earlier thén
the First Wurm Interstaiial,

- Spelean deposits containing the remains of extinct
marsupials were found in two caves in the Coastal Limestone
nes> Margaret River: Mammoth Cave (Glauert, 1948) and Strong's
fave (Cook, 1963). |

They include Nptotherium, Phascolomys hacketti (a

wombat), Thylacoleo (the "marsupial lion"), Zaglossus hacketti

(a large echidna), Sthenurus occidentalis (a kangaroo-like

marsupial), and Protemnodon anak (a large wallaby). The

remains of several other marsupials which are now extinct in

the vicinity of the caves but live in other parts of Australia
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were also found. They include Phascolarctos cinereus (the
Koala), Sarcophilus harrisi (the Tasmanian devil), Thylacinus
cynocephalus (the Tasmanian wolf or tiger), and Setorix
brachyurus (the quokka).

A member of the Coastal Limestone is distinguished
on the map south of Busselton., It is a narrow band of lime~
stone which qontalns abundant shells of marine molluscs, and
in one locality, heads of coral, It is thought/to be a beach
deposit which was formed when the sea level was about 8 to 15
feet higher than at present, possibly during the Epi-Monastiriean

high sea level of the Pleistocene.

PLEISTOCENE - RECENT

Laterite and associated quartz sand

Laterite and associated quartz sand are widely

developed in the Busselton~~Augusta area. Limonitic laterite
covers hills underlain by Mesozoic and Precambrian rocks, and
the sand that once covered the laterite has been washed into
the valleys. These areas are mapped as "Laterite and associa-
ted quartz sand, undifferentiated". The laterite is part of a
dissected soil profile that was originally as follows:
podzolic quarté sand 10 feet approximately
ferruginous laterite ‘5 feet approximately
weathered rock 20 feet approximately
unweatheréd roek
Dissection is deep enough in some places on the
Leeuwin--Naturaliste Ridge, to expose unweathered Precambrian
rock beneath the laterite, but where laterite is developed on
Yarragadee Formation, dissection is nowhere sufficlient to
expose the formation, and the slopes below the laterite are
mantled with soil and laterite debris, The laterite is massive
and vesicular, or pisolitic.

The age of the oldest dissected laterite in the
mapped area is believed to be Pleistocene, contrary to the
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usual belief that laterite in Western Australia formed in the
Tertiary. The dissected laterite conforms to the present
topography, and with the possible exception of the lower part
of the Margaret River, there has been no ma jor deepening of
stream valleys since its formatidn. In flat parts of the
Leeuwin--Neturaliste Ridge (for examp1¢ near Cowaramup and
Witchcliffe), the laterite has undergone little dissection
and in some places it occurs close to the water table., Thus
in most areas the dissected laterite is thought to have foémed
during the Pleistocene, but in small parts of the Leeuwin--
Naturali:te Ridge a Receht age is more likely. The climaté
18 thoﬁght to have a controlling influence on the development
off laterite, and as the climate of the area probably fluctuated
during the Pleistocene_glacial and interglacial periods, the
conditions suitable for laterite formation are likely to have
occurred several times, ‘

Laterite is forming today in many areas of Plelsto-
cene sediments.‘ It is developed at the water table and is
overlain by quartz sand formed by podzolisation of the sedi-
ment. The origin of the Pleistocene sediments cah be deduced
from the character of the sand and from the geomorphology of
the ideposits, and they are subdivided into alluvium, beach
ridz;es, and dunes. The Recent laterite is described in this
gection in order to 111ustra£e the development of the older
dissected laterite, as they are believed to have similar
grigins,

At Scott River, Recent laterite is particularly
well developed in dune sand, It is classed as an iron ore and
contains up to 54,6 per cent iron (de la Hunty, 1962). Excava~
tions show that the laterite is about 5 feet thick and is
tinderlain and overlain by sand composed of medium to coarse~
grained, well-rounded, frosted quartz grains. The overlying
quahtz gand is usually a foot or two thick, but in some
places it has been washed off. The vesicular laterite

encloses small pockets and channels of sand, and it econtains
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limonitiec pseudomorphs of charcoal fragments similar to those
found in the soil after a present-day forest fire, The upper
surface of the laterite ié flat and the lower surface inter-
fingers with the underlying sand; these surfaces roughly coin-
cidé with the upper‘and lower limits of the annual fluctuation
of the water table. The dunes are believed to have once been
calcareous before acid groundwater leached out calecium carbon-
ate and deposited limonite., In other regions, laterite is
generally thought to be an illuvial soil horizon formed by the
precipitation of iron oxides leached from the material above.
However, the development in the Scott River area of a high
concentration of iron is what was once a clean quartz —calcium
carbonate sand shows that lateral movement of groundﬁaten was
important in transporting the iron, probably from the older
dissected laterite of the Blackwood Area.

Laterite is also developned at the present water
table in the Pleistocene alluvium which forms parts of the
Swan Coastal Plain and the terraces along.the Blackwood River.
The lateritg developed in alluvium tends to bé more clayey and
sandy than in adjacent dune sand of the same age, The higher
concentration‘of iron in the dune sand is probably due to its
greater pebﬁeahility; but it céuld be due to the reaction of
the grpundwater with the calcium carbonate originally present
in the dune sand. The following section through laterite is
exposed in a large well 2 miles southwest of Carbunup which is
used for irrigation and is regularly pumped dry:

" 1 foot: White clayey sand

2 feet: Mottled light-yellow and gfey, sandy clay
with laterite nodules.

1 foot: VWeakly lithified laterite with light-grey
sandy clay

4 feet: .Méssive vesicular laterite with fossil
wood, becoming-léss strohgly lithified

| towards the top
14 feet: Light grey med ium-grained clayey sand
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The lowest level of the water table at this locality
during the summer is close to the top of the massive laterite, -
and in winter it is at the ground surface, Similarly in other
parts of the Busseltbn Plains, the lowest annual level of the
water table (attained in March or April) is at the tép of the
laterite or within it, The precise relationship varies from
one area to another, possibly because of a recent alteration
ln the water table due to thetclearing and draining of the
land for farming. Water drawn from wells sunk through laterite
is acidic, and hydrated iron oxides are precipitated on
aeration of the water, )

The close adjustment of the laterite to ihe present
water table in Pleistocene alluvium, dunes, and beach ridges
indicates that the lateritisation has occurred during the
Recent, and the high iron content of the ground.water suggests
that the process is continuing at the present time. The
process of lateritisation is not fully un§ersbood, but it lé
generally agreed that eiimate has a controllihg influence.

The features of the climate in the Busselton—~Augusta area

(see Table 1) are its warmth and the occurrence of a moderately '
heavy rainfall restricted to the winter months, It is likely
that these conditions are also typical of those under which

the older laterite formed.
RECENT

Sand dunes_and beach ridges

Dunes of calcareous sand which are in places mobiie
and in others fixed by vegetatibn, are developed intermittently
along the coast. The largest dune mass is the Boranup Sand
Patch near Augusta which is about 200 feet thick énd covers
more than 2 square miles. Accumulations of heavy minerals
(notably garnet, ilmenite, and zircon) are present in places

in the foredunes and beach ridges along the coast of Geographe
Bay and between Capes Leeuwin and Naturaliste,
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Lagoonal and estuarine deposits.

Deposits of clay and silt have filled lagoons and
estuaries behind the shoreline of Geographe Bay in Recent
times, There are several square miles of low-lying land where
bores and wells intersect about 20 feet of these deposits,
consisting of black mud and silt with lenses of shells and

partly decomposed plant remains.

Alluvium
Alluvial deposits of Recent age are developed on thé‘

flood plains‘of the larger rivers, The deposits are generally

about 20 feet thick, but are probably considerably thicker

along the lower reaches of the Blackwood River.
STRUCTURE

There are two main structural elements in the area
mapped: the Leeuwin Block of Precambrian rocks, and the

Perth Basin. These are separated by the Dunsborough Fault.

LEEUWIN BLOCK

Gentilii and Fairbridge (1951) referred to the B
ridge of Precambrian rocks between Capes Leeuwin and Natural-
iste as the'"Leeuw1n~Naturaliste~Horst".‘ However the aeromag-
netic survey indicates there is no fault on the western side.
The term "horst' is therefore inappropriate, and the name
"Leeuwin Blbck" is proposed,

All the Precambrian rocks are tightly folded. Fold
gxes trend north in the Cépe_Leeuwin area, swinging to north-
west in‘the north, Réversal of the plunge of folds is

frequent, resulting in a pattern of domes and basins,

PERTH BASIN

The eastern part of the mapped area lies at the
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southwestern extremity of the Perth Basin, and its structure
is broadly known from geophysical surveys conducted by the
Bureau of Mineral Xesources or subsidised under the Common-
wealth Petroleum Search Subsidy Acts: seismic, Lodwick
(1962) and Frankovitch (1964); aeromagnetic, Qdilty~(1963);
and gravitj, Thyer and Everingham (1956) and Felcman and Lane
(1963) . Cross-section A-B is based on the detailed surveys |
of Frankovitch (1964) and Felcman and Lane (1963).

The surveys show that the southern part of the Perth
Basin 18 a graben bounded by the Darling Fault on the east and
the Dunsborough Fault on the west. Théy indicate a maximum
thickness in the mapped area of about 2b,000 feet of gently
dipping or‘horizontal.sedimentary rocks, disrupted by several
large‘raults.

" The Dunsborough Fault s believed to be the largest
fault in the area, It was first recognized by Woodward (1917)
and its eXistence has since been confirmed by geophysical
surveys. The fault has no topographic expression except at
its southern end where it is marked by a weak scarp that
extends from 5 miles to 10 miles north of Augusta. Felcman
and Lane (1963) calculated from gravity data that the th:ow
of the fault ranges from about 15,000 feet near Rosa Glen to
about 10,000 feet near Augusta.

Near Rosa Glen, the Dunsborough Fault is joiﬁed from

the north by the Busselton Fauit,,which for ‘most of its |
length lies roughly parallel to the Dunsborough Fault and 10
miles to the east of it, Six miles further north, the
Busselton Fault is joined by the Wirring Fault which.aléo has
a northerly trend and lies mid-way between the other two.
The Wirring and Busselton Faults were mﬁpped by Féiéman ahd
Lane (1963) and confirmed by the seismic survey of Frankovitch
(1964) ,

South of Rosa Glen,’gravity and aeromagnetic data

indicate the presence of another fault (the Alexandra Bridge
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Fault) approximately parallel to the Dunsborough Fault and 6
miles to the east of it, AlI these faults are thought to havé
a normal east-block~-down displacement of severai thousand Teet.
, The aeromagnetic survey suggests a large north-south-
trending fault with west-block-down displacement passing to
the east of Busselton. Gravity and seismic surveys confirm
the existence of this fault (the Darradup Fault) in the south-
- ern part of the area, and indicate that its throw increases
southwards to reach 5,000 feet near Flinders Day.

The early tectonic history of the Perth Basin in the
mapped area is virtually unknown., Deposition of the thieck
Yarragadee Formation marked an important period of subsidence
and deposition from the Upper Jurassic to the Lower Cretaceous.
The Bunbury Basalt possibly reached the surface by way of the
Darling Fault, and its eruption in the Lower Cretaceous may
have marked a period of movement on the fault, Sinee the
Lower Cretaceous there has been no major subsidence in this
part of the Perth Basin, Movement on the Dunsborough Fault
is believed to have ceased shortly before the close of
déposition of the Yarragadee Formation., The younger part of
the formation_apparently laps over the fault on to the Leeuwin
Block; three bores each about a third of a mile west of the
position of the fault as determined by the gravity survey
penetrated between 20 and 70 feet of sediment without reaching
basement, There is no evidence of later tectonism, and it
seems probable that the area has been stablé since the Lower

Cretaceous,

ECONOMIC GEOLOGY

UMNDERGROUND WATER
The main regicns of farming are the Swan Coastal

Plain and the Leeuwin--~Naturaliste Ridge.  More than 1,400

wells in this area, § to 30 feet deep, draw supplies of 1,000
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to 2,000 fallons per day for stock and domestic use. On the
Swan Coastal Plain the wells draw water from the laterite and
the kaolinised zone, or from the underlying Yarragadee Forma-
tion. In some instances shalléw'wells having poor yields
because of low permeability have been successfully replaced
by excawations 10 to 20 feet deep and about 20 yards across.
On the Leeuwin--Naturaliste Ridge, wells sometimes ohtain
water from‘the‘lateriﬁé and the underlying weathered zone, or,
more commonly, from sand that has washed from hillsides and
accumulated in ﬁhe valleys.

In the Perth Basin, water is readily obfained»from
the Yarragadee Formation, Drilling suggests that the sediments
are markedly lenticular. It has not been possible to trace
individual aquifers from one bore to another, and the suecess
of a bore depends on whether it intersects a suitable porous
sand. More than 120 bores are used for farm supplies and it
. ‘can be seen from the following data that they have an average
depth of about 60 feet, and that the bores haﬁe rarely had to
be drilled beyond 150 feet to obtain supplies of 1,000 to
2,000 gallons per day.

‘Depth 30 - 50 feet: 39 bores

51 - 70 feet: 37 bores

71 - 100 feet: 20 bores
101 - 150 feet: 20 bores
more than 150 feet: 7 bores
The quality of water from bores and wells in this

part of the Perth Basin is almost always suitable for stock,
- and is usually suitable for domestic use, although the iron
conient is sometimes objectionably high. The groundwater of
the Leeuwin--Naturaliste Ridge is usually potable, although
in one area at least (Augusta township) some Wells.yield water
too saline for domestic use,

Large supplies of water are available from the

4

Yérragadee Formationg Busselton is supplied by several bores
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about 500 feet deep which give artesian flows of up to 15,000
gallons per hour. Geological and hydrological data are
available on four exploratory water bores supervised by the
W. A. Geological Survey; Milne Street Bore (Passmore, 1962)
and Abba River Bores Nos. 1 to 3 (Low, 1958),

Because of the large number of wélls and bores in
the mapped area, only those nmentioned in the‘text are shown

on the map,

MINERAL BEACH SANDS

Heavy minerals are being miased from small d;posits
in the Recent beach ridge and dunes near Wonnerup. The
ilmenite is sold and at present the remaining heavy minerals
(garnet, and small quantities of zircon and monazite) ére
being stockpiled, Other heavy mineral deposits of eeohomic
value possibly exist in the mapped area: the Pleistocene
beach ridges near Capel and along the foot of the Whicher
Scarp are being mined a few miles to the east of the map
boundary. Ilmenite (for the preparation of paint pigment) is
the most important mineral, but zircon, monazite, rutile,

and leucoxene are also separated and sold.

LIMESTONE

Large quantities of calcium carbonate are available
along the coast in the form of lime sand and limestone.
Haphazard sampling (see Simpson, 1948) indicates that these
deposits are suitable for fertiliser, but little else. The
lime sands are easier to mine than the limestone, and most of
the sampling has been carried out on sands, It is estlmdted
that there is some 500 million tons of eésily won sand having
a calecium carbonate content of 74,3 t6 83,0 per cent in the
largest deposit, the Boranup Sand Patch.
o The °cap rock®’ on the Coastal Limestone has a much

higher proportion of calcium carbonate than the limestbne on



which it is developed, and is as high as 95,3 per cent at
Margaret River, butkit is unlikely to be of commercial value

‘because of its irregularity in thickness and grade.

PETROLEUM

Geophysical surveys carried out in the part of the
Perth Basin covered by the map have shown the presence of a
considerable thickness of sediments and have indicated that
there are several structures with indications of closure
(Frankovitch, 1964). Not enough is known of the subsurface
stratigraphy to predict whether or not suitable source and
reservoir rocks are present in the area, However the sirati—
graphy is expected to be similar to that in the northern and
central parts of the Perth Basin where petroleum has been
discovered (oil and gas at Yafdarino, and gﬁs at Arrowsmith

and Gingin).

LATERITE

The Recent limonitic laterite at Scott River is
sufficiently rich in iron £o have warranted investigation as
an iron ore (de la Hunty, 1962; and Gregson, 1962). It
appears that there are some 50 million tons of ore containing
about 30 to 40 per cent iron, but at present the deposit is
not regarded favourably because of the discovery of much.
larger and richer depoéits elsewhere in Western Australia.

P;solitic laterite developed over Mesozoic and
Precambrian rocks is taken from mahy shallow pits in the

Busselton--Augusta area for use as road building material.
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TABLE 2 - QUATERNARY BEACH RIDGES AND FOREDUNES OF GEOGRAPHE BAY
Approximate . ‘
Elevation Lithology Location Comments and References
Unconsolidated calcareous{On the present coast Mined for ilmenite at Wonnerup. "Quindalup

"0 = § Teet

sand

Desg-
"Recent dune sands

System" of McArthur and Bettenay (1960).,
cribed in these notes under
and beach ridges"

10 - 15 feet

Shelly limestone

1% miles south of Busselton

Correlated with "Spearwood System" of McArthur
and Bettenay (1960). Described in these notes
under "Coastal Limestone",

25 feet

Podzolic guartz sand Prominent ridge on eastern side{Mined for ilmenite at Capel, 3 miles east of the
(approximatelyﬂoverlying laterite or of Geographe Bay, running close|mapped area. Correlated with "Bassendean System”
ferruginous sandstone to Ludlow ?f Mc?rthur and Bettenay (1960). See also Welch
1964
80 feet Podzolic quartz sand 1% miles south of Quindalup Developed on western side of Geographe Bay

(approxlmatelyﬁoverlying laterite or

ferruginous sandstone

Railway Siding

130 ~ 150 feet

Podzolic quartz sand
overlying laterite.
Ilmenite largely altered
to leucoxene

|Developed along foot of Whicher

Secarp

Mined at Yoganup, 5% miles east of the mapped
area. Correlated with "Ridge Hill Shelf" of Mce
Arthur and Bettenay (1960)., See Welch (1984) and
Morgan (1964), :

250 feet
(approximately)

Laterite

Part way up Whicher Scarp

Erosional remnants too small to map. "Middle

Escarpment Shoreline' of Welch (1964)
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TABLE 3 - STRATIGRAPHIC COLUMN - BUSSELTON AND AUGUSTA 1:250,000 GEOLOGICAL SHEETS ‘
- e v — \!‘
Age ym-{ Name or short Thickness Lithology Remarks Stratigraphic
bol description Relationships
Recent Qra Alluvium 20 feet Mud, silt, and sand Formed along major river| Unconformable on Mesozoic
(maximum) courses and Precambrian rocks
Recent Qrg agoonal and‘est- 20 feet Dark mud and silt Formed parallel to Unconformable on Mesozoic
arine deposits |(maximum) Geographe Bay coast and Precambrian rocks
Recent Qrs Eand dunes and 200 feet |Calcareous sand with |Mined for ilmenite at Unconformable on Mesozoic
each ridges {maximum) | heavy mineral depos- |Wonnerup and Precambrian rocks;
its in some areas disconformable on Coastal
Limestone
Recent-early Ql aterite and ass-|15 feet |Massive and pisolitic|In most areas, sand Formed on Mesozoic and
Pleistocene ociated podzolic (maximum) | ferruginous laterite |which formerly overlaid | Precambrian rocks
quartz sand and quartz sand the laterite has been
eroded and redeposited
in valleys
Late Pleistocene |Qpc [Coastal Limestone|500 feet |Eolian calcarenite Unconformable on Mesozoic
(maximum) |with minor occurren- and Precambrian rocks
ces of fossil soil :
and beach conglomer-
ate
helly limestone (20 feet Shelly limestone
ember ( max imum)
Late-middle Qpa [Podzolised alluv-|20 feet |[Podzolic quartz sand Ferruginous laterite is |Uneonformable on Mesozoic
Pleistocene fum (maximum) | - developed beneath the and Precambrian rocks
surface and is adjusted
to the present water
, table ,
Late~middle Qpb [Podzolised beach |50 feet Podzollic quartz sand A?erruslnous laterite is |Unconformable on Mesozoic
Pleistocene 1( max imum) developed close to the |and Precambrian rocks

idges and fore-
dunes ,

present water table




TABLE 3 (continued)

Page 2

x

Qpd

50 fTeet PPodzolic quartz shnd

e

survey s

Late-Middle Podzolised sand : Ferruginous laterite is | Unconformable on Mesozoic
Pleistocene dunes ( max imum) developed close to the |and Precambrian rocks
. present water table
&owép Cretaceous Quindalup,ﬁeds 110 feet Flauconitie sand, Does not crop out Probably overiies and
- (Albian-Aptian) ( maximum) sil%, and shale interfingers with the
Yarragadee Formation
Lower Cretaceous |K1b |Bunbury Basalt |40 feet [Tholeiitic basalt Subsurface limits infer-|Underlain and overlain by
( maximum) red from geophysical Yarragadee Formation

Lower Cretaceous

Yarragadee Form-

JKy

more than Fandstone, siltstone

Does not crop out

Upper part laps on to Pre-

=Upper Jurassic ation 1,712 feet] and shale cambrian rocks on margin
of basin. Relationship to
older sediments of Perth
' Basin is unknown
peg |Granit e~gneiss In sheets Medium-grained, pink |Occurs in sheets Intrusive into Precambrian
of 1,000' {foliated potash feld- rocks: broadly concordant,
(maximum) [spar and plagioclase, locally discordant
iotite, quartz rock
pém [Medium-grained 2,000feet , Highest unit 4in region,
granulite (minimum) |grey, medium-grained, Concordant and possibly

Precambrian

Banded and foliated
lgranitic roek

interfingering with coarse

-gral ned granulite

ban-
of the ed amphibole and
order of mphi. bole-pyroxene

100 feet

In bands Medium-gradined,
ock

Could be a metamorphosed
basic igneous rock, in
fwhich case it is older
than p€g and younger
than pGm

zConcordant,'

In between
coarse-grained granulite
and medium-grained granu-

{lite

péb [Basic granulite
pGc [Coarse-gra ined
ranualite

200 feet

' anded coarse~grained
(minimum)

hite rock with dark
ands and segrega-
ions

|Lowest unit in region
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