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The aim of this Urban Geology series is to provide information for
those concerned with aspects of raw material and water supply, rural,
urban, industrial or transport development. The intention is to point
out factors which may affect planning on a broad, rather than a speci-
fic, basis. Detailed site investigation will still be required, but it is hoped
that this information will provide a useful framework for such further
work.

The bulk of the 718 km? covered by the Roebourne sheet area is
used for stock grazing; Woodbrook station occupies much of the cen-
tral portion of the area, which also includes parts of Mount Welcome,
Karratha, Warambie and Cooya Pooya stations. Roebourne town site,
which covers some 14 km?, is the only settlement on the sheet. The
North West Coastal Highway and the Cape Lambert-Pannawonica rail-
way cross the sheet area from west to east and north to south respect-
ively.

The geology of the Roebourne 1:250 000 sheet, which includes
the Roebourne 1:50 000 sheet, was mapped by Ryan, Kriewaldt, Bock
and Horwitz of the Geological Survey of Western Australia in 1962-3
(published, 1966). The 1:50 000 sheet was remapped in 1976 by
Archer of the Survey, using 1:50 000 topographic base maps and 1971
and 1972 aerial photography. With minor modification, the Precam-
brian map units of earlier mappers were used. Additional text data were
provided by relevant sections of the Geological Survey.

PHYSIOGRAPHY

The Roebourne area is broadly divided into the physiographic units

shown on the inset map. Four of the units occur within the sheet area.
A small area of coastal mud and samphire flats in the northeast are
submerged only by exceptionally high tides. The coastal plain is gen-
erally flat lying or of low relief, but includes coastal dunes. The iso-
lated hills division includes rugged or rounded volcanic hills and ranges,
steep ridges of banded chert, and a variety of other hilly landforms
formed by outcrops of Precambrian rock. The dissected uplands com-
prise the partly eroded plateau in the south formed by the Cooya
Pooya dolerite, and rolling or rugged ranges of hills in places deeply
incised by narrow valleys.

STRATIGRAPHY

Throughout the mapped area rocks of Archaean and Proterozoic
ages crop out, in places thickly mantled by Quaternary sediments or

capped by Tertiary laterite. An active cycle of erosion and sedimen-
tation is occurring in the major river valleys, especially in the lower
reaches.

PRECAMBRIAN

Archaean

The undifferentiated metamorphic complex contains a wide
variety of metasomatised and hybrid rocks, all metamorphosed to

varying degrees. Metabasalts, amphibolites, and altered ultramafic
rocks predominate, but granitic and mafic gneisses, felsic and inter-
mediate volcanic rocks, and metasediments also occur. It is not, how-
ever, possible at a scale of 1 : 50 000 to subdivide this complex because
of marked variations in lithology over short distances, both horizon-
tally and vertically. Small shear zones and quartz veins commonly

occur in this unit.

Intruding the metamorphic complex and underlying much of the
plain east of Mount Gregory are bodies of leucocratic granite.

Although local variation is common, the granite is typically an equigra-

nular, coarse-grained, pink or pale grey rock ranging from adamellite

to granodiorite in composition. Minor shear zones and veins of quartz
or quartz-feldspar are common. The granite is generally massive to
weakly foliated, but in the area south of Native Hill and Fulbrook

Wells, a body of strongly foliated granite-gneiss has been identified.

The rock is lithologically similar to the leucocratic granite, but has a
higher proportion of ferro-magnesian minerals, and contains relicts of

older rocks.

Between the western edge of the sheet area and Mount Gregory,
a zone of hybridized basic rocks has been recognised. The hybridi-
zation has resulted from the invasion of basic elements of the metamor-
phic complex by a contaminated, medium- to coarse-grained meso-
cratic blue-green granite. The typical rock type observed is a coarse-

grained quartzo-feldspathic amphibolite.

The dominant rock type of the complex of ultramafic rocks,
south of Roebourne, is serpentinite, probably after peridotite. Ser-
pentinized mafic rocks and coarse-grained amphibolite also occur
commonly, and small bodies of altered anorthosite have been ob-
served. Alteration of the original mafic and ultramafic rocks to form
talc schists and chlorite schists has occurred in several localities, and
seams of chrysotile, rarely exceeding a few centimetres in thickness,
are common, particularly in the area south of Mount Hall. In this same

area, the ultramafic rocks contain many pegmatites, and associated

aplite and granite dykes. Some individual dykes exceed 500 m in
length, although the width is generally only of the order of 5 m. Finely
disseminated beryl and spodumene occur in some of the pegmatites,

and small quantities of lepidolite, zinnwaldite, tantalite, cassiterite and
columbite have also been recorded.

The basic and intermediate volcanic rocks (the Regal For-
mation) include a variety of unaltered to metamorphosed volcanic
rocks, pyroclastics and other sedimentary rocks. The predominant
rock types are altered basalts, some spilitic; intermediate volcanics
including minor dolomite horizons are also common. The basalts are
generally dark blue grey or dark green grey, and are composed of
augite, hornblende, feldspar, and accessory pyrite. Epidotization is
widespread. The intermediate volcanics are paler, blue grey or green
grey and have been identified as andesites and dacites; both basic and
intermediate volcanics have been metamorphosed to various degrees,

and greenish- to dark-grey amphibolites are widespread; some are

cleaved, others schistose or massive. Shear zones and quartz veins are

common.

A number of other rocks notably metasediments, felsic volcanics,
pyroclastics and ultramafic volcanics occur interbedded with the basic

and intermediate volcanics. Generally the interbedding is too fine to be

mapped at a scale of 1:50 000. However, two sub-units have been iden-
tified, and where possible they have been distinguished on the map. The

chert and clastic sediments sub-unit occurs at or near the base
of the Regal Formation. As a result of their greater resistance to ero-
sion, the chert horizons are more conspicuous, and form steep sided

ridges. However, they are interbedded with a variety of sedimentary

rocks which have undergone some dynamic metamorphism, and are

generally poorly exposed. Cherts are varicoloured, but predominantly
white, grey, or black, and are finely laminated to massive. Clastic rocks
and metasediments that have been identified include conglomeratic

and schistose quartzites, calcareous schists, fuchsite schists, amphibole

schists, tuffs, silicified ash, and some dolomitic horizons. Small quartz
veins are common, and are generally parallel to bedding. Close to the
Sholl Shear Zone, west of Bradley Well, and south of Fulbrook Well,

the rocks have been intensely mylonitized and brecciated.

In the south of the Roebourne sheet area a felsic volcanic

sub-unit of the Regal Formation has been identified. The predomi-
nant rocks are medium-grained, porphyritic rhyodacites and dacites,
and acid to intermediate tuffs. Intercalated with these rocks are basic
volcanic and amphibolite horizons. The tuffs are commonly inter-
bedded with silicified siltstone and chert horizons, some of which

form prominent topographic features.

The Cleaverville Formation forms prominent northeast-tren-

ding ridges in the northwest of the Roebourne sheet area, and also
crops out in a faulted block east of Woodbrook. A banded iron-for-
mation, it consists mainly of very fine-grained grey, black and white
cherts, shales and jaspers, interlaminated with hematite. Other less
abundant sedimentary horizons include blue dolomitic siltstone,
weathered tuffs and quartzites. Leaching and silicification of ferrugi-
nous laminae has produced some massive quartz horizons. Micro- and
macro-tectonic effects and quartz veining are common. The high iron
content distinguishes this formation from the lower chert and meta-

sedimentary sequence described above.

Large irregular intrusions of gabbro crop out extensively in the
western and northern parts of the sheet area. The rock is a dark-green,

medium- to coarse-grained, metamorphosed, augite-plagioclase gabbro.

Its age is not precisely known, but it only intrudes the metamorphic

complex, the ultramafic rocks and the Regal Formation, and from the
degree of metamorphism and alteration, it is assumed to be Archaean.
In some areas, where it intrudes basic volcanic rocks of the Regal
Formation, the gabbro is not mappable as distinct intrusive bodies.
This is particularly true in the area southwest of Eight Mile Well,
where there are a number of diffuse gabbro bodies. In general, how-
ever, the gabbro is typically more massive and less sheared than the
enclosing volcanic rocks.

A large gabbro intrusion at Roebourne has in turn been intruded
by melanocratic granite, an even-grained, hornblende-rich rock,

ranging in composition from adamellite to diorite, and containing

gabbro xenoliths.
Proterozoic

The Mount Roe Basalt unconformably overlies the Archaean
succession, and forms a series of high dissected hills over much of the
southern part of the sheet area. The basalt is a hard, blue-grey rock
composed of plagioclase and pyroxene, and traces of sericite, epidote,
chlorite and secondary silica, all of which indicate a low metamorphic
grade. It is typically massive, columnar and amygdaloidal, and com-
monly contains distinctive stellate clusters of feldspar phenocrysts.

Thin horizons of pyroclastic and intermediate volcanic rocks occur

throughout the basalt, but west and northwest of Lockyer Gap, ande-
sitic lavas are common, interbedded with basalts.

URBAN GEOLOGY OF ROEBOURNE SHEET

At three localities the Mount Roe Basalt has been intruded by
bodies of coarse-grained, dark blue-grey gabbro.

South of Fulbrook Well, the base of the Mount Roe Basalt is
marked by a white to buff coarse-grained sandstone. A conglo-
merate formed of rounded fragments of Archaean rocks in a coarse
sand matrix is exposed at the base of the sandstone in some locali-
ties, and a few siltstone and tuff horizons occur higher in the
succession. Much of the sandstone has a kaolinitic matrix which
suggests that it was originally an arkose.

The Cliff Springs Formation conformably overlies the Mount
Roe Basalt. The dominant rock is a medium- to coarse-grained, buff or
greyish-brown tuffaceous, micaceous sandstone.

Tuff, greywacke, and shale are also present. The base is locally
marked by conglomerate ; agglomeratic horizons are common at the
top. The strata are generally poorly bedded; dips are typically gentle.

The Cooya Pooya Dolerite is a black, strongly altered, massive
and layered, coarse-grained, mafic dolerite composed of relict clino-
pyroxene, serpentine (after olivine or orthopyroxene), some saussuri-
tized plagioclase, secondary chlorite, and traces of trydimite. Local
acid segregations are common. The dolerite occurs as a sill intruded at
the boundary between the Cliff Springs Formation and the Kylena
Basalt, a massive, amygdaloidal, columnar basalt, which is only re-
presented on the Roebourne sheet by scattered outcrops on top of
the Cooya Pooya Dolerite, too small to be mapped at a scale of 1:
50 000. The dolerite contains disrupted blocks of the Cliff Springs
Formation.

Dolerite dykes cut all Precambrian rocks, and some dykes
are sufficiently resistant to stand proud of Quaternary sediments.
They tend to occur in association with faults and commonly trend
northwesterly. The dolerite is medium to coarse grained, melano-
cratic, and often contains disseminated pyrite.

Undifferentiated

Quartz veins crop out at various localities in the Roebourne
sheet area, but, with the exception of a vein south of Lead Mine Well,
are not conspicuous. The age of the veins is unknown, but they are
only seen to cut Archaean rocks. The quartz is massive, crystalline
and opaque, and varies in colour from white to pale grey.

CAINOZOIC
Tertiary

Laterite caps several chert ridges and mesas in the area between
Five Mile Well and Paradise Well, and probably represents the eroded
remnants of a more extensive cover. Most occurrences are of hard,
rubbly, pisolitic or massive, reddish-brown rock, up to 3 m thick.
Lateritic rubble on the steep slopes of the ridges obscures the under-
lying geology. However, on an isolated mesa 3 km southwest of Five
Mile Well, a more complete profile is preserved. Beneath the hard
cap, a softer, brown or orange, earthy laterite overlies a kaolinitic
pallid zone. Some laterite outcrops were observed at other localities
in the sheet area, but are too small to be mapped at this scale.

Quaternary

Calcrete commonly occurs as thin sheets or encrustations around
hills of Precambrian rocks, and throughout the coastal plain—typically
one to two metres below surface—as nodules and discontinuous beds
underlying Quaternary sediments. Discontinuous sheets of calcrete
crop out along the flanks of some creeks in the Roebourne sheet
area, particularly those draining areas of basalt, dolerite and gabbro
outcrops. This concentration reflects the relatively large amount of
calcium carbonate weathering from basic rocks. Impurities in the
calcrete are iron oxides, quartz and varied amounts of clay.

The red-brown silty sand which forms the flat-lying to gently
undulating “‘red soil plains’’ includes a variety of sediments. The sand
is generally composed of unsorted to poorly sorted, fine to coarse,
frosted, angular to sub-rounded quartz grains; and small, but signifi-
cant, quantities of limonite, feldspar and rock fragments. Grain size
and silt content vary considerably, and small amounts of clay and
gravel are commonly present. Pebbles, cobbles and boulders of ad-
jacent and/or durable bedrock occur throughout; in places they com-
pletely cover the surface following erosion of finer material. This
latter feature is particularly common near the foot of the Cooya
Pooya Dolerite scarp. Local lithological variations strongly suggest
an eluvial origin for most of the sand. For example, in areas under-
lain by granite, the sand is formed predominantly of medium to coarse,
sub-angular quartz and feldspar grains; whereas over the Cliff Springs
Formation, it is distinctly buff, as opposed to red-brown, in colour.
However, in and adjacent to the floodplains of the Harding River and
its tributaries, extensive alluvial reworking of the sediments has
occurred. In these areas, the surface is traversed by numerous gravel-
filled drainage channels, many of which are too narrow to be mapped
separately as alluvium. Although the silty sand is dated as Pleistocene,
some Holocene reworking of the surface material may have occurred
locally.

Two sub-units of the silty sand have been identified, and mapped
where possible. The clayey sand is distinguished by its much higher
clay and silt content, and the almost complete absence of coarser sand,
gravel or pebbles. It is typically dark brown, and has a complete cover
of wild grasses,as opposed to the patchy spinifex cover which predomi-
nates on the silty sand. The presence of expansive clay minerals has
caused the widespread development of crabholes. The clayey sand
occurs only in the floodplains of the Harding River and its tributaries,
and is presumed to have been deposited by slowly moving or still wa-
ters. Some eolian reworking of the clayey sand has occurred.

Reworking of the silty sand has led to the formation of an
eolian sand sub-unit. It is a pinkish-brown, medium-grained, sub-
rounded, slightly silty quartz sand, and occurs as small circular or
elongate accumulations on a ‘floor’ of red-brown, very silty sand. These
‘dunes’ are generally less than 2 m high and 20 m long, and vary from
widely scattered to interfingered. In the latter case, an almost complete
cover of eolian sand is common. The silty sand floor has scattered
pebbles of Precambrian rock in some localities.

Marked lateral variations in lithology over short distances are
common in the coastal plain and, in many areas, separation of the sub-
units is impracticable. The silty sand should therefore be considered as
commonly containing minor elements of clayey or eolian sand.

Colluvium is widespread on hill slopes in the area, but has only
been mapped where it forms a major topographical feature, typically
as scree slopes on the flanks of chert ridges and on the sides of valleys
dissecting the Cooya Pooya Dolerite plateau. The material is unsorted,
ranging from clay particles to angular and sub-angular boulders of the
parent rocks. The size and quantity of coarse fragments decreases
away from bedrock outcrop. Some areas mapped as colluvium include
small outcrops of Precambrian rock.

Alluvium occurs in all watercourses, and ranges in width from
less than a metre to more than 500 m. The sediments range from silt
and silty sand, particularly in embayments in the lower reaches of the
Harding River, through coarse sand and gravel, to accumulations of
cobbles and boulders, which predominate in the higher reaches. Marked
variations in lithology are common in braided sections of the Harding
and East Harding Rivers, particularly downstream from Woodbrook
Homestead.

The quartz sand occurring northeast of Roebourne Aerodrome is
pinkish beige, fine to medium grained and sub-angular to sub-rounded.
It forms a thin patcay cover fringing the coastal mud flats, and shows
some evidence of mixing with material derived from the red-brown silty
sand. The quartz sand contains a few shell fragments, and is believed to
be a decalcified variety of the younger coastal shell sands.

The Holocene shclly sand is buff to pale brown, fine or fine to
medium grained, and sub-angular to sub-rounded. It contains numerous
shell fragments and a few whole shells, and gives rise to a flat-lying to
gently undulating topography, although distinct dune crests are discer-
nible in the more northerly occurrences of this unit.

The mud and silt unit is currently being deposited within the
intertidal zone, and recently in the supratidal zone. It ranges from
brown and black mud, through grey-brown silt, to brown and mottled
silty sand all heavily salt impregnated. Much of the supratidal zone has
a thin dusting of wind-blown shelly sand, and colonization by samphire
and other halophytes is common.

STRUCTURE

The structural trend of the Archaean rocks is easterly to north-
easterly; dips are generally steep. The older Archaean rocks (the meta-
morphic complex, ultramafic, hybridized, and granitic rocks) are ex-
posed in the core of a broad anticlinorium, whose axis runs north-
northeasterly, approximately through Black Hill Well. The northeaster-
ly trending axis of an asymmetric syncline runs through Five Mile
Well. The strata on the southern limb are steeply dipping, and in
places overturned, those on the northern limb have much gentler
dips. Another large northeast trending syncline has been identified
in the south part of the sheet area, the axis passing through Pump
Well. Within all these Archaean structures, small-scale folding is wide-
spread, and overturning is common.

The Proterozoic rocks unconformably overlie the Archaean. Dips
are generally gentle (southwesterly to southeasterly), but in the area
around Mount Ada, dips are irregular and, in places, steep.

A major zone of dislocation, the Sholl Shear Zone, bisects the
sheet area from east to west. Intense shearing, brecciation and my-
lonitization mark its location in the east and west, but it is obscured
by Quaternary sediments in the central part of the area. The shear
appears to have a large sinistral displacement. In the southeast of the
sheet area, and particularly east of Mount Ada, Archaean and Protero-
zoic strata have been severely dislocated by a series of northeast-,
southeast-, and north-trending faults. Elsewhere in the area, predomi-
nantly northeast-trending faulting is widespread, and many of the
faults have been filled by dolerite dykes.

ECONOMIC GEOLOGY
ASBESTOS

The belt of ultramafic rocks extending south and southwestwards
from Mount Hall contains numerous showings of chrysotile (white) as-
bestos. Only small production has been reported from the area.

CLAY

Two samples taken from the clayey sand unit near Roebourne
were both found to be suitable for brickmaking. Similar materials are
likely to occur elsewhere in this unit.

CONSTRUCTION MATERIALS

Numerous shallow excavations for “gravel” for road foundations
have been opened in or close to the foot of colluvium slopes. Scree
from chert ridges or quartz veins is particularly suitable.

Sand and gravel can be otained from the beds of rivers and larger
creeks. Screening is usually necessary to achieve the desired size range.

Aggregate has been produced by crushing cobbles and boulders,
principally of Mount Roe Basalt, obtained from the Harding River
alluvium at Woodbrook. Apart from the Mount Roe Basalt, the Cooya
Pooya Dolerite, leucocratic granite, and many dolerite dykes could be
utilised for ballast, concrete aggregate or road metal. Potential quarry
sites are numerous.

GOLD AND COPPER

Ores containing 180 kg of gold, 460 t of copper and some asso-
ciated cobalt were mined from a number of sulphide-bearing quartz
veins cutting mafic and ultramafic rocks west and southwest of Roe-
bourne.

The largest copper mines were the Lilly Blanche and the Carlow
Castle, and most gold came from the Perseverence and Hillside mines
in the Weerianna Centre.

Some minor copper-zinc mineralisation is reported from felsic
volcanic rocks in the southwest corner of the sheet.

LEAD, ZINC AND SILVER

The Andover lead mine yielded ore containing at least 45 t of
lead, 15 kg of silver and an unknown quantity of zinc from a peg-
matite-quartz vein cutting gabbro and granite.

LIME

The Holocene shelly sand may yield small quantities of usable
lime, particularly if screened to remove the finer, silty material.

NICKEL

Ultramafic rocks within the Archaean succession are prospective
for nickel.

PEGMATITE MINERALS

Pegmatite dykes cutting ultramafic rock south of Mount Hall, to-
gether with associated alluvial deposits, have yielded 104 t of beryl,
8.5 t of tantalite and columbite, and 1.1 t of cassiterite. The lithium
minerals spodumene, lepidolite and zinnwaldite are also known from
the area.

SEMI-PRECIOUS STONES

Jaspilite is found in the Cleaverville Formation, and prase and
carnelian in cherts of the Regal Formation. Deposits of ornamental
green chert occur near the Carlow Castle Mine. The ultramafic rocks
yield serpentine, and agates are known in the Mount Roe basalt.

URANIUM

The Proterozoic conglomerates and sandstones are favourable hosts
for uranium.

VANADIUM, TITANIUM AND IRON

Massive magnetite deposits occurring in gabbro about 13 km south-
west of Roebourne have an estimated resource of 3 Mt of ore averaging
0.92 per cent V205. Iron and titanium are potentially recoverable
from the deposit.

The Cleaverville Formation contains beds capable of yielding sub-
stantial resources of beneficiable (taconite) iron ore. However, no de-
posits which could be commercially exploited under present conditions
are known in the Roebourne area.

WATER

The average annual rainfall is about 300 mm, most of which falls
between December and April. The rainfall is mainly cyclonic, so that
monthly and annual totals vary widely. The annual average evaporation
is about 2 400 mm.

Rivers and creeks flow only briefly, after heavy or prolonged rain.
Most of the sheet area is drained by the Harding and East Harding Ri-
vers and their tributaries. There are a number of permanent and semi-
permanent pools in the main rivers, fed by underflow in the alluvium;
the pools are fresh or slightly brackish. At high tide salt water pene-
trates along the Harding River almost as far as Roebourne, contamina-
ting all pools downstream from the town.

Groundwater of domestic or good stock quality can be obtained
from most of the Roebourne area. Supplies are mainly drawn from
alluvium and calcrete along the rivers and major creeks small sup-
plies may also be obtained from fractured Precambrian rock, or at the
base of long colluvial slopes. Supplies from alluvium seldom exceed
500 m”/day, and from fractured rock and colluvium_are generally
less than 100 m3/day. Larger supplies, up to 3 000 m”/day, may be
obtained where thicker layers or lenses of calcrete are present within
the alluvium.

The water table is usually 3-10 m below the surface, depending
on ground elevation, but may be as deep as 20 m in places. The sali-
nity of the groundwater is less than 3 500 mg/l total dissolved solids
(T.D.S.), and is commonly suitable for domestic use (less than 1 500
mg/l T.D.S.).

The town of Roebourne derives its water supply from the flood
plain of the Harding River, where boreholes penetrate calcrete and
alluvium. The boreholes are between 10 m and 20 m deep, and yield
supplies ranging from 1 100 mS to 2 800 m3/day; the water has sali-
nities of 800 to 1 020 mg/l T.D.S.

One potential aquifer which has not been tested is the Sholl Shear
Zone. The shear is crossed by the Harding River, and might yield sub-
stantial supplies from fractured rock.

ENGINEERING GEOLOGY

The engineering properties of rocks depend on geological features
such as mode of origin, composition, susceptibility to processes of
change such as metamorphism, weathering and erosion, and their pre-
sent mode of occurrence. The properties described below are, there-
fore, highly generalised and it is stressed that specific site investigation
is essential.

ARCHAEAN

The Archaean rocks are variable and have a wide range of engi-
neering properties. The undifferentiated metamorphic complex is more
variable than most of the other units and it is, therefore, not possible
to assign specific engineering properties to the rocks in this group.
They should be regarded as having the range of properties described
for the Archaean rock units as a whole. The hybridized basic rocks
should be considered as having similarly varied engineering proper-
ties.

The Archaean granite, granite-gneiss and gabbro are generally
strong and stable when fresh, but near the surface are commonly wea-
kened and less stable because of weathering, either of the rock mass
itself, or along joints. No particular problems with foundations or
cuttings have been noted in these rocks, although schistose phases
and sheared zones are susceptible to weathering and may causé loca-
lized difficulties. The ultramafic rocks are generally susceptible to
weathering, and are not strong even when fresh.

Although the igneous parts of the basic and intermediate volcanic
unit are resistant to erosion and crop out to form ridges, a detailed
examination shows many defects and complex variations in compo-
sition and structure. In addition to jointing, the rocks are foliated in
part, contain lenses of weak material and are cut by quartz veins and
small dykes of varied composition. These features may, but do not
necessarily, make them unstable on slopes or in excavations or re-
‘duce their suitability as foundations. However, these features detract
from their value as a source of aggregate.

Of the chert and clastic sediments unit, the more abundant clastic
sediments are generally weak. They would not stand well in excava-
tions, but would be satisfactory as foundations for structures of mod-
erate loading. Their properties differ widely from those of the inter-
bedded chert which more commonly crops out and is hard and re-
sistant to weathering. Engineering problems could arise with the rock
unit as a whole because of the differing properties of the two closely
associated rock types. For example, slopes and excavations could be
unstable, and differential settlement could occur beneath foundations.
They are unsuitable as a source of aggregate.

The Cleaverville Formation, which is generally strong, forms ridges,
but contains well developed bedding and joint surfaces which aid the
production of abundant rock fragments in the colluvium that forms on
the slopes. This contributes to the suitability of adjacent superficial
deposits as a construction material. Because of thin interbedded shales
the rock unit as a whole has some of the engineering defects of the pre-
vious group, such as instability on slopes and in excavations, but the
predominently chert sections would make satisfactory foundations in
flat areas even for high load structures.

PROTEROZOIC

The igneous rocks of this group, particularly the Mount Roe Basalt
and the Cooya Pooya Dolerite, are more uniform and less deformed
than the Archaean rocks, and present fewer engineering problems. They
are generally competent, and unless extensively jointed or weathered,
are expected to have satisfactory engineering properties. Gorges cut in
these rocks have been investigated as possible sites for dams. In some
cases, the rocks produce scree slopes below prominent outcrops. Such
scree material is unstable if close to its natural angle of rest. It could be
a suitable source of aggregate or fill material for construction.

The Mount Roe Basalt is quarried, outside the sheet area, as a
source of concrete aggregate and railway ballast, and is the main com-
ponent of the alluvial shingle crushed for concrete aggregate at Wood-
brook.

The Proterozoic sedimentary rocks, particularly the interbedded
tuffs and sandstones are not strong, especially when weathered. The
strength of the sandstone members depends on the degree of cemen-
tation. These rocks tend to weather along bedding surfaces, and con-
sequently lose strength. The tuff members have the properties of an
igneous rock when fresh, but fret and lose strength on weathering.
The conglomerates and agglomerates, particularly those at the top of
the Cliff Springs Formations, tend to be strong when fresh, but also
lose strength on weathering.

Where rocks of the Cliff Springs Formation are exposed in rail-
way cuttings just south of the area they are stable on moderate slopes,
but problems occurred with steep slopes during construction, particu-
larly where the rocks were weathered.

CAINOZOIC

Laterite is a rock with varying engineering properties depending
on its state of weathering. In adjacent areas, it is used for road con-
struction purposes.

The Quaternary group includes a wide variety of superficial units
with complex field relationships and differing engineering properties.
For example, the behaviour of a unit is modified by such factors as
the properties of an underlying unit, level and salinity of the local
groundwater and the pH of the unit. Because this material occurs
in the flatter part of the area where future development is expected,
its variable properties and their complex distribution are significant.
It is stressed that detailed investigation at the actual site of proposed
development is necessary and the information given here can only serve
as a guide.

One of the major engineering problems with the silty sand unit is
the presence of expansive clays in the clayey sand sub-unit. Areas
underlain by expansive clays are characterised by the development of
crabholes. These materials contain a high percentage of montmorillo-
nite thought to be derived from the weathering of ferro-magnesiang
minerals in the mafic and ultramafic volcanic and intrusive rocks of the
region.

If the material containing expansive clays is not avoided in the si-
ting of engineering works, it should either be removed or allowed for in
the design of foundations. This allowance can be made by placing a
foundation pad of stable material over it or by taking foundations
below the surface zone of fluctuating moisture content. Both methods
have been used in the area.

Low permeability in the superficial material inhibits drainage, and
allows the water table to rise in areas of housing development. Low per-
meabilities occur in the clayey parts of the silty sand, and in the collu-
vium and outwash soils with high pH values. In these latter soils, the
clays disperse when wet, further reducing permeability. These types of
soils should be avoided for housing development, or precautions taken,
such as provision of adequate drainage. In these areas, the construction
of foundation pads aids the solution of both drainage and foundation
problems.

Clayey soils with high pH values also pose problems for road and
railway construction, both as foundations and when used as con-
struction materials. Inadequate culverts behind embankments made of
these materials allow ponding and consequent wetting which can lead
to bank failure.

The mud and silt of tidal areas is a weak material and poses found-
ation problems for roads. These problems can be overcome by the pro-
vision of stable embankments made by the proper compaction of
suitable material.

The superficial units which are free of expansive clays make
suitable foundations for structures of moderate loading, provided the
normal precautions are taken. These units generally provide suitable
fill material for the construction of foundation pads, and road and
railway embankments.

The eolian sand, shelly sand and quartz sand units are commonly
friable, and when loose, may be unstable in excavations and on slopes.
They are liable to erosion if cleared of vegetation.

In many areas the superficial deposits are thin or of too limited
extent to have any engineering significance.

ENVIRONMENTAL GEOLOGY

The silt fraction of the plain sediments inhibits free flushing of
groundwater and this has contributed greatly to the retention of salts
in the soil profile. Excessive irrigation may remobilize these salts and
cause salt-scalding down-slope from the irrigated area unless adequate
drainage is provided. This would be more pronounced in the clayey
sand, but also applies to the silty sand unit.

No major waste disposal sites currently exist in the sheet area.
Waste disposal is probably inadvisable in many of the lower-lying
areas where the clay and silt content of the sediments is high. Drai-
nage is likely to be very poor in these areas, with consequent retention
of leach liquors. Elsewhere on the coastal plain, sites for disposal of
domestic rubbish should be readily available if away from points of
water abstraction or clear of the water table. Water table levels are
generally 3 m to 10 m below ground surface.

Sites for toxic waste disposal may exist in the volcanic hills in the
southwestern part of the sheet area, but careful inspection will be
required to ensure that the site selected is free of fractures, or alter-
natively that adequate sealants are provided to prevent the escape
of leachate.

Numerous gravel pits have been opened along roads and tracks.
In future, consideration should be given to siting such pits less con-
spicuously and, perhaps, to the establishment of larger pits to avoid
wasteful use of resources by piecemeal extraction. When worked out,
the large pits would be utilized as waste disposal sites.

Soil erosion is generally not a problem within the sheet area, partly
because of the gentle slopes on the red-soil plains. The coastal and in-
land dunes are generally stable, but could be remobilized if the vege-
tation cover is removed, thus adding to the already severe dust problem
during periods of strong winds.

Further information may be obtained from the Geological Survey
of Western Australia, Mineral House, Perth.
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