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PROGRESS REPORT ON EXPLORATORY DRILLING
by D, H. Probert

INTRODUCTION

Between September 1968 and August 1867 an
east-west line of explovatory groundwater bores
was drilled in the Busselion area in the southern
part of the Perth Rasin. e bores were drilled
to  investigate groundwater occurrence in the
rapidly developing coastal ecas berween B
and Dunsborough and also ns part of the ¢
investigation of the Perth Basin., Five bores
ing from 1,485 fect to 2,010 feet cdeep were dr
at locations shown on Plate 1.

The drilling confirmed the presence west of
Busselton of major faulting beneath a strong un-
conformity seperating underlying older sediments
of Permian and Lower Jurassic ages from an over-
lving blanket of South Perth Formation and
Guaternary sediments, The foulting divides the
western section of the basin into fauly blocks of
different ages. CGroundwaters in the sediments
west of Quindalup bore 1 ave nerally of poor
guality and supply, and unsuiltable for domestic
use or irrigation. In Quindalup bores 1, 4, and
5 promising supplies of low salinity groundwater
were encountered in Lower Jurassic to Lower
Cretaceous sediments. This water is suitable for
domestic use, but because of high bicarbonate con-
tent, some may have to be trented before heing

acceptable for irvrigation use.on clayey soils.

The bores were drilled using the Mines Depart-
ment Mayhew 2000 rotary vig, with sludge samples
collected every 10 feet and coves taken wherever
practicable.  Water samples weve collected by
means of Halliburton and Johnson Formation
Testers and samples sent for analysis at the Gov-
ernment Chemical Laboratories. The bores were
geophysically logged by the Geological Survey and
routine palynology was carvied out on seclected
samples, The results of chemical analyses and
palynological determinations are shown in Appen-
dices 2 and 3.

PHYSIOGRAPHY

The southern part of the Perth Basin has been
divided (Lowry, 1865) into four broad physio-
graphic regions,

The Swan coastal plain is a flat dune, soil, and
alluvium covered plain extending northwards along
the coast of Geographe Bay, bounded in the south
by the Whicher scarp, and in the east by the Darl-
ing fault scarp, The plain hnos an average width
of about 12 miles.

The Blackwood area is in the central section of
the basin, a
500 feet, capped by sand and Iaterite and under-
Inin by Mesorole sediments.

The Leeuwwin—Naturaliste ridge, which marks the
western margin of the basin, has a maximum
elevation of aboup 700 feet and a north-south
trending ridee of Precambrian crystalline rocks
capped by laterite and Coastal Limestor The
ridge is bounded on the east by the Dunsborough
faull,

The Scoft coastal plain is a low lying swampy
flat plain marked by scattered dune ridges:

GENERAL GEOLOGY

The southern part of the Perth Basin consists
of a deep trough of sediments flanked on the
east and west by Precambrian . crystalline rocks of
the Western Australian Shield and the Leeuwin-
Maturaliste ridge. The trough continues to the
north and south heneath the Indian Ceoean, forme
ing a graben between the Dunsborough and Dariing

CTaults.

“thickness of 15,000 to 20,000 feet of es

< Geophysical evidence suggests that a maximum
terly dip-
ping saediments is present in the central and east-
ern  sections. of the basin, and that this is

¢ has a maximum elovation of about’

sected by four major, branching, north-south
trending, faults having throws of up to 8,000 feet,

Leavry has deseribed in detail the surface geology,
which consists of a few scaltered oulerops of
Mesozoie sediments mainly masked by Quaternary

depo: including  alluvium, dune sands, and
Joa i tone in the coastal plains, and sand

and te in the Blackwood area.
Rores have intersected the sediments underlying
the Quaternary seguence but mostly they are

- shallow and have been confined fto the Lower

Cretaceous—Upper Jurassic Scuth Perth Forma.
tion, which probably blankets older sediments over
a large proportion of the basiy However Sue No,
1, Alexandra Bridge No. 1 petroleum exploration
wells and several coal bores in the southwest
encountered Lower Permian sediments heneath the
South Perth Formation, and the Abba River and

Western Titanium bores encountered the TUpper .

Juressic Yoarrggadee Formation.. ...

D

" Quindalup bores 1 t0 5

Drilling in the present part of the programme
was confined to the Swan coastal plain. Bores 1 to
3 were located on the fringes of Geographe Bay
21, 6% and 10 miles west of Busselton respectively,
and bores 4 and 5 at Wonnerup and Ruabon, 8 and
12 miles east of Busselton (Plate 1).

The bores intersected a thin veneer of Quater-
nary sediments overlying South Perth Formation,
which in turn is separated from underlying older
sediments hy a strong unconformity. These sedi-
ments include those of Permian, Lower Jurassic,
and Upper Jurassic ages.

The stratigraphic relationship hetween the bores
is shown in Tahle 1.

Quatlernary

The Quaternary sediments vary from 20 to 35
feet in thickness, forming a veneer above the South
Perth Formation. In bores 1 to 3 they consist of
well-sorted, fine-grained sand, marly clay, and
shelly limestone of the Quindalup Dune System. In
bores 4 and 5 farther inland, the sediments are
noorly sorted, iren-stained sand and shelly lime-
stone which possibly belong to the older Bassen-
deann Dune System.

" o

Lower Cretaceous to Upper Jurassic

Current thought on the South Perth Formation
ineludes sediments deseribed by previous ‘workers
as belonging to the Capel River Group and Yarra-
gadee Formation.

Tn the Quindalup bores the thickness ranges from
270 feet in bore 4 to 1,180 Teet in bore 5. The sedi-
m are dominantly of continental type but rare
micronlankton indicate some marine influence dur-
ing deposition. They are typically poorly consoli-
dated, finely current-hedded, and lenticular. Corre-
lation between bores is difficult and suspect, but
the general dip is very gentle from east to west.

The sequence consists mainly of silt, siltstone
clay, poorly-sorted sand and sandstone contoining
abundant carbonaceous material, pyrite, and mica,
and thin bands of lignite.

Trne arenacegus sediments are feldspathic, and
are more consclidated with depth, making up 60 t0
75 per cent of the total section.

Th South Perth Formation umonfqymﬂ}ol?
lies older sediments in each of the Quindalup

Upper Jurassic

The Upper Jurassic Varragadee Formatlion was
encountered in Quindalup bores 4 and 5 and In
nearby bores in the Abba River and Uapel areas
where it underlies the South Perth Formation.




e section is dominantly an arcnaceous conti-
al deltaic deposit containing less than 20 per
ciay and silb. The sandstone and sand differ
from those of the overlying South Perth For-
on bud ave typically garnetiferous and slightly
- ponsolidated. Thes generally moderately
" ,.é} ‘

sorted, medium fo very coarse in grain,
tly Teldspatb Interbedded siltstor clay,

wdex.

e, and rave lignite make up the remai

y JUrGSSic

or Jurassic sediments of continental type are
t between 630 and 1,930 feet In Quindalup
1. They consist of cross-bedded, poorly-sorted,
1 coarse~grained sand and poorly consolidated
edded with mottled grey to red
one, grey to green pyritic shale and siltstone.
clpystone shows slickensiding and slumping.

3 age in the south
equaled to ¢

SRS,
rleshell Gully Formation.

fan

wmian sediments, also overlain unconformably
¢ South Perth Formation, occurred in Quinda-
wres 2 and 3, the westernmost bores of the

Quindaiup bore 2 they are present between
nd 1,807 feet, and consist of well consolidated
to coarse-grained, slightly argillaceous sand-
containing abundant garnel, finely current-
4, ;

grey sillstone, 17 seams of carbonaceous
. and poor quality dull coal ranging from 7 to
ot in thickness. The sandstone contains rare
reous material,

juindalup bore 3 the sequence is lthologically

weept that only one B-feet thick dull coal
neountered, although earbonaceous
rial commonly occurred as partings on bed-
planes,

L3
> Permian sequences are of different ages, that
ndalup bore 3 being the younger of the two.

STRATIGRAPHY AND STRUCTURE

> stratigraphic relationships are shown
2, and in Table 1.

» Quaternary material forms a thin veneer
1 Perth Formation, and the maximum
ved thickness of 35 feet is probably exceeded
n the Wonnerup ares where gammea-ray log-
of existing bores.indicates a thickness of
50 to 120 feet near the Wonnerup Estuary.
- South Perth Formation is present through-
e drilling ares and ranges widely in thickness
345 to €68 feet west of Busselton, thickening
v 1,000 feet in the Milne Street, Abbza River
Quindalup & bores. T4 thins again to 180
A in the Wonnerup-Capel area. The
section between Abbe River 1 bore and Capel
] which may either
on over o deeply dissected Upper

irface or to post-Yarragadee Formation
There is little eoncrete evidence to SUP-
2r 8§ ion, but differences in levels

in

of basalt flows encountered in Quindalup bore §
and Abba River bore 3 may either be due to de-
positional dip or to minor faulting, If a deep
trough of South Perth sediments exists it probably
is an old erosional channel which may extend as
far east as the Whicher scarp. and possibly be re-
lated to basalt occurrences in the area.

The variation in thickness of the South Perth
nation  ilustrates  the strong  unconformity
icl 2s these beds from the underlying
< a. Below the unconformity thiee major north-
south trending faults with throws of  several
thousand feet have been proved by the drilling.

1€ include the Wirring and Busselton faults
inferved from previous gravity and seismic survevs,
and a fault postulated by Lodwick from seismic
data. The faults divide the area beneath the un-
conformity west of Busselton into four blocks con-
taining Upper to Lower Permian, Lower Permian,
Lower Jurassic, and Upper Jurassic sediments. The

block between the Wirring : iton faults is
o the

uplifted v respect others, which are
normal east block down. )
The VYarragadee Formation is present east of

Busselton in Quindalup bores 4 and 5, Abba River
bores 1 and 3, and in bores 2. the Western Titan-
ium mining pit at Capel. No bores have penetrated
the Tull succession of the Jurassic sediments which
reach a maximum observed thickness of 1,615 feet
in Quindalup bore 4.

Lower Jurassic sediments in Quindalup bore 1
are of similar lithology and age fo the Cockleshell
Gully Formation in the Hill River area, bui the
arenaceous sediments appear to be generally coarser
in grain. The Lower Jurassic sediments are re-
stricted in occurrence to the fault block immedi-
ately west of Busselton and nothing is yet known
of their extension to the south.

Lower Permian coal-bearing sediments in Quin-
dajup bore 2 are probably Upper to Lower Artin-
skian in age. ‘The lower part of the sechion con~
taing similar spore assemblages to the lower Artin®
skian coals of the Collie and Irwin River areas and
to those encountered aib 8,886 feet in WAPETS
Sue No. 1 well. In this part of the basin these
sediments are confined to the wedge-shaped block
between the Wirring and Busselton faults.

The Permian sedimenis in Quindalup bore 3
appear younger than those in bore 2 and have been
tentatively dated as early Upper Permian to Upper
Avtinskian. They lie between the Dunshorough and
Wirring Taults and their southward cxtent is nob
known.

OCCURRENCE OF GROUNDWATER

Groundwater was present in
ages and was sampled wherever pos

sediments of all
ble by forma-

tion testers. The water samples were used by D.
L. Rowston as controls for the nation  of
salinities from resistivity logging. results

are shown
Plate 1.
Quaternary aquifers

Small supplics of groundwater are available

from the thin venecr of Quaternary scdiments. The
water varies from stock to domestic quality and

on kore completion reports and on

TABLE 1

STRATIGRAPHIC SUCCESSION IN QUINDALUP BORES (EAST TO WEST)

{

i
I Bove b (feet)

i t H |
Age | Formation ,1 Tiore 8 (feet) | Bore 2 (feot) | Bore 1 (fect) | Bore 4 (feet)
ATy i Becent sediments and Quindalup | 0-32 i 0-20 0-22 0135 L 0-22
and Bassendenn Dune Systems : ; .
to  Upper Sonth Perth Formation ..., 32700 L 20-805 22830 35305 ©22-1180
! \ ! i
. | Yarrapadee Formation I Not present Not present | Mot present | 305-1920 © 1180-2010
ettt . ! i i !
S lekmmﬂ Gully SBandstone equlve | Nob present | Not present ( G30-1830 :
| ulent | i i !
700 | Mot present | |
to fo ! '
1485 | BO5-180Y ! |
i i

Corrzlation based on lithology, pelynology, and geophysical dals.
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usually contains high ¥.8 and bicarbonate. Bores
near the coast and tidal drainage channels are
subject to saline intrusion. The sediments form
5 useful source of domestic and garden water In
coastal cottages in and around Busselton.

South Perih Formalion aquifers

_The aouifers of the South Perth TFormation
are lenticular and contain groundwater of vayriable
quality and supply. vry {(1965) has summa-
vised bore census data for the Busselton area and
i the following velationship between bove
and freguency:

Table 2

Bore depth (feet) (average G0} No. of bores

. | 123
123

60

37

10

These sediments are the most important source
of groundwater for farmers, particularly the
shallow glauconitic sands near Quindalup. Gene-
rally bores are sited for convenience, and as the
beds ave very lenticular the landholder continues
drilling until he obtains water. Most supplies ave
sub-artesian, vielding 200 to 1,000 gallons per

hour, and range from good stock to domestic
guality, although saline groundwater has been

encountered in some areas west of Busselton.

West of Dusselton on the fringes of Geographe
Bay, groundwater In the South Perth Formation
of @uindalup bores 1 to 3 is generally of poor
guality. In bore 1 thin layers of stock quality
groundwater are interealated with layers ranging
in salinity from 8000 to 20,000 ppm TS, In
bore 9 the quality is uniformly poor, avering about
14,000 ppm TDS. Farther west  the quality
improves to 450 to 1,500 ppm TDS.

Between Quindalup bore 1 and Capel, damestic
guality groundwater is obtained at depths of 50 to
1.000 feet from the South Perth Formation, A
little saline groundwater has been met near the
coast at shallow depths but generally the supply
and gquality improves with depth. Supplies are
generally good ranging from 200 gph in shallow
bores to over 20,000 gph in bores 508 to 1,000 feet
deep. MNear the coast the bores flow.

Varragadee Formotion dquifer

sediments of the Varragadee Formation were
encountered 305 and 1,820 feet in Quindalup bore
4, and between 1,180 and 2,010 feet In Guindalup
bore 5. They have alss been encountercd in the
Abba River bores 1 and 3 and in the Western
Titanium works at Capel. In the Wonnerup arca
the scguence is dominantly arenaceous and forma=
tion  testing suggests that large quantities of
domestic auality groundwater (200 to 400 ppm
TTIS) are available. In the Capel ares, bores
produce 20,000 to 25,000 gallons per hour from
similar but more argillaceous beds. In the Abba
River area, poor results obtained in dv g the
three Abba River bores probably reflect bad dril~
ling techniques.

Cockleshell Gully Formation (?) ocguifers

The Lower Jurassic sand and sandstone in
Quindalup bore 1 contain domestic quality ground-
water bebween 870 and 720 feet and between 952
and 1,520 feet. Between 720 and 950 feet and
helow 1,520 feet- the salinity increases to about
2,000 ppm TDS.

Formation testing of these sands indicates that
they contain good supplies which are possibly
arvtesian.

Permian oaquifers”

The well consolidated Upper and Lower Permian
sandstones in Quindalup bores 2 and 3 vary
greatly in porosity and permeability. They contain
groundwater ranging from good o poor
ity (1,300 to 8,800 ppm TDS) and are probably

POV

stock

CHEMICAL CHARACTERIST.;{CS OF THE
GROUNDWATER

atandard chemical analyses were oblained for
most of the deeper bore samples in the Bussellon-
Capel area, and the results are shown in Appendix
3. Appendix 4 shows calculated sodium adsorption

ratios, calclum-—magnesium ratios, and residual
sodium bicarbonate.
Tn the Busselton—Capel arca most groundwater

has a salinity of less than 600 ppm TDS and only
west of Busselton, In the South  Perth, Lower
Jurassic, and Permian formations, do some salini-
ties exceed this figure.

The two main groundwaler sources, the South
perth and Yarragadee Formations, contain low
salinity water of very similar characteristics. They
have a pH ranging from 6.3 to 7.6, contain high

‘eoncentrations of dissolved iron, and are typically

low in ecalcium, magnesium, and fluoride ions,
wariation lies mainly in the bicarbonate-chloride
ion content of the South Perth Formation aquifers.
These show a decrease in the bicarbonate—chloride
ratio from east to wesh, which appears to be re-
1ated to the incidence of old calecareous dune sys-
tems on the Swan coastal plain, The calclum—mag-
nesium ratio shows liftle variation although there
is a generval trend of increasc from east to west,
indicating westerly groundwater movement.

The Varragadee Formation aguifers show pri-
mary salinity, and both ecalcium-magnesium and
hicarbonate-chioride ratios incre from east to
west across the bhasin, indicating groundwater
movement to the west. The bicarkonate ion content
alsc decreases with depth and is possibly related
o intake from overlying dune areas. The bicarbon.
ate content is, with one possible exception, mar-
ginal to high, and untreated groundwater Is
generally unsuited for use.in the irrigation of
clayey soils. The exceptional groundwater, which
probablyfbelongs to the Yarragades aquifer system,
was in Yoganup bore 1 in the eastemn section of the
Swan coastal plain abt the base of the Whicher
searp. This water has a low pil and very low
hicarhonate content and sugzgests that ground-
vaters at the eastern matgin of the coastal plain
near the Whicher scarp may be more suitable {or
irrigation use.

RIECHARGE

Only limited data are yet available on statie
water levels. Between PBusselton and Yoganup two

distinet water levels are present in the Yoganup -

s 4 and 5, suggesting
faces for the South

hores and Quindalup bor
different potentiometric
Perth and Varragadee aquifer systems. These have
average downward gradients from east to west of
4 and 21 feet per mile respectively over most of the
plain, but rise towards the Whicher scarp.

Date from jevels, lithology, and chemical analyses
suggest that recharge of the South Perth aguifers
iz mainly by direct infiltration of rainfall and
viver water from the Swan coastal plain. The re-
charge is selectively governed by topography and
the lenticular nature of the sediments, particu-
lavly in the aveas west of Busselton whers saline
groundwater is present in both the South Perth
Formation and Permian strata.

The Varragadee Formation probably receives
groundwater from the elevated areas petween the
Darling fawlt and the Swan coastal plain, although
some direct recharge may cccur if aveas of shallow
Upper Jurassic sediments are present inn the east-
ern sections of the plain.

AVAILABILITY AND USE OF GRO TNDWATER

cale

At present a maximum of aboul 10 million ga
ions per day of groundwater is extracted from the
varragadee and South Perth aguifer systems for
stock, domestic, town supply, and industrial pur-
poses in the Busselion-Capel areas. It is not pos-
sible to estimate the total amount of groundwaler
available in this avea but probably 20 million
gallons could be exiracted safely without depleting
supplies,

O
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Appendix 4
CHEMICAL © CHARACTERISTICS OF GROUNDWATER
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PROSPECTS FOR UNDERGROUND WATER
SUPPLIES FOR CARNAJ MAH TOWNSHIP
by P. Whincup
ABSTRACT. ' GEOLOGY

the Carnamah dmluﬂz Rocks exposed are of Archaean, Proterozoic, and
"%@ to ail Permian age with overlying Quat ernary aluvium.
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