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~ompi~ed by J .  1. 6. Doepel" and 

The Zanthus 1:250,000 Sheet, S 5 on the International Grid, is 
bounded by latitu es 33"s and 32" 123% and 124"30'E. 

tern Australia, and the 
North East Coolgardie 

The only settlements within the Sheet area are Coonana, Zanthus and Kit- 
way which crosses the northern part of 
p o r t i o ~ ~  of the pastoral properties of 

The main access is by way of a 
miles to the west of the 

algoorlie, the nearest town, 96 
ad lies on the southern side of the 

er the greater por- 
tracks is possible 

The s e ~ ~ ~ e n t a r y  rocks in the eastern half of the 
is li~e§tQRe plateau 

feet in the ~ o ~ t ~ w e s t  to 400 
of the plateau is inhe~ited 
been perpetuated by uni- 

ified by deflation of 
ves and blow-holes 

(Jennings, 3963, 1967; Lowry, 196th). 

* Geological Survey of Western Australia. 



ost of the western portion of the Sheet area is gently undulating and soil 
covered. Drainage is internal towards broad valleys which contain salt lakes. 
The land surface rises from about 600 feet above sea level at the edge of the 

lateau to over 1,200 feet in the western portion of the sheet. 

The south end of onton Greek (also known as Goddard Creek and Ponton 
her )  is in the north of the Sheet area. It is the lower part of an ancient 

major river system, the er reaches of which are now marked by Lakes 
Raeside and Rebecca ( gan, 1966). After rare periods of heavy rain 
these lakes discharge int nton Creek. The creek extends a short distance 
onto the Tertiary lirnestones. Its intermittent flows end in a claypan. In the 
past however, it discharged into a saline playa, now filled with alluvium, 
farther to the south. 

arris lies in another ancient river valley, the western portion of which 
is now marked by Lake Lefroy. 

The average annual rainfall in the Zanthus Sheet x e a  ranges from 11 inches 
in the southwest to 7 inches in the northeast. The hottest month is January 
with an average maximum temper e of about 85°F and an average mini- 
mum temperature of about 60°F. coldest month is July with a 
m a x i ~ u m  of about 60°F and an average m~nimurn of about 40°F. 
is low in summer and the annual evapora t~o~  ranges from 70 ~ n c h ~ s  in the 
southeast to 90 inches in the northwest. 

VEGETATION 

lateau consists mainly of open rnyall scrub 
recambr~an portion of the sheet the vegetatio 
woodland, to dense scrub domina~ed by mallee- 

as of grassy plain with blue-bush ( 
spp.) are present in the southeast 

oint Tank, to the southeast of Coon 

EOLOGICAL INVESTIGATIONS 

ibson (1909), and albot (1920) traversed parts of the 
heet area. General descriptions of the geology of the Eucla 

1919), Fairbridge (1953), eton ( 1954), Ludbrook 
owry (1968b and in prep.). on has written numerous 

about the Fraser Range area, the most comprehensive of whicb 
n, 1969) contains a summary of his previous WO 

ed the regional structure and relationships of the 
between Zanthus, the Fraser ange, and Israelite 



Explanatory notes are available for th joining Sheet areas of 
mooltha (Sofoul 1966), Kurnal ams 1970), Naretha 
1969), Culver ( owry, in press), 
and Norseman (Doepel, in prep.). 

Lowry mapped the sedimentary rocks CJ 

recambrian rocks were ma 

Archaean granite crops out in the northwest corner of the Sheet area; 
and granulites of the A l ~ a n y - ~ r a s e ~  
orwitz, 1969) are present to the so 

and Cretaceous sediments of th 
overlie the Proterozoic rocks in the eastern portion of 
§uperficial Cainozoic cover is present over most of the 
graphy is s~nimarized in Table 1. 

e Sheet area; and a 
eet area. The strati- 

G r ~ ~ i t e  

A medium-~ained 
western corner of t 

ARCHAEAN AND ? 

granite, m e d ~ u ~ - g r a i n e ~  biotit 
biotite granite. ~ u ~ e r o u s  peg 
teristically contain accessor 
granites are presu~ably 
veins have been sheared 
outcrop. It is suggested that t 
terozoic. 

ROTEROZOIC 

o r p ~ y r ~ t i c  granite 

~orphyritic biotite granite crops out adjacent to the Fraser Complex on bot 
its eastern and western sides, at about 15 miles no 

* In these Notes the term granite is used to include all granitoid rocks. 
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TABLE 1. STRATIGRAPHIC SUMMARY ZANTHUS 1:250,000 SHEET AREA 

Symbol MaX. 

diagram ( fee t )  

on map Name or short known Stratigraphic relation with 
Remarks underlying unit Age or description thickness Lithology 

&CENT Qro Colluvium 10 + Calcareous clay with frag- 
ments of limestone and 
kankar 

Qrk Lake deposits, non-saline 20 ". Clay, silt and sand 

Qre Lake deposits, saline ?200 Silt and clay with halite 
and gypsum 

RECENT- Qo Eolian deposits 50 t- Quartz sand, silt, clay in 
PLEISTOCENE part gypsiferous 

Qe Eolian deposits 50 A Quartz sand 

Overlies Tertiary forma- 
tions with a very slight un- 
conformity 

Overlie older units uncon- 
formably 

Forms clay flats on lime- 
stone plateau 

In claypans and swamps 

Saline playas fed by inter- 
nal drainage 

Overlie older units uncon- 
formably 

In dunes and sheets; de- 
rived from lakes 

In sheets and dunes 

PLEISTOCENE Qpv Alluvium ?50 Clay, silt, sand, pebbles 

Qpc Colluvium 25 A Sand, silt, clay, rock frag- 
ments 

@e Residual and eolian 20 Calcareous clay, silt and 
loam sand, containing sheet and 

nodular kankar 

Qpr Residual clay and kankar 5 Clay containing sheet and 
nodular kankar 

Overlie older units uncon- 
formably 

Unconformably overlies 
dissected unit Qpe and Pre- 
cambrian rocks 

Formed residually over 
Tertiary limestones; uncon- 
formably overlies Pleisto- 
cene-Pliocene and Precam- 
brian rocks 

Formed over Nullarbor 
Limestone 

Valley fill; may contain 
water; surface of unit 
approximates position of 
present drainage 

May contain small supplies 
of water; small rock out- 
crops may be present 

Residual over limestone; 
loess deposit over Precam- 
brian 



PLEISTOCENE- TQr Residual clay and kankar 20 Clay containing sheet and 
PLIOCENE nodular kankar with oolitic 

texture 
TQb Silcrete and ferricreto 50 t Clay to boulder deposits 

with siliceous ferruginous 
cements 

TQf Sandstone 50 rt Ferruginous sandstone, 
minor conglomerate 

TQc Recrystallized limestone 10 Microcrystalline limestone 

Formed over Nullarbor 
Limestone 

Formed over weathered Residual and reworked 
granitic rocks 

Unconformable on Precam- 
brian rocks 
Formed from Nullarbor Occurs near surface of 
Limestone plateau 

In major valleys 

LOWER MIOCENE Tmn Nullarbor Limestone 50 Foraminiferal calcarenite Disconformable on Too- 
linna Limestone 

4 
UPPER EOCENE Tet Toolinna Limestone 350 t- Porous bryozoan limestone Unconformable on Precam- 

brian rocks 

UPPER AND Tew Wilson Bluff Limestone ?350 Chalky bryozoan limestone Conformable on Hampton 
?MIDDLE EOCENE Sandstone or disconform- 

able on Madura Formation 

Teh Hampton Sandstone ? Sandstone; commonly inco- Disconformable on Madura 
herent and ironstained Formation 

May grade laterally into 
Wilson Bluff Limestone 

?Present in Sheet area 

Lenticular; presence in- 
ferred 

UPPER AND LOWER Km Madura Formation ?200 Sandstone and mudstone; Conformable on Loongana 
CRETACEOUS commonly glauconitic and sandstone, or unconform- 

carbonaceous able on Precambrian rocks 

Presence inferred 

~- 

LOWER K11 Loongana Sandstone 1 Sandstone, probably con- Unconformable on Pre- Lenticular; presence in- 
CRETACEOUS glomeratic in places cambrian rocks ferred 



I~TRUSlVE AND HIGH GRADE METAMORPHIC ROCKS RELATIONS WITH 
OLDER UNITS 

PROTEROZOIC &I Serpentinite 
Ex Fraser Complex 

EY Equigranular leucocratic 

lib Augcn gneiss 

granite 

p1 Porphyritic granite 

Magnetite-serpentine schist 
Acid and basic granulites, 
acid gneiss, amphibolite, 
gabbroic rocks, micro- 
granite, acid pegmatite 

Equigranular leucocratic 
granite; accessory biotite 

Garnet-biotite-quartz ~ feld- 
spar gneiss containing feld- 
spar augcn 

Porphyritic biotite granite 

?Intrusive into Em Probable dyke 
Dates of 1,210, 1,280 and 
1,328 +: 12 m.y. obtained 
from Frascr Complex 

Intrusive into Ag. Eb 

?Intrusive into basic rocks ?Metamorphosed porphyri- 
of Fraser Complex tic granite; date of 1,660 

rir: 40 my. obtained from 
gneiss 

?Intrusive into basic rocks Date of 1,660 rt 40 m.y. 
of Fraser Complex obtained from western out- 

crop 

Not all occurrences neces- 
sarily comagmatic 

_ _ _ _ _ _ _ ~ ~ _ _  ~ 

A N D  m Mixed granites 
OIC 

Equigranular leucocratic 
granite intrusive into biotite 
granites 

Possibly Py intrusive into 
Ag 

A R ~ H ~ A ~  Ag Granite Biotite granite; in places 
porphyritic 



respectively. Specimens from the western outcrop were p 
of garnet-biot~te-quar~z-feld~par augen gneiss collect 

miles to the southwest, and with a specimen of rapakivi gran 
partly meta~orphosed gabbro at the margin of-the Fraser Co 
to the northeast. An isochron of 1,660 rt 40 m.y. with init 
of 0.708 +- 0.002 was obtained from this suite of specimens 
Lambert, 1969). 

~ ~ g e ~  gneiss 

arne~-b~otite-quartz-feldspar gneiss c 
e northwest and southeast of Uraryie 

Sheet area. It appears to be a metamor 
be comagmatic with rapakivi granite i 
gabbro at the margin of the Fraser Complex. It is intruded by dykes of equi- 
granular biotite granite, which have also been metamorphosed. 

Similar augen gneiss is present to the northwest of the Fraser Complex on 
the ~ idg~emool tha  Sheet area (Sofoulis, 1966), and on the N o r s e ~ a n  
area (Doepel, in prep.) where it was included in the 
matites. Specimens of the augen gneiss from the Norse 
included in the suite from which the 1,660 rt 40 m.y. isochron was obtaine 
(Arriens and Lambert, 1969). 

~ u ~ g ~ ~ n L ~ ~ ~ ~  ~ e u c o ~ r ~ t i c  granite 

~quigranLIlar leucocratic granite is present in numerous outcrops between 
Coonana Siding and the rocks of the Fraser Complex. It is int 
other granites and into the augen gneiss. It is sheared in the vicinity of the 
Fraser Complex and in an area south of Coonana Siding. Not all of its 
occurrences are necessarily coma,gnatic. 

Frasev ex 

s of the Fraser 
Sheet area as a 2 

Sheet area. 



-Ar methods respectively ( ~ o m ~ s t o n  an 

The basic granulites are augite-hy 
hornb~ende or biotite. Chemical 
have a tholeiitic compczsit 
ellipso~ds of quartz, pert 
hypersthene and range in 

Lambert (1969) rep 
12 m.y. with initial §rs7 

On the western margin of the 
Lake, there is a partly metamo 
A specimen of this granite was 
40 m.y. isochron was obtained (Arri 
gabbro and the granite have been shear 

ikon (1969) consi 
phosed volcanic soc 
interpreted the quart 

amjrgdales of the original basalts, and he has ~ ~ t e r p r e t e  
basic granulites as relict pillows. 

el) however, disagrees wi 
nce of s e d i ~ e n t a r ~  or vol 

Serpent~ni~e crops out south 
north-northwest-t~en 

ce of 3 miles in a 

rocks likely to be 
indicate that it is proba 

1 



ESOZOIC 

ut are believed to underlie the easter 
s are likely to be present; the Loongana 

Loopzgi*m ~ ~ n d s t o n ~  

amendzd Lowry, in press), is typically a 
feldspathic sandstone and conglonieratic s 

obably Neocomian-Ap~ian) in age an 
ich accu~ulated in hollows in the surfa 

oongana Sandstone (“Loongana Conglomerate” of Fairbridge, 1953; 
ar formation composed of 
e. It is Lower Cretaceous 
rs to be a fluvial deposit 
~ r e c a m ~ r i a n  rocks. 

ura F o r ~ a t i o n  (“ hale” of Fairbridge, 1953, and hae 
and others, 1958; amended Lowry, in press), which may range in age from 
Lower to Upper Cretaceous, contains greensand, glauconitk sandstone, car- 
bonaceous sandstone and carbonaceous mudstone. The formation is likely to  
be about 200 feet long the eastern edge of the Sheet area and it either 

recamb~an rocks or conformably overlies the Loon- 

CAINOZOIC 
EOCENE 

a ~ ~ ~ o n  ~ u n ~ ~ t o ~ ~  

ptQn Sandstone (“ mpton Conglomerate” of Fairbridge, 1953; 
Lowry, 196Xb), is carbonate-cemented Or incoherent limonite- 

stained medium to coarse-grained sandstone. It occurs as lenses in many 
parts of the Eucla y lime- 
stones on parts of t Eocene 
foramini€ers in the central part of the basin (Ludbrook, 1960), but it may 
be as young as Upper Eocene in the Zanthus Sheet area. 

asin and probably occurs beneath the 
Zanthus Sheet. The formation contains 

tone contains echinoids. molluscs and fora- 
Upper Eocene age. 



MIOCENE 

~ul larbor Limestone 

The Nullarbor Limestone (Singleton, 1954; Lowry, 1968b), is exposed on 
several parts of the plateau, and underlies the soil on much of the remainder. 
The limestone is typically a hard, indurated, micritic foraminiferal calcarenite 
with numerous moulds of pelecypods and gastropods. The formation pro- 
bably does not exceed 50 feet in thickness. I t  overlies the Toolinna Lime- 
stone disconformably and elsewhere in the basin contains foraminifers which 
indicate a Lower Miocene (Burdigalian) age (Ludbrook, 1963 and 1967). 

PLEISTOCENE-PLIOCENE 

Recrystallized limestone 

The Nullarbor Limestone has been recrystallized near the surface of the 
Bunda Plateau in some areas, to form a rnicrocrystalline limestone with little 
or no trace of the original texture. In places it is pale, porous, and friable, 
but in others it is hard and compact with lithologies that include brown, 
featureless limestone, limestone with irregular light and dark brown patches, 
and limestone with a texture resembling well rounded calcarenite. The recrys- 
tallization is probably due to prolonged weathering of limestone in an arid to 
semi-arid climate. 

J 

Sandstone and conglomerate 

Thin-bedded sandstone, with a ferruginous cement, crops out in the s 
of the lake to the south of Coonana. It shows medium scale current-bedding 
and rare thin pebbly bands. 

Silcrete and ferricrete 

Residual and reworked clay to boulder deposits, with siliceous and ferru- 
ginous cements, crop out as a cap to deeply weathered granitic rocks to the 
south of Coonana and in the vicinity of Zanthus. Reworking has been by 
wind and water action. The deposits were probably formed during the general 
period of time of deposition of the ferruginous sandstones in the valley to 
the south. 

Residual clay and kankar 

Much of the Nullarbor Limestone in the northern part of the Sheet area is 
overlain by a layer of residual calcareous clay 15 to 20 feet thick, containing 
a layer of grey kankar about 6 feet thick. The kankar forms slabs and 
cobbles with a complex internal oolitic or pisolitic structure. In places the 
kankar is exposed on the surface and in others it is buried to depths of up 
to 5 feet. Where the soil is deeply dissected, the kankar crops out as a resis- 
tant layer on the face of low scarps. The clay is believed to be mainly resi- 
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dud.  The land snail G ~ ~ ~ ~ e i ~ t ~ y r G n  sp. occurs within the clay and cemented 
in the kankar, indicating that the kankar was formed by l i th~~cat ion  of the 
clay. 

The clay and kankar form the oldest land surface in the Eucla 
result from the prolonged weatheri of the Nullarbor Limestone. The unit 
is tentatively regarded as Pliocene istocene in age. It has been removed 
from the plateau in some places by deflation during the Pleistocene (Lowry, 
in press), and it has been dissected by an ancient river in the southeast of the 
Sheet area. The river has probably not Aowed since the Pleistocene. It caused 
only slight erosion and was therefore probably not active for long. 

PLE~STOCE~E 

Residual clay and kankar 

Part of the Nullarbor Limestone is covered by a sheet up to 5 feet thick of 
residual clay containing kankar. The kankar is not as massive as the older 
kankar described above, but forms plates and concentrically laminated 
nodules up to 3 inches across. It is commonly reddish, silly, and lacking in 
oolitic texture. The clay which encloses the kankar is thought to be dominantly 
residual, with minor reworking in some areas, 

esidual and eoliara loam 

ining kankar in the form of sandy, finely laminated nodules 
ecambrian rocks and parts of the Bunda Plateau within the 

Zanthus Sheet area. Over the Tertiary limestones the loam is thought to be 
mainly a residual weathering product. The sand is tho to derive in part 
from sandy limestones and possibly in part from adjac recambrian areas. 

recambrian rocks the unit’s widespread distribution, its presence 
and low ground, and its consistent lithology over both acid and 

basic rocks, suggests an eolian origin for both the loam and the calcium 
ent in the kankar. The calcium carbonate content of the unit increases, 
the kankar nodules become larger, as the Eucla Basin is approached. 

recambrian rocks it is in part a that where the unit QV 

rom soils of the Eucla 

issection of the eolian loam over the Precambrian rocks has produced 
s which contain colluvial deposits of sand, silt, clay and rock frag- 
all rock outcrops are present in some of the depressions. 

oors many of the valleys in the western portion of the Sheet area 
of alluvium lead north and south from the breakaway near 

~ o o n a n a .  
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N CENT-PLEISTOC~~E 

Eolian deposits 

Eolian sheets and dunes of quartz sand extend in a northeast-trending strip 
across the Sheet area, and eoIian dunes and sheets are present around the 
eastern side of many of the salt lakes. The latter dunes and sheets are com- 
posed of quartz sand, silt, clay and gypsum, blown from the salt lakes. 

RECENT 

Lake deposits 

Recent lacustrine deposits of clay, silt and sand, with halite and gypsum, 
occur on salt lakes or playas. Non-saline clay, silt and sand occur in a few 
claypans and swamps. 

Colluvium 

The clay flats on the Bunda Plateau are underlain by clay washed from the 
surrounding slopes. The clay contains fragments of limestone and kankar 
and is believed to be accumulating today in most areas. The deposits are 
probably about 10 feet thick. 

STRUCTURE 

Figure 1 is a structural sketch map of the Sheet area. 

PROTEROZOIC ROCKS 

The granitic rocks that make up the northwest portion of the Sheet area are 
strongly sheared to the south and southwest of Coonana Siding. It is suggested 
that this zone of shearing reflects an east-dipping reverse fault between Pro- 
terozoic rocks to  the east and dominantly Archaean rocks to the west. The 
slopes of gravity profiles (drawn from the regional gravity map, of the 
southern part of the Western Australian Precambrian Shield, released by the 
Australian Bureau of Mineral Resources in 1970), indicate that a major 
crustal fault may be present in this position. It is suggested that the serpen- 
tinite southwest of Coonana Siding was intruded along this zone of fracture. 

The trend lines on Figure 1 in the area of Proterozoic granite, gneiss and 
migmatite to the west of the Fraser Complex are drawn from a e r ~ m a ~ e t i c  
trends. In general they parallel the direction of metamorphic foliation in the 
gneisses. 

The Fraser Complex is thought to be an upthrust block. Everingham (1965) 
suggested that both its western and eastern boundaries may dip to the east. 
A number of shear zones are present in the vicinity of the western margin 
of the Fraser Complex near the Uraryie ~Ock-Buningar~a Spring track. AI1 
of the rock types cropping out in the area are sheared. 
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The axes of gravity highs and lows are drawn from the regional gravity 
The southern continuations of the high and low axes in the eastern po 
of the Sheet area coincided in the Balladonia Sheet area with areas of 
terozoic migmatite and porphyritic granite respectively (Doepel and Lowry, 
1970). 

PHANEROZOIC ROCKS 

The sedimentary rocks of the Eucla Basin dip gently eastwards at about 2 
to 10 feet per mile, as a result of gentle downwarping in the Cretaceous and 
Tertiary. In the southeast of the Sheet area they reach a probable thickness 
of 550 feet. 

Air-photographs show a regular pattern of north-trending joints in bot 
Toolinna and Nullarbor Limestones. They appear as abundant parallel lines 
approximately 800 feet apart. 

ECONOMIC GEOLOGY 

Barite is the only mineral for which production has been recorded from the 
Zanthus Sheet area. 

ARITE 

In 1953, 42.22 long tons of barite worth $760.20 were won from a barite 
vein in granite, 5 miles southwest of Coonana Siding. uartz and accessory 
galena, chalcopyrite and covellite were present in the vein. 

arite is also reported from 10 miles east of 
1948). 

BASE METALS 

There is a possibility of base metal deposits in the Fraser Complex. 
(1969) suggested that it may contain concentrations of copper, nickel and 
some other metals. Copper mineralization with associated nickel has been 
located near the western margin of the complex, on the Norseman Sheet area, 
by Newmont Pty Ltd. 

Some specimens of chromite are reported to have come from 10 miles east 
of Buningonia Spring (Simpson, 195 1 ) . 

~ ~ A P H I T E  

A kaolinized, ironstained rock found 8 miles east of 
22 percent flake graphite in veins and nests (Simpson, 1951). 

u n i ~ ~ o n i a  contained 
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TABLE 2. UNDERGROUND WATER SUPPLIES ZANTHUS SHEET SH/51-15 

5,300 
5,300 
2,800 

, 1,820 

Locality of well 

c” 
--I Just west-southwest of Uraryie Rock 

Just east-southeast of Uraryie Rock 
7 miles northeast of Symons Hill 
Symons Hill 

- 
- 
67 

I 63 

Total depth 
Feet 

- 
- 
Livestock 
Livestock 

170 

150 
- 
- 

4,000 
3,000+ 
- 
1,820 

Water level 
Feet 

~~ 

Salinity Aquifer 

Weathered granite 
Weathered granite 
Fissured on Fraser Complex 
Fissured Fraser Complex 



GYPSUM 

A sample of kopi, collected from a dune to the east of the ancient salt lake 

(Simpson, 1951). 
onton Creek once fiowed, assayed 92.6 percent Gas 

PETROLEUM 

Prospects of finding petroleum in the Eucla asin appear to  be poor, because 
of the absence of any traces of petroleum in wells already drilled, and 
because of the absence of any known closed structures. The prospects €or 
the Zanthus Sheet area are particularly poor because of the thinness of the 
sedimentary section within it. 

WATER 

Twenty bores were sunk in the Coonana-Uraryie Rock area. 
two, situated near Uraryie yielded good quantities of stock water. 
These two bores were in th r reaches of drainages close to the catch- 
ment areas. The other bores were either dry or yielded saline water. A 
geological report on the siting of the bores was written by 

Stock water is obtained from two wells in the vicinity of Sy 
southwest of the Sheet area. The wells are sunk in weathere 
basic granulites. 

etails of the stock-wa~er-containing bores and wells are given in Ta 

ithin the Zanthus Sheet area fresh water is available from e 
bed of Ponton Greek, the quality improving to the southeast (Gibson 

~ i t h ~ n  the Sheet area there 
s little prospect of o 
ppm was e ~ c o u n t ~ r e d  

about 25 miles northeast of 
Zanthus Sheet area (Lowry, 
area, bores, beside the Eyre 
highly saline water ( oepel and Lowry, 1970). 
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