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Letter of Transmittal. 
Geoloaical Survey O f f i c e , 

Departnent of Mines, 
Adela ide . S.A. 

15th December, 1958. 

S i r , 

I have the honour to submit herewith for publ icat ion 
a report by R. G. Shepherd and D. Thatcher, A s s i s t a n t Geo loa i s t s 
on the geology of the Quorn Mil i tary Sheet . 

The sapping which t h i s report descr ibes was done f o l l o w -
ing the re -rout ing of the northern railway by-passing Quorn; and 
i t s purpose was to survey the p o t e n t i a l economic mineral wealth 
of the d i s t r i c t . The groundwater resources of the Ni l lochra 
Basin, which l i e s on the western half of the shee t , have been 
described in an e a r l i e r report . While the survey did not l oca te 
any s i g n i f i c a n t new mineral d e p o s i t s , much valuable a e o l o g i c a l 
information has been compiled, having an important bearinq on 
future g e o l o a i c a l i n v e s t i g a t i o n s elsewhere in the S t a t e . 

Following the publ icat ion of the g e o l o g i c a l nap, and 
a f t e r the present survey had been completed, a small concealed 
sedimentary basin was discovered near Booleunda. The presence 
of coal in the basin opened up p o s s i b i l i t i e s of economic depos i t s 
in the d i s t r i c t , and recent Mines Department work has been aimed 
at t e s t i n a t h i s and one other small basin in the d i s t r i c t . The 
eas t Booleunda basin has been b r i e f l y described by N. Johnson, 
Senior G e o l o g i s t , in an appendix to t h i s report . 

I have e t c . 

T. A. BARNES 

Government Geolog is t 

To the Hon. S i r A. Lye l l McEwen, K.B.E. , M.L.C. 
Minister of Mines. 

Submitted for approval to pr int as a Report of I n v e s t i g a t i o n of 
the Geologica l Survey. 

Approved. 

A. LYELL McEWIN 

Minister of Mines 
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Introduction 
The area covered by the Quorn mi l i tary sheet l i e s in the mid-

north of South Aus tra l ia , between l8ngitudes 138 deg. 00 s i n . and 
138 deg. 30 Bin . and l a t i t u d e s 32 deg. 15 min. and 32 deg. 30 min. 
The c h i e f town i s Quorn with a population of approximately 2000 
people . C l imat i ca l ly the area i s semi-arid; the mean annual r a i n f a l l 
of 12.99 inche& at Quorn decreases eastwards to 11.94 inches at 
Carrieton (Trunfcle-1948). Bai lee scrub with nat ive pine c l o t h e s the 
higher ground whi le sa l t -bush i s wel l developed on the p l a i n , larger 
eucalypts grow along the main water courses . Clearing of the natural 
vege ta t ion has acce lerated s o i l e ros ion , such that deep gutters have 
been cut in the lower s lopes of the h i l l s by surface run-off fo l lowing 
the infrequent , but o f t en heavy, r a i n s . 

Quorn has been an important junct ion on the northern railway which 
in recent years has handled the coal produced at Leigh Creek. However 
a l i n e has now been constructed which by-passes Quorn and l inks Port 
Augusta with the e x i s t i n g railway at Brachina - approximately 75 miles 
north-northeast of Quorn. This new route deprives Quorn of i t s 
pr inc ipa l funct ion and the survey of the mi l i tary sheet was undertaken 
with the object of f ind ing economic minerals which might provide an 
a l t e r n a t i v e industry . 

The Quorn one mile m i l i t a r y sheet has been mapped by B. G. Shepherd, 
I . R. Campbell and D. Thatcher, under the d i r e c t i o n of Dr. K. R. Mi les . 
F i e ld work was commenced in November 1953 and completed by July 1954. 
The base map used in t h i s work was prepared on a s c a l e of two inches to 
one mile from a e r i a l photographs. 

The g e o l o g i c a l map for publ i ca t ion has been prepared by the 
Draft ing S e c t i o n of the South Austra l ian Department of Mines, us ing the 
Quorn one mile Mi l i tary Sheet as a base. 

General Physiography 
Two d i s t i n c t physiographic uni t s occur in the area: c e n t r a l l y i s 

the Willochra p la i n, which i s bordered to the e a s t and west by the 
h i l l s of the Fl inders Ranges. 

The Willochra p la in i s an intermontane f l a t 10 - 15 miles wide, 
s lop ing gent ly from i t s margins towards the Willochra Creek, which 
i s the main drainage channel of the area. This creek has a very low 
gradient and f lows northwards by a meandering course towards Lake 
Torrens. 

The ranges possess a d iverse physiography due to a var ie ty of 
rock types and s t r u c t u r e s , i n t e r m i t t e n t l y exposed to eros ion s ince 
the ear ly Pa laeozo ic , although the present eros ion c y c l e i s r e l a t i v e l y 
young. 

The most prominent land marks of the eas tern ranges are Noockra 
Tower (2 ,550 f e e t above sea l e v e l ) and Mt. Helen. These are parts 
of the Horseshoe Range; a bold outcrop of quar tz i t e fo lded in a 
large pound s t r u c t u r e . East of the Horseshoe Range the outcrop of 
a r g i l l a c e o u s rocks g ives r i s e to a lower and more gent ly undulating 
topography, t h i s country i s drained by the Pekina and Coonatto Creeks, 
the v a l l e y of the l a t t e r being fo l lowed by the Wilmington - Carrieton 
road. In the southeastern part of the Quorn s h e e t , t i l l i t i c rocks 
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form a marked ridge trending north-eastwards. Ridge and vale topo-
graphy continues eastwards over a l t ernate bands of q u a r t z i t e and 
dolomit ic sha les . 

North of the Horseshoe Range the shallow southern p i tch of an 
a n t i c l i n a l f o l d g ives r i s e to scarp and dip s lope landforms ( e . g . the 
B l u f f ) in the more r e s i s t a n t horizons . On the western limb of the 
a n t i c l i n e a band of quartz i t e r i s e s to a s teep hog-backed ridge 
( see Plate 11, f i g . 2 ) , f au l t ed on i t s western margin against t i l l i t e . 
Approximately s i x miles t o the west t i l l i t e forms the prominent 
feature of Round H i l l . The country between i s an area of low r e l i e f 
with shaley and s i l t y rocks outcropping. 

The most prominent landmarks of the western ranges are Mt, Brown 
(3 ,152 f e e t above sea l e v e l ) , the D e v i l ' s Peak and the Dutchman's Stern 
( see Plate 1, f i g s . 1 and 2 ) . Al l l i e j u s t beyond the l i m i t s of the 
Quorn mi l i tary shee t . 

Mt. Brown i s at the nose of an e longate norther ly p i t ch ing 
sync l ine , with quartz i t e forming a rim of bold outcrops ( s e e Plate 1, 
f i g . 3 ) . Younger rocks nearer the fo ld a x i s are obscured by al luvium 
in the va l l ey of the Capowie Creek, which s lopes gent ly northwards 
to Quorn. West of the sync l ine i s the fau l t ed and d i s s e c t e d area of 
the D e v i l ' s Peak. The Peak i s a s teep ridge of q u a r t z i t e ( s ee Plate 
1, f i g . 2 ) . 

North of Quorn i s a high r idge of q u a r t z i t e l y ing along tue 
keel of the sync l ina l f o l d . Approximately 4 ,000 f e e t t o the east 
i s a l e s s prominent ridge of q u a r t z i t e . To the west the land surface 
i s low and gent ly undulating over s o f t e r a r g i l l a c e o u s beds, whi le 
further west the ground r i s e s sharply to the rugged Dutchman's Stern 
Range and the B l u f f , which are j u s t beyond the boundaries of the 
Quorn shee t , to the west and north r e s p e c t i v e l y . 

Stratigraphy 
Cainozoic 

The youngest sediments of the Quorn area are the a l l u v i a l d e p o s i t s 
of the creek channels . 

In the smaller creek beds red s i l t y c l a y with sand occurs . 
Bedding i s usual ly absent . Loca l ly , where the s lopes are s teeper 
than normal and a s u i t a b l e source rock is nearby, these d e p o s i t s may 
be intermixed with i l l - s o r t e d and sub-angular q u a r t z i t e pebbles , 
e x h i b i t i n g a crude bedding. In the deeper stream beds t h i s al luvium 
may be exposed to a depth of e ight f e e t . 

In the larger creek beds a crude bedding i s f r equent ly v i s i b l e 
in l e n t i c u l a r sandy and pebbly sediments. The al luvium i s genera l ly 
b e t t e r sorted and the pebbles l e s s angular than in the smaller 
stream beds. In p laces coarse conglomerates are cemented by a 
calcareous matrix, the maximum observed th ickness i s 15 f e e t . Such 
s e c t i o n s occur in Coonatto Creek. 

Beneath the Willochra p la in i s a sequence of young sediments 
which are not exposed at the surface . The cores from three recent 



View from the western ^side of the 
Willochra Basin near Acacia Creek 
looking southwest towards Mount Brown. 
In the r igh t background is the Devi l ' s 
Peak. 

Fig . 1. 

The scarp slope of the Devi l ' s Peak 
(Pound Quar tz i t e ) viewed from the 
n o r t h e a s t . The upper shales l i e 
below the f l a t foreground. 

Fig. 2. 

A view of the Waukarie Creek cu t t ing 
across the massive current bedded 
g u a r t z i t e on the western limb of the 
Quorn sync l ine . The axis of the 
fo ld l i e s in the middle dis tance and 
the g u a r t z i t e of the eas tern limb on 
the horizon. 

Fig. 3 . 

PLATE I 
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hydrology t e s t bores have been examined p a l a e o n t o l o g i c a l l y by Ludbrook 
(1954) and p e t r o l o g i c a l l y by Whitt le (1954) . Bore logs form Plate 
V l l l of these a o t e s . The sediments are c h i e f l y mott led c l a y s , sandy 
c lays and c layey sands. The sediments th icken southwards from 400 
f e e t in Bore No. l to 525 f e e t in Bore No.3. Bore No.3 passed through 
brown carbonaceous s i l t and sand at 475 f e e t from the s u r f a c e . 
Examination of t h i s material by Pike (1955) has d i s c l o s e d the presence 
of very numerous po l l en gra ins , most of which are i d e n t i f i e d as 
nothofagus, i n d i c a t i n g that the horizon i s post-Eocene but p r e - P l i o c e n e . 

The Willochra Basin sediments were e v i d e n t l y depos i ted in an 
intermontane piedmont environment. Host of the sediments penetrated 
by the t e s t bores are f i n e in texture which i s t o be expected in the 
centre of the sedimentary basin fur thes t away from the upland source 
areas . That l oca l f o r e s t s bordering swamps developed e a r l y in the 
cyc l e i s indicated by the carbonaceous sediments cut by Bore No.3. 

Palaeozoic 

Cambrian System 

North of Quorn i s a prominent quartz i t e which under l i e s the 
f o s s i l i f e r o u s Archaeocyatha Limestone (outcropping 16 mi les north of 
Quorn). Because of i t s l i t h o l o g y and p o s i t i o n in the s t r a t i g r a p h i c 
column i t i s corre la ted with the Pound Quartzite as descr ibed by 
Mawson from Wilpena Pound and elsewhere (Mawson 1938) . In the Quorn 
sheet area t h i s formation c o n s i s t s of a compact w e l l cemented, f i n e 
t o medium grained, white q u a r t z i t e frequent ly interbedded with th in 
shale bands. In p laces i t i s f e l s p a t h i c and elsewhere ferrug inous . 
Near the base the formation becomes coarser and sometimes conglomerat ic . 

Bes ides outcropping north of Quorn the Pound Quartz i t e i s we l l 
exposed in the s teep ridge of the D e v i l ' s Peak« f i v e and a ha l f 
miles southwest of Quorn (Mawson 1947). The horizon does not outcrop 
in the eas tern ranges wi th in the Quorn sheet area . Fau l t ing prevents 
the f u l l th ickness of the formation being seen , but the q u a r t z i t e 
reaches 1,000 f e e t north of Quorn. 

Proterozoic 

The p lac ing of the boundary between the Adelaide and the 
Cambrian Systems has been d i scussed by Howchin (1922) , Mawson 
(1939) and other workers. Following recent convention the base of 
the Pound Qutfrtzite i s taken as the base of the Cambrian succes s ion . 
No evidence of unconformity has been found here or lower in the 
sequence. 

The Adelaide System i s represented in the Quorn area by up 
t o 29 ,000 f e e t of sediments represent ing , i t i s b e l i e v e d , the 
equivalent of the type success ion from the Marinoan to the Torrensian 
S e r i e s , although the base of the System is not exposed. Corre lat ion 
with the type s e c t i o n of the system i s considered as w e l l e s t a b l i s h e d . 
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Marinoan S e r i e s 

Upper shales 

Below the Pound Quartz i te i s a sequence of multicoloured sha les 
with interbedded th in calcareous and dolomit ic rocks passing downwards 
t o mottled s h a l e s . A l l of these are inclbded under the des ignat ion 
upper sha les which, north of Quorn, reach a th ickness of 3 ,500 f e e t . 
In the western ranges the th ickness of the mottled sha les i s about 
400 f e e t , increas ing four f o l d within the Horseshoe Range. 

Massive current bedded quartz i t e 

The l i t h o l o g y and s t r a t i g r a p h i c p o s i t i o n of the quar tz i t e 
forming the prominent scarp f ea ture in the two sync l ina l s tructures 
of the Quorn sheet suggest c o r r e l a t i o n with the q u a r t z i t e s described 
by Mawson from the A.B.C. Ranges (1939) . The quar tz i t e i s a white , 
medium grained, compact rock, f e l s p a t h i c or k a o l i n i t i c in p lace s . 
Interbedded sha les are conspicuous in the middle and lower par t s , but 
the higher horizons, are massive quar tz i t e s e x h i b i t i n g only current 
bedding. In the western ranges the th ickness of the quar tz i t e i s 
approximately 3 , 6 0 0 f e e t decreasing t o half t h i s th ickness on the 
eas tern s ide of the Willochra p l a i n . 

Chocolate shales 

A dominantly s i l t y t o a r g i l l a c e o u s sequence with some sandstone-
horizons i s grouped here as the chocolate shales formation. 

The upper beds are predominantly grey s i l t s t o n e s and sha les 
which in p laces are do lomi t i c . Chocolate shales are best developed 
in the western ranges at a horizon j u s t below the massive current 
bedded q u a r t z i t e . The more arenaceous rocks tend towards greywackes. 
Large s c a l e mud cracks are found in t h i s greywacke type j u s t o f f the 
northern margin of the Quorn sheet in the western ranges. 

Two sandstone horizons can be traced for considerable d i s t a n c e s 
on both s i d e s of the Willochra p l a i n . Generally they do not g ive r i s e 
t o prominent s teps in the topography but t h e i r outcrop i s indicated by 
areas of higher r e l i e f and a l s o surface f l o a t e r s of sandstone. They 
are l i g h t coloured rocks , f i n e to medium grained with occas ional 
coarser l a y e r s . 

In the lower beds the c h i e f rock type i s a chocolate t o purpl ish 
shale frequent ly showing r i p p l e marked bedding planes . Assoc iated 
with t h e s e choco late sha l e s are numerous grey shales and a l s o 
s i l t y and sandy l a y e r s . 

The t o t a l th i ckness of the choco la te sha les i s of the order 
of 11,500 f e e t in the eas tern ranges, compared with 3 ,500 f e e t in 
the western. 

An exposure in the Mt. Brown Creek, two and a hal f mi les south-
west of Forster Dam, shows numerous narrow, c o r d - l i k e s tructures 
ly ing along bedding p lanes . The s truc tures seen in s i t u (P la te IV, 
f i g . l ) l i e along the troughs of r i p p l e marks whi le those on a f a l l e n 
block ( P l a t e IV, f i g . 2 ) f o l l o w the c r e s t s . The s tructures are 
s inuous, descr ib ing regular arcuate curves and occas iona l ly branching. 
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They are semicircular in cross s e c t i o n and are f i l l e d with s i l t s t o n e 
s imi lar t o the remainder of the rock. The choco la te sha les examples 
c l o s e l y resemble American types i l l u s t r a t e d in a paper by Wheeler 
and Quinlan (1951) who considered the s tructures t o be of mud crack 
o r i g i n . An e a r l i e r worker, Faul, t e n t a t i v e l y in t erpre ted s imi lar 
examples as the t r a i l s or burrows of some unknown type of organism 
(1948, 1949, 1950). In the present case , the r e g u l a r i t y of the 
s tructures and t h e i r r e l a t i o n - t o the r ipple marks would seem t o ^W>. 

o^ ffi ^ m W suggest an inorganic or ig in 

D i s c - l i k e s t ruc tures (P la te V, f i g . 2) have been found in 
the chocolate shales from one small exposure in a g u t t e r one and 
a hal f miles south of the large bend in the Booleunda Creek, f i v e 
miles eas t of Booleunda East homestead. The rock i s a micaceous 
f i n e s i l t s t o n e with th in laminae of coarser sediment. From the 
f i n e s i l t s t o n e 12 specimens were c o l l e c t e d which show c i r c u l a r , and 
in one case ova l , s tructures ly ing along the bedding p l a n e s . The 
shape of the oval examples (P la te V, f i g . 1) i s probably due t o 
d i s t o r t i o n as the larges t diameters are p a r a l l e l t o a shear d i r e c t i o n 
seen on the other s ide of the hand specimen. The s t r u c t u r e s c o n s i s t 
of an inner area, genera l ly conta in ing one or more r idges which rad ia te 
outwards and in one specimen continue into the surrounding rock. The 
inner area i s bounded by a prominent band, which in weathered examples 
stands out as a r idge . In the best preserved specimen the r idge i s 
seen to be s l i g h t l y darker in colour than the surrounding mater ia l . 
The oval specimens show the prominent band surrounded by a smooth 
apron, the external margin of which i s not preserved. Organic 
material appears t o be absent . The s tructures may be the r e s u l t of 
mineral segregat ion in which material has been concentrated in r ings 
around some type of nucleus . On the other hand they may represent 
the external moulds of some pr imi t ive so f t bodied organism. At 
present the o ldes t d e f i n i t e organic remains are impressions of 
" j e l l y f i s h " found by Sprigg in the Cambrian Pound Quartz i te at 
Ediacara (Sprigg 1947 and 1949). 

S tur t ian S e r i e s 

This s e r i e s i s dominantly a r g i l l a c e o u s with ca lcareous and 
dolomit ic phases, e s p e c i a l l y near the top. A g l a c i a l and f l u v i o g l a c i a l 
group occurs near the base. The Sturt ian S e r i e s has been sub-divided 
in to the fo l l owing members: 

Dolomitic and calcareous sha les 

This i s the top member and represents e s s e n t i a l l y a cont inuat ion 
of the e a r l i e r a r g i l l a c e o u s sedimentation. The horizon i s approximately 
100 f e e t th ick with a f i n e grained f a c i e s more do lomi t i c and ca lcareous 
than the underlying s h a l e s . The dolomit ic and ca lcareous sha les have 
a f a c i e s and a s t r a t i g r a p h i c p o s i t i o n s imi lar t o the Brighton Limestone 
as def ined near Adela ide . 

In the northwestern part of the Quorn sheet the horizon 
outcrops as a r idge . The rock i s do lomit ic and in p laces has a 
brecc ia ted appearance, in terpreted as an in tra - format iona l brecc ia 
or a pseudo-breccia caused by metasomatic changes in the dolomite -
c a l c i t e content of the rock. Scat tered s i l i c i f i c a t i o n i s an a s s o c i a t e d 
f e a t u r e . South of Quorn, on the eas tern limb of the major s y n c l i n e . 
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Fig. 1. 

View from the northern end of the Horseshoe Range 
looking northwest over h i l l s b u i l t of chocolate shale 
and S t u r t i a n Ser ies rocks . The immediate foreground 
i s massive current bedded q u a r t z i t e . In the f a r 
d is tance i s the Willochra p l a i n , with the western 
ranges on the horizon. 

- v v y Cv,. 

Fig. 2 . 
The s teep hog-back r idge of massive current bedded 
q u a r t z i t e north of the Boolcunda Creek, viewed from 
the e a s t . In the foreground chocolate shales outcrop. 

PLATE III 



8 

the outcrop i s l e s s prominent. L i t h o l o g i c a l l y the rock i s l e s s 
dolomit ic than in the north and there i s a more gradual t r a n s i t i o n 
t o the underlying s h a l e s . 

On the eastern hal f of the Quorn sheet the horizon i s not 
prominent. I t s lower boundary i s i n d e f i n i t e . The upper boundary i s 
b e t t e r def ined and can be traced more p r e c i s e l y , except in low l y i n g 
areas where exposures are few and surface f l o a t sparse . 

Laminated shales 

The Tapley H i l l S l a t e s of the type area near Adelaide are thought 
t o be represented on the Quorn sheet by a th ick succes s ion of grey 
calcareous sha l e s . A ubiquitous feature of the rocks i s the f i n e 
bedding lamination in which purpl ish bands a l t e r n a t e with greenish 
grey l a y e r s . The laminae show l i t t l e var ia t ion in grain s i z e . The 
co lourat ion may be due t o mineral s a l t s , probably manganiferous, 
present in varying s t a t e s of ox ida t ion . T y p i c a l l y a plane of easy 
parting f o l l o w s the bedding and perpendicular j o i n t s are wel l developed. 
The formation shows a remarkably constant l i t h o l o g y throughout a 
th ickness which v a r i e s from 3 , 7 0 0 f e e t in the e a s t t o 1,500 f e e t , 
west of Quorn. 

Boulder t i l l i t e with i n t e r g l a c i a l s ha l e s and sandstones 

T i l l i t i c rocks are important marker beds in the Quorn area? they 
are placed in the S t u r t i a n S e r i e s of the type area, south of Ade la ide , 
t o which they are l i t h o l o g i c a l l y comparable (Mawson & Sprigg 1950) 
Boulder t i l l i t e s are we l l developed, the rocks usua l ly having an 
a r g i l l a c e o u s matrix containing e r r a t i c s varying in s i z e up t o two 
f e e t in diameter. The larger e r r a t i c s are c h i e f l y sub-angular though 
some are f a i r l y w e l l rounded; the smaller fragments are angular. White 
current bedded quar tz i t e e r r a t i c s are the most abundant whi le g r a n i t e , 
grani te g n e i s s , s c h i s t and shale e r r a t i c s . a r e much l e s s common. Much 
of the t i l l i t e was e v i d e n t l y derived from sedimentary t e r r a i n s by 
the eros ion of q u a r t z i t i c and a r g i l l a c e o u s rocks , perhaps of the under-
ly ing Torrensian S e r i e s . The presence of e r r a t i c s of g n e i s s i c and 
s c h i s t o s e rocks i n d i c a t e s that materia ls were a l s o derived from a 
metamorphic t e r r a i n . 

The t i l l i t e occurs in d i s c r e t e bands o f t e n only two or three f e e t 
t h i c k , separated by layers of sha le , s i l t s t o n e and sandstone which are 
w e l l sorted and show current bedding, frequent ly with eroded t o p s e t 
beds. These i n t e r t i l l i t i c beds were ev ident ly l a i d down in shallow 
water where currents washed and reworked the m a t e r i a l s . They are in 
s t r i k i n g contrast t o the t i l l i t e with i t s wide and unsorted range of 
grain s i z e s . The sedimentary environment was e v i d e n t l y one of shallow 
water with in termi t tent dumping of g l a c i a l mater ia l when the s o r t i n g 
ac t ion of water was at a minimum. The conformable character of the 
t i l l i t e layers and t h e i r a l t e r n a t i o n with shallow water sediments 
suggest depos i t ion from f l o a t i n g i c e . 

The t i l l i t e a l s o outcrops in the southeastern and eas tern margins 
of the Quorn shee t , reaching a th ickness of 1 ,000 f e e t . The boundaries 
with the over ly ing laminated sha les and the underlying Torrensian 
S e r i e s are wel l de f ined . Between bands of t i l l i t e are bedded sandy 
s i l t s t o n e s and s h a l e s , some of which are d o l o m i t i c . 
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Fig . 1. 

Sedimentary s t r u c t u r e s , probably r e s u l t i n g from slump-
ing, within th in bedded dolomitic rocks of the S t u r t i a n 
i n t e r g l a c i a l beds. Location: 1 mile south of Booleunda 
Eas t , in the eas tern ranges . 

Fig . 

Conglomerate with q u a r t z i t e 
shales 4 miles north of Mt. 

2. 
boulders , from the upper 
Brown. 

PLATE I I I 
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On the western s ide of the eas tern ranges the t i l l i t e and 
i n t e r t i l l i t i c sediments are s imi lar t o those descr ibed above. 
However they are separated in to an upper and lower horizon by 
i n t e r g l a c i a l beds approximately 900 f e e t th ick g iv ing a t o t a l of 
about 2,700 f e e t . The i n t e r g l a c i a l beds are c h i e f l y we l l sorted 
calcareous and dolomit ic s h a l e s , s i l t s t o n e s and coarse f e l s p a t h i c 
g r i t s . The rocks are current bedded and show rapid changes of f a c i e s . 
Slump s tructures have a l so been noted (see P la te 111, f i g . 1 ) . The 
i n t e r g l a c i a l beds appear to represent a period of g l a c i a l r e t r e a t 
during which sedimentation was dominantly in shallow water. However, 
the occas ional presence of i c e i s indicated by rare and t h i n layers 
of t i l l i t e . The absence of decomposition of the f e l s p a r grains in 
many of the g r i t bands may be due to the low temperatures p r e v a i l i n g 
under such p e r i - g l a c i a l cond i t i ons . 

Boulder t i l l i t e outcrops a l so along the eas tern margin of the 
western ranges. Four miles eas t of Quorn the t i l l i t e i s about 950 
f e e t th ick and i s underlain by a s e r i e s of sandstones , q u a r t z i t e s , 
s i l t s t o n e s and s h a l e s , with bands of t i l l i t e . considered t o be 
equivalent t o the i n t e r g l a c i a l beds of the eas tern ranges . 

Two miles west of Quorn t i l l i t e outcrops again, separated from 
the laminated sha les by a coarse g r i t ; the g r i t and the t i l l i t e 
are each approximately 100 f e e t t h i c k , and ne i ther horizon has been 

located more than one and a hal f mi les to the north. West of Quorn 
the t i l l i t e i s seen overly ing a coarse to medium grained k a o l i n i t i c 
sandstone, q u a r t z i t i c near the top, which has an observed minimum 
thickness of about 4 ,000 f e e t . The eastern margin i s f a u l t e d . The 
small th ickness of the boulder t i l l i t e and i t s disappearance northwards 
suggest that the horizon may be represented in part by the k a o l i n i t i c 
sandstone, part of which may a l so be equivalent in age t o the i n t e r -
g l a c i a l beds. 

Torrensian S e r i e s 

In the south-eastern corner of the Quorn sheet i s a sequence of 
d o l o o i t i c l imestones , do lomit ic s h a l e s , sandstones and q u a r t z i t e s , 
which as i t under l ies the t i l l i t e i s re ferred t o the Torrensian S e r i e s . 
The q u a r t z i t e s g ive r i s e to high r idges in contras t t o the shale ou t -
crops. The dolomit ic beds are f i n e grained, w e l l bedded, dense , l i g h t 
grey rocks. The lower margin of the S e r i e s i s not seen, but a t h i c k n e s s 
of approximately 11,500 f e e t i s reached wi th in the Quorn s h e e t . 

Torrensian S e r i e s rocks are a l s o exposed on the western s ide 
of the eas tern ranges, in the region of No-Where-Else Dam and at a 
l o c a l i t y seven miles to the north. The dolomites and q u a r t z i t e s 
exposed are s imi lar t o those in the southeast of the shee t . The 
lower margin i s obscured by the sediments of the Willochra Basin. 

S tra t iqraph ic Columns 

The s t r a t i g r a p h i c columns which accompany these notes ( s e e 
p l a t e VI11) have been drawn t o i l l u s t r a t e the v a r i a t i o n s in t h i c k n e s s 
and f a c i e s of the rocks wi th in the Quorn s h e e t . The g r e a t e s t 
var ia t ion i s seen when beds are compared with t h e i r equivalent 
horizons on the other s ide of the Willochra p l a i n . There are fewer 
changes from north t o south. In the eas tern ranges sedimentary rocks 
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Fig. 1. 
Ripple narked bedding plane in s i l t s t o n e of the 
chocolate sha le s , Mount Brown Creek. Corded 
s t r u c t u r e s l i e along the troughs between r i p p l e s . 

Fig. 2. 
Ripple marked bedding plane in s i l t s t o n e s of the 
chocolate sha l e s . Block found near face in 
p l a t e IV, f i g . 1, but not seen in s i t u . Corded 
s t r u c t u r e s follow the c r e s t s of the r i p p l e s . 

PLATE III 
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reach a th ickness of 29 ,000 f e e t . Sedimentation was e v i d e n t l y on a 
geosync l ina l s c a l e , with the depress ion of the sedimentary f l o o r in 
d e l i c a t e equi l ibr ium with depos i t ion as the sediments are dominantly 
shallow water t y p e s . 

The th ickness v a r i a t i o n s across the Willochra p l a i n a r e : -

Western ranges Eastern ranges 

Mottled sha les of the upper sha les 400* 1 ,600' 
Massive current bedded q u a r t z i t e 3,600* 1 ,700' 
Chocolate sha les 3,500* 11 ,600' 
Laminated sha les 1 ,500 ' 3,700* 
T i l l i t e ( inc luding i n t e r g l a c i a l beds) 0 - 100' 2 , 7 0 0 ' - 1 , 0 0 0 

K a o l i n i t i c sandstone 4,000* 
(base unseen) 

The th inning of the formations in the western ranges i n d i c a t e s 
proximity t o the margins of the or ig ina l sedimentary trough. Adelaide 
System rocks continue t o th in westwards u n t i l in the Uiddleback 
Ranges they are overlapped by the Cambrian, which r e s t s d i r e c t l y upon 
the Archaean basement. 

Structure. 
Introduction 

The eas tern and western ranges in the area descr ibed show 
Adelaide System rocks disposed in broad regular f o l d s , complicated 
by several large s t r i k e f a u l t s . Both ranges have a dominantly 
sync l ina l s t r u c t u r e , separated by a major a n t i c l i n e which i s e n t i r e l y 
masked by the hor izonta l sediments of the Willochra Basin ( s e e g e o l o g i -
cal s e c t i o n s in P la te V l l ) . 

Western ranges 

Quorn l i e s near the a x i s of a large s y n c l i n e running in a nearly 
north-south d i r e c t i o n with an e a s t e r l y dev ia t i on in the north. The 
f o l d , named the Quorn S y n c l i n e , p i t c h e s northwards so that s y n c l i n a l 
entrances of s u c c e s s i v e l y younger horizons occur from south t o north. 
The high land around Mt. Brown, whose summit i s j u s t o f f the southern 
margin of the Quorn s h e e t , occurs where the massive current bedded 
q u a r t z i t e s t r i k e s e a s t - w e s t in the nose of the *syncl ine . North of 
Quorn the Pound Quartz i te l i e s along the kee l of the f o l d . 

The western licib of the Quorn syncl ine i s truncated by a 
large s t r i k e f a u l t extending from the northern boundary t o the south-
western corner of the Quorn shee t , a d i s tance of t h i r t e e n m i l e s . The 
f a u l t , named the Quorn Fau l t , br ings the Quorn s y n c l i n e i n t o a 
p o s i t i o n adjacent t o an a n t i c l i n e t o the west which has been named 
the Pinkerton Creek A n t i c l i n e and which has an a x i a l trend t o the 
south-southwest . The magnitude of the Quorn f a u l t i s shown in Stony 
Gully, two and a ha l f mi les north-northwest of Quorn, where S t u r t i a n 
k a o l i n i t i c sandstone in the core of the Pinkerton Creek A n t i c l i n e i s 
in contact with the Pound Quartz i te in the kee l of the Quorn S y n c l i n e . 

TVo and a hal f mi les southwest of Quorn the Quorn F a u l t , 
b i f u r c a t e s t o produce a s p l i n t e r in which the Pound Quartz i t e and the 
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upper sha les outcrop. The s p l i n t e r i s f au l t ed against the massive 
t i l l i t e s over la in by laminated s h a l e s . The western limb i s truncated 
by f a u l t i n g which runs southeastwards across the trend of the 
a n t i c l i n e , bringing lower and lower horizons in to contact with the 
choco late sha les to the west . The southern port ion of the a n t i c l i n e 
appears t o have been upfaulted with the cu t t ing out of the t i l l i t e ; at 
the surface the s u b - t i l l i t e beds r e s t next t o the chocolate shale 
rocks. 

Eastern ranges 

The dominant s tructure in the eas tern ranges i s a large pound 
whose a x i s l i e s near Mt. Helen and has a northeast to southwest 
trend. This major s tructure has been named the B e l l a r a t t a Sync l ine . 
The s tructure i s c l e a r l y shown by the very prominent outcrop of the 
massive current bedded q u a r t z i t e . There i s a change of pi tch across 
the middle of the s y n c l i n e , so that in the northern port ion there i s 
an ax ia l p i t ch southwards and in the southern a northerly p i t c h . In 
the south the pound i s cut by a f a u l t named the B e l l a r a t t a Fault 
whose trend i s p a r a l l e l t o the f o l d a x i s . The f a u l t has lowered the 
southeastern f lank of the sync l ine so that the massive current bedded 
quar tz i t e outcrop i s d isp laced four and a hal f miles t o the south. The 
quar tz i t e outcrop shows terminal bending on both s ides of the f a u l t . 

On the western f lank of the B e l l a r a t t a Syncl ine there i s an 
a n t i c l i n a l and a sync l ina l f o l d . The two f o l d axes p a r a l l e l the 
trend of the major f o l d i n g . The a x i a l f l e x u r e which a f f e c t e d the 
B e l l a r a t t a Sync l ine c r o s s e s the a n t i c l i n a l and sync l ina l f o l d axes 
in the region three and a hal f miles south-southeast of Round H i l l . 
Further south the p i tch i s very shallow and as a r e s u l t the outcrop 
of the S t u r t i a n S e r i e s i s wide. 

In the northwest , Round H i l l l i e s near the ax i s of an 
a n t i c l i n e trending northeast t o southwest and swinging north-south 
near the northern margin of the shee t . On the southeastern f lank 
of the a n t i c l i n e the laminated sha les outcrop in a sync l ine f a u l t e d 
on the southern and eastern s i d e s . 

Lying approximately seven mi les eas t of Round H i l l i s the ax i s 
of a broad a n t i c l i n e , p i t c h i n g at about 20 deg. towards the southwest. 
The eas tern limb of t h i s f o l d i s the western limb of the B e l l a r a t t a 
S y n c l i n e . The western limb of the a n t i c l i n e i s truncated by a large 
s t r i k e f a u l t , named the Booleunda F a u l t . The f a u l t trends unevenly 
in a general northeast t o southwesterly d i r e c t i o n , the displacement 
decreas ing southwards. The f a u l t u p l i f t s the northwestern s ide 
r e l a t i v e t o the southeastern . The f a u l t i s w e l l exposed where the 
Booleunda Creek turns northwards, four and a hal f mi les east of 
Booleunda East . Here, the massive current bedded q u a r t z i t e i s 
separated from Stur t ian t i l l i t e by a f a u l t zone approximately 300 
f e e t wide. In the f a u l t zone a r g i l l a c e o u s beds, with some t i l l i t e , 
l i e in a h igh ly disturbed s t a t e . In the centre of the zone s t r e s s 
was c h i e f l y r e l i e v e d by p l a s t i c f low. Towards the margins of the 
zone f r a c t u r e s and brecc ias are more ev ident . In the massive current 
bedded q u a r t z i t e near the f a u l t zone there i s a s y n c l i n e , in terpreted 
as a dependent drag f o l d . 

The S t u r t i a n T i l l i t e on the western s ide of the Booleunda f a u l t 



1 4 

forms the core of an a n t i c l i n e whose axis swings away from the f a u l t 
in to an eas t -west d i r e c t i o n . On the southern limb of the a n t i c l i n e , 
the junct ion of the laminated sha les with the underlying S tur t ian 
T i l l i t e i s s trongly disturbed by numerous, i r r e g u l a r f o l d s and f a u l t s . 

An a n t i c l i n a l a x i s en ters the area of the Quorn sheet j u s t south 
of the northeastern corner. The a x i s swings southwards and then 
southeastwards. In the l o c a l i t y of the Yanyarrie Creek, S t u r t i a n 
T i l l i t e l i e s in the core of the a n t i c l i n e , p i t c h i n g in a northwester ly 
d i r e c t i o n . The a n t i c l i n a l a x i s changes p i t ch in the l a t i t u d e of 
Yanyarrie; t o the north the ax ia l p i t ch i s southwards at a low angle 
t o the h o r i z o n t a l . 

Willochra Basin 

The sediments of the Willochra Basin are poorly conso l ida ted 
rocks, in marked contras t t o the Proterozoic S e r i e s of the eas tern 
and western ranges. There i s no evidence of f o l d i n g and the s e d i -
Esnts appear t o r e s t in an undisturbed, hor izonta l p o s i t i o n . I t 
i s concluded that the f o l d i n g of the Proterozoic occurred pr ior t o 
the depos i t ion of the Basin sediments . 

S t r u c t u r a l l y , the Willochra Basin l i e s over a large north-
south trending a n t i c l i n e in the Proterozoic basement. Apparently, 
eros ion produced invers ion of r e l i e f and the eroded a n t i c l i n e was 
f i l l e d with Basin sediments, which re s t unconformably on, and over-
lap the underlying Proterozo ic . There i s no ev idence t o suggest 
that the Willochra Basin has a graben s tructure . 

Orogenic and Physiographic Evolut ion 

The f o l d i n g seen in the eas tern and western ranges took p lace 
a f t e r the lower Cambrian and prior t o the d e p o s i t i o n of the Willochra 
Basin sediments. The long s t r a t i g r a p h i c break prevents a more 
p r e c i s e dat ing from loca l ev idence . However i t may be assumed that 
the major t e c t o n i c d is turbances were part of the orogeny which 
occurred throughout the Mt. Lofty - F l inders Ranges geosync l ine and 
i s dated as pre-Permian in the F leur ieu Peninsula . The Quorn area 
may a l s o have been a f f e c t e d by movements in the T r i a s s i c , observed 
at Leigh Creek, and in the Ter t iary , recorded from the F leur ieu 
Peninsula. 

The absence of d e p o s i t s between the lower Cambrian and the 
Willochra Basin sed inents i n d i c a t e s that there was no major sedimenta-
t i o n in the reg ion, which probably stood as a land inass and must have 
passed through many c y c l e s of e r o s i o n . Following u p l i f t of the l a s t 
peaeplanated surface the Willochra Basin was eroded out along a major 
a n t i c l i n e in the Proterozoic basement. The recent hydrology t e s t 
bores show that the bottom of the bas in i s approximately 300 f e e t 
above the present sea l e v e l and s lopes northwards, which must t h e r e -
fore have been the d i r e c t i o n of. drainage. Erosion was succeeded by 
sedimentat ion, so that today the bas in i s f i l l e d t o a minimum l e v e l 
of approximately 700 f e e t above sea l e v e l . 

The present topography with i t s maximum e l e v a t i o n of over 3 ,000 
f e e t and minimum of 700 f e e t above sea l eve l i n d i c a t e s the s c a l e of 
the l a s t u p l i f t . The u p l i f t appears t o have occurred by a process 
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Disc - l ike s t r u c t u r e s from the chocolate shales 
in the eas te rn ranges . (see t e x t ) . 
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of broad warping rather than by block f a u l t i n g as f a u l t i n g i s not 
evident along the western margin of the Fl inders Ranges eas t of 
Port Augusta. 

Mineral Deposits. 
There appears t o be no mineral deposit of present economic 

importance within the area of the Quorn shee t . Several small groups 
of s h a f t s occur but none has been worked for many years and no 
evidence was found of reserves which would make further development 
p r o f i t a b l e . 

Three quarters of a mile west of the Quorn - Wilmington road 
there are disused s h a f t s a quarter of a mile south and a l so one 
mile north of the Mt. Brown Creek. The northerly workings are over, 
the ax i s of a southerly p i t ch ing a n t i c l i n e . Both groups of workings 
are s i t u a t e d on the outcrop of the dolomit ic and calcareous shales'. 
No lode s tructure i s v i s i b l e from the surface . Minerals s ca t tered 
about in the v i c i n i t y of the s h a f t s include in order of abundance, 
barytes , micaceous hemati te , c a l c i t e and malachite . 

One mile west of the Quorn - Wilmington road and three quarters 
of a mile north of the l i t . Brown Creek i s a disused barytes mine 
c o n s i s t i n g of a sha f t and severa l t renches . The mine i s in the 
choco late shale rocks near the ax i s of a sync l ina l f o l d . The barytes 
lode i s s i x t o seven f e e t wide, s t r i k e s 45° and dips at 75° to the 
north-west . The footwal l appears to be a brecc ia ted ferruginous 
sandstone. The only mineral seen in a s s o c i a t i o n with the barytes i s 
f i n e l y divided hemati te . 

In the eas tern ranges there are two groups of abandoned workings 
near the northern margin of the Quorn sheet . A manganese mine seven 
miles eas t of Round H i l l and three quarters of a mile south of the 
Boolcunda Creek, c o n s i s t s of a s i x t y foot shaf t and a twelve foo t 
deep open c u t . The ore i s bo tryo ida l , black manganese oxide and 
occurs in brecc ia ted material apparently as a c a v i t y f i l l i n g d e p o s i t . 
Associated minerals inc lude c a l c i t e and quartz. The country rock 
i s a horizon near the base of the chocolate s h a l e s . 

Two and a hal f mi les eas t of Boolcunda East several shallow 
p i t s have been dug along a vein which cuts S tur t ian T i l l i t e in an 
a n t i c l i n a l core . C a l c i t e , s i d e r i t e , hematite and quartz are the 
more common minerals , whi le trapes of malachite occur. 
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Addendum 
to the 

Geology of the Quorn Military Sheet. 

Stratigraphy 
T r i a s s i c 

Subsequent t o the publ icat ion of the Quorn sheet of the one mile 
Geological S e r i e s , coal was discovered during water boring operatinns 
on the property of E. Hilder at East Booleunda, at long. 138° 19' E. 
and l a t . 32° 15' S . Further examination showed the presence of a 
small basin of sediments with a number of impure coal seams, none of 
which outcrop. Samples from the coal seams were examined palynolog-
i c a l l y by Mr. B.E. Balme of the Univers i ty of Western Aus tra l ia and 
determined to be of T r i a s s i c age . 

The T r i a s s i c sediments are mostly s o i l covered. Near the 
southern boundary a few f e e t of purple and grey coarse grained 
current bedded sandstone underlain by grey gyps i ferous a r g i l l i t e s 
outcrop. At the eas tern boundary conglomerate can be observed in 
contact with weathered Proterozoic s l a t e s . In the discovery borehole , 
and others d r i l l e d subsequently , white sandstones and c lays were pen-
e tra ted but t h e i r p o s i t i o n in the success ion i s obscure. 

The T r i a s s i c sediments are markedly fo lded and l i e unconformably 
on the Proterozoic s l a t e s . The current bedded sandstones show dips as 
great as 30° and whi le the s tructure i s obscure there i s s u f f i c i e n t 
evidence t o show that the dips are due t o fo ld ing and not dragging 
along f a u l t s . 

At l e a s t two coal seams were penetrated during d r i l l i n g oper-
a t i o n s . They are low grade sub-bituminous coa l s with high ash and 
water content . The t o t a l depth of sediments in the basin has not been 
penetrated in boreho les . I t may amount to several hundreds of f e e t . 

The bas in shows marked s i m i l a r i t i e s to the T r i a s s i c bas ins in the 
Leigh Creek area and the S p r i n g f i e l d Basin on the Willochra sheet some 
10 miles nor th-nor theas t . 

The attached plan Plate VI shows the basin and i t s r e l a t i o n t o 
the surrounding Proterozoic rocks . I t i s not shown on the Quorn sheet 
s i n c e t h i s was printed prior t o the discovery of the b a s i n . 

Mineral Deposits. 
Coal has been penetrated in th in seams'in a T r i a s s i c basin at 

East Booleunda. This coal i s impure and not of economic grade. A 
proximate a n a l y s i s of samples from a borehole were as f o l l o w s : -



2 0 

Moisture V o l a t i l e Fixed Ash 
matter Carbon 

1 7 .41 % 14.64 % 9 . 2 8 % 68 .67 % 
2 14.88 30.21 23 .68 31 .22 
3 24 .96 42 .29 25 .96 6 . 7 9 

The basin i s a t present being i n v e s t i g a t e d by the Mines Depart-
ment. (June 1958) 
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