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EXPLANATORY NOTES FOR THE NOOLYEANA 1:250 000 SHEET 

ABSTRACT 

The NOOLYEANA 1:250 000 shee t a rea l i e s in t h e n o r t h -
ern- p o r t i o n :o£ t h e Great Ar t e s i an Ba.siri i n South A u s t r a l i a . 
The a rea mapped inc ludes the s o u t h e r n . p a r t of the Simpson 
Desert and no r the rn Lake Eyre. The o l d e s t outcrops in, t h e 
a rea are the Cretaceous (Albian to Cenomanian) c l ays tbnes 
and sandstones of the Winton Formation which .are exposed i n 
the southwest corner of the a r e a . Ordovician (70 m), 
J u r a s s i c (149 m) and Cretaceous (1 116 m) rocks were i n t e r -
sec t ed i n the subsu r f ace i n French Petroleum Cpmpany ( A u s t - . 
r a l i a ) Poonarunna No. 1 which was. d r i l l e d i n t h e south ea s t 
corner of t h e - s h e e t a rea i n 1964. 

Cainozoic rocks depos i t ed^ inc lude Lower T e r t i a r y 
f l u v i a t i l e sandstones which have^genera l ly b e e n , - s i l i c i f i e d 
( toge the r with p a r t of the Winton Format ion) , .?Upper , 
Ter t i a ry . l imes tonesXand marls equ iva len t to t h e Etadunna 
Formation, a sequenc^\$>f P l e i s t o c e n e channel sands and. 
c l a y s , a eo l i an sand of the Simpson Desert and more r e c e n t l y 
the al luvium of the g i b b e r " p l a i n s , lakes and r i v e r s . 

S t r u c t u r a l t r ends on. the-map a rea vary from n o r t h -
ea s t t o northwest . 

INTRODUCTION . 

The NOOLYEANA ,1:250.000 sheet- a rea ( h e r e a f t e r r e f e r r e d to as NOOLYEANA). 

l i e s about 850 km nor th of Adelaide between l a t i t u d e s 27° and 28° south .and long- , 
\ \ ' : i ' 

i t u d e s 136°30' and .138° e a s t . The s h e e t s a d j o i n i n g i t areGASON t o the e a s t , 
/ 

LAKE EYRE to., the . south , OODNADATTA t o t h e west and POOLOWANNA t o the no r th ..(see . 

F ig . 1) . The a rea i s un inhab i t ed . . The southwestern and s o u t h e a s t e r n p o r t i o n s 
• \ 

of the a rea form, a p a r t of Macumba and Kalamurina c a t t l e stations' ." \ The n e a r e s t 
v ' N ' 

s t a t i o n homestead i s New Kalp iur ina which i s about 25 km n o r t h e a s t of Poonarunna. 

Bore,(formerly. French Petroleum Company (Aus t r a l i a ) P o o n a r u n n a l - now a f lowing 

a r t e s i a n b o r e ) . Two abandoned s t a t i o n s , Old Kalamurina and Poonarunna a re 
s i t u a t e d along the Warburton Creek on NOOLYEANA. The n e a r e s t town i s Oodnadat ta , 



about 105 km west of NOOLYEANA. ; The sand h i l l s of t h e Simpson and T i r a r i Dese r t s .. 

and the s a l t channels of t h e Warburton and Kallakoopah Creeks and Macumba•River 

make v e h i c l e t r a v e l th rough t h e a r e a d i f f i c u l t . ; There a r e only a few t r a c k s ^on -. 

t he gibber^ count ry i n t h e southwest and one. graded t r a c k from. Ne;w Kalamurina t o 
> 

Poonarunna ; l and about 25 km down r i v e r from t h e r e . In good s e a s o n s , : .drovers were 

Jcnownoto \ t a k e J c a t t l 0 l £ r o m r O o d n ^ a t t a ' ' a c r o s i a t h e o n d H b n e n d f o £ 3 t a k e : r E y r e r t o t h e 

B i r d s v i l l e Track Cat t lena ia t ions : i . (Fa i^e l l ;^196Q.) vr x i • . r.DC-'). 

The count ry i s of l i t t l e va lue f o r p a s t o r a l use during, t h e dry s e a s o n s ' 

which a r e usua l i n t h i s a r e a . For i n s t a n c e , average r a i n f a l l acco rd ing t o t h e 

s t a t i o n owner a t New Kalamurina i s l e s s t han 130 mm per-annum and .extremely 

i r r e g u l a r . Two yea r s or more may pass wi thou t a p p r e c i a b l e r a i n f a l l . Average 

day t empera tu re s range from 20°C maximum i n . w i n t e r t o 35°C i n summer ( s t a t i o n 
"s. 

V 
r e c o r d s , . New Kalamurina-X-

Mapping was carrYesd out by G.W. Krieg and. t h e au tho r as p a r t of a 
\ ^ 

; \ 
h e l i c o p t e r mapping programme cover ing the Simpson D e s e r t , Lake Eyre and s u r r o u n d -
ing a reas (Krieg , 1971). Some.ground work was done, by t h e au thor along Warburton 

' \ ' 
Creek i n 1970. RC9 photography (1:82 000 s c a l e ) from t h e South A u s t r a l i a n Lands 

Department was used f o r f i e l d mapping and a i r photograph i n t e r p r e t a t i o n . 

The au thor wishes t o acknowledge Dr. H. Wopfner and members of the 

Petroleum E x p l o r a t i o n and Regional Surveys D iv i s ions of t h e South A u s t r a l i a n 

Department of Mines and Dr. C.R. Tw'idale, U n i v e r s i t y of Adela ide for . t h e i r h e l p 

and. c r i t i c i s m d u r i n g t h e p r e p a r a t i o n of these , e x p l a n a t o r y n o t e s . 

PREVIOUS WORK 

(a) H i s t o r i c a l 

One of t h e f i r s t e x p l o r e r s t o e n t e r t h e a r e a was Warburton (1866) who. 

t r a v e l l e d a long t h e n o r t h e r n edge ,o f Lake Eyre on t o t h e GASON a r e a . L a t e r , 

Lewis (1875) t r a v e r s e d the : whole of t h e shores, of Lake Eyre except t h e . s o u t h w e s t 

p o r t i o n and made a v d e t a i l e d examinat ion of t h e f l o o d p l a i n s t o t h e e a s t and. 

n o r t h e a s t , A. g e n e r a l i s e d account of e a r l y e x p l o r a t i o n i n t h i s a r e a i s g iven by. 

T h r e a d g i l l (1922).. 



(b) Geological 

Early g e o l o g i c a l . o b s e r v a t i o n s inc lude t h o s e , o f Debney.(1881 a and b) 

and Brown (1892) . Gregory (1906) passed through the southern, p a r t of NOOLYEANA . 

c o l l e c t i n g samples of f o s s i l bpnes. His-book, "The Dead Heart of Aus t ra l ia 1 1 

deals with the geology, h i s t o r y , physiography, water r e sources and p l i g h t of the-, 

abor ig ines of t h i s a r e a ; a n d con ta ins an e x c e l l e n t b i b l i o g r a p h y . 

Madigan (1930 to. 1946,) desc r ibed var ious aspec t s of the geology- of Lake 

Eyre and i t s . surrounding a r e a s . He crossed the Simpson Desert in. 1939 (well t o . 

the nor th of the S.A.-N.T. border ) from Andado Bore i n t h e - N o r t h e r n . T e r r i t o r y to 

Queensland and thence down t o Goyder Lagoon, along Warburton Creek . to Lake Eyre 

and down i t s e a s t e r n shore .to Marree. 

Since 1953, S t i r t o n (now deceased) and col leagues v(among them Dr. R.H. 

Tedford, Curator of Ve r t eb ra t e Palaeontology a t t h e American Museum of Natura l 

His tory) have c a r r i e d .out s t r a t i g r a p h i c and v e r t e b r a t e p a l a e o n t o l o g i c a l s t u d i e s ; 

( S t i r t o n e t a l i , 1961, 196?) in the T i r a r i Dese r t , p a r t of which extends - on to• 

NOOLYEANA (the T i r a r i Desert i s t h e a rea between Cooper Creek,. Warburton Creek 

and the, e a s t of Lake Eyre - .see Fig; 1)... Other l i t e r a t u r e r e l e v a n t to NOOLYEANA: 

inc ludes t h a t by King (1956, . I960) , Sprigg (1958a, 19.58b,. 1961, 1963) . . Johns and ;. 

Ludbrook.(1963), Ludbrook (1966), Wopfner (1960-1973) and Jessup and .Norr i s 

(1971)(see s e l e c t e d b i b l i o g r a p h y ) . 

The subsu r f ace geology of the Great Ar t e s i an Basin i n t h i s a rea has . 

been desc r ibed by Sprigg (1958a),. Wopfner . ( I960, 1964; 1969), Canaple and Smith, 

(1966), Tanner (1966), Nugent • (1969) and Demaison et. a l . , (1970). 

Mapping on aread a d j a c e n t t o NOOLYEANA. a t t he time of w r i t i n g of 

t he se notes was almost, complete.. OODNADATTA to the-wes t .has a l r eady been p u b l i -

shed .(Frey.tag e t a l . , 1967) and GASON (Williams,. 1973b), P00L0WANM (Williams 

and Youngs,. 1972) and LAKE EYRE (Will iams, in prep,.) a re being compi led . . Photo-

geo log i ca l , maps of NOOLYEANA have been prepared by French Petroleum Company 

Aust ra l i a . ( h e r e a f t e r FPC(A)) i n 1963 and by Gregory in 1970. The a rea was-.cover.ed 
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by a r eg iona l h e l i c o p t e r survey i n 1971 (Krieg, 1971) when v i r t u a l l y a l l P l e i s -

tocene exposures i n t h e Simpson and T i r a r i Deser ts were v i s i t e d . 1 A few exposures 

of pre-Quaternary rocks were examined on the southwest corner of NOOLYEANA.' As 

mentioned e a r l i e r l i m i t e d ground work was done , in the sou theas t corner .by t h e 

author i n 1970. S t r a t i g r a p h y and nomenclature f o r the pub l i shed map was based .on • 

t h a t used on OODNADATTA (Frey tag , *et a l . , 1967) . 

(c) Geophysical and pe t ro leum e x p l o r a t i o n . 

In the l a t e f i f t i e s , petroleum e x p l o r a t i o n was, i n i t i a t e d i n areas ... 

surrounding NOOLYEANA (Sprigg, 1958a). I n i t i a l l y , s u r f a c e mapping was c a r r i e d out , , 

on OODNADATTA by Santos g e o l o g i s t s (see Wopfner, 1956). An aeromagnetic survey 

which inc luded NOOLYEANA was. flown in 1961 by Aeroserv ice Corpora t ion o f ' t h e U;S. 

(Delh i -Santos , 1961). In the e a r l y s i x t i e s , t h e se i smic s e c t i o n - o f t h e South 

A u s t r a l i a n Department of Mines c a r r i e d out reconna issance r e f r a c t i o n and ref^lec-

t i o n work on p a r t s of NOOLYEANA. This .comprised s e i s m i c ; l i n e s between Mount. , 

Dutton on; OODNADATTA and New. Kalamurina on GASON in.,1961 and 1963 and down the 

Macumba River i n 1963 and 1964. This da ta was i n c o r p o r a t e d with t h a t ob ta ined by 

FPC(A) i n 1963-64 , . f rom ,the southern h a l f of NOOLYEANA (see t e c t o n i c ske tch on map. 

f o r shot p o i n t l o c a t i o n s ) . . A h e l i c o p t e r g r a v i t y survey in-1963 (Wongela Geophy-

s i c a l P. L. , 1964) inc luded .,all of NOOLYEANA. •• v 

This e3q)lor.ation culminated in l a t e 196.4 when Poonarunna^l was d r i l l e d 

i n t h e . s o u t h e a s t e r n corner of the map s h e e t . . Here, i t was hoped t h a t t h e bore 

would i n t e r s e c t hydrocarbons in Permian sediments on the edge of an o l d e r . 

Pa laeozoic s t r u c t u r e (see l a t e r ) . ' No s i g n i f i c a n t hydrocarbon shows were encount-r. 

ered (Magnier and Cooper., 1964) . : 

PHYSIOGRAPHY : 

NOOLYEANA may be broadly d iv ided i n t o four , .phys iographic zones;- t he 

gibber p l a i n s and mesas i n the southwestern co rne r , t h e NNW-SSE dune system o f . 

the Simpson and T i r a r i D e s e r t s , t he channels and f lood p l a i n s of the Warburton 

Creek,, Kallakoopah Creek and Macumba River and Lake Eyre and a s s o c i a t e d p l a y a s ; 
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( i ) The g ibbe r p l a i n s and mesas . 

These occur i n t h e southwest of t h e map a r e a . The .gibber p l a i n s a r e 

g e n e r a l l y f l a t ;or g e n t l y u n d u l a t i n g - never more .than 20-^40 m above s e a l e v e l o r 

30-50 m above, r e g i o n a l base l e v e l i n Lake Eyre . Remnant mesas , capped by. s i l -

c r e t e which r e p r e s e n t s t h e l e v e l of a . f o r m e r h i g h e r land s u r f a c e and bounded, by 

s t e e p s l o p e s , a r e s c a t t e r e d th roughout t h i s a r e a . The tops o f t h e s e mesas can .be 

up t o '40.m above the. gene ra l ^p la in l e v e l . Drainage from t h i s a r e a f lows i n t o , t h e 

Macumba River and then i n t o Lake Eyre a l though some creeks d r a i n i n t o swamps on 

t h e s tony f l a t s . The p l a i n s suppor t s a l t b u s h ( A t r i p l e x , sp . ) and s a n d h i l l canegrass 

(Zygochloa paradoxa) and .the c reeks a r e u s u a l l y l i n e d wi th ;gidgee (Acacia cambagei) 

and some e u c a l y p t s . , A v a r i e t y of g r a s s e s and bushes may b e , f o u n d i n t h e c reeks , 

and swamps a f t e r a good r a i n . These inc lude . M i t c h e l l g r a s s ( A s t r e b l a p e c t i n a t a ) , 

buck bush ( S a l s o l a k a l i ) and b u r r s and b i n d y i s (Bass ia sp . ) . • 

( i i ) The sand dunes of t h e Simpson' and T i r a r i Dese r t s 

These t r e n d n o r t h - n o r t h w e s t e r l y . They are subpara l l e l and g e n e r a l l y 

s t e e p e r on t h e ea .s tern s i d e . The i r h e i g h t r a r e l y exceeds 30, m . They a r e f i x e d 

except f o r a few metres of lpose. sand a t t h e top of the dune (see l a t e r u n d e r : 

S t r a t i g r a p h y ) , . . Vege ta t ion i n t h e d e s e r t i n c l u d e s s a l t bush . . . (A t r ip l ex , s p . ) , s and-

h i l l canegrass (Zygochloa. p a r a d o x a ) , g idgee (Acacia cambagei ) , mulga . (Acacia; 
\ . ' • ' 

aneura) and needlebush (Hakea l e u c o p t e r a ) (see; Crocker 1946a, f o r v e g e t a t i o n i n 

t h e Simpson D e s e r t ) . -'i ' : ! v'.c .""• •; 

( i i i ) The channels and f l o o d p l a i n s .of t h e main creeks and r i v e r s -. 

The f l a t n e s s ,of t h e - c o u n t r y i s emphasised by. the d r a i n a g e p a t t e r n of 

the-Warburton Creek which d i v i d e s i n t o s e v e r a l d i s t r i b u t a r i e s b e f o r e i t r eaches 

NOOLYEANA. One of t h e s e , t he Kallakqopah Creek winds i t s way o u t , i n t o .the d e s e r t 

e v e n t u a l l y j o i n i n g the Macumba. River and f lowing i n t o Lake Eyre. There a re many 

lakes and i n t e r d u n a l a r e a s c o n n e c t e d - t o bo th t h e Warburton and Kallakoppah.Creek, 

which become,inundate,d i n t imes of f l o o d , ( e . g . March-Ju ly , .1971). Most of t h e 

creek channels ,of t h e main r ivers - a re below sea l e v e l ( the Kalla.koopah and .WarT 
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b u r t on Creek f l o o d w a t e r s f low back "up t h e Macumba River and .'.vice v e r s a ) . Main 

v e g e t a t i o n along t h e s e c reeks i s s a l t b u s h ( A t r i p l e x s p . ) , lignum (Meuhlenbeckia 

cunninghamii) and e u c a l y p t s (Eucalyptus m i c r o t h e c a ) . 

( iv) Playas - Lake Eyre 

Lake E y r e \ i s normal ly a dry s a l t p a n which s lopes g e n t l y t o . t h e sou th . 

and a t i t s , lowest e l e v a t i o n is. abou t ' 10 -15 me.tres below sea l e v e l . ' The s o u t h e r n 

most p o r t i o n o f . t h e lake on NOOLYEANA i s abou t .10 metres below, s ea . l e v e l . At t h e 

time of t h e - s u r v e y ( June , : 1971) however, most of t h e lake was covered wi th w a t e r , 

due to e x c e p t i o n a l l y .heavy r a i n s in March of t h e same yea r i n . c e n t r a l and wes te rn 

Queensland, t h e main catchment a r e a : f o r t h e Diamantina R i v e r - o r Warburton Creek, 

( the Diamantina River becomes; the Warburton Creek a f t e r f lowing through Goyder 

Lagoon). The average depth a t t h e - n o r t h e r n :.end of, t h e lake.was p robab ly less-

than 30,-40 cm. The s u r f a c e of t h e lake i s marked by a narrow channel about 40 km 

long a n d 1 km.wide which s t a r t s a t t h e mouth of t h e Warburton Creek.. This 

channe l , named'the, Warburton Groove,, i s remarkably s t r a i g h t , and runs, i n a .nor th-

south d i r e c t i o n . I t i s t h o u g h t t o be . a r e s u l t of Recent t e c t o n i s m ^ (Wopfner. and 

Twidale, 1967). Smal ler p l ayas a r e common n o r t h of - Lake Eyre i n t h e i n t e r d u n a l . 

c o r r i d o r s . Most a r e e l o n g a t e "in a n o r t h - n o r t h w e s t e r l y d i r e c t i o n . 

The.whole system of l akes and b u r i e d . c h a n n e l s (as ev idenced .by meander 

t r a c e s i n the i n t e r d u n a l c o r r i d o r s ) n o r t h of Lake Eyre a r e undoubtedly remnants, 

of a much , l a rge r a n c e s t r a l d r a inage sys tem. Encroaching sand dune sand f l u v i a - t 

t i l e d e p o s i t i o n - f i l l e d i.many .of t h e s e channe l s , g r a d u a l l y l i m i t i n g d ra inage t o t h e 

Warburton Creek and Macumba-River systems as seen .today.. 

STRATIGRAPHY 

The o l d e s t ou tc ropp ing rocks on NOOLYEANA a r e t h e c l a y s t o n e s and sand-

s tones of t h e Middle Cre taceous Winton Format ion. Older C r e t a c e o u s , J u r a s s i c and 

(?) Ordovic ian rocks were i n t e r s e c t e d i n Poonarunna 1 i n : t h e s o u t h e a s t co rne r of 

NOOLYEANA. Younger rock u n i t s exposed o n . t h e map a r e a i n c l u d e t h e Winton Forma--

t i o n , the .Lower T e r t i a r y Eyre Formation which has been p a r t i a l l y or comple te ly 



s i l i c i f i e d , P l e i s t o c e n e f l u y i a t i l e ' s e d i m e n t s and a number -of .Recen t -un i t s such 

as the sand of the Simpson D e s e r t , s lope depos i t s and f creek, and lake a l luvium. 

A,summary of the subsu r face and s u r f a c e s t r a t i g r a p h y on NOOLYEANA 

appears on ..Tables I and I I . , 
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TABLE.III. 

Formation tops and t h i c k n e s s e s i n Poonarunna 1 

FORMATION TOP (METRES) THICKNESS (METRES) 

Quaternary Sand . 0- 6 

Etadunna Formation 6 53 

Eyre Formation 59 36 

Winton Formation 95. 573 

Oodnadatta Formation 668 295 

(a) Wooldridge Limestone Member 884 9 

(b) Coor ik iana Sandstone'Member - 948 15 

Bul ldog .Sha le 963 - 202 

Cadna-owie Formation 1 165 46 

Algebuckina Sandstone, 1 211 • 365 

Birkhead Formation 1 576 54 

Ordovic ian . (?,): ' 1 630 69 

TOTAL DEPTH : 1 .699 

NOTE: S t r a t i g r a p h y is. based o n ; t h a t on OODNADATTA except f o r bott.om t w o - u n i t s . -. 

Pre-Mesozoic. . ( subsur face only) 

Poonarunna 1 was d r i l l e d on t h e marg in .of the P e d i r k a , B a s i n - a 

P a l a e o z o i c Basin unde r ly ing t h e Mesozoic rocks of t h e Great A r t e s i a n Basin (Ypungs; . 

1973). The .well was in t ended t o i n t e r s e c t Permian sediments bu t i t passed from 

Mesozoic sands tones d i r e c t l y i n t o s t e e p l y d ipp ing s i l t s tones., , thought "to be 

Ordovic ian i n age . Permian sediments i n t h i s b a s i n have been i n t e r s e c t e d in-. 

French Pe t ro leugi Company ( A u s t r a l i a ) W i t c h e r r i e ,1 (1964a), Purni 1 (1964), Mt. 

Cr i spe 1 . (1966a) and Mokari 1 (1966b) - a l l . d r i l l e d on DALHOUSIE t o the nor thwes t 

of NOOLYEANA. Lower. Permian , (?) g l a c i a l sediments (Crown Po in t Format ion) were 

found i n , a l l f o u r we l l s ^and younger f r e s h w a t e r sediments. (Purni Format ion) were 



found only i n ,Purni 1 and Mokari 1. The Permian in- the sou theas t Pedi rka Basin 

(see F ig . 1 f o r ba s in boundary a f t e r Wopfner, 1972) has not been i n t e r s e c t e d . 

Here i t may be t h i n or absen t . The geology and hydrocarbon p o t e n t i a l of t h e . 

Pedirka Basin has been d i scussed by Youngs ;(1973). 

Mesozoic 

Poonarunna 1 p e n e t r a t e d . 1 535 m of Mesozoic sediments , , 419 m of which, 

were J u r a s s i c .rocks and 1 116 m were Lower to ,ear ly Upper Cretaceous , sediments., 

For., a d e t a i l e d d i s cus s ion of the subd iv i s ion and c o r r e l a t i o n of. the .Mesozoic., in 

the western, Great Ar tes i an Basin inc lud ing tha.t on NOOLYEANA; the reader i s 
i 

r e f e r r e d to Wopfner ( in Parkin, , 1969 - f i g . 65 and pp. 140-147). Williams and 

Youngs (1972) and Williams (1973a) a l so . ind ica te . c o r r e l a t i o n with surrounding 

areas in Queensland and the. Northern T e r r i t o r y , The nomenclature f o r NOOLYEANA 

where p o s s i b l e has fol lowed t h a t used on OODNADATTA (Frey tag , e t a l . , 1967); 

J u r a s s i c ( subsur face only) 

The o l d e s t Jurass ic . . encountered in Poonarunna 1 i s about 55 m of .grey , 

s i l t s t o n e , sandstone and b lack p y r i t i c sha l e equ iva len t to Birkhead Formation -, 

(Wopfner., in Park in , 1969 - p . 142). There a re some conglomerat ic sandstones, 

near the ;base which may-be-equivalent ...to the Hutton Sandstone. .(Wopfner, pers,. 

v comm., 197.1) . 

\ 
\ Conformably over ly ing t h e Birkhead-Formation i s -the Upper J u r a s s i c ; 

Algebuckina Sandstone, a poor ly c o n s o l i d a t e d , medium to. coarse gra ined qua r t z -

sandstone with, i n t e r b e d s ; o f g r e y ; s h a l e and occas iona l b i t uminpus .ma t t e r . There 

i s a marked, t h inn ing to the west as s u r f a c e outcrops of Algebuckina :Sandstone 

around the Peake and Denison Ranges are only about 20 metres t h i c k .(Wopfner, e t 

a l . , 1970) al though p o r t i o n has probably been eroded. 
I 

The Algebuckina,Sandstone i s t he main a q u i f e r in t h i s p a r t of the • 

Great Ar t e s i an Basin. 
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Cretaceous ( subsur face and s u r f a c e ) 

The o l d e s t Cre taceous . rocks i n t e r s e c t e d i n Poonarunna 1 a re equ iva l en t s . 

of the Cadna-owie Formation.(Wopfner e t a l . , 1970) and c o n s i s t of carbonaceous 
i. 

sands tone ,and grey sha l e s . The sandstones serve ,as an a r t e s i a n a q u i f e r but wi th 

poorer q u a l i t y water and a . lower supply than the Algebuckina Sands tone . . 

The next youngest f o r m a t i o n s the Bulldog Shale and Oodnadatta Formation, 

a re f a i r l y s i m i l a r according t o l i t h o l o g i c a l - l o g s al though the Oodnadatta Forma-

t i on is. s i l t i e r a n d more c a l c a r e o u s . Radioact ive and . son ic logs however(show 

two d i s t i n c t breaks, in the Bulldog - Oodnadat ta .sequence-a t about 885 and 950 m. • 

These i n t e r v a l s have been c o r r e l a t e d by Townsend- (1971a). with- the Wooldridge .-. 

Limestone and Coorikiana Sandstone Members of the Oodnadatta Forma t ion . (F rey tag , 

1966). • The Coorikiana Sandstone marks the lower boundary o f • t h e Oodnadatta 

Formation . (Townsend, 1971a, 1971b and -Krieg., 1971). . These two members a re 

mappabl.e u n i t s on ad j acen t OODNADATTA (Freytag e t a.1. , 1967). 

On OODNADATTA, a f i n e gra ined g l a u c o n i t i c sandstone, , t h e ^ o u n t Alexander 

Sandstone (Freytag , 1966) has been ..included, as p a r t of . the upper. Oodnadatta 

Formation. "Blue, sands tones" recorded on d r i l l e r s logs of se i smic shot ho les .on 

NOOLYEANA (records i n Petroleum Explora t ion D iv i s ion , South A u s t r a l i a n Depart-

ment of Mines) may be equ iva len t t o t h i s member ( t h i s i s i n t e r p r e t i v e as t h e s e 

logs a re o f t e n very vague) . 

The next youngest and . the o l d e s t outcropping, format ion oh NOOLYEANA i s 

the Winton Formation. Where exposed, t h i s i s chemi.cally a l t e r e d and c o n s i s t s of • 

w h i t e , p a l e grey and yellow c l a y s t o n e s , s i l t s t o n e s and k a o l i n i t i c sandstones.. 

Some i r o n s t o n e nodules axe p r e s e n t (gyps i te f e r r u g i n i z a t i o n - see l a t e r ) and., 

p l a n t remains may t e d i s t i n g u i s h e d in l e s s weathered sediments ( t o o . o x i d i s e d 

however f o r i d e n t i f i c a t i o n - p e r s . ;comm..,. W.K. H a r r i s , S.A.D.M., 1971) . A 

l i g n i t e bed was p e n e t r a t e d i n one se ismic sho tho le . In Poonarunna 1 the. Winton 

Formation i s composed.of 573 m of in te rbedded s i l t s t o n e s and sha l e s with t r a c e s , 

of l i g n i t e and p y r i t e . 



Cainozoic 

T e r t i a r y 

Sediments of p robab le T e r t i a r y age which a re exposed .on NOOLYEANA 

inc lude f i n e t o coarse g r a ined , grey qua r t z sandstone and occas iona l s i I t s t o n e . . 

' They a re assumed t o be equ iva l en t t o the Eyre Formation (Wopfner e t a l . , .1973) 

which has been de f ined .to include; the Ma.cumba Sandstone, on OODNADATTA; The sand-

s t o n e s ^ " NOOLYEANA are g e n e r a l l y f i n e r gra ined than those on OODNADATTA and some 

l aye r s a re h e a v i l y f e r r u g i n i z e d . About 37 m o f , f i n e qua r t z 'sandstone were 

i n t e r s e c t e d i n Poonarunna 1. 

As with o the r p o r t i o n s of the Great Ar t e s i an Basin, many of t h e exposed 

T e r t i a r y and Cretaceous rocks in t h i s a rea have undergone s i l i c i f i c a t i o n ( s i l c r e t e ) . 

Most, mesas on NOOLYEANA are capped by s i l c r e t e e x h i b i t i n g massive, nodula r or 

p i s o l i t i c s t r u c t u r e s . The age of the s i l i f i c a t i o n i s thought to, range from 

Oligocene t o Miocene (Wopfner and Twidale, 1967). Younger s i l i c i f i c a t i o n has 

been, observed by the author near Lake.Eyre and i s a l so mentioned by Wopfner and 

Twidale, (1967) and JessUp and Norr is (1971) . 

The only o the r ( ? ) T e r t i a r y on NOOLYEANA i s about 53 m.of whi te dolomi-

t i c l imestones and grey marls above the Winton Formation in,Poonarunna 1. These 

have been, c o r r e l a t e d with the Etadunna Formation (Wopfner and Twidale, 1967). 

Weathered c lays and sands outcropping downstream from the bore may be equivalent , 

t o t h e s e sediments (Tedford, p e r s . comm., 1971), Wopfner ( in Wopfner,and Twidale, 

1967) equates the Etadunnja Formation with the s i m i l a r l imestones on CORDILLO. 

White-patches on t h e . a e r i a l photographs, of NOOLYEANA on the no r th s i d e 

of Koorakarina Creek,have been p h o t o i n t e r p r e t e d as Etadunna Formation s ince 

s i m i l a r looking outcrops t o t h e south on LAKE EYRE are known t o be E t a d u n n a F o r -

mation from f i e l d work by the au tho r . 

Quaternary 

Most of the a rea ,covered with dunes on NOOLYEANA is , u n d e r l a i n by ,a 

sequence of channel sands and c l a y s . Nearly a l l exposures of these, deposi ts , were 

v i s i t e d (by h e l i c o p t e r ) , most occur r ing along the,Kal lakoopah Creek, Warburton 
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Creek and t h e edges of s o m e p l a y a s . D r i l l e r s logs from se i smic shot ho les down 

the Macumba River and Manarrinna Creek . indica/ te ;a sequence., of . brown and grey.ysandy 

clays and sandstones wi th gyps i f e rous beds near t h e -top. No at tempt was made t o 

subdivide t h e s e ..deposits ibecause of a .d iverse range1 of L l i t ho log i e s and - lack . of 

c o n t i n u i t y of ou tc rop . In one .exposure , f ou r such channel depos i t s :were,seen_ 
> 

disconformably over ly ing each o ther . . Sedimentary s t r u c t u r e s such as the cut : and 

f i l l t y p e , c ross bedding and r i p p l e laminat ions are p r e s e n t , i n d i c a t i n g . e n v i r p n - , 

ments of s e v e r a l d i f f e r e n t energy l e v e l s . , Ve r t eb ra t e remains a re .common ( S t i r t o n 

e t - a l . , . 1 9 6 1 ) . These sediments a re coa r se r gra ined on the western edge of the . 

map a r ea . The i r , age i s u n c e r t a i n ; The o lde r subsur face sediment may be as old 

as; Late T e r t i a r y , whereas 1 exposed sediments a re probably l a t e P l e i s t o c e n e . 

On NOOLYEANA, as with the ma jo r i t y of the Great A r t e s i a n Basin i n t h i s 

p a r t of A u s t r a l i a , gypsum i s ; p r e v a l e n t as massive c r u s t s and t h i n n e r c r y s t a l l i n e 

l aye r s exposed i n - c l i f f s e c t i o n s of Cretaceous and.younger rocks . I t i s a 

product, of a weather ing p r o f i l e ( the g y p s i t e p r o f i l e of Wopfner and Twidale, 1967) 

which developed- in Late P l e i s t o c e n e times , a f t e r t he commencement ..of a p e r i o d of 

a r i d i t y . F e r r u g i n i z a t i o n is;common a t . t h e base of t h i s p r o f i l e . a n d i s most 

commonly developed i n Cretaceous sediments . ; C e l e s t i t e sometimes occurs as 

nodules on the p r e s e n t ..day land s u r f a c e (Will iams, 1972). 

The younger geo log ica l u n i t s ' o n NOOLYEANA inc lude the g ibber covered 

red-brown clays and lag and low angle s.lope d e p o s i t s - (wliich mantle the Cretaceous 

and T e r t i a r y rocks on the -south-west edge o f : NOOLYEANA), t h e orange brown sarid : 

of the Simpson „and T i r a r i Deser t s and the g r a v e l s , sands and c lays of the .c reeks , 

r i v e r s and .p l ayas . 

The sand of the d e s e r t i s a ,white: t o orange brown, f i n e t o medium 

gra ined qua r t z ,sand which forms l o n g i t u d i n a l dunes (Madigan, 1936; Bagnold,1941) 

t rending n o r t h - n o r t h w e s t e r l y . The dunes vary in he igh t from about 2 t o 30 m and 

may be up to 30 or more, km i n l e n g t h . . Dune spacing v a r i e s from about 3 t o 6 pe r 

km. The.lower, p a r t s of the dune a re f i x e d by v e g e t a t i o n , t he upper - po r t i ons . . 

being mobile. . Dunes a re .asymmetric wi th s t e e p e r s i d e s g e n e r a l l y to the e a s t , 
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but t h i s depends on the p r e s e n t day causal wind. Ages a sc r ibed t o the dunes 

range from l a t e P l e i s t o c e n e t o middle Recent (Crocker, 1946a; Heath and Wopfner, . 

1963; Wop f n e r ; and Tw.i d a l e , 1967; Folk , 1971a,. 1971b; Twidale, 1972). Firman ... 

(1970) ass igned the name Simpson Sand t o the dunes and under ly ing sand. Wopfner 

and Twidale. (1967) cons ider t h i s under ly ing p o r t i o n to be p a r t of an o lde r dune 

system. The dune sand i s considered der ived from northward aeo l i an t r a n s p o r t a -

t i o n of sediments depos i t ed in the v i c i n i t y of Lake Eyre by the l a rge - r ive r 

systems d r a i n i n g the ba s in a rea (see Wopfner and .Twidale, op. ci , t . ' , p . 136). 

STRUCTURE. 

B r i e f l y , the subsu r f ace s t r u c t u r e on NOOLYEANA consis ts , of broadly 

fo lded Mesozoic.and Cainozoic sediments unde r l a in by p o s s i b l e t h i n Permian s e d i - . 

ments of the Pedirka Basin which in t u r n o v e r l i e folded-Lower Pa laeozoic and • 

o lde r rocks ; S t r u c t u r a l t r ends vary from n o r t h e a s t : t o no r thwes t . . 

Subsurface g e o l o g i c a l . i n f o r m a t i o n on. NOOLYEANA i s r e s t r i c t e d t o t h a t 

known from Poonarunna 1. However, during the course of pe.troleum e x p l o r a t i o n i n , 

the Great A r t e s i a n ; B a s i n , much geophysical in format ion , in the form of contour 

maps of depth to magnetic basement, Bouguer g r a v i t y anomaly, and depth t o "Z", 

"P" and "C" se i smic r e f l e c t o r s , has been compilecl by both privaXe companies and 

the Petroleum Explora t ion Div is ion of the South A u s t r a l i a n Department of Mines • 

(see e a r l i e r under geophysical e x p l o r a t i o n ) . 

Depth to magnetic basement contours (Aeroservice , 1961 and Laherrere 

and Drayton, 1965 - see F ig . 2) show s e v e r a l lows on .NOOLYEANA with shal lowing 

to the west on OODNADATTA and t o the southwest on LAKE EYRE., Superimposed over-

t h i s magnet ic- low on c e n t r a l ,and no r the rn NOOLYEANA i s a gra.vity f e a t u r e (see 

Fig. 3) named,the Npolyeana,Gravity Swell by Wongela (1964 - see a l so Mi l ton , 

1971). This f e a t u r e i s t hough t - to be a r e s u l t of .densi ty c o n t r a s t s ^between the 

basement and high dens i ty . i n t r u s i v e rocks (Wongela, 1964). To the e a s t and south 

of t h i s f e a t u r e i s . a low, (par t of Wongela.1s.Cowarie Gravi ty .Depression) which , i s 

considered due to d e n s i t y . c o n t r a s t s between.Lower or Middle Pa laeozo ic and 
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younger . rocks . 

The "Z" hor izon (Hal l , 1968; with r e v i s i o n by Ramakrishna i n 1972 -

p e r s ; comm., Ramakrishna, S.A.D.M., 1972) which i s t h e deepes t s e i smic r e f l e c t o r , 

recognised over wide a reas of t h e Great A r t e s i a n Basing u s u a l l y def ines! the p r e - . 

Permian unconformity. On sou thern NOOLYEANA, t h i s hor izon i s a t depths around 

2 000 m whereas magnetic basement i s of the order of 3 000 m. Demaison (1971) 

i n f e r s a Lower-Palaeozoic s y n c l i n e i n t h i s v i c i n i t y ( e . g . fo lded Ordovician i n 

Poonarunna 1 ) . • The "Z" hor izon contours show the unconformity, t o have gen t l e 

r e l i e f , shal lowing t o t h e wes t , south and e a s t and deepening t o t h e n o r t h . 

Faults , l oca ted ,by the s e i s m i c , t r e n d n o r t h e a s t e r l y (see t e c t o n i c s k e t c h ) . 

The next r e f l e c t o r , t he "P" hor izon (Krieg, 1967; with r e v i s i o n ,by 

Thornton, 19.72, p e r s . comm. , Thornton, S.A.D.M. , 1972), a r i s e s from the . f i r s t 

coal bed wi th in the Permian and approximates the base of .the Mesozoic. No • 

Permian, has ye t been i n t e r s e c t e d on NOOLYEANA al though i t i s considered p r e s e n t 

i n the subsu r face on the b a s i s of se i smic .evidence (pers.. comm;, .Morony, S.A.D.M. 

1973). Poonarunna 1 was in tended to i n t e r s e c t Permian but passed from J u r a s s i c -

d i r e c t l y i n t o • f o l d e d Ordovician rocks . . I t may have been d r i l l e d on a Lower-

Pala,eozoic high (Morony, op. c i t . ) . .To the e a s t of the map a r e a , on a r i dge o f . 

o lde r rocks ( r e f e r r e d loose ly as the . B i r d s y i l l e Track Ridge) which s e p a r a t e s the 

Pedirka .and Cooper Basins , Permian i s absent and he re Mesozoic sediments d i r e c t l y 

ov.erlie f l a t ly ing and fo lded .Lower. Pa laeozoic rocks ( e .g . Cambrian i n Delhi 

Santos Kal.ladeina .1 and Ordovician in Poonarunna 1) . Here the "P" hor izon co in -

cides with t he . "Z" ho r i zon . • 

Above the "P" hor izon i s the "C" h o r i z o n , , a r e f l e c t i o n a r i s i n g from 

wi th in the Cretaceous Cadna-owie Formation ;(see t e c t o n i c . s k e t c h - contours a f t e r . 

S t a d t e r , .1972) . These contours show' the s i m i l a r c o n f i g u r a t i o n t o : t he "Z." and 

"P" ho r i zons . The Mesozoic , i s fo lded i n t o a l a rge s y n c l i n a l s t ruc ture•which , 

plunges gen t ly northward shal lowing t o the e a s t upon the " B i r d s v i l l e .Track Ridge" 

and 'southwest towards the Peake and Denison Ranges. Minor f p l d i n g occurs in the 

v i c i n i t y of Poonarunna. 1. 
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Surface s t r u c t u r e on NOOLYEANA i s , l im i t ed t o t h e few outcropping 

T e r t i a r y and Cretaceous rocks, i n the southwest c o r n e r . ' The s i l i c i f i e d beds of 

the ,Eyre ,and Winton Forma.tions r e f l e c t broad f o l d s i n the under ly ing .sediments.. 

Dips a re of the o rder of only Here the Cretaceous and T e r t i a r y rocks dip, 

gen t ly e ^ t w a r d s and d i sappear under the younger l a c u s t r i n e and f l u v i a l depos i t s 

i n the,Simpson Dese r t . There i s l i t t l e obvious f a u l t i n g on the s u r f a c e a p a r t 

from a. small s t r u c t u r e j u s t nor th of Koorakarina Creek. Some Recent . .gravity 

slumping was observed (see Heath, 1963). 

Severa l l ineaments a re apparent on, the e a s t s i d e of NOOLYEANA (see 

Fig; 4 ) . Their a s s o c i a t i o n with t h e Warburton and Kallakoopah Creeks may i n d i -

ca te s t r u c t u r a l con t ro l of t h e courses of t h e s e c r eeks . No s igns -of f a u l t i n g 

are, observed i n the v i c i n i t y of t he se l ineaments . Figure 4 shows them t o have 

minor coincidence with f a u l t s i d e n t i f i e d i n .the subsu r f ace from aeromagnetic and 

se i smic surveys ' (Milton, 1972 and H a l l , 1968). . I t i s suggested t h a t c e r t a i n o f ' 

these l ineaments are . .faults, ' po s s ib ly formed as a , r e s u l t of ^movement. along o l d e r 
. • • • i 

s t r u c t u r e s .in P l e i s t ocene to e a r l y Recent t imes . Evidence f o r such r e a c t i v a t i o n 

of. o lde r f a u l t s to t h e nor th of NOOLYEANA has been d i scussed by Youngs and., 

Wopfner (1972). 

GEOLOGICAL-HISTORY 

(Mainly a f t e r Wopfner, 1964b,- 1969; Wopfner and .Twidale, ,1967; Wopfner 

e t a l . , 1970). 

The oldes t , rocks known from NOOLYEANA are the s t e e p l y dipping . 

?Ordovician s i l t s t o r i e s i n the bottom ;of Poonarunna : . l . At the time of w r i t i n g 

t he se notes t h e r e was no record o f . s e d i m e n t a t i o n i n the i n t e r v a l between 

Ordovician and Permian on NOOLYEANA. During the Upper Pa laeozo ic , events -lead-

ing ; t o the development of the Pedirka Basin were i n i t i a t e d . These . i nc luded , syn -

d e p o s i t i o n a l , epeir.ogenic u p l i f t s and the , format ion of Permian grabens ,.. ?Glac ia l 

sediments (Crown Point Formation) were depos i t ed in Lower Permian t imes in the 

Ped i rka .Bas in . F reshwate r . sed imenta t ion fol lowed l a t e r (Purni Format ion) . I t 

should be noted t h a t no' Permian or T r i a s s i c has ye t been encountered beneath 
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NOOLYEANA. f 

During t h e J u r a s s i c , depos i t i on took p l a c e under f l u v i a t i l e and 

l a c u s t r i n e .condit ions ' (Birkhead Formation, Algebuckina .Sandstone) . These, con-.-

d i t i o n s p r e v a i l e d .un t i l t h e Lower Cretaceous when a marine t r a n s g r e s s i o n w;as 
* . • • . 

i n i t i a t e d . % Sedimentat ion cont inue^ under the i n f l u e n c e of t h i s marine env i ron -

ment (Cadna-owie Formation, Bulldog Sha le , Oodnadatta Formation), t i l l mid. 
' - I 

Cretaceous t imes ( l a t e A lb i an ) . . J.his was fol lowed by a marine . r eg re s s ion and 

once more the a rea became r e s t r i c t e d . t o an environment of non-marine depos i t i on 

(Winton.Formation) al though sedimentat ion was continuous from : the- Oodnadatta 

Formation t o the Winton Formatieh.- The. l a t t e r was the l a s t sequence to .have 
widespread depos i t i on in the Gr<jat Ar t e s i an Basin (Wopfner, , in Pa rk in , 1969). 

| - • 1 

Gentle f a u l t i n g and fo ld ing was i n i t i a t e d during Upper Cretaceous -

Lower T e r t i a r y t i m e s r e s u l t i n g n u p l i f t , weather ing .and e ros ion of t h e Cre t a r 

ceous. Sedimentat ion .was r e s t r i c t e d t o f l u v i a t i l e environments (Eyre Format ion) . 

In the middle T e r t i a r y (Oligoceie-Miocene) the a rea was t e c t p n i c a l l y s t a b l e and' 

underwent deep chemical weathering a^nd. l each ing . This r e s u l t e d i n the widespread, 

development o f . a, hard s i l i c e o u s 'soil hori.zon ( s i l c r e t e ) be ing formed near t h e , 
J : .! 

s u r f a c e of the weathered Cretacecus and e a r l ^ T e r t i a r y sed iments . 

Tec tonic movements restmed dur ing t h e Upper T e r t i a r y (Wopfner and 

Twidale, 1967)' r e s u l t i n g i n the j.pli.ft and warping of the s i l c r e t e l a y e r . 

Sedimentat ion followed, with the j i epos i t ipn of the Etadunna Formation equ iva l en t s 
i * 

under l a c u s t r i n e c o n d i t i o n s . Tcvards the end o f . t h e T e r t i a r y and during t h e 

P l e i s t o c e n e , f l u v i a t i l e sedimen's were depos i t ed i n the s t r u c t u r a l l y low area 
' I 

now covered by the sand dunes 2: the - Simpson and T i r a r i D e s e r t s . ; In l a t e P l e i s -
, ' . j • ' 

tocene times the c l ima te became more a r i d and a gyps i f e rous weather ing p r o f i l e , 
developed (gypsite. p r o f i l e ,of j /opfner and Twidale, 1967) . This was fo l lowed by 
f u r t h e r t e c t o n i c movements (Wpfner , 1968) e ros ion of the sed iments , format ion 

of the g ibber p i a i n s , t h e swJ: r idge d e s e r t s and-playa lakes and d e p o s i t i o n of 

more r e c e n t creek and lake alluvium. , 
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ECONGMIC GEOLOGY 

Hydrogeology 

The most va luab le minera l on NOOLYEANA i s a r t e s i a n water which , is 

e s s e n t i a l f o r the. p a s t o r a l i n d u s t r y . Good seasons a re few and i r r e g u l a r , occu r r -

ing about once every e i g h t yea r s (see Madigan, 1946 - Appendix B) . Sur face watetr 

becomes s a l i n e very qu ick ly due t o the high evapora t ion r a t e (2.54 m - M a d i g a n , , 

op. ci . . ) dur ing the-harsh , suppers . 

The .on ly . f lowing bore on NOOLYEANA i s Poonarunna 1 i n which a spot 

plug was p l a c e d . a t 1 280 m in Upper J u r a s s i c sandstone a q u i f e r s . . This bpre. f lows 

a t t h e enormous r a t e of nea r ly t e n thousand cubic metres pe r day> a t a tempera-

t u r e of 96°C. The s a l i n i t y , is unknown but probably of the o rder of ,6-700 m i l l i -

grams pe r l i t r e . The .aqui fe rs a re the Upper J u r a s s i c Algebuckina Sandstone and 

Lower Cretaceous Cadna-owie Formation., These a re o v e r l a i n by over 1 000 m of 

impervious c lays tones and s i l t s t o n e s . The main i n t a k e to the a r t e s i a n ba s in 

occurs i n e a s t e r n Queensland and New South Wales, however some,may occur t o the 

southwest of the map area i ; e . Peak and Denis on -.Ranges; Water .movement-is, t o ..the 

southwest and o v e r a l l / the waters are carbonate bea r ing (Ker, 1963). 

The bore flows i n t o the Warburton Creek along a narrpw dra in .abou t , 
3 

/4 .km long. I t should provide permanent water along the .creek, f o r about 20 km 

downstream dur ing times o f . ex t reme drought . 

A few e a r t h tanks have been dug along the Warburton Creek and on -.the 

..gibber p l a i n s , i n ..the southwest , of the map a r e a . They soon dry . up i n t imes of 

drought.- Old wel l s along the Warburton Creek, have been abandoned; Muntee 

Kal lana .bore ,was d r i l l e d e a s t of Boy Creek . in the ea r l y 1900's (no bore record) 

bu t was abandoned a t about 365 m without i n t e r s e c t i n g any water (pe r s . comm., 

J . Kemp, 1971, former manager of Macumba S t a t i o n ) . Johnson (1957a) .car r ied out 

a groundwater i n s p e c t i o n of New Kalamurina S t a t i o n (on GASON) and r e p o r t e d un-

favourab le p r o s p e c t s . 
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Petroleum 

Poonarunna 1 was d r i l l e d .to i n t e r s e c t p o s s i b l e Permian sediments bu t 

f a i l e d to do . t h i s . The J u r a s s i c s e c t i o n passed s t r a i g h t i n t o ?Ordovician , s i l t r 

s t o n e s . ; No hydrocarbons were encountered. 

C e l e s t i t e 

C e l e s t i t e ( s t ron t ium su lpha te ) was recorded a t many exposures of . the 

unnamed T e r t i a r y f l u v i a t i l e .sediments. I t u sua l l y occurs as nodule,s and f r a g -

ments of a f i n e - g r a i n e d rock composed of c e l e s t i t e a n d q u a r t z . Three samples 

v a r i e s from 75 to 99% c e l e s t i t e (Spencei;, 1971). These appeared on the s u r f a c e 

above the massive gypsum c r u s t o f the .gypsi te p r o f i l e . The c e l e s t i t e i s 

assumed to have o r i g i n a t e d i n a s i m i l a r manner t o t h e g y p s u m , . i . e . f r om-d i s so -

l u t i o n • of s a l t s i n o lde r rocks , t r a n s p o r t a t i o n by groundwater and d e p o s i t i o n ,in 

the, upper l e v e l s of the gyps i t e - p r o f i l e (Williams,. 1972). 

. AFW:FdeA 
3 .7 .73 

A.F.. WILLIAMS 
GEOLOGIST" 
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