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The sreii o f the Tipftrra-Uoonta M i l i t a r y sheet ( a c a l e > 

mile to the inch) has been sapped by the a r l t e v daring 

Aer ia l photo^rapha on the sa»e eoala have been laed aa 

a topographic baae for the plott ing of the geological data 

in the f i e l d . 

Unlike van/ other mappta* t e r r e l n a in ehich outcrops 

provide a reasonable basis for the I d e n t i f i c a t i o n of the reck 

formation and the i r e t r u c t u r a l f e a t u r e s * the area aurveyed i s 

s plain mantled by Kecent-Pleiatocene deposits ehlcb conceal 

the rock formations. 

For t h i s reason the numerous excavations (dams* under ground 

tanks* road metal quarries* prospecting p i t s * shaf ts and so oo) 

jero the oulof sources of geological information. 

The prlm;*ry purpose of the present survey eee t o e s t a b l i s h 

c r i t e r i a for the geological c l a s s i f i c a t i o n of tho area e l t h 

specia l reference to the eearch for copper. 

Pros t u l a v i e * point the s 11 and subsoil were formations 

of s p e c l s l I n t e r e e t . 

A s o r i e s of -saps covering the subject has been compiled. 

; o » 

The area sorvayed l a located In the soutb-«e*t<irn p o r t l o o 

of County Oaly and covers Hd. Tlparra* the southern port ions 

of Hds. YTallaroo and fcadina aod the eastern portions of Has. 

Kulpars and Olinton extending from north t o south ebout 20 

: l l e a and from ea^t t o eas t about JO m i l e s . 

Three main physiographic anlts oanba recognised la t h i s 

areas 

1. The K.iU^na 1 ,ln (pla teau) i s c h a r a c t e r i s e d by e gentle 

slope to the n o r t h - e e a t . The elevat ion i s limited approximately 

by the U0i~300 f t . aurfece contour above moan sea leve l in the 

south-eestern portion and by the c o a s t a l l ine e l th the 10C«1$0 

f e e t at the north~*est e l t h gradients rstitfln* from about 0 . 0 0 ) 

to 0 . 0 0 1 . 

4 h l l e tha surface dralaaga i s general ly limited end thcra 

i s no defined drainage sy»te*# a number of depressions* stamps 



Pig . 1. Moonte Bay c l i f f ( General view) 
Cambrian rock in the foreground "Basal" clag and l o e a a l a l 
s i l t with the t r a v e r t i n e l i y e r s in the upper eect lon of 
the outcrop. 

Pig . 2 . Moonta Bay c l i f f ( c l o s e view) 
"Basal c lay ( in the foreground) and overlyl jg l o e a a l a l a l l t 
with t r a v e r t i n e . 



and seasonal lakes accumulating l o c a l run-off have bean rweogniesd 

and napped (see maps)* 

2 . H i jttaiHBI I W ^ v A i Af>\B la undulating country with 

Hell-developed aeolian s a n d - s i l t r idges s i t e noting with 

intredune depressions* the rld^ss is ome times r is ing 30-M) f e e t . 

The trend of these ®andridgea i s general ly uniform being 

c h i e f l y lo e uPf-ISI d i rec t ion* 

The surf see cont <vj*s at 500 f e e t at the south-east portion 

oi the area sad 5 0 - 1 0 0 f e e t ne»r the shore line determine 

the ran ;e of the e l e c t i o n . 

Ixtendlng westwards tho Tiparrs Plain radual ly changes 

into the back shore duces* 

3 . Tha Mill Country i s in the Arthurton aree ana the 

eas tern portion of the sheet. 

Tnie ie s reasonably well drained area with the numerous 

s a l i e n t s indicat ing i t e complex phyeiegrap&ical development. 

The highest e levat ion i s found In the v i c i n i t y of 

Arthurton township *here the surtace s o r t o u t s o f 70O f e e t * 

800 ff*st and 830 f e e t are concentr ic in ehspe. 

I t i s notable that walls »ueternary a l l u v i a l deposits 

cover e l l o f these three erees the type of s o i l end e*be 11 

formatloo of eaeh i s l u i t e d i s t i n c t i v e . 

r v f f r v tfTi 
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1 . u i t s - ; r s y oaaree s i l i c e o u s sand usually «ith comminuted 

merino shel l fra*;ment&j wind blown sand up to >0 f e a t in 

thickness forms bosk ahore d.nes nearly e l l along tho c o a s t a l 

l lnef a t r v o r t l o e bed oecura In t h i s .and in plassa . 

2 . Orey-whltish highly consolidated c a l c <reoia ( t r u v e r t l n e ) 

crust often porous i s well developed in man/ portions of the 

modern beech. 

11. IfMPi Ir^aU iMftflftfrilflttUfla 

1. Orey saline loam often ssaeciated with t r a v e r t i n s . 



Pig* 

Flft. k. L o e s s i o i o l l t with the t r a v e r t i n e cop. "BubbI" c l a y outcrops 
In the lower sec t ion of the p r o f i l e . 

Sect ion showing the r e l a t i o n s h i p of the t r a v e r t i n e c ruet 
t ^ i n a e r l y i n g l o e s t i l a l a l l t and " b o a a l " c l » y 



2. Alluvial c lay accumulated along the crook bad a aod 

the local depressions In tho billy portion of the country. 

k cant-Pleiatocene 

1. ftulf BUI (looaelal dr i f t ) often capped with 

nod alor and t a b u l a r t r a v e r t i n e . Tbo l a t t e r l a not inlformi 

I t var loa from round limey f a i r l y looee c a l c a r e o u a sccu»ula~ 

t l o n e a f e e ml l l lmetore in diameter dlapereed throughout 

e l l t l ayers to highly c:>noolla;«ie4 abrogates e t l l l roind in 

ah ape (nodules) o f t e n many lnchea in diameter end f u r t h e r to 

a vaaalvo consol idated layer o f t r a v e r t i n e l imei t <>oe. 

Th-» l l l u v l e l t r a v e r t i n e horizons are v«ry coupon in 

c a l c a r e o u s e l l t as f requent ly observed In numerate rood cut t i n g e 

the colour of the t r a v e r t i n e la g e n e r a l l y uniform* 

c h i e f l y jjreyieh-.7hlte b i t darAlah blue and blace nod i las often 

occur a l s o . 

The tiilc&neea of tha t r a v e r t i n e v a r i e s con. Id<*rabi7 from 

e fee lnchea t o 5 f e e t . 

i)o<ro* rdoj tae bufi: c a l c a r e o u s e l l t la s u b s t i t u t e d in 

p l a c e s for reddish-brown e a l c i m o - e s l l t » that can be termed 

" t a r r a r o s e a " . Tha s e c t i o n obscjrvciOle In the s«i> c i U X a eA 

Wallaroo b - r o " t e r r a rosaa" o v a r l l e s ?ertt««ry lime ^one i s 

Boat in t r a c t i v e In t h i s r e s p e c t . 

P i g s . 9-1U show the s t r u c t u r e of the t r o v e r t l o e bed 

and I t s r e l a t l o n s t i l p t o the uadsrlying a i l t . 

2 . Calcareoua f lt .a-^rhl nad aand end aand dines c w p r l e l * * 

upper ( " r e c e n t " ) grey sand up to f e e t In tulcknoss end 

lower ( " o l d " ) rsOt' .leb-yello* aand ueusl ly U-5 f e e t in t h l c k n e e a . 

P i g . 1 5 shows the success ion ha observed in the ro»d 

cut t ing aloo>j the mala Koonta-tfeltland road. 

J . fltatlg^ttli u u m t j I t e W t t M i a s s o c i a t e d with 

lagoon d e p o s i t s In places t h e thickness e l which i s usual ly 

as Ducb as f e e t . 

This bed c o n s i s t s of marine s h e l l s cwnented by t r e v e r t i o s 

in s o l i d mass. 

I t i s ssturned that t h i s area bus been encroached by the 



Pig . 6 . Calcareous slants In the upper sect ion of " b a s a l " cloy 
underlying the lower t r a v e r t i n e bed (Moonta Bay) 
view of Pig . 5 * ) 

< c lose 

Pig* 5* Section showing the contact between "baaal" c l a y and 
the overlying t r a v e r t i n e bed. Oranlte - u p l l t e outcrops 
just below "bas a l " c lay ( g r a n i t e In a s s o c i a t i o n with the 
blocks of t r a v e r t i n e la Been In t h e foreground) . 



see (?0sborne sea coast) . 

?? r t, l ,.ry 

( ? ) ; l locene 

Tbts i s red ( f s r r u g i o s u s ) coip«ct p l a s t i c 

c lay with eo»e greyish-green patches in pieces rsdually 

passing into an ochreoue* reddish-brown and yellowish clay* 

Tha thickness of " b u s s l " c l a y v a r i e s from !> f a s t (iloonts 

Bay - j 'ort Hu^oa area ) up to 6 - 1 0 foot (Hinsral lea so i<o. 

?«oonta • I n a e ) . 

This clay i s general ly wldssr.restf In tha K;>dlna-ftfoonta 

ores* but i t seems that i t s morphology and probably genesis 

s r e difi 'erent in the various s e c t i o n s of the a r e a surveyed. 

Pigs . 1 - 6 i l l u s t r a t e the occurrence of "b^ssl" clay and 

i t s r e l a t i o n s h i p t o overlying formations in Moonte a r e a . 

( ? ) Miocene 

This lo a yeUawleb-buf? and white consolidated 

bed and i s highly foe* l l i f e r ous. One of the most inportant 

s e c t i o n s i l l u s t r a t i n g the t e x t u r e of the llmeat ne Ocd and 

I t s r e l a t i o n s h i p to the overlying .^arternary succession i s 

e*,'9sed in the a l l a r o o c l l f i a . 

Nodul. r concret ions a l t e r n a t i n g with c l a y m««t^rlal form 

the par s e c t i o n of t h i s formation which ovitr l iee mssaive 

luy»TM of f o s s l l l f e r o u s l imaat-ne . 

In the quarry located «t J e c t . Hu. JCadlna* t.<e 

T e r t U y limestone le massive sud i s widely used for building 

purposes elth'.ugli r e l a t i v e l y *?oft clayey ^atohos a r e not 

unusual* 

(tonerally the T e r t l ry limestone occurs In t h t area surveyed 

only ae remounts capping the underlying irtnbrian formation. 

This f a c t must be t ken Into account when the compiled 

maps a re c naICored. 

The thickness of T e r t i a r y llm« a tor, a i* unknown Out I t 

la presumed to be <ibout 12 f e * t at mi>xi«num. 

F i g . 6 sh9ws the T e r t i a r y llmost ne end overlying ' t e r r e 

rosso" l o e s s l s l s a l t snd t r a v e r t i n s cap as o b s e r v e in the 
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Pig. 8. act ion showlngltr; v a r t l n o cap#aio«3sl 
Ro8aw» T e r t i a r y limestone ( /ol lnroo c l i f f ) 

Section showing brown ca lcareous sol l# nodular and tabular 
t r a v e r t i n e end Cambrian q u a r t z l t e (Hd. Kulpara 



tfallaroo c l i f f s * 

fifltiUllft 
I | 1 t o n e forma the upper nucl ot of t h i s system being 

y .Sk Jj If' 

e s l l e x c e e d In the Wallaroo c l i f f s sod elsewhere on the 

es. tern margin of tha ores uurveyed* 

This 1s medium to dork grey highly consolidated f i n e l y 

c r y s t a l l i n e d o l o s i t l c limestone i.nd b i f f coloured 

c r y p t o c r y s t s l l i n e -nd c lsyey limestone $ which i s often 

ferruginous* 

In places f i n e l y c r y s t a l l i n e limeotone i s in contact with 

u » r t s - f e l s p a t h l e sandstone. 

P i g . 1 6 shows a sect ion of Cambrian Umeatone so observed 

in the railway c u t t l n ; a t a l l a r o o . 

There are no more outcrops in ths eree surveyed* nut 

the chips of lime tone from the numerous e x c e p t i o n s bsvm 

been lndentlf led in tne f i e l d and by s u b t e n a n t p e t r o l o i i e s l 

examination. 

• r Lai to . This is s highly ferruginous (.*nen we tuored; 

g r i t t y felspar quart Si t i e se »dat<>no travereed in places 

by f i n e l y c r y * a l ine calcareous veins* I s ou crop (port 

Hughes and elsewhere) the tuur ts l te bed of browniab-yollow 

colour Is c h a r a c t e r i s e d by current bedding end ths presence 

of pebules and otfrsr eo&rse-gruined mater ia l 

Co ^ .a ( q u a r t s t t s - c o .glomerat.s) i s the lowest 

formation of the Cambrian system* s l l roundsd and s-ibaogular 

pebbles of various rock types ( renl te* s l a t e * l u a r t s l t s * u a r t a ) 

and of d i f ferent s i x e s ( the bi i »set a r s inches In dlsmsts*) 

a r s numerous in s gr ndmass of the r t R i t e - c o o ;lomerats 

lay ers* Numersua J o i n t s t r a v e r s e the o u g l s s e r a t o bed* 

At Port Uiihee conglomerate unconformably ovsrl&es 

P re-Cambrian rock* 
rrt-gwittrlnin .fioaplM* 

' inam^ntg ^ a v a - ^ f l l ^ n i i . 

Theso srr? represented by s l a t e * iwartsi ts* l u s r t s s c h i s t * 

mica s c h i s t * p b y l i i t e end al tered l i t e s t >ne w Ich form the 



Pig. 9 . Traver t ine cap end underlying l o e e s i a l s i l t . Huge blocks 
of t r a v e r t i n e in the foreground. 

Pig . 10. Sec t ion showing a v a r i a t i o n In morphology of the t r ve t i n e 
oed. (Cape E l i z a b e t h $ Hd. T i p a r r a ) 



Pig* 11. T bular trMv^rtloe upon l o e a a l a l a l l t (Cope /Siizabeth* Hd» 
Tiparra ) 

Pig . 12• Travert ine bed ( c lose v i a e ) (Moonta Bay) 



basement rock or the area ^urveyod. So f a r can uc» 

Judged from the examination or tho specimens c o l l e c t e d 

Croat e x c a v a t i t h e r o c * s are dense* f a r igln us* M)< grey 

in colour* often of j u a r t x i t l c te>.tare, out « l o sometlaie a 

f i n e l y divided j e r l c l t i c shale* or s i l i c e o u s elay s l a t s * 

Pre-Combri» >n meta-sedlments s r e i n t e r s e c t e d in tho 

southern portion o . tho area by numerous g r a n l t o - a p l l t e 

and pegmatite dykes* A g r a n i t s int rusion hno caused the 

formation of ^neles in p l a c e * 

;,;neous ( l n t r ^ l v e ) Hock - porphyry and g r a n i t e . 

In the Koonte area there occurs s d&rk-brown t o 

reddlsh-broen dense porphyry* According to R,L.Jaekxjrhs 

t tudlsd t h i s reck in d e t a i l there a r s ooths f e l s l t l c 

end p o r p h y r i t l c typee present . In the l e t t e r fe ldspar 

phenocry^ts are present . 

a r e n i t e - s p l l t e I s found In the Mooota day-Port Hughes 

area along the beach* The dominant c n e t l t u e n t s of t i l s 

rock ars e l k a l l - f e l e p a r (<nlcrocllne* o r t h o c l a s e ) and t o a leeo< 

extent a l o l t s t ensn ; red* ruins oX le lds^sr a r e 

completely coverted into slu'alno-sl l i c a t e n a t e r l e l mio^led 

a l t h nyd a ted oxide of iron. o r l c l t l e mater ia l derived 

from former ferro-magoeelua miners is occurs as I n t e r s t i t i a l 

patches to f e l s p a r and quarts* 

Cuarse-grsined mlcrocl lne g r a n i t e consis t ing of mlcrocl lm 

or thoclaae* a l b i t e * quarts* bluish-green hornblende and b l o t l t i 

i s found anong the chips from the excevetlon near An*ery, 

Aa has been mentioned the ar^s ourveyed does not provide 

s u f f i c i e n t g e o l o g i c a l d»-.a for the I n t e r p r e t a t i o n of the 

s t r t c turs l f e a t u r e s * 

I t can only be said the i're-OoTibrlan highly soothered 

s c h i s t a ich outcrops St « ort :iugh«s s t r i k e s 0 i - H and dips 

60° to the 213. 

I Cumbrian rocx at the sane point l i a s h o r l s o n t a l l y e h l l s 

at 'erburts point, s gent le folding In t h i s rook ( a « r l k s 

x> f na-A nrrv t.hA WiicTnt* Slid L Ll»rOO MialCltf D l s t r t c t 
S .A.Geol .Survey B u l l . N o . 6 . 1 9 1 7 , 



Flg» 13* Nodular t r a v e r t i n e t y p i c a l for the road metal j u a r r l e s In the 
area (Hd« t a l l a r o o ) 

Fig* li4• Sect ion showing shallow t r a v e r t i n e In the area of lagoon deposi ts 
(Cape Elizabeth* Hd« T l p a r r a ) . 



Tho * o a t r e p r e s s n t a t l v e 11-aubeoli s e c t i o n recorded 

at tha Uoonta da / - *'ort Slugbea c l i f f provides tha following 

data (from the top to tho bottom)I 

1. Travert ine Cap* Tuts l a a co-apact and p a r t l y nodule-

s t r u c t u r e d sediment consis t Ine of accumulations of f i n e - g r a i n e d 

calolam-carbonata* l l n o n i t s and c l a y a l t h a eubordin io amount 

of d e t r l t a l m a r t s . 

The rock haa evident ly boon formed by too j r e c l p l t u t l o n 

of lima In e l t u . Thlckneaa - 7 e e t . 

2 . Buff l o e a a l a l s i l t . Thla conala ta of a f l n a f i x t u r e 

of c^lc l^e* c l a y m«ta l a l and llmonlte* throughout ehlch 

occur ra ther eell-rounded gralna of quarts and amall amounta 

of f >ldeper. 

Tha heavy medium separation of th in sample haa ahoen e 

great v a r i e t y o f acosssory miners la* In order of aoun.-ii.nes 

these ares ,reen asphlboles (hornblende* a e t l n o l l t e ) * jarn t * 

tourmaline* s t r con* r u t i l e * Iron minerals* a n o a l u s l t s * 
A 

s t a u r o l l t e * e i l i i m a n l t e * kyanite* hyperstuene* diopsids* spinel* 

epldote* x o i s l t e * t l t o n i t e * o l o t l t s and c h l o r i t e . Thickness-

8 f e e t . 

3 . Tr v e r t l n e asd. This Is s f r l s b l o highly forroglnous 

c l a y - c a l c a r e o u s - iUarts-ssodstone. Ths heavy mineral c o n s t i t -

uents are s imilar t o those mentioned f o r layer 2 . Thlekoess-2 

f e e t . 

h. Clay bed. This i s ferruginous* end in p l a c e s highly 

c a l c a r e o u s c lay encioeing r. g r e t deal of c l a s t i c mate l a l . 

Tho l e t . o r can be seen a s e s l l rounded or subangulaf gra ins 

o f quarts e f f e c t e d b s t r a i n snd in less amount* f e l s p a r . 

5* "Basel" c l a y . T i t s i s s completely wsatherad end 

highly ferruginous rock consis t ing of c l a y minerals ( m o n t s o r l l l -

onl te group)* u e r t a nod amall aiounts of a l k a l t - l e l e p a r e l t h 

s f e s groins of pLaglocUde. eme g r a i n s of d e t r i t e l m a t e r i e l 

have rounded out l ines end i r r e g u l a r e x t i n c t i o n due t o s t r e s s . 

The minerols observed lo an hei»vy f r a c t i o n of t o l a sediment 



P i g . 15. Sect ion 
l o e s s l a l 

showing re la t ionship 
s l i t ( Road c u t t i n g . 

of aeollan (grey and yellow-reddish) sand to unde lying " s o i l * t r a v e r t i n e sod 
Moonta - Mftltland Main Rowd). 



8-

ere i d e n t i c s l e l t h those mentioned under 2* move although 

thoro Is s l i g h t v a r i a t i o n in ths p e r c e n t i l e content of some 

c o n s t i t u e n t s . Thickness - 3 f e e t . 

6* O r a n l t o - e p i l l o * This i s s ^ c a t e r e d end oxldlxsd 

rook c o n s i s t i n g l a r j e l y of a l k a l i - f e l s p a r ( m l c r o c l l n e - a l o r o p e r -

t h l t s * orthoclft>ie) end in l e s s smount-ulhito* minerals forming 

epprsximetsiy 65 par cent of tns rock* The g r o i n s of f e l s p a r 

ore cloudy or near ly opojio due to the hi^h s t a t e of a l t e r a t i o n 

( k e o l l n l x a t l o n ) * o m g ra ins o f fe iepar are completely con erte<! 

into e lumino-a l l lCi te mater ia l* ulngled with hyct rated oxide of 

i ron, . u a r t s I s In subordinate amount* ths ( r a i n s being v i s i b l y 

e f f e c t e d by s t r a i n and s t r e t c h e d oat in a roughly p a r a l l e l 

d i r e c t i o n * occurs in smaller ^ e n t i t l e s * 

3 r l c l t e m a t e r i a l * derived from former fcrro-magneaium minerals* 

occurs as i n t e r s t i t i a l patchea* 

The heavy mloeral c o n a t i t n e n t s of t h l a rook are j U t e 

olet inctlvm from those previously described* Ths p r i n c i p a l 

uccessory of the g r a n i t e - s p l i t s i s a very a l t e r e d dork-grayish 

vi^ety o f s t r c o n * easocl.iued * l t b c r y s t a l s of c r y t o l l t e * 

Otter accessory minerals are llmonlte* hematite* b , , r t te and 

b i s t l t s * 

Mr* A. #• Whittle* the departmental Chief i ' e t r o l o g i s t * 

8Ugiests x that a comparison of the r e s u l t of the exa r nation 

of a c c e e s o r l e s of the sedimentary rocks urith those of the 

g r s n l t s - a p l l t e Indica tes that the l a t t e r i s r o t the s c a r c e 

of the o v e r l y l n s e d i m e n t a r y mater ial* frota which i t Is 

implied tb?A the sandy-clayey formations are a l l o g e n i c in 

o r i g i n . Ths ampfciboles* b i o t l t e * j a r n e t , » n d a l « a l t e 0 s l i l l m o n i t s 

syenite* a ta t r o l l t e * aplool* ulopaide* coruno-im e t c * * I d e n t i f i e d 

in them ore d e r i v a t i v e s of cootaot- 'natetiorpnlc rocks or 

o r y a t s l l l n e s c h i s t s ehich mast be considered as source of 

ths s^bse iusot sediments* 

The t r a v e r t i n e or c a l c a r e o u s c l a y conta ins the ^nms 

soaowiatlon of heavy minerals n*s the oanay c l a y so that i t 

x Pe t r o l o g l c a l Report (11/1/55) 



may be e «g#ested that the two sediments have beet) laid doati 

In t> a U l t r environment* 

^ V ^ ' * ^ r •• LLJS 

F i f f U iflftf. 

I t seres reasonable to believe that "basa l " clay Use a 

d i r e c t bearing on the problem of the a e r c h for copper In the 

area surveyed. 

as the data presented in t h i s report ladlea I* a v ry complex 

roll t ionanip of a 11 *nd subsoil to the underlying rock 

formation* i t appeara necessary to c a r r y out a d e t a i l e d s o i l 

t t idy if am the view point of i t e morphology* physical 

proper t ies and chemical composition. 

The area of th ia invest igat ion has been o .t lined on the 

"Proepecting Map" aa tf.e "approximate l imit of the area of 

i n t e r e s t * . 

The f i e l d work and associated laboratory study must comp-

r i s e s 

1. A descr ipt ion of the r e l i e f and m i c r o - - e l l e f of the 

areas the grodienta* length ana ahaps of slopes ( i f any) and 

t h e i r p a t t e r n . 

2 . The safcsr regime of the area and the l e c t u r e s cauaeti 

by eroaloo and accumulation of ilia o i l m a t e r i a l . 

3* The occurranco of the t r a v e r t i n e c rus t* i t a thickness* 

t e x t u r e * r e l a t i o n to the underlying and over ly lnj membera 

of a o l l p r o f i l e and the r e l a t i o n to the i o c c l r e l i e f . 

k* The s lnkln ; of e o l l p i ta sod auger holes in * g r i d * 

l ike pattern for the purpose of obtaining a o l l pr f i l e s . TIM 

depth of a o l l p i t * sou id be between 10-15 f e * t . 

5 . Csmpllaj and deaer lpt loo of a 4 1 unl ta . 

6 . The laboratory inveaU ation of p .yalcal p r o p e r t i e s 

(binocular examination* clay f r a c t l ma* uniformity c o e f f i c i e n t 

e t c . * ) petrology of the t r a v e r t i n e formation* I t jilt and heavy 

mineral* and coemlcal propert lee of e o l l ( l as on igni t ion* 

loss on acid t re tment* exchangeable metal tone* X-ray 

exa let t ion,chemical composition; . 



Fig* 16* Cambrian Limestone a t ftallaroo* 
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I t la suggested that the cobalt* nickel and copper 

content of the a r i l and subsoil and the r a t i o of thee* 

elementa moat be taken ao a leedisg c r l t e r i o a in the 

search f o r eopper in t h l e area . 

/»s i t hea been veil established (Fereuao'a geochemieel 

achool) there are the folioaing ratios of Co t HI I Cu 

in some t / p l c e i forsutlonas 

1* Llght-cheatout aoll Co i Ml s Cu 

0-3 cm horlaoo Â  I t 5 » 1.2 

30-35c« * A2 1 < 3 I 1 .6 

6o-o5o« " » I i 2 . 7 » i 

1L0-H5cm * G I » 3 i 2 . 2 

2 . Ked-brown aoll 

0-9 cm horiaoo A ^ 1 t 9 t 0 .3 

l$5-5o<ra 11 A2 I t 9 * 0 .7 

100-105cm * B x L « 6 « 0 . 8 

3 . Kraanoaams 

( the type somewhat similar t o our "basa l " c l a y ) 

0-10 cm horlson A 1 t 2 .7 . * 2 . 7 . 

1*0-50 cm " » 1 t U.6 i 8 . 0 . 

90-10 Com " C 1 I 4.3 511.3 

From these f igures i t appeara that ' ' k r a e n o s o m e w h i c h i s 

morphologically i d e n t i c a l to K*dlna-tfooata "baaai" c lay la 

the moat f a r a r a b l e t o l l formation f o r the ? cumulation 

of copper p a r t i c u l a r l y in I t a lower horiaons. 

r- CAjlrSa^L^ 

I l t j J . H . ( I . I . OttHBOT^kKV) 
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TOPOGRAPHY • 

The landform i s very mature, but modified by a widespread 
a e o l i a n veneer. R e l i e f i s gently undulatory and the sur face i s 
smooth (no m i c r o - r e l i e f ) . On a e r i a l photographs the major topo-
graphical features of the area eire seen t o be ancient f ixed sand 
dunes trending i n an E . S . E . d i rec t ion from the coas t . However, these 
calcareous sand dunes are so subdued in form t h a t few are recognisable 
from ground l e v e l . The e levat ion at Moonta railway s t a t i o n i s 89 f t 
above Low Water Mark, Port Adelaide, and few features in the area 
r i s e more than 30 f e e t above t h i s . 

Surface drainage i s not confined t o any regular channels, 
but water does tend to accumulate i n shallow depressions during the 
rainy season. Subsoi l drainage i s impeded v e r t i c a l l y beneath the 
aeo l ian mantle, but i t i s unres t r i c ted l a t e r a l l y . 

Original ly the vegetat ion was predominantly mallee, but 
only roadside remnants are l e f t , most of the area having been cleared 
t o provide f u e l f o r boilers- during mining a c t i v i t i e s and now sown t o 
crops or pasture . 

SOIL PRO-FILE - i' er s lvw^ ? 

Mt 
AiX, 
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The s o i l p r o f i l e i s complex and.can be divided i n t o at l e a s t 
four g e n e t i c a l l y and morphologically d i s t i n c t un i t s . 

( a ) The upper unit comprises a layer of t r a v e r t i n e l imestone 
rubble and marl '2 f t to 7 f t t h i c k , overlying t e r r a rossa clay 1 f t to 
4 f t t h i c k with sometimes a sandy base up to 16 inches t h i c k . This 
unit, i s of aeo l ian or ig in . 

(b) The next lower unit i s a p l a s t i c red-browri. clay with 
a high sheen and a coarsely pr ismat ic s t r u c t u r e containing well roundec 
to sub-angular pebbles and grains . This i s considered t o be of mixed 
f l u v i a t i l e - lagoonal o r i g i n . 
-

( c ) This next unit cons i s t s o f red-brown clay with a f i n e l y 
pr i smat ic s t r u c t u r e and frequently containing small bunchy nodules 
o f_ i ron ore_and sub-angular fragments of ferruginous rock (weathered 
porphyry?) The. top s e c t i o n of t h i s unit of ten contains angular 
fragments, o f rock, mostly o f Moonta porphyry. I t ; i s thought that t h i s 
unit represents c o l l u v i a l mater ia l superimposed;on one or more remnant 
f o s s i l l a t e r i t i c s o i l MB" horizons. 

(d) The . f inal uni t , int imately assoc ia ted with bedrock, 
an i r r e g u l a r l y pr ismat ic red-brown and grey part icoloured c lay, 
i s a r e s i d u a l - s o i l derived, d i r e c t l y from bedrock, the acid Moonta 
porphyry and kindred rocks. 

I f anything can be resolved from the controvers ia l s t a t e 
pedological opinion as to the nature of a t y p i c a l l a t e r i t i c s o i l 
p r o f i l e i t would appear t h a t units ( c ) and Id) could be considered 
together as one such p r o f i l e with a c o l l u v i a l overlay. 

i s 
This 

of 

PROBABLE ORIGIN AND AGE 0.F SOIL UNITS 

A study of pedological l i t e r a t u r e - i n d i c a t e s a general 
acceptance .o f the idea t h a t l a t e r i t i c s o i l s are formed in humid 
cl imates on peneplain areas under conditions o f excess s o i l moisture, 
thus i n d i c a t i n g poor drainage and an elevated water t a b l e . The 

ironstone nodules associated with such s o i l s seem to require periods 
of intense dehydration a l t e r n a t i n g with the humid conditions for t h e i r 
best development and whilst they are common to many l a t e r i t e s , t h e i r 
absence or sparseness does not i n v a l i d a t e the diagnosis of a s o i l as 
l a t e r i t i c . The t y p i c a l l a t e r i t i c s o i l i s formed by intense and 
prolonged chemical weathering during which organic const i tuents lare 



reduced t o carbon dioxide, s i l i c a i s leached and. iron and aluminium 
become concentrated i n the form of hydroxides and clay minerals . 
The c h a r a c t e r i s t i c colour i s red-brown. 

There i s a l s o general agreement among pedologists that 
mottled c lays , such as unit (d) above, are formed i n the zone of 
a f l u c t u a t i n g water t a b l e . S ince the present water t a b l e i s some 
50 fee t below the sur face a depression of about 40 f e e t i s indicated 
s i n c e the l a t e r i t i c s o i l was formed. 

The a l l u v i a l mater ia l represented by unit (b) has undoubtedly 
resul ted from prolonged and repeated water erosion and preliminary 
heavy mineral s tudies suggest a distan^t source fcJr at l e a s t some of 
the m a t e r i a l . 

A s te reoscopic study of a e r i a l photographs of the Moonta 
area coupled with i n s i t u examination of the ridged areas so indicated 
leaves l i t t l e doubt that the t r a v e r t i n e limestone o f t h i s area i s of 
a e o l i a n or ig in . When the desert - type dunes of Yorke Peninsula (as 
d i s t i n c t from the l i t t o r a l dunes) are plot ted and compared with 
those on Eyre Peninsula i t i s seen that they have the same general 
bearing, conf igurat ion, and spacing and there fore are l i k e l y to be 
contemporaneous. This p l o t t i n g a lso reveals that the southward 
l i m i t o f these dunes i s a l i t t l e south of Cape El izabeth and t h i s 
l i m i t i s seen to coincide with the southern l i m i t of a broad shallow 
submarine sandbank i n Spencer Gulf delineated by the 11 fathom (20 
metre) contour, p r o j e c t i n g as a s a l i e n t from the eastern shore. 
I t i s t h e r e f o r e suggested that the p r i n c i p a l source of the calcareous 
sand of which the dunes were formed was the bed of Spencer Gulf, 
exposed during, a e c s t a t i c change i n sea l e v e l r e s u l t i n g from one of 
the P l e i s t o c e n e g l a c i a l c y c l e s . 

A study of Admiralty chart sounding3 reveals the presence 
o f a submarine bench at a depth of 14 to 15 fthms ^25-27 metres) 
below present sea l e v e l , a bench which coincides i n depth with s i m i l a r 
benches throughout the world. A s t i l l - s t a n d at t h i s l e v e l during a 
cyc le of e n s t a t i c v a r i a t i o n i n s e a - l e v e l would have exposed a land-
bridge across the Gulf. S ince the preva i l ing wind a t the time of dune 
formation i s c l e a r l y indicated on a e r i a l photographs of Eyre Peninsula 
as having come from a W.N.W. d i r e c t i o n i t i s highly probable t h a t 
the sandbank re ferred t o previously was i t s e l f derived from a source 
fur ther west and t h a t the dunes on Yorke Peninsula were not only 
contemporaneous with those on Eyre Peninsula, but a l s o were once 
continuous with them. 

F i n a l l y , an inspect ion of the low c l i f f s o f Moonta Bay 
and a c lose study of the contours o f Yorke Peninsula both i n d i c a t e 
t h a t these dunes are younger than the 6 0 f t . ( 1 8 metre) emerged beach 
o f Z e u n e r ( 6 5 f t Reedy Terrace of Tindale. See accompanying subdivision 
o f Upper P l e i s t o c e n e and Recent) , s ince they cover i t , but they axe 
truncated by the 30ft beach ( 2 9 f t Woakwine Terrace of Tindale) and 
are t h e r e f o r e older than t h i s . This places the dunes as post-Monastir-
i a n and pre-Oul j ian i n age by Northern Hemisphere ndbenclature, or 
post-Reedy and pre-Woakwine i n t h e Southern Hemisphere. 

I t i s here postulated that the older l a t e r i t i c s o i l p r o f i l e 
was developed on the peneplain remnant that i s now the northern h a l f 
o f Yorke Peninsula under the inf luence of t r o p i c a l to s u b - t r o p i c a l 
c l imate and an elevated water t a b l e at a time when s e a - l e v e l stood 
about 60 f e e t or so higher than a t present . Whilst i t i s recognised 
that an elevated water- table does not n e c e s s a r i l y require a comparable 
r i s e in s e a - l e v e l , the converse does apply. The Monastirian intej>-
g l a c i a l s tage which reached i t s maximum around 150,000 years before 
present ( B . P . ) f i t s these conditions in every p a r t i c u l a r , as well as 
predating the period of dune formation. 

I t i s highly probably that in tense p luvia l condilions preceded 
the onset of the subsequent Wurm I (Margaret 1) g l a c i a l period. This 
would have resulted in the regenerat ion of ancient r i v e r systems, 
scouring o f l a t e r i t i c c lays in many places and widespread flood deposits 
over peneplains and low-lying areas . The a l l u v i a l clay horizon (un i t "b 
" ) probably originated i n t h i s way and a t t h i s time. 
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The Wurra I g l a c i a t i o n reached i t s maximum development 

around 150,000 years B.P. and was accompanied by a f a l l in sea 
l e v e l of the order of 330 f t . Thus much of the cont inenta l 
shelves of the world was exposed and.c l imat ic zones re t rea ted 
towards the equator. The Moonta area then experienced cold, 
inland c l i m a t i c conditions s ince i t was some 120 miles from the 
sea and much of the coas ta l in f luence on cl imate was l o s t . I t i s 
p o s s i b l e t h a t not a l l of the f a l l i n sea l e v e l was due to e x t r a c t i o n 
o f water by g l a c i a t i o n . I t has been suggested by Fairbridge (1953) 
t h a t there was a discontinuous major downwarping of ocean basins, 
p a r t i c u l a r l y the Pac i f ic^ during the Quaternary. I f part,_of such 
ocean basin subsidence occurred during and/or a f t e r the Wtlrm I 
g l a c i a t i o n , the recovery of s e a - l e v e l would have lagged behind the 
warming of the land mass of the Austral ian cont inent . The eventual 
combination of conditions of warm, dry land mass, p a r t l y exposed 
and dessicated cont inenta l s h e l f and the strong wind conditions 
i n e v i t a b l y r e s u l t i n g from a warm land mass i n much c l o s e r proximity 
t o Antarc t i c i c e than at present , would have been i d e a l for the 
development of the desert type dunes. I t i s postulated that some 
such combination of conditions occurred with the approach of the 
Oul j ian (Woakwinel) i n t e r s t a d i a l s tage , the period of dune formation 
culminating i n the formation of the Yorke Peninsula dunes. Since the 
r a t e of melting of i c e caps could be expected t o increase with the 
diminution i n t h e i r masses (assuming a f a i r l y uniform ameliorat ion 
o f c l imate ) , and s e a - l e v e l had recovered about 5/6ths of i t s former 
height at the time of dune formation,, a reasonable estimate of the 
age of t h i s occurrence can be made. This i s estimated a t 90^000 years 
B.P. 

DUNE FIXATION AMD SOIL FORMATION . 

The primary and most important f a c t o r i n the f i x a t i o n of 
the dunes in the Moonta area i s considered to be the l i x i v i a t i o n of 
lime from the topmost calcareous sand;r by rainwater and p r e c i p i t a t i o n 
a t a lower horizon to form the t r a v e r t i n e rubble layer . The leached 
and predominantly s i l i c e o u s res idua l veneer so formed was subsequently 
wholly or p a r t l y removed and carr ied eastward by wind a c t i o n , probably 
the f i n a l phase of the dune-forming period. The most e a s t e r l y of 
t h e s e dunes s t i l l r e t a i n t h e i r s i l i c e o u s sand veneer, or are buried 
by sand and fur ther eastward again "there i s evidence of f a i r l y wide-
spread sand s h e e t s . 

On Yorke Peninsula, as elsewhere, the dunes encroached 
over p r e - e x i s t i n g clayey s o i l s and i n addit ion t o what remained of 
t h e i r own f ine f r a c t i o n they acquired clay and s i l t from l o c a l sources 
Much of t h i s f i n e r mater ia l was not winnowed out, but remained within 
the dunes. During and a f t e r the f i x a t i o n tfif? the dunes the c lay, 
f r a c t i o n was leached downward to form a marked i l l u v i a l horizon ( t h e f 
t e r r a rossa) due to s o l o n i z a t i o n under the inf luence of c y c l i c s a l t . 

( I l l u v i a t i o n i s the pedogenic process of adding mater ia l to 
a s o i l e i t h e r by mechanical or chemical means, or both. By t h i s 
process clayey m a t e r i a l i s c h a r a c t e r i s t i c a l l y added t o the subsoi l 
horizoftw 

Solonizat ion i s a p a r t i c u l a r case of i l l u v i a t i o n . When the 
c lay complex of a s o i l becomes enriched in sodium i t i s rendered 
read i ly dispersable in water, or peptized. Thus leaching of the clay 
f r a c t i o n be-comes poss ib le raider conditions which otherwise do not 
allow t h i s to occur and the s o i l i s then said to be solonized. ) 

The clayey sand which sometimes occurs at the base of the 
t e r r a rossa represents the winnowed sand that was swept ahead of the 
dunes and was subsequently buried by t h e i r progress . The clay content 
here i s a l s o i l l u v i a l . 



SUBDIVISION OF UPPER PLEISTOCENE AND RECENT 
Modified a f t e r Rhodes W. Fairbridge (Austral ian Strat igraphy, 2nd Ed. 1953) 
to incorporate the c o r r e l a t i o n of N.B. Tindale (Rec .3 . Aust. Mus. Vol. VIII,No 4,1947) 

Northern Hemisphere 
S t r a t i g r a p h i c Stage 

Climatic Stage 
(Scandinavia) 

Equivalent 
N. European 

Stage 

Squivalent 
ilorth American 

Stage 

Equivalent 
Southern Hemisphere 

S t a t e ( Tindale) 

.Spa Level 
N. H' sph. iS.H'sph 

Chronology 

Present 

Dunkirkian 

) 
4 

" S u b a t l a n t i c " 
(Oceanic) 

C a l a i s i a n 
" ^ O T o r e a r 1 -

( c o n t i n e n t a l ) 

Flandrian 
" A t l a n t i c " 
(warm oceanic) 
"Cl imat ic 

optimum" 

(Ear ly Flandrian) "Boreal" 
( c o n t i n e n t a l ) 

F i n i g l a c i a l "Pre -borea l " 

(Cool 
cont inenta l ) hM 

n 

0 

+ 2 ' - 3 ' 

+ 5 ' - 6 ' 

S t i l l 
stand 

+10 ' -11 ' 

low 

low 

+1'0' 

2000 AD 
1000 AD 0 

0 1000BP 

2300BC 3300BP 

4000BC 5000EP 

5000BC S000BP 

7000BC 8000BP 

9000BC 10000BP 

G o t i g l a c i a l 

Danig lac ia l 
warm I I I 

(unnamed) 
Monastirian I I a l t . ? 
WUrm I I 
Oul j ian 
(Morocco) 
Warm I 
Monastirian I I 
(Zeuner 1945) 
unnamed 
Monastirian I 

"Younger Dyas" 
( s u b - a r t i c ) 

"AllerOd" 
(warmer) 

"Older iryas" 
( s u b - a r t i c ) 

( a r t i c ) 
Glac ia l . 

WUrm I l / l I I 
I n t e r s t a d i a l 

Glac ia l 
Wurm I / I I 
I n t e r s t a d i a l 

Glac ia l 
I n t e r g l a c i a l 

Cold phase 
I n t e r g l a c i a l 

CO 
w 
1x5 FennoscandianHlankato 
o 07, 

M 

Pomeranian 

Brandenburg 

Warthe 

Carey 

Tazewell 

Lowan 

Sangamon 

Margaret 3 

*Woakwine I I 
Margaret 2 

*Woafcwine I 
Margaret 1 

Reecty 

low 

low 

low 
low 

? - 1 0 0 

?+25 
? - 230 ' 

+30' 
?-330* 
? +25' 

+60' 

+25' 

+29' 

+65' 

-12000BP 

20000BP 
25000BP 

44000BP 
72000BP 

8 3000BP 
.115000BP 

?125000BP 

150000BP 
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* The Woatcwine dunes are adjacent and p a r t l y eroded and superimposed on at l e a s t two truncated dunes at the 
same p o s i t i o n and t h e i r age i s t h e r e f o r e i n doubt. 
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