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ABSTRACT

" Mapping of the Wooltana Velcanic Belt, Northern
Flinders Ranges, South Australia, has shown that 2,000 ft,
.of Willouran trachytic lavas with minor andesites and rhyolites
-outerop along the southern margin of the Meunt Painter cemplex
and extend southward along the eastern boundary of the ranges
twvo miles beyond VWeoltana H,S, They are overlain by Torrensian
arenaceous and dolomitic beds and those uneonfornnbly by

Sturtian glacial beds,

The area has been bisected by a steep reverse fault
(Parnlnna Fault) system, and associated splintering and wrenmch
faulting is combined with tight folding in the nerth and voat.
The northern part of the area is rosionnlly metamorxphosed,

Copper and asbestos mineralizsation is widespread,
Gold, uranium and beryllium ocecur,

Comparison with other recorded Precambrian volcanice
in South Australia, both in situ and diapirically emplaced,
suggeats that the original area of extrusion exceeded 30,000
sq. miles, A general comparison is made with velcanics ainilnr
in age and type elsevhere in Australia. A suggested possible
common origin with the Gawler Range Porphyry and Meonta Porphyry
in South Australia is discussed, The mineralimation of the
Adelaide System sediments is suggested to be exhalative~
sedimentary in type.



I. INTRODUCTIO

Se £ W _Ac 1@

Between July and October 41951’7 the .author mapped thc

" esasternm half of the lloc-l'.t-.na one-inch ’Goelesictl’ Survoy nh“t.
 with particular onphui: on thc otrati.craphy and structm ot,

| _the veloanic reoks and the formations ovor.lying them, A m:-t
‘udditiaul visit was made in October 1959. This pqpo;' is ,d |
modified version of a thesis (mmmg a map, scale 2000 ﬂ te
1 inch) submitted to the University ot‘Adclnidyc %[u May 196'9“;’« |
for the degree of M.Sc, | o t

Mapping was dome on South Australian Lands Bopu'ﬁ;int

60-chain vertical air photographs. '

_ Potrographic examination of a large number of npweiam -
was carried out later in 1957 and a proportion of thue to!@ct«i
by the author have been desoribed by H w Fander, ef An-trqlm
Ilinom Dovclopnont Laboratories (formerly Parkside Laborutiritl. '
Department of Mines), who has written & separate short ptpns'.

The author thanks his Geoleogical Survey colleagues
R.P. Coats (who has mapped much of the rest of the sheet),
R.C. Horwits, D. Thatcher, B.P. Themson and B.P, Webb, nw.huar
has bocn especially holprul in the petreology. Professor A.R, . -
Aldoman has been an undor-tuuding supervisor. Miss A, X, Breok
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Mr. ¥, Rossini and Mr., B, Tink produced elegant cepies of the

author's ortkinal maps, Ackhawlddgdnﬁnt is due to NMr, & Mrs,

J. Ford of VWooltana for hospitality. The author thanks the

Director of Mines, South Australia, for permission to submit

Departmental werk for publication,

L2, Geography

" The area mapped lies in the north-sasterm Flinders
Ranges, approximately 400 miles north of Adelaide, vvéoltaau
H.Q. (139‘27'3, 3o°25's) lies 25 miles west of Lake Frome at

the foot of the rnngoi; about 89 miles by road east of Leigh

Creek, The nuppod area oxtends south from Wooltana for éfnilog

along the scarp to Nepouie Creek, and north for 12 miles teo
East Painter Creek (Plates I & II), In the north, mapping has .

been extended westward about 5 miles up the Arkareeols creek to

~beyond its junction with the Wywyana, but in tho'aouth reconnaiss~

ance mapping only has been practicable south of Mount Warrem
Hastings. ‘
’ This whole area consists mainly of rugged hills with

relief up to 2500 feet though predominantly between 500 £t. and

1000 ft. At Weoltana a prominent straight craggy scarp frem 300

- ft. to 700 ft, high (with Mt, Jacob) everlooks the vast Lake

Frome plains. This develops northward inte a wider and higher

' mone of rugged country tronoho§ by the great uindiné gorge of the

Arkaroola Creek. Vest of it is the open Munyallina valley,

widening southwards, itself limited westwards by another soarp

beyend which is monotonously rugged country with Mt, Varren
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Hastings as its highest point. To the north a most confused
tépogrupﬁy reflects n'éomplox,ltruotnfo and vﬁry hrokanboonntry
extends wst of the Barraranna gorge of,tho Arkaroela (Plate VI)
into the granite massif of Mount Painter (Plutg_VII). The
highgnf peak on the map - Humanity Seat - lies on the east side of
this ia--if; and further east a lurgo‘oubuyn.nt, south of East
Painter gorge, fcrﬁ. a triangular area of broken sréund. This is
1imited to the north-east by the Lady Buxton Creek on the left
bank o:‘ihich are piedmont fans in course of dissection. Remnants
of ﬁh‘no ovor1104th¢ foot of the Vooltana scarp. |

The Wooltana district, in common with the rest ef the
Flinders Ringos, has an arid climate with low nﬁd very variable
rainfall, having very hot summers and warm winters with cold
nights. . Rainfall is infrequent and oocasionally terrential;
though.dinuoction is deep and close, no ruming streams exist.
‘Streams are sphemeral. Watorhélos.qrc cenfinyd to the Arkléoolu
and ¥ywyana Creeks and are often dry,

: | The area covers approximately fifty square miles and
,eontsiu- two settlements, Wooltana H,.S, and Arkaroela H.8,, with -
a total population of less than 25, all supported by sheep gras-
ing. No mines are active., Motorable tracks are few but a
road extends along the foot of the Voolthnn noarp.éund a rbﬂdh
track connects with Arknrooin thrcuch the Munyallina creek gap

linking with a track coming north from Balcanoona,
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.3, Previous ‘Vgrk :
In oomr:l-on with tho nmch noro strongly um.ﬁllicd’
Mto country of Mount Puntcr to tha north, 14ttle verk has
been dono on the ¥Wooltana igneous ndk-; and nearly all that

' characteristically by Mawson, with ome important paper by ﬁu!.-k

nough. A sheort acoount, largely recapitulatery, is given in

- Sprigg's unpublished report (19105) on the wartime recomnalssance
- survey of Mount Pitat.r. It Veolmugh'.d:otch map of tho

Vooltana homestead area is oxcludul, no mapping of any kind m
done prior to the uuthar'- oxt‘npt in the thmo north uhm obsar-
vations were recorded by varieus Gulogieul Survcy cffteor- working
on tho -authorn paxrt of tho Painter massir,

The first reference to volosnic rocks inm the area is m

Mawson®s short note of 1912 in which he states that "intun!.vo

)

basic igneous rocks are of common eccurrence in this (NE Mth

Auitruian) pre-Cambrian series. These are partly coarse and
partly fine grained amphibolites and lon altered uru.itilod
dolerites and basalts, The latter were observed ta be uygdnz-

. -otdnl at an cutcrop on the Arxkarocola Creek ..,'

In h!.- 1923 paper Mawson amplifies thi- account,
upocially mentioning vesicular basalts just. north of the gerge,

‘and adding that ‘other p-rt- of the formation were brooeintod

in & manner which suggested a pouib.lo tuf'faceous charnator.

The metamorphism which these rocks have undergone obncurol their

features.' (p.380) A coarse-grained amphibolitic reck from the
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same nron ie conparod with the copp.r—bnuring nctinnlito—ridh
rocks of Yudnnnut-nn. More space 1- gtvon teo vboicular lavas -
'anygdnloidal nclaphyro-' -~ from Paralana -tntion (now a nerthern
p&rt of the Wooltana property) which h- had not seen in the tl.ld.
_ These he considered to be recrystallised amygdaloidal basalts

and noted their close r.iomblanoc to chloritised basalts frem

the Blinman South mine described by Benson (1909).

The 1926b paper of Mawson is the most impertant, but
suffers from lack of a geelegioal mapj by chance the ohosen line
of section crossed what 1- now known to be tho nerthern .nd ot an
outotop of post-velcanic pro—glacigono sediments, r-duced at this
point to a thin representative of an arkosic congian'rnto.’ Here
At 1s peculiarly ditficult to diatinguiah'in the field either !Eum_
ene of the many varieties of glacigene beds or from an igneous
sgglomerate, and was classed by Mawson as the latter, He there-

. fore concluded that the volcanics were ‘either contemporansous »
with the glaciation or preceded it vith no great intervening tin.
‘break! tp. 200). This was a reasonable inference from an Q:tnian
ation of the section mlone but it is odd that in cressing from
Vooltinl H,S5, to the eastern end of the section line Mawson failed
to investigate the prominent orags of the folded sediments immed-
1nt§}y overlying the volcanics, and the angular unconformity made
by th.ii sediments with the glacial sequence, there most beaubi
fully displayed, Even after further visits, one of which is
-ontion;d in the only succeeding paper (Sturtian Tillite of Mount
Jacoeb and Mount Varren Hastings, 1949) the very oiintonco of

these bod-‘-ocn- to have been unrecognised, in spite of the fact
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that the area 1-nodiat.1y north ‘of the homestead is the one place
along tho scarp where thiy form the uholo of the lo'tr part of the
-earp and where no vulc-nion outorop.

o H.G. Veoln»ush spent a short tino at Voeltana in 1936
- principally in reconnaissance of the les Frome basin in search
of salt on behalf of Brumner, Mend & Co. He was evidently unaware
of Mawson's discoveries and nopnrutoly\do-cribod the Precambrian
geolegy with particular emphasis on the volcanics., He toe ttgird—
‘ed them as directly under Sturtifn,slucihll and drew a rouéﬁ.
5001031611 sketch map of the area’in the immediate vicinity ef
ﬂbcltanu H.,8, He noted the existence af bedded dnleuite- nerth-
west and south-west of the honaatoad, beth of which he groupod ‘
with the volcanics, regarding the latter as a merely local'
interruption of an essentially sedimentary series, and confihcd

the velcanics to the area west of the hbnoltoad;"

IxI, GENERAL STRATIGRAPHY AND STRUCTURE
IX,1. Intreductery ~'gog;ogicu;»mnyiggg!ont

The Nerthern Flinders Rnnso-‘iro defined here as these
garth of Blinman, Thof form a wide zone of tightly folded
Precambrian and Cambrian roois, with a triangular outcrop; widest
in th; north, The essential structure is of east-west folds in

the central zone, with north-west folds in the west and north-east
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,pibfuro. It is further cb-pliontod.by'tho presence in th67\
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folds 4in the east, all characteristically asymmetrical. MNuch

associated faulting, imcluding major fhru-t-, cemplicates the

the

north-east of the outorop of the oldest rocks, which form

" Mount Painter = Freeling Heightas massif and its oxtcnsiciﬁghrth;~

The shapC of the outerop of this massif and the nlignmdnt%br the
boundaries between the Archaean sedimentary and granitie E@dl.l‘
within 1t further demonstrate the dominance of north-ealtégty

trends; but clearly it has acted as a bleck more runistuni‘to

- deformation than tho‘Protoroloio and Cambrian beds wrapped around

it, and hsas had a strong influence 6n the details of thoi:
deformation, ‘ ' | S : h
On the west and south of the massif lower Protereseic -
.vackt overlap it unconformably., West of Freeling Hoight-ﬁin_ﬁh.‘
Yudnamutana ar§n these are predominantly aodiniutl, thoudﬁ
-troﬁgly metamorphosed. Near Umberatana calc~silicate rocks
ﬁith possible velcanics appear., In the south the sequence 1i
essentially volcanic with subsidiary sediments, It is this

P

southern section which is known ai tho'Wooltann‘Volcanic Bolt;wf’

P

II.8, lower Stratigraphic Boundary o:vwggltggg Vblounic{éilg

It is not proposed here to discuss the Pnintoi*ﬁihitt.

the mappixg of which has recontly}bocn~coup1§tod by the aniﬁor'n;
. colleagues and in whioch he has played a n-gligibli part, éit

has now been shown that everywhere on the south side of tﬁi
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massif quurt--ftlupui and quarts porphyries outérop over a bolt
k'uiﬁnlly 12 niio- wide, They are regarded as of Archacnn a¢0.
and oxt-nd from th- Arkuroolu Craok above its Junction with the
bﬂyvynnu to the Arkuroolu Bore and Humanity Seat, the contaot with
" the Veeltana rooks being tectonic and marked by very strong
development of pegmatites nnd/a gigantic quarts reef, The ton-
tact is broken by a major thrust - the Paralana fault - being
k-tdgpod north on the east side and emerging from the rnn¢Ol!nn:th
of lnuﬁ Painter Gorge. The od.torﬁ part of thi- stretch is an
unconformity, uﬁd the contact can be traced through n‘-mnl;
outcrop two miles east on the piodnontkdlcp-, where it appears
again to be non-tectonic,

South and east of the Humanity Seat area no lower
bcundar&'enn be traced on the ground'btoau-o of overlap by poerly '
exposed Mesosoic beds and an extensive further overlap of
Cainosoic sediments, No relevant information is obtainable from
the wide network of bores on the plains, and i1t must be il-u-oﬂ

that the downfaulting to the east is on a major scale.

IX,3. _Upper Strnt;g;!ghic Boundary of Wooltana Volcanio Belt )
The neconpaayins geological map shows that stratigraph-

1cally there are marked differences in th. thiokao-lol of the

sequences on either side of the Paralana fault, On the east side

the igneous rocks form a belt widening morthward and lying east
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of, and -tratigr-phionlly below, a .trtng development of th:
Lowex Glacial SQquonoo which is nocoptod as of Sturtian nsi.
The nnp shows nl-o. hnvovcr. thnt ovorlying the volocanics thoro
" 4is an ar«anc-aus-earbonnto -.qnonoo pru-aut only near Uc.lilnl tn
‘the south, but oxtqnding fro- the area east of Eagle Crug ln!th-
wards for oovorul miles, Both at Wooltana and at Wooln.agh Crag
" this is seen to be folded, and uncenformably covered by th. 3150-‘
1al sequence., Although very vuriablc in facies aleng the Qtrikn.
'nnd inry1ng a good deal vertioally, 1t is d.-onntrnb;y arqnaco.ul'
1& 1t- lovwer part, with a characteristic dnrk.nrko-le'grifg and
dolomitic in its upper part. G
| The volcanics and this arenaceous-carbonate --qniico'

are thnrcforo clearly pre~Sturtian in age, |

Towards the Paralana Fault intense folding, faultiu: ,
and<dfﬁlh1ng -nko_nappins difficult, but the essential fin?nr!l |
ro-nii. though the nrgnueobu- part ef:tho sequence 1neroad§l in
thicknolu very groutly. | - | 4

West of the fault all tho rocks are much more notnnntph—
osed and thicknesses are again increased, The author's 1ator- 4 |
pretation on the map is based on a roqognition of the Stﬁrtita"‘
beﬁndnry; tv§ nilci up the VWywyana Grd;kvfron tho'Arkuroplyn
Umberatana track; the great urkd:c i-iddintolilaorth of ﬁh; triek
being correlated with the arkesic grit of Wooltana and ﬂhitonnll
massive wide outcrops of dolomites south of the track with the
: ovdriying dolomites, The phyllite noqﬁonco below the Arka;bola
arkose is, therefore, a thickened and metamorphosed iquivnldnt o1

thin_purple shales and quartzite found locally at ¥ooltana and
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hprthvdf Groan Creek; and.bolpv it urcqurk grotn'schintbn‘irock'
with q-ycdnloida1“1av-., much metamorphosed but undoubtedly
-quivnicﬁt to the Wooltana igneous rocks. | g
Tho/poro metamorphosed rocks of the Hui‘;iﬁy $cq§
area aro.puoh less readily 1dont;fiod by lithelogy and thdi_lr-
. structurally almost cempletely -gpnrat;d from tﬁoao to the south,
On the ovid.nqo of the unconformity merth of East Painter ﬁqrg.
 they might be expected to be tho‘oquivulcnt of the volcanie
sequence and the overlying recks., The auther,,approachincAthn
first from the east, saw little reéesemblance; but careful nﬂpﬁin‘
frem the south across the Barraranna Gorge showed that the
arenaceous sequence extends north inte the gradually more
 -yi§a1ti-od rocks of Humanity Seat itself, and a 1£thulo¢1¢nl
boundary in phyllitic beds has been mapped to the east of the '
-ﬁéak. Still lower in the sequence is an actinelitic marble
nlno-tLcortaﬁnlyroquivnlcnt to bnc low‘inbthc velcanic sequance,
The. author has since discovered that ‘possible ash beds' were
recorded within'thd loior less phyllitié sequence by Sullivan

(aceording to Spriga, 1945).

II .4, The use of the term 'Willouran'®'
In the past, the whole seguence below tho'gluoiii beds

would have been described as Torremsian. In recent years the
forﬁlwillour-n has been used for rocks in the Copley - Witchelina
area which are stratigraphically below the Copley Quartsite. This
is regarded as equivalent to the gro@t arkose of the Arkareels

n.s; area. While such a division is easily applicable to that
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‘purt of thozwoolt-nn Volocanic Belt 1yin( west of the Paralama
rault 1t is 1.-- oanily applied to the aroa to the east, f

| In the west a oonnidcrabla thiokno.u of phyllitos.
appnr.ntly contbr-ublo with the arko'o. 110 between it and ﬁho
velecanics, Tho,boundgry between the phyllites is in part
faulted but in any case metamorphism makes rocognitton of its
chnrictor difficult, In the tightly raxa.d central and northern
aron. oa-t of the fault, tho phyllito thuonco is little 1..‘ |
thiok and its base. is again difficult te interpret, But sewth B
of th. tri-ngular area botvoen the Lady Buxton Grqck.'tho fault
runilng south-west from the Lady Buxton Mine, snd the Torrﬁﬁliln
outcrop (i.e. what is hereafter desoribed as the ‘triangle of
vvloaniel'), and in the wholo of the scarp zone, the nrkolQ is
itself very much thinner, rathor loo- porsistont. and is uudtv-
1ain by apparently cenfbrmablo thin quartzites or shales 'hieh
" rest on an eroded surface of tho volcanics., Thus tho_mnrk.ﬁ
 break 1-’ﬂoro within what is mstfiotly a Villouran l.qudncq.

It uouid therefore have besn easier to place all iho

rocks below the Sturtian in one Group, but to avoid confusien
in relation to published maps a division into Willouran and
Torrensian has been introduced and the break placed at the base

of the arkose as elsevhere,

11,5, Willouran Series: Wooltana Velcanic Group
| ‘ The Wooltana Volcanic Group in its 'type' area, the

Mount Jacob scarp mone, comprises lavas, tuffs and agélo-.tntio

o~
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" tuffs with associated quartzites and shales. The 1&%:1 are Ei-nlt
unt#tcly sodic trachytes; some andesite ocours. Tuffs are -;ﬁh
* Jess common than lavas and are mostly found in the south, 'hgin
K porﬁhyritie -od#o rhYolitQ'beub rock is locally oé-nnn Undnsh
te frodncd agglonoratib tuff, Tuff has been reaorded which ie
Andurated, though not welded, |

Dykes are rare, Rocka huving th- appearance of dyknt
in outerop, but in reality voll po-t-volcunie and na-ooiatod with
iater toetontc movements, being oithor»alasticn or vein-recks,
are iory common, | | |

Annoeint-d sediments are of minor importance. In a
_sequence Qf»npprox. 400 ft. south of Vooltana H,.S, green shales
oocour, maximum tﬁicknois 30 feet, at or towards the top of the
sequence, ’Ono mile north of the H.S, and again north of Copper
Mine Creek very characteristic *bd. often cgrrqnt—bndd§d quArts-
ites occur. These are lens-like in the aonthvﬁut in the nerth
can be traced for long distances, They are everywhere iq-i than
20 feet thick. (Since the map was drawh a bore at Veoltana H.S,
has shown 200 ft. of red quartsitic sandstone under the velcanics).

Subdivision of the Wooltans Volcanic Group is thought
to bo impracticable, because of rapid‘hérilontal and vertical
vnriahtlity.

In this scarp zone alteration of the rocks is very
common and whilo the type of alteration is usually clear, the

patt.rn shows nothing but a consistent irregulaFity. The typical

+



unaltorod trachytes aro Mawson's 'anygdaloidal --luphyro-' -

B hard dense, finc—;rainod dark'purpld rooks with salwmon pink or

‘vhito amygdales, or occalionally vesicular, 'Thdy outcrep

: pi.nin.ntly. forming scarp edges and minor gorgo-. ‘Rocks
_-1nornlcgicu11y little diffaront. but physically altered, ecour
as a purplish grey or greenish grey. oruuble on lower grvund
between the outcropf of unaltered It brecciated trachyte
cemented by pink and white quarts veins, which is common aha? ,
vtho major faults and in the south-east part of tha"frinndio‘.

‘ - The small outcrop of igneous rocks south of the
Barraranna Gorge has simiiar rock tyﬁ.a. though ncur‘tho fault
Ithny are mylonitimed, |

Vost of the Lady Buxton Fault lavas are confincd teo
a -011 area near the Barraranna Gorge. Most rocks are ¢rnoay
fine ;rninod and tuffaceous, with inotinling -capalitiSQticn
‘ﬁnrthvléﬁl; The ﬁropettion,ct shaly ﬁatoriul is difficult te
. estimate, The sequance contains argillaceous limestones near
the base, which become actinolitic marbles te the north, and a ;
red qnirtnit.‘highor in the succession which may b; correlatable
with ene of those éf the scarp zone, North of East Painter
Gorge, chlorite-magnetite schists ocour.

' VWest of the Paralana Fault metamorphism, tight felding,
‘and fnulting nak. determination of ortginul reck typo- very
difficult. True lavas are known to occur only in & small area

in the south-west, Green schists are common, some with quarts

blebs possibly amygdaleidal in origin., The evidence suggests a
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- predominantly tuffacecus seguence Bofwoon two actinolitic marbles
which coalesce westwards and open ngnin west of the Arknrnoln

Water Holo rov'aliug another, unallor. -utorap of‘-ot-orphal.d.
-o-tly tuffucaun veloanics, _

| .~ The Humanity Seat rocks are phyllit;l. with very miner

velcanism,

In the socarp zone these rocks outcrop in two diéﬁtast
crcalt a.-hort section of the scarp between an'oa Blufffind
Hboltann H,8, and a such longor section extending from a.point
Lalf a mile south-east of Woolnough Crag northwards around to
tho tightly folded Barraranna Gorge area, | '

The short outocrop thickens frou nil at tho south end
of Mawson's Bluff to about 200 ft, ut the maximum in the ftrlt '
ereek north of ﬁho homestead, west ot which 1t is lost by felding
under the Sturtian, The basal member is a red quartsite (shaly
at ﬁ.oltana) rising in the nouth through purplo shales und »
current bedded quartsmitic sandstone to an arkesic oon;inpcwatu |
grit which in the north rests disconformably en th..bllll |
quartsite. Above this very characteristic grit (which 1s
| equated with the basal Torrensiamn to the west) dedqd dolomites
Houtqropxin the south; in the thickest section they have a iight
bravn mudstone at the base., There is much minor horisental -

variatioen,

. The sequence rests on an eroded surface of volcamics,
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The longer outcrop has o-uontiully the same charnntorb ,
1-tie-, with .1-11lr hoerizontal variation within a gunorll

.-Qqacnco bcginning with quart:itc punling up 1nto purplo shales
and arkesic grit, Above the arkosioc grit nndunsrth of Veelnough
Crag a sequence of shales, flaggy sandstone, shales with mimor
dolomites becomes regular, with the‘ffnggy‘anuditeac very thiek
ia the nerth east, The overlying beds, purely dolomitic ii the
south, contain much shaly and silty n;tcrinl. Prn-Sfurtina
tbiﬁins'in the Weolnough Crag urea results in Sturtian resting
unconformably on arkesic grit in the bed of the Arkarcola érc‘k,
| Acourate subdivision in the Blr?arnana Gerge arcl‘ia
not easy, especially north-east of tho'Gorgo where there is
tight rnlding and wmuch fnultinh. The rlnggy n.nbar nbovo the
arkosio grit 1- apparently muc!: thicker here and dnlinato. tho
outorops. In the tightly folded but unfaulted a:.a -oath-lnlt '
of the Gorge the seguence can le cntnbliuhod, thaugh very
enrnful mapping was necessary as squeesing of inccapotcat -oubor-
is common, Tbvnrds the north charasteristic purplish ri&h&n-
' banded, ripple-marked gquartzites become dominant below the
th;ikonnd arkosic grit (and form the rocks in the sharp bend
of the Gorge itself) and can be followed across the Arknrojla
1-u;diatoly east of the Paralana Fault into the Humanity Seat
ares; slightly further nath 4m the immediate vicinity of the
peak they are -ylcnitisod’and no very obvious lithological
correlation is possible, | '

WVest of the Paralana Fault the very much thicker .
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¥illouran U;Qucnoo‘of monotonous phyllites rises to a still:
stronger dovclopncﬁt of the Thrranliin'arkouiq grit 1111 dilplny-v
ed in the gorge of Boulder Creek 1nnod1it01y on't of Arknroela
H.S, Th. homestead itself stands on shales nnd westward the
thicker equivalent of the flaggy -and.ton- outorops as another
massive soarp. chnnd this is a very thick sequencs of carbanlto

beds mapped in detail only along the Wywyanma,

IX.7, Sturtian Series
No detailed study of the Sturtian Series has been

made, but its outcrop has noco;oarilyvbeon mapped and much
information about the lower and upper parts of the sequence
vin.rccdrﬂod.

The Scrii. was examined for the firit time in this
area by ‘Mawson (19“9); who gives detailed descriptions along an-
east-west section near Mount Jacob, It is necessary to add that
much lateral variation in lithology ocours, and that Mawson's
belief in the significance of the colours of tiilito- .‘.ﬂl‘
misplaced.

In the scarp zone the Series varies a great deal in
rock type. In the southernmost area a basal boulder £1111t- il_
found, beautifully displayed in a narrow gorge a quarter of uk
mile quf of Merinjina VWell (Plate VIII), riilng into what is
probably a fluvieglacial eonglcmorafo with -ub-foqndod pebbles
and bquldori‘nlno-t entirely ««f qﬁnrtuito, and mostly of about’

6" to 1' in size. The basal t:llite is strongly purplish or green
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due to its content of velcanic detritus,

At Vooltana tho same noquonoo is seen, but 1-ncdtltcly
to tho narth and tor several miles to beyond the Arkarcola
Cresk the lowest member is invariably a tillite very vich in.
rectangular blooks of dolomite, with other erratic material
qutto'uubofdinnto or absent, This highly ehnruetorintic.rouk,
is the material fbrning the massive feature named by the author
Mawsen Biutr. which appears in the photograph in Rnﬁson'- 1926b
pPaper. At this point the member is thickest (100 ft,) and is a
Yellowish or buff tillite weathering dark brown., In the oreek en
the north‘lidc of the Bluff it rises inte a purple til;itc‘eonp
tiihtn; a much higher proportion of non-dolemitie nnturial uith
- the red bomb porphyry very prominent. (In all the lower tillite
contuining voloanic-. the bomb porphyry is predominant ameng
voloanio orraticlg most of the other velcanic types have eon-
tributed principally to the yntfix.) This member shews much bex
weathering and is less prominent in outorop., Above it 1l;¢r0‘aor
1q~oolour and gives way to about 300 ft. of green and uhifich
"shales. These are capped by th‘ -nn:tvé fluvioglacial conglom-
erate, forming great soars on the orest of the énnsi. The. ‘
- matrix éf'thil is mostly quarts sand (rather tham roock fleuwr)
'ihd the boulders nearly all fine-grained or nodiu-gr;inod
qnartlitcl, nsunlly purple-stained with prominent current bndd&nc

‘! ;Tho rock is so indurated that commonly the joint planes

'Qut cleanly through the boulders.
R North of Woolnough Crag, which is formed of it, this
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latter member ecoupies nearly the whole sequence; fh- outorep
‘1s all high ground, |

In general, the fluvioglacial conglenornfb fbr-n
the major part of the Sturtian outorep, but the uppermost
Sturtian along the sastern side of the Munyallina valley is
again a definite tillite, with magnificently facetted boulders.
In the nerth 1t is intensely brecciated, and at the ‘tear-eff’
north of Boulder Creek, where the top and the bettom of the
Series approach very closely, so much so that it is almost
unrecognizable,

The Sturtian west ;;f the Paralana Fault is confined
to the area south of the Arkarcola H.S, = Umberatana track. It
hﬁs been examined in detail by the author only along a sectien
up tho‘iyvynna Creek, where there is no sudden onset of massive
glacia;‘bod- but an introduction of thin tillitic beds repeated
and gradually giving place to massive fluvioglneiala~;hich to
the south are more developed and form the rugged mass of which

the higho-t point is named Mount Warren Hastings,

I1XIX, DETAILS OF STRUCTURE

IXY. 1, Paralana Fault System

.

The major structural feature of the area mapped is the
Paralana Fault., This is a break whioh produces an almost com~ -
plete repetition of the sedimentary and igneous formatienms,

' biseoting the area mpproximately meridionally.
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It 1s a.complox‘tuult.V:Boouu-. forkauch of its longth‘
it is a duplicated sirike fault its Qxiltonco was not clearly
o-tabliihod“u#til the virtim; roconnniliu#cc survey when air
.photogruphu became available fo:° the first time. Previously
rocogﬁitionkwl-.uuch noic diffi :ult because the area of major
“topogiaphib change on the weat xida_éf the Munyallina Valley,
'which was of course noted both )y Mawson and Voolnough, coincides
'with the eastern member of‘tho ‘ault, west ef\vhxch is a narrow.
repetition of carbonuto beds of similar lithology to some of
those in the valley; this toget .er with similarity of'-trikc
and dip allayed suspicion. Neil her Mawson nor Woolnough in 1926
- both crossing westwards - so ch as suspected the existemnce of
a fault, ’ |

In Mawson's 1948 pape s the existence of the fault is
:‘oo;ﬂi-id and it is shown on Sprigg's roecnngioianoo map (1945)
though the Vooltana Voloanic Belt on thit map is left very much
in the air in relation to the rest of the aroaf

Here we may regard the Pgrullnn Fault System as begimme
ing in the south at Italowie Gorge (see fig. 2) onktho Balcanoena
l-mile G,S, sheet where a AOublo fracture throws the Lower Glacial
I;ll on the west against upper Sturtian on the left bank of the
emerging creek, with repeated upper Sturtian between the two fault
"-banru. Here they dip at a high angle. At this peint
fhc main mass of Sturtian L&vcr Gl‘ciul- on the west side is to:n.‘.
ptf, re-~appearing in the area north-east of Arkaroola H.,S, - a

tear with an offset of 20 miles, Calculations based on cross
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sections drawn through the centre of the Munyallina valley show
that the throw-down te the east is of the order of 25,000 ft.
: u.-ﬁuingia dip of the fault plane of 70°, and 22,5%00 ft, at 80°%,
The eastern fault member is olearly exposed on the \
north bank of the Balcanoona Creek 4 miles west of Balocanoona H,.S,,
250 yards north of the track to Grindle's Hut, immediately east
of vhor§ the oreek leaves the gorge through the tillite.
Here it is a low angle thrust, but i mile further west the western
member is a high angle reverse fault, throwing Lower Glacials
against upper Sturtian (on the east). The western splinter is
\uuch’ltoopar and less clearly ojpo-od.
~ | Noxth of Balcanoona Ciook the northe-easterly trending
fault system is offset westwards by nnrthpuouth‘-plintor.~ihich
isolate Mount McTaggart. From there the eastern member extends
for seven milo.lin a straight line, with the westeim member about
half Ai-ile_fron it in the south but approaching more closely
northwards, This is the ares where Mawson and Woolnough made
their reconnaissances, the 'Cave Hill dolomite' eof Mawson (1934)
lying between the faults and forming a very prominent east-faoing
scarp. To the east are upper Sturtian beds which in the seuth |
include the Upper Glaocial Sequence, Vest of the double fault the
Lewo? Glacials ire‘vofy near in the south but the unconfonnity‘
between them and the upper Torrensian swings away northwards
leaving a wide outcrop of the latter beds east ;f Mount Varren

Hastings.
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A‘uilo north of the point where the Vooltaﬁl -
.,Aitnxéolu track cuts through the ‘Cave Hill dolbnit."fhi fhnlf.
ruro;ngutn splintered, with a diroctioi‘chnngd teo north-north-east
te horth. For several miles hnrth the fault is a single high
angle stretch thrust (dip 7o°-8o°) but in the vicinity of Boulder
Creek and to the south a narrow sone of upper Sturtian is
duplicated, and at the north ond of this duplication massive
qunrt:—iranJ'blth' ocour on the left bank of Boulder Creek,
. | From here north the fault system as a whole is much |
. more complex because of intense nplinéorinc and wrench faulting
on the east side and to a smaller extent on the west side in
tho reverse direction, The Paralana Fauli proper hnwcvot remains
sexceedingly clear~cut extending acreoss thovArknreolu Creek up-
" stream from the Barraranna Gorge into the Humanity stlt\-lllié.
. ﬁa.sing rot of the peak, north of which it potofs out inte a
}ccnﬁlox system before developing en echelon as the Paralana Fault
of the t*type area' from north of East Painter Gorge to the
Yudnamutana Gorge mouth and Paralana Hot Springi. At the peint
it ero:nqi the Arkaroola, the break is so clean cut and lacking
in any local brecciation (and this is true of -ﬁeh of its length)
that it is not surprising that Mawson failed to see it ()(umn
1923); here by relative noithward displacement of the eastern
bloci‘aguin-t the Painter massif volcanics of similar facies en

each side of the fault approach very closely.
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' XI1X,2, Splinter Faults and Thrusts, Folds

Associated wifh'tho Paralana Fault System are several

-;Jef -plintar-fnqlta and thruatn,.which cnnnot be discussed
'ﬂithpuf the associated folds.

K The -oit important of these faults extend as a fan

in a nertﬁ-ou.t quadrant from the tightly folded area one mile

north-east of Arkarcola H,S, Here, a tremendous compression on
the east side of the Paralana system has boen relisved by

(l) evorthruoting by the volcanics in the axial ocore,
and tha overlying aronacoouu-dolomitic Group, on to the upper
Sturtian;

(b) development of three tight anticlines with
lqu§081ngibut or severe thimning of the lona’conpotont (Largely
calcareous) beds in the arenaceous-carbonate Group;

. (¢) (in the southern part of the Barraranna Gorge)
miner over-thrusting from the north-west, with petty wrench
faults (all too small to show on the map); |

(d) overturning of the quartzites of the Barraramna
Gorge at their contact with the volcanics at its northern emd.

This is the situation in the Ycorner' of the structure,
Beyond, the faulting and folding extends well north eof East
Painter Gorge and affects the area around the upper reaches of
Groan Creek. The major thrust, (a) ubbvo. is probably continued
north-eastvard as the Lady Buxton Fault (unless tht fault is
3g‘ochqlen to it)., Om the west side of this the volcanic group
ii very tightly foided ahticlinally with an overturned east limb,

On the sast side the volcanics of the 'trinnglg' are for the most
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part folded more openly but in the south-west cormer of the

'triinclo' the arenaceous~carbonate group is tightiy folded

‘nnficlipnlly, with a curious shallow synclinal keel of quartsite

between the principal anticliﬁov-nd‘a subsidiary lying east of 1it,
thq two amalgamating noith-on-tward. Strong wrench faults with
very prominent slickensides showing horisontal movement are
associated with this toldiﬁg.

To the cast and south ef this complex system of folds

“and fhulta numerous wrench faults affect the remainder of the

country mapped, These are nearly all dextral on the vost’-tdn

of the Lower Glacial outcrop (some of these carry throuzh to the
east side) and sinistral on the east side; further south sinistral
faults become dominant, Miny extend for several miles and have
little throw, but cumulative throw is con.idcrublo. They have
caused nnrfdw mones of intense brecciation. Only the major faults
have been mapped, Innumerable minor wrench faults exist and
explain the ubiquitous brecciation in the volcanics. In the

glaciuln they lead to much weathering-out of the rounded pebbles

- and boulders of the fluVioglaciu; beds, where they are not se

indurated as to form one solid mass, In the arenaceous-dolomitic

group the effect is seen in the shattering of the quartzites and

" 4n the dolomites shattering on an almost microscopioc scale is

everywhere apparent,

As described below in the Woolnough Orng-Vormiculito
valley area these wrench faults are associated with what appear
to be nornﬁl faults which in turn may be associated with the |

major downthrow limiting the ranges to the east (See also IXX.3),
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| Folding in this eastern area is much less commen, the
on17~1-portlnt example being in the upper reaches ef Groan Ornﬁk.
where the dips in the upper Torrensian arenaceous bodakluggoot
a synoline plunging west, It is not certain whether this is
not partly teo be explained by local thickening of the arenaceous
beds, The faulting on the north-east side of this area is alse
abnormal in its north-westerly alignment but this again may ﬁo
connected with the tault:l.ng;lh:l.»tm the ranges, vhich elsewhere
is offset by nﬁrthnwcotorly trending faults,

| North of the Barraranna Gorge another majer thrust,
‘also duplicated, develops from a fold in the upper Torrensian
‘and extends parallel to the Lady Buxton Fault to Bast Painter
Gor;o-intranoc nnd'boyéhd. This dips much loil steeply than the
Paralana Fault (and the Lady Buxton Fault); brecciatien is commen .
and 1n£onsn in the vicinity of East Painter Gorge, At the ‘
southern ondvof this structure the phyllites of the Humanity
Seat ble#k are -itr.utly fightly folded and overturned,

To the nerth the actinolitie marble of the Humanity
Seat blocg appears to be faulted against the hidhor.bcdogb there .
is a marked difference of nt:iko. Beyond, -frnoturo: in the’
Enlt‘fuintor Gorge area are very confused,

Vest of tho‘Puruilha Fault very -trong‘tiulting ecours
nléng the -outhofn margin of the Painter Complex, principally
aloeng NE=-SW lines, Tremendous quarts blows exist., A crude en
echelon pattern of wrench faults affects the volcanics and
sediments, Tight folding has taken place, Two major synclines

in the upper Torrensian are clearly established, (These fade
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seuthwards and there is no good -vidonéo to date them, even ih
part, as pto-Sturfiua). A.littlo nnrth-cint of the Jungtiqn of
the Arkarsela and tho Wywyana folding is extremely sharp and -
'oxcolloutvboﬁdinago is -ien.‘ Strong cleavage, elsewvhere not
prbuinent, 10-@. to vﬁntharing of the phyllitio 1n§o angulay
blecks, The mone between these two synmclines is far from simply
anticlinal, however, and rﬁpcntod.axﬁuinution on the ground and
ef air photographs has failed to establish a satisfactory detailed
:trﬁcturo. Variations in thickness of the volcanics and '
nota-orphicn make thi- diffiocult,
, Further weat, structures are simpler, Thcj ;foktinally '
cut by everlap of the higher beds on to the Painter Complex, !

A minor splinter east of Arkuréola H.S, may partly
 mccount for the gold mineralisation at the Golden Rule Mine
(Lively's Find) (see below, V.2)

;!;.:; szg:lggc Features

Two types of dyke-like foituéos ocour both ef lhiéh
i}o regaxrded as of foctonic origin,

The first are brown-weathering linear vnll—likc'ﬁ.dttl.
which ecour in twe areas, the southern part of the scarp some '
and thc eastern part of the area west of the Lady Buxton Fault,
both north and south of East Painter Creek, (In the latter area
some confusion may arise if it is not rccognisodjthnt-for about
half a mile south of the Lady Buxton mine one has in fact been
uzod as t~wn11. with debris of similar material pilod on top or ;
. built on te the end as a dry stone wall oxtennion. This is



‘apparently an early shepherd‘'s work.)
" In the scarp sone these bodies are 5-20 feet wide and

oxtcnd eontinnonnly (or with utnor bronk-) across the area in
a north-north-easterly direction irrespective of the fbr-atioal
outcreopping. They reach 15 ft, in height, usually 5«10 feet, and

form strong landscape features, They are apparently vein bodies

of oalcite, dolomite and quartz, rather ferruginous, No othexr
iin.tllioatioa had been nofod. '

In the Lndy Buxton area tho bodies are similar but
north of East Painter Creek they are folded,

In beth areas the bodies are regarded as veins
develeped along wrench faults or asseciated fractures (inoluding,
perhaps, north of East Painter Creek, gaps between tightly folded.
forﬁattonn).

The second type of dyko;likd boedies is confined to the
southern end of the scarp zone south of Vooltana H,85, These are
bodies with no differential relief, usually only 5«10 feet wide,
and dark or light grey in ceolour, " In places these cut the
tuffaceous shales, i.,e. they poste-date at 1oaat.tp. lavas of the
south, They are not, however, volcanio, though they oonfa&n.;unh
altered volcﬁnio material, Of two examples collected (r.8, 3272
" and.T.S, 5275) one is obviously a deeply altered rock, largely
. calcite and chlorite; the other a strongly mylonitised roek,
vhich Fander thinks might originally have been agglomerate or
egnglonorato. At the time that thclg rocks were being examined,

other rather similar rocks were collected by R,C, Horwits from
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the Arrewie leml, G,S. sheet where he has demonstrated diapiric
- squeesing of lower Torrensian material through younger rocks
along the eastern side of the ranges., It seems possible that

these are related bodies, essentially tectenio,

-y

IV, ___ LOCAL DETAILS OF STRATIGRAPHY & STRUCTURE

IV,1, Vooltana H,8, area: southern limit of velcanics teo
 Mawson Bluff

This is the area of volcanics most easily seen, the
Voloanic Group here forming a ..narrow linear outcrop no more than
& few yards wide in the extreme south to a little over half a
mile in the north, The outcrop is breken immediately nerxrth of
Wooltana H.S, by the overlying Torrensian arenacecus-dolomitic
group, -

In this area, especially that part of it -outh)of
Vooltana H.S5,, faulting is a major feature. In addition te
major wrench fuuita. associated with which are numerous massive
vein structures cutting the outcrops with strong relief, there is
a thorough shattering. The area is also folded mere intemsely
'than any other part of the scarp meme, Much of the voloanic
iatorinl is therefore highly brecciated and is weathered more than
elsevhexre, Effects due to deuteric alteration are not easily
distinguished from alteration comnsequent upon ﬁ‘ctonie lﬁuttorinc
Nand later weathering, Near the eastern edge of the outorep

rock types are commonly difficult te identify,
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; The soarp here is not more than 200 feet abeve plain
level in the -oﬁth but rises to ubﬁut 700 feet in the morth,

As the map shows, the area is structurally divided
into three parallel zones by what appear to be wrench faults,
Xach zone ;- nﬁticlinnl. with i11d~p1ungn variation, so that
several iselated outorops of volcanic rocka eocur, - The relation-
ship of this folding and faulting whi#h affects beth the
Torrensian and the Sturtian, to that immediately north west of
Wooltana, which affects only the Torrensian, is not absolutely

clear; but there is no doubt that the latter is Qldors no effeot

| on the tillite north west of Wooltana can be aocn; but to the
south it is very definite, This folding and faulting with nQrthé
easterly or north-north-easterly trends is connected with the
" major flo;ingvvhioh limits the Flinders Ranges as a whole,

The most characteristic rock type is exemplified by
T.8., 3229, an amygdaloidal sodic trachyte (Plate IXI). This is
nncionebpioally an unusually striking reck, a dense fine—gfu&aod
dark purplish grey lava with nmygdaLQ-Aconmbﬁly filled with
salmon-pink microcline and usually with white quarts,
' Vesicular lavas of similar type occur, more especially
in the south, Such lava tops are ceﬁnon but not traceable for
" mere than about 50-80 fard-; they are repeated vertioally many
times. Because of such rapid variation and variably 1nton.;vo
weathering and alteration counting of flows is impracticable,

There is = confu.ion of numerous minor flows,
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The fresh apparently unaltered trachyte cemmonly
‘outcreps adjacent to a ocrumble of altered rock gontninins.-ueh
‘sedondary material, T.S. 3107, for example, is a trachyte
oontnining colourless to pale green nnorphou- -ntorial and
eulcito. From field evidence there is no doubt that this is
essentially the same rock as T.8., 3229, and a ¢§adun1-chlnct
tro:itho one to the other often occurs over d_di-tanco of 20 yurdn;

~ The third characteristic rock is th§ epidotised material
 ®efe T.8., 3099, This cccurs as sharply ingular fragmenta abeout
6" long resembling unweathered talus, much less often as massive
outorops, This is the host rock for tremolite veins up te L o
iido, which are commonly stained green with epidote and are |
-o-otinns crumpled,

The many broccintod areas conmonly show a rock
consisting of a trnchytc similar to T.5. 3229 but broken up inte |
vory irregular, sometimes crudely rounded masses cemented togetherx
by quarts which is often stained and assooiated with haematite.
This material was at first regarded as an agglomerate produced
close teo its source and altered but once tho intense and
ubiquitous brecciation was rocoénilod it was npprociu§ed;that
-uch of this type of rock is merely a recemented brecciated trach-
yte; some however is associated with what are nlno-t certainly
-uil vents. The frequency of occurrence of thi- material Ilk.-
"4t difficult to be certain of the existence of pillow lavas, as

the only two places where such pillows have been thought to pess-
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1$1y exist nquin areas of br.cciution.' Immediately behind
Weeltana homestead strongly cleaved red -hﬁlo- appear to overlie
the lavas but they uﬁpoar to be disconformable, The shales rise
through a éurrqnt-boddod sandstone and shales (40°') te the very
_characteristic arkosic conglomeratic grit.

To the -outh there is a generslly low but very irregular
area nuch ocut by thiok veins eof cnloitc. dolomite and quarts;
turthor nouth the ground is higher and is capped by tillite,

A clearer sequence is seen at Merinjina Vell, one mile
south of Wooltana H.S, The last, wide curve of the creek befere
ontcring the plain below Horindinn Well windmill shews very
 elegantly the -vinging outcrop of the folded volcanio- under
green tuffaceous shales, (Tho-o lhulo- ro-oublo part of the
Stﬁrtiln glacial sequence and there was at fir;t .onn'diffinnlty 
's.a di-t@i-Mng them in the field). ni. l‘aultins.of the
velcanics against these is clearly seen on the left bank,
Uﬁ-tffnn for B0O feet is a fine succession of dark purplish grey
lavas with vesicular and amygdaloidal tops, all dipping west at
30°-40°, and showing the characteristic crumbly grey and green
epidetic variants; these lavas are of the order of 100-150 feet
thiok. At the r.pdai;od boundary with the tuffacecus shales a
very fine section is seen on the left bank, from which a suite
‘of -;ocihons was obt;iaod. A sketch of this is given (Fig. 3).

The basal member ias a rfo-h. hard, dark greyish green
roék. non-vesicular, very constant in colour and fexture, and

with a smooth upper surface. This is a micro-dierite (T.S. 5269)
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slightly coarser-grained and more basic than the trachito-.
| ‘ It is covered By a succession of interbedded tuffs amd
clayey sediments and 1n the lowest tuff is a bemdb of porphyiltic'
_‘leiO rhyolito, T.S. 3265, with characteristic glancr0porphyr1tie
ehoqnor-nlbito.

This rﬁiolito ocours elsevhere to the -ouﬁh and is very
common as dcﬁri- at the Qxfrono south of the volcanie outcrop;
it eccurs rarely north of Wooltana but it is widespread as an
erratic in the Sturtian glacial beds,

The matrix around the bomb is a 1Apuu-turr (T.8. 5266)
but the immediately ovcrlying material is an argillaceous silt-
stone (r.s 5270) succeeded by a tuff (T.S. 5268) with siuunr
constituents to T.S, 5266, Overlying these are tuffaceous shales
_with pebbles of gritty sandstone, nndvl boulder of current-
bedded qﬁnrt:itic sandstone,

In the extreme soufh a rock which appeared in the field
to.b. a dyko‘(T.s. 5272) cutting the velcanics immediately west
of the major limiting fault is strongly altered but mest
probably a volcanic which has been squeesed up through tension
.oracks associated with the major faulting. A rock.thnught to be a
bomb is described by Fander as a brecciated and mylonitized
lapilli-tuff or conglomerate (TeS. 5275). The only'othar velocanic
‘nh;ruptnristic of this area is a very dense red Jaspery-leooking
intensely hard rook (T.S. 5271) which is a tuff ocourring repeat-
 edly among lavas and owing its celour to abundant haematite,

. This took'hn--got'becn seen in the northern part of the Belt, but
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much of the tuffaceous material there is comparable though less
haematitic,

Between VWocltana H,S, and Mawson Bluff is the area first

do.;riﬁod by Mawson (1926b), . On the low ground north ef ﬁﬁo
hills ocoupied by the upper Terrensian the volcanics eutorep
poorly under piedmont debris. " The reddish sandstones and chec-
elate shales described Sy Mawsen as below the nain igneous
. formation have net been seen, Eastwards the boundary of the
volcaniecs and the overlapping tCretaceous conglomeratic gravels
' 1s indefinite. The first major creek to the north-wes: offers
a poor -ocﬁionfin the volcanies (though a fine one in the higher
beds). Further north the outcr;p of the volcanics widens at the
" sxpense of the upper Torrensian and the. three characteristic rock
types --nfiondd'oarlict are well seen, in their equally charaetor;
- istie 1fro¢u1ar distribution. The strike is generally north- ‘
westerly with a dip south-west of 20-25°, in sympathy ﬁith the
.ynclinnl'fblﬂing of the upper Torrensian, Im thiuvarea inter-
" bedded sediments are rare, except in the extreme north where

quartzite lenaes appear,

V.2 M n Bl-tf to_Copper Mine Creek

This area has been examined in most detail in the .
south, where the itrutigraphy is apparently uont complex, A |
!£7picnl section is seen in the creek running from the amphitheatre

of Mount Jacob down on the north side of Mawsen Bluff,
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‘ The seuthern part is apparently more disturbed tham
the rest and has much more interbedded sediments, mainly red
A uhnlc-._purbliih grey conglomeratic shaly sandstones and miner
quartsitic sandstone, As in the south, repeated lava flows are
~common, The relation between the Sturtian and the voloanics is
‘hers appargntly only disconformable bodan-ovof similarity ef
strike and dip. Immediately north a tighﬁ synelino‘fbm-l a steep
hi;l. volcanics in the hill being faulted against sediments in
the creek to the morth, '

In Red Bank Creek a hard dense unmisually reddish reck
was noticed near the Sturtian boundary., It is an indurated tuff
(.8, 3213).
o The only other rock examined which resembles this is
T.8., 3143 from the isolated outcrop of volcanics adjacent te the
Puraianniranlt between the Barraranna Gerge and Arkaroola H,8.,

a resemblance not obvious in the field, ms the rocks in the
1§etcr area are much brecciated and squeesed. In the author®s
opiaiﬁn the two types are different, T.8, 3213 being probably
indurntod by superincumbent strata or baked by everlying lavas,
and T.S. 3143 being a tectonically metamorphosed velcanic, -

The area between Red Bank Creek and Woodnamoka Creek .
presents no unusual features, having a little nd:lmontra‘ry material
and Qupcroua typical flqy-. It has two prominent hills, outereps
of massive dense iod—brovn rﬁck which in the field rcsemﬁlol T.S,.

3213 but which has not been examined iioro-oopically.
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At Uaodnnnokn Well typical vo-icular and u-ygdalotdnl
1avt-_nro bonutifully exposed, Epidotiscd rcck is coemmon hctt,
o.2. T.8, 3228, (Plate IV),

Above Woodnamoka Well similar rocks are repeated across
all the chtqru;. |

North from Woodnamoka Well to Cepper Mime Creek there
is a greater regularity ofkcutorop, but in-ufriciont‘tin-\could
be devoted to the area to determine whether this is due- (as
further nerth) to an inoreased proportion of intercalated
sediments or to some other ﬁea-on ®.8. linear fissure |
Qtuptieha as againat the canfuaed and apparently more sxplosive
conditions of the Wooltana H.S, ares., It is probable that beth

causes cembined to.givo thi- effect,

\f Vermic te Valley and an Creek area,

This is a 1-:3. area of vu.t‘riy-dipﬁinc lavas with
. miner sediments, with clearly defined faults - either normal or
-tuv.r-od. but not wrench faults, = uarkodly affecting ﬁhc
landscape and producing the faulte-angle dopr.-sien of Vorniculit.
Valley. It has been subjected te two perieds of felding. The
| rirat’poriod of folding is illustrated by the existence of a tiny
outorep of veolcanics ocourring west of the upper Torrensian
outorep, and is unconformable under the Sturtiam. The whele ef
~ the north-east is gently arched along a northgaeuth axis as i»
revealed by the present dispositien of thbinuaaioio (Cretaceous)
cover, Thi--lattor folding is imsufficient to alter the general

wonttrly dip of the volcanics.



«35=

Rdckt typical of the VWooltana area ccour, The typieal
amygdaloidal lava is most easily seen where thﬁ old Paralana mail
track oronidu the Arku:ooln. On the south side up the cresk fer
a quarter of a mile is = beautifully exposed succession of lavas
many of which are amygdaloidal -eéic trachytes (e.g. T.S. 3320,‘
Plate V), and the recemented brecciated variety is very common
a quartor of a mile te the south-west (a.g. T.8, 309%),

On the west of this luvu belt of miner rugged hills
| a continuous euterop of a thin dark r.d very dense rtcryutlllil.d
quartsitic sandstone limits the ea.tnrn edge of Vermiculite
Valley. Twe specimens of this have been examined (r.8. 5277 and
T,8, 5278), are almost identical and resemble red gquartsites
fra- the 'triangle' and the area west of the Lady Buxton Fault,
Though it would be unvi:e to assume that they are all nocoauurily
lynehronoul they enable the stratigraphy and structure to be
disentangled in the three -opaintQ areas, in which the cuterop
is centinuous or almost so. k

Vermiculite Valley itself is a generally fl-t;bottunod
valley strewn with debris of piedment material (which caps icus
of the velcanic hills) and much weathersd veloanic rock. It is
an enigma, being like no other part of the veleanie outbrtp’
except the eastern part of the triangle, where, similarly, much
v-uéhgrod voloanic rock exists, One is tempted to regard it as
\porhupn at one time very temporarily a lake, since drained by a

right bank tributary of the Arkarocola about half a mile abeve

£



=36~
the Paflllna mail track crossing., A high-level lake Frome (and
there is much unpublished evidence of such a former high level)
‘uould filluth. vllloy and have marked effects on the rock
voﬂthdrtng.

‘ A ocurious depression, reminiscent of an old mine shaft
and duip area io completely washed by rain as te be ilmo-t,uu-
r;eogpinnblo. ocours in the qpntrc of tho'vallqy about 100 yards
east of dwaiao;biq fault scarp. The material in the 'dumps® is
u'cru-bly crust of grey~green weathered voléanic rock and was
sampled as a poanibly activatnblekclny. Mrs. N, Chebotarev
examined this and found it to be mostly aggregated vermiculite
with much -ooondnry iron mineral, The rock at the foot of the
fault soarp to fho wvest (T.S, 5276) was found to be a completely
altered fine-grained volcanic.

North of the Arkaroola, Groan Creek is a major left
bank tributary, east of which most of the volcanic outcrop is
-téovn with younger debris; in the south the velcanics are better
exposed but very much lateritizmed on fho crclfl.‘ This is an
1ntor.-ting area not examined 1n detail. T,S, 3225 from the
-central part of a flow towards the north end of Groan Creek southe
east of its exit from the upper Torrensian is a slowly~coolad
trucyyto. This rock type is very common in the nr@n. together
with typical amygdaloidal trachytes,

IV,h, 'Trisangle of Volcunica'
A relatively small but highly confused area of volcanics
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exists as a triangular area between the Lady Buxton ?ault, the
upper Torrensian, snd the Lady Buxten Creek., This contains all
types of volcanics previocusly desoribed, but tight fﬁlding in
the seuth-west, and deep weathering tewards Lady Buxten Creek,
made idohtitication‘beansionally difficult, The south-eastern
part is intensely brecciated and contains some isclated kmobbly
hills which are probably vents. | | |

A typical lava (T.S, 3224k) from the southern margin is
a sodic trachyte; T.S. 3199 from the eastern edge is similar
but coarser grained, N

A rook from one of the knobs considered te be possible
vents is T,S, 3194, another tracﬁyto. )

South-westwards these rookoigivp way to green fine-
grained rocks with quartz blebs suggilttvo or‘qlancutid auyédﬁlcl;,
Half a mile south-west of the Lady Buxten‘nino an altersd andesite
was collected (7,5, 3232), | |

The northern and north-western part of the triangle has
been shown to be anticlinal by following the cutcrep of a qnnrtl-
ite comparable with those described above (zv.3).

The proﬁortion of tuffaceous material 1nor-atol»1n.tho
north-west, so that the succession tends to resemble that of tho

area west of the Lady Buxton Fault,

Iv,3, Area south of Barraranna Gorge

A small outerop of velcanic rock-'oceuri immediately
east of the Paralana Fault on the west side of the track running



north from Boulder Bore., This is an anticlinal core of rocks
brought up by plunge vnrintion. Tho volcanies are typicnl

Vooltana-type -lygdnleidnl trachytes with miner tnff- but adjacent

to the fault they have been uylonitisod.

ot '

A tnggod area hotwoon tho ‘triangle! and tho Humani ty
Seat mass extends from Barraranna Goxrge to East Pnintor G:rco.
Nerth of the cntrunoc to East Painter Gorge a smaller area of
linilur rocks exists, This is the northernmost recerded outcrop
of the WOoltlnl Voloanio Group., | |

These rocks (a) are generally much more tuftacoou.
than those to the east and south; (b) contain mere persistemtly
bedded sediments - dolomites, actinolitic limestones; (o) are
tightly overfolded in an anticline along a narrow son; parallel
to the fault; and (d) show increasing metamorphism frbu south te
‘nerth, |

Trus laves are seen enly in the extreme south ao#t te
the ovorfurnod sandstones through uhioh the ﬁtréarnana Corge is
cut. Most of the area shows bedding on the air jphotographs,

o Three rocks from the south centre of the area are

T, S 31y1. ‘a strongly altered basic rock, T, 8. 3192, prehably an
u;t.ud trachyte and T.S. 3144 (from the foot of the thrust im
the south-west) an extensively altered fine-grained ignecus rook.

The rocks of the northern part of the area are viry
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much scapolitised and the quoatién‘otitho existence of spilites
was considered. An example is T.5., 3184, a theroughly scapelit-

imed rock, No detailed study has been aido of these rocks hgt
| they are at present regarded as éonp-rablo with these to tn.‘lﬁﬁﬁh,
. 'altered mainly by ngionnl\u-tanotphian with accompanying
—otuaéiatian. Another related rock from about 200 yards nerth-
west of the Lady Buxten Copﬁor Mine vil described in the field
as a '-e-politisad intrusive or ? spilite' (T.S. 3098);
‘Pptrbcrnphicnlly‘thia resembles the ﬁlhito-trq.olito rock frem
Groan érook (T.s8, 3225%).
o " North of East Painter Creek ‘chlor:lto-ugn\.tito schists
are characteristic (T.S. 3149). In the extreme north amphibelitic
material appears which 1is not‘oortiinly part of the Group, being
poilibly part otvtho Painter donplox.

; Iv,z, Area west of Paralana Fault

This area, much less readily accessible, has been stud-
ied in less detail than the rest. It is intensely teldid. True
-ﬁygdnluidal lavas have been observed in the south-west. The
rest of the outcrop would best be described as green schistose
calc-silicates, but green quartz-blebbed dense rocks oceur in
the north which are regarded as metamorphosed amygdaloidal lavas,
.8, T.S, 3214, '

' 'St4ll further west, beyond the Arkareola Water Hole
(4.0, 1=1jm, west of the Wywyana Creek) similarly metamorphesed

rocks oceur, and one specimen from an eutcrop surrounded by
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actinolitic limestone belongs to the amphibelitic facies
(1.8, 3174), a voiy characteristic pink and green felspar-
tremolite rock. |

These rocks - which are Mawson's (1948) Arknrooli
Series - are out off westwards Sy the unconformity eof higher
horison rocks en the Painter Complex but are thou;ht to bQ the
equivalent of amphibolites near North Well, east of Unborntann

H,S,, which are at a comparable stratigraphic horisen.

IV,8,  Humanity Seat Area.
'The Humanity Seat area is qui.to different from thg«_...._...:.. s
.chor- described keing much higher, more ruggod, and onsontinlly,
" sn area of phyllites. Howcvor, there is little doubt ﬁhnt ihi-o
phyllitoa are atratigraphically equivalent te the Volcanie Grugb
on mapping ovidonce. None of the velcanics noted by Sullivan"
' have been seen by the author, as Sprigg's report on the area,
in which this eccurrence is queted, was not seen until field
work was éeuplotod.' The existence of an actinolitic limestone
east of the phyllitos'-uggo-t- equivalence with these highly
folded in the area west of thoandy Buxton Fault aad l1ni1ar
linoatonci west of the Paralahn Fault; and the uppermost fory
-yienitic rocks adjacent to the Para;unn Fault can be followed

along strike southwards into upper Torremsian beds,
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Y. MINERALIZATION

Minéralisnti#n is widespread in the volcanics and
along -iructurﬁi. The observed minerals of escenomic interest
iro thb.o of copper, gold.'uraniun and beryllium, and asbestos
(tremolite). Magnetite ocours in th@ uqrth and the volcanics are
everywhere very rich in haematite. The gold,in not certniniy

associated with the volcanics but is of much interest, Cave

’.guine and ammoniacal cave deposits are known in the carbonate
rocks.
V,1; Copper

Minor malachite and azurite showings are numqroub.
mostly along or noﬁr faults, The largeat occutrrence is at the
 ,Lady Buxton mine where mineralization is associated with strong
avorfolaing and thrust aﬁd wrench faulting. Magnetite ocours
here also, anﬁ a quarter of a milk further north, o

Woodlamulkea mine on Copper Mine Creek has less obvieous
mineralization. Six shafts w;r. sunk along a shear which is
probably related to the wrench faulting described above,
The Oraldana, Great Boulder (Great Bouidor and Velcome) and
Vh;ul Hancock Mines were all in the vicinity of Boulder Bore,
near the Paralana fault and Golden Rule gold mine (q;v.).
s.v;ral other minor diggings and more showings oxiit east of
Groan Creek, in the high grouﬁd west of Vermiculite Valley, in
the triangle, and in the 'toar-off' area north and north-east
of Boulder Bore, The old shafts 2m, north-east of Boulder Bore

are at the junction of the Sturtian glacials with the ovoriying
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alitc-, here a fault, These may be the old Kingsmill Mine,
Other minor -hhv' are seen in the Barraranna Gerge (southern
'.purt) vhere they are clearly related to faulting, thgugh
WQOd-nano. and Johnson (1956) lucgolt;d that some may be derived
from leached volcanics. The same authors recorded bornite in
vesicles near the Arkareola Bore, , ‘

The O'Donoghue's Castle mine was on the Paralana fault
about 6 miles south-east of Arkarcola H;S. The Nepowie mine
(never developed) was adjacent to Nepoule Peak, prob@bly on &

wrench fault,

Ve2, Asbestos

Tremolite has been dug for at two -1tga near Woeltana -
ﬁ.s. and most occurrences of tremolite in the scarp mone have
obviously been prospected, They are clearly related to faulting,
often ocourring in fault planes. No important deposits have been
- seen, theugh if the occurrences were near to Adelaide some might

prove workable,
¥Y.3. _Gold

In 19h9lthroo prospectors discovered gbld about ¢ mile
east of Arkaroola H,S, (Lively's Find; Golden Rule Mine),
This is sited almost exaotly on the FParalana Fault. 158.85 .
fine ;unco- was produced from 77.1 tons of ore dug fo l9s2,
The last working took place in 1954,

The 20 ft, shaft has not been descended by the éruscnt
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_writer, and the statement by L.L, Mansfield (Mining Engtﬁo.r)
that the material excavated appears to be a decomposed and
flultgd dyke has not been verified; only shales having been seen,
Petrologioal examinatien of this material by A, ﬁ. G. Whittle

in 19#8 and 1949 1nﬂicn£od'thut the material might be of primary
erigin, and a report by F,L, Stillwell in 1949 on a specimen
desoribed it as a fine~grained syenite-aplite, This suggests
that it is either an altered thin remnant of velcanic material
pro-orvod along the Paralana fault plnno or similar velcanie |
nutorial as debris in a conglomerate of uppor Tbrrcn.ian age; -

or mylonitic volcanic natoriul lunOIQd up locally aléng the

fault plane, Velcanics outorop 4 mile north,

Voik, Urapium
Woodmansee and Johnson (1956) refer to scattered

evidences of uranium mineralization in small amounts in the area
west of Paralana Fault, in the actinolitic marbles, associated

iith some copper mineralization, They regarded it as unimpertant.,

¥.5, Beryllium

A sp.oinon?ftbn the dumps of the Lady Buxten Hin; has
been described by H, W, Fander as containing massive -ngnotito}
vith’voinlot- of malachite and partly altered crystals of

phensacite,

v,6, Wooltana Cave

Roforoncoc are often made to the Wooltana Cave, This_



bl

is the Ammonia Cave of Mawson (1934, map p. 188) and Ammonia

Mine of Voolnough (1926): The cave is in massive dolomitic
limestone 1-od1u§¢1y west of the Paralana Fault (oaof member), ¢
near the Vooltunn—Arknrool; track and vhen vi-itod by Voolnough
in 1926 contained quantities ef liquid wullnby'duﬁc;‘ Near the
entrance a great heap of bat guano was seen, in vhichbtho‘ro-gin-’
of a large extinot bnt-oatiﬁg bat were discovered, demonstrated

to the Royal Society of South Australia by Vood Jenes in 1925,

The floor eof the cave was covered with ammoniacal material later

V dug for manure, and last worked in 1933,

Vi, COMPARISONS WITH OTHER AREAS

VI,l, Areas on margin of Painter Complex

As pointed out in IIX.1. above, lower Protoroaoic’rooks
overlap unconfbrnubly the Archaean rocks of the Painter Complex
on the west side as woll»a- on th; south, ’

Near Umberatana, rocks occur 2 qilcn north-east Qf Neoxtk
Well (which is on the Arkaroola track 6 miles east of Umberatana) -
und,ﬁuvo been mapped by Thatcher as calo-silicate rocks., Some
of these vere'saeﬁ by the suthor and appeared very similar to the
westernmost Wooltana Voloanic Group rocks. They are in a compar-
able stratigraphic position, below the thick arkeose. No detailed

examination of the rocks has yet been made.
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At Yudnamutana 8 miles east-north-east of thcg&ilnn
56pp.$»n1nqru11:ution ﬁn- long been knewn to bhe associated with
bbnlic rocks, ﬂuwiqn.(lgzj) described a1t0t§d basic intrusives
"po-t—dating the great quartzite' which at that tin, he equated
(with some hesitation) with that of the Bollae«Bollana (Barrnr-ﬁna)
Gorco. He noted much actinolite and tro-elito. Recent mapping
by caiplna, Coats, Horwitz and Thatcher places these rocks in
tho‘ﬁiilouran; th thdy are of‘courqa a horizon 6qu1va10nt tp
that of the VWooltana volcanics, One is described by Mawson as
a diabaio. A specimen collected by R,P, Coats during‘nnpping,
has been described by A,J, Marlow as anphibaliiie marble, and
another from 2 miles east as a pyroxene marble,.

A little further round the periphery of the complex,
| altered basic intrusives worevrQOOrddd in ¥h¢ vicinity of the
Daly (Mawson, Daley) mine, 4 miles east-north-east of Yudnamutans,
Mawson described some as 'slightly vesicular'!, and intruded inte
'slaty and calcareous beds', adding that the intruded rocks
*include a remarkable devolépmont of actinolite rock §nd spotted
.latoi in which tremolite is seen to be forming at scattered
ocntro-, cerystallizging in radial fibrous forms,' This
association of rocks is alﬁost identical with that en the
Qpp.’it. side of the massif at the entrance to East Painter Gorge.
Again, recent Geological Survey nappiﬁg places these rocks in
‘the Willouran. Two miles sast of the Daly Mine a scapolitimed

basf Fock was recorded at the Shamrock Mine.
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VI,2, Arrowie One-Mile Sheet
In late 1959 mapping by R. Harwit: on the Arrowie

ono-ilo sheet 40 miles south of Wooltana revealed basic rock

in brececias apparently squeezed up ‘long'tho marginal fractures
,of the ranges near Tea Tree outstation and St, George's Bluff,
Throo specimens collected by Horwits were d--cribod by Fanderx

as a delorito, a uralitized dolerite and a sheared uralitizod
gabbro and it seems likely that these are of Willouran age,

They are fragments diapirically emplaced in Marinoan nnd Cambrian
. rocks, Othor similar associatiens have been mapped in the area

to the west.,

Vi  Blinman Dome and ether apiric structures in the

Central Flinders Ranges

The Blinman Dome is a prominent structural feature ef
the Central Flinders Ranges. How§h1n<(1907) recorded basic r@ck;
in 'voloanic dykes and necks' near Biin-un. where a rich copper
deposit vﬁ- found 1n:1862 and work;d till 1918, Specimens were
described by Benson (1909). Howchin (1922) gave further details
and also referred to basic intrusions at Big Hill, wirrcalpu,‘
15 miles sast, Dickinson (1944, 1953) described the mine and
- accepted Howchin's ‘intrusions', suggesting that they were
howivo; separated from the uppor'Protarouoic and Cambrian by an
“unconformity and that they predated the dinntrophisn which
produced the Dome, Howard (1951) studied the distriot and
regarded thok-tructuro as an 'earli form of ring-dyking' and

thought the basic rocks were intrusions following a late stage
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of the Cambrian to post-Cambrian fbidinq and faulting. He
'r«uﬁn no nn?onfbrnity; He did,-nsgint that Benson's
'uollphyio-' predated the dolerites and wére interbedded with
shale and sandstone.

wcbb'(1960. 1961) recognized diapiric structures in
the Flinders Ranges of?vhich the Blinman Dome is one of ﬁho
llrgosg.'xxe-t of the rocks im the diapiric cohtro are of
Villouran type and 1nc1ude iasus. Subsequent detailed mapping
by Coats and wobb shovo that many of these lavae thoush of%on
very similar to Vooltana type lavas are rather ncro basie.

Comparable diapiric structures occur 15 miles east of
Blinman noarrwirroalpa HeS,y 20 miles south near Oraparinna H,8,,
40 miles south near Arkaba H,8, and 55 miles south near |
w‘ru-ba‘n.s. Of these, that at Oraparinna includes large outereps
of amygdaloidal trachyte identical with some Weeltana trachytes.
The Worumba area was described by Spry (1951 ) who recognimed
uralitiszsed andssussuritized delerites and basalts., The present
author (1959) noted diorito_inicru.hod dolomitic limestones

near Aikuba.

VI.h, Leigh Creek -~ Angepena area

Benson (1909) refers to a dyke at the Victory minme,
10 miles oast of Leigh Creek, Nerthern Flinders Ranges and
describes a specimen as amygdaloidal melaphyre, This was
pfdbhbly from thcAidoLorito plugs' mapped by Parkin, Reyner,
Pitman and Johns (1953) on the Serle one-mile sheet as intruding
the Sturtian south~east of the Victery Mine, Similar dolerite



plﬁél lr0 mapped on the Anggp.nn.shaot to the seuth, by Sprigg
and Vilson (I953)iﬁt’0lnp Hill Springs -~ almost on a fault -

and in.# great 'crushksono', possibly diapiric n&rth of’!uuntconﬁ
Hill; and east and north of Leigh Creek and at a nede on the
Nerth West Fault mear Termimation Hill by Parkim and King (1952)
on tﬁo Myrtle Sheet, '

VIS5, W¥illouran Ranges - Witchelinm H,S, area

Howchin (1924) described Sturt tillite in the Willouran
Rnngil vest and south-west of Hergott Springs (nav ﬁnrroo).
Mawson (1927) gave further details of the geology.

Howchin noted no igneous rocks in situ, but saw many
vuriqtiil as erratics in the tillite,

Mawson (p, 387)'montioned that a microscope slide of a
congloudrpto of a 'peculiar-type' ntuﬁroudon'l Hill showed a |
fragment of a much-altered ophitic basic 1§ne§uu rock, lugchit- |
1n¢ that it may have originated in a dyko located amongst the
-tratn half a mile to the west, He described the beds to tho
west and names them the Willouran Series, noting a calc-.tlieato
rock between Breaden's Hill and Hogan's Well and a large ophitic
dolerite sill, uralitised and Qpidotitod, textending for a
great distance to the nerth=north-west® (from near Breaden's
Hill)., This hu said 'is quite like some of the basic 1gn0Uu.
types of Wooltans and Blizmman.? He noted also vanadium |
mineralisation (as well as copper),

The published Geological Survey sheets do not cover this
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area but ‘a specimen collected by R,K, Johns from 4 miles east of
West Mount, Witchelina one-mile sheet (and 25 miles south-west of
xnrrod) is an extensively altered medium-grained voloanie
similar to,fhesaot Wooltana, Specimens from Willouran rocks

near Callana k.s. mapped by B,P, Webb 1n¢1ude vesicular dacites

and miecrodiorites.

VI,6, _Port Augusta ~ Iron Knob - Whyalla area
40 miles north of Port Augusta, Brunnschweiler (1956)

r.o;rdod amygdaloidal lavas in Willouran rocks at Depet Creek,
Southern Flinders Ranges, These are 1dcntiea1 with the typioal
Vooltana trachytes. '

| ~ Early in 1960 B,P, Webb, visiting the Whyuiln area with
R. Whitehead, geologist of Broken Hill Proprietary Ltd.,
collected similar lavas from a sequence interbedded with sed-
iments uhcenfbrnably overlying Archaean at Douglas Point, on the
coa;t of Spencer Gulf louthniolt of Port Augusta, | |

In mapping the Middleback Ranges Miles (1955) recerded

'Yonnsor Dolerite dykes and possible sills or flows® on the
General Goolcgicnl Map which aoccempanies his Bulletin, His own
descriptions refer only to dykes ocutting the Iron Monarch orebedy,
‘and he qﬁot.- G,H, Taylor's description of a specimen as a
‘pyroxene do}erite', On the map however there is shown an
out&rﬂp 3 miles by 2 miles around 01d Roopena H.S, (10 miles
east of Iron Knob) and in an appendix Taylor describes three
specimens from this area as vesicular basaltic lavas, Specimens

since polloctod are scarcely distinguishable in the hand specimen



from the most common amygdaloidal trachyte of Woeltana and have
been dascribod by Fander as exact oqﬁivnlﬁnts of the VWooltana
rocks but far less affected by subsequent changes. The lavas
-rc‘ovoilain by a cenglomerate -nppodiib Corunna conglomerate,

containing pebbles of voloanics.

yI.7,.  Mount Remarkable

Mount Remarkable, .30 miles north-east of Port Pirie, .

‘ 1o
forms a precipitous scarp, 2,000 feet above the Willochra Plntnlﬁﬁ
. ’ Lol
. Its structure was examined by Howchin (1916) and found to be R

\‘ ?ﬁ;*

complex, there being strong meridional faulting and crushing, ﬁ@@
sudden ending of the range being attributed to east-west ttultl:F
| In the 'Foot Hills' between the southern end of fho
scarp ridge and the town of Melross at its base to the east is

an area of crushed limestones and ribbon slates (above a tillite) .
in whieh Howchin stated that nnnorouj small plugs and pipes of
basic igneous rock, with a few acid’typcs, occur over an area
about one mile by half a mile,

E.0. Thiele (1916, im Howohin 1916) desoribed these
rocks as of three types: (i) altered dolerites (ii) quarts
porphyries (including tquarts-ceratophyret) (iii) aplites. He
compared the first group with the Blinman basic rocks. From his
docc;iptien- 1t'-oon- likely that the 'quartz-ceratephyre' very
strongly resembles the porphyritic sodic rhyolite of Wooltana,

It is suggested here from a review of the published

- evidence that the Mount Remarkable igneous oonpio: is diapiric,
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V1.8, Olary Province

Jones, Talbot and McBriar (1962) suggest that rocks
“-.ppod on the Plunbago 0no-m110 sheet of the Goolocioal Survey
of South ‘Australia by Campana as ‘amphibolites, opidoton and
skarn rocks® in Archaean rocks are voloanic and that the
ndquouoo.'probably represents a spilite = keratophyre assemblage
with interbedded shales', They refer it to the Archasan., The
Authorl kindly -hpwod specimens to the writer; they closely
resemble the more metamorphosed Wooltana rocks, It is suggested
here thag these rocks are of Willouran age, Those near the
southern boundary of the Plﬁmbaco sheet occupy a syncline and
. are napﬁod by Campana as overlying his uppermost Archaean, and
unconformably cevered by Sturtian, Tﬁo-o of the larger outcreop
-xt-nding ea-t-north-oa-t from Hughoa prospect could be intrusive
- into Campana's Archacnn and are mappod as unconformably covered

by the Torrensian Seriess,

vi,.e, New South Wales

Barrier Ranges. According to B,P. Thomson discontinuous
outorops of lavas occur in Adelaide System rocks (Torrowangee
Seriol) fromAabout 30 miles north of Broken Hill for a distance of
at l.;lticight miles, continuing to the north (XKing and Thomsen,
1953, p. 547 and personal communication). These ocour along a
folded and locally faulted zone, which could explain the discon-
tinuity, They were described as altered amygdaleidal and
vesicular basalts, A specimen kindly presented by Mr, Thoiann

was described by M.J, Bucknell as an amygdaloidal quartz nndo.ito.‘



The lavas overlie thin beds of limestone, sandstone
and ;rif which themselves ﬁﬁconforuably ovcrlio the Villyq-u'
Series. The centact bLetween the laviq and an overlying tillite
(uhieh contains erratics of viloanio. obviously ef lecal ortgin)
‘is discenformable, |

Vest 2.;;1#; Distriet. In Kemmy (1934) lavas
(rollparbparpﬁyry and rhyolito), interbedded with lodinqnt-‘k
which according to Thomson (pers. uo—n.) are probahly of
Adelaide System age, are recorded in the Gnalta;Gra.noro area
(&0 miles north-east pf Brokon‘ﬂill). Specimens collected by
the present auther in 1961 inoclude some closely resembling
Vooltana lavas, Green tuffaceous laﬁdatone- of similar age are
recorded near the Coppermine Range (100 miles north-east of
Broken Hill), Porphyry and felsite lava flows ocour in the
Cootawundy Hills to the south of the Coppermine Range. The
distribution of these outorops has a north-west tremd in sympathy
with a regional fault dirqotioﬁ (the Waratta-Keonenberry Fault
of Iing(& Thomson, p. 555) which is associated with gold and
copper mineralisation,

At Mount Arrowsmith (125 miles north of Brokem Hill)
andesite and amygdaloidal basalt were recorded by Kemny (p. 51)
tand, appear to be arranged as lava flows about a centre of
volcanic activity more or less oontcﬁpornnoou- with the upper
beds of the Terrowangee Series, These ancient basalts have
undergone considerable alteration, epidote being very common
in veins nnd'irrogulnr:nasoes within the basic lavas, The

general trend of the main structures is north 30 degrees west',
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parallel ﬁo the general direction of thc Varattas=Xoonenberry
Feult, |
In ‘the Waratta Ranges (180 -110i north of Broken Hill)

ilnnykrocerdod-flov- of tollit.»and'porphyfy interbedded with
_ sediments iﬁd~JQu1vnloﬁt in age to those previously mentioned,
Possible velcanics of similar age ocour in the Scopes Range
(50 miles east of Broken Hill).

| It is noteworthy that tillites were recorded in the

Koonenberry Gap close to the top of the Torrowangee Series,

V1,10, Furgﬁogth of South Anlfra;;a = Indulkana Ranges

In the extreme north of South Australia Proterosolis

outorops are rare ﬁut west of Granite Downs H.S, in the Indulkana
Ranges an area of 'vesicular basalt and nolnphyri' has been
mapped south of Chambers Bluff by Sprigg, Wilson and Coats (1936)
- on the Chandler one-mile sheet, These are shown aoycvorlying
‘Sturtian tillite. A smaller area is mapped 20 miles east, near

Vantabella swamp, at a similar horizon,

Vi 11, Northern Territory

/ Proteromoic volcanics are widespread in the nopthnr#
Torriter&. Hossfeld (1953) gave the name Agicondi Series to
rocks ;doignéd to this age, and stated (p. 114%) that they cem-
sisted originally of ‘arenaceous and argiliaooous sediments with
a considerable amount of tuffaceous material and very few
calcarsous deposita', th§ tuffaceous material having been sub-

sequently metamorphosed to schist, Hossfeld regarded certain
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r‘ékl at Hatches Creek as of this agej; these bontnin.n-ygdaloidp
al lavas, Tuffs of the Pine Creek district he regarded as
-uétoutivo of ‘original iavu- of intermediate composition,
dacites or andesites, but probably the latter,®

Regional mapping by Bureau of Mineral Resources geolog-
ists hi- since confirmed fho wvidespread ocourrence of Proterosoeio
amygdaloidal rocks. Examples of these collected frou the Edith
River volcanics (Katherine-Darwin region) were stated to resemble
¥illouran velcanics (Webb 1959), As Fander points out 1h the
sccompanying petrological notes, volcanics collected by Bureau
of Hine:ﬁl Resources geologists in the McArthur River Basin
on the south~west side of‘the Gulf of Carpentaria are practically
identical with the VWooltana rocks,

Noakes (1957, table p. 224) refers the Wollogorang
volcanies of the Gulf of Carpentaria - Barkly Tableland area

to a Willeuran-Torrensian horizon,

2 West ljeen: =M t

| Knight (1953), discussing the regional geology of uoﬁnt
‘Tea, iontion. amygdaloidal rocks and tuffs in the Greensiones
Group., This is the lowest Group of the Mount Isa Series acﬁorﬂ-

ing to Jones (1953), who places it in the Proterosoic.

!;;;3.' Vestern Australias
David and Browne (1950) correlated the Nullagine Series

of Western Australia with the upper Adelaide Series (System) of

South Australia, The basal bed, 300 feet thick at Nullagine,
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thoi_acGOptod a9 fluftoglncial, quoting a correlation with
,tho*ﬁturtiin by Becher in 1898,

_Browne states (p. 73) that in the Pilbara Goldfield
‘contemporanecus volcanic activity 1- strongly represented by
acid, intermediate and basic lava-flow- and pyreclastic recks,
These are in places at the very base of the series, but may be
1nt§rbcddod with the sediments on more than one horizon .cecessoe
Thick felsite flows are present ..cssees¢ Numerous volcanic vents
have been found, surrounded by coarse agglomerates, tuffs anmd
vesicular and amygdaloidal lavas',

In the Townsend Range a series of that name, equated
with the Nuilagin; Series, includes altered vesicular 1av‘- in
its lower part, and lavas are common in the Kimberley Diviliona
Nullagine Series. Noakes (1957) refers the Mornington volocanics |

_of the Kimberley Plateau to a lower Terrensian horizon,

I, CONCLUSIONS

——t

Veeltana area v
Mapping of the Wooltana Volocanic Belt shows that at

least 2000 feet of lavas and associated pyroclastics of
Willouran age ocutcrop over an area ubout'ls miles ﬁy.s miles,
In the immediate district it seems probable that northwards
and westwards thd} thin and a change teo a more sedimentary
facies is masked by metamorphism, Southwards and eastiwards

there is insufficient evidence to state whether they are
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- concealed or aﬁuont. The major part ér the oﬁtorap lies along
_an iupoftantrlinoahent forming the iuatorn limit of the Fliadorn
Ranges., - « | |
The volcanios are overlain disconformably by Torrensian
sediments which near Hooltaﬂa are thin or absent but which
;thiokbq rnpidly to the north and west, These are unconformably
ovorlnin by the Sturtinn lower glacial seguence, which near
kwdoltana rests directly on the voloanics, | |
| The area is bisected by a major meridional structure,
th§ Paralana Fault, which has a throw of over 20,000 feet,
Intense Qplintcr-faults. wrenches and thrusts are associated
with thi- and oau-od ubiquitous brecciation, Tight folding ococurs
in the north and w.it.r N
| Petrographic examination of the volcanic rdcks shows
that they are uutl& trﬁchyto‘-. with very subsidiary perphyritioc
rhyolite and some andesite. The trachytes nro -od1c and unusual
in being rich in hucﬁ;tito and are often amygdaloidal or Q.sienllr.
| The presence of interbedded though thin sediments of |
shallowv-water type suggests that some flows at least were sub-
marine, No pillow lavas have been found and most of the velcanics
are of sub-aerial deposition, Some fiilod up shallow waters nnﬁ'
others ioro temporarily submerged and covered by water-deposited
sediments, | |
The U#oltunn volcanics appear mostly to have been
extruded from fissures, of which the main lineament along the
Veoltana scarp foot was probably much the most important, Centrsl

vents are fow and small,
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vents are few and small,

w The association of volcanics with lineaments often
known to be faults, together with the combination of predominante
Alf subaerial effusion with some shallow water sedimentation has
been explained experimentally by E;S. O'Driscoll (pnrs. co-n.).
In producing domes and basipl by shear folding technigues he
has demonstrated that the hingolino is a nodal line which
' combines the zone of maximum weakness with the meeoting point
of ground, air and water, Further it defines the locus of
maximum shear, maximum deformation and maximum rate of change
of attitude, with all the attendant maxima of -odimnntatien
rafo, turbidites, fracture, brecéiation and, in the inclined

shear, overturning and thrusting.

Figo u

The fissure effusion of fhe volcanics could therefore be
associated either with a prominent scarp due to block faulting
or with a lineament showing h; marked relief, Any present day
reliof along such a lineament would have, of 6ourco.-nn NECeBSATY

relevance to the environment at the time of effusion,
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' expression of diapirism, it is possible that the diapirs are .
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Adelaide geosyncline
The known occocurrence of similar rocks in gitu;nnd in

'diupirl elsevhere in the Adelaide gtonynelino suggests that

" either the originnl area of effusion was very much larger, or

that other scattered occurrences exist, mostly now concealed,

Because the erosion during and’inmodiutoly preceding Sturtian

' tiio was intense but apparently local, the second suggestion

' seems more probable, ,

Even if only the northerm half of the geesyncline is
considered (i.e, about as far south as the southernmost known
related rocks at Mount Remarkable) an area of 30-40,000 square

miles may have been affected, VWhether this was ever a

,eouploto“cov-f of lavas or was in discontinuous but extensive

B

spreads. from local centres is uncertailn, The Wooltana ecourrence.

could itself be such a local centre, related to the known linear
v-nknnln,alcng the VWeoltana scarp feot, This could apply alseo
to the Depot Crook,(W11katana) occurrence, itself on a major fault,

The almoast invariable occurrence of Willouran volocanics in

-nuuoroul‘diupira at firat sight suggesis a complete coverage.
~But as the age of the beginnlng of daning at Blinman has been

'shown by Coats (pers., comm.) to be probably centemporaneous: vith J

Yo
Sturtiun dopouitiou, and as this doming may be the first surface ,ﬂf

located on centres of volcanie activity which started in
Willouran time and continued long after it, rathexr than local

revelations of what lies everywhere below., Although there is
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no evidence of po-t-willoﬁrun vulcanism at Blinman, other

eccurrences oxiot, e.g. at Chambers Bluff (Indulkana sheet)

" which eculd come within this cutcgorr. There is alse no

Vcortainty thnt some nock- at Vooltana are not po.t-ﬂillouran.

Vider . ian Corrslations

' The occurrence of precisely similar rocks at similar .

katrati;rnphic horisons in various distant localities, including

Tennant Creek, N.T7, (800 miles north-north-west of VWooltana)

 :&£ Bauhinia Downs N.T, (950 miles nerth) as well as very

'ﬁinilar rocks fio- almest certainly the same horizon over large

parts of Western Ausiralia, western Nev South Wales and westera
anonlllnd is of great interest, Making due allowance for

erosional losses in g»vollaauthnnticutod Australia~wide Upper

Preterosoic glaciation and a widespread Permian glaciation, it

seems reasonable to postulate an effusion of Proteresoic velcane
ics of VWillouran age comparable, if nbt so continuous in extent,
as th§ classic flood basalts such as the Deccan Traps,
Drakensbergs and Keewsenawans,

o Ro-trictiﬁg discussion to South Australia and the
.djuc¢n§ areas, lack of knowledge of the basement geology of
the groutf-odiiontary basins and of those purt-‘ef the massifs
masked by Quaternary deposit-,provgnt- even an approximate
allc.l-onf of the real rnlationuhipq with (for example) western
New South VWales,

A major problem in South Australia is the age and

structure of the vast area of igneous rocks known 1oo-e1y as the
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Gawler Range porphyry. This not only.fbr-n th.}duul.r Ranges
as shown en most maps, but extends far te the north and is
_\hnnwn near Iingoonyu, at Tarceoela and for 100 miles a»rth.
fJuek (1917) regarded it as an effusive 1y1ng on the Archu.un
gneisses, No -tudy of the porphyry itself has yet been made,
‘Much confunion about its age has arisen bescause of tho dinccvory
by Jack, rcpoattd by Mawson (1947) of pebbles of Gawler Range
porphyry type rocks in an arenaceous rotuation (Coxrunna
‘conglonorntc) lying east of the porphyry mass and of nneorttin
 relatien both with 1t and with ether rocks in the g.olynnlin..
whoro Sturtian glaoiul beds contain erratics of similar porphyry;
and the discovery by Johns and Solomon (1953) of intrusions ef
Gawler Rango sporphyry in that same arenaceous formation,

At the tiﬁo th1l paper was submitted in its original
form as a thesis, the problem was unselved, The auther lu;g.:tnd
then a genetic relationship hoﬁuuun tho Gawlexr Range potphyty
and the Wooltana and other cqﬂavalcnt voleanicn. At that time
he wi. yartieularlf struck by the similarity between the ibq;cab.
of events in the Eron¢£ complex of South~West Afrioca (Clees, 1919)

: and a possible thnugh unproved sequence in northera Eyre Pﬁnian‘
sula, lThil.\togothor with the petrographic similarity of the
*bomb perphyry' of Merinjina, Weoltana (T.8. 5263) and specimens
‘of Gawler Range porphyry led him to suggest that the Gawler
Range perphyry is ‘an offunivo mass formerly cevered by, and
possibly lying on, a lava of which the ﬁceltunu and other voloan~

ics are local remnsnts of the floods spreading further out
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(p.ilibly. at Wooltana itself, locally more nbundﬁnt extruded),
‘This porphyry- lava cou@lox couid be .e0s nklarcor voision of
the Eronge complex of South-West Africa (Cloos, 1919), It would
_ since have been deprived of its outer skin on the upper surface
by erosion., The relatively minor ocourrences of porphyry at
Vooltana and their apparent equivalents (e.g. at Mount Remarkable)
.hnring been derived from a linilar ulti.ato source,' It was
furthsr suggested that the intrusions of the Gawler Range perphyry
inte the Corunna conglon.rato were a late phase (it should be
nqtod that these lio.vall east of the main outcrop eof the
porphyry) . and, follcving Jick. that the Moonta Perphyry vll'lllc‘
gtnoticnlly related, and was possibly a deeply eroded feeder,

The ocenonio 1-portnnoo of a study on thona lines was
emphasized, the Wooltana velcanies having cepper and gold
uinornlisétion. and con-idorod,ﬁith the anlcr'nango‘?orphyry
to be the ultimate source of the widespread copper mineralization
of the Mount Lofty -:Flindori Ranges, and the Meonta Porphyry. -
being known to be the heost rdck for vofy rich ceopper lodes,

Vhile the mineralisation actually in the Vocltana veolcanics and
the twe pefphyriin is of eoﬁr-c_ungnntic (1f oftén structurally
eoht:olltd) it is suggested that much of that in the Adtlniﬁo*
System sediments is of the -uh-lrinicﬁhnlativo—ﬂodiantary type
(ortiéahl, 1958), The widespread distribution of copper and
other minerals in lodiuonta known to occur in extensive basins
crossed by numerous lineaments along which volcanics occcur

suggents thnt gls emission accompanying the volcanic lavas and
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Aareas,

b2

. tuffs caused chemiocal reaction vith seawater which by marine

circulation led to nin-rul deposition far beyond the emislion

In 1961 a sinuous traverse of the Gawler Range porphyry
outcrob and surrounding areas was made with B, P, Vebb and J,

Johnson, The di-covory that the rocks at Roopena included by

Miles 1n his "Younger Dolorito' suite are identical with the

typicnl WVooltana unygduloidal trachytes gave immediate encourage~
ment, The dincovory of definite extrusive rocks (velcanic
breccia, velcanic glass and tuff) at one of Johns'! and Solomon's

intrusions and elsewhere followed, It was immediately evideat

- that the ‘Gawler Range porphyry', though possessing a very
_strong identity in that red porphyritic sedic rhyelites are by

thr the commenest rocks, is nevorthalq-s a great velcanie eouplox.

. In a ropert on this reconnaissance the fact that the
¢old.;n4 tin mineralization at Glenloth and Tarcoela is clesely
assoociated with variants of the typical Gawler Range pc#phyritic

‘rhyolites was G-phnnisod.

The auther's later dilcovniy of huge intersecting
cirsular structures up to 35 miles in diameter (pe.uibl} 50 miles)
aad é-tlnito contral vents parastic to these, beth nn-oaint.d with

‘-ajor straight lineaments suggests that both ctrculnr and .ttnight

tin-ur.- were the major sources of a vast but quiet effusion eof

- rhyelite lava in the Gawler Ranges, with local explosive central
vents, The relationship of this te the Wooltana, Oraparimma,

fRibynna‘nud etﬁtr%trachytaa. though certainly genetic, nocéﬂ

furthoristudy.
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APPENDIX

Avalyses of Vooltana volcanic rocks by H, V, Senru, Australian
Mineral Development Laboratories., Specific Gravities by Gee-
~physical Sectioen, Geological Snrvcy, of South Australia.

S
. R
Epidotized trachyte Tra

Vooltana: Woednamoka Weoltanas Triang-
Well le of Volcanicl.
(18.3228) (1s.319%)

510, 53.2 % 59.2 %
A1,0, 12,3 : 11,2
Feo,0, 10,92 12,07

FeO 0.73 . nil

Mgo | 2.36 _ 0.7

Ca0 15.8 2,02

Na 0 o 0,16 0,24

K0 - : 0,15 | 10.2
HO- o oy

Ha 0+ 0,84 0.%0 -
co,, 0.71 . 2,22
T40, 1.h2 1.02
Po0, | 0.13 0,10 °

80, I Nil Nil b

Cc1 | | Nil Nil
MnO oolh ' - 0.““
e 0.03 - -

" Specific Gravity 2,86 o B 2,75
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