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ribsträÊt

Tþe, +åð&f.å siÏ'åtêry #et €$rr€F€ pertfæ ef
tbe sorÈherm HX.Í*Se"*E Retsges; t"Þe ar*a is eaæpos+ê

sf SrcÊcpes,ele sn* ûæbråæ ragks @feh has,e beæ

éefcM fetÊ dæs e¡sd besls¡ stanætlpes. Tþ*se bame

resnltd frr.ffi ser€re¿ f*ne*s¡ tÈ Ès Ëh+egb* gÈeÈ *hey

ere & to g*reseweo f,:rom tbe ær¡tb ad treæ tåa

sø:rèhr fn e*qiaeÈlse #Ëüh æ, €asÈ-sest €@¡þresef.aË*

rctr€råË@ *uÈcre5e €€s¿Âry ;is tþË æqjor em*sh søæesr #
årê rypawËþ gæet[c*3}]r eseseåste€ ËSTÈ t-h€

eæp3eeeæeuå ef åbe {s€Fper sreMi,*s.
åegle ætd*tE fsö{emte thåt }fn*æat'ee

ere rel"at*€ Èo fselå{r€ M jeiæå,fsg- &e Ei€ såææ rye¡FB

fsTB# S* Þe :*f f*¡ethsr o*¡ brrè

li"mæÈte üo*Ësêe uetr€ f,+çn$ @åeþ sersæñ€ ffi)Fê ôe€€t,3eê

ElFs&S¡Êsèlng* Ðwr$ry Ë&e fåeÏé st*rseyr aåtraetlve l.lpeete's€s

:s€æ eelSeef,e$¡ æß Be*E $tÉgd È$ b€ suÍ,ÈeÞåe fsr
teereaåç ehlgm. *ÞeEs eeulé ¡¡sø$e åæær$,enå te tþe

?srresËü ffiwstrgr,
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{1}

Ehe sù*# æf Èke t&.la æå1återg srbce& ws

l¡ndes-Ëa¡læ 66 be.sfs fêr .a $f,¡aster ef Seåcæc* theeås.

T,æaÈågn

tÞe #dæåa E@et *srfêI¡ê sÞ åæee, s€' sEr+r Õ& sqBfræ

slles ÈB the perÈ €f tËe FlÈdere åtaryee* 3Èç

æÉstþeesÈ e+sE€F Ès sÞuÈ 50 æíl€e of '

Ðå* Pei-mü*¡' esË 3õsüÉe& åÞÐ?¡Ë 4t# æeEå eÉles ns'rÊh 'Ef

egeffti:e*r (ff.g*1.] .þetffiffi tÞÊ 3å&"3ÐrË M 359"çÐtê

ãægåÈdeÐ æå ËhË sû"45tË ë@ g1"æts I'atåÈTde.

Hxeept, fsr e, f,es æa33 st¡t"esçFs. of, TgrÈÍ,sey gehblp

þ**s # sow sk3:str ç Èh eßÈtre *þeÊ hee

ffiL[ eerpe5æd çq*ts¡reps gf ÞËeæseie æd #ffifuian roeker

whå€þ ãæ f:oL[Éeö 6ps f€]¡åtêö íÊt8 þasåss¡ æå . æÈåeljnel;

SËffi¡+t"ìffiêe.

T'Ire oÞJeet ef the lr¿rrsstågeËlon ws tÐ ¡w.d*ee a

prrcÈ*geø3ogüe3} F}æ ef Êåe ffie ertrse*àsg as ff,gpþ

es 5resslÞle *"cæ t&ç p&otøepaf¡Tss* Elþe

tsåt€sppetetåæ;e ære t3s88 te bG ehøeke# Sï¡x+åry s fË.eLé

f;avesÈÈgaf,Ës* æn¡& tþe l$sÉ?atfesrs sf $¡beÈegeclagåee1

*appÈag fx t&aÈ trye of Èerreis¡ uËfJeg çtæËe¡s {1 {æsh ¿

$0 ebal:se) p?aet'egrapbe¡ w€se t# æ est€rb1å6h€.

þph,asås HêF t"û be pLeee€ æ stftætur€.



{å}

#wae¡-eå

.åisåt¡sl f,åÊI* æap3i$qg was IJæåè@ Èe È1 ryerhdnwg Èe¡fs*

Fhe€e6ee}sgås43, *nte-rglretatl*sås çÊ3:Ê e.heeke$? åÐå ffiaS

wh{eh w6r6 net eubjsçÈ ts reLË.ab1e wsse

Eêgrgrêå., ïkæ el$ ruåe+s æ€re j*me Asd æmæùs r+ehs

æd æË*erys3s sæ *ç&eé w*s egSireåsd+

Þr¡rfffig tåe f5æXê st'r$p ffifuæÈ ffi å{$e*åÍt¡r netes wers

@der €ver 4cS e$Þesi.æer¡e sr*P€ ea3å**SS s# f,ç*såls

{ef T.+w*s flæbr$.e* ry*) w*re fetm€. ' Fæ Ë'ke segk

seå3eëtåcm $4 te$æ sëet'Èsn& w€Fæ *TFÈ* fneppetæ* æt* .

tr* ÊÊaerslsl '#err,€ eËdåÆo *lle eelerffi
øheles¡ I'gÆeittffie M ét æ¡epe fsepeeÈeü fsr äþefs

sesææ¿ë ;.-

.

gÈ€h&*eæ {}ffi} ffieFF€d ffi sseg. ef afuaå hef.f, e &{ë¡¡¿:ùr€

w31c Ísa the çå*Ësitry of, 6I"åöÈ¡¡g ,as+k æÍæe2 äsd Èxil tke ewe

pt*þ3*eetlem he g*,se*¡es€s tÞe eæsmåes ef ËAr€ t*y qËPe'

Ëprã,æ tE¡e¡*sæa3. E ) eáË *s¡ t8¡ç sr€&Æ

@axlæÈ Èe *Lå€ãre Hssk æåæe1 ffiS. $tttæt' æd 'ÏhG æsgÊ Ëep.

É{o ås* ås eçaå}.ab3e ef, rugr otþ,er wsh whåq& æ4r bæxe

bees €one å¡s èe€ åreer *xeept f*r a fe*r s?ierÈ eepsc&e få ùf¡€

Saut& åt¡st"naåÉ.Ea :sf:cågg reTrå€þis" eÐüìn€€t€# wåth t.t¡e SlrySress

sf ç¿aråar*+ æf&eg*

Ësseb*r* (Ïgæ)¡ Léaw*s i3$d,Ë) acå# Hcs*el#'{¿CSl } betre g**b]i;lsbeé

trsrk e* åseåê sfiåth of Èþe t*Snå-* sbeet¡ ffifLe etæff Ef the

Geolegåeæ3 .Srwey +f Sout"h gu*tealf,a hane æaB$æë e eåAftaqF



{3}

sh€stfi { r SerSe¡ *wp}ery €ã# ås:rt}"e Èe Êfue *ertb

æ6 æer*Æ-west e.tr the sres*

&s wå&er i.s {nÆ*þ&Ë& tÊ Frcg" ffi*¡1* ffi fqr
êk ¡wejeeË affi fsr hfs *æerry*s{ær* t*¡e sf tþe

GeeEogåee,L 5eet{æ ef, tfue Ðept. cf ffiãs.ee {E

t-ræepret # eæpåmg faÊ$ååt"Íeæ Ëe gpsaå3g

sblåe Bry tþffitse ære peesd te W. Ë" ffiek #n qsËgeË'€*

Ëçråmg t.&e fisld SnweeÈÉg'aêåen* ÐF* n&,äo H3*wa¡ ffi* &"9"

.$,jls$ær !#* Ë.8, Þåls&:s # M* Ë. FËù€Ëtråe& Be{*e

3ðr b€åFgÌ¡1 eÈ alã ËÍøesn effi t'be wråËss xåshee t&

ee&*eX@e th* greeË arm&ægr ef iéeee Ëþat k ga$.e$ åfw
dlçcr¡eeå*ss w'åçþ ?"M* sË$s'€re eE¡g¡æetåatåæ ås eryiree*e& Êe

ffi* .Ë. ÞaIF f,qr hås æeã¡r sæs aæÈ fçr ËÞe Esmst'æt

be3'p Êþ p¡rs$€€Ê. Spee3e"l ÈTw¡e.hs t# t'þe 4åræstisr'ß

sf, *¡f, ef&9Ès€s får the' *:rtp;*såv+¡ æne

ef Èhefr '6b,ffi,å3e 8sç and for permissi-on to

inclr¡de ',"heir Copl-ey and Parachi.laa geoJ-ogicai sheets.



(4)

Ybæ ¡æeæ S.E s€ srffirËê fþse täe }*eger eåêÈoe¡ ÊhràA

åæ*w åe sÊry1e* *e smly *cws ãLeæ the æe'e

ese ÏhåÈæa tÞ tþ€ se*Ê s¡¡Ë ffi.åæe¡uc. tø tfue *entþ&t&
€eå,3..I" åew*¡. **e!¡ bavågg ùßfF æ fen bæs* EeffiG æe æãy

tþræ st¿tfEs Met€d€ tsS.tÞirl tk eetnr*3 a&e+t bæMeæË,*s¡

eæü sÞry &e æsÈ sM+ue paek* ffiÆ S&e taæer æe*fus bave

G&ffi€S;

Th+æ ëp8 t¡,s getå ar eea1eð æ#s ffi¡cåfæ tFotqb
äbe æ*a. ll& Eld ras3wegr 3.ÊBe ts tê$#h tc,æk EÞBss*Ë seStæe,

sä€üt 3* eflçs stssÈ Þf tk weeê€m furmdg!Ëy sf Ëk **&*ta
såeøÈ. ?h* æeÍs Føed f,atr3ow tlbe re&&wryr ts gÊltæê'* &ere n
t'Fë€k eæ k t^*&e& Ès æåæ Èhe aæE* äç. eræ gÉ the -ææ13

sr&r of bæest'eeds¡ gredd æoe*s e¡ç fee¡ ev€E ?¿csß*s

3.,eadJeß -Êe #æ,Fr wel3 # bwee' 8r,,Ë 1Ëeåtæ Ss æmk æ
€"h*.¡re,faa* B*Fsft d th€ f3**d Ís*eotå6aÈåæ hsd ?ê be dwr
Em fe6È.

tLåæaÈe

Tbe e1f"æte Ës a æ{xtræs ef c *,ç

æ# MË, Ëyå:ss æåth êÊ ær¡¿åI- veqr@ ffi
I t€ 1* åæehee sy€F pÊFte ef, t& ðffie3 gg$sg Ef, t"he

rqõå* faãfs I Ëåar*Þ1 *lw€* BãeryeæÞæ M
äææÞpsr hhrt rains ere mcsÈ æ€ *re sfg€n

W wfuãeæt, tle¡#er æS eleEæäGeA sÈoæs* ftry{gg
srffirr ælffiss s$ryrc,äiff to b€ Ë*f3¡¡æa*ê þg Èk #øasoe,çø cf



{å}

esrÈM å*et*alÈa; eÐê ghs ËFêõ ex;ærË,eæeeë ê €iþ+ÍÊs;ãtðå type

çEføæåe bêsfqg hågþ €ay t*rypæa?r¡rery bmÈ csel' a{g}.*&E' fu
siät-er åe ce.Ïå êã€ w$*ftr eN ås affe+'è€é W tSß åëedåleË*r€m,Gffi -

e}åæete ef s*ïåÈbffirh å.ìästûs3,fe+

reE¡È fçr 3.oeel, gerÉeu* at ståtåæ ÞæesÈ*só*¡ a"lJ, tbe

rrweäæåtær {s th# #p€e ls +f sa&mel" erËgÉß æå e,ffæ"p æ
w*¡*e, üør esÏ. sÊMåes' Ëaêåse Fãse t **L[åtr¿s 5æ.]

s*weÈ ls 3'{Æ{È@ t,{F rq€ffil# eåas¡*e af, #Fermff

qewå'a{t€ äed ts a }ees êqree g *å*ã"f,ñ ÊsertaåËe *ætærrysr

'#Í.1ë ?sfus€€ { H{eøÈ€ôã¡e #IäF*} tMræ s* €astþien 3tæ*EÈoeøs

ræÊ ðs*# æ33" Ss ttue våe$må9F af, l"nåsb æåå* Hs:€a ëreffi well

en ÈÈ1l;3.te æê *'Èld äbmþapb fenot¡æ Êbe fået Ëepre*såoa*

eæ¡,ææd þn esee$,æ af gs*y eæS eboeelæfæ &*a158Ðæ eþa3eE and

eSetës* ffi # 3çs åã€€8 ærç wÉåe si¡reed æd sse

eEsçeÈaÈeê wÉ,tb sreeks' S*3t, &:eb* {e*æ¿p¿eã êFF*} Fã,IS

æd +èþer emæ3.3. shfubE ere, esß

€Þs ¿¡ryøa? .€Ëd wïrå}"e Èeey ee6r glrefeæ wee t
t&ey arç seå 3.t"ffi9Èd È€ $.Ë,.

Ðæåsç ?'& dx5r seês6rå6 tþl€rç are ael¡r e fers flsëf¡eg

ereêks* ?beee e¿:rrr5r *eÈer orÈ6ån*ÈåW #æ s5x;r5ãtgs ,æ!È

@{ab eçeæåsa.gÏ+r dåsÊ#}pÊår deuæ etpêëe 3n gnonees FssksG

wlË&'t&s exceptlam ef e few # s*reæs¡ st**h as

eb€ e æd P'i#ßs ereekæ¡ Èbe åF€å hes s æeÞeequ*æt

éra3eqe s¡ræèem.



æq û*sq #æÐq. *q# ä .'f,*sffi ÆEAeærAssË¡ê& f qws,s ;qg
æÎ,Þa xæga,ç¡r¡æ *ar*wd Êgpaaæ sTTèe sË[læqs ËHFa *üeæs

çæËte?ç +qþ ÆE se5"tde TÞrffi€€ JrG ãËqFæ BS õëæ æüffi

'ÆeEärF

& ee .fga&reT êsæ s@eF?ääõSÞ æs.xs E€ffi.ô€ qg,
.ffilt{S Ðffi ætrç geels .sÐS€fi. asæ@ ÃêrÐ.ê ÐqS æ +çea*fiü_1,

ÊEE¿t eSES gcËR S*'gacçr sqêffi "åq p*æEa.r* sT qfiTef* SeËÈ Ëspuæeag

&F+ãaTTöâ ês-* dSäF 1+sæ ælËFÐ,$ Ðrm ?Bs qssqe

*#¡æ-g g¿Ssr+ærr& aÞTffiôd* êe BËpBêgF, .e*g,s* ts,F'ffiã åråE

44ææ Ð#re ãq3

sff €tffi¡Ê*e& æf Bf¿sF ¡ñsl;6 çwe w,-sef Áa¿{g. {Ëo'xs *W[
Fê ægfue Ðqg Æq g*lfüÉr+s*ê .fgtçsr+eärrgs õ*r€. e#Ðq¡'

#Ê *&üffi .,r9,*ir8 Ê8ä+se# q+Ër+8 ôry+ Jis F **!:ssü ãq+ aJEE

ûqa+eô Ë Fæ æse +seãilrsÐtqf ãe sal{R?q¡s.ç
*EÊÉ{ËS ËltrSgg*Ëæê æ

s{ñÐÅ,sqg ûqtrf €+sS es[JÈ ffi ëçffig1s{r #Ê*Tå e3fTsÈ ^f*q¿ 
rgêætEBBEgT

?façS Fs sqæ¿ Fw *1ge3CIe,ab .&q

,f¡eàEsuae*ê *ú? ffie6"r# äqê rËåæ sqã BF€æS €ä&a,fÊ çNao

Ës€g ÞggEgg g* *4"*wd e4Ë*Ë€Ê qg*çÐ sryl Tr€

eçffitp Ë#soâ æq¿ir Ftry"pcfrË{#

3q ÉF&* tä@þrys tË*ttt sF@t öq? t¡Ë *ÐTæ a¿çc?Tís #ûf .sÐÂõ)

re,**e * aq? SÈ rËrt*sffi .q&Ë"m egxogæg Êry+

i se t@.$$ ä¡$pT A*4 ét&Bl Effi qsãe #,rf$

s*ffi€$t€e,, ¡æer&s esç ÞüüêTTsJt sqae r{*FTeã *e*ç*regaqg4 slf
SEræ q+*ao rysø& aæ de pÐq€sÞ sS Es-rs@q E@råæ* äq;ä

{Ë}



{?}

æg *,æ teet tm* æÈæ sæ&gi}gr.*

3* tæ Seå#fæ RB* ffis* *FÊe, €qffièåt*"*#
aE se*ey @G fuæ prawsê Èry tþe f,e*t
tbåt &æÉ&g t&ë SFåst 3,8 gêlxps1 shæS Ì.#st0Ð 6nl1+æs of
w$sr per dæg hese Þeæ 5nry# Ë* 1,Ê.{€þ *re*&¡ fu wtæ
mEå Þ $:ro f*sãË, eæbs¡ as tkç eæ¡ntæSr Fãsk Ss

,, åÉæeæ'&æe. ffi* fffiïe çææeS,W #,
ffiÈæ thaå Ès trFatäãbtÆ, gd*Ë,È q# æ df thå
sE¡âe€ tha¿ hes æeated,.

& rete***d e¡ree iFAåeå 6hes3* $ffi#sÊËg ffiù€k we*æ åe

t"ã*e F..*rå*e ke*s* #$Æ€s uress e#ë sglnåægs SF tæ
eautfu #es-& EFrt cf, thg hæËrg, sÈ se gæseåble thaÈ wetes eÊ

€Mg.ä€ry .depËh *esld k¡e es.slr;aþå,a t* Èþ*"8 æeetlm¡

@n'e eg$€e€s¡ åffiå*a€* tã#t, f"ke mten' s€ess fFa# Í.e

@ r+st&gr tesË fþ¡a*tr*æ** SbË sæt¡meã slæpæ sf thås
}eqge €s&eäÆffiÈ a're*.* sE tø sþ se¡*t.þ e.æsÈ @ €$sg

æt'sry xrbf,eþ pemæÈæmteæ the * *1å t# ts trsw *,rr Ë.kè
6åFÊgÉ,åêR¡ esgæeå.årå3år slsee E8 tþg +eåskæ& anree,n åå Èe aå€#
þ 9LaË, ees straÈe- ?Jet*r EÞ*t¡3€ e[så h eveåå¡rble

{et EåÍ.ghÈ}y 6:re,a*er êept&} Ë*es€F €,k eætpÊ æf, Ë}æ þs+fr*

x&ææ æËt" aeErw¡}eÈf.æ t*&es B1eee. gå:wen th roet þc

Ê+ çm*sË s*k ü* f1*w tft Èþë e-"wÈh easè1 ç#era
renerssa ef, êåp bsrys t"be e#$sf*ee tê tþs w_-€sss*

åe eosè sf, Èhc æ33"e ånsgeeÈ*6 TrerÈ 3,oest# eÈ the
læêçsseståry¡ sf æeks æÆ f,ar¡3Èee åà *"s tþåt

1



-elÏee*sæY sry* Ss êS*' e¿ aryt ã.EË ffiËeåi Fg#[. Êe*a*# eq5

*i@åæ sk Ë*TJrçsffils sg @
'läÅff[ þÐs ÐÀ@ä gee# 6##f8 q,äqæ ãÆ# æ#*å EF qGlq,e *Æ+gge*
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w*6e r rybseh wer& æÈåY* €ua"åeg Ê&e 3'?3åsesse-

þ.eùæÈoeæ* èSæesç s6s *ma¡æ ¡*s ÈbG Hsffilüskãffi *greeb-

ãrætæg tået Èest€**le peråcd¡ æsÈ ef t-he i

l'€sïÞeeslbls far tþe SffiÊ€sÈ sÞryue ef, t&s F3åædess äaqges

were gwdtxeeå¡ Þt*È ee t-Þe "4dei'eËdë Geg hae

*æperåæe€ æ*æ+r axad. æa$+r efnea @erÏ¡r fËæklååß

tf;æoæ¡ t+ '*¡ryeere ÈÌä€è *å1"* &ase lF

È#æ påaea eÍaee ië&æ, a wqlc.æ å18ry tbe eI'É

sesrrc* g8rËæ tbe äosefqskæ caøeb¡ gåTÈäg æ

tee ¡me*enÈ 3ffid fsæs. &oseæeæSe 'Ë3,æ# 8ffi9 Êåmeææt's hêYê

ee*Èi.at¡eë *åg:ÞÈ øp to È&e pre,æ*mti md {a æy gr3aees ìe},€neLf.Ee

*,s #d e€} 3æep Tks &?è' 5êlræÈ æÈrfueeê

ÊctrE¡ $ç a s€ry €sÆ

Ètærtæ É,esrSg regæt ËÍEÊ€ð, ffiæs e s€er¡'r r&åEh råses sþ$ut,

ð# feeå a*,rye Èti* *È$*ceeÈ 1ffi* såt'bis s ÞerÈsset'åï'

dåsËsßËe sf #bry**8 ¡¡¡ffi fe*.Ès fg#feåÈee tþeÈ ffiÏtr gåègÏê

wI+n*-*ehrÍs $es sÈ$ *e }eæaÊ¡. sf.êæ 'ef tbe feffiItt

M teèÈ t4rlt,f.fÈ{æ baæ ¡xnegree*d f,s#È€f tbeÞ sGl*

B3åsk æ w¡åEb st*de St. if€så {gù?ffi ft'}

€srgs ffi eeeå-wssÊ eãeyåtÆ &ffiÉs tfue 3.ewer

€€îffitmr t,g €&e ôsr¡të*o Ebe eeæ€e S,s sf *F€ffi# q¡¡*stsÉüê

f*sss Í.+g þev$'ag a ærtÞS 6Sp* Eæar H,È. Ug*/eht

æb Ë5's&Eges Ë,b* h*eåæ qt¡arËsÈåe MdÉ fu $:rat*ffi tbe

Ëç:EÌteÐ uMierIry$sg s#ëtsrre ææbo*ls agasust sepÍ€ eTssfst8*

EesÊ ef W&, g#ü& gbË eåp sÊeepcnË *ød aÈ *træk

*swe æriry å6 $.e gg3 æse yffir 1gÉËäs eryHp3gtesÈå*s fs
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f3Ð]

sffæeð W *rus ker€er çuerteÍtæ , ðffi{å t&e særk+É

erh*ry'e $m dåp ås ïry * €rep fp eSwaËåçs qf,

aþeæå s** Éeet* -tu¡sË-k+s¡ skeer *3.å*fs rs#rxr l#** ffi*
*kl*b har,re -¡lsæ g*aædræe€ hr arÈgËæar f,ax*ååÈqg æå shfeb,

@#* ée€ tæ tr-- €xtw6e åq*re*øf,ee gwleg*ëeä,

seeËå€ms k#¡rd* ef f,eeÈ, thåfl*,* ere puoaf ef ttuffi, peåsfråæshÈF

sf tþås e€ ffisåele hæt3#s.eg*

lfue e@te*J. ¡mxËSæ +f ?.ä* #@f,{¿ s&€ee f'e a sL
ks,f:ã *åeþ Èæ b,êsfÆê, @# ËB6te
ÈÞg *tþgr* F"5g* Ê* 3k* e¡*Ê,e* ¡FËß ås æFelM* q¡ðe'ta,åt.*

ffiÆ gs f*r æçre ,æeßa$ve M q€qÈE1år *þes tbe
fææ fåry*c ËgÏå {AæO f,,&, i ås Èhe

bågþnlst pf-t*ã w t-he €ffiÈæ Ffu¡ *ååe 'Ëå¡ T'ålrry .âd M
eæe tæ af ÈB¡e äsgeesË 5reeke æ, *b* åæer frrye* 'ãhe

etwg sss$ËptåL Ëãet ge# !fu 
i

sf tbe f"sæd fsffi# i,s õ@åçss &ry strffry Ètue *i Þf,æ*
Þ tbç æeÈ8, tk f,.ow* h*vc k€ffi Ë eß stffiËtæpe,

&æü ffi t**e græ5rætf.es sf, tfue eæke tbát h-*rç

Þ*æ 'T&e autep EæaeÈaåÈe r:fs f-e3.åclre the r¡eË*æa1

eÊsÉ&æ ffid tÐ æereþ åh* slbwË'f' qrwrÈaåte sr**er@srq låË
weëåæ geoÏæËe*È Såp su*d åt*¡ rætþe¡r båffi bøsc

ree{.eåëé *uws3ffi æ¡:ek wse ebåÈ tbe +$óeÊæ& eaftæ mekeg

æk*.sÞ have w*af"berud t¡s Ëgrete u# tê 3rtüû fs*t ËÞe

quer4ø{tæ* 3& g€l**ä tøwaæds tbe es?tre ef. ËÞe bas{a ebs

Þeds èip *å e T.ere,r g61*s ereqêfeg *adåtl.ms
fçr ¡ sbe3læ'É{p €Ëp-prÞÈeetf,s** tkåg Í,s tÞe sese

I



{e3}

fß æ€ eÊs# ;.q5w wlaerg è thÈ*r bærå' låæsf.sme' Ehf.eh ia
*ther æeËs þes affi&r e ffiSãsp effe*t se Sfui å hås gæoËeeÈed

tfu ¡såesf;rfæg ødfææËs, 6Érfæ€ rf,ee te the e}.æ*ted

f3ryie æþe¡*Ë äffi fpst abcse the esfg m*ks

sqæræÈ,fry t&,e Èwe æåsE.

SeÈTs€æ tfu þesLs ås€ tk€ H,b, Sù*¿aæt, ry3ÈfÊeÉ *rê6r Êhc

ås vwgr ræ.ev€* ffið 3"ënd fsræ varåaÈåeæe e*,rr:eçlæd

t*s ãe rsek &æwaË$.aËE+ "å Eew¡ F*3ÄÊåTë:õr ee6ffi

v*3L*yg *åeb geeå*gå*eå}.F ås ees,¡¡t¡gd ry s eof,t sk43,#

fæat3aæ þ*tæem t#e t*¿,9.ä.æ querärlêe æð Seedte
s+d$reemtsa Eæ Þe *e}.åeM ryæeùf.se'ã}ry e3.l. th* wqr aræd
*h+ e¡cÈås1fãå Qr lte 3øw feetæ,æ+ S*mÉ1ee33r"

låreesÈæe æðs æseå"e,s èbç Eeætæ* ef fu ,ætÉe}Ëæ €qÈ b
'Fåûd ry È}æ È,ryåeæå f båL[s* *5e& s$Ê sÈÉ.e

ðf åiæstæwø æd EI¡aå+ fu gË* Sfustr¿

*FES.ft, ÈE deSfeeaËeê Es"* tfue wee& by æ r*rtþeast fasåË¡ alæg
wbåe}¡ r€És*ô t kaç eeffs€É å vw,är proæææ*e* sewSu &
th sê6e sf t&e sËåqË¡r ttus ås

W +*lÈ+æe5ns t*&e tåe fsæ çf, Þeålås¡

Ëseê$g a&eps 1ørø €Ègqpf,æ6 q'"twå*SÈeË eF E+ef'ø#Éêe3 *$ffi*ês6gs

æ æesã¡eæÊåÞ,Le f*B øSeveteé €&r

fB tb€ asg*rb-ë*eÉ¡ the ãrÉeh Wêåå $æså*ne shew

ebæryw læ &øe f.s æ ldea3 eæe fer
imterp-reùatåoe* ffiretryþowË t&ås sgræI,f*c the vaæåees SfseõfÆËe

*æ þê tB***d Þg ?bs pattemms eþsy Íæ¡a*æ-t tG tbê
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(ls)

taMraFW. GærlPbologr erÊ fe s ver¡r fãPùrttrt
ee¡rping ef.ö, bcesupe tÞc llÐsetæes (crsn fùc ¡qgfllseær:¡ oa€Ê)

are all vesy slsflur fa eppearåB(tê¡ *nd, rilÐuld be YcrSr

dtfflcult tÐ nry uefng fleld netåods ¡læer ft tÞ¡ othæ

bed, qt¡ltt eeoìg.et€ sappfnS ¡rå,s Poüefbt e þ aoncentratf¡6

oD g.otnô{fùolÐgy durlng lnter¡netatios. Photqgreph tto. l.
cbou¡ toüu€ af, tbr outero¡n of tlre frfeb '.sell eyuellnc.

Äs fa eu¡¡r othw flFêå¡ tbe ueryÞotrqg of, tüc Cåeþ chset

bss bccn mfnry öcpcnft€út oo grefatr æô cü,cst r Àlthough

gceloglsct fa,ßrre.s æs vanldl ñsa etcb PåËfou¡,ar loßållt¡rr

tt fs ohfous tbat tùe rock tüIlor tlD and ct¡l'bc sf

ccdlnnnte, folô{'rgr faultfqS! aud Jofnt'tng o}l. pl'€g' thctr

om part"s to fo¡gfng tÞ Loeaf tÐpûg¡lellh¡r. Tbereforc la

Ithoitogcologfcnl lurreeÈfgatlmc all tbsee faetom¡ rbfoü

are lncorl¡oratæô f¡ goqËû¡?bolog¡ æst k esnafdersô¡ a6 tår3

topopaphy of u¡r parttculnr foæaatloq Gm apl¡3ar YlrJr

ef¡llpr to tbêt of en ætfreþ ili ff,cræt f,orsåtlou rmde:

spêeföI gco],o8Éeal lruflucocee.



(rå)

Photoerasset¡n¡

irhõ pbotqgralrbs usd arc ?f ¡ ?ú ðoublo Ëfgbt,
neÈte-sr;rtraaeð emtecÈ prtnts. Thcy u€tpË takra fltræ
åô åvcrËgc hcfgbt of lfl¡400 fect urfag û es*na, Éo¡c
foael' lqgtb ra¡ 114.5? u.s, The area üås ss¡p1etc\y

¡ihotagrapbod betreæ LL å.n. snd noæ on tlp ntnÈh ôq¡r

of october 1954' the ecsto ðf the påotpgraBhn to *pBrortoateþ
1 i¡€b tÕ @ ehal¡ra,

Fivc rlos y&re ncseasårJr tc eover tDc arcs, and

85 phot'osraphÉ tre:re uôd. Tbe dfrçctfoa of, f,I1gbt rar
approxfnatcl¡r easÈ-yeet Xbe cv*rlap ln tha eset,-met

åfrectlor fs good¡ (ebou¿ @.ft) bú ü¡åt batrecn artJaocnt

¡n¡aa fç rncven ead årutf.ces lackfqg.

A eloÈtcü tæpl¿te plot yn¡ sadcr ht ao srryqr
l¡tfornstlm urs avafrabla and tbe plot uas eot eætrelx¡d,

A I{-$ GF{D8&-ggctlon ws ¡¿adc of, thc å¡r€¡r (Srctfoo Se. S,}
Tùc ve¡ttc¿I tcsl.e fn aot eqggnratd õrð chorc a trl¡c
relatfoasbfp betreen hclgbt ånd borfsontål dfstaaor. F'or

tht ¡rurpos+ of tÀls sGctÍær tåc ct$eatfor¡¡ of {S laLsts
rcrt celoul¿tçd þr a,ætrfqguretlæ. ìråt. IIåcr, nae useð e8

öaü:n¡ ad fts ol.cvaüfoa uaa å8ü@ tF bc Êr?OO fecÈ

Ebove eea lev?l.
Fbotoeeolosr¡

fn prcparÍag tåe pbotogæTogf,eal fntarpnctatfou¡
a et¡Ëy ra¡ usðc of th¿ topographfe pno¡rcrtter of tbc arce-

Thl¡ fsyolvd ths etnsr ef r.anil fo¡ns md yqgctattm¡ f$m
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wbfch tihe geology was translateð. Tl¡e teebnlque was a

eubeonseåous eorûbinûtíon of geomorp'lrological- and

geobotanicaL ch.araeteristies, wiríeli ir¡r¡ol¡¡e<i ti:e sludy of

elel-ations, shapesr prrtterne¡ lineaments and tgne.

Strati.graphie borniürfes \¡rere follo',sed aLr:ng sir¡åler*looklng

tOpo6æanh¡t ; t he strue -r,ure w-?,*q e st a'i¡L,l shed ¡ re e on g true ted and

*L*ur.o later checkec þ;¡ fÍe1o naj:ping.

trrl¡r slight rlit'ficulay was experiet*eci in cs+vabl"lshir¡g

a fair"ly eecura.xe geolcg'íeal plen frors pure pirotogeoj-ogy'

(See l:hoto llo'3.) nle +-h:fse basle r':ck t;gpes, r;r;i"Tt3Jt-er

ghale ar¡d lfmestone were ídentlfieil s:'tisf¿rctori.ly on the

photegraphn and rjere generally f-olLowed over long cllstünees.

Hoç¡eve:", consídera'ple difficulr.t¿ Ë.as ¡ne'[ ln deforiaecl areas

such a.s ro"r¡eealeena, Finda Creek and Roebuek iìangesr whe:re

severe f'aultirrg has produee<l smaLl disconnected oute::ops.

Uost of the geology of thesç Local al:ÊèàF ú/¿t'Ê cÐrtpí,'-ecl f?om

fÍe1d infor"rnation¡ beeause lt was found thar- the snaLl

outcrops eould not be followed over great <liçr,anees; they

all see¡n to have topograplry r:neharaeteristle of an;r

epecÍal roek type; 'nerJdi¡g eor-¡1fl not always -ne tnaced; and

to raake matters wÐr6e¡ eorrrplfeated faul-t s¡'sterus ¡;revented

the construction of stratigraph:'-e sueeegsl-CIllsr fi'om

ubieh lderiiífi.eatlon rnay tr.tte bcen possi-ble bV the procees

of eli¡¡ínation,

Trend 11nes, (afterbeotling) were anong bhç most

lmportant iafore.tion that was exüracted fro¡n the pirotograph.s.
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Beddf,ag ssn ba GêFily rceognlË€d oD aI1 rock È¡pec of

rodcratc outcrop, crecBt shales¡ frpttrerr eånJf e¡eellÊnt

ôfp elop€s eppcår oa tåc pbotogpaphtr rÌrleh erc ¡trltabLe

f,or ¡UotegæLogfc dtp uaa*r¡rc¡rcsts. îhs vertlcal, craßSpratfoa

of thç photog:rq¡fn for I 'r Ëlrlua r atadE¡rl ulnso¡r #t'croo¡coPc

rse calaulat¿ö to bs l'3¿. Usfng thf¡ value¡ P{g. W. ree

fncpe¡çdr ubfeb gtvee tba relatloashf.p beüscæ tÀe qryeraaf

åÎËlcr as eetlnatd tnfrç1. 4 6 Sfrfus Ú stdla¡'d B1raler

st€rcOs€OÞer trrd thË t¡.t¡o ongle¡ aS ¡¡ry be ¡ûTËÆur€û fn tbe

flel.d. ALL ðfp E¿asur€Eeuts tåat üErG fleld-ebcükd rorll

fotd tð bc aceurate üftbtn 1O de8rcçs. '$trlle tålo 6ooc not appear
V€çt+

to k iaé acqurate at ffreÈ ,Ëfghtr lt sust be tndæstooö

tüet ths aceurss)t' reots m tT¡e abtllty to *sÈfråt€ thc efsc

of an aqgle !,n tihrer df-EesetæBr Tbrcç eceurata dl'p

Då,esutrenents rcre alEo nadc usfng a nts¡"Gqs*e85ffO. Tbesc

rËre ðeðræed fron f,freù prfnclptes yfå. tsr snglGÆ rbtrc dh

t* tbe Ye¡tical dfstance ktreerr Folatq A ffid Br 6¡ l5 t'bo

hortronle1 dletacrce betueen tbc' esm polnts. tùe val$cs

uErG cbegked rlt-b ffeld readl¡rgs wtrlch {er¡e qp to 3 ðçgFcc¡

ð,l,fferent. tbe ülscrçpëne¡¡ lr copefðered as aegllgtblc¡

capeclal\y sface lt 1s eogt ltkeþ thåt tbe t¡rt¡c valsec

rould be nêerer to those calculeteü rather tbm tù'ç

poeaurd onßgr

Becauoe ft 1s gcnerally know¡ t"h¡¡t åouaÇ creeke flLort

for at þast pårt of tbsf-r Goüress¡ along fault llaesr lt rae
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€oclöd to iæccttestË tbe æ¡t eÞlm ltnerotr of tha

flröåÐ Cææquætl¡r tb¡ Afra€tlos ûf l3O? Llneæt¡å üurå

iåcù Dsanlü¡ßd to the no¡rrct 5 öryr.ocae ltc¡r rG[ç tbnß

ræqaÈdt into groups at $ ðqrrg tnftñåI¡r 8A r plot

sû trceuæy cgsfnrt ðfret,fæ w tdte ( Ir-1go fg.)
Ér rc¡ufgfsg à*" ms tbt¡B coçæcü rltÞ rfrll¡r dnerisßc

plottøû for fro¡ltfqg ed for Jolntlqg¡ t'ho etm$r f¡d'lcst'eû

tbat tücnc fc a Êtmg cæl¡oetfø bct*çcn to¡l4rrfbfe xtacrmaÈe¡

fnrltJng and Jolntlag.
åt tb re*llt¿ of thl¿ *cÈtfm of the rc¡c¡,rgh ¡rc

somcet¿Él rlt¡ the stnætu¡Fe of tåa ê¡.rË&' a ltnlo dct^f,tbô

ðí ec¡¡ss1æ rlLL bq tnËGrtåkso Iåtæ fn tÀte rqDottü
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(n)
GEOLæY

Tbe fleoeynclfne setrlns
fhe area ean be regarded ae belng sltuated ia a eentr.'aL

positlon trithln the Adelafde geos¡rneLlner r¡trleh has been traeed
fron Kaqgaroo Ielandt through Èhe Peake ar¡d Ðenfson ìlanges to
CentraL At¡sùra.I:la' Fig,4. shor,vE the reeongt:r.ueted posftfon of the
.cdetelde geos¡mcllne wlth respeet to the neighbor.rtrç

Precanbrfan shfelds, Tbe soutl¡-western edge of the g€os¡mcltne

was flanked by the easter¡r ertrenity of the Tiest AustralÍan or
Yilgar"a shfeld¡ rhfle w1l\rana æd so&e of the graaitÍzed rocks
to the uorth of Broken tilll¡ formed part of the eestern margfn.

Tbe envlroments Ín the uo¡rtherr parts of lbe geos¡raclLne a¡e
obecure, but ft ls not unreasonable to vi.sualÍze that the
geosy¡ìelLne erossed, central Ar¡et¡:al.ta a¡id oecupÍed uost, sf
nortl¡-rcet Australia, as ís shotrn. fn fig. 5. rn etui:yfng that
Fryt of tbe geoe¡rneline south of Maryee¡ a sÈructural, plan
shovs that, deformatr.on of the geosynelf.ne wae probab\y broughü

on by forces eonfng from the present lfuryay baolnr and rhicb
were dfreeted towards Èbe Lake Tornens êrêêt

contenporaneous ''fffth thie move¡csrt or a Little earlfer,
etructwal aeülvlty wac erperienced fn the Maryee-Ìftrrnpeowie

ðiEtrfct¡ lntroducf4g southerly dfrected forees. Ttre tadr¡j.a

s¡d Blfnmen areae seen to be el.tuated" at the extremlties
of both sete of forces¡ and have been dletorted Lees tl¡aa
ärees to the uortl¡ ar¡ö south where stronger forces _beve
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lto Gençre+ Gælostr

fhe rogtoanl gcolqFr of tbe CaÉnfa o'hoet ts aot

e¡Etreætg ctull$sated. Â.På¡'t fræ a fer 6uall" Ërroåa rhfob

bsvc þGGÊ e¡¡rerrcfy hoken¡ tåe gtoLogy was eetåb}tahcd

rlthouÈ arrch ð[ffirn¡Itü. The tråfn recle of, tt¡s ¿¡fi3ia are of

IsÈr St¡¡rtfæ to earþ Canbuplm s8€. I'lrera å¡ll a fç¡ flet-toP

rw¡-aats of, tertf,¿r¡r bedsr fut' aprt ñoul tbcre¡ and s@

allrrtrm¡ tihere fç nothl.qg tÉ nêpu'Êðæt tl¡s EPrB *t üæ
f!l6 ths gsbrtan to tþe pore*est ft fs ¡:oesfble th6t pEËt

Cerhnfas scdlsúats orlgfuålly sxfsüect¡ ané ùh¿t they h¿¡vs ålL

reAtlrereð anqy. However¡ th lrtseefc COal ûepr.rsLÈs *t
tcÍgh trEek ¡nil et Qt¡srar uhf'ch lfe rueæfomab\¡ on

Precaefea e+dlnents; ara tnsf,eaÈionp t&f¿t, soet of tåc

lmom part of tån g'eosyacllne ras 1snÖ ðì¡rfng t1661s sinð

uI¡IlCr Pals*rola tlsep.

^å sfi¡dy of fo¡¡natlsr tlhfekness Sbots tbåt la the

Cú14 ebeet¡ there fs fatrfy Sogfl represqat¿tÉæ oJ

Iorør C¿¡qbrfa¡¡ beds. lbe üPor¡nff çlrå¡r{,g|te ettg,fng a

thÍetclnæe of ovcr. {lröOO feet¡ r,blle tbe lfneatæ¿e at¡Esc

It sre ovc¡F lOr0OO feoÈ tblek ln tÀe lrl5,b rflcLL syaolfo**

Íbe dolonlte obalet lwcdfately belor tåe trPotmdH quartrltr

t¡sve urlde leasêe of ¡olfd lfsentou¡ecb{eh *åÏäëËt"r thæ

Iffi fcet thlchr h¡t tbe ÍA.B.C.ñ guartalte¡ rbfch

eoqpsr:€s f,åvour*¡bly tn thlckae¡s u{th tbe ttPost¡ðr $¡ÊFËsitË

EGqr 8l¡or.år le p,6'6Ir¡" !.epr€83uteü la tbe Ca&ta rheat+ IIÈ
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plÃeês Ít te rc tlrlnr thåt ft cam¡çt bc fÉcntlffed* Tbc

lfarfn.l* ehocol.ete an<l grry sletsE erd guartrltoE ¡ttsln a

tfrrlcknose of orreìr IrOm feet¡ ublle t&fsk lcnsse of l1^m¡tsae

ñps lntarb*dðad vftb cheloe at thc lop of thc Ëtu¡"üfs. täc

¡nfddLc a¡rö lo$eÞ Sturtteo fe ¡norly rreÞrêsrßtql¡ mfonirmatnl¡r,
tl¡e fery åBcaÊ tù¡at eontaln sÈr¡rtfas bcdg ðJrÊ sû f,ærsÈureû,

tbat, ôlffi¡sult¡r uae expcrfenced Lu estabüahlqg e

etraÈfurepbfc eotrn¡r,

Ts tJ¡e waEterr¡ nnrgtn of tihc Csdnta aheeÈ thare one

eim€ outerope of * Durfen¡gt.r¡ ltase are not rcfetôd tÐ
nor¡¡¡tl, ¡cöfscntaÈloa arxl arc rements of TerÈler¡r allfelflcaùlon.

Some of the crush zones v,¡Trich contain åol_eri.te dykes

also contain uni:suar- calcareor-:.s l.ocks. Th.ese have been

el.äss1'fied by 'Tebb as diapiric outcrops of TíI1ourån :

sediments. Iíoweverr tire vuriten coll-ected rocks showing

gradar,ions frcrn a normal l-ímesto¡:e tc a Ccierj.te and

therefore assumes +-hat th.e unr-tsual- rccke are dol-eritic

contaminations cf r-he calcar€ous trCor:ntrJ¡ rock.rl
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Stretisarb
ffi

ïi¡¡s etrat$grapby of tbe åro& ha¡ Þem dcdueoô os

a rcgfonal boefc¡ srd rhlle m fnflnfte caar¡st of rork

could etfll" Lr* üoae fn eU¡dy{¡rg tJ¡o flacr öcüatls ef
eçdtuentatlon¡ lt ts felt thst, tån fnforæatim slreãdt

crtractedr h¿e proðu€sd s gsnorålfsod br¡t ue€fi¡l

re¡Fessntåtlæ of tbe stratlgrpc¡¡Iry ln thÉE pfft, of tb*

*dctalde 680s3rEclfna.

U¡Ê Frot$rprfit€ E'g
ltte StÄ¡¡rÈlæ $arfce

?l.Ilftrs arc tùe oldest sdLns¡tp tået outcron fs
ths Cfldql¿ ebect" Seyere fÊ¡ultfag bse åf,f,act*d ctch of t'hc

å¡ìBeå fn ÈtEb ülXllta¡ ïe?iü Sore¿. s^s? of
Ë¡¡rrrmcns H.S*r f.qn'eaelv¡ outcre¡n of boulder üfll:¡.te

are f¿¡ulted agafast $Þordn qu.artrtrte foræatfsu, rrblch ls
fom€ l,$rOOO fcet strstlgrnphteelþ ebove tbte. $ear thô

in
l{at"n Gap lû tåe F{da er*ek¡ tbcre are outcrope of botà

boulêer sd fluvíoglaclal tfllft€. Tbeee are algo faulteüí
md ft le t&ouebt that tJre tfllftc Ia tbc soutå€fo n4rgfs

of the *¿Jacent cR¡eh ãonê¡ has becn tora t?on the outcrope

Þeår Pfnôå ereG&. fs thlE åre& ttus f,luyloglacfa.l tfl.lfte
ls en aqgll.¡"sßËüuÊ 6a¡tqs,tps6 aeeoeletcð wlth e¿uartaito¡

I:løcetose erd ¡låtec; but uaforüm¿tolgr feul,te h¿v* euü

out æet of tåo uppcr $tr¡rÈlm foruÈf,oue" Anotbs tfllftt
Ioealfty ras for.md eoutlFeast of lfioolooloo H,S" whene snall
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outÆFops w€r'Ê fsrsd Ln a ereck bad, $lnse tåeaå aro JucÈ

o*¡t¡fe¡ Èba aheet bornd¡¡¡? and eppear to have brçn uplffteel
by fgpßor¡s ætfvltyr no dct¿Lled ror.k uao doun to eecouat

for tbcir fpcef( Eùrütlgrspùlc ¡¡olltfm.
.åbov€ thc Þulðer tll'lltre tlrerc la s thf.ek

foreaÈloo of grcy åd gre€tr etrqtea. It ra* læpossfb¡,+ t,o

6:fye s re1fåbb netlsat'.e sf the thickrreee f,er tbesc elater¡
beEslrse aIL tb areëÊ vfsltdl nËrs ¡,wcreJJ bokcn"

Ilowevcrr Þy cæparleæ rtth equlvaleut bods ouÈnldç tåe

år{ÊÊ út, apç*are tbat tfu thfeheas qÊ3 be ae e¡uab a¡

4¡OOO feet. Tn tbs top half cf the ¡Ietc format .ø¡
cmd¡to¡aag cnd llsesÈærs l@¡os ffFç oftÃ ¡nsdrteheð

rlthln tt¡ æc of fåcn¡ a Sû fost bÉü of v'er5r håFd

quartrftc rsedlfr{B aoæ of tibe soðreêr vaalsÈte¡ of tåt
uA.B.C.r qusrt¡lÈTr håt b*en ugd å8 å üHarlrer baü.'t lsear

tha top Ef t¡hp SÈræÈ1sn aarlcerl:løoston¡ len¿c¡ bceooe

prclaent €nd lB tåG !f0. $tr¡aÉ sFê* thcy {GåsrFG ¿bout

ör0O feet ln thfck¡rooe. thocolåtå slåtec oftæ ccperaÈe tÀc

Il^ueetanc aaubere. The ver¡r top foÍ ùhe seriee ls nerhsô

Èy s eæriy borÍ¡oa about X@ feet thlck. It outanro¡m å& s,

pfnh eolouruð eaÞSstoae ublcb ls sæG¿lneo ealcar€oue¡ané

rhlcb of,Èçn oontalna par-Èlelea of vorarfng grôla ¡f¡a, fhfu
ns'dgüone fs a vfðo-e¡reaö faatu?¡ asd uårkf tÀô gloeo ef
t'hñ Sü¡Ftfæ perlod. FLS,6. sherû tùe co*el¿tlon of ee€¿1on€

throrrybout tbe aÍ€Er
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The Ä4arlnoen Ëerlgg

About a thir€ of the cadnia sheet fE eoverêd by

Hsrinoæ beda' Theee are far J-ees deforned tù¡ea the
unrierþfng sturtlaa¡ eonaequ@try the etrat{gpEphy, wbfeb

hae boen ðeduscÈ fræ rer,iaþ1e sectlona, glvee an aecuraÈ€

pl.cture of furarinoan eedfuentatÍon. The trfarlaoan eerl.ea fs
eharaeterized by red-bed cor¡dltfons, while thc underlyt4g
sturtiaa fs eeseattar\y a glaciel and fluvioglacfal
suçeessiqn. lttere i.e ns víeible r¡nconfonnity betuacn thec
a¡¡d tbe divleisa fe based ¿¡ llajor cbånges tq lltheL.'g. (flg,?.)

r raredlate\y on t,op of thc sturtls¡, tlrere fs a 2@ foot
borl.con of chocol"ate å¡¡d khåkl-green elatee, Ilbese Èogether

Tltb t'be overlylag ffag-g:rpccm Ha are caçLly rruathered into
varley-type depresslons hrffireds of fçet deep. lbe grey-green
acdÍ-nent'e wbictr ånÊ'Go&etfnee eeparated floa tt¡e uúdertyfng
bed,e by c eeLeareoue borfron, eoasr.et of Jotnted and welr
beöðed slatee approxJ"uately ar6oo feet ln tJ¡felmces. ?beee

pelttfe roeks ir¡ðlcate that deposiüfon uuet bave oecured

whfre the lar¡dmacses whleh fed the geosyncline were of low
crevaÈLoa. firl.e form,¿tion is charscterlseð þr ita g¡een

color¡ration¡ anð ercept for the top 5@ feet ut¡l,eb åre EreSr

ehales and eratec¡ Èhe reet are erggntlally of green eolour,
Following thfs perlod of pelftic sedinentation¡ the preeence

of 2¡offi feet of lnterbedded siltstones, elatee anö shares

ldfeated t'hat the affacent rar¡dmas&es ffenË gradualþ
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b€1qg €1evEtcd" åreo narked cllmatfe chaqgea oceured
whlch accor¡r¡t' for the choco]-ate eölorration of aLI tJ¡e sedlseote
of ühle perlod, .{bove thfe formatlon, tjrere is a lr6oo fsot
horåzoa of iaterbedôed c4uartzJ.tes md sLatse. Theee arc
mafaly grey Ln color:r¡ aad shor a ¡rrogieesfve increese in
gr*fa-eise å€ the top le apBroaeheð. Apparantl¡r elevation
sf the neerþ Lård &ssËes fnereased, and thc lnterbedded
quartaÍtes are indleations of oceasloqal abrupt moyesents.

The overf.lfir¡S ñA.B.C.d quartzltc fsluatfon acte å,a a
protectiva eap for these eofter rocke which produce a verîr
frregular a¡rd aavernous autcrop. Ttre ttrlcÌæe¡s of tha uA.B.g.n

for¡na,tion vsrles eouefder¿rbl¡r aven ulthfn the Cadrrfa cüeet,
Hsweyer ¡ lt appêflrs that lt te tÏ¡iekest ncêtr A:r"tiruore¡
y¡here f t 1e eoryoeed of a grey-brom, elat e end el.Itsto¡le
Ì¡orfgon¡ sar¡dwÍched betreen tço quartzfte menrbers. -trhc

Lower guartzíte ie about 25 feet thiEk a¡¡d fs separaÈed.

fron the upper Bo foot bånd by approxtnatel¡r 25o feet of
sletes a¡¡d atltetonee, Tbe behavisur of tbis foræation le
es orretlc tbat csr¡dftfona of sedi.Eêntatíons ¡¡uet have

varfed conslðerably throughout the geoeyncline. lts
Breeenee parks a generar, tn¡t frregular upheaval of the
eontrLbuttrç landnaseeg. Above the dA.ll.C.n foruaÈioa
t'here i.e a 1r?oo foot aone or trrati-grey and ehoeotate
slåteE and efurles, These are fairry unifom fa app6anaa,e@,

COnposit,fom, and Fefr-¡-siøe, and are overlafn þ about
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1rõOO feet of ðolmttlc shalcse ¡tfter the rÀ.B.C.s

¡eüf.uaente üsre üepoeitæd¡ there r€{s å logg ¡¡erfod of tfnt
fn rihfch on|y ffue sedinents er¡tereê thlr part ef ths

gooêJfncll&å. tlbe a{iaecnÈ 1*¡6 ü¡SÈ baue þets 6t'odcd tit

a peneplefat the elou ürua offr st¡st hsve Esr¡æoö

eonsfderablo Clrcnfcel dccoopoef.tlæ, Reeultfag fræ thfe¡

auch çoluble materlel uas Lstroducêd tato tbe gær¡l'nclllnct

and eventual'ly precfp{t¿tfcn of esrb(ßsÈss effiæGtð' ÂÆ

tl,pe rauù Ìtyt Eú'rê aoì.ublc naterfal cil¡tetdr md proefX¡ltltton

i.nereasçd. Gradual.þ preelpftat'fea beeme thc nors

tnportar¡È ccdfoer¡t¡¡üf proceðs srð eeceefæa[y thers

çouId þe a ¡ferfod *Iren aLnoet no arglllaceous eaterlal

rae bolng latro&æsd¡ âÐd the el.*ar-uater eondftloae

reeultcð ta tha precfpttatloæ of a}pst pura lLnç¡toar*¡.

Jrt thle etegc ar¡otåer ¡porgrtal.n bütldir¡g pbese sas fntttatd¡
portlone of the aetual SeÔe)mcllne uere sltghtly çffected

aa csn bt rit¡ceeed W th's r:nconfonnft+¡ 1n tàc Pted¿ srytêk

&il!.Ger sce pbotograph Ì4o. Ë.. o Probebly reeultlry trog a revlval

of notstafã bt¡f}ðlng la tbe ad,J ecent lsnduasreo¡ eoue of \

tåre geoe¡raclfã¡l clopes Yenê lnereased eufFfclartly t€

stert euherfns alldes. The cerbonatas nhfeb r€r3 Èhe last

eeÖfecnte dcposfted sufferd EoðÈt tn thclr jouracy ðemt

tbey uêre hoken up¡ lntelælxed åad repoelted es ne¡:at"ttctt'sæ

slastlccl. They uow out*¡"op €tßt'b¡reccÍ,olatcd$ðo1æltoAr':{

uade r4F þf dlffcrent cotor¡¡rsd f)raguents of vurylag
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BlEe6. flreee èoloml.tfc sba]'ee nark Èhe ead, of MarLnoan

aeêicleÈT,at,lon end elose the Frsteroic €T8o

Ttre Cambrian Ena

Canbnfau eedisents are weLL represerrùed fn tbiû areat

uibere ovêr bål.f the area of out€rop le of Cæbrfa¡¡ åB€c

Recent\r¡ Dr. ¡¿.F. Glaeesner fdentffLed Froterslc foealle ';

Ín the rr Porxldrú guartzlte fo¡satfon. lhle ucanå tbet the
I Foundn guartztte f e of ryg!,cr?_plg eg" a¡rd eboul.d. bavc i

been dieeuesed ln the l.est eectÍoa. Forever, sf,nee no

posltfve stepe bave yet been takes to adopt tbe resulte of
thte dLscovery¡ the srrfter Lntends to contlnue ueing the

o1ö elassifleatlon r¡nti,l, the corect age lE unfversal\r
adoptedr

ûverþtng the Marfnoen dolo¡¡iÈfe abales tbere le a

Laqge thfclmeee of over <rr5OO feet of quar¿zíte uesbers

intcrbedded ultJr a fey thla shale horlzons, TTre fo¡metton

le well rellresenteð throughout the geoe¡mel"lqe end appears

to be due to t"bo aqfor motmta,l¡, br¡1}dlng pbase rhlch wae

eEtlve at the cloee of tJre ProteroasÍq era. ÐurJ¡g the

öeposltå.o¡¡ of tåe H Pounðtt foræatl.on oatry ehallov water

extstcd on the wester.tr slde of the pnesent Fl-inðere ltægee

aad eonøequenÈþ only a thfn veneelr of sedl.Eente reo

deposited there. ThiE has bccn proved ln tbe wllkatan& area,

uhere orfltr{rrg has ehow. a dlrect pessqge fro@ fogtufêrous
ll¡estonc to the ldarinoan ehoeolatc formeüron¡ wfùb Èhe
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rrpl)ßr Ëårlnoe b€ds s¡û nFotsdt' $¡ætrltê fsrretl,m
nle+fng. *ppermtlgr tÞe poeitfoa qf thc g€oe3rncllsc had

æveÖ eact dsing Lste $arfnoæ tÍnee cauafag a rqgreaal.on over

tÏ¡c restera Eårgfn, of Èlre o¡rneltae. fbe rçgfcsel,om nnnt

havt beao ð¡ê to tbe uplfftå tåat ear¡acd reJwenëttæf ffid
besauee the xestera nEngfa of the gleoqraclfüÉ xae u¡1llf,t€{t,

It rou}d êIrpea,r thet the clcvated osss coatrlbutttrg tCI

Ètp rthuaùrr quårtfitte sedfnqratåtfær m¡nt hare bcæ

alùuaterl ù t¡* çestfirß efôe of tbc gco€Jroßllne. Tlrfs

Bssas th¡t tJ¡ß h¡lh of thc edl"ccnts ttr¡at göve rlse to
ths uÞorff,F guarttlt* f,onssùft¡a canrÐ froq tbo reet. ( tbs

êästc;rn crtrrultl,os of tJ¡e t{eet Åuetrallaa shlal¡l.)
.4,bss¿ the q:¡aü.Èzft¿ fmatlon tbere fc *st has bscs

tslæcd the ltt'râüaltJ,m Þsðsr ttr¡eso ver? fir tålÈe*e1 hÈ
tn the Irlab ffiell ¡:mellne the¡¡ are l¡ ÕOo fect thlêk.
In Èl¡e raaln¡ ureee are rthlt¿¡ /ê11ou, br¡ff or gre:r sbål'os

t¡¡¿rt årrê GeålX¡r nesÈbered ssd kt¡fcb outcnop e8 o€hroou¡

b6ôE coatelalng llno'f¡ttic eonccatrstlor¡e. 1t¡e berl,¡g le
fæot¡s thnoughout thê Etårte &B a fsvoureble bEð for eoppcr

anð aqngtnffer-ou¡ depostte. Ilesr üæ båse of tbfa fo¡:¡aüfæ

tbere are sevqral thia bsnds of çd¡årtafte oaly a fçr fçet
tb,fck. these are prob¿¡bly tk finsl nesbere of thf, 'rPorndrr

quar"talte for.¡eatfon that depo*ltecl before
ths velit¡c typ.e.

reetrictæd sédfieentat'foø¡ to FÊå*b€s¡ }aollorfag

penepl.æratleu

peaeplaaatfoa,

t'rangreaalm ovêr tÌ¡e veEt¿rn nangfg of the geosgæcIlae uan
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consldernbLa" Reef b¡ufldûfg was c¡ctenslve and apread

weetw€"rd aE the see traqgreeoed fnl.and. Erosion ryae Erow

s¡ð eheul.cal. decoupoeitíon beceme inportant. rtre blological
prooeas of reef btrtLdfng¡ together with the chemiear

preclpltatfon of earbono,tee becaae t*¡e mafn contributors to
eedlsentatlon. There Fere perlode when ver5r llttle argtl]'aceoua
seterfal wae l¡troôueed frorq tJ¡e ryìjacent peaeptaine an the
reeultant eedl"tsents were fairly purÉ lLnestones. Oceaslonally
for ahort penioda, greater quentrttee of argflrasesus
aedlnæata irere recelved, f,orolng Èhe thfn Þende of ehale
botueeo the rLuestone sedfg€nts, These lineetoae-produelqg
eonditions eo¡itinued fon e relatlvely roag tLr¡o¡ but

cventualþ eiguo of rejuvenation were fndicated by the

depoeÍtion of a aandy and, earearêoua ef.ltstone shieh rfes
abovc thc lfsestone succeesien. Further sedfm€ats sÊre

then fntr-oduced, but es ?hfp sardy and. ealcareous

siltËtone J.s the youngect, paLaseoie me¡aber tÌ¡at outerops fn
the a¡ear oo study wae æade of tbe naôure of tbe overþiqg
a€dfnent"s' Fig' L strore a correlsÈion of verious cambrían

sectfons,

fbe Cal,nosoic Etra

lbc Tertlg¡:tr

fa t"he east'em ¡nrtlon of the åreå there are eer¡eral

flaù top h1lls whieh invarfabry lie af,,.jacent to *por¡nd¡l

c¡ert'zíte outerope. They s¡e covered yÍtli Ëgree naterfal
from the nPounôr outcrops and a;-pear to be tbe rennnant,s
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of Ëûee foruer gfotrnd level. Theee flat tops are coe¡nsed

of ecresn peb-oler e¡¡d ocndy naterLal¡ they are up to

1OO feet ebovt ùhe level of the averag€ eount;l/. Invarlab\r

tåey elopa eüay ftw trPor¡ndtt øutcr'o¡ls¡ lndf.caü4g tbêt

they rsre graluel' elopeo a¡Uacent to 'rFor¡nðn outcrope

dr.rrr¡lg Tertlar¡r penepleaatfon.

St]'leífieatfon
Fo11ou14g the Tertfary paneplanatf.on¡ a n4jorr etste

wide perlod of eiliclfl.catlon oeeureð. In the reetern

çortion of the sheet¡ tro loealltfee of etl.tetfte,il rooks ilere

founf,. ¡in exteneLvs outcnop whfeh wae followed for over

3O0 feet oceurs nqas keakfast Tfn€ creçkr shere

¡fli.cifleatlon rougbt¡r followeê the tøpograpÌÐr. The other

loealfty 1o ln thc eoutlpreEt eorrrer rhere eiüelficaÈion
doee uot appeer to be eonuected to topograp\y or st're,tigrapÌgr.

The preeence of these Tertlarl¡ dr¡rfcnreta eXgnffieo thåt

in the wçstern ¡nrtfon of the area ltttJ.e errooÍos hae t€ken

pLace eíaco îertfer¡r peneplaaatlon, A).so the f,lat tops f.n

the eaot, gf.vc søEre idea of the anor¡nt ìf 
""oufon 

tbaÈ has

oeer¡red sfJûce raJuveuatfon. A¡r estlmate nrouLd be of the

order of 160 feet fu the east and poesible rmder 5O feet
Ín tbe vest.

.fgr¡eous Åctivity
hly ðolerfte-Wpô l.6Reoua roeks have been found

Ln the åres, \{hlle al-l lmowr ðolerfte loeaLítLeE are fn



(eo¡

crusb aonea ríthfn pne-Canbnian rocke¡ it waa aotLced

thåt Èhe e¡tenølonE of aone of the faul-ts ]"eadlqg to tbe

en¡sh aoneg algo cut rrPoundü c¡uartaitc and Casbrla¡¡

llmestoneê, Eleewhere Ln tJ¡e øbate¡ intrueicme and

strtreturê1, ðefornatÍone have beea given a louer PsJ.sssofc

ågci howevetr¡ fn the Cadnta Eheat se ean on$ sa¡r tåat thc

ist"n¡siono uene euaplaeeð after Marlaoen sedinentåtlons and

poAaibþ after the depoel"t.ion of tha Caubrl.an Il.neetoses.

ALso Eí¡¡ce fntmelve outeropa êre ltntted to pre-Canbnian

rocke¡ it uoul,ö seem that, during lgncoue eetlvlty t'he

fntrusÍves oal¡r peaetrated the öeeper sedinents ãnd dld.

not reaeh the overþing younger oB€å¡ Al-lovlng 1S¡OOO feeÈ

for all rlambrian eeöfæentø, f:=elrxtfng the yeuoger meuobers

Ëbat hsve been erroðed¡ wrd eay S'OOO feet for an¡r other

sedt"tsents rhleh may have bcen depostted before dlaotrophisn

uas effectfve, a flgrÊe of ?Q¡OOO feet ls reeeheð. Thfs

uoulð be the nexÍnr¡n thtcknees of eedfnents that wou].d

bave aovered the lntnrelvee¡ 1f we åssr¡me that tåe dolcrltee

rere early produets of orogenlsie" Ilowever¡ 1f lgneoue

aetivity wÂs a Lat€ etqge processr we nusÈ aeçouRt for ùhe

rrosXon that nay have taken plaee prlor to fntruefcn'

I{owe¡d (1P51) cårne to the conelueÍær tbat much eroel.oa

mret havc taken plaee before the lntrt¡slvee of the Bliman

ðone were enplaeed. Tf this 1s true, about I'OOO feet of
ceðl"mentË eould be erroded, off before the doleritee wcre
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tnt¡rdedí eveB ttren, they would sttll be esvered by

about l2rOOO feet of sedlucptg. The two fiSureer IOTOOO

end LÊrQCIO Eive us the limits to where intrueío1s were

orlglaal]¡r euplaced. ?he 2OIOOO feet also givea uG aÌ¡

Ldea of the .teptþ at" whieh the ¡¡Foundn quartgiüG ïÉi6

deformeö.

Mf.neraliaatiou

llhe verT lintted ioforuatioa tl¡at ls aval.Lable

nakes lt dtffteult to estabtieh thë age or agee of

mineralisatlon. Hosever, sinee the yormgeÞt prfnår1r oree

ocer¡red in Canbrfan li.neatone ert 5Lld1ng itock ufne¡ tt

appeôu'Ê thêt sl.neraliøation m¡et have boen po6t dolerite

l,ntnusfon' (the yornrgest dolerttes åye founð 1n pre-Caabrfan

rÐck{s, vhereag the youngest pnínar¡¡ ore sxlåts Ín Can-orlan

llsestono. ) Ft¡r'tber, chnleopyrtte partietea heve beEa

ldeatlffed ln 6oee of tJre doleritea¡ lndieatfutg ühet

ninerallzatlon was cJ.osely related to ôolerite intrueLÞrt6.

Ferhaps the ore bodies correspond to the top cxtre¡nities

of the doleritíe masses¡ äIrd would trave rePreeenË,ed a later

phase of the'n4gnatfe epanatLons responel'ble for t'he

fntrusious. .fi1ùhoryh the verfous copper afnee a¡¡fl d1¡giqgs

are 1sceted 1n rocks of dlfferent age6r It eeehe p-rebabLc

that they aræ aLL related to the same.perlod of

nfnerelfsatlon. There ls ao evldenee to eupport $or@ than

one perlod of are ðepooitloa"
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þfs.û sf Be¡UrtPs bsvc beæ founð fn st¡¡r4tan

snôlocnte* Íbss€ art tbe f€daposf.tfæ sf, r*t*¡r'l¡il'

¡rovlously *xt¡æÈeo b¡r magratlc çater* flpos older

SailÍ¡rßnts+ frs sga üataffitr,âttoa 18 p'ooatblnr h¡ù t'b*

Gry¡"æËüånt could þ* ¡eæoqtat¿S ultb thc serê $lloð*59 ðt

th* co¡l¡¡¡ nlscreltratf@"
aÐ tb slnec rl'11l 5* 6çgeafbêd fn ðttå1l låèår¡ tso

f,r¡rÈher ¡¡stfm ît1t be æðe berc regn*tl,ag tbc ertËfs sf,

ssca ó,c¡¡oålts'
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P-etrg-lomr

Âe dolerfte lntruelons fo¡m the only lgneoue

rocke outcropptrrg fn the Cadnia ahcet¡ petrolog¡r 1s

aL¡eost entfrel¡r llnited to tlat of eedlnentary rocke'

Botb cl-¿stle and nonclestia sedfncuts are níðe spreaô¡ ånd

fors ùver nlne tenths of the outcropplng rocke'

ClaEtigs

Fractlcally ô1I- gradatioss of 1.udäceouar år€nåceou6

anó arglllaceouE sedlments hsr¡e been for¡¡d ln thc a¡'eat

J-nclrrding tll,IiÈee, grito¡ earrdstonee¡ siJ"tstoaes af¡d

sbalee. Often tbeee oecur fn association ulth elastfe

or nenelastLc li"nesr*oneg'

Soncl,astfce

ThEse e,re naain\r repreEented þy the ebeml'eal and

bioche¡nieal lfrcstonee ybieh ofter¡ have variabl'e amouats

of eIaE"Lle Lmpurftles. They are all flne grafnedr a¡Id 6oae

Ï¿ave sligbt\y recrystalll¿ed' A few li-¡nited outcrope of

ehalcecronlc EiLifieatlon occr¡rft1g in the weetern part of

the sbeet are further exanplee of Bonclastfc roeke'

A,lthongÌr t}re tlll"ltee ere eoüposed of a vlde

aeeortsent of fragments¡ sliôe 3¿1 indtcateg tl¡a.t tbere

are abwrdant quarta frågÞentg cemented fn â €I,€S-and-

eilíeeous groundnass* The sLze of tåe frqgpents vÊrJr

flrqn ground*nci,5a-pÊ,rtfc1e sf.ze, to bouLders tren¡r feet l¡
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dü.aneter. ?hø ass€rtænt of frragnents ls grcat¡ rfitr#tqg

È:r0æ sl-"rÈÊ ar¿d alltsÈone to couentsftes¡ t'rcacÍsf a¡d eVen

gtrar*ttes, Silde Oi38 feprei¡eots a Ecef,åered f .Wlaglæf.åJ'

horlso¡¡ in Èlrc Ffuéa ereek Ereå. lt ehora frqggørts of

varlabl+ gråfn sfle cwposltls cmeated fn e ela.y end

fernrgiaoue g:tunduasø' lbe botton of, tÌ¡e trpPcr Íiturtfen

l.ûesstones Ls rÉpreðen¿d try alfôe I1+. Tt¡fe fs a thtn

Eer:tios of a, sillcooue tfnÊat€aê lene eontatn{'tg subonguler

fragmenùs of qusrts and feldaper enbedded tn o lfnaet'@as

grrermdmaes. The greins veqr ln sf,zo but nvercge at about,

O '? p.m. dfaqet¡err S]"fde 183 ls ono of, e &rorê el l-lsooue

lens ;¡txl car¡ aLuoat bc clssaed as s, tlnlcsreóI¡e r¿ner*al't*"

Tt ås m¿¡rle up r¡f subhedraL tr;ua::te +bot¡È C'1 n.n dtaeßtÆ¡r

sehtd{.i€d Ia a calcareoue gr'ør¡rdnaee. ftl€ roct al¡ous eiËnÊ

of elight setffir?hfem and reecat s*at"hering hao produeed

þoa stå[us. $]tde 116 frou a ðfffercnt arËlr repssscatß

a efuflar lf^qestÕne and {¿ppoarÊ to be cloee\r ¡relatçd tp

tlre eane borf¿on ae the prevlOuo eraqrlet. lbc lrleroglypbfe

If.ssstór¡e fs recogRlséd ry lte peculla¡ westJnenlng an6 le

thorrg:bt to bG aquive*lent to tArc Êntghton l:f¡eetfoer Iù
foræs thß top part of the SÎ¡¡rt læn llmestône €Ðd ls
aÊprÈser¿tcd try elfdes J.2;È, le'?r E"itr Mr 14G ånd 1tOB"

thls bor*lzoa Ìrr¡a ar¿ ågeortars¡t of llxeet'one lenseer uoat

of whfeh are æatauor'¡ürosed sr¡d Èhe tlrfu eeetlona ET¡r¡v sr

stnnrlence of recrystallf¡eö ealcltc. {uant* fncgæenta¡
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together '¿ith small amounts of CI-ay rnineral.sr are aLuost

lnvsriaþl¡r present; but the quantíties and gr¡¡in sizes of

the cluå.rtu partieles change conoider"rbly fuon leas to Lens.

Inrnedlately above the híerogy¡rhÍe l--*,niestane there is a thl¡

band of choeol,ate siltstone lthleh fe represented iry sliúe

5?4. Tirie elastíe sedinnent has suba:ngular r¿uartø grains

about O.Q4tr0,ß. dimeter ln a clay-ferrtqinous groundraass,

lbe sandy bed marking the cloee of the Sturtim is

characterlzecl by sl-ldes 16O¡ L6F-, 3OâÄ afld 523. This

sandstone ís of speeial lnterestl not on\r becauee tt closes

the Str:rtfan Feriod of sedfmentatfon, ht slso beeause

Èhroughout the ärea it ls characterízed by its dírt¿r plnk

COlo'Jr, ünCter ÈIie =rie-roSCope tha tl:-ir ;rqetiong slit''r a

"porphyrltietr texture; large, weLl rounded quartz *grains

êre cmbedded in a ffner g¡.o¡¡rdüss¡g of ang¡rlar r¡uarta'

fìragments up to 1 El,6r diameter have bees¡ ¡neagured whíeh

dre sUrrounded þ a variable sfzed gpotÐdmåse aveprgíng

about] O-OB e.E dlalneter. Thls ¡cember l-s Jiere correl¿ited

rÍth ]ûawsonrs Elatina t1].Iite.

Rocks of the !Íarlnoan .$erfes

lTear the þase there 1s a foros.tion of lnterbedded

elates ¿md sfltstones. Sl-1de 311 repre*qente a slaty horleon

near the base of the seri'ea, ar¡'et show6 nfnute 5:r'aine of

quartz eennented Ln a femugfnous Ét'oundmass of clay ¡tl.nerale.

Sl.ide 2â 'is a thÍa sectioû of a grey-green slate âr¡d lt
Èoor ls El"Ile€ousr lt ls cut per'¡rendfcular
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tÐ þddf¡¡ß lsû¡ð eþuc ¡tnatffÍcð lnyerfl of, anall quartr

¡,:nd feJ.d.r$T¡Êlr graLaa. Tbeac er+ lcsg tTran O'0ì &rs 'i:n

dfeã¡eter, and are &urf,êrstcð by fÍaer quåpts grelns

ar¡d. c,h¡.Ji. nfneral,¡" Fægreos@ up'wrdat tbc Sruin slat
fsere*,çer et-lghtly, es le displåyßd qy e'lflde g&3. fte
angrrl"är çrart* gfafns, of thle etata ar-e Þet¡*ean 0'Öt.

ruitr C.@ ¡Þ,¡s dlameter md st¡'atfflcatfon fe gnbar¡eed

Èy fern:gÍr¡sue barda botueen tl¡e EuerÈ* and cLålr lqy*ra.

ås th* gråln al*s fncreasac¡ tbln beðe of fine quertsåtç

&re i¡rterbesded nfth Èhe ctrIt¿tonée. ËIidee ål¡ ltlt S, 7t

EAt ISSr 8Or ?Sr Ê,91 ar¡J L9 are thln soctlons ¡lêpreáentfrig

the v¿*¡'ioua interus&ld esltøtanco¡ rbll-e slfde* ß s¡¡û 310

are þ6rfeel of the flne-6raf:aed t¿uartnfteg lat'€rbdód
þEtteerr êffiç af, thø,¡e e1J.Èetsæ,ee" lt¡e *f1,ttto,arar lb*eÌr

rtr¡ge fn color¿r frm cbfucol,ate tû khååd are eL1

cheraeteriaec] þ subengular, <*uarLa gr*1ue verrirfng frm
e'01 tô t'16 a.m dlac¡etar" åtoet havg fer¿trgitìou* 1'a.rrerø

tn üÏre cla¡r grtundsåss ublch

querÈaftea '*hlch båt¡é becn ¡lfgÈtly netarærpheld ehow

eubhedrsl gralns of quarta,;¡p t,o O.Ê m.m dla¡¡reten.

'*geatJrerfqg ht.e proöueer5 Eaviùl.ee wblcb åse rutr fllted
wftl¡ peeuoworp'hfe lf.eonlte"

ûverlylng t-tæ ell"Èy brlto,a thet'e fn Èhe r'{.ð.fn

quertziÈe foraeÈ{on. ttre lower quartrlÈe ie repreae¿rtsd

¡¡¡L' slidËs å[f#r 11 ånd ä,8,gAr whfah ehÐr betårûôryht]seå
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eleetlc *egeentc of, eu&dratr quastr. ?bG gr¡¡t'n slre
varleer å,nd altJrougþ occeefæql grefns arc u!¡ to ¿' tû
ðf.æet"er¡ ån åvôrs#t Js of tÌ¡e o¡rfsn of Ð-3 n.n.

$1.1*+E 2858, *8 äß"d LJ ùjfplfy the upper n&,13,C"ü

quertuJ"te rrhieh rçmcuùXee tho 1oçnr neuher¡ exocÞt f,sr

fts ffrier 6rntn eiae¡ anr:. nllgh?*r netenorph{en. ?bc

el.ose of ttr* ftroüeroeotc le nayked by Õoloroai¿e l,e$sßg

fnterWed bctuecn 6rry anrj 6]¡ocof,åæ *Lates. Sllde 369

represe¿rts a loner .etrenac€or¡É ler¡g cant*ifnJ,ng gratn*

of reerystsüfgê4 d,ol.onlte uË üo + ërür dtanet+r Ís
aódltlon tr¡ suÞhe6re,I quarta and, elay lnpurftfea* Slfdc

I fs a ühfn såEt1üT¡ of tÏ¡e cbocolato efltst'oûe bmü at

ùhe base of the nafn dslontÈe horfaæ. the ellde ebota a

f,errugtËsu.ê eff1 ü:,Boat argÍllaeeous eoupoeltf onr eoitte,i.nfqg

¡qt$uts fuagreate of r.ü*rf,üË aad el.ey nlnenal.e" 'ite q¿fn

dolesitæ bsrisotr 1a represenùd Þy elldes ãE5B¡ {û¡ ?E enil

.ååá¡ Reer'¡¡etallla¿tlcn t¡ae taken pl.ace ån most GaËfl¡¡ s¡¡d

crystaLe of eh'¿t S'å ¡¡.s ê1æetæ &rÉ eoFLAon. ).foat of tï¡e
J,enses eont¿,fn at least Èraces äf rgüårte nnd elqy fmpuråtloe*

Frockç_of_Lh.e_?@
the dPoundb quartafte fornatåon lø regerdsd åg

the base of Camhian sedlmcnt*tion¡ anð iE r*Þrçsentrd
by sltdes â?O¡ 4¿iSÂ, 3fJ7 snd 364, llre foru,atfon le
generatfy f1ne grafneó ar¡d lu¿s (ruårts fragxento arrerågÉägi

O'? ¡¡.m dla¡ueter, ,{part frøa a fev felðspan pfeee*¡ s3ó n
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Lfttle cal,careoue and ferruglnoue eenent, t'ho quartziÈe

trs alr¡o*t entirely eonposed of quartz grairio. The slldes

irxtieate theÈ onLy slíght uret*morphfsts has takcn place¡

ar¡<1 that ulred sedi,menta4r conrJltloue produeeri both well

rounde<l and aubarçUlar fraS¡ne:ets- 0nly two eiicleE (Noe.54

ar¡tl 236) were cut of the Iímestouee above the sPound"

fo¡ratlon. Botïr an'e c?rarac"þeriged by 'bbe fÍne 8raíned

texture¡ tïre calef.te vei:'o ar¡d the íron etarf.nirig. r'tribougb

hand specf-uoens are éark grey in eol,our, the lf¡neetonee

åppear to be feír$ putre. Since the solourÍng uaÈeri¿ú-

eoul,-] ngt lrc see.ïr rrrder the ¡nícroscoper it Ís Lhougirt' thåt

1t nust be soue very fílre matter such ae earbout which

was deposlted <hwíng sedlmentatiot¡,

Ttre Dolænièss

Two thln çect! ons were cut for compar'Ísoa¡ ¡u¡d

çhile sLide 41 perhäps neare the couposition anc. ùexture

of a true d,olerite¡ the other(slíoe 37) bears no

resemblâBCêr i'lre nain mineral,ê repreÍiented ln sl'ld,e 4I are

horrrblende, olivirre, b¿rsic plagíoelase, auglte ann

secouoa:rjr Lron oxldeg, i'he mÍnerals are i¡tterlocked and

foru a holoerrystall"ir¡e rock dlsplayl'qg a subophibie, relle
texture. .Obvfous\r mueh alteration hae takeo plaleer anC

Gven Èhe Blqgloclase showe sigRe of Eericltiaatírm. $lide

37 shows extensive ueatherl-ng. Lven the origlnd. ctoleritfe
texture Ïias been destro¡r'ed, Tbe slíde ehoue ferrqginous
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stsiß6 througbout. Prectfeal.ly al'l ure olÍ.vlnc hae baen

sltercd end ths rcsult{ng oeeonüar¡r irÉn sxlds har

m,:sked post of the otber s!,nerele" Pl'qg:íoelese¡ augite

sßd chïorite a¡¡e r the na.ín mfaerels¡ apart fFoüu ir-on

orfües vblch cor¡stltute about 20% of th€ roek.

a conplete lfeÈ cf the roeka errd tht¡r eectLons

(arr¡r.ged tE atratlgraphic order) t¡at Y¿ll qecoqlla'4¡r

thfs :repo¡tr 1s glven f,n appetrdfur l-'
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STR$CruRE

Dlaslrophism

On a regional basls tbe structure of Èhe Cadnfa sheet

ls not extrenely conplleated, a¡rd the rocks are leee deformed

than Èhose of the areas to the north and south. The ärea 
,,

ls loeated at the extreunÍties of tvo opposfng forces (fig. g.)

and therefore during uormtåin buildingr ft was affected
ress than the ereas that were closer to the deforming

forces. Fian 20 shows the Geoì-og3' surrounding the Cadnia Sheet.

slnce only ninor anounts of detalled uapplng have beea

done wlthin the geos¡mclÍnc, ft is difff.cult to clearry
esteblish diastrophfsu, However, ft seems neceesar¡r to
have had tJne actfon of at leaet two fõices (ftg. g. ) elther
contemporaneous or at df.fferent times. Folding ¡nd

faultlag of the Eedlmente _çsgç?st",. tlrat Èhe geos¡mcliuaL

rocks have behaved as a blanket orrer a novl.r¡g basement.

Díastrophl.en produeed basement Lnstabflity¡ which eaused,

tbe overlying blanket of cedùûenÈs to moye¡ wrfu¡kIe and

fracture. rt fs rlkery thaü the basement hed a complicated

mode of movement¡ but tt¡e most tm¡:ortant foreee appear to
have reeulted, from tlre present lLtumay Ëasln and fron tbe B[agee-

bfurnpcoufe distJlct. The overlyf.ng branket of sedfnents¡ Ln

attenpting to aeeomodate the baseraent reamaugement, lråg

folded isto a serl.es of wave-tÍke structures fronti4g the
uoving part of the baseuent. Ttris effeet can be elearJ¡r
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seen þ studying a structr:ral map of South Australíat

where estfnates frou the defqldlqg of the sediueate show

tbat aolne of the roeks have been folded and pushed for

horl.zontal dfstances of over lOO milee. Furtherr while

þaEeuent movenent wae taklqg place¡ nesistanee Uas offered
Iby the Strfrt-eavler a¡¡o the Paralania;Wl,llyana etabl-e

blocks.(fig. 9. ) ft is thor:ght tbåt as the rrB].ankeülr wâ's

forced tbrougb the coustríctionr a reÊction-force eguivalent

to compression from tÌ¡e stabLe blocke became effective;

causlng fold a¡ßs to develop roughJ¡r perpendieular to the

eou¡pressfon. Tlhese.folds are espeeially notleed adjaceot

to the stable bloeka¡ where the presaure was greatest. Ttre

Cadnla and the Blin¡oan sheets are 1n an area Lntermedlate

between these bloeks a¡¡d eonsequentl¡r have not euff,ered

extensivel¡r beeause of thls east-west compressLve force.

FFom the foregofng dfscusslon lt appeårs t'bat, two

maln opposlng but inðependant forces åceompanieð þ aa

i¡dlrect east-ryest compreeefon have beeu responeLble for
the present sü:ucture of the rocke fn the Cadr¡fa sheet.

ft' te belleved that the lntrusl.ons theusolvesl dtd

not cauee na¡jor struetural defornation' fusteadt

deforrmatÍons euch as the B]'lnnan Done ar¡d the tady Lehenn

crueh &oDê; resulted lnófrectly fron basement qovenentg.

IntruEfve materfal took adventqge of arry structura-I

çealrrress that resul-tæd from the trBlanketrf acco&odation
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of tbe sedLments,

In the Cadnia sbeet¡ defon¡¡ation of the Adelaide

geoe¡mcLine conmenced to be effectl.ve at the end of the
zotc

Protero,.å+ epa. (ef. tbe rnconfqtulty belou tåe rrlrounôrr

guartzlte Ln the Pinda creek ar"*a). Eloweyer¡ nqJor ruptrrree

and contsrtíons were not oxperieneed tflI post Canbria¡'r tiues.
Perhapa uost uovenents took plaee durtag the mfddle

Palaezoic erai but as there are Do Palaezoic rocks Ln

the Cadnl.a sheet yor¡qg'er than Canbsian, the assunption

ls based only on the l-l.teratr¡re. Fleld evfdenee lndlcates

tbet deformstion has eoutlnued sfnee the close of the

Froterozofe era to thc present tiue, Iïowever, whfle there

l¡ave beea phases of greater actfvityr (cf. the Kosci'oskan

orogeqr) general- dlastrophic eonditious have persisted

contiuuousl¡r up to the present ti¡oe. It 1s difficult to
deelde whettrer thls persletl4g dfaetrophism has resulted

Èo äny apprecieble Oeg;ee from north foreee¡ (ìtarree-

Murnpeowle dfstrfct) but on the ott¡er hånd, tåe bending

of the l',Tarl.na fault¡ .and structures in tle BÌ{nnm Dome¡

are proof of contfnuaL pressures coml.ng fbou the preseat

lf.IulÌPaJr Basin.

fa eræm{ng up the d"lastrophtm of the roeks in the

cainl.s srear ft appea'rs that crustal movements¡ ¡iroduceð

oppoelng forces from the tüamêe-lvlurtrpeowle dfetrlct ar¡d

fron the preeent ï{umay B€.ËÍa. Thepe lndíreetþ caused
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reaction- forcee between the stable Stuart-Gawler and

Paralania-Willyana blocks¡ wbieh produced faults and

cro6s folds fn the exfsting strueture. Further pushfng

frou the present Murråy tsasin årea hss bent some of

the early faultg and has uodifled folding. Tt fs thought

tJ¡at tlre present lfilray Basin p'.ishfng¡hae contfnued night

r:p to the present time.

Foldfns l¡ the Cadn:la eheet area

The rriter is of the oplnfon that the naÈure of tbe

baein ar¡d done structures in the Cadnfa sbeet arear supports

the theory of ea;ät-west, eompressfon reeultfng fron tåe

Stu¡rrlt-Gar¡Ler a¡¡ð Parala¡¡1a-îVLll¡raua constrfetLon.

The l:arLna basin fu the centæal psrt's of thc eheet¡

eovers an area of over 2OO a<*uare ml.les. ?he öecpesü ¡}årt

of thts shallow basln eontains sbout ?rOOÕ feet of Canbnfa¡l

limeeÈoaee whl.ch Il.e on naesfve Epoundft quartzlte foruatÍon.

The rruertozl1',e forts a nassive ard eoupetent support vÌ:ich

has resisted the eouther¡ forceø. Ita coupetea€y cåt be

ju{ged þr aç,preelattng the folded portlone of tåe Narina

fault. The part of the fault'that has bent ie that ublsh

Iaeke the br:rled support of the'lPorndï- The ¡-est of the

fault is aLqost a etralEht Llne uhfeh has been protected

from dletortfon þr the Large extmt of resistcnt quartøl.te.

fire fault actuall¡r bends fnpedl,ately as lt leavee the

protection of the bqrried guart¿fte.
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To tbe north-west of the Narfna Basín the beds

form the hít. Stuart antl.cline. This strueture is cut off
ln the west by the Mt. Stuert fault whfcb has lnterrtrpted

the weete¡'n efde of a¡¡ ott¡erwise couplete doue'. Tbe

anticline contf¡ues sestwards ,Lìrirosa the fault e¡rd ea¡¡

be recognized ln the roeks of tÌ¡e Bobmooayt e ÌIut 8r€8¡

The Cockre C@b enticlfnaL strocture f.s an tnusual

cxau¡lle of Cross-foldfrrg. fhe eouth weeteffl contlnuatf-on

of tbe Irish r,fell e¡mcl1lne has b€en cross-folded þ an

antfcl.lne ubfeb has influenced the present etrrrcture

Eore tha¡r ttre orl¡çlnal eynellne' nPou,rtdt quartzfte caps

Eoet of the stgrcture proteet{ng tt fron rapld erosion"

Íhe assoclated lrish Tle1l syncllne resetbles a mall
seêle æod,el of tåe Narl¡e Basl.n. It too¡ has been pnoteeteô

fron severe folÖing ar¡d, fau].tfrg by lte stroûg ttpsuryltt

guartzlte foruaü .ouo

In the eouth-eaet comer, the Jubtlee antl'oline

erteads to the end of t"be sheet. Althor.rgh fte eastoln

lfnb fs uell ,nfthfn the .lmorie sheet¡ the ar¡Èlcllnc

can be traced northwarde, wberer lt ls eormected u.1Èh

tbe fau].ted antlclfnaL stnrcture of tbe Îf:t. Roeh¡ek åf,ê&r
Tt.e polnt 'Ârerl e¡mcline hae bcon nodlffed ertensiveþ

þyt,the folded part of the Nårfire faulü. It ls tåe

northem e¡tension of a fJ.at¡ elongated baefn rhfeh lE
centcred ln the Blfr¡nan sheeù, Ílhê 1,qloûdendl,r¡na Ë$ne]{u6
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is Ukeul-se tl¡e uorthero portfon of another basin. Thls

1s a well rounded st¡r.uctr¡re centered aLuost on the

southero eqge of the sheet¡ fts gentle nature le typical.

of sllghtl¡r deformed rocke. A c@parfson of the ehapes

displa¡red by these two s¡mcIi"¡,+e 1e an f¡dfcatfon of the

snornouß structr.¡raI opposition offered þ the il Poundrt

quartzltc formatf.oa. The TJooder¡dlnr¡a BasÍn vas proteeted

at Oepth by a thiek e]'ab (?2r5OO feet thlck) of guartzlte

rblch wå8 coqpetent enough to forbld exceesive dcformatfon

of the overlgtqg acdLuent,s. I'he Poi¡t ltuþlL e¡mcline fs f¡
dlreet contrast to t-bls ¡ for after the Tfarl.na fauJ-t bad

displaced the rocks¡ the norther.n part of the s¡racll.ac

abuted lneorpetent sedlaente. These offered only slfght,

rêelstsneê to deforul4g forces and conaequontly hsve been

aoveð northuarrde,

In the uecterr¡ pætr near the southefl¡ border¡ tbe

northern erbensfon of the Bllnma¡r Done ean be traeeü for
severa1 nilee before ðip reversal. La the *est¡ causee a

sl,nor o¡mclfne. Dfrectly north of tbe dro,me, the bede

fl'atten out and etructural fnterpreùation ts dlfffcul.t;
houever t 1A åpp€års tÏ¡at a sllght ðl,p revereal. m¡st take

place about +$ ulles nortb of the sheet borrler.

The þeakfast Tlue anttclj¡"e forms tlre eastem

cxtenelon of a dome stnreture eentered 1n the Beltsna

óbeet. l{hLle the axLs of the antfellne indicates tbst
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pr€csure has been receÍved f:rom the westr it is probable
that forcea fron the north flìð south were Bafnry responsrble
for thc nearþ faulte. Ttrfs part of the ot*.rct,re, uhich
would otherwfse have been a nor:nar dome¡ has be€n elongated,

þ uovenettii aloqg tbeee fanlts. ,

Bleck Range, on whlch stande Mt. Haek le an east-ïeËt
e¡melfae fn ühe aorthera ¡nrtfona øf the eheet. Íhe
etructure fs sn exanpl,e of defomatf,on result{ng ñæ
nortb'iÞorces. Ferheps tås reraÈfve\r etable slab belor
the tyarina Bael.B has acted &,s a stop¡ agarnst vhieh
scdf'ents have beeu pushed and deforood.
Fault{np

-

þloet of the faultE thåt have rrcen etudled f¡ the
rocke of tbc Adelald" geogJraelfne t¡ave becn hr.gb a4gJ.ed

on€gr although the Frt¡ders Rangee ore tbefr erfsta¡¡ee
to the abundencc of hlgh angle thn¡st faults¡ ehearg ars
aLeo present¡ and while they bave not rnfluenced topograpþ
ae nuch as the thrtrsta¡ tJreir preaenee sometLnes eauBea

enoruouË diepLaeenents tn the etrat.rgrapbie sequenee of tb,e
beds"

soae of the faults bave produeed breccrated ¿ones
vhfle othera have developed as wide aress of dtsjointed
bloeke of eedfnentß. part of these erush sones often
contafn dorerltfc fntruetlona whleb oeeur åÊ &r66€s, dykes
or as f,negular bodfee.
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Ferhape the uost spectacular nrpture fs the NsrÍna

fanrLt" This exteude for a ].er'gtb of over 25 nl.les LE

the Caôr¡ia sheet aLone, and appea¡s to be essentJ.aJ-l¡r a

thrtrst fault. îhe diB of thie fault cound not be measuredl

bnat, by eompartng horløonta1 dlste¡tces betwêen lrPsundrt

guertzite outcrope fn the norLhern bl"oek¡ wtùb the equivalent

dlstanees La the southe¡n ares, f.t can be shswn tJ¡at, the

northern bl.ock Ìrae'been elevated wfth respeeü Ès the

southeffii orrêr Iì¡rtherr the fauLt mlet have a nortù dip f.n
o¡der to aesount for tbe erustal shortenLeg produceo by tne

north-eoutå forceg. Ttre preasures, particularly fron tJre

eouth¡ welre presl.stent a¡¡d gradually bcnt thc routh-west

part of the fault around the quartslte extreqltl, Along

the eastern part of the folded fauÌt¡ fi¡rther defo¡reÈlon

was restricted by the naeslve unðerlyfng c¿uartztüa;

however, in the weet, .presËuree coq.,rlfeated the structure

ar¡d laclr,rded eheartng a1o4g the orlginaL t"hn¡st plene.

North of Artfuuorer ubere tbnrstfng has been foltowed by

ahearfqgr a Þreccfated zone developed, lbe countr¡r rock,

being doLomLtfc¡ has been t¡roken and eontorted¡ dolonite,

aaleite a¡rd eÍderlte velna¡ ae rel.l as dolcrftc intn¡aione

åpe verXr cormon. Further westrya¡d., bendlng has progreeoed

to tbe exter¡t that the origf.nal fault dlrectlon l¡ae been

tt¡¡neö abut 135i æd strlkes north ,before belng disgulsed,

tn the elo4gated crush zorre betrreen Fatawerta gap and
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Lady Lehna¡¡r¡ ofne. fhts cn¡sh area ls likeur:lse

ebaraeterlzed þ abundant dolerlte dykes and coatorted

veins of recrXrstalLlzed doloaite. The lerge nr¡mber of
diggiags l¡ theee sones lndfcates that nany *HllË*".
efforts were msde in proa¡reeting for eopper. In thc north-

eaeter.B parts¡ the feult bl.fureates¡ and naar Bull.sek Head

Cap iù dLsplaees portfou of the ÉPoundn quartøÍtc. 'Where

ft bnanchcs, the aaf¡ fault contl¡uee ae tåc eputhern one

of the trcr whlle the nlnor¡ uore northerm fault appears

to be a tf spllnt€F,,? Sl.a{¡ar faultfng oceurs fi¡rther äet¡'
near the bo¡rùer of ühe eheet, vhere a¡rother fqult braaehfuig

off the ¡n¿fn sno, eauaeÊ eonsfðera,blc ðlopLacenent. Ttrc

uaf.n lÍarfna fault has beot et theee bf.frucatlonc¡ ln
response to the el.lgbt rclease fn pneesura cauesd þ the

post-nein far¡1t rtsplfnterÊ?t,

lbe Mt. Sü¡nrt faul't le af partf.cuLar J.nterest¡ not
on\y because novement fs suspected to have Èaken place

recentl¡rl hrt aleo because lt yae posslble to trace the

fault to lts very llnlts. Tt¡e northern ømd nðlee$ juet
before bfttrng the 'por¡nü! guartzite ouüerop ahut 1 nfle
Êouth-east of iilarrareena H.S.; wb{1e ltE eout}¡er:n end appeârs

to haxte onl.Jr eltght effeet on the rA.B.C.{ guartrf.te abut
5 nLlee past tbe sheet border, aB the fault extrenÍtl.ec
are êpproachedt diopl,acement (vertleal plue horlaontår)
decreases rnore gradually fn the north than f¡ the aouthe¡m,
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endr where n4jor dlsplaceuents conplleate tÌ¡e geology

of tl¡e area, A ¡nore detatled etudy of the novenents¡

f¡dfcatee that along ttre fault ll.neement¡ tJnere are

two areas whlch have experienced mqjor dfsplacemens,s.

lbe ìít, Stuårt apea has sr¡ffered thruetiAg¡ wbfle the

Breakfast Tine creek @vêmeni,c have aleo been lufluenceô

þ a l.lttle shearlng. Ri.g. 10 le a gencral.fzed pl'ot

of the horLzontål anö vertLeal dleplacement elory the

fault. In Èhe Mt. Stuart å¡o€8¡ tþe presence of a vel.3r

etecp scarp f.n relatlvc\r soft eedlnents eqr¡ only be

e:çlained by asËrmLng that ,movene¡ts have been actÍve

clr:rlng falrJ¡r reeeÊt tfnee. The al"uost llnear behsvlor

of tl¡e fault lmespecttvG of topAgrapþ fndleatee that' lt
uust dtp at a øteep er¡gle. Fï¡rtherr þ eonsidering. the

outcr,)pe on elther side of the fault¡ 1t ca¡r be shonn

that reeuJ.tfug frou tlrruatfng¡ the west bloek tras moveô

gouth ln relatfon to the east block. Therefore¡ the

resultant horlaontal, novenent Eust have cou¡€ fï¡on the

rcsolved north-south eouponent of the thlrst-produc{ng

forces. It follrlws fron the aorth-souttr eoûÞreesJ.on and the

east-block elevatlon¡ that the fsult must have a south

ôlp, CaleÍte vefnsr q¡l,oaftes end dolerltea are ahmdant

Ín the breccl.ated zonæe south-west of IfË. Stuart.
:*llhero brecel.ation occurs fn Str-¡rtfan lfneetonee¡ the

recqystalllzed clasÈfcs have beon eontånlnated þ
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dolerltlc lntruslone, and have fo¡ted r¡nusualr but

attractive ÏSrbrid rocke' ef . :/ebb's ríillouran sedinents' F''i9'

ltre Breakfast Tf.ne creek &rea offera slight

etruetural couplfeatlon, Basically the etructure fs that

of a faulteel dome that hae been plnched out fnto a

north-pltehlqg antlelfne. In the Cadnta aheet¡, onlü

thc pinched out portioa 1s coveredi but, the ræaxnrng

seetione of ùtre faulted ðoue can t¡e identiflod f¡

the Bcltsna slreet' Ttre southenn extenelon of tlre HÈ'

Stuert fault cut¡ off tlre weoterrr lfeb of tJre Ë'Teakfast

Tiue a¡rtleltncr ôfid, eoatfnuse fnto the Belt¿na oheet¡

uhcre it |e jolned þr a br¿r¡ch of tJre Nueealeena fault

Oyetø. In tJ¡e NuceaLeene arear tJre roçke äre very

broken anô on\r Èhe nqior faults are ehot[r. A fau1'b

rorgh\r parallcl to the &ft. Stuert faul"t fo¡ss the

8afir llnoanent¡ 1t Grosses the Nueealceua nlne and

eo¡¡tlnues Eouth-uêst into the Bcltana eheetl rhere e

braach jofns tt to the !dt' Stuart fa¿lt. fa the nain

qr€å, lt 1s neü þ a¡¡ eaet-üest faul't whlch aleO tn¡nsates

two uSpll¡tersrt coafu¡g from the roetn llneanenù. Àbout

balf a mflE eouth of tlrc nf.ne, another eaet-veet fault

can be tra.ced vestwand Lnto the .3el-tana sheet¡ ryhere

ft eute Èhe previous fault¡ and contfnues ås thc

connectLr¡g branch betweea the Mt. SÈuart farrlt ar¡d the

Baln llucceleena lÍneatrhÐnt. lbe syston le further
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modlfÍed by two faults whose soutlpra ends trdietr Ín

ffarLnoan eedLuente; but uhiEh ¡¡eet rben foJ.lored

north. lt¡e uortJr-weet bnanch eontinuee l¡rto -the Beltana

sheet ¡¡nti1 ft 1e eut off þ the eecond s¿st-w€ot fault.
Dolerltc fl-oaters rrcre fornd ln sæe of Èhe

ereeks assocfatsd wfth thc Nuccal,eena fau1t syetea'

Although the actual outcrops yere pot fowtdr thø

floaters lndicate that the area eontains baeic intrueloni.

b[ylonitee¡ caleÍtø a¡rd stlf.eêous vefne are eounon near t'he

faults and ere often assocíated with wÍde bncceiated

area,s xritÏrin calsareoue ecdlxoeats.

Altlrough a lfttle shearfuç hås lnfluenced tJre

strtreture, the naia Bove¡Eonts f"n the l{uccaleena fault
systen are l,ndf"catlve of Èbn¡stfgg. It ls eossidered

that preasup€e frou the Eouthr l"n pusbtry the eedLûents

througb the Stuart-Gauler and Para3'a¡rfa-Wil.lYaua blocke

produced geatle folde. I,ater, as the preasures conüLnued,

ttrust faulte were dovcloped cuttfng earlter forud folds.

In tbe north the rocks have been folded asd

feuLted quite eeverely. It Pounófr guart¿itt outerops årc

dieconnectedr dfeplased aod soaÈtlmes breccfated, Soue of

the ôleplacemente ere eo greatr ttrat bloekç of Str¡rËfan

tLll:l.te arc thn¡åt up agaiaet tr Porxrd?r querùrfte soûe

l5rOOO feet stratigraphfcatl.y a,lror¡e Ít. AltJrough ths

Slidfne Rock fault ie hlnged. ¿t fts restera end¡
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conaider.srble dlsplacepents are notfeed Ín n For¡ndtr quartzite

ae the fault cro6g€s tbe el¡eet bo¡der, It appears that

the easterrn bloek bae tf.lteð tovards the northr írnd that

eontl.nueð pressures bent the fault eastvs¡rùs Just after

Lt enters the AngeBena ebcet.

Betwcen VJarraueena H,S, and Black Range Sprtng

a far¡1t eauscs r€pètition of ilPounðn quart¿fto. Tltc

thickeatng fe due to sn almost perfect strlkc fault
wbfeb grdua1þ cute qcros€ the quartalte, Ënd

becoqeg aseoeiateri wfth anotÏ¡er foldeö fault' Dleplaeement

eLong tJ¡e fault progressee as tt le followed nortb¡

whera it te reeporreible for brfngtqg Stqrtla¡¡ tillite
aga3nst Cambrls¡ ll"mesÈot¡c"

ÎÌre Lady Lea¡naon nfne oceurs ln a eeall are¡t

contai"uing dolerftea and bnoken scdim€nte. Hers¡ regfonal

drqg-fol,èlng end ahearfng along the wectem end of tåe

t{årlne fault hae caused eonsiéerab1e local ouckl'1qg and

ebetterlng* Tt¡e dol-enltea ara flne grained a¡rd are

assoclateð vltb the copper of Lady Lebnúnn l,Iine.

fhe Ptnda fault systcnr eenÈered tbe Plnde

erueh uoûer 1s aln eranple of J.nte¡ree tlo¿, The

nafn feulÈe eurcor¡nd ar¡ area which hes æ boken

enô lnt,ruóed þr nunerous dolerftea. In eouÈhem part

of the crush Borr€¡ e btll of tllltte haB obvlousl¡r beca

tors off fro¡q till:lte ouÈcrope soue two nfieo north¡ ånd

âÐ



(aa¡

ha^e beea turr¡ed a¡rd transpoarted to ftg preeent poeítion"

one of tlre faultg coatlnues south-reet froq the cn¡gb ãonct

paËses tlrrorgh tbe Ì"Ialn Gapr and perelsts through tbe

'lïamsweena Gap t¡etreea the Narlna basln ar¡d Blaek Raqge.

Near íte restern endn a6 Lt cute off tbe úPour¡dn guertritet

tbe fault viðene and bneeefation e¡teads for over lOO feet.

Calcareoue vefne and $rlonites laterølogle rlth eontorted

frs,guenta of doloattlc naterfalr sthfch belng fncou¡retent¡

has been affeeted by the fault. 1o tl¡e cast¡ tbe eruch

Eor¡e nårrowo end contfnues eaetra¡€ as a elnglc fault.
IÈ ilöl.eerr just prlor to htttJag npa¡¡¿fltt gaurtafta¡ btrü

before dolng uo. lt fe EGt bEt a mÍnor fault fron t'hc

south which has oaþ slightly dfoplaeed the nniacent rocks.

ftre lntersoctfon of two nejor faulüa forns the aort¡hera

apcx of the trlar¡gular-shaped cnreh Eorr€¡ Boüh these

farrlte produce coaciderable dl.eplacenentet tn¡t thst

dlrecteð touards the nortlr-west¡ is ô.s&ocfated witJt

the foisatfon of a ver1r wide cn¡eh uona vfthtn the

Aqgepena eheet. The other fault ndlestr about tl¡ree ml.les

north of the eheet border.

T'he crueh sone ls genetiealþ rel,ated to tÌ¡e
Bltnean doue, During the earl¡r stag€s of defornatioa

t"he Coekf e Conb etrr¡eture ras eonneeied wtth the

antfel,lna.l etrRretrre occu¡ryfng al"moet the entire coutå-east

quadrenÈ of the Angepeaa sheet. Tt¡e site of the preeent
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@rugh zoûe appeår3 to haVe been a stn¡ctural rtblghrt Or

the domal pert of the two jointng antiellnes. Cont'i¡ued

gtressee fautted the roeks 8¡1ð cau6ed upllfùlngr eheaning

and genoral dlapl.acenent ts the enreh sone 4398*

Df.ast¡opbisn rås aeeonpanled þr nunerous ðolerltlc

Lntrueions whf,ch altghtþ e¡rhaneed tt¡e ertent of deforuatfont

end whlcb have efnee been smashed by the persfstent

north-sot¡th Pr€Ë$urêa r

In nm{ng up faultiAg of the atrear lt 1a t-}towht

tbat whlle fallr¡re aain\r occured f.n reeponsê to t'he

general forceg fron¡ tJre South¡ lt was influeneed by

pressiue fron the north (especlal\y ln the northera part

of the ehcet) ar¡d W the eaet-ïeet cqqPreesJ'on' fhe

Bouthgra for.Ces have seted ßorç or 13sa Contfnuously

up tô the preeenü tl¡ne, arril fi¡rtJrer dcfomatlon h¿r sfnee

resultedl gfvfng the rseke thefr pfese¡rti strueture' The

rneilority of tùe faulta are thruets¡ resultfqg fuou

cr-uetel shortenlagi h¡t fnvarfabì¡r these åre aocoqpanled

by at least soae ahearlrqg, which at tlmee (cf. Heeter¡¡

part of thc Narlna fault) cåuses najor displacerneuta-

LoÍntlns
Durtru the ff.etd su¡nrey, Jolnte were eeaBü3Êd fJr

co4jrmctfon uith stratfgraphLc dfp nearilgge. The orfginal

idea wae to use the jolnte 1n studylng a strain-e[lPaold

dlagran of dlastrópbfæ. llowever¡ sinee lt aii¡rears that
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dcfornatf,on waÊ cêus€ô ry at least tuo sete of eonpresefve

foreee äßtfr¡g almost at r{ght anglee to each other¡ lt
becane Lspoesfble to orlentate a strain-el,Tf.peold

dlq8rau whfch woulð Gov€F tlre vholc €rrea¡ howeserr it
was for¡nð that b¡r suHfvtôfng the eroa fnto Etructtral
scd.ons¡ ( c[r.¡ frc l{t. Haek eynelfne or tåe Mt. Stuartrg

anttclfne) t¡e orlentqÈlon of tÌ¡e st'rain-elltpsofd

ðfegran uås posslbte ìnd thc essociatad etn¡ch¡rce rsro

fu uaruony rfth the dtqgre prcdfetlons.

Tn all¡ 2S1 jotnts were neaeuredl plotted oq tho

boÈtæ bcntsphere of e S€hntdtre cqual araa netç and

ffnaf.ry eontoured. Ffg. 11" ehove tl¡e result of tJre

plotù{q&. Ttre Jofnte have aegrated tbe¡pselvee fnto

gfoupe rhieb are rclrreeentcd þy the fot loving jol,oÈ oyeteae

Maln joínts (ln o¡der of ahnrda¡ree)

Strfkc l[.26o8. dfp 8?'w. and E'
n N.51" E. rt 85" E. n W.

u N.?6o E, rl 85"I[. rr S.

n N.116"8. n ff/'$. r¡ S.

r ¡f .g6" E. n 55'S,
rr N.66'8. n 55" l{.

lÃ:lnor jolntc (l¡ order of ah¡ndæee)

$t"rlke N.55'8, ðlB 50'8.
rr N.96"8. tt Z5'S.
â l[.6'.E. t¡ 60" lT.
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$trlke N*81" E. dip 25"Ti.

,1 l{.106"8. Ìt +o't{,
ü N.L26"8. i 4O"r{. .

It N.6f,.'8, n L5, n.
rr N.16o E. ", 4OtE.

lhe nlnor JofntÊ åre fnsf€¡rfflcs¡lt beeauee they ea¡¡r¡ot

easily tn qoru¡ected to diestrophím.

Joi.qtsr Faults q4d Ll8eaÐents

A,s, part' of the photogeolo¡ilc etl¡dy¡ lLncanente

rGr.€ B€eeuneð1 Sroupeó ir¡to classae and plotteô. Flgo L3.

rêpreeents the plot of 7P,Q7 llneamenLs¡ j.t shose the

nrsber of lineane$ts measured.¡ h+tvlng e str{ke dfreetlon

rf.+-hfn a partfcuLer c].aEe fntewal. the peaks of thc

curee rcpreeorrt thc direetions of llneanents oeeurl-ug

nosÈ frequent:y.

Fl€. 14. fs a slnf.lar cut¡yG represent'tng thc

ðlreetions of mapped fault* fn the årêÍte fhe dlreetfone

of 42 faults uhlch uere taken clfreetly froco thc

geologtcal na¡r rrere oeaer¡reð¡ g5oupeÕ and plotted; the

resultrng eurve Ehous tbe relationship be:tryeen Sc<¿uency

a¡d feult directíone¡ and aleo htghlfghts tbe directfoaE

sf the nost fuequcnÈ\r oceurfng faul"ts.

St¡ilar plottine of the 281 napped Jofats produeed

ff.g. 15. The jolnts¡ rhoae dlreetionc ue¡e mcaeurêð ylth
a na,gnetf.c com¡laee, havc been eorrËeted for ua,gnetfe
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dcvlatLoa; the êirectloûs ott tbe reeultfng srFYG¡ (as

rlth thc pravlous oaêa) ¿¿re l¡ rclation to Tn¡e North.

Tbe real object of tlre llneanenÈ plotr uas to

eastabl:lsh whetÌ¡er topographlc llnesnenÈa rvere æein\r

rel'ated to faulttr,rg or to Jointürg. Ít¡e reeultt of tåc

stüdy ohow t*bÂt both faultfng and jotntrng were

respousible for tJrc foruatlon of toPograPhta ll¡eapc¡tto.

SuBeríqposl.ng: ffg, 14. on fLg. f.3* wc get tbe relat,louehip

betueæ faultlng and Lt¡cenenta. 1'h€ resultf4g f,fg. 16.

Ehows qgroepost at th€ 2o; 40; 50; 60; ?Oir$o'aud læ'
dcgrec peake¡ lndleatrqg tbat uost lfneanslt ðfreatime

Ies¡ thqn 1OO" vere cauged þ fault{ng. A sf.n1l,år

euperln¡naitfoa of ff€. 15 and ffg. 13, shoss thc rel,atím
betreen jotnts ar'd Ll.p.aaneuÈs tn ffg 17' lbe agreøent at
the Êoi 115; 125" ar¡d 15o" depee peqke tende to prove tbat
at least some to¡ngrephle llneauents have .been proõuceð

beeatroe of JotnÈÍng.
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geoooqfc Gggloffi

Durrqg -Lhe gooJogfcat sul¡veyr proÊp€et{ng for
eeonoqLe mlnerals Ë46 ell t-uportsnt, 1!ho o1ð rni-nes were

fnveetigated¡ tbelr etruetr¡ral and stratigraphte

cnviroryente were studled¡ aûd possible proøpcetc uere

eval.uated. Attenttron ras pafü tio tbe Dots-Bêt&ll,lc orcs

eucb ao uarble¡ doleritc¡ ahslcedon¡¡ and the coloured ochrêa.

Generel

Durrqg tJre copper booæ of tù¡c last centurlrr ulaf*g

ras fnportanÈ fn ouly tro areae, The Sltdfng Rock creek

nl-ne must have realÍ¿ed largc proftts gutckly by m'inJng

nativc eopper fron relatlvel¡r sha3,lor depttrs. the mlaing

activitles at l[eccalee¡ra were aü flrst TerÌy çeononiealt

hf.gh gradc ore sae einad fron tJre sxlûf¿ed E@e of a

tsbular orebody¡ uhich ryas soon sorked ar¡d evenËualty

caused the closing dom of tJre ml,ae. Ju{gfng froq the

Oevelo¡xaent work àt Laqy Lehnann nfne¡ it ÍE poseible

thaü some or€ ua€ sent to the BLlnman sffieltere¡ hovever,

erren thor:gh there are no recorde oß t'ne m"lnêr it Ís not

llkely thaù B verlr lerge torur4ge of ore could b,avc been

torrr ,ln ådít in the Mt. Roeh¡ek area lndieatee tlrå.t

proepeeting for bar¡rtee ¡roveô u¡ecoaæieal. ¡\ maLL

spca eut wae also uade¡ and a lrnited amornt of bar¡rtes

we8 rô,Eoved fuoa the area. A fêr tone of nan6a¡¡ese orc
have been ryo¡r from ssall å{gäfnga åeâtr }i"arlne II.S. whe¡e
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uaqgaaifer-ons outcropg sppsar to be f.rragUlarry beddeð

rltjr tbe tracreltlsn sedi,nents between thc rrPor¡nÀ quartzlte

and the Canbrlar¡ Il¡estoaee.

tÎ¡e Slå4ins Rock CgPPer Mfne

Historvæ
Ëcco¡de go back to l8?1 when the ufne wa3 Purcbaeed

Þr tue sudf¡ìg Roek coupan¡r. Rcsultlng frqB nLnlag

operatlouc¡ atnut €IOO'OOA r¡orttr of eopper ore hed becr¡

eold by W7?. fÌ¡e æl¡r otber prodr¡etfon reeoriled rae a

parcel of 1+S tons of ore¡ equiva'lent Èo 5 tons of

eopper¡ eoLA by the Tssmaniain copper conparSr ln 1907.

Water wa^e ffrst etruck at 3O feetí and råe tJxe naln

obetacLe çÏríeh ncceseltet€ð the ¡¡lne el,osi¡g dop¡ la 7ß77.

Dr¡ring 1fÌ99 the Slfdtqg Roch Co¡rper Pr-eprl'ete'ry took

over ar¡d sånk a new shaft¡ (g6f feet, deep) þut rltÌ¡out

8lrêGÉ8o FlBeqy between 1906 a$rð 199¡ tåc lsauar¡lan

Copper Coapan¡r' maée aB attcúpt to restert -fnlngll but

apart fron the 1+5 toaa of ore rchich was üon &oln an

opan-eutr Do ether naterÍaL wae extractcð. Slnee thenr

tt¡e ol¡¡e has aot been¡ reopeaeði blrt the Str'fd{¡ç Ro€k

oreek nlse area has now been wltffiram froE the operatfons
of the uln{nß act, 1gg6r-rgati and hes beco¡ee a water worke

reserre st4lplyl.ag water to thG Lefgh Creek eoal ffeld,
Ï¡:Lnerqlisatf otr

Alt'hor:gh aulphldea are forr¡d fr¡ the deepest' part
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of the nlnc¡ oxldised ores pcrslet rtght dom to t"be

?1O feet leveI. Sccoodary eopper nf-neralisatfon lnelude

netlve coppcrr nalechl.tc¡ aanglte¡ cpprfte¡ tcnorfte and

ehalcoçftci h¡t the nfae was orfgl¡ally s¡I Gcon@ical

1rcntl¡re bceaUsc of tÌ¡e abrndencê of native eoPltero

No öolerfte int'ruel.oas bave been for¡nd near tbe nf'ne"

br¡t it fs bGlieved tl¡at the Sltdfng Rock oFeÞodyt

ropreeenta late-etego nqgestfc ënsnatioas eseoclsteê rltå

the rlôe-spreåå cuplacement of baslc |ntn¡elon5. It ie

best el.eseeð as a peeotherasl depoeft.

fhe oreboÕy 1e localtred fn a fer¡lt EoDe uùleh cuts

sn êeEt-pftehÍqg sntl.ellne. Dickfnson (194,'i) ne¡pd tåc

êreê in óetall¡ opd becqr¡€c tbe etn¡stÂ¡råI' feat't¡ree ara

nsll dcptetedr å coPY hss been lncluðêó fn thl¡ ntportn.

ft¡ç fe¡¡lt geene to have ôevclogeð becauae of tbe euddeß

eteepenlng of the antlclXnal pftchi ead nereþ rc¡resenta

the frec.tr¡red lo¡\es whers tJm bcnding tekea pIaGG. Tbe

anticllnc !e on\y a soall ]'ocal. feature æd le about 3O

chaf¡s uide i tt wae fornçd dr¡rfrrg the reglonal ðefornat{oa of

tbe area, when rcvenent alor¡g a najor faulù (bldden þ
Slidlflg Rock erceh) eiragged the adJ aCent rocka and for"ucd

tlre eoall ar¡tfclfne ln ttre nlae êF€&e fhe orebod¡r 1s up to

25 feet rldc. At Èbe eurfaee f.t ðfpped at about 6O ðegreee

to the east¡ rrith a etrlke of, N. ?O E. !trot onoqgh

fnforuatLon fs avaflablc {t}¡e eiae fe lnêesoeefbls) to
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dote¡rine the dlreetl,oa end anorúrt of pltch¡ anô altåough

ft6 l'ertg$,h has .not been deflnedç fts sidtb fs rore or

leee rnÍfo¡n stth deptb. l{o fosgLln were found, br¡t ít
eecua ühat tbc cotntr¡r-ttck ls the egulvalent of the

Arehaeocyatblnae lf.megtonc, uhieh here outcrops a,a a densc,

ltehtrefey¡ dolonitie llneEtone.

Oriein of tåe One DeposLt

TAc k¡lge tonnqge of native eoypea tTrat has becn qfned

frou the oxldised aone¡ reguirea a@e genetf.c ory1anatloo.

NatLve Gopperl althotrgh abrmdar¡t in t¡þ bl'oÉolee of aonÊ

bael,e crtnrelvèr, fe fairþ rare as å aecondar¡r nl.neret',

Tt¡e la¡gc quantltl.es fowid fn tbe Slldtng Rock ni.ae, b.ayc

resulted f¡.æ ffeak ore-dcp,osition proceeseg sl¡ich have

redueeö 6ome of Èbe çqpp*r rluerars te tJ¡e uctalllo statc,
SÍ.ncc br¡¡ogeus nlnerals have been for¡nd fn tJ¡e

deeper parte of the mfnc, ancr tbc orebody forloro tJ¡e

faulÈ¡ sfaerarlzation uust have oeeured TÍthls the broken

fer¡lt 6otrÊr

Duriqg eroefon tb,e plaerel,Lzeð perÈ rae gredualþ
fatroduccd to en oxl.dtsr'€ neðl,tn¡ rhere oryË€r¡ in t"he

Prerr6ßea ot' rater¡ ebl,orldes¡ brofili.des âflrå todiOeþaOuaffy
oxfdfzed ttrc sul¡lbide qlnerala to Èhe1r eulphates. ra Ètre

sLldrr¡g Bock n{ns the la¡ge quaatitåes of incligeaoue

lfninlte tt¡at ârc asarciated with tbe orebody, l¡¡d"icatee that the
orfuínal aìnera,rlzation oust have been p3rritic, ff tbf€ ls eo¡
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the pyrite would have been the ffret sulphiôe ufner¿1

to be decon¡roeed by ox1,åaülon¡ and would .probably bo

affeeted aeeordÍng to the folloulng chenLcal eguationa.

(1) Fc s" + ? o + H.o -- Fesoo+ E¿so4

(e) FaS.+ 1.5 O I ff.O = Fe.(SOo), t If.SO*

Depenöl.ng on Loeal. condltlorrs such aE ëountry-Fock¡

ten¡lerattrre and preest¡r€¡ Eo&e of the ferrous eulpbate

roulô bave beea oxidfâÊd to the feffl.e state.

(3) FeSO*t H.sO*+ o * !'ë.(Ëoo). + II.O

(+) 6Fcs0*t 3 o+ SHro = ãFe.(so*), t zfc(oulu

Also aone of the ferroue ar¡d feryle oulpbato probably

reast€d o4 otþer eulphfdee vlth the productl.on of

soluable sulplratee. ê.go

(g) gui"Ê"Ë¿ + ÊFe.(So*). - CuSO* t SFeSO* + 25

or
(6) Cu.s Ì Fee(soo)¡ = cusoo + cus

Anlr exaeçe ferrie eulphaùc rould have caueed ferrl.c

Ïtydrortde whiah f¡ the presenee of coBper 'øas depoeited

as li.monl.te.

(?) Fe. (So*). +6Ero = ?Fe(OI{).+ H.SQ}

'or
(S) Fe.(SO. )" + Fe$.= ?FeSO*+ 9$

The above gives en fðea of the probable cbeaisal

reactlor¡s which were assoeiated s-tth the exldatf.on of

the Sltdfr¡g Rock orebody. Durlng oxfflatLon¡ the lfnestone
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eountry-rock would have precipltatcd uost of tbe

traneported copper qulek\r¡ proðucing nal'ehite and azurite.

Tloweyer¡ beCause of the ore loealfE*ñg faulÈ¡ soÐe of the

eopper eulphatæ solutlon trfckle{ dosa the fault Eone to

tlro sater table. There, they rcaeteô ultJr prluer¡f sulphidea

(probably ohaleopyrite and bornlte) produefng segondår5r

eulphfdee wbleh aectruul.ated; æd folsed the supergenc

er.rl.chmenü zone.

(g) SctrFeS, + llCuSO+ + 8II;O = 8Cu¿S t 5FeSO4 + 8Ë¿gO+

of
(1O) Cu5-FcSaÌ CuÐO* = zCu"S + zCuS I FeSO*

or
(11) ÊFeS"t l4CuSO*+lzHzO -7Cu¿S + SFGSO* +12IIZSO4

l'lre abovc âre only tåree of the Båny posatbllitfee sbich

could haye prOduced the aeeondary sulphidee¡ ehalcocit¿

ånd eorrellite ln the uotre of seco3dar¡r enricbqent.

Aeoo¡rrùr4g to Batønan a hlgb fe*f'e t¿ fßrtoug retio

favours the fo¡matton of covellf.te ln preferenqe ¿O

chalcocite¡ and vfce T€r.g&o Sfnce no eovelllte has bees

recorded as oeeurirrg f¡ the oreboðyr it seeaõ thet, the

folÏ}fe to ferrous ratfo was los¡ and that relatfvely

tmal-L anounto of p¡rrltee axletad La the eupel€enG zon€c

(mre anount of fEuqlç aulphate forted depcnóe on the

avaflabl"e ¡¡¡rftee, )

As efoÊlon pnogreeecd¡ the water table ras lowered
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and tbe gì4)erIg6ae enriet¡ncnt zotlc naa oxldlseð. The

ctraLcoelte¡ uhlch tv¿s formed during eecondar5r enriehment

vae oxÍd!¿ed. B¡r this ti"me very Ii+.tle or no p¡rri.te ras

l'efü; but tracee of ferrie øulphate nust Ìrave been

ayallable ùo produee cuprfte .qnd tenorLte both of irìtich

have besn uon f¡rou tåê Slfding .Ilock ufne. tindgren quotee

the copper nÍ¡e at Cblno¡ l{ew !{erf.eor as ân cxanple whene

oxiilation of the supergenê ãone resultæci f¡ the reduEtfon

of chalsocit* to naüfve copper.

(12) cu¿s + ðFe¿(soo¡, {-4rf.o - Zcu 'r 6Feso++ 48,5o¿-

Although tbís could be the eaô6 at Slfdlng Hoek¡ 1t 1e

&ore likcly th¿¿t Ëhe natíve copper was dua to tÏ¡e reduetfon

of eup:"íte b3r fercou,g sulphate. flrLe assm¡rtfon LE baekcd

by the faet th&t the ratio of -@þ to fcrrouq , rae lo*t
and alEo by the f¿rct that durtng nfalng operatlons¡ natÍve

eoppsr wae for¡nd to be assoelatelð wfth er:prfte'

Ttre copper ulnerals which foræed ttre orebody oceureô

ae streake åBd qggregatæs 1n a bnor¡r el.aü *lthl.n the fault
EoItGc Iadlgeaous and trarne¡rcrted linontts bås filled
cavetiee ln the eJ'ey ar¿d fn the neighborning rocka¡ and

it eppeara urat before the open-cut existed¡ the oreboðy

musÈ have had ao lupressive gogsänous eapptrrg wtth limonite ---.:,

I

i}ryoeræ"
Future Poeeíbl1ltles of tbe DeoosÍt

Ås tbe avallable reeorris do not eontaln r¡rfo¡satfon
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rc1ating to the sl^se¡ sha¡rer yteld and gradc of the

depositr a reliable apprafeal eannot be given rnitt¡out

flret drill"tng the orebocly. lïowever, although tbere are

no knouu ore Fe€effi=€Ë1 1t le reasonable to essutr# thåt
tbe lode extends both 1n length ancl fn depth beyond ùhe

preeent mlne opeulngs. Also the enoruous c¡r¡a¡rtlties of
vater th¿t Ìrsve been reeently ptsped out of the areat

¿end to pnove tÞaù the real trcS.oeing-domrrr sf the ¡slne

ryas due to water ðfff1culties.
Speculating a l-lttle on the few ffgr:res thEÈ are

gíven i¡ the ì.{infng i?evlewe of Sor¡th -{ustralla, ft
aÊess feaeib]-€ *,o åssume that fair quantltiee qf oxfdfseð

37-J¿% olpÐr strouLd be evaiì"¿ble below t*re IõO foot level.
Evea ff no water dlfffculty (shtch a¡4¡erantly lE tåe

Eair draw-beck) exf.eted, the grade rculd be far fuon

sufffcÍent to off-set the hear4y trans¡rort eoEtqr that
would be i¡¡volved beeauee of the miners geographle

positlon. Therefore, ft fe not lfkely that fltyonr rtll
tnd,erteke (at least ln the nesr fi¡turê) the dffflcult ar¡d,

Êrps¡s{ye job of deuaterirç aaü reetartiag tJre Slldrgg
Roek copper aine.

ltrp }TueealÉeDa üine

f'hfu plne rras worked even befors Lhe Slldfu¡g nock

depoeltr aad eouaequentl.y ft le not sur¡rrfsirrg to fínd
thet the fer reeorrils that äre avaflable, contafn rrer_îf
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llttle usefirl iafo¡"natfon- Hrospectlrg tn the vÍcinlty

sf the Orlglnal gossan '$fes ve¡y eneourqging; anci a çtreft

ueS sr¡nk nearl¡r. Ver¡r g6od returre were €oon realiaed

by -tpiqgl the orldlzed. Eon6ï brut by Lã"72 tbe better purta

of thc knsryn oreÞod¡r were worked out ãnd thisr together

uftÏ¡ the eontLnued tnereasJ.ng water dlffieultLes caueeú

the sine to cloee' TB 190Ê the ulne üas reopenedi end

SeVeral ner Shåfts and ðrfvee were ðeveloped. Hoic€V€r¡ i¿

îas agafn ab,aadoued after ulnning only a few tons of lou

grade erêe

Another wre eyatornatíe effort we-s ü&de b¡¡ llunter

Bros. ùt about 1913. AJ-tborrgh thls vcnture was baeked þ
e governEent subsidyr f,o reeords of æy new develo¡ment

work nor of gra,Õea or yieldË were fornð ln the flles ef

tbe Dept. of láfnee, i{otever, a eerùain emor:nt of 8r¡se6e

suet have been achfeved,, because opera.tione contiuued

tfll at Leaet 1920. Tt¡e Hrmter Bnoe. atteryt was qoncerrred

rith reoogfng ore below the waten table; anü ít appears

thðt uueb Èine Uaa 6pent ln reconditloning the $rl"stÍr¡g'

öevel"o¡meatê. inclndÍng the rnaia ehafbr whicb waa sur¡k

to tbe 20.? foot Ievel.
It fs lupoeef"bte to estlsate the total anoÌrrü of ore

cxtraeted frø the mfner but before ltunter Broe. began

worklng the ôe¡nsitr aeveral tTrouasrð toae of good quallty

or€ ucre nlned.
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stÃrc tural Environent"g

-

lfhe orebsôy is louared. at the iutereection of two

mqjor faults. rt appeare to bc genotical\y sssoelated

wlÈh ÈÌre reqult{ng ehattered ¿one¡ in whieh¡ it foras

irregular bodies'

Latcr povoreerrts¡ probabllr so¡ureci;ed wlth l,he .yt
Stuart-ilreaki-'ust Ti-me Creek uplifü¡ -nave eaused minor

faulte uhich have Õisplaeed tJre orebN|¡r,. ü¡e of' theEe

f+¿ults wås rccor€eÖ¡ e¡¡,Ë l.e seid to bave ðfaplaeed. Lhe

oreboð¡r 1O feet horlsontåI1y"

l¡Tr¡egar¿gatlon

The hyp'ogeÊe mineraLs formlqg the oreþociy are

cÏ.*1co¡;¡rr.1te and pyriÈe exis[{nß together with s quarto-

caicíte anri barytes gang¡rgç Like ths Sliding Boek deposft¡

it b{rs probabfy oríglnate¡! fuom ueeothe:msl sfneraliratfm
å.saocfåted w1üh basic i¡trusione. DolerlÈe floaters have

bees forr¡d Í¡ the nearby creek¡ inötcatiag that basf.c

outerCIps probably exiet i¡¡ the lruuedtate vlefnlùy'

Altlioqgh tþe oxidiaed mlnera"ls that have beer¡ nlned

are ataea¡ûiter ma,laehltæ¡ chr3reoeol]"a, eu¡rite and

nLr¡or anor¡nt of naülve copp€¡rr ft elpesr"ô that, ataaaqlte-

palachite ct'rtrrsocolla EÊssê6¡ eonËtituteö the lxlfk of the

nfne of€r¡

The Oriqln oflÀg sçlog:LL

The oxiðaùÍon of the original orebcdy wouli' have
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t¿rks¡ pl.ace alo¡¡€i eLullar lines a,e the Sltdfng Rock

depoeft¡ that fs, the oxÍdatloa of pyrlter and the

produet:lon of ferroue sulphaten ferrf"e suLphater oulphric
acfd and ferulc lryðroxide. Tlrese solvents would have

reacted on tï¡e prtmar¡r copper ores pnd eaucoð the

tranoporta,tfon of copp+r" ¡{s tbe eor¡atrXr roek ls a

ceLeareoua ele.te, mosÈ of the eopper golutione would

have been U¡fc\ry prr.eoipfteted ae rnalacbite åad aruritc.
No Eupergene aulpbÍdes have beea recor€eô¡ ålrd ft seeue

tbat only small amounte of cupriferoue solutlo¡rs t¡rl.ekled

dowr ôeep enough to cause gupÉrg€ne enrriahur*r¡t

fhe presenca of etrq¡eocoì.La fn the oxfdfzed Eo¡rc

lndfcaües tbat *Sfeg!=!ypg eor¡dftl.on€ m¡at have been

erperl.eneeð durtng oxldatim* SiLleeoue rrutergroræd

vatere Helse moned towarde the eurfaee by eapillar¡r
attnaction ar¡d trsflicifiedff the alread¡r-depoeited oxfdlzed

eopper nfuerals. llrle perlod of sf.1lelfl*atfon" uhiLe

be{r'g repres€nüed þ clrrysocolta tn tbe nine årea, le alao

eupporteð bV the extenel.ve slllcifted eappfngs that
outcrop ln the BeLtsna sheet¡ just west of the nÍne. The

sllicffleatlon vss I'¡robably asaoeiated wiùh tlrc

Aust¡alia-uriöe durieruet formatloa, whieh was effectlve
durtng the Tertlary perfod. lt¡e oxldatlon of the orebody

wouLd thereforc date back to pre-dtrfenrst formatfon,

Atacanite¡ whleh Íe a baEle eopper chlorfder ie sald
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þy Lin{grcn to develop where wind-bort¡e salt affeats

normal oxloatf.on produets' fn the l{uccsleena är€å tåe'

oa\y poesíbtlit¡r of saLt eontanir¡atlm 1e fræ Lake

Torrens. Thls is qulte f,easable fon the lake is I'eee

tbsn 3O nl1eo âway, and perhapË rag closer durtqg tJre past.

As tbe lake bae bcen butlt up by a seríes of 'e¿lt-caked

ê1ay bends¡ fL íe quite pooslble thåt during the drier
perioda, the n'flesterliesd eouful have ewept up salt-eo{ltd

el-qy particlee fuos tbe surface of the lakc¡ and

transported tb€ts eastward. Son€ of üÌris dust could havä

easi\r falJ.en over Lhe arear sûd have affected tJre copper

uinera]'l.zatlon.

?Ìre Ïfi¡cealeena onebady le thcrcfore the. resulù of

bxÍdet,lon under relatively drff eonditlone. Ill,gh graöe orc

reeultcd in the oxLdized uonei h¡t aü Èhe sane tlmer IlttIe
or rro supÊrgene eulphlde enrlcbment took place at the

uater tabIe.

Êl¡ee tt is not honr¡ exaetl¡r vhat was done óuriqg

tJre uanagement of jftrnter BroB. f.t le diff,icult to glve a

reLaåb1e apprafsal of the sfne. However¡ practically all.

tl¡e oxidf¿eô ore wå8 mineð þ the êårly oþlnerri also

einee no slÍ¡afÍeant eecondarXr eulpbide enrichment erlsted,
it ÍE l1keþ tåat the Eunter Bros. olganl.satlon mined

þryogena ore¡ and probebly worked the nf¡e to the ecsnomÍe
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1fuft, No big rose¡ccl c¿a be expeeted to future o¡>eratons

of this nine.

-ErS._I"sdx LSliuagn t{lne

Th* prevfoue eopper uines had their oïri particular

peeuliarftleeå-Tbe Lady Lelunar¡r¡ fs nô exceptlon¡ the

abaenee of a uone of, oxi.öetlon ealle for fi¡rther e:çlanatloe

A llttl€ dcvelopnent work hes been done; fneluding

tbe drivlng of an adlt, ovar 1OO fJet l.onlgr' and the sfnkfng

of several ahallow shafta. mfy a srnall pareel. ef 1ow

trede ore h¿s been recorded as belrrg won from tbe rolna¡

and thfs üae sent to the Bllrr¡aan smeLters, where f.t
yteldcd 3^9S copper snd 7.3% eulphur.

Sùn¡c fi¡ral" F¡rlronenr.s

The orebody extends for a length of over 6ûÕ feet¡ '

and is loeated aloqg a fraeture zone etrfkiqg approxJ.nate\y

fn the nonth;east dì reetloa. TL¡e northe¡r¡ end ls poor\r

defl,ned¡ and fe deflected towartls tåe eä.#tr where lt
äcar&cË ¡a alnost csst direetlon, before graduall¡r dyiqg out

A clean-sut botndar¡r desfgneteæ the hangtng uaII
of the lodeï htlt the foot wal1 car¡not be deflned¡ beeause

there fe a dacrea"sing grädatLæ in níneraliz atloar as

tbe brccafatæd-foot-wall rocks sfe approaehed.

DTfneralízatlon

Prf.uary sulphldee exlst only a few feet frou ühe

eurface ¡ there ie no zone of supergene enrl.chmmt¡ and
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only t¡races of cop¡rer cå¡.þonate staining t¡ave resulted

fron recent i'reathering. TleEe sulphfdes¡ beirrg asa<.re1¿,'bed

with puch calcite gangue, .o*er-ë probrbly loceilÍzed by

níner¿Ì replacemeuts, within the dolonitl.e horf¡on at

the top of the tía¡'inoan series.

Aecon}lng to Eiekinson (l"g'44) ¡ the 1o'åe conÈafns

froin LOñ to 15Í, sul¡hides ¡ but becausc of the low

chalcopyriLe l pyrlte nfneraliaatlon¡ the ore avüråges

at only L.701É eopper.

idatÍoa Zoueg

The only erplanatlon th.at car¡ be offered ls one

concertring rapid upllftÌng of the e'"reå. foliowed by fast
er"osion, Assumfrç that this 1s true¡ eroeion nr¡sü havc

been so 66vere thet it kept aheaÉ of oxÍdation, Supportiqg

thie theory is Èhe present nrgged nature of the topograpby,

in the vÍcinity of the ml.ne. Horrer¡er, o+-her faetor-s,

lnelucllng the abeenee or presence eertal.n cheuricals¡ could

have caused this unusual phenomenoa.

The loder rhich hae b€en proved as averaging 3t 6tr

wide to a Oept"h of at least, 50 feet¡ æö for a J.eqgur of
60O feet,r is too ¡ioon to be ryined by a smnall oqganÍeatton

whlch wor¡ld have to shtp the ore awað¡' for treat¡sent¡

nhlle at tlre Ëåìme ti-me it ls not lerge enor¿gh to wameat
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the br¡fIô{ng of a üreaturent plan¿ 1D the ¡niae 6rê&r

Therefore¡ t¡nl-ess one or 4grqe elmflar depositæ are

fcr.rrd nearþr, (to be çorkcd eo]leetlvely) tÌ¡e nfne eeurnot

be uorksd ttconffil,eallY.

Ðurtqg flel.d uapptng axr ares was found rhich ryee

rich Ín fndlgcenoue Ll&onite- åccorülng to tinflgran ånd

Batemæ,, fnó{gønous If-uoai-te reaults wh6 copper auþhldes

hane been present ln the orebod¡r¡ for thenr th€

precipltstfsn of ferrie bydroxlile takee plaee fn sit'u.

Th€ l_oealityr situated la BreakfasÈ Tlee er1tsGkr et

t"he fault fntersection; md narkeð F. T. on the geol'ogi.cal

plsûr allpeårg to be YefT f¡terestl¡1g' There a¡le severèl

ôyke-Ilkc Eêsses of lJ.matÈc whfeh perhepe are Èþç Peesfns

of oxl,dfeE¡t sulphldes. A sleiLar lfnonite ra:¡ker has

bes¡r reco¡deô in the SltdLng Boek mLne¡ rrhere the

relatfonehfp between the llnonlte ndyket* end copper"

nf.ners.lfsation has been proveð.

Although the bnlef lnveetlgatlon did not raneal

s¡¡y eopper etsinÍngr the sreer iû êddttÍoÊ to hxlng

Liaonftlc outeropc¡ ls Eo cruehed thåt trt le atnrot'uraþ

euiÈable for mlneralfsatLoni and therefore uarants a

Bore earefuJ. s¡d detalJ-ed stuôy.

Ae ono of the wider dykes stnfkes alnoet due aorùÌ¡
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and dip 40 iå". r oae vertleaL diaraond ¿rtrr hole plaeed

about ËO feet esay, on tbe þenging side of the ,,dyksn

voufd teet tåe poaelble lode at tJre 50 foo$ lcvel.
Tf tbe resultg prov€ €neourågíngr other holes cor¡Ld ba

drilLed to outline tho orebody.

tr en¡aLI opê¡¡-91¡t ôTrd an aeÍt havo been deveroped

in the mlner end aorÞ6 bar¡rtes bas been üorl¡ ,.Fhe ¡uj.ne

âppcår8 to have -oeen a smal1 proepeet which pnoved

r¡nccono¡¡ieal¡ a¡rd was abanðoned sfter a eual1 amrurt,

of rvork h¿A been done.

-0rebodl
'ilhe ore 1ç In the for:m of vel.ne ¿¡nd ]"eneeg whfeh

ffl-l the jofnts and cavf.tf.ee of tbe aountry rock¡ on the

surfaee, they cau i¡e seen cutüiqg the eneLoeing .pfak

ea1eåreous eiåridstor¡e, for"ming veJne up to a foot wlde.

I'l¡e etrike a,nd dip of one of the wfder veina wae found

to be¡ etrikc N. 3.5'E¡ dip BO"E¡ ar¡d, reasonebly agreeci

with the strike and dip of Èhe ¡naln jotnt of the erea

which uêB meåewred e't strfke 1{ 2O"E¡ dlp ?5"8.

GíeiB of tbe Depoel-t

Al,though Èhe barSra*rJ" a fauJ.ted area, it le not
thor.rght tbôt nl.ner¡llizetfoa uas asÊociated vith
hyÕrothenrrar sorutÍooe. rt to eore likery that f.t was a

product d.arfved from eedf-sentatLon, rts preeent rocatfon¡
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ln tbe eaviüles of $tr:rtla¡¡ bede, nuet, hare becn due

to watero reeult'¡p,g froxr the ryeatherl4g of yourger rocka.

It uay be interesting èo note tJret ûhile thc

Mt. Roebuck depooit Íe loc¿rted ln Sturtåar¡ roeks¡ utost

oèher Souttr Austrellen baryùe* oreboclíes oscur Ín purAle

ehs"iee ,of Marinoen serles.

The þosa. velns are too narrot to be wqrked

inöÍvfduallyi æd bceauee they are not closeþ spaeed;

they ca¡noË t¡c eeononlcå1ly Elne¿ cslleetlveþ. ìtblie

at the æurface thø ore apXleårs to be reasonÈb\r free,

fron iros eÈaíns¡ there is no gusräntec ùh¿rt deeper

ooncr, osi"diseö irrBurlÈiee will not reduce the !.u¿ility'

of the baryÈd aíEo thr geograptric poeition of 'rJ¡e proopeet

woul¡i reduce aqy poesfbLe proflta eonsiorrëbly'; ae heev¡¡

traneport eoste car¡r¡ot be avoLdecl.

In vler of these dffficultÍee¡ lt is r¡nliiee\r that

ùtre.f,rojeet u¡fLI becoæe e :ftofr-ta,b\¿ r¡;ine., witbi¡ Èhe nesr

fut¡¡¡e.

TbroqghouÈ tbe Fllnders Rrogeer there is a

etratigrapìúe horiaon between the rrlrormdrt qusrttlte

anö the Anchaecyathlnae llaeetoner wbich ís mineraLlaed.

The borlzon fe nangaafferous m¡d often eari-Íes copp€r
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sr¡d leað as wç11.

Alo¡¡g the îI¡¡rína road to Blinnan, tbere úre üaqy

emall dtgglqge whlch have procluced ufnor qua¡if;it,iee of
p¡rrolusfte, 1l¡e rthcl,êeil r -rhieb are l-ees than e few feet
deep bsve pr$ueed the naterial fron v,'hieh patciles of
ore hanre been hand sorted" Other r¡uworked ma4ganlferoue

de¡rceitsr wlthfn thie stratlgraphle horízon ',rere formd

r¡earra Fat¿ranta Gap aurJ along the track fron l{arÍrra¡

1çaËing north to the C1a¡¡pan bore.

A EorG attraetíve price for maqganese r¡rouJ-d

proirabþ cnçouråg€ lndepend€nt 'r¡orkers to pros¡¡ect ¿urd

nlne the bctten eeetione of thle metallÍferous horJ rcrrrc

9e![e-!pJee$Ë
About 2 níIes norüh of lfarlna F.Ë. there ere hugc

outcropo of weathered ehaLeo whiclr have besr etafneð þ
Lron eoluÈfong. Various colorr:ps have resuh,ed f"rom

ehoeol.aÈe to yell"ow wl¡leh 8" ppetrr to bé sul.tsble fclr

coloürlng ccnent rork. tlre ehales are in the ¡ulne¡'aLlseô

horison of tbe tra¡rpltlqn bei!.e between tr Ëorlndtr quartalte

end /{rehacocyathlnae }lmeetone ¡ and bave obvfeuoþ

reeu].ted fron oxídatJ.on of tbe ferrtlglnous qi.nerale

contalned fn that horlson,

Soue of the weathered Sü_lfi,fan baCs also foru
eultêb1e ocbrea. $pecf.nen 38o D repreoente s rcd-ehocol"atc

bed whieh wherr crushed would folm an excel ]_ent
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mahogany-coLoureð plgnent" Speelmen 328 F 1s a yellov
varlety. Eoth epeefmens were collecÈed fron an area

about 2! ntlee west of Sît, Stuert.

r¡ ,>(',

In vLes of the faet thåt limests¡€s ard dol.onÍtee

êre $o rabrnd.ant throughouù tbe Ca&¡fa 8rE8¡ a general

sur\Tey was mede for any carbonate nsteríal whxch

aould be useful to tbe Terre.$zo Induetr¡r.

At, present¡ moet of the torrscso chips ueed ln
Ausùralfa are importett fbom Ïtely ¿t a eost of
approxlnatel¡r f-30. O" O. per ton, All lnveetfgatios sf
the Ïtal-ian materlal reveals Èhat the aoet luportant
pnopert¡r¡ rhl.ch ceu*es ite wlde-s¡rreed demar,rd, ls the

fine, conBact texture raeuS-tlag froa minute oalcfte

reerYôta]-llsation.

Some of the finger-gfained¡ sltght\¡-setanor?hoecd

1lmestones as,ð ilolo¡nlte from the Cadnl.a gheet; havo

been eut and eoated rith HArelditex ptasticr to

dfeplay theír true Ìrpoliehsdn appearånceß,

Specimens 3Lå.¡ 43r 72, 14O, 1408, å061 23641 9-79r l6lE End

5OO ehos the varitles (by no meens coroplete) shieh are

available.

Sampleo X are ¡rhome-lnsdeÉ tErraçao el-abs to prove

that, theee Austaal-ian carbor¡atee ean al.eo produee
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aütrãctlvc t'qrrå*rôår

Tt la ¡oost l"fltc\y tåaÈ gooð guðlfty lLasst¿ncs

æd dol.oultce¡ sulteble fo¡r ül¡e fndrrs@ arc avEf.tsblt

!¡6â¡ror to .Aßôls*üe' rfoue*trç:r¡ th* rlr-lter norely rf¡hce

to pofnt ouÈ¡ tået an oppert'tntþ saenn to c¡tet trþn

nqræc *o lc pnepared to nlso m¡ltnble e¡rbm¡,t¿s

for the fs¡'æ¡tso Inöuetdl1r.

Speeiræn

31Â.

4B

72

140

1408

16lE

gc6

Ð36/r

a79

500

lncatlon

;'1 rnft.e easrt of Ártf¡aore

l. ¿nJl.e e¡:.i.t cf Fetssarta €a¡>

'f, mfJ"e south of Laôy Lehx€r¡r¡ ¡dlÐG

P mÍLee east of Nuceal.eena åfj¡e

2 n:iles east of lfucealeena Mine

*[- nt].eo eouth-we-st of Ntr,sealecne,

(off eheet)

t$ natl"es aortå-west of F.I.
&} nl:-ee ea*t of Íx'tf,nor"e

1 mí]-e nqrth of åft. Stuart

1 ¡nfle norÈh of Ïrleh 1fþ11
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S]gror:r end Ëonclusfon_e

ft hes been ëeduced th¿rt, deformatiorr began

towa¡€s the encj of the Froteroaolc Era¡ but was not

wlde-opread tfLl early Palaeo¡oic tlloee. Tl¡e movementc,

rhÍch were related to nearyangenents ln tjre b¿rserner:it

roeks of the geos¡mellne¡ resuLÈed from a eosbln¿tfon

of two al¡oot oppoette foreee¡ together ¡uith a

trarrevense cômpresclon.

TÌre elose refattronehfp between eopper orebodies

e¡rd dolerite intrusions, lndieatec 1,hat a geneÈic

comectj.on exists i-¡etween thena¡ espee!.aliy since epecl$

of ehaleopyrfte have been lclentified in the clolerlte
ðykes"

Photogeologleal interpret,a'[ion ¡f th* årea irä,$

very sueeessful¡ proving that tì:åe typ,e of 'Len"ain Ís
guite ouseeptible to rel-Ía.'ble photographic Ínterpret;:t1on.

Studlee concêrrrfu¡g lineaments, faultinE: antl jointirrg,
show thðt the norphology of the e.r€a åe infLuenee,J þ
faui"tlng e.:a<å jolntfng" tsecau.se of the )_arge nunb,er of
Lir¡ea¡uents measr:red, it is concludeci th¿rç tÏ:ere ¡¡rusL be

8är¿y unüapped faultsr (perhaps v¡ith oniy nÍ¡nor moveBents)

uÌrich produce lirrea¡ne¡¡ts irr toi;o6rapSr.

fhe thin sectlons aisplay s1.Í6bt regional
netanorphÍso¡ Eo markeú ehenge, apart from ealsÍte
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rEer1rstall:lsatÍon wås notieed ia tÌ¡c eour¡t4r rocks Daår

tbe öolerite 0â8s€ð¡

An taËpactloa of tJre old oopper ELnêË ehoue thÁt

no rlch c¡ùenaf.oa of thc çorkeð out orebodfee are

lfkçlyr aad ttrat proepeatlng nay provê euEeeesful either

r¡8år taråY Lcbma raine¡ on at P'I. 1Î¡e uultl-cOloUreôt

anð ol'lghtl¡r acteøor?hosed 1lneston@s qad éolwlèec

rhtcb outærop fs the area BêÉ& to be suitable ¿e

tcrrasso cb-lpa. fireLr eLulng eould create a profltable
lnduetr5r,
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ROCK CI,ASSIFICAITCN

Sll.1gesu¡ l:f,neeüono

eOLmIR CIF SPECIÞÍB$S

Ll6ht, gr€y

GIRAIN SrZg. ,j Íry.PE tF fiRÀGldE$rS

Llsertone flar åfiggtar ç¡¡rtsror.r*..rt8o LI[rl¡.

tÏp to O, ln.n, I $¡bbedraL guarta
avf¡rlgt O O?n.Ui

LLnestöue flne
quartt O 88¡4e

Averqge O
( quå¡ttt)

Up to ilc*er

IttrÞfAIIKS

quartz qxÍEts Ln ln¡rere'

lron ataínetl tggrnìoTlrSltfecouc trl"uestone Soay.' s¡ottl.ed
bom

Slllcoous L:lmeetone ttght grey

Sf.lfecou¡ lf¡¿stonc Choeoxtrte, llght
gre1r 'bar¡cie

Qusrtsftc tlghù cr€åra, tsuff,
br*ormr

Tfllfûr Êrcen-grey

ROCK Tfo.

Ltrö

SL,ïDE So.

It6
CiilltrJ{T

I lmeeÈono

Ltlü,¿\LI'iY

3 ællEe S.E.
Hselooloo

4 ¡aI}es S.E.
!fiooLooloo

183

IL4

?-9ç

lg8

341

183

trx+

290

t28

3r11"

Ltscetone { nnf}e E.
Àiuccs¡.}een¿

SÐbsngulæ qnartnl I læest€ne
fclssper

e¡purc lfsestsn¡ nltb
ferrugfnous matarfal"

6?Þi¿Êpf.ar guartz. tfmestonç å- urtlf, S.î;'' $Llght,lry metaunorpho*ed,i &t+ Stta¿rt er¡et welL bedûedç
tr

5gbaqg¡¡f"sr guartzfte Sillea tllnilea Ìî.8" Tbe la^rgen fregeenta
f,ragucntc fn nlm¡te lrso ïTuorroleena have bee¡r sfIlcf,fied.
eryctalr of, q¡rarùs

5
quartc Slltee¡ 2i mflcs l{.8. Typlea} tll-l,lto.

CXay Tamaweena



'l

"["'ier;]r-pinl.r
ôolour

itOCK No.

1.ö2

iq:!.

gtl5A

140

1låûË

J;,¿L

J-,r. .t

L67

1îll

SLIDE NO.

AA
J-()¿,Calearcoue

¡anêatone

úaleamous'quartgftr

ROCK CLASÊTruC/\TTO}I COLOTR OF SPFCTMTüIS cBÅï¡{ sr¿E ;ffPE OF FRAGT&],TîS cllFiI$T I-,ocfJ-,Tw

Lfinestone 3 mJleg S.',Y,
lfuscaleena

RFIl,ll-itKS

Coar¡rse merterlal e*lsts aB
ï¡ands.

SåoôBtone-guartz{te Fûnkr uto L Lles

Q¡¡ärtzitc Llgltt, grey Èo
fLeeh coloured

quartrltc T¡l"esh to pirú.
soloured

Ssnd.etonc Iitrff

tl.uectsns-uerble Off whfte

$lltstoøc üïrocoJ-¡'¿¿e

Up to 0 8n'æ.
average O O?m

181 tÏp to O l5E.u.
svërqgG O O8o.l

30.¿:il Ïtp to O 5s.m.
¿tVç¿'aga O LD.m.

láo Up to O 8E.B¡
{lverqga lees
thar¡ 0 O6E.E.

Very flncl,iots

IZÅL Lesc thå¡r
ü fjl.artË.

11¿1 Averryo O

quarta Q 68.m.
ealefta O 5ø*n¡

Iç1.)
".Ip 

to O 6@rE.
.å.verage O OBn .i

Suben¡¡u1er quartz
f,fnca) rounded
quårtt'(coaree)

Rounded quarÈz ïron

T,ímestose Coelcatoo
iifeter

Tron

I mf"le E. Êoorly eortecl s¿údstone,
Nuccaleena *Î3.lght&,¡r mÍcaceous.

^ArUular euarta¡
fcldepar (ffnes)
rou¡ded quårte
(ooarse)

Suba4gul"ar quartu
(ffnea) roundcô
guartz (coaree)

Ìio| u,¡e1.1 eorled.

rff,:athe¡'ed fLt¿vio -glaclalc.

í)¿ð "523 TiB to O 78.¡u.
ål/eråge 0 O?u,m

5Jf]D 538i1 LsrSê varl.at,lon

'¿,4 24 liv€rêge O 3n.R.

!)ç)+ 6P.+ jrverq$6 O t¡n.a

Angular ar¡d
roun6ûð fra¡pneets

Subhedral- cal"eite,
guårts' feldapar,
serfelto

1 ¡nÍIe S.E.
Mt. lìoehrck
Eå, :Jfne

2 ¡nfl"eg ]S.i,
Maln Gap

Trcn

llmestone *e mll"eg S,W,
Àrtír¡ore

Part}y ruarþlitl4êd.

St¡beqgula¡' qr¡ertz ïron
C1"ay

gtrbhedrol quqrta l,fmes

Lt¡eestoneli mf.Ie6 E.
lTueeal.cena

Llneetone 2 mfl*s S'
ÈTool,ooloo

Tieatherect,

Slíghttu æeÈanorpho sed'

quar'ta exiete fn l-ayers.

L nlLe $.8.
I,¿t, ?Ioebuck
Ba. t{lne

tonel!
îIr¡

mLles E.
sealeena

tJ,qsetogo

Sillccou¡
Ilncotone

.Arcnsecoug
lLae ston¡

Sfl'fccous n¿rþ].e

quartzitc

tlhoco.l :il"e

å{ottled flesh
eoloured

T,Í¿Th'b Ëre.v'r r¡¡ol,,TLed
cÌ¡oeol"ate

L$7

S\rbìedral

Aqgufêr quarts

år¡gulsr t*uartz

Anbedral guartat
ealeltc cuhedral

subhedraL quartz,
côlclte

I",l-qeçtone ? rufles E.I,l.
Jroa l¡fooLooloo

Iron $ arltes S.W. WeLL rneLanrorphose,J.
$Tr:ccaleana

-r, m1le li*lI.
Tïucealoena

C¿lcÍte velns,



, Sl.ltetoae

Sflatone Chocolüte

quartattc Chocol-ate

sfltstoac tsuff

i f'orruglnou¡ guartzite Choeolate

Silüstonc Clroeolaùo

ROCK CL,AS$IFïC/rTTOI{

Sflüaùooe
8FüS-s65¡.

SIatc-ah¿lo

Slate

SLat¡-ehale

SlLtston¡-shale

çuartafto

Calcarcoue
senÄatone

üOLûüIì Oi) SF'iûTlvH¡T

r;hakÍ-lfe',Ûr

Chocolstc

KhÊkl--Ére€n

tirey*green

Grey-green

Clrey-greerr

¡"leSh_frfu¡k
golor¡¡r'

FLesh colour

CRAITS STZE

Ffne bande
O O{E¡E.
eoanaG bandg
û lE.&.
AverqgcO 0Êm,

FÍne

ts1, Aver. O Olm.¡

lg5 ¡tV€F¡ O

39'/ f¡@86 than
iJ O6t"E"

28i) Less than
O Õ8n.n.

Lese than
C OLE"a.

ËÐ? \1,).r-¡r ftne

311 Verîf ftnc

145 Up to O &.Ð
,luvêF, O L5a.l

LûÇ;

SuÞaqgr¡lar qtrartat
foldepat¡nuô€ovf.tè

TYPE OT' }RAGT.IFJ},T.Ï9

Subar¡gul,ar <nuartzt
euseovlte

iìgMA]ìKS

Tþpical. of fine anci t:o¿irsê
u¡e¿aberg of thfe form¿.tion'

:iìticK Noi
f70
ae

310

l.3F;

397

283

r)cr7

lir.1

t4b

1fl;O

SLïllE No.

7s
CEì,ryú\it

Cl"åy

I,(ÐAL'J'TY

lüear l{anegan
G¿p

Eü

BL

20

¿.ti

8C

t
te

Clay

I¡'¡>n

ileåf lfanagan
Gap

? srÍleg i-í.'s,
l,lt., Stuant

il€ar l{anapl¡¡rr
t r4l/

-1.l;, ¡¡]L leË
hf I¿Pl.r a ìt.

il¡roo1oo1ço

t"ì rqf.lee 'fr'.
lf l''[ i {!](}ì'e

1 ¡ialle Í'1,
Mt. $tuart

4 mflr¡f¡ "q'Artlmore

Near
liantlllbur1¡

I nfle 1'[.w.
iJolxloonyr e
ÌTut

$ xnttes H.
liucci.leena

CJ.aY
i.¡"oa

Sltghtly netamorphoned and
iron stsined.

Yery hflrd, F'errygLneue
material hae leached r¡ut.

SL,l'¿ltlt,ly metamorphosed. :

l¡llcaceoue rulnerals orienÈateö.

Falr}y evên eí¿ed fragrnentsr

Suba¡fgr¡lar quartz
eusgovfter seriel
Stbhodral qt¡årt¿

QuÊrtE cl¿y
lro:r

S.ebanguler guar'[a ülay
Lron

lf,fnute quårtz ðnd
fcl"Öepar

Mf¡rutc quartz

Cl¿y

Ck4y

Soee quartr Cla,Yr
ït'oa

An¡låôsal quartat
.,eLelte

tsTES

rbangular guartz Limeeüone
¡ffaes) rsunôeö
quarts (eoarec)

Trro thin aecùfon6.
lTeLL,

¡n1le N.
effÞeyrs

1
J

22

S Lff¡h'[ly rae timorp]to¿ed,

Alsoe b a elltotone wf tÏt
fererugJ.nous 'band.e'

gr¡rical 'çrcIL bettderJ sLa"be"

Showe Tredriing.

A cltean qu¿+¡rtzits'

L:i rriile¡; ij.iql,
Nuccaleena



ROCK CI.ùSSTFIC¡I.TI ff{

Aronaceous öolounlte

Slato-eha].e

{Â.ÍJ .C .rr qìlå,rtsitç
uppar

r¡4.Ë.C.lrguârtziLe
upper

N,4.ts.C.'lquartaite
upper

trll.B.C .n guartzlta
rrpper

, ftrAoB.C.quartglta
Isvsr

tX.t,stone grey-
.rcke

{if ltgtone

coï,oT"tR {lF s,]:'EclFfiütf

Mottleö greenrgrey

Gree¡19ÊFey

Plesh eoLor:ned

üff i;híte

L,lghü grey

.lìCÆK So, SLI]IE i'[o.

lì6$ :169

GiIATN STJE IYPE OT TR.åGI'ffi{TS

IÌ¡, to O 4 crnr Subhcdral Euflrtzt
Large varf atlon eha),crôolomfte

CEMHST LOCåLTTV

êoloqfte 1$ nt.tes

RE}ÂARKS

Dolomitlzed lene about I ft.
rul6e.

'I'yplcal g"roy-g:reen shaf.e near
b¿¡xe of öolomite l¡o:nl.ãorr¡

lypleal top rtÀ.i3.C.¡r quårtzftcf
showlryE a noeafe texture.
SLightly netaororphos+d.
ûli¡;htly ueÈatrerXlho s ed.

Femrrgtnous materJ.al has been
leaehed out' Àecoei¿rted wfth
fau].t ?iort€o
þ'erru€,lnoue &aterfai h$s been
leacheð oÐt¡

Very wel.l- *net'arnorphosecl.

H¿e r¡iors eilqy ralnEr'al thqa
tr.{,.8.C .ll âYQr'å$Êr

Met,anorphoseð¡ but less thar¡
a¡resimerr å[ìåiA.

$of'L 'beds l¡etwecn Lhe two
tt¿-í3.C . r! nna¡ubefs,

Ver.y well- netamor¡ihoßed.

Hurd a^r¡d weLl metanorpÌ¡osed.

Very harrl a¡rd wclL
rnetamorPhoserJ.

S lígÏrt Ly eetenorPhos€Sr

iù *ä"i)ld
'¡JÉrraweena
I miLe S'1i{.
Artånore

mA.BoQ.rtguårtaf t,e
uPpGr

f:A.F.C' ü quart a.i Lq';

npPer

Grey

d,å.8.C .tr guåst,zlte
x¡pper

Arenacäoue sLa'Le LÍght -orown

A.B.C.rr guartzite
l.ower

r'rA uB.C .il quurtalte
l.owct

F'Lesh eolor¡red

Líght. grey

Li;:nt ,Si'+;r 2

Fteeh solsr-.?ed 28ä.8 285rJ

T-îp to O 2m.æ. Subhedral quarta
averqg€ 0 l¡a.m.

Fine grafned.

l1 $

Ilp to O 4E¡û1. SubhodrðI c¿uûrtã
aver*¡ge O Lnrm.

F'Ine gralned.

iiÞ te O..tû,n.
averia,gs Q O7ø

Subhedral querbz
¡&

Suþhdrel guarts,LIF to O 3m.&.
averègc O ln.n.

Up to I 5u.u. Su'bÈredral, quartz
averqBg O 8rE.E.

U¡: to O 48.8. SubboôraL råuartz
åVcre,geo ZB.dl,

Tþ ts I Qü'r[.
{ùverqge C 4m.rq.

Subhed¡al quartz

t5

13

3Jå

93

5+8

26L

FÀ8

uj

dolo¡níte

dulurlf te

Ìron¡ clEy

l. æiIe iEi'
iirtimore

ii rniS.es .tj.
Canel ldel-l

L mile li.
L,e¡åy T-,ehmu¡
lffne
l" ¡¿i1e S,]l,
Finda Springs

f m1le S.
lìock l,¡'ater
Sprfngs
Ii- ruflee $'Il.
Rock Trlater
lì¡r';i¡gu
2 mlleo N.'{ü.
Ï.ft. ätuürt

L uile i;J.'rtr.
ArtÍncre

P ni].ee N.W.
fuit. .îÈu¿¡l't

1 gile S*Ir',
ArÈfiqore

Xi mllee S.Fj.
C¿t¡iel Trlell

â ã¡irlee iT.
Artfmore

2 milea If ,If.
I,{t, Stu.:rt

,t

Fleeh col,or¡red
io llght grey

"Brourn_grey

Grey-green

285å, 285A,

11

3:32 3e2

IT

(;

tL

19



ROCK CTASS]FTC'.I\TTÕT.'I

(uartzite
t"uartzlte

Quartzlte
touartzlte

Quartalte

Calcareoua elafes

^Ar€r¡aceougslltstone
Dolomitc

Calcersous
eaadstone

Dt¡lo¡n1t e-merble

Breccfa (micro)

Doloultc

Ëreccle

Dolonfte-aarble

Dolonftfo
elltst,lne
Brecefa

Dol"omltlc
elLtstone

ArgillaceouÊ
sl.ltstone
poLomftlc shaLe

CTLOTTì" OE TFI;CTîiiFÌil

T'íght {IrË).'

Flesh çoloured
to bnown
Lfght flost¡ colour

Buff

ñrey-¿r.een

Grey

Green-grey

Bufï!€F€H

I,lght "r,.íre;r

Itfottl-ecl red¡
lruff e gr e,Í

ürean¡ brorryn

Cream mç'È*tled

Pfnkr fl'een

Choeal¿:rte

Pinkt Ìuuff

Chocol¿rte

Choeol¿te

Choeolate

Lip to O 5h.mi
Érveråge O 2m.
Ffne

\lery flne
rlp to O 5n.ut.

1l¡, to O Lm,m.
&v€fr O OLm.u l

Variable

Êcer;yetallf zed
doLonfte

Suþsngular
guartzr feldspar¡
nfce
RocrÌfstallfaed
Sföeritet quartz
tìeoryetallf zed
guarta¡ calclte
Rocryetalltzed
canbosateg
Quartz¡ celcJ"te

Dolouftor guartz¡
ahale

I sLle IrI.
-¿rrt:i¡'roye
Ifr:w. 'ÉIa.elç

1ì*:^TI[]É] lipt"itrg

Tr'ùf¡ J, *rl"le ïi ,ä.
lianqgan Gap

CaLe. l" rrÀfl"e 1.\T.FÌ.
Laciy Leh¡ae¡nrr

Slderite Sear Larly
Lehmann l4fne

C¿¿Le , 2) ¡¡¡il"es I\T,l;.
"årtlmore:.rrgÍ1"!. iie¿tr ñosk:
Water Spring

i\r'gf 11. 'rcalclte
DolomftlcS mlles N"E.

L"lIt} '.i¿r"l:åwÊr¡&
Do lorr¡5.ùf el$e ar J\rtfnore

iìficK 1:ro"

3Éì2

27L
¡) / \t-arJ\, ¡

,4{r9¡\

'-7O

r) r.Õ

2{5',1

;lQ

92.A,

?ir:

'{,c

nñ¡:^..- ,:" )l:t

t55R

ärt5

3lIJ

SI,IÐE liio.

i.r()2

SCtT

¿i'ö9/i

27A

váI\

7r,

40
.-'fiãÂ

'?s5B

2ö5

1

GR.AIN SIUE TfPE OF FR.AGHEI{T'$ CH'Æti{1' l,ßi.¡U,Tlllvl Jì$IìfÁRPüà

Ifp to O 6m.u.
åVê3rO 2m.m.
Up to O 6ln.8.
aVef.O 28.8.

Up to O 3sr.&.
8,vêfc O lfl.nr

Subrounded quartz c¿lc¿ir'eorri; J, uj.Le r,ii. (i¿'.lcareous eement fllls cavitfeg.
8." S}ídlng iìoek weatheretr"(ik, Ì¡ji.ne.

Ærhedxäl quarra ilä:iiËrråitt'*,*'i;!n*i"*1ffi3'l:*:* 'n"
$lit1frç t3.oek

Anhedral quartl 2 mf le.s Il,
.tlarÍ¡r,'¡. ll.5 .

Subhedral guartz + mfl"ee I{"8. A srnaLl porous band beLow the
and feldspår r)1tl :åJarråúieen¿ mu.in rrFoundtt for.r¡¡atÍon.

MARTI\TOAN SHRTES

C ¿rLc.

i'l " o:f
Artfmore.
:'iear.tll¡¡ek
Rarlqe Sprlng

'Tê11 'bedciedr

X-Oö foot Lenoes of rnasefve
doloutÍr.e.
-¿lt¡r¡$rrrJ å..terl vui.'"h m,'.¡. ..i.ve
ciolclt¡¡i Ces.

Heer"yetal.lozu,tiol¡ du€ to
fault rnovement€.

Sedfrcente eonüru¡fnated and
recrys'Uaillaed. Due to
crush tûÍLêc
$oue large gralne of sfderlte.
l,Tetemorpbfsm due to erush Eon€r
Tn crusl: zorl€r i'ifnerallaed
r¿fttr hem¿itlt+,
Sreccíol1* iåtruefure I"n a¡¡
r.¡ndlsturrberJ areå.
Typical ehoc. dolomfte fnou
the baçe of dolomftJe shales.

ReçrJ/stal, I ized dolou;f te
f3¡:g¡¡rçy1fg i¡i fa.ult zoner
llJnor doLomite l"enses in choc.
eheles beJ.ow 2$58.
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VaråabLe

:t VerV flae Çuartz¡ clay¡ lron Ï¡,on rypåeal choeoLaÈe efltstone
below mafn dol"omlte horlaon.
Chocolate eh¿¡IeE fnonn base of
chocolate formatl.on.

2 ¡ní.lee $.8.
Ilock Water

S.E. part of
sheet



Calcareous sÏ¡a1e &rf,f

Arglllaceou€
].fueetone

ROCK CI,ASSTFICA'f TOi{

Green-gray slIt-
etonec

Calc{åreous elLt-
stone

Calca¡eous ehale

Arêr¡&coua
Lfmestone

C&leargouË slÊ¡te

Llneetonc

Lfuaestone

Lfnoetone

shal€B

COLOUR OF $FECTHF,I'{

(ireen-grey

Gneen:gnel¡

Tlrln "ouff sh¿rie
between black
LÍr¡e$ione

'.lhlyr l¡luek
Lisestone J,r,, I¡uff
shale

'þI¿,ck wi ùh
bande

ROCK }Io.
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A}JD 'THTN SECTTO}TS

T]úR.APT{ÏC ONDEA

IYT,E OF F"TìAçI,,MNTS CEMEì;î LOCALIJ]Y

12 irifleu
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IrlsT¡ welL
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eÈrâjt of,
Tnfstr ïf€11
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norLh of
IrÍsh 1:Ie1.1
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ill. of
FolnÈ 'i*fell-

2 mlles
rto¡'th-wëðt,
clf TrJ sh VJ.

Ë¿ mlles
N.-'ìf .Trf sh
üfeiL
3 rnfles
It,-*-. ot'
Irl sh t¡/ê11-

3.| mtles
N.-W. Of
Trf.sh tfiel-1.

RN!,{ARKS

Thfe forrratlon fE maln\r
caX.careous sl Ltstone.

fl

About 3A96 af thfa fo¡:¡s¡rtfon le
blaek llpestone. iìest is shalo.

I-,itues?one we';ti¡ers in'Lo ciger-
shaped fragrnenùs and sbale lnto
yellow powder.

Bancle¡ of l.:iun,;i;tr:ne l-trcires thfek.
l\bout 6(E shals.

Plnk l:ande are rnore ocrrrdy. tolour
due üo oxfdibeö frorr. Âbout 5%
of forlì;:;t,Ían i.l; r;lTe¡ie.
Ar"gfllaeêous maÈerlal wfti¡
CaJ"e¿lreous cenç nt.

4r bands <lf messive J-i'"¡r¡estone
separat,ed by noddul¿r
lfmestone'l?r-z¡rr thfCk.

$rt-¿¿rr thick fossflf fer'úils 11.ne-
eÈone bas¡dl fn yellou sha1e.

iÍeSilve nç¡1'Jg]1r.r 3t leii:_rÊs åntef-
beddeü with arglllaeeous nattcr
f¡ss1:L.s?
gose caleite veinE. Pfnk duo to
lron. l,',assive.

Ç

ÊreY-
ptnk

Grey-black

Bleck

Grey-black

Gloy-61""*

Grey

Grcyr ycllow
whlte

nrgfllaeeoug
lfmeetone

Caleareous shale Érey

Argillac€oua
lfmestone

Grey

54
å mlles lr.li-,SoÉe c¿rlcÍtÊ grains and fron
F¿tawarta staJns,
32 rui.l.eo ffighly foEsÍltfêrouso Pfnnacle
N.-tI. atr:r1i.ed sLrrf¿¡cfl, Lf¡nesl,onec
Irfsh ir'iell. s€påråted by thfn sþale bar¡ds.

- Ofterr very Oehrous. Ïdar¡g€nêg€¡
l$urfterê nd eopper frequent'










