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SUMMARY 

The Palaeozoi c an d Mesozoi c stratigraphic units and major structures recognize d 
in th e Fitzro y Basi n b y earlie r worker s continu e int o the north-eas t Cannin g Basin . 
Ordovician(?), Devonian , Permian , Mes o zoic, an d Tertiar y sediment s res t wit h a n angular 
unconformity o n th e Uppe r an d Lowe r Proterozoi c rocks ; th e successio n contain s onl y sligh t 
unconformities. 

The younge r Precambria n rock s ar e confine d t o th e norther n and easter n 
marginal areas , wher e th e Hall s Cree k an d Kin g Leopol d Mobil e Zone s meet . A  small , 
partly obscured , off-shoo t o f thes e rock s occur s t o th e sout h in the Gardine r an d Lewi s 
Ranges. 

The maximu m measured thicknes s o f th e Palaeozoi c an d Mesozoi c sediment s i s 
about 200 0 feet . Th e sediment s d o no t appea r to hav e a  well establishe d regiona l dip , but 
they ar e interrupte d b y a  networ k o f north-easterl y fault s an d arcuate structures . Gravit y 
traverses acros s th e Stansmor e Fault hav e bee n interprete d a s showin g a  displacemen t o f 
7800 feet downthrow n to th e wes t o f th e fault . 

The Palaeozoi c an d Mesozoi c sediment s hav e bee n deposite d o n a  stabl e shel f 
or i n a n intracratonic basi n with accompanyin g eustati c fluctuatio n i n se a level ; bot h fossilif -
erous marin e sediment s an d deltaic , barre d basin , o r partl y lacustrin e sediment s with plan t 
leaves an d stem s ar e present . The y include arenites , lutites , an d rudites . Arenaceou s rock s 
containing a  goo d dea l o f claye y materia l a s wel l a s feldspa r grain s predominate . Th e 
probable Ordovicia n sediment s contai n marin e organism s an d ar e probabl y shelf deposits . 
The Gran t Formatio n wa s lai d dow n during a period o f glaciation , an d i s th e oldes t Permia n 
formation i n th e area . Plant-bearin g bed s occu r i n the Permia n and Triassi c rocks ; th e 
Cretaceous rock s ar e probabl y marine. 

No minera l o r othe r deposits are being exploited in the area . Investigatio n o f thi s 
edge o f th e Cannin g Basi n ha s show n wha t unit s ma y be expecte d unde r th e Mesozoi c rock s 
and Recen t san d i n th e centra l portio n o f th e Cannin g Basin. Thi s i s importan t i n assessin g 
the oi l potentia l o f th e basin , bu t furthe r geophysica l dat a an d exploratory drilling ar e 
necessary fo r a  complet e appraisal . At present i t appear s tha t oi l ma y be presen t i n commer -
cial quantitie s particularl y in hinge-line areas . 
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INTRODUCTION 

Geological mappin g i n th e Fitzro y Basi n betwee n 194 8 an d 195 2 b y geologist s 
of th e Burea u o f Minera l Resource s (Guppy , Lindner , Rattigan , &  Casey, 1958 ) indicate d 
a larg e thicknes s o f post-Preeambria n marin e sediment s an d larg e structures . A s th e 
sediments appeare d t o continu e t o th e south-eas t int o th e north-eas t Cannin g Basin , th e 
Mount Bannerman , Billiluna , Cornish , Stansmore , an d Luca s four-mil e ma p sheet s wer e 
mapped i n 1955 . Th e south-wester n par t o f th e Cannin g Basin wa s mappe d i n 195 4 (Traves , 
Casey, &  W e l l s , 1956) , an d furthe r lan d traverse s wer e mad e i n th e souther n an d easter n 
part o f th e basi n i n 195 6 b y B . H . Stinea r an d A . T . Wells ; the centra l par t o f th e basi n wa s 
covered b y helicopter i n 195 7 (Veevers , 1957) , 

The geologica l part y wa s i n th e fiel d fo r abou t four month s betwee n Ma y and 
August 1955 , an d worke d i n conjunctio n wit h surveyor s fro m th e Stat e Land s an d Survey s 
Department, Perth . A  networ k o f 2 8 astrofixe s wa s obtaine d ove r th e fiv e sheet s (abou t 
35,000 sq . miles) : a n effor t wa s mad e t o tak e nin e astrofixe s pe r sheet , positioned alon g th e 
margins, throug h th e centr e o f th e sheet , an d o n the phot o tie-runs . Fro m these, semi -
controlled mosaic s o f Stansmor e an d Cornis h an d distorte d grid s o f Moun t Bannerman, 
Billiluna, an d Luca s wer e prepare d by th e Nationa l Mappin g Division . 

In 195 6 a  surve y part y fro m th e Nationa l Mappin g Division carrie d ou t levellin g 
and observe d astrofixe s fro m Hall s Cree k t o Balg o Missio n an d Well 48 , nea r Godfrey s 
Tank. Thes e height s wer e use d t o correc t barometri c observation s mad e b y th e Burea u i n 
1955. Wes t Australia n Petroleu m Compan y geologist s als o combine d wit h Burea u o f Minera l 
Resources geologist s i n 195 5 o n severa l traverses . The y obtaine d gravit y reading s ever y 
five mile s ove r severa l lon g traverses . Gravit y observation s wer e als o take n as par t o f a 
reconnaissance geologica l an d geophysica l surve y of the Canning Basin b y helicopte r (Veevers , 
1957). Thes e result s wer e combine d wit h thos e determine d i n 195 6 b y J.H . van Son o f th e 
Bureau o f Minera l Resource s t o produc e a  gravit y contou r ma p o f th e north-eas t Cannin g 
Basin. 

Al l number s (e.g . M27 ) marked on the geological ma p refe r t o specime n localitie s 
(the lette r prefi x identifie s th e sheet : M  -  Moun t Bannerman, B  -  Billiluna , C  -  Cornish , 
L -  Lucas , S  -  Stansmore) . Al l specimen s ar e house d i n th e Burea u of Minera l Resource s 
Museum, Canberra . 

It i s severa l year s sinc e th e fiel d investigatio n wa s made ; an d som e o f th e 
material presente d i n this Repor t ha s been used for th e bulleti n o n the Cannin g Basi n (Veever s 
& Wel l s , 1961) , th e explanator y note s t o accompan y th e variou s four-mil e sheets , an d i n th e 
Stratigraphy o f Western Australia (McWha e e t al. , 1958) . 

Location 

The regio n i s covere d b y fiv e four-mil e militar y ma p sheet s an d lies betwee n 
Longitudes 12 6 an d 12 9 eas t an d Latitudes 1 9 an d 2 2 sout h (Fig . 1) , I t i s reache d fro m 
Perth b y eithe r th e inlan d o r th e coas t roa d to Por t Hedland , then via Broom e an d Fitzro y 
Crossing t o Hall s Creek . Th e tota l distance fro m Pert h t o Hall s Cree k i s abou t 200 0 miles . 
Derby an d Wyndha m ar e th e neares t ports . MacRobertson-Mille r Airlines operat e a  fort -
nightly passenger-freigh t servic e fro m Hall s Cree k t o surroundin g stations , includin g 
Billiluna an d Balg o Mission , whic h li e withi n th e are a examined . Conella n Airways, based 
in Alic e Springs , operate s a  fortnightly servic e t o Stur t Cree k Station. 
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Access t o th e are a examine d wa s b y a  roa d which run s sout h from Hall s 
Creek t o Billilun a Statio n an d Balg o Mission , an d the n by a  roug h track t o Wel l 4 8 an d 
Godfreys Tank . 

A fe w scattere d tribe s o f nomadi c aborigine s liv e i n th e souther n par t o f th e 
area, an d i n 195 6 track s o f aborigine s wer e see n by a  Burea u geological part y nea r Re d 
Cliff Poun d o n the Stansmore Shee t area. 'Smokes ' fro m spinife x burne d by nomadi c aborigine s 
were see n throughou t th e souther n an d north-eas t Cannin g Basin , Sign s o f recen t nativ e 
habitation wer e als o see n around roc k holes an d wells . 

The part y wa s equippe d wit h Traege r Typ e 43A 6 an d 5IM A transceiver s an d 
contact coul d b e mad e wit h Wyndham and Derby Royal Flyin g Docto r Radi o Stations . 

Climate 

Halls Cree k an d Balg o Missio n ar e th e onl y tw o weathe r station s i n o r nea r th e 
area. Mea n maximu m an d minimu m shad e temperature s fo r thes e tw o station s ar e show n i n 
Table 1 . 

TABLE 1 

o 
Mean averag e temperature s (  F ) Hall s Cree k are a an d Balgo Mission . 

Halls Cree k Balg o Missio n 
42 yea r averag e 5  yea r averag e 

Mean Max . Mea n Min. Mea n Max. Mea n Min. 

Jan. 97.9 75.1 102.0 78.0 

Feb. 97.1 74.2 101.5 76.5 

March 95.1 71.1 101.7 75.6 

Apri l 81.9 63.5 93.7 71.0 

May 85,5 56.0 84.9 60.9 

June 80.6 50.8 79.9 56.0 

July 80.1 48.0 78.6 53.5 

Aug. 85.9 52.0 82.9 56.1 

Sept. 92.7 59.1 92.4 64.0 

Oct. 98.2 69.2 99.0 72.0 

Nov. 100.3 74.1 102.0 75.8 

Dec. 99.4 75.3 103.8 78.2 

Year 92.1 64,0 93.5 68.2 
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T A B L E 2 

Y e a r 

M E T E O R O L O G I C A L O B S E R V A T I O N S -  B A L G O MISSIO N 

Jan. Feb . M a r . Apr i l Ma y Jun e Jul y Aug . Sept . Oct . Nov . Dec . Ann . Rainfal l 

Max. t  ° F 90.2 96.6 103.0 106.5 114.7 

Min. t  ° F 50.9 55.6 S8.0 61.7 59.9 

Rainfall (points ) 5 169 156 no recor d 296 9 no recor d 0 I 304 151 290 

1951 
Max, t  ° F 108 108.6 102 94.3 88.0 92.0 92.0 99.0 104 112 110 

Min. t  ° F 72 72 69.7 62 50 45 38 46.4 55 59 62.5 71 

Rainfall (points ) 104 324 31 120 0 160 0 0 14 0 11 70 

1952 
Max. t  ° F 110 110 107 104 96 82 89 92 101 106 109 113 

Min. t  ° F 71 70 61 56 46 43 43 42.8 55 66 70 69 

Rainfall (points ) 156 129 61 139 9 0 0 15 0 2 68 52 

1953 
Max. t  ° F 105 106 107 102 95 90 86 91 98 109 112 111 

Min. t  ° F 65 67 74 60 50 46 44 40 53 66 62 69 

Rainfall (points ) 351 200 20 6 0 0 13 44 0 0 144 673 

1954 
Max. t  ° F 108 110 108 100 93 85 73 95 99 104 108 110 

Min. t  ° F 72 66 69 61 52 43 49 44 52 64 70 64 

Rainfall (points ) 213 0 4 251 0 19 0 37 0 67 64 no recor d 

1955 
Max . t  ° F 112 107 105 102 93 90 

Min. t  ° F 71 73 68 55 50 49 

Rainfall (points ) 192 67 139 70 47 39 

1388 

834 

749 
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The regiona l distributio n o f rainfal l i s show n i n Figur e 2 . Th e annua l rainfal l 
decreases southward s fro m 6 0 inche s a t Wyndha m t o les s tha n 1 0 inche s a t Balg o Mission , 
Most rai n falls durin g the summe r months , whe n the are a i s unde r the influenc e o f th e north -
west monsoons- , som e smal l fall s occu r durin g th e winter , when the influenc e o f souther n 
Australian weather extend s thi s fa r north . 

o 
The dail y maximu m temperature s durin g the winte r month s var y fro m 7 5 t o 

90 F , wit h lo w relativ e humidit y an d with occasiona l nigh t frosts ; th e summe r temperature s 
are ofte n ove r 10 0 F  an d the relativ e humidit y i s high . 

Flora an d Fauna 

The north-eas t Cannin g Basin lies i n the Eremia n Floral Province a s define d b y 
Gardner (1941-42 ) an d show n o n hi s Vegetatio n Formation s Ma p of Western Australia. Th e 
Eremian Provinc e ha s a  ver y impoverishe d flor a an d is characterize d b y having les s tha n 7 
inches rai n in the fou r consecutiv e wettest months. Tw o vegetation formation s o f th e Eremia n 
Province, th e Triodi a Stepp e an d th e Deser t Formation , ar e include d i n th e are a surveyed . 

The Triodi a Stepp e Formatio n generall y consist s o f area s o f sand y soi l wit h 
summer rain . Th e re d san d supplie s it s edaphi c requirement , excep t i n the north , w rhere th e 
formation occur s o n ston y soil ; thi s i s t o b e expected , a s th e are a i s transitiona l betwee n th e 
stony dissecte d area s o f th e Kimberle y Plateau an d the sand-plai n country t o th e south . Th e 
Steppe i s typicall y devoi d o f tree s and shrubs but has scattere d eucalypts , Triodi a is th e mos t 
prominent genu s an d grow s a s larg e tussock-lik e discontiguou s masses . Th e drie r th e 
conditions th e mor e predominan t Triodi a becomes . 

The Deser t Formatio n -  whic h i s characterize d b y extrem e aridity , absenc e 
of permanen t surfac e water , th e hig h annua l mea n temperature , extrem e diurna l variation , 
paucity o f vegetation , prevailin g re d sand , an d sei f dune s -  include s th e greate r proportio n 
of th e area . Th e dune s ar e eithe r devoi d o f vegetatio n o r populated by spars e Triodi a 
or a  fe w hars h xerophyti c shrubs ; th e interdun e trough s contai n spars e dwar f tree s a s well . 
Hakea lorea , Casuarin a decaisnean a (deser t sheoak) , Eucalyptus gamophylla , an d E. setosa , 
are som e o f th e fe w tree s tha t occu r i n depressions o r a t th e foo t o f escarpments . Variou s 
species o f Melaleuc a grow, mainl y o n areas underlai n by travertine , an d cover comparativel y 
large areas . Th e followin g plan t specimen s fro m th e Stansmor e Rang e were determine d b y 
M r C . A . Gardner (Governmen t Botanist, Wester n Australia): Acacia . Aristida arenaria Gaud. , 
Eriachne mucronat a R . B r . , Goodenia , Eragrosti s setifoli a Nees , Cyanostegi a Bunnyan a 
F . Muell. , Newcastli a cladotrich a F . Muell . Th e onl y genu s indigenou s t o th e tru e deser t 
is Newcastlia . 

A short-live d flor a flourishe s afte r rain , but disappears after completin g a  shor t 
life cycle . Som e plant s i n th e Deser t Formatio n ar e derive d fro m a  stoc k indigenous t o th e 
south-west, bu t no w growin g o n barren , dry , sand y soil ; othe r plant s hav e a  norther n origin , 
but hav e no w develope d a  coverin g o f epiderma l hair s whic h protect s the m fro m this sever e 
climate. 

Gardner (1941-42 ) consider s tha t a n Eremia n flor a i s encroachin g o n neigh -
bouring flora s a s th e are a becomes dissected , an d the deser t extends . 
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Animals wer e no t a s rar e a s migh t hav e bee n expected . The y were see n mostl y 
near water-hole s i n Stur t Creek , o r nea r rock-hole s an d soak s i n the desert . Man y rabbit 
warrens wer e notice d i n th e Lak e Luca s are a an d i n area s o f travertine . I n the sand-plai n 
and sand-dun e areas , lizards , spinife x rats , kangaroos , dingoes , emus , wil d camels , an d 
a fe w snake s wer e seen . Th e man y bird s nea r Stur t Cree k include brolgas , cockatoos , an d 
pigeons. Flock s o f bird s were see n a t Lak e Luca s b y th e Burea u party i n 1956 , an d include d 
crested pigeons , finches , galahs , bustard s (Epidotis) , and budgerigars. 

Cattle i s th e mai n stoc k raise d b y the fe w station s i n the area ; som e horse s an d 
very fe w shee p an d goat s ar e als o raised . I n the Wes t Kimberle y region, o n the othe r hand , 
more shee p tha n cattl e ar e raised . Cattl e fro m Billilun a Station , whic h i s sout h o f th e tic k 
quarantine line , ar e drive n sout h alon g th e Cannin g Stoc k Rout e t o Carnegi e Station , nea r 
Lake Carnegie , and then to th e railhea d a t Wiluna . 

Casey &  Nelligan (1956 ) discuss the land classification and relativ e distributio n o f 
the variou s unit s i n th e area . The y conside r tha t althoug h isolate d goo d patches o f grazin g 
land occu r i n th e desert , acces s i s to o difficul t fo r economi c us e t o b e mad e o f it . Th e mos t 
suitable lan d no t alread y use d fo r grazin g i s i n th e Bisho p an d Stansmore Rang e areas . 

Field Method s 

The size , position , an d lac k o f habitation s i n th e area , the limite d route s o f 
access, an d th e scattere d outcrops , prevente d an y detaile d geologica l mapping . Th e route s 
of traverse s wer e limite d b y th e topography , tha t is , b y th e tren d an d abundanc e o f th e san d 
dunes. No t al l outcrop s coul d b e examine d i n th e tim e available . Becaus e o f th e travers e 
spacing, a  great deal of reliance ha d to be place d o n air-photo interpretatio n o f rock , vegetation , 
and soi l patterns . 

Uncontrolled four-mil e an d one-mil e photo-mosaics , prepare d by the Division o f 
National Mapping, were used i n the field . Geologica l informatio n wa s transferre d fro m th e ai r 
photographs (scal e 1 : 50,000 ) directl y o n t o th e four-mil e mosai c b y mean s o f reductio n 
squares an d compariso n grids , an d th e result s trace d ont o a  transparen t medium , usin g a 
distorted gri d wher e applicable . Barometri c height s were recorde d durin g most traverses . 
Readings wer e controlle d b y a  diurna l curv e compile d fro m reading s take n ever y hou r a t a 
base camp ; th e differenc e betwee n th e diurna l variatio n a t th e bas e cam p an d a t th e point s 
where height s wer e observe d wa s assume d t o b e negligible . 

The condition s encountere d i n th e north-eas t Cannin g Basi n an d a  resume * o f 
operational problem s ar e give n b y Case y &  Wells (1956) . 

Previous Investigation s 

A . C , Gregor y was probabl y the firs t t o investigat e th e area ; i n 185 6 h e followe d 
Sturt Cree k southward s an d discovere d th e sal t lak e int o which th e cree k drains . Th e sal t 
lake wa s thereafte r calle d Gregory s Sal t Sea , bu t i s no w referre d to a s Gregor y Salt Lak e 
(Gregory, 1857 , 1898) . 

In 18 73, Colonel P .E. Warburton (18 75) travelled from Alice Spring s to the Oakove r 
River, bu t failed t o fin d th e salt lake discovered previousl y b y Gregory ; hi s rout e passe d abou t 
30 mile s sout h o f it . 
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In 1896 , D . W . Carnegie (1898 ) se t ou t fro m th e Wester n Australian goldfieId s 
and travelle d nort h t o Hall s Creek . Th e cours e o f hi s retur n journey was t o th e eas t o f 
his previou s rout e an d very clos e t o th e Norther n Territory border, to a s fa r sout h a s Moun t 
Carnegie an d th e Rawlinso n Range . H e name d th e Stansmor e Range , where h e erecte d a 
cairn, an d he sa w a  mirag e o f a larg e sal t lake , eas t o f hi s route , a t abou t Lat . 2 2 40'S , whic h 
was late r name d Lak e Macka y after D . F . Mackay. H e crosse d th e Gibso n Desert an d returne d 
to th e goldfields . 

Between 189 8 an d 1900 , A . A . Davidson (1905 ) le d a  prospectin g expeditio n fo r 
the Centra l Australian Exploration Syndicate Limited , and travelled from Tennan t Cree k to th e 
Gardiner an d 'Detached ' (probabl y Lewis ) Ranges . 

A practicabl e stoc k rout e betwee n Wilun a an d Hall s Cree k was discovere d b y 
surveyor A . W . Canning , i n 1906-7 . I n 1908, H . W . B . Talbo t (1910 ) accompanie d Cannin g whe n 
the stoc k rout e wa s opened , an d publishe d a n accoun t o f th e geolog y an d water supplies . 
E . Kidso n (1914 ) recorde d magneti c observation s alon g th e stoc k route . M . Terry (1937 ) 
mentions a n expedition b y Weston i n 1916 , wh o travelle d fro m Tan a mi t o th e Sydne y Margare t 
Range; n o othe r publishe d recor d o f thi s tri p i s available . 

L.J . Jone s (1922 ) travelle d alon g th e stoc k rout e i n 192 2 an d mad e a  geologica l 
investigation o f Bloc k 21 H -  (Lat . 2 0 -2 2 S , Long . 12 3 30'-129°E ) fo r th e Lock e Oi l 
Development Syndicat e an d Kimberley Petroleum. Jone s describes tw o well-defined structures , 
one a  dome a  mil e an d three quarter s eas t o f No . 48 Wel l , Cannin g Stock Route , an d the othe r 
a terrac e o r monoclina l fold , tw o mile s west o f No . 50 Wel l . Jone s recommende d preliminar y 
boring a t thes e sites . H e found Permia n marin e fossil s north-eas t o f No . 27 W e l l . 

In 192 5 M . Terr y (1927 ) travelle d fro m Hall s Cree k to Godfrey s Tan k as par t 
of a n exploratio n an d prospectin g trip . (Godfrey s Tan k wa s dr y when visite d b y this party.) 
In hi s 192 8 expeditio n durin g th e cours e o f a n investigatio n in th e Tanami-Granite s district , 
Terry prospecte d th e are a nea r th e Gardine r Rang e a t Larrangann i Bluff (Terry , 1932) . 
Part o f Terry' s 193 2 expeditio n (Terry , 1937 ) covere d par t o f th e Lak e Mackay/Sydne y 
Margaret Rang e area , an d man y topographica l feature s i n this vicinit y were name d b y him . 
Terry (1957 ) summarize s som e o f th e exploratio n wor k in the Cannin g Basin . 

W . G . Woolnoug h (1933 ) describe s a  fligh t fro m Louis a Down s t o Gregor y Salt 
Sea, i n a  repor t o n aeria l surve y operation s i n Australia. 

D . F . Macka y (1934 ) covere d a  grea t dea l o f th e Cannin g Basin durin g a n aeria l 
survey expedition . A i r photograph s wer e take n an d a  topographic ma p compile d fro m stri p 
maps mad e durin g flights . Outbase s for the flights wer e a t Ro y Hil l Station, Fitzro y Crossing , 
and Docker Bas e i n the wester n Peterman n Ranges . On e o f th e flight s fro m Fitzro y Crossin g 
crossed th e Lewi s Range , then turned du e wes t t o Gregor y Salt Lak e an d returne d t o Fitzro y 
Crossing. 

C. S t J , Bremne r (1940 ) mad e a  preliminar y aeria l reconnaissanc e o f th e 
desert are a fo r Calte x (Aust.) , mainl y to assess transportation difficultie s an d se e th e distrib -
ution of outcrops . 

P.S. Krau s (1941 ) mad e a  geologica l reconnaissanc e o f th e Fitzro y Basi n (th e 
north-west portio n o f Calte x Concessio n 7-H ) but covere d onl y on e o r tw o area s pertinen t t o 
this report . W . H , Maddox (1941) carrie d ou t geologica l reconnaissanc e i n th e north-easter n 
part o f th e Fitzro y Basin , includin g a  travers e t o Godfrey s Tank , and others eas t an d south -
east o f Billilun a an d Stur t Cree k Stations . Th e geologica l wor k was carrie d ou t fo r Calte x 
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(Aust.) Oi l Developmen t Pt y Ltd . Maddo x observe d a  structur e plungin g a t 2°-3 < >east-
south-east a t Godfrey s Tank. 

F.Reeves (1949 ) carried out extensive aerial and ground geological reconnaissanc e 
in th e Fitzro y an d Cannin g Basin s fo r th e Vacuu m Oil Company. Muc h o f hi s repor t in th e 
north-eastern are a i s base d o n wor k b y P.S . Kraus , W . H . Maddox , W . A . Findlay , and H.J. 
Evans. A n account of the geology south and south-wes t o f Balg o Missio n i s give n b y H.J . Evans 
(1948) i n a n unpublishe d repor t t o From e Broke n Hil l Pty Ltd ; the 50-foo t glacia l boulder 
bed h e describe s sout h o f Balg o Missio n an d 10 0 fee t abov e the 'Uppe r Ferruginous ' (Liver -
inga Formation ) are probabl y beds i n the Condre n Sandstone o r Gran t Formation . 

In 1948 , durin g thei r investigatio n o f th e Moun t Ramsay four-mile Shee t area , 
Matheson &  Gupp y (1949 ) mad e a  travers e t o th e Wol f Cree k Meteorite Crate r an d late r 
described i t (Gupp y &  Matheson, 1951) . 

Traves (1955 ) carrie d ou t a  regiona l surve y o f th e adjacen t Ord-Victori a regio n 
to th e north . 

TOPOGRAPHY 

The are a ca n b e divide d int o three mai n divisions : Stur t Plateau , Semi-Desert , 
and Transitional . 

The Stur t Platea u was define d byPaterson(1954 ) in the Ord-Victori a region , an d 
includes onl y a  smal l are a i n the north-eas t Cannin g Basin . Th e Platea u i s nearl y flat , wit h a 
poorly developed , senile , inland-drainag e system , an d i s though t t o b e a n ol d Tertiar y land 
surface (Traves , 1956) . 

Remnants o f th e partl y dissected platea u occu r o n the norther n part o f th e Moun t 
Bannerman Shee t are a an d a s fla t plain s mergin g int o the Semi-Deser t o n the norther n part 
of th e Billilun a Sheet area . 

Transitional: Th e margina l plains , wit h isolate d ranges , appea r transitiona l 
between th e Semi-Deser t an d Stur t Plateau . Beside s remnant s o f th e Hall s Cree k Ridges 
(Paterson, 1954) , remnant s o f th e Kimberle y Plateau are included here . Isolate d range s occu r 
in th e nort h an d eas t o f th e area ; th e mor e prominen t range s hav e a n altitude o f 150 0 feet . 
Mount Brophy , th e highes t poin t i n th e Gardine r Range , i s 179 0 fee t abov e se a level . Al l 
the margina l range s ar e compose d o f th e mor e resistant Precambria n rocks. Th e san d plai n 
has a  genera l elevatio n o f 110 0 fee t i n th e margina l area, and slopes gentl y wes t t o 70 0 fee t 
north o f Moun t Rosamund. 

The Semi-Deser t i s compose d o f fla t san d plain s (Fig . 4) with east-wes t sei f 
dunes (Fig . 3) , penetrated b y isolate d hill s o r dissected breakaway s which giv e ris e t o a  mes a 
and butt e topography . Th e dune s averag e 5 0 fee t high , but som e ar e ove r 10 0 feet ; man y ar e 
more tha n 5 0 mile s long . Th e slope s ar e fixe d b y spars e vegetatio n an d their top s ar e 
nearly bare , excep t fo r spinife x clump s an d isolate d larg e gu m trees. Th e Semi-Deser t i s 
underlain b y Phanerozoi c sediments , mor e easil y erode d tha n the rock s o f th e Precambria n 
marginal ranges . 
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Drainage Syste m 

The stream s i n the are a ca n be divide d into two classes : 

(1) Stream s drainin g directl y int o sal t lake s ar e o f varyin g lengths , an d probably 
once forme d majo r drainag e lines , a s fo r exampl e Stur t Creek ; man y contai n pool s o f sal t 
water. Wher e th e headwater s o f a  strea m ar e i n the rugge d Precambrian, run-off i s heavy ; 
but i n othe r stream s (e.g . thos e drainin g int o Lak e White ) the run-of f i s insufficien t t o for m 
large continuou s channels . 

(2) Stream s drainin g int o th e san d plai n hav e shor t course s an d alluvial fans , an d 
some for m narro w alluvia l piedmon t deposits . Thei r tributarie s for m a  dendriti c pattern , 
and wher e th e distributarie s debouc h o n to alluvia l flat s afte r drainin g from smal l hills , the y 
also ar e dendritic . Thes e stream s wer e probabl y neve r ver y large . 

The drainag e syste m i s internal , an d is dominate d by Sturt Creek , whic h flow s 
south-west an d terminate s i n Gregor y Sal t Lake , 90 0 fee t abov e se a level . I t i s probabl y a 
consequent stream . I t rise s 2 0 mile s north-eas t o f Moun t Wittenoom. Th e gradien t of 
Sturt Cree k betwee n Wol f Cree k junctio n an d Stretc h Lagoo n (3 5 miles ) i s 4  fee t pe r mile ; 
between Stretc h Lagoo n an d Gregor y Sal t Lak e (3 0 miles) , 2  feet pe r mile ; betwee n Astrofix 
N4 an d th e Wol f Cree k junction , slightl y mor e tha n 1  foot pe r mile . Thi s explain s th e wid e 
flood plain , wit h white , light-texture d alluvia l san d an d clay , i n the uppe r reaches o f Stur t 
Creek, nea r Gordo n Downs an d Sturt Cree k homesteads . 

Discontinuous patche s o f travertine , alluvium , and claypans probabl y represen t 
an ol d cours e o f Stur t Cree k whic h ra n eas t an d sout h o f th e Deniso n Range , south-east t o 
Stretch Lagoon . Slate y an d Lewi s Creeks , whic h no w drain into the san d plain from th e 
Gardiner Range , were probabl y tributarie s o f th e ol d Sturt Creek . 

Wolf Cree k i s th e mai n tributar y o f Stur t Creek ; it s floodwater s ar e re d with 
detritus fro m th e nearb y re d san d plains , wherea s thos e fro m Sturt Cree k ar e generall y 
milky with detritu s fro m the dissecte d Stur t Plateau . 

Aitchison Cree k drain s a  granite area in the Lewis Range, flows sout h an d ends i n 
an alluvia l fan. 

Development o f Topography 

The developmen t o f th e topograph y ha s bee n controlle d b y the climate , an d the 
age, type , an d structure o f th e rocks . 

The initia l surfac e wa s probabl y a  peneplai n cause d largel y by lateritizatio n 
which acte d o n the margina l emergent surface . Th e peneplain underwent desert weatherin g t o 
form breakawa y scarps , an d on further reductio n became a  plain o f ari d erosion . Th e initia l 
peneplain wa s broke n b y prominen t structura l element s i n th e Palaeozoi c sediment s an d 
transected b y ridge s o f basemen t rock s aroun d th e margin ; thes e ridge s ma y be part 
of a n exhumed Permia n landscape. 

Erosion o f mountains , ridges , hills , an d breakaway s formed pediments aroun d 
them, an d the pediments were later modified by deflation, wherea s th e mesa and butte topography 
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is a  resul t o f differentia l weatherin g aide d b y water ; th e pediment s wer e redistribute d t o 
form sand plains and dunes. Th e dunes grew i n breadth and height durin g periods o f bidirectional 
winds, an d in lengt h whe n prevailing winds blew . 

The are a i s a t present a t th e stag e o f lat e maturity . 

The persisten t interna l drainag e i s responsibl e fo r loca l an d temporary base 
levels whic h contro l th e reductio n of the upland areas. Th e dissection o f th e highland s i n yout h 
was accompanie d b y aggradatio n of th e basins , whic h produce d a  continue d ris e o f loca l bas e 
levels. 

Wolf Cree k Meteorite Crate r 

A prominen t topographi c featur e i n th e wes t o f th e Billilun a Sheet are a i s th e 
Wolf Cree k Meteorit e Crate r (Fig . 5) , firs t observe d fro m th e ai r by F . Reeve s i n 194 7 
(Reeves &  Chalmers , 1949 ; Holmes , 1948) , an d describe d b y Gupp y &  Matheson (1951) . 

It i s 6 5 mile s sout h o f Hall s Cree k (Lat . 19°10,S, Long . 127°46'E) ; th e floo r o f 
the crate r i s 16 0 fee t belo w th e rim , an d 7 0 fee t belo w th e leve l o f th e san d plain . Th e inne r 

o o  o  o 
slope o f th e ri m i s 1 0 -1 5 an d th e inne r 3 0 -4 0 ;  th e ri m outlin e i s nearl y circular . Th e 
flat floo r o f th e crate r i s 140 0 fee t i n diameter , an d the tota l width i s 280 0 feet . 

The crate r i s the fourth largest in the world, surpasse d onl y b y the Meteo r Crate r 
in Arizona, the Chub b Crate r i n Quebec, and a  crate r i n Siberia. 

Pieces o f metalli c materia l foun d o n th e sout h sid e o f th e crate r b y Guppy & 
Matheson yielde d 1.9 % Ni O o n analysis . Th e materia l wa s magneti c an d consisted mainl y o f 
hydrated iro n oxide , smal l amount s o f silicate s impregnate d wit h iro n oxide , an d a littl e 
chalcedony. On e specime n gav e 0.06 % metalli c iro n retaine d o n a  90-mes h screen . 

Cassidy (1954 ) collecte d severa l oxidize d specimen s weighing ove r 30 0 lb.fro m 
the crater , bu t n o wholl y metalli c meteoriti c materia l wa s recorded . A  summar y o f th e 
investigation o f thes e large r specimens b y Lapaz (1954) is a s follows : Th e smalle r piece s ar e 
'shale-balls', analogou s t o thos e foun d previousl y a t th e Barringe r an d Odessa Meteorite 
Craters, U.S.A . A  few nickel-iro n granule s an d sinuou s vein s o f nickel-iron , 1  inc h o r mor e 
long an d up to 1/8 inc h acros s, we re foun d i n som e sections . Th e specimen s sho w evidenc e tha t 
they ar e incompletel y oxidize d remain s o f well-oriented iro n meteorites . Pressur e fissure s 
radiate fro m 'noses ' o f masse s an d exten d 4- 5 inche s int o the interio r o f th e masses ; th e 
fissures ar e fille d wit h congeale d melt . Zaratit e i s visibl e i n the outermos t 2- 3 inche s o f 
sections, an d i n smalle r zone s i n the interior . Th e density o f th e matri x i s i n the basa l part 
of th e conoids . Th e mas s wa s originall y sideritic . 

The ag e o f th e meteorit e impac t i s no t definitel y known . I t has affecte d Uppe r 
Proterozoic silicifie d sandstones , an d late rite has beenbroken and tilted ; th e youn g topographi c 
form suggest s a  Quaternar y o r eve n Recen t event ; bu t i t i s no t apparentl y included i n nativ e 
legends, s o probabl y was pre-Recent . Th e aborigina l Djaru trib e cal l th e crate r Kandimalal. 

STRATIGRAPHY 

The stratigraph y cover s a  small portion of the post-Precambrian sediments o f th e 
Canning Basin , an d som e o f th e basemen t rocks which ac t a s th e floo r an d border of th e basin , 
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TABLE U I 

STRATIGRAPHY O F THE NORTH-EAST CANNIN G BASI N 

AGE 

CORRELATION 

SOUTH-WEST CANNIN G FITZRO Y BASI N 
FORMATION THICKNES S LI T HO LOGY AN D PALAEONTOLOGY "  '  a t o l 1 Q = 9 , 

BASIN (Traves , (Gupp y e t al. , 1958 ) 
( '  Casey , &  Wells 1956 ) 
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 20 +  Alluviu m and black soil Simila r Recen t sediments . Sand , caliche , 
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W O L F GRAVE L 2 0 +  Alluvia l gravel and sand 
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LAWFORD BED S 10 0 +  Lacustrin e limeston e an d mar l over -
lain by hard vugg y chalcedon y 
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R

Y
 

Laterite an d pisolitic 3 0 +  Laterit e profil e an d isolated outcrop s Pisoliti c Pisoliti c ironston e 
ironstone o f pisoliti c ironstone . ironston e 
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GODFREY BED S 30 0 +  Micaceou s shal e an d sandstone wit h A N K E T E L L MED A FORMATIO N AND 
pelecypods an d the wor m Rhizocoralliu m SANDSTON E MO W LA SANDSTON E 
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CULVIDA 20 0 +  Crossbedded , red-brown sandston e wit h Par t o f C A L L A W A ERSKIN E SANDSTON E 
SANDSTONE interbedde d fine, whit e shal e containin g FORMATIO N 

Cladophlebis an d Dicroidium 
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BUNA. SHVL E 10 0 +  Gre y micaceou s shal e an d siltstone wit h -  BLIN A SHAL E 
Isaura, 

UNCONFORMITY 

P
A

L
A

E
O

Z
O

IC
 

P
E

R
M

IA
N

 

HARD MAN 10 0 +  Poorl y sorted , medium-graine d sandstone -  Moun t Hardman bed s 
MEMBER wit h brachiopods , gastropods an d Aulo- LIV E RING A FORMATIO N 

steges 
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CONDREN SANDSTON E (15 0 Freshwate r sandston e an d shale wit h Plan t bearing beds 
MEMBER measured ) Glossopteri s andGangamopteri s LIVERING A FORMATIO N 
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BALGO MEMBE R &  20 0 +  Micaceou s shale , sandstone , greywack e Basa l marin e bed s 
LIGHT JACK MEMBE R an d conglomerate o f concretions . LIVERING A FORMATIO N 

Contains pelecypod s wit h som e brachio -
pods. 
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NOONKANBAH 20 0 +  Sandston e an d shale wit h abundan t DOR A SHAL E NOONKANBA H 
FORMATION (5 0 marin e fossils . Som e calcareou s shal e FORMATIO N 

measured) an d coquinite . 
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 GRANT FORMATIO N 50 0 +  Poorl y sorted coars e sandston e wit h PATER S O N FORMATIO N GRAN T FORMATIO N 

(150 meas - occasiona l rounde d quartz pebbles., §  BRAESID E TILLITE . 
ured) Contain s fossi l wood . 
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200 +  Mediu m to coars e graine d sandstone . 
Current-bedded wit h subrounde d pebbles. 
Contains fossi l wood , LeptonMoeum 
australe. 
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LIMESTONE 1 0 Blue-gre y limestone wit h muc h second - -  ?  BUGL E GAP 
exposed ar y calcite. LIMESTON E 
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CONGLOMERATE 5 0 +  Oligomicti c conglomerat e -  ?  SPARK E CON G 10 ME RAT E 
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250 Interbedde d medium-grained conglomerate -  PRICE S CREE K GROUP ? 
exposed an d sandstone wit h trilobit e remains . 
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LUCAS BED S 10 0 Fontaineblea u sandston e wit h interbedde d Possibl y equivalen t i n age t o 
exposed laminate d claystone . Sandston e i s wel l extension s o f Lowe r Palaeozoi c 

sorted wit h occasiona l cla y pellets . rock s fro m th e Norther n Territ -
Calcareous matrix . ory . Lithologica l similaritie s t o 

Noonkanbah Formation . 

UNCONFORMITY 
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PHILLIPSON 20 0 +  Soft , cu r rent-bedded sandstone , poorl y 
BEDS sorte d an d with dips u p to 10 . 
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GARDINER 50 0 +  Hard , silicified , cu r rent-bedded, ripple - „  .  , r ,  , 
i j  j  ,  .  ,  .  .  .  ,  ,  Uppe r Proterozoi c Kimberle y Plateau BEDS marke d sandstone, strongl y lointe d an d 

, , , ,  .. . , . .  , ^ 0 sequenc e succession . 
folded, wit h dip s u p to 1 5 .  Micaceou s 
shale an d fine sandston e ar e als o present . 
Conglome rate at base, with quart z, quart z 
greywacke, slate, and quart z-tourmaline 
hornfels pebbles . 
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KEARNEY 200 0 +  Silicifie d flagg y sandstone , folded , with 
BEDS dip s u p to 7 0 . 
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LEWIS GRANIT E Muscovit e granodiorit e with pegmatite an d Lowe r Proterozoi c Granit e Granit e of LAMBO O COMPLE X 
quartz veins . 
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H A L L CREE K Quartzite , quartz-greywacke, slate. Lowe r Proterozoi c HALL S CREE K METAMORPHIC S 
METAMORPHICS laminate d claystone , an d fine, cla y sand - Metamorphic s 

stone. Strongl y folded, intimatel y injecte d 
by granit e an d cut b y numerou s quart z 
veins. 



and whic h wer e probabl y th e mai n sourc e o f terrigenou s sediment s o f th e Cannin g Basin . 
The Cannin g Basi n i s define d a s th e sedimentar y basi n between th e Kimberle y and Pilbar a 
areas o f Precambria n rock s an d extendin g westwar d o n t o th e presen t continenta l shelf ; i t 
contains Palaeozoi c an d younger sediments . Th e area of th e Cannin g Basin therefor e include s 
both th e geographica l are a calle d th e 'Grea t Sand y Desert * b y Warburton (1875 ) an d th e 
Fitzroy Rive r Valley . Th e ter m 'Deser t Basin'was use d fo r th e poorl y define d artesia n basi n 
between th e Kimberle y and Pilbar a Block s i n a  ma p accompanyin g a  'Repor t o f th e Interstat e 
Conference o n Artesia n Water , Sydney , 1912 ' (Sydney , Governmen t Printer , 1913) . Th e 
term Cannin g Basi n wa s firs t use d b y Gentill i &  Fairbridge (1951) t o includ e th e Palaeozoi c 
and Mesozoi c sedimentar y basin . 

The marin e an d plant-bearing Permia n sediments ar e the most widespread o f al l 
rocks o f the north-east Cannin g Basin. Th e Ordovician and Devonian rock s are confined t o smal l 
marginal area s t o th e nort h an d d o no t reappea r beneath th e younge r sediment s o f th e Basi n 
to th e south . 

Existing stratigraphi c name s have been used wherever possible. Ne w stratigraphi c 
names hav e bee n approve d b y the Wester n Australia n Committe e o n Stratigraphic Nomen -
clature. 

PRECAMBRIAN 

Precambrian rock s cro p ou t a t th e margi n of th e Cannin g Basin i n the nort h an d 
east o f th e area . Th e division into Upper an d Lowe r Proterozoi c follow s o n from work carried 
out i n th e Kimberle y (Gupp y e t al . , 1958 ) an d Ord-Victoria areas (Traves , 1955). Th e olde r 
metamorphics an d granit e ar e regarde d a s Lowe r Proterozoi c an d mos t o f th e sediments , 
which overli e the m with pronounced angular unconformity, ar e referred t o th e Uppe r Proteroz -
oic. 

The Precambria n rock s i n thi s are a wer e previousl y investigate d by Davidso n 
(1905) betwee n 189 8 an d 1900; h e visited the Gardine r and Lewi s Range s an d reporte d trace s o f 
gold from quart z reef s i n the Halls Creek Metamorphics, which underli e th e Uppe r Proterozoi c 
rocks i n thes e areas . Talbo t (1910 ) investigate d th e Precambria n rocks i n the Gardiner 
Range an d a t Ten t Hill , and described the unconformity a t Larrangann i Bluff . H e reporte d that 
several o f th e quart z reef s i n the metamorphic s showe d trace s o f gol d o n analysis . 

Maddox (1941 ) regarde d th e rock s a t Pal m Spring , 1 5 mile s eas t o f Stur t Cree k 
Homestead, an d graniti c rock s in the Cummins Range as Proterozoic . Reeve s (1949 ) describe d 
Archaean ('Mosquit o Cree k Series?' ) rock s i n th e Cummin s Range , and graniti c rock s an d 
Upper Proterozoi c quart z sandston e ('Nullagin e Series' ) 1 5 mile s eas t o f Balg o Mission . H e 
also describe d Uppe r Proterozoi c quartzit e overlapping older rocks nort h o f Moun t Bannerman 
and i n the Lewis , Erica, an d Stansmore Ranges . Th e rock s i n th e Stansmor e Rang e hav e sinc e 
been show n to b e Permian . 

Lower Proterozoi c 

Halls Cree k Metamorphic s 

The nam e wa s firs t use d b y Trave s (1955) for a  belt o f metamorphi c rock s i n th e 
Halls Cree k area , wher e the y ar e intrude d b y granite s o f th e Lambo o Complex (Archaea n or 
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Lower Proterozoic) , an d unconformabl y overlai n b y rock s though t t o b e Uppe r Proterozoic . 
Rocks whic h occup y a  simila r stratigraphica l positio n t o the Hall s Cree k Metamorphics occu r 
in area s borderin g th e north-eas t Cannin g Basin . The y ar e intrude d by the Lewi s Granite, 
and othe r granites , an d are unconformabl y overlai n by probable Uppe r Proterozoi c sediments . 
The rock s ar e no t a s highl y metamorphose d a s i n the Hall s Cree k area. Phyllite s an d 
amphibolites ar e absent , an d basi c lava s hav e no t bee n recorded ; quartzit e (granitize d i n 
places), sandstone , slate , shale , an d micaceou s sandston e wit h quart z veins ar e commo n t o 
both areas . 

Traves (1955 ) describe s quartzit e an d greywacke betwee n Rub y Cree k and Rock 
Hole (near the norther n edge o f th e Billilun a Sheet), i n outcrop s continuou s wit h simila r rock s 
mapped a s Hall s Cree k Metamorphic s o n th e Billilun a an d Moun t Bannerman Sheets. Th e 
Metamorphics als o cro p ou t north-wes t o f Cummin s Range , and at th e bas e o f th e Gardine r 
Range; quartzite , sheare d quart z greywacke , slate , laminate d claystone , siltstone , an d 
sandstone ar e th e commones t roc k types (Se e Appendi x 2). 

o 
Slate an d quartz greywacke, with dip s fro m 5 0 t o vertical , cro p ou t a t Larrang -

anni Bluff , a t th e sout h end o f Gardine r Rang e (Fig . 6) . Quart z veins with hematit e cu t thes e 
sediments. Simila r sediment s cro p ou t a t B35 , where white kaolinize d slate , chocolat e brow n 
slate, an d quart z greywack e ar e cu t b y numerou s quart z veins. A  porou s 5-foo t ca p o f 
weathered rock , which mayb e a remnant of a widespread laterit e profile , cap s th e metamorph -
ics. Othe r metamorphi c outcrop s underli e th e Uppe r Proterozoi c Gardine r Bed s a t Mount 
Mansbridge i n th e Gardine r Range , an d a s scattere d inlier s t o th e wes t an d south . I n the 
northern par t o f th e Moun t Bannerma n Shee t area , Christma s Cree k cuts throug h ridge s o f 
steeply dipping , kaolinized , gre y t o whit e laminate d claystone , sheare d pal e gre y quartz 
greywacke, an d slate . Quart z veins (1/4 inch-12 inche s wide ) cu t thes e sediments , an d they 
are overlai n b y Uppe r Proterozoi c dark-coloure d shale, simila r t o tha t croppin g ou t a t Mount 
Frank t o th e nort h (Hardman , 1884 ; Maddox , 1941) . 

At localit y M36 , sout h o f CMristma s Creek , lit-par-li t injectio n ha s granitize d 
the quartzite ; ramifyin g vugg y quartz veins ar e common . 

Lewis Granit e (ne w name ) 

The Lewi s Granit e i s th e batholithi c granit e whic h intrude s th e Hall s Creek 
Metamorghics an d i s unconformabl y overlai n b y th e Phillipso n Bed s i n the Lewi s Range 
(Lat. 2 0 10'S , Long . 12 8 40'E) . It s ag e i s tentativel y regarde d as Lowe r Proterozoic , an d 
although i t ma y be contemporaneou s with granitic rocks in the Lambo o Complex , i t i s normall y 
a ver y fresh-lookin g granite , no t gneissic , an d i t mayb e younge r tha n the mineral-bearin g 
granites o f Tanam i and Th e Granites . S o far n o mineral deposit s hav e bee n foun d associate d 
with the Lewi s Granite. 

In th e Lewi s Rang e th e granit e varie s fro m fine-grained , aplitic , t o coarse -
grained. A  coarser pegmatitic phas e contains graphic intergrowths o f quart z an d feldspar, wit h 
plumose aggregate s an d muscovit e 'books ' u p to tw o inche s across . Rar e slickenside d faul t 
planes, subsequentl y fille d b y erypto-crystalline vugg y silica, hav e crushed an d cut th e granite . 

The Lewi s Granit e als o crop s ou t a t Ten t Hill , 1 5 mile s eas t o f Balg o Hill s 
Mission, an d at Mount Elphinstone, where it is a  biotite granit e wit h larg e feldspa r phenocrysts . 
At M36 , small outcrop s o f granite intrude quartzite much o f whic h show s sign s o f granitization . 
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Figure 3 . San d plai n afte r burnin g o f spinife x 

Figure 4 . San d dune s west o f Godfrey s Tan k 

6-2 a 













No extensiv e area s o f granit e ar e exposed ; th e larges t outcro p i s eas t o f th e 
Lewis Range . However , granite almost certainly underlies the san d plai n south an d west o f th e 
Gardiner Range , an d betwee n Moun t Hughe s an d the Kearne y Range. Th e san d derive d fro m 
the granit e i s coarse r tha n elsewhere , an d does no t for m prominent dunes ; i t i s comparativel y 
easy fo r cross-countr y travel . 

Upper Proterozoi c 

Kearney Bed s (ne w name ) 

The Kearne y Bed s ar e th e bed s o f steepl y dipping hard silicified flagg y quartz 
sandstone croppin g ou t i n the Kearne y Range (Lat , 20 08'S , Long . 12 8 08'E) , 20 mile s eas t o f 
Balgo Mission . The y ar e unconformabl y overlain by Uppe r Devonia n o r Lowe r Carboniferous 
sandstone a t B28 , 1 5 mile s eas t of Billiluna Homestead, an d probably lie o n the erode d surfac e 
of Lewi s Granite . Th e Bed s ar e tentativel y regarde d as Uppe r Proterozoic , bu t n o contact s 
with othe r Precambria n rocks hav e bee n seen . 

The sandston e i s white , weatherin g t o ochreou s yellow , bande d in places an d of 
uniform grai n size. Depositiona l feature s suc h a s rippl e mark s o r curren t beddin g are rare . 
Thin conglomerat e band s ar e intersperse d throug h th e sandstone . Th e Bed s ar e generall y 
intensely jointed . The y cro p ou t typicall y a s lo w resistan t ridges , cuestas , an d hogbacks. 

Gardiner Bed s (ne w name ) 

The Gardine r Bed s ar e th e bed s o f hard , silicified , current-bedded , ripple -
marked sandston e an d interbedde d shale , tha t cro p ou t in , an d are name d from, the Gardine r 

o o 
Range (Lat . 19 15'S,Long . 12 8 45'E^ . Th e bed s o f sandston e ar e strongl y jointe d an d gentl y 
folded wit h dip s usuall y u p t o 1 5 .  Whereve r th e bas e o f th e Gardine r Bed s i s exposed , a 
polymictic conglomerat e i s developed . A t Larrangann i Bluf f th e Gardine r Bed s di p 9  nort h 
and overli e th e Hall s Cree k Metamorphic s wit h a n angula r unconformity (se e Fig . 6) . I n 
the Eric a Range , a  conformabl e contac t i s visibl e wit h overlyin g friabl e current-bedde d 
sandstone whic h i s though t t o belon g t o th e Phillipso n Beds . Th e Gardine r Bed s ar e probably 
Upper Proterozoic . 

The typ e sectio n a t B34 (Larrangann i Bluff) , i n descendin g order , is : 

Sandstone, hard , silicified , medium-grained , strongl y jointed , curren t an d wave 
ripple-marked, wit h thi n bed s containin g mould s o f cla y pellets . Th e curren t 
ripple mark s hav e a n inde x o f 8  an d th e wav e ripple s a n index o f 4 ; th e wav e 
ripples ar e th e mor e abundant . 

Sandstone. flaggy , wit h mino r interbedde d micaceou s shale ; muc h cla y pelle t 
conglomerate. 

Sandstone, ligh t brow n t o yello w brown , rarel y green , laminated , micaceous , 
in bed s tw o inche s thick , alternatin g wit h Shale , chocolat e brown , micaceous , i n 
beds u p to on e foo t thick . 

Conglomerate. boulder s u p to 1  foot o f slate , quart z greywacke, and quartz fro m 
underlying Metamorphics . Fragment s irregular , subrounde d t o subangular , 
average diamete r 1  inch . Quart z greywacke fragment s generall y ellipsoida l an d 
subrounded; quart z pebble s subangula r an d irregular. Quart z grains o f matri x 
average 1. 5 mm . i n diameter . 

Unconformity 

Lower Proterozoi c Hall s Cree k Metamorphics : quart z greywacke , slate , an d sub -
greywacke intrude d by quartz and quartz-hematite veins . 

60 fee t 

100 fee t 

120 fee t 

40 fee t 



The surfac e o f unconformit y i s locall y ver y irregula r an d can be see n where 
an isolate d pinnacl e o f th e conglomerat e overlie s th e Hall s Cree k Metamorphic s at B33 . 
The unconformit y wa s see n als o a t B36 , 2  mile s south-eas t o f Moun t Stubbins. Th e basal 
conglomerate crop s ou t a t For t Hil l an d contain s fragment s u p to a  foot acros s wit h a  fe w 
pebbles o f quartz-tourmalin e hornfels. A  silicified sandston e an d conglomerate wit h numerou s 
small quart z vein s cro p ou t a t Pyrami d Hill. Th e roc k may be equivalen t t o th e basa l Uppe r 
Proterozoic conglomerat e see n i n othe r areas . 

This basa l conglomerat e i s simila r i n man y respect s t o th e conglomerat e a t th e 
base o f th e 'Nullagin e Series ' i n th e Marbl e Ba r area which yield s gold ; but no gold has a s 
yet bee n found in th e conglomerate at the base o f th e Gardine r Bed s (i n 1960, Ne w Consolidated 
Goldfields Pt y Lt d discovered uraniu m in these beds at Kill i Kill i Hill s o n the Billilun a Sheet) . 

The 500-foo t section exposed onthe southern flanks of Moun t Brophy appears to b e 
stratigraphically highe r tha n the sediment s a t Larrangann i Bluff. A t B37, th e sectio n consist s 
of purpl e an d brow n micaceou s shal e wit h som e sand y beds , overlai n by current-bedded, 
wave-ripple-marked, silicified , wel l jointed , flagg y sandston e wit h cla y pelle t beds ; th e 
sediments di p 5  north . Thi s sectio n is i n turn overlain by micaceou s shal e a t B40 an d B41, 
north o f Moun t Brophy . Th e shal e a t B4 1 contain s a  bed ric h i n magnetit e an d secondar y 
hematite; th e bed s her e di p 3  t o th e north-east . 

The bed s cro p ou t i n th e Deniso n Rang e (Fig . 7), Pyramid Hill, Pal m Spring, 
Mount Weekes , th e Wol f Cree k Meteorit e Crater , Eric a Range, Sydney Margare t Range , and 
Red Clif f Pound . Th e sediment s i n nearl y al l these section s ar e quart z sandstone an d shale , 
varying mainl y i n bedding, fissility, sedimentar y structures , an d degree o f silicification . On e 
exception i s th e presenc e o f dolomit e a t Red Clif f Poun d (S82 ) which dip s 2 0 t o th e wes t an d 
overlies silicifie d whit e shale , laminate d sandstone , an d very coars e sandston e (1/ 8 inc h -
1/2 inc h grai n size) . Th e dolomit e i s laminated , pink or pal e purpl e o n a fresh surface , an d 
weathers int o circula r boulders . I t i s overlai n by hard sandstone , fin e an d mediu m grained, 
variegated, wel l bedded , an d well sorted . Som e o f th e bedding-plane s i n this sandston e sho w 
fine striation s simila r t o groov e casts . O n the wester n edg e o f Re d Clif f Pound , the dolomit e 
is fine-grained , pin k an d laminated , an d overlain with a n angular unconformity b y fine whit e 
siltstone cappe d b y siliceou s siltston e containin g Cretaceou s radiolaria . Man y dry or salt y 
bores drille d in the Gardiner Beds on Sturt Creek Statio n hav e penetrate d a  brown shal e section ; 
there i s probabl y mor e shal e i n the bed s tha n is see n from the outcro p examination . 

Smooth bedding-plane s an d ripple-marked surfaces ar e commo n feature s o f th e 
Gardiner Beds . Fissilit y i s wel l develope d i n th e sandston e a t the Wol f Cree k Crater , i n 
outcrops o n the wes t ban k o f Stur t Cree k opposite Stur t Cree k Station , an d in Sydney Margare t 
Range; th e roc k can be spli t int o thin large slabs . Wel l preserve d wave rippl e mark s occu r i n 
the silicifie d whit e sandstone a t S90, and large slabs measurin g 1 2 feet b y 6  feet show continuou s 
ripple-marked bedding-planes . 

The Gardine r Bed s usuall y sho w ope n asymmetrica l fold s wit h steepl y dippin g 
axial plane s an d gently dippin g beds. Th e folding seem s t o becom e mor e intens e fro m east t o 

16 



west. I n the Deniso n Range , the plung e o f th e fold s reverse s severa l time s alon g th e straigh t 
axial trace . A t Re d Clif f Poun d the bed s hav e bee n folded int o syncUnes^an d anticline s wit h 
steeper dip s tha n elsewhere ; easter n flan k dip s i n thi s are a are 5  -3 5 an d western flan k 
dips ar e nearl y vertical , an d the bed s ar e silicifie d an d cut b y man y quartz veins . 

A compariso n o f th e sediment s o n these tw o limb s illustrate s th e shar p chang e 
that occurs , withi n a  shor t distance , i n th e degre e o f silicificatio n associate d wit h steepe r 
dips. 

At S5 5 th e sandston e an d conglomerate form strike ridges wit h trough s weathere d 
out o f th e interbedde d shal e an d claystone. Thi s rhythmi c alternatio n o f arenite s an d lutites 
suggests cycli c sedimentation . Dra g fold s ar e presen t i n the sof t incompeten t shal e (Fig . 8). 

Sedimentation i s unifor m over a  wide area . Subsequen t tectonism an d selectiv e 
silicification mak e correlatio n o f the various outcrops difficult, but sediments whic h onl y diffe r 
in degre e o f alteratio n hav e bee n show n a s th e sam e ag e (e.g . Red Clif f Pound) . Therefor e 
in area s of isolated outcrop s correlation is based on areal distribution , sedimentar y structures , 
prevailing dips , an d predominant lithology . 

The tota l thicknes s o f th e Uppe r Proterozoi c sequenc e i n the Re d Clif f Poun d 
area, estimate d fro m the exposures visible on the air photographs an d the dip s measure d i n th e 
area, i s abou t 5000 feet . 

Since th e Gardine r Bed s overli e th e Hall s Cree k Metamorphic s with a n angular 
unconformity, an d the Phillipso n Bed s unconformabl y overlie th e Lewi s Granite , the tw o unit s 
may b e coeval . A  doubtfu l contac t o f th e Phillipso n Beds overlyin g th e Gardine r Bed s ha s 
been mappe d i n th e Eric a Range ; thi s i s discusse d mor e full y unde r the Phillipso n Beds . 

Phillipson Bed s (ne w name) 

The Phillipso n Bed s ar e beds o f friabl e current-bedde d sandstone, wit h a  basal 
polymictic conglomerat e an d a  wel l develope d join t pattern . The y cro p ou t i n th e Phillipso n 
Range (Lat . 20 33*S , Long . 12 8 32'E) , and extend as lines o f cuesta s nort h to Ten t Hil l (wes t o f 
the Gardine r Range) ; the y overli e Lewi s Granite in the Lewi s Range and at Moun t Hughes, and 
contacts occu r elsewher e wit h beds doubtfull y referre d to as th e Gardine r Beds . N o overlyin g 
unit ha s bee n seen i n contac t wit h the Phillipso n Beds. The y ar e probabl y Uppe r Proterozoi c 
in age . 

o 
At Ten t Hil l (BIO ) the beds are friable cur rent-bedded sandstone , dippin g 5  west , 

and unconformabl y overli e th e Lewi s Granite . Th e sectio n here, i n descending order , i s : 

20 fee t Sandstone , hard , silicified, wit h some fragments of angular quartz and quartz-
ite; 

80 fee t Sandstone , coarse , friable , wit h some rounde d quartzite pebbles and thin bed s 
of fin e conglomerate ; 

120 fee t Sandstone , red-brow n t o ligh t brown , medium-grained , flaggy to laminated ; 
beds averag e on e inc h thick . Friable , well sorted, with large-scal e current -
bedding; distinctiv e wel l develope d join t patter n o n ai r photographs . 

10 fee t Conglomerate , coarse, wit h pebbles o f granit e an d quartzite. 

Unconformity 

Lewis Granit e 
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The easter n sid e o f th e Lewi s Range is 23 0 fee t high ; a t L25 , granite constitute s 
200 fee t o f thi s scarp , an d isoverlainby a  coarse , ill-sorte d conglomerat e containin g angula r 
quartz, muscovite , an d feldspar. Abov e th e basa l conglomerat e i s a  friable , cur rent-bedded, 
medium-grained sandston e wit h som e quart z pebble s an d muscovit e flakes . Th e granit e 
surface dip s 3  east . A n almost identica l sectio n i s expose d a t Moun t Hughes (L13) . 

The thickes t sectio n o f th e Phillipso n Bed s i s expose d i n the Phillipso n Range 
at L14 , 15 , an d 16 , whic h for m a  mor e o r les s continuou s stratigraphi c section ; fro m top t o 
bottom: 

(L16) 20 0 fee t Sandstone . whit e to ligh t brown , medium-grained , ripple-marke d i n 
parts, thickly cross-bedded (sets up to 5 feet thick) , som e bed s wit h 
clay pellets . Wel l jointed . 

(L15) 5 0 fee t Sandstone , ligh t brownflagg y to laminated, medium-grained.ripple-
marked; 

20 fee t Shale . chocolate-brown , fine, micaceous, interbedde d with sandstone , 
light-brown, friable , occasional rippl e marks ; 

20 fee t Sandstone . dar k purple-brown , hard, siliceous , massive . Colou r 
probably secondary ; 

20 fee t Sandstone . dar k reddis h brown , mediu m grained , abundan t inter -
ference an d wave rippl e marks ; 

10 fee t Sandstone . variegated , soft , friable , poorly sorted . 

(L14) (Thicknesses Sandstone , medium-grained , silicified , wave d ripple-marked; 
not meas -
urable) 

Conglomerate, angula r t o subangula r cher t an d jaspe r fragments , 
interbedded with sandstone , mediu m t o coarse . 

The sandston e a t L1 6 i s simila r t o tha t a t Ten t Hil l an d the Lewi s Range. 

Unaltered sandston e inth e Eric a Range, possibly be longing to th e Phillipso n Beds , 
overlies silicifie d arenite s whic h ar e possibl y equivalen t t o th e Gardine r Beds . Th e to p 
beds consis t o f white , yellow , o r dar k red-brow n sandstone, wave-ripple-marke d (with sharp 
crests), an d with dip s u p to 1 0 t o the west-south-west . Th e sandston e i s wel l sorted , contain s 
no pebbles , an d looks massive , wit h curren t beds i n set s u p to fiv e fee t thick . Beddin g i s no t 
well marke d whe n th e outcro p i s viewe d fro m a  distance , althoug h ver y eve n beddin g plane 
surfaces sho w whe n the rock is split . Th e weathered sandston e i s dar k red-brown , an d in man y 
places deepl y iron-stained , bu t otherwis e i t i s whit e o r slightl y mottled . Th e underlyin g 
sandstone (Gardine r Beds? ) i s silicified , purplis h brown , laminate d o r flaggy , cross-bedded , 
ripple-marked, wit h rar e bed s u p t o tw o fee t thick . I t appear s t o b e conformabl e with th e 
overlying sandstone , bu t does no t sho w th e well-develope d cross-bedding , an d is silicified . 
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This two-fol d divisio n o f th e Uppe r Proterozoi c i n the Eric a Range ma y no t b e 
justified, a s i t ha s bee n show n elsewher e tha t sof t unaltere d sandstone s pas s laterally ^ into 
silicified, har d sandstones . However , i n thi s instanc e th e sediment s di p a t abou t 10 an d 
there appear s to b e a  distinct lithologica l change . 

ORDOVICIAN 

Outcrops o f probabl e Ordovicia n age ar e confine d t o th e north-eas t par t of th e 
Mount Bannerma n and north-wes t par t of Billilun a Sheet areas . 

The onl y definit e outcro p o f thi s age is o n the roa d fro m Hall s Cree k t o Billiluna , 
31 mile s nort h o f Billiluna ^ a t B3 . Th e rock s cro p ou t o n a  lo w r ise , an d the bed s di p t o 
the south-south-eas t a t 5  -1 5 ;  thickness expose d i s 25 0 feet. Th e rock s ar e medium-graine d 
sandstone an d conglomerate , apparentl y interbedded. Th e sandston e i s mor e prominen t nea r 
the bas e o f th e outcro p an d i s ill-sorted , wit h scattere d pebble s an d worm markings ; th e 
conglomerate contain s boulder s u p t o 1  foo t across . Th e ag e o f th e rock s a t B3 i s base d 
on a  solitar y trilobit e pygidium , identifie d b y Mis s J P Gilbert-Tomlinso n (pers, comm. ) a s 
Dikelocephalina; i t i s probabl y Ordovicia n (Fig. 11) . 

One outcro p o f questionabl e Ordovicia n ag e wes t o f B 3 was visite d i n 195 7 b y 
J.J. Veevers . Th e rock s ar e preserve d i n a  syncline , an d unconformably overlie th e Kearne y 
Beds. 

The Ordovicia n sandstone s wer e deposite d nea r shore , wit h a  rapidl y risin g 
shore-line whic h migh t b e expecte d t o giv e conglomerate s i n the sequence . Th e Ordovician 
dolomites an d calcareous sandston e a t Price s Cree k we re forme d unde r shelf-typ e conditions . 
Their deepe r water equivalents ar e sourc e bed s fo r petroleum i n the Fitzro y Basin , where oi l 
traces wer e discovere d a t Price s Creek , north-wes t of B3, A  larg e negativ e gravit y anomaly , 
north-west o f Billilun a Homestead , suggest s eithe r tha t a  considerabl e thicknes s o f Uppe r 
Proterozoic clasti c sediment s underlie s th e outcroppin g Ordovicia n sandstones , o r tha t a 
section o f sediment s (suc h a s Cambrian) , hithert o unknow n i n the area , intervene s betwee n 
the Proterozoi c an d Ordovician sandstones . 

7DEVONIAN 

Limestone 

At M38 , in the norther n half o f the Mount Bannerman Sheet area , a  smal l outcro p 
of unfossiliferou s limeston e ma y b e o f Devonia n age : becaus e i t lie s i n the directio n o f 
the tren d o f a n outcrop o f Bugl e Ga p Limestone (Gupp y e t al . , 1958 ) a t Pinnacl e Spring , north 
of Christma s Cree k Station , an d i s probabl y underlai n to th e sout h b y a  conglomerat e whic h 
may b e equivalen t t o th e Spark e Conglomerat e o f th e Fitzro y Basin . I t appears to overli e 
Upper Proterozoi c shal e an d Lowe r Proterozoi c granit e t o th e nort h an d east, an d is overlai n 
by th e Tertiar y Lawfor d Beds . Th e roc k i s mottled , almos t brecciate d i n appearance, 
light gre y o n a  weathere d surface , dar k gre y o n a fresh surface . I t contains calcit e 
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veins an d nodules , an d irregula r masse s o f pur e calcite which protrude from th e weathere d 
surface. Th e air-phot o patter n show s distinc t bedding , bu t the di p o r strik e coul d no t b e 
measured o n th e solitar y outcro p visited . Th e thicknes s o f th e limeston e i s no t known . 

Conglomerate 

The conglomerat e tha t probabl y underlie s o r interfinger s wit h th e limeston e i s 
exposed onl y a s a  debris o f pebbles on the surface . Th e pebbles an d cobbles ar e 1/ 2 a n inch t o 
6 inche s i n diameter , mostl y o f quartzite , an d are wel l rounded : they were erode d afte r bein g 
lateritized. Th e neares t comparabl e roc k i s th e Devonia n Sparke Conglomerate , which i s a 
torrential conglomerat e abuttin g th e Lambo o Comple x about 2 0 mile s north-eas t o f Christma s 
Creek Statio n (Gupp y e t al. , 1958) ; an d for thi s reason , an d because th e Spark e Conglomerate 
and Bugl e Ga p Limeston e ar e i n a  simila r relationshi p t o th e conglomerat e an d limestone a t 
Christmas Creek , th e latte r ar e tentativel y assigne d t o th e Devonian . Th e conglomerat e i s 
about 10 0 fee t thick . 

U P P E R DEVONIA N OR LOWER CARBONIFEROU S 

Several outcrop s o f probabl e Upper Devonia n o r Lowe r Carboniferous sediment s 
occur o n the Billilun a Sheet area . 

The sediment s ar e less than 70 feet thick and consis t essentiall y o f sandston e wit h 
beds containin g su b rounded pebbles, and at B 27 the basal beds ar e conglomerati c an d interbedded 
with re d shale . Th e surf ace of the sandstone i s generall y silicifie d an d is cu r rent-bedded, wit h 
clay pellets , mic a flakes , an d abundant wood fragments . 

Plant remain s hav e bee n found , probabl y Leptophloeu m austral e (McCoy ) a t 
B4 i n the Knobb y Hill s (se e Fig . 12) . 

o 
Reeves (1949 ) report s a  specime n o f Lepidodendro n sp. 9 miles nort h 8 0 eas t o f 

Balgo Mission . Thi s specime n wa s re-examine d b y Brunnschweile r &  Dickins (1954) , wh o 
considered i t t o b e a n impressio n o f a  lycopodinaea n plan t o f th e genu s Leptophloeum , of 
Upper Devonia n or early Carboniferous age. A  medium-grained cross-bedded,claye y sandston e 
with quartzit e pebbles , a t L41 , deposited i n a fault troug h in Uppe r Proterozoi c Kearne y Beds, 
may b e o f thi s age . Reeve s describe d conglomerati c sandston e 2 5 mile s nort h o f Billilun a 
Homestead, whic h ma y b e fro m th e Knobb y Hill s are a nea r B4 , a s belongin g t o th e Gran t 
Formation overlai n by the Pool e Sandstone ; th e presenc e o f Leptophloeu m australe show s tha t 
the bed s ar e olde r tha n this . 

The sandston e bed s unconformabl y overli e steepl y dippin g Uppe r Proterozoi c 
quartzite a t B28 , 1 0 mile s east-south-eas t o f Skee n Hill ; n o contact with younge r rock s ha s 
been seen . 

A medium-graine d cross-bedded , claye y sandston e wit h quartzit e pebbles , a t 
L41, deposite d i n a  faul t troug h i n Uppe r Proterozoi c Kearne y Beds, ma y b e o f th e sam e age . 
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The bed s wer e probabl y deposite d i n freshwate r lake s a t th e margi n of th e 
Basin, 

P E R M I A N 

Permian marin e an d freshwate r sediment s ar e mor e widesprea d throug h 
the Cannin g (an d Fitzroy ) Basin s tha n an y othe r rocks . The y form goo d aquifer s an d man y 
of th e cattl e station s depen d o n the m fo r thei r wate r supplies . Permia n sediments almos t 
certainly exten d fa r int o th e centr e o f th e Cannin g Basin and underlie Mesozoi c rock s i n th e 
central par t o f th e Basin . Th e degre e o f tectonis m increase s toward s th e norther n margi n 
of th e Basin , where man y pronounced an d important structure s ar e foun d i n Permia n rocks o f 
the sequenc e expose d i n th e Fitzro y Basin . Th e Pool e Sandston e ha s no t bee n identifie d 
here; al l othe r formation s ar e represented . Itwa s foun d preferable to subdivid e th e Livering a 
Formation int o thre e member s o n th e basi s o f litholog y an d faunal an d floral content . Th e 
members o f th e Livering a Formatio n hav e no t bee n differentiate d o n geologica l map s tha t 
cover th e Fitzro y Basin . 

Grant Formatio n 

The Gran t Formatio n was define d b y Gupp y e t al . (1958 ) a s a  formation charact -
erized b y the large thickness of sandstone, conglomerate , tillite, siltstone , an d varves recorde d 
throughout th e Fitzro y Basin ; i t i s regarde d as Sakmaria n in ag e an d overlie s rock s a s youn g 
as Uppe r Carboniferous. 

As th e Fitzro y Basi n extend s int o th e north-eas t Cannin g Basin, the rock s a t 
Mount Bannerman , Moun t Mueller, and near Billilun a Statio n hav e bee n referre d to th e Gran f 
Formation a s the y occup y a  simila r stratigraphi c positio n an d are o f simila r litholog y t o 
the Gran t Formatio n i n the mai n Fitzro y Basin . 

In th e north-eas t Canning , th e Gran t Formatio n i s predominantl y a  medium -
grained, buf f t o red , fairly well sorte d sandstone , wit h som e cla y pellet s an d containing som e 
rounded o r facete d pebble s an d cobbles ; fragment s o f fossi l woo d and wood impression s ar e 
common; mic a i s rarel y seen ; th e sparklin g surface s o f th e san d grain s sho w tha t the y hav e 
regrown an d recrystallized . Th e bed s ar e usuall y cross-bedde d an d well jointed , whic h 
produces a  roug h terrain. 

The 150-foo t sectio n a t Moun t Mueller (B24) is the mos t complet e i n the are a an d 
consists of : 

(Top) 5 0 fee t Sandstone , bedded , blocky , medium-grained , wit h cla y pellets , rippl e 
marks; current-bedde d an d containing woo d remains ; 

100 fee t Sandstone , massive , friable , clayey, micaceous , wit h pebbles ; foreset s of 
the curren t bed s di p south-south-west ; i t weathers t o giv e a  honeycom b 
appearance. 

Other section s hav e bee n measure d a t 
o 

1. M4 4 (7 0 fee t o f section) , whic h dip s 1  t o th e west-north-west ; 
2. Pyrami d Hill , wher e a  conglomerat e wit h facete d cobble s overlie s 

Proterozoic quartziti c sandstone ; 
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3. nort h o f Bulk a Hill s a t M43 , M44, and M4 5 (th e las t tw o ar e o n the Moun t 
Ramsay Sheet) , wher e th e polymic t conglomerat e contain s woo d remains ; 
at M4 5 i t i s faulte d agains t th e brow n an d white micaceou s sandston e an d 
shale o f th e Noonkanba h Formation ; 

4. L39 , wher e mic a i s conspicuou s i n coarsely cross-bedde d sandston e wit h 
foresets dippin g north; 

5. B23 , where worm trail s i n a  clean sandston e cro p out . 

No majo r structure s hav e bee n seen in the formation; dip s ar e lo w an d only smal l 
quartz vein s cu t th e sandston e nea r faults . 

Although abou t 800 0 fee t o f Gran t Formatio n was penetrate d i n West Australian 
Petroleum's Gran t Rang e No . 1  Wel l i n the Fitzro y Basin , th e formatio n wedges ou t agains t 
older Palaeozoi c rock s nort h o f th e Pinnacl e Fault . Onl y 150 fee t ha s bee n measure d i n th e 
north-east Canning , bu t fro m lo w dip s an d photo-interpretation an d from severa l water-bore 
logs, i t i s expecte d tha t th e uni t wil l b e foun d to be a t leas t 50 0 fee t thic k i n this area . 

The formatio n i s a  shallow-wate r shore-lin e deposit , judging from the predomin -
ance o f sand , scattere d wood , conglomerati c beds , an d the widesprea d current-bedding; th e 
faceted pebble s coul d sugges t tha t i t has , i n part an aqueoglacial origin . N o varves o r tilliti c 
deposits hav e bee n foun d i n this area . Th e sourc e o f th e sediment s i s probabl y th e margina l 
Precambrian rock s an d nearby Devonian conglomerates . 

The formatio n i s overlai n by the Permia n Condren Sandstone Membe r a t Mount 
Bannerman, an d unconformably overlies Precambria n rocks on the northern edge o f th e Basin . 
It i s regarde d as bein g Permia n (Sakmarian ) i n age . 

Noonkanbah Formatio n 

The Noonkanba h Formation as define d i n the Fitzroy Basin by Gupp y e t al . (1958 ) 
contained soft-weatherin g fin e sand y siltston e an d calcareou s siltstone , interbedde d with 
shale, calcareou s micaceou s sandstone , arid*sand y limestone, o f Artinskia n age. 

In th e north-eas t Cannin g th e formatio n usuall y crop s ou t a s rubble-covered 
plains o r form s blac k soi l flat s nea r Balgo Mission, aroun d Lakes Jones , Betty , an d Lonergan , 
in th e Southes k Tablelands , i n th e Stansmor e Range , an d south o f Christma s Cree k Station . 

The litholog y i s fin e sandstone , quart z greywacke , an d shale , wit h beds o f 
coquinites; al l ar e soft-weatherin g an d crop out poorly. 

The mos t complet e an d thickes t sectio n see n i s 5 0 fee t i n the ol d Dooma Dor a 
salty wel l (L4) , where fossil s wer e collecte d i n brown , micaceous , medium-grained , sof t 
greywacke-siltstone wit h dar k micaceou s shale ; som e calcareou s shal e an d sandstone wer e 
seen i n the spoil s o f th e well , 

Coquinites ric h i n Chonete s cro p ou t nea r Balg o Missio n at L3 8 an d L29 , and 
at Thoma s Pea k (L30 ) an d C4 2 th e silt y sandston e i s ferruginou s an d concretionary. Th e 
outcrops sout h o f Moun t Muelle r (B21 , B22 ) ar e fossiliferous , an d the calcareou s silt y 
sandstone contain s re d cla y pellet s an d coquinit e interbeds . Th e outcrop s i n the Southes k 
Tablelands ar e yello w claye y sandston e showin g ripple marks and clay pellets . W o r m trail s i n 
laminated micaceou s shal e ar e see n a t M8. 
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The black-soi l flat s an d rubble-covere d plain s wes t o f Shidd i Cree k are under -
lain eithe r b y th e Noonkanba h Formation or by the Ligh t jack Member : the smal l shal e outcrop s 
are overlain , probabl y with a n unconformity , b y th e Blin a Shal e a t th e margin s o f som e flats . 

The outcrop s ar e s o poo r i n th e Southes k Tableland s an d Robert s Rang e tha t th e 
Noonkanbah Formatio n canno t b e distinguishe d fro m th e overlyin g Balg o Membe r of th e 
Liveringa Formation , whic h ha s bed s o f simila r litholog y i n th e sequence . However , a 
characteristic air-photograp h patter n ha s enable d th e Noonkanba h Formation t o b e identifie d 
in area s obscure d b y superficia l deposits . 

No majo r structure ha s been seen in the unit, bu t smal l fault s cu t trend-line s whic h 
show u p clearly o n ai r photograph s i n claypa n areas . 

In th e Fitzro y Basi n th e formatio n ha s a  consisten t thicknes s o f 1200-130 0 feet , 
but th e poo r outcrop s i n the north-eas t Cannin g preclude an y measurement ; th e thickes t sectio n 
exposed i s 5 0 fee t i n the ol d Doom a Dor a well . 

The formatio n wa s probabl y lai d dow n i n quie t water s o n a  gentl y subsidin g 
shelf, withou t winnowin g b y currents , bu t wit h bar s o r stationar y strand-line s o n o r alon g 
which bed s o f coquinit e accumulated . 

The numerou s Chonete s foun d i n coquinites , an d thebryozoa , echinoder m plates , 
gastropods, an d ostracods fro m the Dooma Dora well, suggest a  simila r faun a t o th e Noonkanba h 
Formation i n th e Fitzro y Basin ; th e ag e i s Artinskian . 

The Noonkanba h Formatio n apparentl y rest s o n th e Gran t Formation, althoug h 
no contact s wer e seen , an d seem s t o grad e upward s into the Balg o Membe r o f th e Livering a 
Formation; th e Blin a Shal e rest s wit h a  disconformit y o n the Noonkanba h in this area . 

Liveringa Formatio n 

The Livering a Formatio n wa s mappe d an d define d b y Gupp y et al . (1958 ) i n 
the Fitzro y Basin , wher e i t consist s o f tw o marin e sequences , th e Lightjac k an d Hardman 
Members, separate d b y a n unname d freshwate r sandstone . I n the north-eas t Cannin g Basi n 
the lowe r marin e membe r an d th e plant-bearin g membe r ar e widespread , bu t the Hardma n 
Member ha s onl y bee n recognise d a t on e locality . 

Lightjack Membe r 

Several incomplet e section s o f th e Lightjac k Membe r wer e foun d sout h o f 
Christmas Cree k Statio n -  sufficientl y clos e t o th e Fitzro y Basi n t o assum e identit y with th e 
rocks mappe d there . Th e thickes t sectio n measure d wa s 7 0 fee t a t M56 , nea r Astrofi x N  21 . 
Sections wer e measure d a t M49 , M55 , an d M56 ; a t eac h place th e roc k consiste d o f shal y 
siltstone overlyin g fine-graine d quart z greywacke . Al l thes e exposure s yielde d fossil s 
(frequently i n concretions ) typica l o f th e Lightjac k Membe r (se e Gupp y et al . , 1958 , p.52) . 
Similar fossil s wer e foun d i n rubbl e from a  well sout h o f Tonk a Spring . 

Balgo Membe r (ne w name ) 

The Balg o Membe r i s define d a s th e basa l marin e membe r o f th e Livering a 
Formation whic h crop s ou t i n th e north-eas t Cannin g Basin , wel l sout h o f th e Lightjac k 
Member describe d above . Althoug h i t canb e correlated wit h th e Lightjac k Member , there ar e 
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no traceable boundarie s between the two, and the southerly outcrop s hav e bee n give n a  separat e 
rock-unit name . Th e unit is named from Balgo Missio n (Lat . 20 08'S , Long . 12 7 48'E) , and th e 
type sectio n i s a t S67 , i n th e Stansmor e Range . Th e Balg o Membe r crop s ou t nea r Derba i 
Creek an d i n th e Stansmor e Range , th e Southes k Tablelands , Thomas Peak , Poin t Alphonse , 
and west o f Moun t Bannerman. 

Outcrop i s poo r excep t i n folde d area s suc h a s th e Stansmor e Rang e (Fig . 13) . 
Highly ferruginized shale , fin e an d coarse-grained sandstone, an d quartz greywacke predomin -
ate: th e litholog y i s ver y simila r t o tha t o f th e Noonkanba h Formation (althoug h they ar e 
nowhere i n contact) , excep t tha t i t lack s calcareou s beds ; an d severa l outcrop s hav e bee n 
mapped a s 'Balg o Member or Noonkanbah Formation' because the tw o coul d no t be distinguished . 

The typ e section , a t S67 , i s a s follow s (thoug h the measure d sectio n i s onl y 6 6 
feet, th e complete d section , a s interprete d fro m ai r photographs , i s abou t 80 0 feet) : 

20 fee t Sandstone , fine , re d t o pin k an d white , massive , poorl y bedded, contains 
laminae o f white fine siltstone . Abundan t conical worm cast s fille d wit h white , 
fine, har d siltstone. Topmos t beds dark brown, ferrugini zed, medium-grained 
sandstone. 

25 fee t Sandstone , fin e an d medium-grained , ligh t brown , massive , poorl y bedded, 
with ver y smal l amount s o f mica . Mottle d i n parts, with reddis h colou r i n 
finer sandstone . Fe w irregula r white o r red-staine d cla y pellets ; topmos t 
light brown , medium-graine d sandston e i s porous . 

5 fee t Sandstone , coarse , porous, dark brown, moderately well-sorted, poor bedding. 
Matrix i s white , fine-grained , siliceou s an d ma y b e secondary . Abundan t 
small vertica l wor m burrows . 

10 fee t Sandstone , hard , fin e t o medium-grained , staine d reddish . Massive , poor 
bedding, moderatel y well-sorte d an d break s int o angula r pieces. Contain s 
thin beds o f ver y fin e sandstone . 

1 foo t Sandstone , coarse-graine d ligh t brown , wit h rounde d pebbles u p to 3  inche s 
in diameter . 

5 fee t Sandstone , fine-grained , micaceous , soft , laminated , silt y pin k t o re d and 
light brown . Ferrugin i zed dar k re d t o brow n sandston e be d nea r middle , 
6 inche s thick , with concretion s an d muscovite , an d marine fossils : pelecy -
pods, gastropods , an d rar e brachiopods . 

Other exposure s fro m which fossil s hav e bee n collected are S9 , tw o mile s north -
west o fWarr i Peak , S I, near White Hills, S6, an d L3 0 (Thoma s Peak) . Spoi l fro m well 4 7 o n th e 
Canning Stoc k Rout e i s reporte d by drovers t o contai n fossil s 'lik e th e Shel l sign ' -  probably 
Aviculopecten, whic h is common in the Balgo Member. Slum p folds, concretion s (man y of whic h 
are fossiliferous) , rippl e marks, clay pellets, an d worm tracks ar e common ; an d at som e place s 
(e.g. S6 , B14 ) th e concretionar y bed s contai n conglomerat e band s with quartzit e an d othe r 
pebbles u p t o 6  inches across ; fossi l woo d has bee n see n i n som e micaceou s sandston e beds . 

The bed s wer e lai d dow n i n a  shallo w neriti c environment , devoi d o f stron g 
currents whic h woul d produc e a  clea n sorte d sediment , bu t i n a n environment i n which man y 
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benthonic form s surviv e an d produc e thic k carbonat e skeleton s indicativ e o f shallow , warm 
water. 

By analog y wit h th e Lightjac k Member , th e Balg o Membe r may b e expecte d t o 
overlie th e Noonkanba h Formation conformably : bu t n o contacts have bee n seen . Conformabl e 
contacts wit h th e overlyin g Condre n Sandstone Membe r have bee n see n a t Pallotin e Headland , 
near Derba i Creek, an d a t L9 . 

The containe d fossil s (se e Appendi x 1 ) dat e th e Balg o Membe r as Artinskia n 
-Kungurian. 

Condren Sandstone Membe r (new name ) 

The Condre n Sandston e Membe r i s th e middle , plant-bearing , membe r o f th e 
Liveringa Formation ; th e typ e localit y i s L44 , a t Condren Pinnacles (Lat . 20 06'S , Long . 12 7 
88'E), 1 2 mile s west-north-wes t o f Balg o Missio n (Fig . 14) . Th e Membe r is generall y a  wel l 
sorted micaceou s sandstone , light-coloure d an d porous, with a  pronounced join t patter n whic h 
produces a  roug h surfac e easil y recognisabl e o n ai r photographs . I t i s probabl y the mos t 
widespread o f th e thre e member s o f th e Livering a Formation , an d i s wel l expose d i n th e 
Stansmore Rang e an d aroun d Balg o Missio n an d Christmas Creek . Typicall y i t top s mesas , 
buttes, o r breakaways. 

The typ e sectio n a t L4 4 is : 

Sandstone an d Claystone , whit e t o gree n and red, clayey, rhythmicall y bedded ; 

Sandstone. white , clayey , weathere d an d pitted surface ; 

Sandstone, medium-grained , white , friable , micaceous , contain s som e inter -
bedded claystone . Plan t fossil s abundant . 

Sandstone. fin e t o medium-grained , wel l bedded , blocky , buf f coloured , 
micaceous wit h abundan t wood fragments . 

Conformably overlyin g 

Balgo Member , ferrugin i zed concretionar y sandston e an d siltstone . 

Many section s wer e measured , ove r a  wid e area , an d the Condre n Sandston e 
proved t o b e remarkabl y uniform in lithology. Abou t 145 fee t was measure d a t Poin t Alphonse , 
130 fee t a t Moun t Bannerman, 6 5 fee t a t Gordo n Hills ( L l l ) , 14 0 fee t a t Moun t Erskine (M18 , 
see Fig . 15) , 6 0 fee t a t M30 , and M47, 10 0 fee t a t S70 , an d ove r 7 0 fee t a t C39 . Th e sandston e 
is mostl y wel l bedde d -  i n places laminate d o r eve n rhythmicall y bedded ; mic a i s a  commo n 
constituent o f th e fairl y wel l sorted , mediu m t o fine-graine d white , buff , o r ligh t brown 
sandstone. Curren t beddin g i s commo n an d rippl e mark s les s so ; cla y pellet s ar e present , 
but th e sandston e matri x i s rarel y clayey ; wor m tracks an d concretions ar e rare ; pebble s o f 
quartzite, quartz , or , rarel y granit e ar e presen t i n conglomerat e band s scattere d throug h th e 
rock. 

South-east o f Godfrey s Tan k outcrops ar e les s common . 

15 fee t 

10 fee t 

15 fee t 

20 fee t 
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Plant remain s ar e ubiquitous . Fro m the 900-foo t sectio n a t Christma s Creek , 
Guppy e t al . (1958 ) recor d Bothrodendro n sp . ?Gangamopteri s sp. , an d Glossopteris indic a 
(Brong.) ;  an d White (i n Veevers &  Wel l s, 1961 ) ha s describe d th e followin g specie s fro m th e 
Condren Sandston e Member : Schizoneur a sp. , Glossopteri s communi s Feist. , Gangamopteri s 
cyclopteroides Feist. , Samaropsi s sp. , Vertebrari a australi s McCoy , V . cf . indic a Royle , 
Lycopodiopsis pedroanu s C a r r . , Carpolithu s sp. , Noegg e rathiopsis hi s lop i (Bunb.) , an d 
Phyllotheca cf . australi s Brong . 

Apart fro m th e sectio n a t Christma s Creek , the thickes t sectio n estimated wa s 
some 50 0 fee t i n the Stansmor e Rang e area , where a  150-foo t sectio n was measured . Thi s i s 
the thickes t sectio n measure d i n th e area . 

The Condre n Sandston e Membe r wa s probabl y lai d dow n i n shallo w water , 
estuarine o r lacustrine . I t lies apparentl y conformabl y on the Balg o Membe r an d at Bababar a 
Rockhole i s see n t o b e overlain , wit h n o apparen t unconformity, b y sandston e an d Isaura -
bearing siltston e o f th e Triassi c Blin a Shale. A t Moun t Bannerman it i s cappe d unconformabl y 
by 2 0 fee t o f pebbl e conglomerat e o f unknow n age, with a  siltston e brecci a a t it s base . Tha t 
it i s Permia n can be deduce d fro m it s flora . 

Hardman Membe r 

Rocks assigne d t o th e Hardma n Membe r o f th e Livering a Formation (Gupp y e t 
al . , 1958 , p.51 ) cro p ou t i n a  smal l are a aroun d Boundary Hill (M50 ) in th e north-wes t corne r 
of th e Moun t Bannerman Sheet, where 60feet of mottle d white , grey , an d ferruginous, medium -
grained, poorl y sorted , micaceous , flagg y sandston e an d siltston e ar e exposed . The y hav e 
yielded poorl y preserved Aulostege s sp . an d Conularia sp. (G .A . Thomas , pers. comm.) . Th e 
Aulosteges i s comparabl e t o a  specie s i n th e Hardma n Membe r o f th e Fitzro y Basin , an d th e 
Conularia i s lik e a  specie s fro m th e to p beds o f th e Por t Keat s Group , whic h i s o f th e sam e 
age: Uppe r Permia n (Tartarian) . 

To th e south , friabl e medium-graine d sandston e an d conglomerate , probabl y 
belonging t o th e Condre n Sandston e Member , probabl y underlie th e Hardma n sediment s con -
formably: n o othe r relationship s wit h othe r rock s wer e seen . 

The Hardma n Membe r i s absen t farthe r east and south, probabl y because o f non -
deposition. N o deductions abou t the environmen t of deposition ca n be mad e fro m th e Boundary 
Hill exposures . 

UNDIFFERENTIATED PALAEOZOI C 

Lucas Bed s 

The Luca s Bed s ar e bed s o f friable , pal e purple , well-sorted, fontaineblea u 
sandstone wit h som e cla y pellet s an d interbedded laminate d claystone . The y ar e name d fro m 
Lake Luca s fiv e mile s wes t o f th e norther n arm o f Lak e White (Lat . 21 00'S , Long . 12 9 00'E ) 
where the y cro p ou t o n the easter n shor e an d i n the floo r o f th e lake . Thi s norther n ar m was 
identified b y th e geologica l part y a s th e lak e name d Lak e Luca s by Warburton, an d the bed s 
were s o name d becaus e the y cro p ou t i n it s floor ; bu t the Land s and Survey Department o f 
Western Australia ruled that Warburton' s 'Lak e Lucas ' was the claypa n five mile s wes t o f th e 
lake. Fortunatel y th e Luca s Beds crop out in the floo r o f Lak e Luca s also , s o th e nam e di d no t 
have t o b e changed ; bu t th e best , an d nominate , exposur e i s i n th e be d o f Lak e White . 
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The ag e o f th e Luca s Beds is no t known, but they ar e simila r i n both photopattern an d litholog y 
to th e Permia n Noonkanbah Formation. 

The Luca s Bed s ar e separate d fro m th e Uppe r Palaeozoi c an d Mesozoi c 
sediments o f th e Cannin g Basi n b y Uppe r Proterozoi c basemen t rock s croppin g ou t t o th e 
west o f Lak e Lucas . 

In the Lak e Luca s area , the Lucas Beds have contact s with both probable younger 
and olde r formations . A t Yam Hill (L48 ) the followin g sectio n is exposed : 

30 fee t Sandstone , mediu m an d fin e grained , partl y highl y siliceous , massiv e an d 
current ripple-marked . Ligh t brown , white , an d pale yellow , wit h som e thi n 
laminae o f fin e whit e o r y e How-brown siltstone . 

10 fee t Sandstone , friable , porous,purple-brown, medium-grained. Contain s some cla y 
pellets an d has a  calcareou s cement . 

The sandston e a t the bas e undoubtedl y belongs to the Luca s Beds , an d is litholog -
ically simila r to the Permian sediments to the west; th e overlyin g sandston e i s als o regarde d a s 
probable Permian . However , i t i s possibl e tha t th e Luca s Beds represen t a n extension of 
Lower Palaeozoi c rock s alread y know n i n th e wester n hal f o f th e Norther n Territory. 

The Luca s Beds expose d t o th e north-eas t o f Ya m Hill a t L4 6 an d L4 7 ar e grey -
brown, medium-grained , partl y silicifie d sandstone , wit h interbedde d pin k sand y dolomite . 
The outcrop s ar e obscure d by sand , alluvium , or caliche . Th e lo w scar p a t L4 6 i s forme d o f 
leached sandston e wit h a  thin cap o f duricrust . 

The outcro p are a o f th e Bed s i s rimme d by Uppe r Proterozoi c sediments ; abou t 
3 mile s nort h o f L21 , a n outcro p o f probabl y Upper Proterozoi c sandston e i s surrounde d 
by Luca s Beds . 

The Bed s underli e th e floo r o f th e norther n ar m o f Lak e White (Fig . 17) , an d 
bedding trends , joints , an d smal l fault s ar e ver y pronounce d o n air photographs , but a  thin 
cover o f sal t an d san d preclude d a n examination . Th e alternatin g dar k an d ligh t thi n bands 
visible o n the photographs are probably due to the rhythmicall y bedde d sandston e an d claystone . 
The Permia n Noonkanbah Formation in the Fitzro y Valle y often show s a  simila r photopattern . 

o 
At Lak e White , th e bed s di p a t 3  eas t an d are abou t 90 0 fee t thick ; a  50-foo t 

scarp occur s a t th e lak e edge . I f these bed s represen t a n uninterrupted sequenc e wit h those 
at Lak e Lucas , then the tota l inferre d thickness o f th e Luca s Beds i s abou t 1900 . feet . 

At L17 , a t th e norther n en d o f Lak e White , a  23-foo t sectio n o f interbedde d 
fontainebleau sandston e an d laminate d claystone , cappe d b y caliche , i s exposed . Bot h th e 
sandstone an d clayston e ar e current-bedded . Curren t ripple mark s i n the sandston e hav e a n 
amplitude o f 0. 3 inche s an d wav e lengt h o f 1  inch. Th e caliche , whic h invariabl y caps thes e 
sediments, i s a  hard , cave y or vuggy yellow deposit whic h contain s fragment s o f th e underlyin g 
rocks. I t i s highl y calcareou s an d nodula r an d contains abundan t sand grains . Th e calich e 
dips a t abou t 2  t o th e eas t and there ma y be a  sligh t angula r unconformity wit h th e underlyin g 
Lucas Beds . Nea r L18 , a  lin e o f baryte s pebble s occurs ; the y probably originally forme d a 
thin bed or len s i n the Luca s Beds . 
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The lithology , photopattern , an d structura l expressio n o f th e Lucas Bed s sugges t 
similarities wit h th e Permia n Noonkanbah Formation. I n the Helen a Sheet are a a t He9 , rock s 
of simila r lithology and photopattern crop out on Thornton Fla t an d have bee n tentatively mappe d 
as Noonkanba h Formation ; i n thi s are a the y ar e overlai n to th e nort h by the Balg o Membe r 
of th e Livering a Formation. 

TRIASSIC 

Blina Shal e 

The Blin a Shale was defined by Guppy et al. (1958 ) a s th e basa l Triassi c formatio n 
that overlie s th e Livering a Formation , probabl y unconformably , i n th e Fitzro y Basin . I t i s 
characterized b y th e presenc e o f th e conchostraca n I s aura (='Estheria ? ) . 

In th e north-eas t Cannin g Basi n th e Blin a Shal e overlie s th e Livering a and 
Noonkanbah Formation s an d has bee n encountere d i n the Bishops Rang e an d Stretch Rang e and 
at Bishop s Del l an d Chilpad a Chara . I t underlie s man y o f th e blac k soi l area s nea r Lake s 
Lonergan, Betty , andMcLernon . Excep t in the Bishops Range , outcrops ar e poo r an d consist o f 
scattered rubble , o r smal l scarp s a  few fee t high . 

The formatio n consist s mostl y o f micaceou s shal e an d fine sandstone , wit h som e 
medium-grained sandstone ; th e roc k is pale brown to white whe n fresh, bu t reddis h brow n when 
weathered. Section s hav e bee n measure d atC1 2 (45 feet) , C1 3 (2 5 feet) , C1 4 (4 0 feet) , C3 1 (5 0 
feet), M1 2 (40 feet) , M1 4 (4 5 feet) , and M15 (10 0 feet) . Th e to p o f th e formatio n i s everywher e 
eroded, bu t th e tota l thicknes s probabl y does no t excee d 15 0 feet . 

Isaura i s presen t i n many sections; thatatM52 i s almos t a  coquinite , an d contains 
worm trail s als o (Diplocraterion . A .A.Opik ,pers. comm.). Lingul a has bee n foun d a t M1 3 and 
M14, an d a  pelecypod , cf . Pseudomonotis . togethe r wit h wor m tracks an d wood remains , a t 
M22. 

The Blin a Shale wa s probabl y laid dow n in moderatel y shallo w brackis h water i n 
a sh e If-type environment ; th e laminae at M5 2 seem to hav e bee n affecte d b y interferenc e rippl e 
marks o r small-scal e slumping . 

The stratigraphica l relationship s o f th e Blin a Shal e i n th e north-eas t Cannin g 
Basin ar e obscure ; the y are discusse d b y Veevers &  Wells (1961 , p.115) . A t Chilpad a Chara 
(C13) an d a t M2 9 th e Blin a Shal e overlie s Culvid a Sandstone (se e below) , whic h i s o f Uppe r 
Triassic o r eve n Jurassi c age ; o n the othe r hand , in the Fitzro y Basi n the Blin a Shale under -
lies th e Erskin e Sandston e (Gupp y et al . 1958 , p.56) , which i s equivalen t t o th e Culvida . Th e 
most probabl e explanatio n i s tha t th e terrestria l Erskin e an d Culvida Sandstones wer e lai d 
down durin g a  temporar y regressio n o f th e se a a t whose edg e th e Blin a Shale wa s deposited , 
and wer e covere d b y uppe r Blin a Shal e durin g a  renewe d transgression . Th e fossils ar e 
neither numerou s no r diagnostic enoug h t o confir m this . 

Isaura, accordin g t o Brunnschweile r (1954) , indicate s a n Uppe r Triassi c age . 

Culvida Sandston e (ne w name ) 

The Culvid a Sandston e i s a  richl y fossiliferou s plant-bearin g sandston e whic h 
overlies eithe r th e Blin a Shal e o r th e Condre n Sandston e Member , an d i s overlai n by th e 
Cretaceous Godfre y Beds. 
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It crop s ou t mainl y i n th e Minni e Range -  Culvid a Soak, Well 5 0 area , Chilpada 
Chara -  an d th e typ e localit y i s a t an d around Culvida Soak (Lat . 20 13'S , Long . 12 6 55'E) , 
where th e outcrop s terminat e t o th e eas t agains t a  north-sout h fault . 

The typ e sectio n i s hal f a  mil e sout h o f Culvid a Soak, where th e followin g 60 -
foot sectio n i s exposed : 

30 fee t Sandstone, white, fine , massive ; 

5 fee t Sandstone, medium-grained hard , dar k brown , highl y ferruginou s 

10 fee t Sandstone, massive, white , with abundan t plant stems ; 

5 fee t Sandstone, coarse, dar k brown , highl y ferruginous , massive ; 

10 fee t Sandstone, finely laminated , micaceous , white . 

The sandston e expose d a t Culvid a Soa k i s probabl y equivalent t o th e 10-foo t 
massive sandston e uni t i n the section , though at Culvida Soa k i t i s current-bedde d and contain s 
lenses o f clayston e an d pelle t beds ; althoug h th e surfac e i s brown , th e fres h roc k i s ligh t 
coloured; muscovit e i s presen t bu t i t i s no t abundant . 

The siltston e i n th e sectio n contains man y mudcracks ; pieces o f th e desiccate d 
siltstone hav e bee n caugh t u p in the overlyin g sandston e beds . 

Plant fossil s occu r upstrea m from Culvida Soak in siltstone whic h becomes inter -
bedded wit h th e massiv e sandstone ; othe r plan t fossil s ar e foun d i n a  100-foo t hil l a t C63 . 

The formatio n seem s conformabl e with th e underlying Blina Shale bu t i s probably 
unconformable o n the Condre n Sandstone Member . 

The maximu m sectio n measure d was 105 feet in a hil l nea r C63 , an d i t i s doubtfu l 
if th e formatio n i s thicke r tha n 20 0 fee t i n an y place . 

The Culvid a Sandstone ma y be equivalen t i n ag e t o par t o f th e Erskin e Sandston e 
(Brunnschweiler, 1954 ) of the Fitzroy Basin. Th e inter relationship s o f th e Triassi c formation s 
of th e Cannin g Basin are discussed b y Veevers & Wells (1961 , p.115) , an d plant fossil s fro m th e 
Culvida Sandston e ar e describe d b y Mar y Whit e (i n Veevers &  Wel l s, loc . cit. , App , 6), who 
assigns the m t o th e Middl e Triassic . 

CRETACEOUS 

Godfrey Bed s 

The Godfre y Bed s (Elliott , Casey , &  Wel l s, 1958 ) ar e name d fro m Godfreys 
Tank (Lat . 20 12'S , Long . 12 6 33'E) , in the vicinit y of which ar e th e onl y exposure s (Figs . 19 , 
20). The y cro p ou t a s prominen t breakaways , an d many peaks i n the are a name d b y earl y 
explorers ar e cappe d with Godfre y Beds. Th e breakaway s are generall y cappe d by 2 0 fee t o r 
so o f massiv e sandstone , unde r which i s softe r sandston e i n which rockhole s readil y form a t 
the en d o f th e steep-side d narro w valley s tha t cu t int o the hills . Godfrey s Tan k an d Breadens 
Pool ar e tw o suc h rockholes . 
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In genera l th e Bed s consis t o f massiv e quart z sandstone , slightl y micaceous , 
hard an d friable, with mino r beds o f conglomerate , thin-bedde d sandstone , an d siltstone . Th e 
rock i s whit e o r pale yellow-brow n when fresh an d red-brow n when weathered. Th e surface s 
are ripple-marked , an d burrow s o f th e marin e wor m Rhizocoralliu m (Veevers , 1962 ) ar e 
common (Fig . 21) . 

The typ e sectio n a t C3 a (Lat . 20°12'35"S , Long . 126°33 ,00"E) i s a s follows : 

Sandstone, brown , weathering red-brown, poorly thin-bedded, coarse, ill-sorted , 
conglomeratic wit h pebble s u p t o 4  inche s lon g o f white an d grey quartzite ; 

Sandstone, pal e brow n an d greyish brown , sometimes goldenbrown, weathering 
red-brown, fine-grained , thin-bedded , som e wor m markings , fragments o f 
pelecypods; 

Sandstone, pal e reddis h an d yellowis h brown , weatherin g red-brown , fine -
grained, thin-bedde d t o laminated , som e bed s soft , other s hard ; cross-bedded , 
numerous wor m trails of Rhizocor allium, few thinbeds o f siltstone , dar k brown , 
thin-bedded; 

Sandstone, yellow-brown , weatherin g red-brown , coarse , ill-sorted , poorl y 
bedded, weathers int o slab s abou t four inche s thick, a prominent benc h marke r 
around th e hills . 

Sandstone, pal e yellow-brown , weathering red-brown , fine-grained , sof t an d 
crumbly, thin-bedded ; nea r top occasional be d of sandstone, brick red, medium -
grained, sof t an d crumbly. 

In other section s measured , th e sandston e i s mor e massive , an d beds containin g 
clay pellet s hav e bee n note d nea r th e to p o f th e sequenc e a t Breaden s Poo l (C57 ) and Crow n 
Head. A t C5 7 th e sequenc e i s 15 0 fee t thick , a t Crow n Head 300 feet , an d a t C5 4 -  whic h i s 
disturbed b y faulting -  8 0 feet . 

The bed s di p onl y ver y slightly , excep t a t C54 , where th e faultin g ha s tilte d 
them t o di p a t 1 7 . 

No contact s o f positivel y identifie d Godfre y Beds wit h an y othe r formatio n hav e 
been seen . On e outcro p nea r Culvid a Soa k ha s bee n photo-interpreted a s Godfre y Beds 
over Culvid a Sandstone , an d a n exposur e a t C5 9 (Fig . 22 ) o f coars e conglomerat e ove r 
sandstone an d shal e i s probabl y of Godfre y Beds ove r Permian . 

The widesprea d presence o f th e marin e worm Rhizocorallium dates th e Godfre y 
Beds a s Lowe r Cretaceou s (probabl y Cenomanian ) (se e Veevers , 1962) , an d this i s confirme d 
by th e presenc e o f TEte a sp . (J.M . Dickins , pers . comm. ) i n the Godfre y Beds a t C2a . 

Other probable Cretaceous rock s cro p ou t nea r Brookma n Waters, o n the Stans -
more Shee t (S6 0 an d 61) , wher e a  crea m siltston e yielde d radiolari a cf. Cenosphaera , of 
probable Albia n ag e (D r I . Crespin , pers . comm.) . Thes e rock s la p agains t Precambrian. 
Other outcrops , nort h o f Brookma n Water s an d i n th e Murabb a Range , have bee n photo -
interpreted a s Cretaceous . 

1 foo t 

13 fee t 

121 fee t 

6 fee t 

38 fee t 
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TERTIARY 

Laterite an d Pisolitic Ironston e 

Laterite is no t widespread and probably never was: it occur s o n Lowe r Proterozoic 
but no t Uppe r Proterozoi c rocks , an d pisolitic ironston e cap s man y of the breakaway s in th e 
desert. A  bette r develope d profil e i s foun d over fine-graine d rock s -  shale , claystone , an d 
quartz greywacke. 

Two isolate d occurrence s o f massiv e ironston e hav e a  different origin . One , at 
the nort h end of the Gardiner Range, about 17 mile s south-wes t o f Moun t Brophy Spring , may be 
a detrita l laterite . I t is dark brown, almost black , vuggy and easily broken , and forms undulat -
ing hillock s o n th e valle y floor . I t i s probabl y no t mor e tha n 1 5 fee t thick . Th e other i s a 
40-foot thic k limonit e an d limoniti c brecci a a t S5 4 i n the Sydne y Margare t Range , an d may 
have bee n deposite d i n a  lak e o r from a  spring. 

Lawford Bed s (ne w name) 

The Lawfor d Bed s ar e massiv e lacustrin e mar l and limestone, wit h a  chalcedon y 
capping, which crop out i n the Lawfor d Creek area; som e conglomerat e an d pisolitic ironston e 
occur a t th e base . 

In th e typ e sectio n a t Lawfor d Cree k (M41) , bedde d chalcedony crop s ou t i n th e 
banks o f th e strea m an d in smal l clif f sections . Th e section exposed i s a s follows : 

20 fee t Chalcedony , hard, massive , vugg y in places, probabl y lacustrine ; 

60 fee t Earth y lateriti c material , mottled , pisoliti c an d pallid , som e conglomerat e 
possibly derived from the surrounding lateritic materia l or older conglomerates ; 
in places i t i s marl y and i t i s probabl y a  river channe l deposit . 

Laterite an d pisoliti c ironstone , u p t o 2 0 fee t thick , ar e expose d i n the valley . 
The laterit e contain s numerou s pebble s fro m on e half-inc h t o eigh t inche s acros s o f re d 
siliceous sandstone , quart z an d quartzite, but n o chalcedony, an d thus probabl y antedate s th e 
lake deposits . 

The Lawfor d Bed s were deposited i n a valley in the dissecte d laterit e crust . Th e 
Devonian conglomerat e whic h cover s a  grea t dea l o f thi s are a wa s probabl y lateritize d an d 
eroded an d the surface left covered with pebbles; the surfac e wa s the n dissected b y an ancestra l 
Christmas Cree k whic h formed strea m deposit s consistin g o f boulders se t i n earthy lateriti c 
material. Whe n th e cree k wa s dammed , slo w evaporatio n formed the mar l an d chalcedony 
deposits o f th e Lawfor d Beds , which were late r dissecte d t o giv e th e existin g mes a an d butte 
topography. 

Wolf Grave l (ne w name) 

The Wol f Grave l i s th e unconsolidate d gravel, conglomerate, and san d o f unknown 
thickness alon g th e bank s o f Wol f Creek . Th e Wolf Grave l i s undoubtedl y a strea m deposit , 
probably fro m a  large r ancestra l strea m o f th e Wol f Creek , a s th e presen t deposit s o f Wol f 
Creek ar e mostl y san d an d gravel , and very few larg e boulders occur i n the strea m course . 
Its ag e i s unknown . 
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In th e Christma s Cree k area, bedded, unsorted sandston e an d conglomerate, u p 
to 1 5 fee t thick , for m th e bank s o f th e creek ; thes e deposit s ma y be th e sam e ag e a s th e 
Wolf Gravel . 

Q U A T E R N A R Y 

Recent 

Recent sediment s i n th e are a includ e aeolia n sand , travertin e an d caliche , 
evaporites, rive r alluvium , grave l an d sand , an d alluvia l blac k soil . Aeolia n sand cover s 
large tract s o f th e deser t a s san d plain s or east-wes t sei f dune s (se e Fig . 23 ) which ar e par -
ticularly numerous i n area s occupie d b y post-Precambrian rocks. Th e formatio n o f th e seif s 
is discusse d i n Trave s e t al . (1956 ) an d Veevers &  Wells (1961) . Sample s o f th e san d were 
collected an d analyse d b y G . Brow n (1959) . Mos t o f th e grain s ar e les s tha n 1m m across , 
but ar e generall y coarse r tha n norma l deser t sands . Heav y minerals constitute d les s tha n 
1% of th e sample ; zircon , tourmaline , hornblende , andalusite,blac k iro n ores , an d rutil e wer e 
the mos t plentiful . A  hematit e coatin g on the grain s give s th e san d a  pronounced re d to orang e 
colour. 

Travertine an d caliche deposit s are commonly found in salt lakes ; thei r occurrenc e 
in isolate d san d plain s ma y indicat e area s wher e sal t lake s o r river s onc e existed . Th e 
travertine ma y b e forme d a t o r nea r th e surfac e b y deposition fro m groun d water nea r th e 
margin o f th e lake , o r i t ma y for m a s a  tru e lak e deposit . I t i s a  massiv e whit e limeston e 
which weather s t o a  dul l gre y colour , an d i s ofte n interbedde d with massiv e o r occasionall y 
laminated, muc h brecciated , chalcedony . Th e brecciatio n ma y b e cause d b y isolatio n o n a 
thin laminae o f chalcedony , th e fragment s bein g later incorporated i n limestone . Th e powdery 
caliche tha t i s prevalen t a t th e margi n o f th e sal t lake s appear s to represen t a  stag e i n th e 
transition t o indurate d travertine . A t Lak e Whit e large pieces o f friabl e travertin e ar e em -
bedded i n a  thin crust o f powder y caliche . 

STRUCTURE 

The north-eas t Cannin g regio n forms par t o f th e Cannin g Basin, an d i t contain s 
the extensio n o f som e o f th e mai n structura l feature s o f th e Fitzro y Basi n to th e north-west : 
the Pinnacl e Fault , th e Fitzro y Trough , an d th e Broom e Ridge o r Swell . Th e Precambrian 
margin i n thi s regio n include s part s o f th e Warramung a (Noakes , 1953) an d Kin g Leopold 
(Traves, 1955 ) Mobil e Zones . Th e majo r structura l lineaments , anticlina l axes , an d bouguer 
anomalies ar e show n o n Plate 2 . 

The ?Lowe r Proterozoi c rock s (Hall s Cree k Metamorphics ) sout h o f th e 
Gardiner Rang e ar e tightl y folded , an d probably are th e wester n extensio n of th e Warramung a 
Mobile Zone , which passes through Tanami, Tennant Creek, and the Davenpor t Ranges; they ar e 
intruded b y th e Lewi s Granit e and unconformably overlai n by Uppe r Proterozoi c arenaceou s 
sediments. Th e relationshi p o f th e Lewis Granite to th e granit e nea r Tanam i is no t known , but 
petrologically an d i n han d specime n appearanc e i t i s simila r t o th e granit e i n the Davenpor t 
Range, which i s date d a s abou t 144 0 millio n year s (Walpol e &  Smith, 1961) . 

o 
In general , th e Uppe r Proterozoi c sediment s hav e lo w dip s (1 0 o r less ) i n 

contrast t o th e Hall s Cree k Metamorphics, but where Uppe r Proterozoi c sediment s hav e bee n 
laid dow n i n Mobil e Zone s (e.g . Kearne y Beds) , the y have bee n mor e strongl y folde d an d 
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faulted tha n thei r tim e equivalent s (e.g . Gardine r an d Phillipso n Beds ) lai d dow n on stabl e 
blocks suc h a s th e Kimberle y Bloc k (Gentill i &  Fairbridge, 1951 ) an d Stuart Block (Noakes , 
1953). Th e Uppe r Proterozoi c sediment s o n th e stabl e block s sho w broa d syncline s an d 
anticlines only ; an d fold axe s an d faults tren d generall y east-wes t i n the norther n parts o f th e 
area (tha t is , the y ar e paralle l t o th e Mobil e Zones) , bu t i n the south-eas t (Lak e Hazlett/Re d 
Cliff Pound ) the y tren d north-sout h an d hav e influence d th e shap e o f th e Cannin g Basin. 

The structur e i n the north-eas t Cannin g is base d on geologica l mapping , gravity , 
and limite d aeromagneti c work ; n o seismicworkhasbee n done , althoug h som e i s programme d 
by th e oi l tenemen t holder . 

Gravity survey s carrie d ou t recentl y b y the Geophysica l Branch o f th e Burea u of 
Mineral Resource s i n th e Cannin g Basi n hav e produce d man y interestin g gravit y anomalie s 
which divid e th e north-eas t Cannin g int o severa l tectoni c feature s whic h ca n be trace d int o 
the Fitzro y Basin . Th e repor t o n the gravit y surve y (Flavell e &  Goodspeed, 1962 ) give s th e 
following observation s o n this area : 

'The Hardma n Basi n [t o th e north-eas t o f th e area ] containing Palaeozoi c 
sediments . . . i s probabl y continuous wit h the Moun t Bannerman Gravity Trough. Th e Trough 
continues acros s th e Basi n boundar y withou t an y appreciabl e chang e i n anomal y magnitude . 
The gravit y minima [Trough ] therefore probably represent the effect o f a  considerabl e thicknes s 
of Proterozoi c sediment s o n bot h side s o f th e Basi n boundary. Becaus e Lowe r Palaeozoi c 
sediments ar e presen t i n the Hardma n Basin, it is possibl e tha t simila r sediment s ar e presen t 
at dept h [i n this area] . 

'The structur e tha t cause s th e anomal y "lows " o f th e Moun t Bannerman Gravity 
Trough branches nea r Billiluna homestead; a  series of "lows" trend s sout h from there , paralle l 
to th e Basi n edge . Thi s featur e ha s bee n name d th e Stansmor e Gravit y Trough and like th e 
Mount Bannerman Gravity Troug h it probably represents a  considerable thickness of Proterozoi c 
sediments. I n addition, th e north-sout h Troug h branches on the Luca s Sheet are a where ther e 
is a  pronounced west-north-west anomal y "low" . I t i s possibl e therefor e tha t th e influenc e o f 
the Warramung a Mobil e Zon e extends thi s fa r (Traves , 1955) . 

'The Stansmor e Faul t i s characterise d b y a  stee p gradien t a t it s souther n end , 
near th e Stansmor e Ranges . Toward s the north , where it s thro w i s decreased , i t crosse s th e 
gravity trend s obliquely . Th e mai n variations i n basement dept h probably run north fro m th e 
Stansmore Ranges , following th e tren d o f th e Stansmor e Gravit y Trough . 

'Owing t o th e paucit y o f outcro p an d total lac k o f subsurfac e (suc h a s seismic ) 
data i t mus t b e assume d tha t th e Gregor y Lak e Gravit y High probably represents shallo w 
basement.' 

The extensio n o f th e Fitzro y Troug h int o th e north-eas t Cannin g seems t o b e 
reflected i n a  serie s o f gravity 'lows' running south-east throug h the wester n par t o f th e Moun t 
Bannerman Shee t int o Cornish ; th e Troug h seem s t o b e dyin g ou t sout h o f Godfrey s Tank. 
The existenc e o f th e 'Lonerga n Hinge ' (Case y &  Wel l s, 1960) , whic h was though t t o tren d 
generally sout h an d eas t fro m nea r Balk a Hill s t o th e Stansmor e Range , is no t full y sub -
stantiated b y th e recen t gravit y results . However , ther e stil l remain s a  serie s o f gravit y 
'highs' a t Lak e Betty , nort h o f Godfrey s Tank , and west o f Gregor y Sal t Lake,whic h should b e 
investigated furthe r with seismi c survey s fo r possibl e petroleu m targets . 

The Pinnacl e Faul t i s trace d int o the norther n part o f Moun t Bannerman Sheet , 
where i t seem s t o b e bifurcate d b y Precambria n a t Balk a Hills int o east-west an d south -
east trendin g faults . I f thi s south-eas t faul t stil l reflect s th e north-easter n edg e o f th e 
deep Fitzro y Troug h (as th e Pinnacle Fault does in the Fitzro y Basin) , the gravit y anomal y an d 
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the surfac e anticlin e i n th e Lak e Lonergan/Lak e Betty are a would be a n important are a for 
investigation. 

The south-eas t extensio n o f the Broome Ridge or Swell, whic h mark s th e souther n 
edge o f th e Fitzro y Trough , ca n b e trace d b y positiv e gravit y anomalie s int o the Cornis h 
Sheet; accordin g t o gravit y results th e minimum sedimentary sectio n ove r th e ridg e i s nea r th e 
north-western corne r o f Cros s land Sheet , whic h i s t o th e wes t o f Moun t Bannerman Sheet 
(Flavelle &  Goodspeed, 1962 , p.16) . 

The Stansmor e Faul t crop s ou t betwee n th e Stansmor e Rang e an d the Bisho p 
Range, a  distanc e o f 110 miles. I t is bes t expresse d i n th e Stansmor e Rang e (Veever s &  Wells , 
1961, text-fig . 55) , wher e th e Livering a Formation and probably the Noonkanba h Formation ar e 
exposed o n the downthrow (western) side. Outcrop s on the eastern sid e are poor , an d ar e mappe d 
as undifferentiate d Permian . Rock s immediatel y wes t o f th e faul t di p up to 3 0 westward , 
and flatte n of f withi n 5  mile s o f th e fault , i n th e Stansmor e Range . Th e Bougue r gravity 
contours (Flavell e &  Goodspeed , 1962 ) paralle l th e fault , an d the anomal y acros s th e fault , 
5 mile s sout h o f Warr i Creek , range s fro m -3 0 mgal s on e mil e eas t o f th e faul t t o -5 0 mgal s 
3 mile s wes t o f th e fault , indicatin g a  considerabl e downthro w to th e west ; thi s wa s calculate d 
by Garret t (1956) a s about 7800 feet, assuming a  density contras t o f 0. 4 gm/cc . Th e Stansmor e 
Range i s th e onl y are a i n whic h th e gravit y result s ar e obviousl y connecte d wit h surfac e 
structure. North-wes t o f th e Stansmor e Range , th e faul t run s obliquel y t o a  broa d positiv e 
anomaly sout h o f th e Gregor y Salt Lake ('Gregory Lak e Gravit y High' o f Flavell e &  Goodspeed, 
1962). I n th e Stretc h Range , th e Livering a Formatio n an d the Blin a Shal e cro p out o n bot h 
sides o f th e fault . W e believ e tha t th e gravit y an d aeromagneti c dat a do no t indicat e th e 
surface o f th e Precambria n rocks fo r th e followin g reasons : 

(1) A n elongate negativ e anomal y ('Stansmor e Gravit y Trough ' o f Flavell e &  Goods -
speed, 1962 ) trend s nort h o f Waterlande r Breakaway across the Stansmor e Faul t i n th e Stretc h 
Range, an d through Balg o Hills, an d branches at Knobby Hills ; on e branc h continues northward 
through th e Wol f Cree k Meteorit e Crater , anothe r trend s westwar d to Moun t Erskine, an d a 
third trend s eas t o f th e Stretc h Rang e t o Lak e Lucas . N o chang e i s registere d ove r th e 
Precambrian sedimentar y rock s a t th e basi n margi n nea r th e Meteorit e Crater , an d this 
suggests tha t th e anomal y i s related , a t leas t i n part , t o th e underlying , probabl y thick 
Precambrian (probabl y Uppe r Proterozoic ) sedimentar y rocks . A r i s e i n th e negativ e anomal y 
west o f th e crystallin e Precambria n rocks near the Kearney Range probabl y reflects thi n P r e -
cambrian an d younge r sedimentar y rock s ove r th e crystallin e rocks . Th e gravit y troug h 
between th e Stretc h Rang e an d Lak e Luca s probably indicates thic k Precambria n sediments o r 
Lucas Bed s o r both . 

(2) A n aeromagneti c travers e (Spence , travers e 14 ) passe d withou t anomal y fro m 
the Cannin g Basi n nea r Moun t Bannerma n northwar d t o th e Precambria n quartzite o f th e 
Cummins Range , showin g tha t th e Precambria n sedimentary rock s o f thi s are a ar e indistin -
guishable magneticall y fro m th e Phanerozoi c rocks . 

The are a o f th e negativ e Bougue r anomal y i s covere d eithe r b y younger P r e -
cambrian sedimentar y rock s o r Phanerozoi c rock s alone . Th e gravity an d aeromagneti c 
evidence support s th e ide a tha t Precambria n sedimentary rock s exten d fro m th e margi n into 
the Basin , an d perhap s ar e thickes t i n th e Basin . Th e basinward limit o f th e postulate d 
Precambrian sedimentar y rock s i s possibl y marke d b y th e wes t an d south part s o f th e 
negative Bougue r anomaly . 
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The Stansmor e Fault , excep t it s southernmos t part , an d almost al l othe r fault s 
in th e north-eas t Cannin g Basin strik e obliquel y t o th e Bougue r contours; th e displacemen t o n 
the Stansmor e Faul t i s considerabl e (500 0 fee t o r more ) i n it s southernmos t part , and 
probably negligibl e elsewhere . Th e numerou s fault s tha t trend south-south-eastwar d i n a  bel t 
south-east o f th e Fitzro y Troug h have smal l displacements . Structura l dome s an d basins ar e 
known i n various place s i n the north-eas t Cannin g Basin (Veever s &  Wel l s, 1961 , text-figs . 55 , 
66, an d plate 2) . 

The broa d Bougue r anomalie s wit h lo w gradients , an d the smoot h aeromagneti c 
anomalies, indicate , b y compariso n wit h these feature s i n the Fitzro y Trough , tha t th e dept h 
of th e crystallin e basemen t i s deep . Tw o aeromagnetic anomalies , on e 2 0 mile s north-eas t 
of th e Dumme r Range, the othe r 1 0 miles north-west o f Chilpad a Chara, ma y be interprete d a s 
indicating th e side s o f th e Fitzro y Trough . 

The south-eas t extensio n o f the Broome Ridge or Swell, which mark s th e souther n 
edge o f th e Fitzro y Trough , ca n b e trace d b y positive gravit y anomalie s int o the Cornis h 
Sheet; accordin g t o gravit y result s th e minimu m sedimentar y sectio n over th e ridg e i s nea r 
the north-wester n corne r o f theCrosslan d Sheet, which i s t o th e wes t o f th e Moun t Bannerman 
Sheet (Flavell e &  Goodspeed, 1962 , p . 16) . 

GEOLOGICAL HISTOR Y 

The Lowe r Proterozoic Halls Creek Metamorphics were deposited i n a geosyncline , 
as evidence d b y the larg e thickness o f quart z greywacke an d slate ; the y underwen t a n intens e 
orogeny wit h folding , faulting , graniti c intrusion , an d metamorphism (althoug h the degre e o f 
metamorphism i s less than in the equivalent rocks in the Hall s Cree k area). Th e metamorphic s 
were erode d almos t t o a  peneplai n befor e Uppe r Proterozoi c sediment s wer e deposited ; i n 
the Lewi s Rang e are a the surfac e dip s 3  t o th e east . 

Al l th e Uppe r Proterozoi c sediment s were deposite d i n a  simila r environment , 
and Trave s e t al . (1956 ) suggeste d tha t thei r sourc e wa s uplifte d area s o f th e granit e an d 
metamorphics whic h no w form a  large part*of the Cannin g Basin floor. Th e Uppe r Proterozoi c 
sediments, althoug h no t generall y strongl y deformed , hav e bee n intensel y folded i n th e Hall s 
Creek an d Kin g Leopol d Mobil e Zones , an d th e strongl y folde d Kearne y Beds sugges t a n 
extension o f thes e Zone s t o th e south . Erosio n sinc e th e depositio n o f th e Uppe r Proterozoi c 
sediments ha s lef t the m a s larg e isolate d range s wit h surroundin g plains o f san d underlai n 
by Lowe r Proterozoi c rocks . 

The Cannin g Basi n bega n t o for m i n the Ordovician , with coarse-graine d sand -
stone an d conglomerat e deposite d o n a shallow marine shelf. Th e Siluria n and Lowe r Devonia n 
was apparentl y a  period o f non-deposition . 

The Middl e an d Uppe r Devonia n an d Lowe r Carboniferou s are wel l represente d 
in th e Fitzro y Basin ; but the onl y outcrop s o f thi s ag e i n th e north-eas t Cannin g Basin ar e th e 
small area s o f limeston e an d freshwate r sandston e o n th e Moun t Bannerman and Billiluna 
Sheets. Bioherma l an d biostroma l limestone s ma y hav e develope d alon g hing e an d positiv e 
gravity area s i n th e Moun t Bannerma n an d Cornis h Sheets , bu t they ar e no t exposed . N o 
Upper Carboniferou s rocks ar e expose d i n the area , but th e Moun t Anderson Formation o f th e 
Fitzroy Trough , which i s onl y know n from drill holes, ma y be presen t belo w th e surfac e i n th e 
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south-easterly continuatio n o f th e troug h int o the north-eas t Cannin g Basin . 

Permian sedimentatio n bega n wit h aqueoglacia l sediment s o f th e Gran t Form -
ation, followe d b y alternatin g marin e an d brackish-wate r sediments ; th e richl y fossiliferou s 
Noonkanbah Formatio n follow s th e Gran t Formatio n wit h a  mino r brea k only, an d marin e 
conditions continue d durin g th e basa l Iivering a Formatio n (Balg o and Iightjac k Members) ; 
then followe d a  perio d durin g whic h th e lacustrin e o r brackish-wate r plant-bearin g Condre n 
Sandstone wa s deposited , afte r whic h a  mino r transgressio n lai d dow n the Hardma n Member 
over a  smal l area . Th e Condre n an d Balg o Member s are widespread ; bot h ar e certainl y i n 
contact wit h th e Gran t Formatio n an d ma y hav e overlappe d th e Noonkanba h Formation . 

The Permia n sediment s wer e erode d an d gently folde d befor e th e Triassi c Blin a 
Shale wa s deposite d i n brackis h o r estuarin e water , an d the plant-bearin g Culvid a Sandstone , 
perhaps contemporaneously , farthe r t o th e east . Furthe r erosion , an d probabl y more foldin g 
and faulting , occurre d befor e th e marin e Cretaceou s Godfre y Bed s wer e deposite d o n th e 
Culvida Sandston e an d erode d Permia n sediment s (se e Fig . 22) . 

The fault s (whic h wer e probabl y active unti l lat e Cretaceou s o r earl y Tertiary ) 
and monoclina l fold s ar e relate d to similar structure s i n th e Fitzro y Basin . Th e structur e an d 
topography o f th e Precambria n basemen t n o doub t influence d th e shap e o f th e Cannin g Basi n 
and th e tren d o f fold s an d faults . 

After, o r eve n during , th e depositio n o f th e Tertiar y Lawfor d beds , th e presen t 
period o f erosio n wa s initiated , wit h dissectio n o f th e laterit e surfac e an d th e developmen t o f 
mesa an d butt e topography . 

ECONOMIC GEOLOG Y 

Evaporites 

Deposits o f evaporite s ar e confine d t o th e dr y sal t lake s an d sal t pan s i n th e 
central an d south-easter n portio n o f th e area . Th e larges t sal t lake s occu r o n the easter n 
part o f th e Stansmor e Sheet . 

The deposit s o n th e be d o f Gregor y Sal t Lak e consis t o f fin e whit e sil t an d 
powdery calich e wit h mino r amount s o f salt . Th e proportio n o f sal t rise s i n certai n part s o f 
the lak e bed , particularl y a t th e margi n o r wher e smal l stream s flo w int o the lake . Th e fin e 
white sil t coverin g mos t o f th e lak e be d i s derive d fro m th e suspende d loa d o f Stur t Creek , 
the larges t strea m drainin g int o the lake . 

Lakes Hazlett , Wills , an d White , lyin g i n th e Hidde n Basin an d Westo n Basi n 
(Terry, 1934 ) nea r the Northern Territory Border, are covered wit h a  whit e sal t crust . Sample s 
of th e top three inches of salt crust were collecte d fro m th e be d o f Lak e White . White , powdery , 
calcareous materia l constitute s th e to p hal f inc h an d is underlai n b y a  laye r o f sal t crystal s 
about tw o inche s thick . Th e salt crystals ar e underlai n b y sof t brine-saturate d san d an d sil t o f 
unknown depth. Lump s o f white , porous , homogeneous, calcareou s travertine , u p to si x inche s 
in diameter , ar e scattere d o n th e sof t calich e laye r a t th e surface . Th e be d o f Lak e Luca s 
on th e othe r han d has a  very thi n crus t o f salt , an d below this thi n beds o f chocolate-coloure d 
sand an d sil t overli e th e Luca s Beds ; i n this respec t Lak e Luca s differ s fro m mos t othe r sal t 
lakes, whic h ar e underlai n b y thic k deposits o f brine-saturate d blac k mu d an d sand . I n rar e 
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cases suc h a s near S55, where a small arm of a n unnamed sal t lak e wa s crossed , th e foundatio n 
of th e lak e i s quit e hard . A t S5 5 wate r had recently flowe d o n the lak e surfac e an d the to p 
eighteen inche s consiste d o f sof t brin y sand an d silt , underlai n by cemented pebbl y deposits . 

A sampl e fro m Lak e Macka y reporte d by Terr y (1934 ) containe d 20.08 % CaSO , 
4.17% NaCl,an d 0.93 % KC1. 

On th e margi n of Lak e Luca s nea r L1 8 a  smal l deposi t o f pink barytes i s found . 
It occur s a s a  smal l lin e o f boulder s i n weathered sandston e an d shale o f th e Luca s Beds, and 
was probabl y deposite d a s a  smal l lens . 

Metallic Deposit s 

No metalli c deposit s ar e being worked commercially withi n the are a examined . 
Near th e Gardine r Range , trace s o f gol d wer e reporte d pavidson , 1905 ) fro m quartz veins 
cutting th e Lowe r Proterozoi c Hall s Cree k Metamorphics . Th e metamorphic s sho w fe w sign s 
of hydrotherma l action; a  few ver y narro w quart z veins occur . However , the are a south-wes t 
and sout h o f Larrangann i Bluf f an d eas t o f th e Lewi s Range i s wort h further prospecting . 
In bot h area s quart z vein s ar e mor e numerou s an d considerable area s o f granit e occur ; 
some crystallin e hematit e i s associate d wit h the quart z veins. Radiometri c tests o f th e Hall s 
Creek Metamorphic s in severa l areas , an d of Upper Proterozoic shale s a t th e sout h en d o f th e 
Gardiner Range , gave negativ e results . 

Gold ha s bee n worke d spasmodicall y sinc e 188 0 a t th e Rub y Queen mine, 2 0 
miles sout h o f th e Hall s Cree k township . Numerou s quartz reefs cu t interbedde d schist s an d 
quartzites an d th e lod e varie s fro m a  fe w inche s t o 1 5 fee t wide , an d yielded a n average o f 
12 t o 1 5 dw t per ton ; th e dept h of th e working s i s 20 0 feet . Tota l production has bee n 625 0 oz . 

Some manganes e stainin g an d a  fe w piece s o f soli d manganes e or e occu r i n 
granitized quar t zites abou t fou r mile s eas t o f M3 5 i n the Moun t Bannerman Sheet area . 
Interpenetrating vugg y quart z vein s ar e common , an d th e roc k i s strongl y sheare d wit h 
cleavage trendin g north-east . 

Petroleum Prospect s 

As th e Fitzro y Basi n extend s a t leas t int o par t of th e north-eas t Canning , the 
petroleum possibilitie s o f th e north-eas t Cannin g mus t no t b e underestimated , eve n thoug h 
less tha n 3000 feet o f Palaeozoi c an d Mesozoic sediment s ar e exposed . 

Any continuatio n o f Ordovicia n rock s south-eas t fro m th e Fitzro y Basi n coul d 
form th e bes t sourc e rock s fo r petroleum; Ordovician calcareous bed s containin g trace s o f oi l 
crop ou t a t Price s Cree k (Gupp y e t al. , 1958) , 2 0 mile s north-north-wes t o f th e north-wes t 
corner o f th e area . Ordovicia n sandstone an d conglomerate cro p ou t i n the Cummin s Range 
and west o f Wolf Creek , an d could hav e deepe r water an d calcareous equivalent s t o th e south -
west. Th e Devonian sediments, althoug h thin and sandy, coul d als o hav e suitabl e sourc e rock s 
as thei r deepe r water equivalents . I n the Noonkanbah an d Balgo units onl y th e shal e bed s coul d 
be regarde d as havin g an y sourc e possibility . 

Reservoir rock s (carbonate , includin g reefs , an d sandstone ) ar e know n in th e 
Ordovician, Devonian , and Permian sequences elsewher e in the Fitzroy Basi n and these probabl y 
extend int o the north-eas t Canning . 
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Cap rock s o f shal e an d dense limeston e ma y als o persis t a t depth into this area . 

Until mor e i s know n abou t th e origi n o f som e o f th e anticline s i n the souther n 
part o f th e north-eas t Cannin g (i.e. , whether o r not th e foldin g persist s wit h depth , o r whethe r 
a basemen t uplif t o r sal t intrusio n ha s bee n responsibl e fo r thei r formation) , they cannot b e 
condemned a s prospects . 

Water 

The lo w rainfal l and high evaporation mean that ful l us e mus t b e mad e o f under -
ground a s wel l a s surfac e wate r supplies . Surfac e waters i n the are a are ver y few, and 
consist chiefl y o f th e semi-permanen t pool s (Im a Ima , etc. ) i n Sturt Cree k i n th e Billilun a 
Sheet area ; thi s lac k o f goo d wate r ha s naturall y restricted pastora l development . Stur t 
Creek i s th e larges t strea m drainin g th e north-easter n par t of th e Cannin g Basin and flow s 
inland int o Gregor y Sal t Lake . Othe r stream s suc h a s Christma s Cree k an d its tributarie s 
drain th e breakawa y countr y sout h o f Christma s Cree k Station , an d Derbai Cree k drain s th e 
area nea r Balg o Mission . I n som e places , smal l eart h tank s hav e bee n constructed nex t t o 
the strea m course s t o provide a  better wate r supply. Smal l rock-hole s i n the deser t are a ar e 
used b y a  fe w nomadi c aborigines , an d Breadens Poo l i s use d b y stoc k o n the Cannin g Stock 
Route (Godfrey s Tank , anothe r larg e rock-hol e nea r Breadens Pool , i s inaccessibl e t o stock) . 
The rock-hole s i n the Godfrey area have been formed b y the dee p dissectio n and scouring o f th e 
softer sandston e an d shal e whic h underli e th e mor e massiv e sandstone . Whe n full, Breaden s 
Pool hold s abou t 20,000 gallons and Godfreys Tank40,000 gallons . Probabl y th e larges t stretc h 
of surfac e wate r i s Im a Ima Pool, six miles abov e the junctio n o f Stur t Cree k with Wolf Creek , 
and sometime s ove r 3  mile s lon g an d half a  mil e wide . Lak e Stretc h i s a  simila r bu t smalle r 
pool 1 0 mile s sout h o f Billilun a Homestead . 

Numerous spring s occu r i n th e Permia n sediment s sout h o f Christma s Cree k 
(e.g. McDonal d Spring) ; the y see m t o b e controlle d b y smal l faults . Th e sprin g water i s 
alkaline, bu t i s goo d for stock . Othe r springs occu r i n the Uppe r Proterozoi c sediment s i n th e 
Gardiner Rang e (Broph y Spring ) an d in the Deniso n Rang e (Pal m o r Banan a Spring). 

Underground water has bee n used fo r stock , particularly along th e Cannin g Stock 
Route, an d a subsidiary stock route between Christmas C reek Station an d Godfreys Tank. Thes e 
wells hav e struc k goo d supplie s o f wate r generall y a t depths fro m 2 0 t o 8 0 feet , mostl y i n 
Permian sediments . Detail s of the production of wells, som e o f which ar e taken fro m Canning's 
original Stoc k Rout e map , are a s follows : 

Wel l No . 

44 
45 
46 
47 
48 

49 

Depth 
(feet) 

43 
28 
? 
24 3/ 2 
65 1/ 2 

50 

Supply 
gals . /nr. 

1000 
1000 
2000 
1500 

130 

500 

Remarks 

Excellent wate r 
tf i t 

" "  ;  called Kuduarr a Wel l , 
tt I T 

Excellent wate r i n friable white sands tone, water leve l 
55 fee t i n 1955 , Cave d i n 1957 . 
Excellent wate r i n sandstone wit h Tertiary chalcedony 
nearby. Water level 30 feet. Grav e o f Jac k Smith , die d 
1939. 
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W e l l No . Dept h Suppl y 
(feet) gals. /h r 

Remarks 

50 6 2 50 0 Excellen t water . 
51 2 2 90 0 Poo r qualit y water ; gypsu m an d travertin e nearby . 

Water level 15 feet bu t falle n in ; calle d Weriadoo . 

Wel l No . 1  o n th e stoc k rout e fro m Christma s Cree k to Wel l 4 9 ha s a  wate r 
level o f 4 6 fee t an d excellen t water . Th e surfac e roc k i s pisoliti c ironston e wit h spoil s o f 
fine t o mediu m friabl e sugar y sandstone , micaceou s an d ripple-marked , with cla y pellet s an d 
worm trails ; a  native soak is nearby . Th e spoil s fro m Wel l 5 1 ar e largel y har d sand y cla y wit h 
large amount s o f gypsum , whic h ar e probabl y part o f th e evaporit e deposit s i n Gregor y Sal t 
Lake. Th e wel l i s ver y clos e t o samphire-covere d mars h nex t t o th e sal t lake . 

Wells an d bore s sun k i n Noonkanba h and Balgo sediments , nea r Balg o Mission , 
have yielde d poo r supplie s o f poo r qualit y water; the wate r i s generall y salin e o r alkaline , an d 
is generall y unsuitabl e fo r huma n consumption . Weathere d outcrop s o f Noonkanba h and Balg o 
sediments ar e ofte n encruste d wit h salt . Bette r bor e site s ar e availabl e i n olde r sandston e 
beds, eas t o f th e Missio n nea r Kearne y Range , Th e ol d wel l a t Doom a Dor a has a  water leve l 
of 6 0 feet . 

Billiluna Statio n i s wel l supplie d wit h sub-surfac e water . Th e bor e a t th e 
homestead, 12 0 fee t deep , produce s goo d fres h wate r fro m th e Gran t Formation an d overlyin g 
sands. Goo d water i s obtaine d fro m No , 2  bore, probably also fro m th e Gran t Formation, an d 
from th e wel l a t Ol d Billiluna Station (probably from th e Condre n Sandstone o r Balg o Member) . 
Djaluwon Bor e i s probabl y in th e Balg o Member . Limeston e Wel l i s 3 6 fee t dee p an d sun k i n 
Tertiary limeston e an d travertin e wit h band s o f chalcedony ; th e wate r wa s struc k belo w a 
'hard band ' a t 2 9 feet ; i t i s salt y (600 grain s pe r gallon ) an d suitabl e onl y fo r shee p an d cattle . 
Chungla Wel l i s 3 0 fee t deep , wit h a  water leve l a t 6  feet, bu t durin g th e we t seaso n th e wate r 
reaches th e surface ; i t i s sun k i n travertinou s sandston e o r 'rive r sand* . Man y shallow sal t 
bores (les s tha n 1 5 feet ) wer e drille d nea r Null y Waterhole, where whit e san d occur s o n th e 
surface. 

On Stur t Cree k Statio n som e goo d supplie s o f wate r ar e obtaine d fro m th e 
Gardiner Beds , bu t wher e shale , presumabl y i n th e Gardine r Beds, ha s bee n encountered , 
bores ar e dr y o r salty , Stur t Cree k 26-mil e bor e i s 16 0 fee t dee p an d ha s a  goo d supply , 
but Stur t Cree k Dud No . 8 , 1 2 mile s south-south-east o f th e homestea d (nea r B13) , struc k sal t 
water; th e spoi l i s calcareou s reddis h brow n shale , an d chalcedon y ha s bee n use d t o pac k 
around th e bor e hole . Du d No. 9 is 1 6 mile s south-south-eas t o f th e homestead , an d struc k sal t 
water i n brow n shal e a t 25 7 feet . A  300-foo t bore , 7  mile s fro m th e homestea d o n the direc t 
road t o Flor a Valley , struc k sal t wate r a t 6 0 feet . Anothe r salt-wate r failure , 300-40 0 fee t 
deep, i s o n a  blac k soi l plai n nort h o f Bindi . A n unsuccessful bore , abou t 4 0 mile s fro m th e 
homestead o n th e middl e roa d t o Flor a Valley , reache d 30 0 fee t i n 'blu e rock * -  probabl y 
basalt. Th e semi-permanentpoolsinStur t Cree k help t o alleviat e th e wate r shortag e resultin g 
from th e unsuccessfu l drilling . 
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APPENDIX 1 

PERMIAN FOSSIL S FRO M TH E CANNING BAST N 

by 

J.M. Dickin s 

The fossil s wer e collecte d b y Burea u fiel d partie s i n 195 5 (J.N . Casey an d 
A . T . Wel ls ) an d 195 6 (B .H . Stinear an d A . T . Wel l s ). Al l the sample s ar e fro m the north -
eastern par t o f th e Cannin g Basin. 

The localitie s ar e considere d i n orde r o f stratigraphica l positio n accordin g t o 
information supplie d b y th e fiel d parties . I n many cases th e preservatio n i s s o poor , o r th e 
collections s o small , tha t i t i s no t possibl e t o indicat e an y correlatio n withi n th e Permian . 
The correlation s base d o n th e diagnosti c sample s sho w agreemen t wit h th e stratigraphica l 
positions supplied . Th e Balg o Membe r ca n b e correlate d wit h th e Lightjac k Member o f th e 
Liveringa Formatio n and i s thus  o f Uppe r Artinskia n to Kunguria n age. 

IDENTIFICATIONS 

Doubtful Gran t Formatio n 

M44 (Lat . 18°58'S, Long . 126°27 ,E). 

Unidentifiable shel l fragments . 

Noonkanbah Formatio n 

B21 (Lat . 19°55'S, Long . 127°50'E) . 

Brachiopods: 'Chonetes * sp . (sulcat e form ) 
Gastropods: Belleropho n sp . 

These fossils , a t present , ar e o f littl e valu e fo r correlation . 

B22 (Lat . 19°55'S, Long , 127°51 ,E). 

Brachiopods: 'Chonetes * sp . (sulcat e form ) 

Pelecypods: *  Heteropecten* sp . nov . 

'Heteropecten' sp . nov . i s commo n i n the Cundleg o Formation o f th e Carnarvo n 
Basin, an d some specimen s fro m th e Wandage e Formatio n can b e doubtfull y referre d to it . I t 
has no t bee n found in higher beds and this i s th e firs t recor d i n the Cannin g Basin. Th e presen t 
occurrence woul d suggest tha t these beds are equivalent in ag e t o th e to p part of th e Noonkanba h 
Formation. 

L4 (Lat . 20°12'S, Long . 127°56 ,E), 

Gastropods: Belleropho n sp, ind . 
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The fossil s i n thi s sampl e ar e o f n o valu e fo r correlation . 

L29 (Lat . 20°8'S, Long . 127°54 ,E 2  1/ 4 mile s EN E of Balg o Mission). 

Brachiopods: 'Chonetes ' sp . ind . 

Pelecypods: Streblopteria ? sp. , cf . S? . sp . nov . fro m th e Noonkanba h 
Formation. 

Strebtopteria? sp . nov , ha s bee n foun d t o b e a n important marke r fossil fo r 
distinguishing th e Noonkanba h Formation from the Lightjac k Member (lowe r part) of the Liverin-
ga Formation in the Fitzroy Basin. Unfortunatel y the present specimen s canno t b e certainl y 
identified a s Jj? sp . nov. , bu t a s n o simila r specie s i s know n to occu r i n the Permia n rocks o f 
Western Australi a i t seem s likel y tha t thes e bed s ar e o f th e sam e ag e a s th e Noonkanba h 
Formation. 

Doubtful Noonkanba h Formation 

C47 (Lat . 20°57'S, Long . 127°13'E) . 

Pelecypods: Edmondiida e gen . e t sp . ind. , Atomodesma sp . ind. , Stutch -
buria muderongensi s Dickins , 1956 . 

Gastropods: Bellerophontace a gen . ind . 

In sample s fro m th e Cannin g Basi n whos e stratigraphica l positio n i s know n 
without doubt , S. muderongensi s i s know n only fro m th e Lightjac k Member. I n the Carnarvo n 
Basin, however , S . muderongensi s occur s no t onl y i n the Coolkily a Greywack e but als o i n th e 
Norton Greywacke , whic h i s regarde d (Thoma s &  Dickins , 1954 , p . 220 ) a s olde r tha n th e 
Lightjack Member . Thus , althoug h th e presenc e o f S . muderongensi s i n this sampl e migh t b e 
considered a s suggestin g a  correlatio n wit h th e Lightjac k Member , i t canno t b e regarde d a s 
conclusive evidence . 

Liveringa Formatio n 

Lightjack Membe r 

M49 (Lat . 19°17>S, Long , 126°11 ,E), 

Unidentifiable shel l fragments . 

M56 (Lat . 19°02>S, Long . 126°04 ,E). 

Pelecypods: Stutchburi a muderongensi s Dickins , 1956 . 

Poorly preserve d pelecypod s an d gastropods . 

Doubtful Lightjac k Membe r 

M55 (Lat . 19016*, Long , 1 2 6 V ) . 

Pelecypods: Atomodesm a mytiloide s Beyrich , 1865 . 
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Stutchburia muderongensi s Dickins , 1956 . 

Leiopteria? sp . 

Streblopteria sp . (Streblochondri a sp . o f Gupp y e t al . , 1958 , 
p.53). 

Aviculopecten? hardman i Etheridge, 1907 . 

Gastropods: Warthi a sp. , Stachella ? sp . 

Atomodesma mytiloide s ha s no t bee n recorde d fro m bed s whic h ca n be referre d 
without doub t t o th e Ligh t jack Member . I t occurs , however , i n th e Noonkanba h Formation an d 
apparently als o i n th e Hardma n Member (upper part) o f th e Livering a Formation . 

Balgo Membe r 

S4 (Lat . 21°15'S, Long . 127°45'E) . 

Pelecypods: Atomodesm a exarat a Beyrich , 1865 . 

Astartila fletcher i Dickins , 1956 . 

Gastropods: Warthi a sp . 

Indeterminate spire d an d bellerophontid gastropods . 

In th e Cannin g Basi n Atomodesm a exarat a i s know n onl y fro m th e Lightjac k 
Member, an d it s occurrenc e togethe r wit h A . fletcher i indicate s tha t these bed s ca n b e 
correlated wit h th e Lightjac k Member . 

S6 (Lat . 21°30'S, Long . 128°10'E) . 

Pelecypods: Atomodesm a exarat a Beyrich , 1865 . 

Stutchburia sp . ind . 

Astartila fletcher i Dickins , 1956 . 

Streblopteria sp . 

Pectinid gen. , sp . nov . (fo r discussion of this form se e unde r 
S9). 

Aviculopecten? hardman i Etheridge, 1907 . 

Indeterminate gastropod s an d a  brachiopod. 

Large anima l trail s o r castings . 

For reason s state d above , th e bed s a t S 6 ca n be correlate d wit h th e Lightjac k Member . 

S9 (La t 21°28 ,S, Long , 128°06'E) . 

Pelecypods: Atomodesm a exarat a Beyrich , 1865 . 

Astartila fletcher i Dickins , 1956 . 
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Gastropods: 

Brachiopods: 

Plants: 

Astartila? sp . nov . -  for m wit h larg e prominen t beak . 

Stutchburia muderongensi s Dickins , 1956 . 

Aviculopecten sp . nov . (for m fro m th e subquinquelineatu s 
line, cf . specie s fro m Wandage e Formatio n -  distinc t 
primary an d secondary rib s with a  large number of tertiary) . 

Pectinid gen. , sp . nov . (larg e primar y ribs with secondar y 
ribs develope d i n grooves . Outlin e wavy , possibl y a  ne w 
genus.) 

Streblopteria sp . 

Ptychomphalina cf . P . sp , nov . fro m S67 . 

Warthia sp . 

'Martiniopsis* sp . 

Gangamopteris sp . 

The bed s a t S 9 ca n b e correlate d wit h those a t S 4 an d S6 an d in turn al l ca n be 
correlated wit h th e Lightjac k Member . 

S12 (Lat . 21°16,S, Long . 128°04 ,E). 

Animal track s o r burrows . 

These track s a t present d o no t allo w an y correlatio n o f thes e beds . 

S67 (Lat . 21°49'S, Long . 127°58 ,E). 

Pelecypods: 

Gastropods: 

Brachiopods: 

Stutchburia muderongensi s Dickin s ,195 6. 

Pseudomonotis ? sp. ind . 

Pectinid gen. , sp . nov . (a s i n S 6 an d S9). 

Streblopteria sp . 

Ptychomphalina sp . nov . (whor l sectio n mor e rounde d tha n 
P . maitland i Etheridge , 1902) . 

'Martiniopsis* sp . 

Large anima l trail s o r castings . 

S68 (La t 21°50 ,S, Long . 127°57 ,E) 

Pelecypods: Streblopteri a sp . (specimen s sho w a  centra l ligamen t pit ) 

Gastropods: Warthi a sp. , Ptychomphalin a sp . nov. ? 

?Corals: Khmeria ? sp . (Khmeri a i s a  finger-shaped organis m whic h 
is though t t o b e a  cora l -  se e Gallitelli , 1956) . 

S77 (Lat . 21°49'S, Long . 127°58 ,30 nE). 

Pelecypods: Stutchburia muderongensi s Dickins , 1956 . 
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Pseudomonotis ?  sp. ind . 

Pectinid gen. , sp . nov. ? (show s hing e o f righ t valv e wit h a 
ligament pit) . 

Gastropods: Ptychomphalin a sp . nov. ? 

S4, S6 , S9 , S67 , S68 , an d S7 7 al l contai n a  simila r faun a an d can be correlate d 
with eac h other . O f the twelve species in the Balg o Membe r whic h ar e regarde d as identifiable , 
eight als o occu r i n th e Lightjac k Member o f th e Livering a Formation. Include d amongs t th e 
eight i s Atomodesm a exarata , whic h wa s previousl y know n only from th e Lightjac k Membe r 
and i s regarde d as a marker fossil for the Lowe r Liveringa . I n addition, Stutchburi a muderong -
ensis, Astartil a fletcheri , an d Aviculopecten ? hardman i ar e characteristi c o f th e Lightjac k 
Member. A t present th e remainin g fou r specie s ar e know n only fro m the Balg o Member , bu t 
from th e occurrenc e o f related forms they are of a  type whic h coul d b e expecte d t o occu r i n th e 
lower par t o f th e Livering a Formation. O n the othe r han d non e o f th e characteristi c form s o f 
the Noonkanba h Formation are presen t an d the fauna of th e uppe r marine par t o f th e Livering a 
is quit e distinct . O n th e basi s o f it s faun a the Balg o Membe r ca n be correlate d wit h th e 
Lightjack Membe r an d i s thu s Uppe r Artinskia n to Kunguria n in ag e (se e Thoma s &  Dickins, 
1954). 

Doubtful Balg o Membe r 

L5 (Lat . 20°13 ,S, Long . 127°57 ,E). 

Pelecypods: Aviculopectinida e gen . e t sp . ind . 

Indeterminate gastropods . 

The fossil s fro m this localit y ar e o f littl e us e fo r correlation . 

L6 (Lat . 20°13,S, Long , 127°56'E) . 

Gastropods: Ptychomphalina ? sp . ind . 

Bellerophontidae gen . e t sp . ind . 

The fossil s ar e o f littl e us e fo r correlation . 

L28 (La t 20°11 ,S, 127°57 ,E). 

Pelecypods: Atomodesm a sp . ind . 

Pectinid gen . ind . 

Aviculopecten sp . (A , subquinquelineatus line , ribbin g not a s 
complexly develope d a s fo r A . sp . nov . fro m S9, bu t may b e 
an immature specimen) . 

Brachiopods: Strophalosi a sp . ind . 

'Chonetes^ sp . ind . 

The presenc e o f Aviculopecte n sp . would sugges t tha t thi s localit y i s o f Uppe r 
Noonkanbah o r lowe r Livering a (Lightjack Member) age . 
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L30A (Lat . 20°55,S, Long , 128°04'E , 3  mile s NN W o f Thoma s Peak) . 

Pelecypods: Atomodesm a sp . ind . 

The specimen s ar e o f n o value fo r correlatio n within th e Permian . 

L44 (Lat . 20°07'S, Long . 127°41'E) . 

Pelecypods: Nucula ? sp. 

Stutchburia sp . ind . 

The fossil s presen t ar e o f littl e valu e fo r correlation . 

Doubtful Condre n Sandstone Membe r 

C39 (Lat . 30°38'S, Long . 126 °4rE), 

Fragments o f indeterminat e pectini d shells . 

L37 (Lat . 20°16"S, Long . 127°50 ,E). 

Pelecypods: Stutchburia ? sp . ind . 

Gastropod gen . e t sp . ind . 

The fossil s ar e o f n o value fo r determinin g th e ag e o f th e sample . 

Hardman Membe r 

M50 (Lat.l9°22'S , Long. 126°12'E) . 

Pelecypods: 'Allorisma ' sp . 

Brachiopods: Aulostege s cf . fairbridge i Coleman, 1957 ( G . A . Thomas - pers . 
comm.). 

Conulariids: Paraconularia ? sp. 

Aulosteges fairbridge i is a  marke r fossil fo r th e Hardma n Member . 

Permian Undifferentiate d 

C38 (Lat . 20°37'S, Long . 126°37'E) . 

Pelecypods: Aviculopectinida e gen . e t sp . ind . ( a righ t valv e wit h a 
large anterio r auricle) . 

Animal track s o r castings . 

The fossil s ar e o f n o value fo r correlation . 

C49 (Lat . 20°58'S, Long . 127°27 ,E). 

Indet. invertebrat e exoskeleto n remains . 
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THE PERMIA N FORMATION S O F THE NORTH-EAST CANNIN G BASI N 

AND THEI R CORRELATIO N 

(Appendix 1) 

AGE 
CARNARVON BASI N 

(North end o f Kennedy Ra.; FITZROY BASI N NORTH-EAST CANNIN G BASIN 

Tartarian I Hardman Membe r 
r 
Hardman Membe r 

Kazanian Binthalya Sub-Grou p Liveringa 
Formation 

Plant Beds * Liveringa 
Formation 

Condren Sandston e 

Kungurian 
? 

Coolkilya Greywacke 
Baker Formatio n Lightjack Membe r Lightjack &  Balgo 

^Members 
Lightjack &  Balgo 

^Members 

Norton Greywacke 
Wandagee Formatio n 
Quinnanie Shal e 
Cundlego Formatio n 
Bulgadoo Shale 
Mallens Greywacke 

Noonkanbah Form -
ation 

Noonkanbah Form-
ation 

Artinskian 

(Approx) 

Coyrie Formatio n 
Moogooloo Sandston e 
(='Wooramel Sand -
stone') 
Callytharra Formatio n 

Poole 
Sandstone 

Nura Nur a Member 

No definite outcro p o f Pool e 
Sandstone recognised . 

Sakmarian 
? 

Lyons Grou p Grant Formatio n Grant Formatio n 

*In th e Talbo t Syncline there ma y be a  disconformity a t th e base o f the plant beds . 
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A P P E N D I X 2 

PETROGRAPHIC DESCRIPTION S O F SELECTE D ROC K SPECIMEN S 

by 

J. Kerr y Loverin g 

LOWER PROTEROZOI C -  HALL S CREE K METAMORPfflC S AN D LEWIS GRANIT E 

B32 (Larrangann i Bluff) : Quart z Greywacke 

The han d specime n i s pal e pinkis h grey , an d consist s o f fin e grain s o f quart z 
cemented b y a  fin e matrix . Th e roc k i s fairl y wel l sorted . Angular , irregular-size d quart z 
grains rang e fro m 0. 1 m m t o 2  mm . The y occu r wit h quartzit e grain s an d hematite frag -
ments i n a  matri x o f sericiti c an d chloriti c material . 

B33 (Larrangann i Bluff) : Crushe d Greywacke 

The reddis h han d specime n contain s coars e t o fin e fragment s i n a  fin e reddis h 
groundmass. 

Crushed grain s o f quartz , an d som e alteredbiotite an d ferromagnesian minerals , 
occur i n a  matri x o f fin e crushe d quart z grain s an d altere d biotit e fragments , togethe r wit h 
magnetite grain s an d particles an d films o f hematite, as wel l a s accessor y apatite , tourmaline , 
and zircon . Chlorit e an d hematit e replac e muc h o f th e biotite , an d together wit h quart z 
pseudomorph th e ferromagnesia n minerals . Man y of the crushed quart z grain s hav e authigeni c 
outgrowths o f clea r quartz . 

M33 (Si x mile s sout h of Bulk a Hills) : Quartzit e 

The pinkis h specime n i s fine-grained . Ther e i s a  quartz-ric h vei n runnin g 
through it . 

In thi n section grains o f quartz are closely packed; sericit e fibre s fil l th e spaces . 
Most quart z grain s sho w uneve n extinction , indicatin g tha t they have bee n subjecte d t o stress . 
The quart z o f th e quart z vein has grown perpendicular t o th e side s o f th e vein . Thes e anhedra l 
grains ar e 5  mm . lon g an d 0. 5 t o 1mm . wide , an d have uneve n extinction . 

M34 (1 0 mile s sout h o f Bulk a Hills) : Quartzit e 

The han d specime n i s a  hard, medium-grained rock which consist s almost entirel y 
of quartz . I t has a  white t o pin k blotchy colour . 

The roc k consist s mainl y o f ver y irregularly-shape d quart z grain s whic h rang e 
from 0. 5 mm . to 2 mm. Th e quartz i s clea r wit h ver y fe w dus t inclusions . Th e grain s generall y 
have a  wavy extinction; some grains have thin films o f leucoxene . Th e roc k ha s forme d mainl y 
by compaction . Mos t grain s show , b y wav y extinction , th e effect s o f pressure . Som e r e -
crystallization o f th e grain s ha s occurred . 
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M36 ( 8 miles sout h o f Christma s Creek) : Sandston e 

The han d specime n i s a  reddish , fine-graine d sandstone . 

Angular an d irregularly-shape d quart z grain s occu r i n a  matri x o f hematite -
stained cla y minerals , wit h a  littl e chlorite . Mos t o f th e quart z and magnetite grain s ar e 
extensively shattered , an d som e grain s hav e bee n partl y resorbed . Eve n the matri x reflect s 
the pressur e t o which th e roc k was subjected . 

M37 (Christma s Creek) : Quart z Greywacke 

The han d specime n i s a  pal e gre y rock . Fin e grain s occu r i n a  homogeneou s 
fine gre y groundmass . 

The thi n sectio n reveal s irregular-shape d quart z grain s (50% ) whic h rang e 
from 0. 1 mm . t o 2  mm., and a few shred s o f muscovit e an d som e fragment s o f amphibole , se t 
in a  fine sericiti c fibrou s groundmass . 

L25 (Lewi s Range) : Muscovit e Granodiorit e 

The han d specime n i s a  re d muscovit e granodiorit e and appear s t o b e weathered . 

The thi n sectio n reveal s typica l graniti c texture . Th e grain s ar e mediu m i n 
size, rangin g from 1  to 2 mm . i n macro-diameter . Th e roc k consist s o f quart z (50%) , plagio-
clase (22%) , an d muscovite fragment s (10%) , an d magnetite (3%) . Th e quart z grains ar e clear , 
with line s o f minut e dus t inclusions . Th e plagioclase i s wel l twinne d an d altered t o sericiti c 
material. Th e grain s o f alkal i feldspa r ar e generall y recognise d b y their alteratio n t o cla y 
minerals. Muscovit e fragment s sho w a  littl e alteration . 

L42 (Kearne y Range): Cher t 

The fine-graine d whit e han d specime n ha s larg e quart z crystal s an d micaceou s 
shreds. 

The thi n sectio n show s tha t th e quart z fragment s an d shred s o f muscovit e ar e 
set i n a  ver y fin e groundmass. Th e groundmass consist s almos t entirel y o f fibrou s aggregate s 
of kaolinit e which , i n part o f th e rock, are i n layer s suggestin g laminatio n o r flo w movements . 
Sections o f thi s layere d materia l truncat e th e line s o f flow . Th e flow movement s disappea r 
where th e kaolinit e become s medium-graine d aroun d quart z fragment s an d mic a shreds . 

U P P E R PROTEROZOI C -  KEARNE Y BEDS , GARDINE R BEDS , PHILLIPSO N BEDS , A ND 
UNDIFFERENTIATED. 

B9 (Pyrami d Hill) : Silicifie d quart z sandston e 

The han d specimen i s a  buff-coloured, fine-grained rock with a  conchoida l fract -
ure. Th e textur e i s saccharoidal . Ther e i s a n effect o f colou r banding , where th e roc k i s 
silicified. 

In thi n section, smoothl y rounded , clear , clea n quart z grains ar e closel y packe d 
together; th e grain s ar e very well sorte d with an average grai n size o f 1  mm . Ther e ar e som e 
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rock fragment s o f quartzite , whic h ar e wel l rounde d an d abou t 1  to 1. 5 mm . i n diameter . 
Between thes e grain s ar e smal l angula r quart z grain s abou t 0. 1 mm . i n size , whic h hav e 
many dus t particl e inclusions . Fillin g i n the space s i s a  greenis h yello w clay , whic h const -
itutes abou t 5 % o f th e rock . Ther e is , a s accessory , les s tha n 1 % of hematite . Th e colou r 
banding see n i n hand specime n i s du e t o fin e quart z material . 

The roc k i s a  ver y wel l sorte d quart z sandstone , silicifie d b y compaction . 
Authigenic quart z ha s cemente d th e closel y packe d rounde d grains . Th e band of fin e angula r 
almost brecciate d quart z i s probabl y th e resul t o f compaction . I n the han d specime n this 
band divide s a  mor e silicifie d portio n fro m th e res t o f th e rock . 

BIO (Nea r Ten t Hill) : Silicifie d quart z sandston e 

The roc k i s coarse-graine d an d pale pinkis h grey , an d consists mainl y 
of quartz . I t appear s t o hav e bee n silicified . 

In thi n sectio n highl y compacte d quart z grain s ar e th e mai n constituents o f th e 
rock. Th e grain s ar e cemente d togethe r b y authigeni c outgrowth s o f quartz . Th e grain s ar e 
regular i n size , abou t 1  mm . i n macro-diameter , an d ar e angula r owin g t o authigeni c out -
growths. Dus t particle s outlin e th e origina l rounde d shapes . Othe r than a  fragment o f 
amphibole, severa l grain s o f quartzite , an d severa l patche s o f chlorite , th e roc k consist s 
of quart z only . 

B30(a) (1 8 mile s N E o f Moun t Brophy): Sandston e 

This dar k reddish-gre y roc k i s a  fine-grained , wel l laminate d sandstone . 

The roc k consist s o f irregularly-shape d grain s abou t 0. 3 mm . i n diameter , o f 
quartz (75%) , sericit e an d muscovit e (10%) , hematite (10% ) and altere d grain s (5%). 

B30 (b ) (18 mile s N E o f Moun t Brophy): Silicifie d quart z sandstone . 

The han d specime n i s a  quartz-rich rock . 

The thi n sectio n reveal s tha t th e origina l smoothl y rounde d quart z grain s ar e 
cemented togethe r b y clea r authigeni c quart z growths . Th e origina l grain s ar e cloud y an d 
weathered i n part , an d var y i n siz e fro m 0. 1 mm . t o 2  mm. , an d their origina l outlin e i s 
preserved b y dus t particles . A  few quartzit e grain s contai n some tourmaline . Th e roc k a s a 
whole ha s bee n subjecte d t o stress ; uneve n extinctio n i s see n i n mos t o f th e quartz . 

B31 (For t Hill) : Quartz-tourmalin e hornfel s 

The roc k i s dark-grey , homogeneous, an d fine-grained . 

The thi n section reveal s th e developmen t o f a  granoblastic texture . Th e origina l 
sedimentary texture s ar e clearl y seen . Th e origina l laminatio n i s demonstrate d b y the sub -
parallel arrangemen t o f large elongate grains . Som e of th e quart z grain s hav e bee n recrystall -
ized, althoug h blastoporphyriti c grain s ar e common . Euhedra l tourmaline (schorlite ) grains , 
about 0. 1 mm . long , hav e grow n fro m th e origina l sedimentar y matri x i n which th e quart z 
was distributed . Th e matrix thenprobably consisted of fin e quart z grain s (no w recrystallized) , 
and aluminou s mineral s suc h a s cla y an d sericiti c material . Wit h th e introductio n o f boro n 
during metasomatis m o f th e sediment , cla y mineral s an d sericitic materia l wer e converte d t o 
tourmaline, wit h th e remova l o f potash . 
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The roc k was probabl y originally a n argillaceous sandstone . Metasomatis m ha s 
produced a  roc k approachin g a  quartz-tourmalin e hornfels . Th e specime n i s a  pebble take n 
from th e basa l conglomerat e o f th e Gardine r Beds . 

B36 (Gardine r Range) : Sandston e 

The dar k reddish-gre y roc k i s fine-graine d an d laminated . Th e thin section 
reveals a  markedl y even-grained roc k consisting o f angula r quartz, about 0. 1 mm . i n size , i n 
a sericiti c matrix . Ther e ar e severa l porou s band s i n which th e pore s ar e rimme d with cla y 
minerals. 

B40(a) (Gardine r Range) : Sandston e 

The han d specimen , whic h greatl y resemble s B40(b) , i s reddis h an d laminated . 
There i s a  larg e amoun t o f muscovit e i n each lamina . 

Large quart z grains , abou t 0. 7 mm . t o 2  mm . i n size , ar e scattere d a t rando m 
in a  groundmas s o f fin e quart z grains , magnetite grains , hematite particle s an d films, musco -
vite fragments , an d zirco n an d tourmaline grains . 

B40(b) (Gardine r Range) : Silicifie d quart z sandston e 

The han d specime n i s a  reddis h fine-graine d laminate d rock . 

The rock : i s mostl y compose d o f quart z grains 0. 2 mm . i n size , which ar e wel l 
rounded an d partly cemented togethe r by clear authigenic quartz . Grain s of magnetit e an d hem -
atite grain s an d film s als o cemen t quart z grains . Ther e ar e rounde d accessory grain s o f 
tourmaline, chlorite , an d zircon , an d fragments o f muscovite . 

B40(c) (Gardine r Range) : Silicifie d quart z sandston e 

The han d specime n appear s t o b e quartz . 

The thi n section reveals tha t rounde d grains o f quart z about 0.5 mm . i n size ar e 
cemented togethe r b y outgrowth s o f authigeni c quartz . Th e quart z grain s contai n dus t 
inclusions an d thei r origina l shap e ca n b e easil y see n agains t th e clea r quartz . Film s 
of hematit e surroun d many grains . 

B41 (Gardine r Range) : Magnetite-quart z roc k 

The han d specime n appear s t o be extensively replaced by a n iron-ric h band about 
1 1/ 2 inche s thick . I t varies fro m a  dar k reddis h t o a  yello w colour . Th e roc k i s porous , but 
is nevertheles s heavy . 

The thi n sectio n reveal s rounde d quart z grains abou t 0. 5 mm . i n diameter , se t 
in a  matri x o f yellowis h chalcedony . Som e o f th e origina l clea n recrystallize d quart z has a 
crystalloblastic texture . Magnetit e oxidize d t o hematit e o n it s border s is associate d wit h 
the chalcedony ; i t appear s that th e iro n and the chalcedon y crystallize d a t abou t the sam e tim e 
and replace d th e origina l matri x i n which th e rounde d quartz grains ar e set . 
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B42 (Gardine r Range) : Quart z sandston e 

The chrom e yello w han d specime n i s a  fine-graine d sandstone . I n parts, th e 
yellow coloratio n i s absen t an d th e origina l whit e colou r i s seen . Smoothl y angula r quartz 
grains, abou t 0. 5 mm . i n diameter , ar e se t i n a  matri x o f brow n prochlorite an d limonite . 
A fe w grain s o f tourmalin e ar e accessory . 

B43(a) (Wol f Cree k -  wes t branch) : Silicifie d quart z sandston e 

The han d specime n i s a  dar k re d medium-graine d compac t rock . Pebble s 
define a  sligh t lamination . 

The roc k consist s o f rounde d quart z grains , fro m 0. 5 mm . t o 1  mm . i n size , 
cemented togethe r b y authigeni c quart z outgrowths . Th e outline s o f th e origina l grain s ar e 
emphasized b y films o f hematite . Othe r grains presen t ar e magnetit e an d quartzite . 

B43(b) (Wol f Cree k -  wes t branch) : Silicifie d quart z sandston e 

The grain-size i s regula r with a  diamete r of 0. 2 mm . Accessor y tourmalin e an d 
zircon wa s noted . Th e han d specime n i s fine r graine d than B43(a) . Pebble s o f quart z and 
altered feldspa r ar e scattere d a t random. 

B43(c) (Wol f Cree k -  wes t branch) : Quart z sandston e 

The han d specime n i s a  fine-grained yello w sandstone . 

The roc k consist s o f quart z grains about 0.2 mm . i n diameter , cemente d togethe r 
with chlorit e an d some authigeni c quartz . 

B44 ( 5 mile s wes t o f Astr o W . H ., Wol f Creek) : Silicifie d quart z sandstone . 

The roc k i s a  pale orang e colour . I t i s har d and very fine-grained wit h a  quartz 
vein runnin g through it . 

Thin sectio n reveal s a  crystalloblasti c texture . Quart z grains ar e irregula r i n 
shape, abou t 0. 5 mm . i n diameter, an d sho w wav y extinction. The y contai n man y dust inclus -
ions aroun d th e margins , an d wer e incorporate d i n authigeni c outgrowth s o f th e origina l 
sand grains . Limoniti c particle s giv e th e orang e colou r t o th e rock . 

Besides th e effect s o f compactio n an d cementation , thi s roc k show s thos e o f 

compression. 

L16 (Phillipso n Range): Sandston e 

The roc k i s a  well-laminated fine-graine d sandstone . 

The thi n section shows tha t i t i s compose d o f rounde d irregularly-shaped quartz 
grains abou t 0. 3 mm . i n diameter. Th e rock i s fairl y porous, but some interstitia l space s ar e 
filled wit h brownis h chlorite an d quartz fragments. Accessor y grain s o f quartzit e ar e found , 
and fragments o f hematit e an d ilmenite . 
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L22 (Nort h o f Lak e Lucas) : Silicifie d quart z sandston e 

The han d specime n i s a  ver y fine-grained , pinkis h rock . I t i s compac t wit h a n 
even fracture . 

The thi n sectio n show s a  remarkabl y even-graine d sandstone . Angula r quart z 
grains mak e u p 95 % o f th e roc k an d the y ar e al l abou t 0. 3 mm . i n diameter . Th e quart z i s 
generally ver y clear , wit h som e dus t particle s aroun d the margin s whic h hav e bee n include d 
in authigeni c outgrowths . Ther e ar e a  few grain s o f quartzit e an d sericit e an d som e biotit e 
fragments an d hematit e particles . Rounde d grain s o f zirco n ar e accessory . On e inclusio n 
in th e roc k consist s o f a  fin e sandston e i n which th e individua l grain s ar e coate d wit h a  thin 
film o f hematit e material . Thes e inclusions are seen a s dee p pin k spot s i n the han d specimen . 

The roc k ha s bee n compacte d an d recemente d t o for m silicifie d sandstone . 

M39 (Christma s Creek) : Siltston e 

The han d specime n i s a n extremel y fine-graine d laminate d roc k with a  sub -
conchoidal fracture . Th e laminatio n i s du e t o colour-bandin g effects. Mos t o f th e roc k i s a 
bright reddis h brown ; par t i s a  chalk y white . 

In thi n section, th e rock is extremely fine-grained. I t consists mainl y o f sericiti c 
and chlorit e materia l wit h som e ver y fin e fragment s o f mic a an d som e dus t particles . Th e 
colour i s du e t o film s an d bands o f hematite . 

S8 (2 0 mile s eas t o f Stansmor e Range) : Silicifie d quart z sandston e 

The roc k i s a  fine-grained whitis h quart z sandstone . Th e rounde d grains appea r 
to b e cemente d b y a  siliceou s matrix . 

The thi n sectio n reveal s th e closel y compac t natur e o f thi s well-sorted quart z 
sandstone. Th e roc k consist s almos t entirel y o f quart z grains , rangin g from 0. 5 mm . t o 
1.5 mm . i n size , whic h wer e originall y smooth . Thei r former outline s ar e preserve d b y 
lines o f dus t particle s whic h divid e th e origina l quart z grains fro m thei r authigeni c out -
growths. Compactio n o f th e grain s ha s cause d th e solutio n an d recrystallizatio n an d cement -
ation o f quart z grains t o for m this silicifie d quart z sandstone . 

Discussion 

The quart z sandstone s (B9 , BIO , S8, L22 ) ar e ver y simila r petrographically , 
although th e han d specimens hav e differen t colorations . Th e origina l quart z sandstone s wer e 
very wel l sorte d wit h ver y regula r grain-size, generally about 1 mm. i n diameter ; L2 2 i s ver y 
fine-grained, wit h grai n diameter s abou t 0. 5 mm . Th e origina l quart z grain s wer e roun d and 
smooth, an d thei r forme r outline s ar e preserve d b y lines o f dus t particle s whic h divid e th e 
quartz grain s fro m their authigeni c outgrowths . 

UNDIFFERENTIATED PALAEOZOI C -  LUCA S BED S 

L17 (Lak e Lucas) : Calcareou s sandston e 

The han d specime n i s a  dar k reddis h brown , fine-grained , homogeneou s rock . 
It effervesce s strongl y wit h col d dilut e HC1. 
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In thi n section , i t i s notabl e tha t th e grain-size i s ver y uniform . Th e longes t 
dimension o f th e irregularl y shape d quart z grain s i s abou t 0. 5 mm. , an d they ar e uniforml y 
distributed abou t 0. 5 mm . apart . Othe r similarl y shape d grain s consis t o f quartzit e an d 
hematized fragments . Th e groundmas s consist s of irregularly shaped grain s o f calcite . Man y 
of thes e ar e coate d wit h a  film o f hematite . 

DEVONIAN 

M38 (Christma s Creek) : Limeston e 

The massiv e greyis h han d specime n contain s stringer s o f calcite . Th e whol e 
rock effervesce s wit h dilut e HC1, 

The roc k consist s o f microcrystallin e calcit e an d disseminated cla y minerals . 
Grains o f coarse-graine d calcit e permeat e spaces in the limestone. Thes e stringer s o f coars e 
calcite ar e frequentl y bordere d with limonit e particle s an d hematite aggregates . 

U P P E R DEVONIA N -  LOWE R CARBONIFEROU S 

B l (Knobb y Hills) : Silicifie d quart z greywack e 

This yellowis h roc k i s ver y fine-grained , compact , an d ha s a  sub-conchoida l 
fracture. 

The thi n sectio n reveal s tha t angula r grains, fro m 0. 5 t o 1. 5 mm . i n length , ar e 
closely compacte d an d are cemente d b y authigeni c intergrowth s o f quartz . Th e roc k consist s 
mainly o f quart z wit h som e micaceou s roc k fragments , microcline , microcline-perthite , 
muscovite, chlorite , zircon , an d clay minerals . 

The roc k i s a  silicifie d quart z sandston e o r eve n a  quartz greywacke. 

B4 (Knobb y Hills) : Sandston e 

The han d specime n i s a  har d medium-graine d whit e stratifie d roc k which i s 
slightly porous . I t consist s mainl y o f quart z wit h som e altere d whit e material . Th e thin 
section reveal s angula r quart z grain s abou t 0, 5 mm , i n diameter , i n a  matri x o f fin e quart z 
grains an d limonite particles . Chlorit e replace s th e fe w grain s o f othe r minerals . 

L40 (Kearne y Range): Laminate d sandston e 

This salmon-coloure d roc k i s laminated ; th e laminae , 2  t o 4  mm , thick , ar e 
alternatively ver y fine-graine d an d medium-grained . Th e base o f eac h lamin a ca n be easil y 
distinguished i n thi n section . Rounde d irregularly-shape d quart z grain s abou t 0, 5 mm . i n 
diameter ar e nea r th e base ; ver y fin e quart z and sericite fragment s ar e nea r th e top . Som e 
laminae contai n quart z grains abou t 0. 5 mm . i n size , i n a  very fin e quart z matrix , throughou t 
the widt h o f th e laminae . Th e pink colour i s give n b y fine limonit e film s an d particles. On e 
lamina, whic h i s yellow , consists o f medium-s i zed quartz grains i n a  matri x o f limonite . 

PERMIAN -  GRAN T FORMATIO N 

B24 (Moun t Mueller) : Sandston e 

The roc k i s a  reddis h porou s sandstone . Rounded , irregularly-shaped, quartz 
grains abou t 0. 3 mm . in size, are randomly oriented. Interstitia l spac e i s fille d wit h prochlor-
ite, fin e quart z grains , muscovit e shreds , fragment s o f sphene , tourmaline , an d ilmenite . 
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Films o f limonit e coa t th e grains . 

M7 ( 4 mile s wes t o f Moun t Bannerman): Sandston e 

The han d specime n i s a  yellowish , medium-graine d sandston e compose d mainl y 
of quart z grains . 

Rounded irregularly-shape d quart z grains , abou t 0. 7 mm . i n diameter , ar e 
cemented togethe r b y fin e quart z grain s an d prochlorite . Mos t quartz grains hav e uneve n 
extinction indicating tha t they have been subject to stress. Accessor y grain s includ e magnetite , 
altered plagioclase , an d quartzite . 

P E R M I A N -  UNDIFFERENTIATE D 

C15 (Bisho p Range): Siltston e 

The roc k i s extremel y fine-grained , reddis h brow n wit h som e wav y bands o f 
yellow colour , laminated ; laminatio n i s a t a n angle o f abou t 45 t o th e genera l directio n o f th e 
colour banding. Fin e quartz-ric h bands define the lamination. Th e roc k consist s o f fin e quart z 
grains (abou t 0. 1 mm . i n size ) an d fin e muscovit e fragment s i n a  sericiti c groundmass . 
Hematite particle s an d films coa t grains and give the re d colou r t o th e rock . Th e colou r band s 
occur wher e th e hematiti c material , concentrate d i n bands, i s oxidize d t o limonite . 

Q U A T E R N A R Y -  TRAVERTIN E E T C. 

B20 ( 8 mile s sout h o f Moun t Mueller) : Opa l 

The distinctiv e han d specime n consist s o f smok y whit e opa l i n a  porous reddis h 
brown matrix . Th e thin section shows tha t th e roc k consist s almos t entirel y o f opa l with th e 
inclusions o f hematit e flakes , som e chalcedon y granule s an d cla y mineral s aroun d smal l 
pores. 

C45 (Frenc h Hills) : Porcellanit e 

The pore s o f thi s white han d specime n ar e rimmed with reddish-brow n material. 
The roc k consist s o f fin e granula r chalcedony whic h appear s to hav e bee n precipitated durin g 
the dryin g u p o f a  lake . Cla y materia l rim s ever y por e an d mus t hav e com e int o the deposi t 
when the suppl y o f chalcedon y wa s almos t exhausted . 

L7(a) ( 7 mile s south-eas t o f Balg o Mission) : Porcellanit e 

The han d specime n i s a  porou s roc k wit h a n irregularl y shaped surface . I t i s 
white an d opaqu e i n th e centre , bu t toward the outsid e ther e i s a  clea r ri m u p to half aninchi n 
width, containin g opaqu e blobs . Th e thin section shows tha t th e whit e materia l i s compose d o f 
fine chalcedon y aggregate s an d disseminate d cla y particles . Pore s i n this materia l ar e 
surrounded b y rim s o f radiatin g chalcedony , throughou t which ar e bleb s o f hig h relie f whic h 
are opalin e silica . Toward s the surfac e o f th e deposit , opa l rim s mos t o f th e pore s an d fill s 
in larg e spaces . Th e amoun t o f cla y diminishe s toward s th e surfac e o f th e deposit . 

L7(b) ( 7 mile s south-eas t o f Balg o Mission): Pisolit e 

The han d specime n consist s o f reddish-brow n ooliths an d pebbles i n a  brownish 
clay matrix . Th e oolith s rang e fro m 0. 5 mm . t o 1 5 mm . i n size . Th e oolith s consis t o f 
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hematite an d chamosite. Grain s of quartz are also present . Al l these mineral s are surrounded 
by re d flakes o f hematit e an d ar e se t i n a  groundmass o f opal . 1 . 

L21 ( 6 miles nort h of Lak e Lucas) : Porcellanit e 

This whit e porcellanit e i s a  fine-grained mixture o f chalcedon y an d clay, which 
grades upward s t o a  clea r chalcedon y wit h a  dust y re d clay surfac e compose d o f chlorit e 
chamosite, an d calcit e pseudomorph s i n a  groundmas s o f fine-graine d cla y an d granula r 
calcite. Thes e fragments , blebs, and flakes of clay, s o arrange d a s t o giv e a  sligh t laminatio n 
to th e rock , ar e i n a  matri x o f fibrou s chalcedon y an d calcite grains . Radia l aggregate s o f 
chalcedony fil l i n space s i n this matrix . 

L21(b) ( 6 miles nort h o f Lak e Lucas) : Porcellanit e 

The junctio n o f th e whit e porcellanit e an d the clea r surfac e i s examine d i n this 
section. Th e white porcellanit e with its high percentage o f cla y give s wa y to granula r chalced -
ony with ver y littl e clay . Finall y the cla y disappear s entirely . 

S3 (1 1 mile s south-eas t o f White Hills) : Mar l 

The yellowis h han d specimen is compact , laminated, and fine-grained. I t contain s 
several larg e grains . Th e specime n effervesce s wit h col d dilute HC1 . Unde r th e microscop e 
the roc k i s extremel y fine-grained ; th e microcrystallin e materia l consist s o f calcit e an d 
clay an d is arrange d infibrous and radiating masses. Th e lamina e ar e effecte d b y the layerin g 
of limonit e film s an d cla y minerals . The y curv e aroun d the larg e grains , which are about 
4 mm . i n diameter an d seem t o be completel y replace d by clay minerals . 

Throughout th e roc k are angula r fragments o f quartz , usually less tha n 0.1 mm . 
in size . Grain s o f hematite , biotite , an d epidote ar e accessory . 

S3(a) (1 1 miles S E o f White Hills) : Argillaceou s limeston e 

The roc k i s a  massiv e yellow-coloure d limeston e whic h effervesces wit h col d 
dilute HC1 . Cla y nodule s an d fin e layer s o f cla y li e i n the limestone , whic h consists mainl y 
of fin e calcite . Th e cla y mineral s giv e a  laminatio n to th e rock ; the lamina e probabl y 
represent surface s o f a  lak e int o which the cla y mineral s were deposited . 

S3(b) (1 1 mile s south-eas t o f White Hills) : Argillaceou s limeston e 

The han d specime n i s a  massive whit e roc k containing clea r glass y 'inclusions ' 
- o f fin e granula r chalcedony , whic h ar e surrounde d by whit e cla y which form a  white r im . 

The mai n part o f th e roc k consists o f fin e calcit e an d clay minerals . 
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