
THE GEOLOGY OF 
THE FAIRFIELD GROUP, 
CANNING BASIN , 
WESTERN AUSTRALI A 

BMR Bulletin 
200 

E.C. Druc e 
B.M. Radk e 



DEPARTMENT O F NATIONA L DEVELOPMEN T 
BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS 

B U L L E T I N 2 0 0 

The geolog y o f 
The Fairfield Group, 

Canning Basin, Western Australia 

E . C . DRUC E AN D B . M . RADK E 

AUSTRALIAN GOVERNMENT PUBLISHING SERVICE 
CANBERRA 197 9 



D E P A R T M E N T O F N A T I O N A L D E V E L O P M E N T 
BMR PU2jjc. i i 

M I N I S T E R : T H E H O N . K . E . N E W M A N , M . P . 

SECRETARY: A . J . WOOD S 

B U R E A U O F M I N E R A L R E S O U R C E S , G E O L O G Y A N D G E O P H Y S I C S 

DIRECTOR: L . C . NOAKES , O . B . E . • 

ASSISTANT DIRECTOR, GEOLOGICA L BRANCH: J . N . CASE Y 

The geology of the latest Devonian and earliest Carboniferous Fairfiel d Grou p is described. Outcrop is 
confined t o the northern margin o f the Canning Basin on the Lennard Shelf , and the rocks are divided int o 
three formations, the Gumhole Formation, Yellow Drum Sandstone and Laurel Formation . 

The Gumhol e Formatio n (lates t Famennian ) consist s o f limestone , siltstone , shale , an d sandstone , 
with mino r dolomite . I t contain s a  divers e biot a o f brachiopods , bryozoans , molluscs , ostracods , 
conodonts, corals, and spores. 

The Yello w Dru m Sandstone , whic h straddle s th e Devonian-Carboniferou s boundary , consist s o f 
calcareous sandstone , silt y dolomite , and dolomiti c siltstone with minor shal e and limestone . The biota i s 
impoverished relativ e to the enclosin g unit s —  apar t fro m th e microflora , whic h i s relatively divers e an d 
diagnostic. 

The Laure l Formatio n (earl y Tournaisian ) consist s o f limestone , shale , siltstone , sandstone , an d 
minor dolomite . Th e biot a i s ric h an d varied , an d include s algae , brachiopods , bryozoans , conodonts , 
corals, fish, molluscs, ostracods and spores. 

The Fairfiel d Grou p represent s a  sequenc e deposite d durin g a n initia l transgressio n (Gumhol e 
Formation), a  regressio n (Gumhol e Formatio n an d Yello w Dru m Sandstone) , an d a  subsequen t 
transgression (Yellow Drum Sandstone and Laurel Formation). 

The Gumhole Formatio n represent s deposition i n a  platform environmen t with shoals , bioherms an d 
subtidal drainage channels. The Yellow Drum Sandstone represents deposition in a supratidal environmen t 
with mudflat s whic h wer e occasionall y inundate d b y th e sea . Durin g th e regressiv e phas e thi s facie s 
migrated southward across the basin. 

The subsequen t transgressio n wa s responsibl e fo r th e depositio n o f th e Laure l Formation , whic h 
represents depositio n o n a  platfor m wher e conditions varied fro m ope n marin e to lagoonal , an d include d 
restricted conditions and shoal and intershoal areas. 

Economically the Group i s of interest becaus e o f minor oi l and gas shows within it ; the possibility o f 
the porou s an d permeabl e Yello w Dru m Sandston e bein g a  goo d reservoi r rock ; an d th e shale s an d 
siltstones of the Laurel Formation acting as an impervious cap. 
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I N T R O D U C T I O N 

The Cannin g Basin , whic h cover s som e 450,00 0 km 2 , i s 
the larges t sedimentar y basi n i n Wester n Australia . Th e 
earliest Palaeozoi c rock s ar e widesprea d marin e Ordo -
vician limestone , shal e an d sandston e u p t o 326 0 m  thic k 
which unconformabl y overli e Precambria n metamorphi c 
and sedimentar y rocks . Overlyin g th e Ordovicia n ar e 
Devonian rocks , consistin g o f evaporite s an d redbed s 
(probably Earl y an d Middl e Devonian ) confine d t o th e 
centre o f th e basin , an d extensiv e Lat e Devonia n ree f 
carbonates o n th e northerl y and , perhaps , th e southerl y 
margin, togethe r wit h associate d shal e an d sandston e i n th e 
centre o f th e basin . Th e Devonia n sediment s ar e overlain b y 
Carboniferous, Permian , Mesozo i c an d Cainozoi c 
sediments. 

During th e Lat e Devonia n an d Carboniferous , sedi -
mentation wa s virtuall y confine d t o th e norther n hal f o f th e 
Basin: o n th e Lennar d Shelf , i n th e Fitzro y Trough , an d o n 
the Jurgurr a Terrac e (Fig . 2) . Th e troug h contain s u p t o 
6000 m  o f Carboniferou s rocks . 

The Uppe r Devonia n —  Lowe r Carboniferou s platfor m 
sediments consis t o f alternatin g bed s o f limestone , shale , 
sandstone, an d marl . Generally , the y postdat e the Devonia n 
reef-complex (Playfor d &  Lowry , 1966 ) an d ar e poorl y 

exposed; consequentl y the y hav e receive d les s geologica l 
attention tha n th e well-expose d ree f carbonates . Previou s 
work ha s resulte d i n differin g interpretation s o f th e forma l 
stratigraphy; includin g differen t nomenclature s fo r th e sam e 
rock bodies . Th e presenc e o f a n unconformit y ha s als o bee n 
questioned. 

During Ma y —  Augus t 197 2 a  join t Burea u o f Minera l 
Resources (BMR ) —  Wester n Australia n Geologica l Surve y 
(WAGS) Fiel d Part y carrie d ou t detaile d fieldwor k i n th e 
vicinity o f Fitzro y Crossing , Wester n Australia . Compre -
hensive collection s o f petrographic , palaeontological , an d 
geochemical sample s wer e mad e fro m th e Uppe r Devonia n 
and Lowe r Carboniferou s t o increas e th e understandin g o f 
the sequence . 

The are a o f outcro p i s situate d o n th e norther n margi n o f 
the Cannin g Basi n i n th e Kimberle y Divisio n o f Wester n 
Australia (Fig . 1).  Detaile d fieldwor k wa s concentrate d i n 
three areas ; a  narro w bel t (u p t o 1 0 k m wide ) extendin g 
along th e southwes t fac e o f th e Napie r an d Osca r Range s 
from Statio n Cree k i n th e northwes t t o Fitzro y Crossin g i n 
the southeast , a  distanc e o f abou t 16 0 km ; th e Horsesho e 
and Burramund i Ranges , 6 5 k m eas t o f Fitzro y Crossing ; 
and th e Re d Bluff s area , 13 5 k m southeas t o f Fitzro y 
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Figure 2 . Structura l map , norther n Cannin g Basin . 

Crossing (Figs . 4-8) . Th e are a i s traverse d by th e Grea t 
Northern Highwa y (Derb y —  Fitzro y Crossin g —  Hall s 
Creek) an d th e Derb y —  Moun t Hous e road . Acces s t o th e 
outcrop are a i s generall y goo d an d i s b y mean s o f statio n 
tracks. Acces s t o th e exposure s i n th e Horsesho e Rang e is , 
however, difficul t an d mos t materia l wa s collecte d durin g a 
helicopter traverse . A s wel l a s statio n airstrips , commercia l 
airports are situated a t Derb y an d Fitzro y Crossing . 

M E T H O D S O F STUD Y 

The outcro p area s wer e mappe d o n ai r photograph s a t a 
scale o f 1:80,000 . Comprehensiv e section s wer e measure d 
and sample s fo r petrological , palaeontological , an d geo -
chemical studie s wer e collecte d a t interval s o f 1. 5 m , o r 
more, depending o n outcrop . Thirty sections were measured , 
from whic h som e 50 0 samples wer e collected . 

Detailed report s hav e bee n publishe d o r ar e i n pres s 
dealing wit h th e distinctio n o f limestone s i n th e sequenc e 
(Radke, 1976) , th e conodont s (Nicol l &  Druce , i n prep.) , 
and geochemistry (Druc e &  Radke , 1977) . 

In addition t o surface sampling , three holes were drilled t o 
provide informatio n o n th e sequenc e betwee n th e oldes t 
known Carboniferou s rock s an d th e subsurfac e equivalent s 
of nearb y outcroppin g Devonia n rocks . Th e hole s (BM R 
Noonkanbah 4 ; BM R Lennar d Rive r 1 , 2 ) wer e contin -
uously core d t o tota l dept h usin g a  Mayhe w 100 0 ri g o f th e 
Petroleum Technolog y Sectio n (BMR) . Th e core s wer e 
quartered; on e quarte r i s store d a t th e BM R Cor e an d 
Cuttings Laboratory , Fyshwick , ACT ; on e quarte r i s hel d 
by th e Geologica l Surve y o f Wester n Australia , Perth ; th e 
remainder ha s bee n use d fo r palaeontological , petrologica l 
and geochemica l analysis . Al l cor e wa s photographe d i n 
colour an d print s ar e hel d b y BMR , th e Geologica l Surve y 
of Wester n Australia , an d Wes t Australia n Petroleum , 
Perth. S.P. , gamma-ray , an d resistivit y log s wer e ru n o n al l 
holes (Druc e &  Radke , 1973) . I n this bulletin B.M . Radk e i s 
responsible fo r the petrology an d facie s interpretations . 
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Figure 3 . Time-stratigraphi c interpretation s o f th e uppermos t Uppe r Devonia n an d 
lowermost Lowe r Carboniferous . 
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P R E V I O U S I N V E S T I G A T I O N S 

The Fairfiel d Grou p comprise s thre e formations , th e 
Gumhole Formation , th e Yello w Dru m Sandstone , an d th e 
Laurel Formation . Th e sediment s whic h compris e th e grou p 
have been studie d sinc e the 1940's , usually a s part of a larger 
study o f th e stratigraph y o f th e region . Th e developmen t o f 
stratigraphic interpretation s o f the uppermost Devonia n an d 
lowest Carboniferou s platfor m carbonat e sediment s i s 
presented i n Figure 3. 

S T R A T I G R A P H Y 

Until th e 1930' s mos t outcroppin g Devonia n rock s wer e 
considered t o b e o f Carboniferou s age ; eventually , goniatit e 
(Delepine, 1935 ) an d cora l (Hill , 1936 ) determination s 
demonstrated tha t the y ar e Devonian , mainl y Frasnia n an d 
early Famennian . 

The presenc e o f lat e Famennia n rock s wa s no t recognize d 
until 1949 , whe n Teicher t publishe d som e observation s o n 
the stratigraph y an d palaeontolog y o f th e outcrop s betwee n 
Bugle Ga p an d th e Osca r Rang e (Fig . 1) . Al l bu t on e o f 
these localitie s ar e withi n th e reef-complex ; th e exceptio n i s 
his localit y N o . 2 , " a hil l sout h o f Osca r Homestead " no w 
known a s Osca r Hil l (ou r localit y WC B 002) . Rock s o f 
undoubted Carboniferou s ag e wer e no t discovere d unti l 
1953. 

Teichert's wor k wa s undertake n i n conjunctio n wit h geol -
ogists o f Caltex (Australia ) Exploratio n Pty . Ltd ; his report s 
(1943, 1947 , 1949 ) ar e th e onl y publishe d paper s concernin g 
geological fiel d wor k undertake n i n th e 1940's . Howeve r i n 
an unpublishe d repor t t o Caltex , Krau s (1942 ) referre d t o 
the rock s expose d i n th e Fairfiel d Valley , especiall y i n th e 
Mount Perc y area , an d to the southwest o f the Oscar Range , 
as th e "Fairfiel d marl" . 

Rocks no w recognize d a s belonging to the Fairfield Grou p 
were include d b y Teicher t i n hi s ' Productella' limeston e 
(1943, p . 78) . 

The limeston e wa s name d fo r th e brachiopo d Spinuli-
costa 'Avonia proteus (Veevers , 1961 ) which was referred t o 
Productella b y Teichert . H e recognize d a  Productella zon e 
with a  characteristi c faun a o f brachiopods , togethe r wit h 
corals , pe lecypods , gas tropods , nauti loid s an d a n 
ammonoid. Al l strat a o f th e Productella zon e wer e referre d 
to th e Productella limeston e followin g Teichert' s ow n rule s 
(1949, p . 5) . The main sectio n o f the Productella limeston e i s 
at the southwes t en d of Needle Ey e Rocks , referred to S-Hil l 
(Teichert's localit y 27 , 1949 , p . 53) . Thi s wa s supplemente d 
by sections i n the immediate area , west t o Moun t Pierr e an d 
east t o Pinbill y Hill s (Tinbill y i n Teichert's report) . Teicher t 
(1949, p . 6 ) gives th e distributio n a s Oscar Rang e (localit y 2 
= Osca r Hill ) i n th e northwest , t o Moun t Pierre , an d 
probably Roug h Range , i n the southeast . Th e mai n outcro p 
areas includ e Fossi l Down s Homestead , Fossi l Hill , Needl e 
Eye Rock s an d Pinbill y Hills . Th e uni t consist s o f wel l 
bedded limestone , crinoida l limestone , an d limeston e 
conglomerate wit h a  fe w stromatoporoi d reefs . N o 
composite thicknes s wa s estimate d bu t th e S-Hil l localit y 
exposed 6 0 m , an d Teicher t (1949 , p . 28 ) fel t tha t th e 
approximate thicknes s wa s 6 1 m . Th e Productella limeston e 
overlies massiv e limestone s i n th e northwes t an d re d 
goniatite bed s i n th e southeas t (Teichert , 1949 , p . 28) ; th e 

transition betwee n th e tw o underlyin g facie s i s no t seen . N o 
overlying unit s wer e observe d b y Teichert , althoug h h e fel t 
that Fontaineblea u sandston e an d conglomerat e layer s a t 
Tinbilly Sprin g (sic ) coul d belon g t o th e basa l Permian , an d 
that th e Devonia n sectio n ende d i n th e vicinit y o f thi s 
outcrop. Th e abundan t faun a o f the Productella limeston e i s 
dominated b y brachiopods ; othe r groups , includin g poorl y 
preserved ammonoids , ar e present . Teicher t gav e th e ag e a s 
doIV (i n Germa n Lat e Devonia n zona l terms ) (1943 , p . 90 ) 
but note d tha t i f a  specime n questionabl y referre d t o 
Laevigites wa s representativ e o f tha t genu s the n part , a t 
least, coul d b e do V (1949 , p . 24) . 

The fieldwor k carrie d ou t b y Caltex , Vacuu m Oil , an d 
Freney Kimberle y Oi l Co. , an d the interpretation o f some o f 
the Devonia n carbonate s a s a  ree f comple x b y Wad e (1936 , 
unpubl.), an d Teicher t (1949) , le d t o a n agreemen t betwee n 
the Australia n Commonwealt h an d th e Stat e o f Wester n 
Australia t o conduc t geologica l survey s o n th e Lennar d 
Shelf an d th e Fitzro y Troug h o f th e Cannin g Basin . 

Fieldwork commence d i n 1948 , an d a t th e completio n o f 
the surve y severa l map s an d report s wer e publishe d (Gupp y 
et al, 1958 ; Veever s &  Wells , 1961) . Durin g thi s surve y 
undoubted Carboniferou s rock s were recognized fo r the first 
time. A  smal l fossi l collectio n mad e i n 195 3 suggeste d th e 
presence o f Carboniferou s strata , an d thi s wa s confirme d 
during subsequen t fieldwork  (Thomas , 1957) . Th e result s o f 
the overal l surve y wer e publishe d b y Gupp y et ai (1958) , 
who recognise d a  change i n environmenta l condition s a t th e 
Napier-Fairfield boundary . Th e Napie r Formatio n i s th e 
youngest par t o f th e reef complex; the post-Napier sequenc e 
was divide d int o th e Fairfiel d Bed s (Devonian ) an d th e 
Laurel Bed s (Carboniferous ) (se e below) . The y als o 
recognized th e Productella zon e to the southeast i n the Bugl e 
Gap area , i n strat a referre d t o th e Bugl e Ga p Limestone , 
and t o th e northwes t i n th e Osca r Rang e are a i n strat a 
referred t o th e Fairfiel d Beds . Thi s appear s t o contradic t 
Veevers' &  Wells ' assertio n (1961 , p . 42 ) tha t Gupp y et al, 
considered th e Productella limeston e t o b e synonymou s 
with the Fairfield Beds . 

In 195 9 Veever s place d specimen s o f Productella i n a  ne w 
species, Avonia proteus, (no w referre d t o Spinulicosta 
Avonia proteus) an d recognize d a n Avonia proteus zon e i n 
the lates t Devonia n synonymou s wit h Teichert' s Produc­
tella zone . Veever s note d tha t th e Fairfiel d Bed s wer e 
confined t o th e proteus zon e bu t th e convers e wa s no t true . 
In fac t Veever s record s th e proteus zon e fro m th e upper -
most Bugl e Ga p Limeston e an d th e Geikie , Fossi l Downs , 
Oscar, an d Napie r Formations , whic h ar e no w al l place d i n 
the Napie r Formatio n {sensu Playfor d &  Lowry , 1966 , 
p.65). Som e o f th e outcrop s referre d t o th e Productella 
limestone b y Teichert an d subsequentl y to the Fairfield Bed s 
by Veever s (1959 ) ar e no w know n t o belon g t o th e Pike r 
Hills Formatio n (M t Pierr e an d S-Hill) . Thi s formatio n 
includes mos t o f th e outcrop s o f th e Fossi l Down s 
Formation {sensu Gupp y et ai, 1958 ) i n th e vicinit y o f 
Needle Ey e Rocks , Fossi l Hill , an d wes t o f th e Burra -
mundi-Horseshoe Range . O f th e origina l Productella 
limestone localitie s liste d b y Teicher t onl y one , Osca r Hil l 
(Locality 2) , i s par t o f th e post-ree f sequence , although , a s 
Veevers point s out , al l know n exposure s o f th e Fairfiel d 

3 



Beds (sensu Gupp y et al, 1958 ) ar e withi n th e proteus zon e 
and henc e would , b y definition , hav e bee n include d withi n 
the Productella limestone . 

The completio n o f th e initia l surve y o f th e geolog y o f th e 
whole Cannin g Basi n resulte d i n a  review o f th e geolog y b y 
Veevers &  Well s (1961) . The y considere d tha t th e Fairfiel d 
Beds were , i n part , th e sam e ag e a s th e fore-ree f an d ree f 
limestones, an d wer e th e basinwar d equivalen t o f th e Fossi l 
Downs, Napier , Geikie , an d Osca r Formations , an d th e 
Bugle Ga p Limestone . Th e Laure l Formatio n wa s 
postulated t o overli e th e Fairfiel d Bed s unconformably . 

In 196 2 th e Geologica l Surve y o f Wester n Australi a 
began a  detaile d surve y o f th e Devonia n ree f complex ; th e 
results wer e publishe d b y Playfor d &  Lowr y (1966) . 
Although th e mai n emphasi s wa s o n th e ree f comple x the y 
did concer n themselve s wit h sediment s whic h the y believe d 
to hav e bee n lai d dow n afte r ree f growth ha d cease d (p . 90) . 
They foun d i t impracticable to map the "Laurel Formation " 
as a  separate rock uni t and could find  n o evidence to confir m 
the unconformity . The y amalgamate d th e Laurel Formatio n 
and th e Fairfiel d Bed s int o a  singl e formatio n t o whic h the y 
gave th e nam e Fairfield . 

T H E T E R M ' F A I R F I E L D ' 

The nam e Fairfiel d Bed s wa s introduce d b y Thoma s 
(1957) i n delineatin g th e Laure l Bed s (se e below) . I n July , 
1958 th e Stratigraph y o f Wester n Australi a b y McWha e et 
al, wa s published ; th e sectio n dealin g wit h th e post-ree f 
sediments o f th e Lennar d Shel f drew heavily o n informatio n 
supplied b y Gupp y et al. (1958) . Bot h McWha e et al, an d 
Guppy et al., discusse d th e Fairfiel d Bed s i n detai l an d 
satisfied al l th e criteri a fo r th e formalisatio n o f th e name , 
and the y designate d a  typ e area , th e Fairfiel d Valley . 

On th e othe r han d th e typ e section i s situated t o th e sout h 
of the Burramund i Rang e (Localit y DF2 , i n Veevers, 1959b ) 
(fig. 5) . Althoug h i t wa s som e distanc e fro m th e typ e are a i t 
was th e thickes t measure d section ; supplementar y section s 
were measure d throughou t th e are a fro m sout h o f Bugl e 
Gap northwes t t o Ol d Napie r Homestead . Th e uni t consist s 
of interbedde d grey-brow n an d yellow-brow n limeston e 
breccia, calcarenite , sand y an d silt y limestone , mar l an d 
sandstone. Th e thicknes s wa s give n a s 20 0 m ; th e typ e 
section i s 17 7 m  thic k (Gupp y et al, 1958 , Tabl e 3  an d p . 
98). Th e Bed s overli e th e Uppe r Devonia n unit s o f th e 
Napier an d Osca r Ranges , Fossi l Down s area , an d Bugl e 
Gap, an d ar e probably overlai n b y the Carboniferous Laure l 
Beds an d unconformabl y overlappe d b y Permia n sandston e 
of th e Gran t Formatio n (Gupp y et al, op. cit). The y note d 
that th e uni t wa s withi n Teichert' s Productella Zon e whic h 
Teichert (1949 ) correlate d wit h th e doI V zon e o f Wester n 
Europe (lat e Famennian) . 

In th e Explanator y Note s accompanyin g th e 4-mil e geo -
logical serie s map s o f the area the distribution, lithology an d 
thickness o f th e Fairfiel d Bed s ar e tabulated (Veevers , 1958 ; 
Thomas, 1958) . O n th e Noonkanba h Shee t th e thicknes s i s 
60 m , an d o n th e Lennar d Rive r Shee t 9 2 m . Veever s (1958 ) 
considers tha t th e uni t equate s wit h th e Productella 
limestone o f Teichert ; Thomas (1958 ) agree s that th e fauna s 
are the same . I n both set s o f notes th e stratigraphic relation -
ships are displayed o n a figure  adapte d fro m Veever s (1959b , 
fig. 3) . I n both , th e Fairfiel d Bed s ar e show n interfingerin g 
with rock s o f th e ree f comple x includin g th e Napier , Osca r 
and Virgi n Hill s Formations . 

Taking int o accoun t th e distribution , correlatio n an d 
stratigraphic relationship s o f th e Fairfiel d Bed s mentione d 
by Veevers , an d Thomas , i t i s apparen t tha t th e BM R 
Survey o f 1947-5 8 considere d th e Fairfiel d Bed s t o b e 
synonymous wit h Teichert' s Productella l imestone , 
identified b y th e presenc e o f Productella, excep t fo r th e 

massive limestone s (Osca r an d Napie r Formations) . Thus , 
virtually flat-lyin g an d thinl y bedde d limestone s no w 
assigned t o the Piker Hill s Formatio n an d perhaps the Bugl e 
Gap limestone , an d lat e Famennia n birdsey e limeston e 
(mapped a s Pillar a Formatio n b y Playfor d &  Lowry , 1961) , 
were include d withi n th e Fairfiel d Beds . 

The ter m Fairfiel d Formatio n first  appeare d i n th e lit -
erature i n 1958 . Condo n (p . 142) , apparentl y quotin g 
Thomas, refer s t o a n are a previousl y mappe d a s Uppe r 
Devonian Fairfiel d Formatio n whic h wa s foun d t o b e a 
different formatio n o f Lowe r Carboniferou s age . Jone s 
(1959) use s Fairfiel d Formatio n i n a  text-figure an d Bed s i n 
the text , a s d o Veever s &  Well s (1961 , Tabl e 3) . Th e ter m 
Fairfield Formatio n wa s synonymou s wit h Fairfiel d Bed s 
sensu Veever s &  Well s (i.e . lackin g th e ree f complex par t o f 
the Productella l imestone) . Veever s &  Well s (1961 ) 
recognize th e interfingerin g natur e o f th e lowe r boundary o f 
the Fairfiel d Bed s an d the coevality o f the upper parts o f th e 
Fossil Downs , Napier , Geikie , an d Osca r Formations , an d 
the Bugl e Ga p Limestone , wit h th e basa l Fairfiel d Beds . 
They conclude d tha t th e characteristi c litholog y o f th e 
Fairfield Bed s accordingl y result s fro m it s deposition o n th e 
seaward edg e o f th e shelf . Th e inshor e equivalen t o f th e 
Fairfield Bed s i s th e uppermos t par t o f th e Virgi n Hill s 
Formation. 

Playford &  Lowr y (1966 ) formall y introduce d th e ter m 
Fairfield Formation . I n doing s o the y altere d th e concept o f 
the name . Th e basal par t o f the Fairfiel d Bed s sensu Veever s 
& Well s (1961 ) wa s remove d t o th e Pike r Hill s Formatio n 
(Playford &  Lowry , 1966 , p . 82 ) an d t o th e Pillar a 
Limestone (ibid. , p . 62) , an d a  considerabl e section , 
equivalent t o al l o f th e Laure l Formatio n o f Thomas , 1959 , 
was_ added. _ _ 

The nam e wa s take n fro m th e Fairfiel d Valley , i n whic h 
scattered outcrop s of the unit are known (Fig . 1) . 

The uni t wa s define d a s a n interbedde d sequenc e o f lime -
stone, shale , siltstone , an d sandstone . Th e thickes t sectio n 
was give n a s 491 m  i n BM R Noonkanba h No . 2  (previousl y 
Laurel Down s No . 2) , o f whic h al l bu t 12 8 m  i s Carbon -
iferous. Playfor d &  Lowr y (1966 , p . 94 ) wer e no t convince d 
that th e lowe r boundar y o f th e Formatio n shoul d b e draw n 
at 56 7 m , an d considere d tha t th e boundar y coul d possibl y 
be a t 43 3 m , whic h woul d hav e exclude d al l rock s o f 
Devonian ag e in this section . 

The lowe r boundary wa s considered t o b e conformable o n 
various bed s o f th e ree f comple x —  includin g back-ree f 
(Pillara Limestone ) i n outcrop ; an d variou s fore-reef s unit s 
in wells , includin g Med a Nos . 1  & 2  an d Hawkston e Pea k 
No. 1 . Th e uni t i s unconformabl y overlai n b y th e Permia n 
Grant Formatio n an d i n severa l well s i t i s overlai n b y th e 
Carboniferous Anderso n Formatio n (Playfor d &  Lowry , 
1966, p . 93). 

The conodon t stud y o f Gleniste r &  Klappe r technicall y 
predates Playfor d &  Lowry' s bulletin , bein g publishe d i n 
July, 1966 , wherea s th e bulleti n bear s n o mont h o f 
publication. Thu s Gleniste r &  Klapper' s wa s th e first 
detailed discussio n a f the Fairfiel d Formation . I n their text -
figure 2  th e Fairfiel d Formatio n i s recorde d i n th e Bugl e 
Gap are a (probabl y th e Re d Bluff s outcrop) ; it is considere d 
to have an age range of doIV-doVI . 

The combine d result s o f Playfor d &  Lowr y an d Gleniste r 
& Klapper , le d to the confusing positio n o f having two units , 
one Devonia n the othe r Carboniferous , place d in synonymy . 
Moreover fauna s fro m th e Carboniferous par t were dated a s 
Devonian, an d th e thickest sectio n know n wa s thought to b e 
possibly al l Carboniferous . 

This concep t o f th e Fairfiel d Formatio n foun d littl e 
favour wit h som e subsequen t workers . Robert s (1971) , an d 
Roberts &  Jone s (in Robert s et al, 1972 ) bot h fel t tha t th e 
name Fairfiel d shoul d be restricted to late Famennian rocks ; 
Roberts et al recognize d th e Pike r Hill s Formatio n a s a 
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valid unit ; i t ha d previousl y bee n mappe d an d considere d a s 
Fairfield Bed s (se e above) . I n additio n the y recognize d tha t 
horizon K28 9 i n th e typ e sectio n o f th e Fairfiel d Bed s wa s 
probably lat e Famennia n Pillar a Limestone . Thu s th e 
Fairfield Bed s sensu Robert s et al i s mor e restricte d i n it s 
concept tha n Fairfiel d Bed s sensu Gupp y et al, th e lowe r 
boundary having been modified. -

The concep t o f th e Fairfiel d Bed s ha s change d consider -
ably sinc e th e origina l diagnosi s o f Gupp y et al (1958) , i n 
which i t wa s equate d wit h th e Productella limeston e 
(Veevers, 1958) . Firstl y Veever s &  Well s (1961 ) recognize d 
that som e o f th e Productella limeston e containin g Spinuli-
costa "Avonia" proteus (Veevers ) shoul d b e mor e correctl y 
referred t o th e ree f comple x carbonates , includin g th e 
Napier, Oscar , Geikie , an d Fossi l Down s Formation s (no w 
amalgamated int o th e Napie r Formatio n sensu Playfor d & 
Lowry, 1966 ) an d th e Bugl e Ga p Limestone . Subsequentl y 
Roberts et al (1972 ) agree d tha t som e exposure s previousl y 
mapped a s Fairfiel d Bed s belon g t o th e Pike r Hill s 
Formation o f Playfor d &  Lowry , an d a t leas t par t o f th e 
type sectio n o f th e Fairfiel d Bed s belong s t o th e lat e 
Famennian "Pillar a Limestone" . 

The uppe r boundar y ha s alway s bee n problematical . I n 
the onl y detaile d sequenc e whic h crosse s th e boundar y Hen -
derson et al, (1963 ) place d th e boundar y a t 43 3 m  i n BM R 
Noonkanbah N o . 2 , an d include d 10 9 m  o f sandstone , 
calcarenite, dolomit e an d siltston e whic h i s younger than the 
youngest know n outcro p of Fairfiel d Bed s at Oscar Hills . 

The nam e Fairfiel d ha s ha d a  chequere d history ; i t ha s 
been applie d t o fou r bodie s o f roc k whic h hav e differen t 
limits. Firstl y i t include d al l rock s containin g th e Produc­
tella, (Spinulicosta 'A vonia proteus) faun a apar t fro m th e 
Bugle Ga p Limeston e (Gupp y et al, 1958) . Secondl y i t wa s 
restricted t o proteus zon e rock s younge r tha n th e massiv e 
fore-reef limestone s i n th e Napie r an d Osca r Range s 
(Veevers &  Wells , 1961) . Subsequently , th e concep t wa s 
changed by Playfor d &  Lowr y (1966 ) to includ e al l the early 
Carboniferous platfor m carbonate s (Laure l Formation ) an d 
to exclude thinly bedded late Devonian rock s associated wit h 
the ree f complex . Finall y th e concep t wa s restricte d t o 
Devonian post-ree f platfor m carbonate s b y Robert s et. al 
(1972). Th e typ e sectio n D F 2  o f Gupp y et al, 1958 ) wa s 
selected i n a n are a fa r remove d fro m th e genera l outcro p 
area; subsequently muc h o f thi s sectio n ha s been include d i n 
the Pillara Limeston e (Playford &  Lowry , 1966 ; Glenister & 
Klapper, 1966 , p. 838; Roberts et al, 1972 , p. 472). 

Because o f th e considerabl e difference s o f opinio n 
regarding th e concep t o f the Fairfiel d Formatio n (an d Beds ) 
it is probably best to suppress Fairfield a s a formation name . 

T H E T E R M ' L A U R E L ' 

The ter m Laure l Bed s wa s introduce d b y Thoma s (1957) , 
who subsequentl y (1959 ) define d th e uni t a s th e Laure l 
Formation usin g th e sam e criteri a a s wa s use d t o defin e th e 
Laurel Beds . 

The ter m Laure l Formatio n wa s firs t use d b y Condo n 
(1958). H e quote d fro m Thomas , althoug h th e quote d 
paragraphs d o no t appea r in any o f Thomas's report s (1956 , 
unpubl.; 1957) . N o typ e sectio n wa s designated , bu t a n are a 
of outcro p sout h o f Osca r Rang e an d northwes t o f Fitzro y 
Crossing was mentioned . 

Condon reporte d tha t th e formatio n consist s o f gre y 
calcarenite an d grey siltston e with a  thickness o f 18 3 m (thi s 
figure appear s t o b e in error : al l o f Thomas' s report s durin g 
the perio d 1956-5 9 refe r t o a  thicknes s o f 427-45 7 m) . Th e 
faunal lis t equate s wit h th e fauna l lis t o f Thomas (1957 ) an d 
the age was indicated a s Tournaisian afte r Thomas (op . cit.). 

Thomas (1959 ) define d th e Laure l Formatio n a s th e 
sequence o f fossiliferou s calcarenit e an d siltston e o f Lowe r 

Carboniferous ag e betwee n th e Uppe r Devonia n Fairfiel d 
Beds an d the Permia n Gran t Formation , probabl y i n uncon -
formable relationshi p t o bot h (p . 21) . Th e tota l thicknes s i s 
of th e orde r o f 45 5 m  accordin g t o Thoma s (1959 , p . 25) , 
although ther e ar e problem s i n fittin g togethe r Typ e 
Sections I  an d II . Furthermore , anomalou s dip s ar e presen t 
on th e blac k soi l plain s an d th e thicknes s ma y b e exag -
gerated (see below). 

The stratigraphi c relationship s o f th e Laure l Formatio n 
were considere d t o b e unconformabl e b y Thoma s (1959 , p . 
30), wh o though t tha t th e Laure l Formatio n wa s possibl y 
deposited o n a n erode d surfac e o f Devonia n rocks . H e dre w 
attention t o th e considerabl e ag e differenc e the n though t t o 
exist betwee n th e Fairfiel d Bed s (Lat e Devonia n doI V o r 
doV) an d th e Laure l Formatio n (lat e Tournaisian) . Thoma s 
reported a n extensiv e faun a includin g brachiopods , 
pelecypods, nautiloids , gastropods , conchostracans , 
ostracods, shark s teeth , an d a  fe w coral s an d crinoids . Th e 
fauna show s marke d affinitie s t o Earl y Carboniferou s 
faunas o f Western Europ e (Thomas , 1957) ; spiriferids o f th e 
S. tornacensis grou p indicat e th e Tournaisia n (earl y Earl y 
Carboniferous). 

In 195 6 BM R Noonkanba h No . 2  (=Laure l Down s No . 
2) penetrate d a t leas t 35 7 m  o f Laure l Formatio n an d 
possibly a s muc h a s 37 9 m  (Thomas , 1959 , p . 31) . Th e 
section include d 17 4 m  o f shal e with minor limestone , whic h 
apparently ar e no t exposed , an d thu s wer e no t include d i n 
Thomas's composit e typ e section . Thoma s (1959 , p . 31 ) 
mentions th e bor e an d doe s no t exclud e thes e bed s fro m th e 
Laurel Formation ; neithe r doe s h e explicitl y includ e them . 
However h e doe s stat e tha t highe r part s o f th e Laure l 
Formation o r othe r Carboniferou s rock s ma y b e presen t 
below th e san d cove r i n th e area s wes t o f Laure l Down s 
homestead, implyin g th e inclusio n o f these shale s withi n th e 
Laurel Formation . 

BMR Noonkanba h N o . 2  wa s drille d 3  km t o th e basin -
ward sid e o f th e expose d Laure l Formation ; i t penetrate d 
about 20 5 m  o f limestone , whic h probabl y represent s th e 
true thicknes s i n the area rathe r than the 455 m  measure d i n 
poor and scattered outcrop . 

In thei r repor t o n BM R Noonkanba h N o . 2 , Henderso n 
et al (1963 ) conclude d tha t th e uppe r 2 2 m  o f sectio n whic h 
yielded Carboniferou s fossil s (5 4 —  7 6 m ) was Permian , th e 
fossils havin g bee n reworked . Th e bas e o f th e Laure l wa s 
placed a t a  chang e i n litholog y a t 43 3 m . Ope n vug s fro m 
this horizo n dow n t o 52 0 m  wer e take n a s evidenc e o f wate r 
circulation durin g a  perio d o f subaeria l erosio n befor e th e 
deposition o f the Laurel Formation . They concluded that th e 
unconformity ha d been confirmed . 

Conodont studie s revealed a n extensive microfauna. Glen -
ister (1960 , fide McWha e et al, 1958 ) reporte d th e presenc e 
of Cavusgnathus, a  Middl e Mississippia n t o Pennsylvani a 
genus, fro m nea r Twelv e Mil e Bore , an d als o i n Sister s N o . 
1 Well, fro m a  depth of 5600 ' — 5603'6 " (1707-8 m) . 

This discovery , togethe r wit h th e recover y o f ostracod s 
with Chesteria n (lat e Mississippian ) affinitie s le d McWha e 
et al (1958 ) t o exten d th e Laure l Bed s int o th e Namurian . 
Jones (1957 , unpubl. ; 1959 ) discusse s onl y th e affinities , 
and no t th e age , o f th e ostraco d faunas ; th e Chesteria n 
affinity wa s mor e b y defaul t tha n becaus e o f tempora l 
relationships, inasmuc h a s know n Earl y Carboniferou s 
ostracod fauna s were virtually restricted to the Chesterian . 

Glenister (1960 ) review s th e conodon t an d ammonoi d 
evidence fo r th e ag e o f th e Laure l Beds . A  singl e ammonoi d 
species, Imitoceras rotatorium (d e Koninck ) suggeste d 
Tournaisian (earl y Earl y Carboniferous ) wherea s Cavus­
gnathus indicate d middl e t o lat e Earl y Carboniferous . I n 
order t o reconcil e thi s conflictin g informatio n Gleniste r 
concluded tha t th e Laure l Bed s wer e lates t Tournaisia n t o 
Visean. I t i s no w know n tha t th e cavusgnathoid s recovere d 
by Glen i s te r b e l o n g t o a  h o m e o m o r p h i c g e n u s , 
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Clydagnathus, commo n i n th e earlies t Carboniferou s o f th e 
Bonaparte Gul f Basin (Druce, 1969) . 

Following it s definitio n b y Thomas , al l worker s accepte d 
the Laure l Formatio n a s a  vali d forma l nam e (Jones , 1959 , 
1962; Veever s &  Wells , 1961 ; Thomas , 1962 ) unti l 1966 , 
when Playfor d &  Lowr y publishe d a  bulleti n o n th e 
Devonian ree f complexes . Althoug h thei r pape r wa s mainl y 
concerned wit h th e ree f the y di d refe r t o th e post-ree f 
sediments, an d include d th e Laure l Formatio n withi n thei r 
Fairfield Formation . 

The nam e Fairfiel d wa s use d becaus e the y wer e unde r th e 
impression tha t i t ha d priority . I n fac t th e first  appearanc e 
of bot h name s i n th e literatur e wa s i n th e sam e pape r 
(Thomas, 1957) , an d Laure l preceed s Fairfield . Accordingl y 
the nam e Laure l has priority , eve n though th e term Fairfiel d 
had been in colloquial us e since 1942 . 

The vie w tha t th e post-ree f sequenc e belong s t o a  singl e 
rock uni t ha s bee n supporte d b y G . Playfor d (1971) , wh o 
referred th e Laure l Bed s o f Thoma s t o th e uppe r Fairfiel d 
Formation o f Playfor d &  Lowr y (1966) . Th e 2n d editio n o f 
the Lennar d Rive r 1:25 0 00 0 geologica l ma p show s Fairfiel d 
Formation fo r outcrop s previousl y mappe d a s Laure l Bed s 
on the earlier edition . 

However othe r worker s favoure d th e retentio n o f Laure l 
Formation; Robert s (1971 ) pointe d ou t tha t n o continuou s 
section i s know n betwee n th e Fairfiel d Bed s an d th e Laure l 
Formation. Furthermor e a  tim e ga p wa s apparen t i n th e 
faunas, a  poin t amplifie d b y Robert s &  Jones (in Robert s et 
al., 1972).The y als o not e tha t althoug h surfac e collection s 
indicated a  fauna l break , sedimentatio n ma y have ^ bee n 
continuous i n th e subsurface . Thi s vie w wa s base d o n th e 
recovery o f a  spore , Hymenozonotriletes lepidophytus 
Kedo, 195 7 fro m Stumpy s Soa k N o . 2  water bore (Balme & 
Hassell, 1962) , whic h i s indicativ e o f th e Devonian-Carbon -
iferous boundary . Thi s localit y i s on the basin margin sid e o f 
the outcro p area , suggestin g tha t the time-break ma y b e du e 
to non-exposur e rathe r than a  hiatus. 

The ter m Laure l wa s th e first  publishe d nam e t o b e 
applied t o an y o f th e sediment s associate d wit h th e 
immediate post-ree f perio d o f sedimentation . It s late r 
definition followe d al l th e rule s o f stratigraphi c nomen -
clature, an d sinc e i t wa s formalise d i t ha s bee n use d i n a 
consistent manne r by al l workers . 

P A L A E O N T O L O G Y 

BRACHIOPODS 

Brachiopods, togethe r wit h ammonoids , wer e use d b y 
Teichert to subdivide the Devonian o f the Lennard Shel f int o 
biostratigraphic units , th e younges t o f which , th e 
Productella zone , wa s als o recognise d b y Veever s —  wh o 
equated i t with the proteus brachiopo d zone (1959b, p. 12) . 

This zon e i s presen t i n bot h th e younges t par t o f th e reef -
complex an d i n th e sequenc e overlyin g th e ree f a t on e o f 
Teichert's localitie s (No . 2) , an d wa s use d t o delineat e th e 
'Productella' limestone . Teicher t (1949 , p . 27 ) note d tha t 

although th e fauna fro m localit y N 2 wa s simila r in aspec t t o 
other fauna s fro m th e Productella limestone , i t di d differ i n 
some respects ; h e considere d thes e t o b e geographi c 
variations. W e no w kno w tha t the y ar e stratigraphi c an d 
that th e othe r Productella limeston e localitie s ar e olde r an d 
can b e referre d t o th e Napie r an d Pike r Hill s Formation s o f 
Playford &  Lowry (1966) . 

The brachiopod s ar e describe d i n Veever s (1959b) , an d 
Thomas (1959 ; 1971) . Veevers' work comprise s a  systemati c 
description o f the Devonia n specie s an d included a  zonation , 
based mainl y o n brachiopods , bu t als o includin g som e o f 
Teichert's ammonoi d zones . Th e younges t zon e of Avonia 
proteus i s equivalen t t o Teichert' s Productella zone , th e 
name given being the same species (Veevers, 1959b , p. 21). 

The brachiopod s o f th e Laure l Formatio n wer e liste d b y 
Thomas (1959 ) i n a  pape r definin g th e Laure l Formation ; 
also liste d wer e specie s o f gastropods , corals , ostracod s 
(after Jones) , conodont s (afte r Glenister) , a n ammonoid , 
and shar k teeth . I n a  late r pape r (Thomas , 1971 ) th e 
brachiopods were described systematically . 

OSTRACODS 

Ostracods wer e first  discovere d i n sample s bot h fro m 
BMR Noonkanba h No . 2  an d surfac e outcrops . Th e faun a 
was divided int o fou r assemblages , tw o Carboniferous (1 ,2) , 
and tw o Devonia n (3 , 4 ) (Jones , 1959) ; thes e wer e late r 
amalgamated int o assemblag e A( 3 an d 4 ) an d Assemblag e 
C(l , 2 ) (Jones, in Veever s & Wells , 1961) . 

Assemblage A  i s characteristi c o f th e Fairfiel d Bed s 
whereas Assemblag e C  i s confined t o the Laure l interva l 61 -
352 m  (200 ' —  1155' ) i n BM R Noonkanba h N o . 2 . I n hi s 
later repor t Jones (in Veever s &  Wells , 1961 ) announced th e 
discovery o f a n intermediat e Assemblag e B  i n th e interva l 
369 — 4 26 m  (1210'—1515' ) 

CONODONTS 

In 196 6 Gleniste r &  Klappe r describe d th e conodont s 
from th e Uppe r Devonia n ree f comple x systematically , an d 
briefly touche d o n fauna s recovere d fro m th e Fairfiel d 
Formation (sensu Playfor d &  Lowry , 1966) . Thei r 
specimens cam e fro m bot h th e Fairfiel d Bed s (WAPE T 
Section A ; GSWA 1053 ; G l / B 3 0 ), it s equivalent (Meda N o . 
1 Well , Cor e 11 ) an d th e Laure l Formatio n (D F 10-3 , D F 
10-5; GSW A 3240) . The y presume d tha t th e meagr e Laure l 
Formation fauna s wer e lat e Devonia n becaus e o f th e 
presence of Palmatolepis glabra i n sample GSWA 3240 . Th e 
associated form s wer e referre d t o ?Scaphignathus veliferus; 
previously Gleniste r (1960) had thought the specimens migh t 
be Carboniferou s cavusgnathids . The y are , i n fact , clyda -
gnathids o f earlies t Carboniferou s ag e (Beiner t et al., 1971) , 
and wer e recognize d b y Druc e (in Robert s &  Veevers , 1967 ) 
who considere d th e conodont s fro m th e uppe r par t o f th e 
Laurel Formatio n t o b e lowe r t o middl e Tournaisian . 
Subsequent collectin g ha s faile d t o discove r an y furthe r 
Devonian specie s i n th e are a aroun d GSW A 3240 , an d th e 
initial recover y o f Palmatolepis glabra subsp. indet. an d 
Prioniodinal smithi remain s an enigma. 

One sampl e K289 , i s referre d t o th e Pillar a Limestone , 
immediately beneat h th e Fairfiel d Formatio n (Gleniste r & 
Klapper 1966 , p . 838) ; howeve r i t i s fro m th e typ e sectio n 
(DF2) o f the Fairfield Bed s (Gupp y et al, 1958 , p. 98) and i s 
from th e base of the Fairfield Bed s (Veevers, 1969 , p. 159) . 
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D E T A I L E D S T R A T I G R A P H Y 

The lates t Devonia n an d earlies t Carboniferou s platfor m 
carbonates an d interbedde d clasti c rock s can b e divided int o 
three easil y recognizabl e an d mappabl e units , th e Gumhol e 
and Laure l Formation s an d th e intervenin g Yello w Dru m 
Sandstone. Thes e formation s ar e genetically related , an d w e 
have placed the m i n the Fairfiel d Group . 

In on e cor e hole , BM R Lennar d Rive r No . 1 , a  uni t 
underlying th e Fairfiel d Grou p wa s intersected ; i t i s 
probably equivalen t t o the Luluigu i Formation . 

F A I R F I E L D G R O U P 

The nam e Fairfiel d ha s bee n applie d t o Bed s an d t o a 
Formation (se e p . 4) ; th e presen t usag e i s th e sam e a s th e 
original stratigraphi c us e o f th e nam e i n a n unpublishe d 
report b y Krau s (1942) , an d th e Fairfiel d Grou p closel y 

approximates t o th e interva l referre d t o th e Fairfiel d 
Formation b y Playfor d &  Lowry (1966) . 

The Fairfiel d Grou p consist s o f th e Gumhol e Formation , 
the Yello w Dru m Sandstone , an d th e Laure l Formation . 
These thre e unit s for m a  lithogeneti c sequenc e o f limestone , 
siltstone, shale , and sandstone , with a  few dolomite beds . 

Transgressive phase s ar e represente d b y th e Gumhol e 
Formation an d th e lowe r par t o f th e Laure l Formation , an d 
a regressiv e phas e i s represente d b y th e uppe r par t o f th e 
Gumhole Formatio n an d th e Yello w Dru m Sandstone . Al l 
three unit s exten d ove r muc h th e sam e are a an d wer e 
deposited i n th e sam e environmenta l conditions , bu t ca n 
easily b y recognized by differing colou r and clasts. 

The Grou p probabl y rest s comformabl y o n variou s roc k 
units o f th e Famennia n reef-comple x o n th e Lennar d Shel f 
and associate d unit s i n th e Fitzro y Trough . Th e uppe r 

S a n d 

Gran t F o r m a t i o n 

Laure l F o r m a t i o n 

Y e l l o w D r u m F o r m a t i o n 

G u m h o l e F o r m a t i o n 

Nap ie r F o r m a t i o n 

W i n d j a n a L i m e s t o n e 

Pi l lara F o r m a t i o n 

B a s e m e n t C o m p l e x 

Figure 4 . Geolog y o f th e Fairfiel d Group , Osca r Hil l an d Twelv e Mil e Bore . 
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boundary o f th e grou p i s usuall y a n unconformit y wit h 
Permian sediment s overlyin g th e uppe r shal e membe r o f th e 
Laurel Formation ; rarel y thi s membe r i s conformabl y 
succeeded b y sandston e o f th e Anderso n Formation . Th e 
latter i s considere d t o represen t a  lat e Earl y Carboniferou s 
regressive phas e of deposition wit h the development o f thick , 

mostly non-marine , sediment s i n th e Fitzro y Troug h bu t 
with th e emergenc e of , an d consequen t erosio n from , th e 
Lennard Shelf . 

G U M H O L E F O R M A T I O N (ne w name ) 

Geological boundary 

- i j Strike  and  dip  of  strata 

-f- Horizontal  strata 

- j - Dip<15°-airphoto  interpretation 

— Trend  line 

— f — $ — Syncline,  Anticline 

— — Fault  (accurate) 

— —  Fault  (approximate) 

Fault (concealed) 

I 1  Measured section 

Qz S a n d 

DPc 

D u g 

' D u p " 

?Grant F o r m a t i o n 

U n d i f f e r e n t i a t e d 
c o n g l o m e r a t e 

G u m h o l e F o r m a t i o n 

PPil lara L i m e s t o n e 
(a lga l f l a t c a r b o n a t e ) 

DEFINITION 

The Gumhol e Formatio n i s name d afte r Gumhol e Bor e 
(125°28 'E ,18°07'S) 1 8 k m west-northwes t o f Fitzro y 
Crossing, Wester n Australia . Th e typ e sectio n (WC B 00 1 
and WC B 202 ) i s o n th e Grea t Norther n Highwa y 1 9 k m 
west-northwest o f Fitzro y Crossing , an d 1. 5 k m southeas t o f 
Gumhole Bor e (Fig . 4) . Th e uni t consist s o f abou t 7 0 m  o f 
limestone, siltstone , shale , an d sandstone , wit h mino r 
dolomite. Th e uni t overlie s a n unname d lat e Famennia n 
birdseye limeston e i n th e Horseho e Rang e (Fig . 5 ) an d a t 
Red Bluff s (Fig . 6) . I n th e are a southwes t o f th e Osca r an d 
Napier Range s i t probabl y overlie s th e Luluigu i Formatio n 
equivalent. I t i s conformabl y overlai n b y th e Yello w Dru m 
Sandstone, an d i s o f lates t Famennia n (Uppe r Devonian ) 
age. 

The Gumhol e Formatio n i s broadly synonymou s wit h th e 
Fairfield Bed s o f Thoma s (1957) , an d i s equivalen t t o th e 
Fairfield Bed s o f Robert s et al, 1972 , and Jone s et al., 1974 ; 
it form s th e lowes t par t o f th e Fairfiel d Formatio n o f 
Playford &  Lowry , 1966 . 

A R E A L EXTEN T AN D THICKNES S 

The Gumhol e Formatio n crop s ou t i n a  linea r zon e fo r a 
distance o f 28 0 km , fro m Re d Bluff s i n th e southeas t t o th e 
northwestern extremit y o f th e Napie r Range . I t i s recog -
nisable i n th e subsurfac e i n th e Lennar d Shel f region . I n th e 
Fitzroy Troug h knowledg e o f th e uni t i s restricte d t o on e 
well, Yullero o No . 1 , an d o n th e souther n margi n t o tw o 
wells, Babronga n No . 1  an d From e Rock s No . 2 . A 
limestone, (o f dar k colou r i n From e Rock s No . 2) , presen t 

S u p e r f i c i a l d e p o s i t s Geological boundary 

IT] U n d i f f e r e n t i a t e d s a n d s t o n e s f a ^ Z m a t e T ^ 

| D u g [  G u m h o l e F o r m a t i o n 

? P i l l a ra F o r m a t i o n ' D u p " 
{a lga l f l a t c a r b o n a t e s ) 

p € B a s e m e n t c o m p l e x 

Strike and  dip  of  strata 

Horizontal strata 

H Measured  section 

Figure 5 . Geolog y o f th e Fairfiel d Group , Horsesho e Range . Figur e 6 . Geolog y o f th e Fairfiel d Group , Re d Bluffs . 
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124=55' \ 

_ _ l \ 
AUS 1  /  56 3 

J f 

Pg 

D u g 

' D u p " 

D u p 

D u n 

D w 

S u p e r f i c i a l d e p o s i t s 

F i tz roy L a m p r o i t e 

G r a n t F o r m a t i o n 

G u m h o l e F o r m a t i o n 

?Pillara L i m e s t o n e 1 
{algal f l a t c a r b o n a t e s l < 

Pi l lara L i m e s t o n e ~ 

N a p i e r L i m e s t o n e 

W i n d j a n a L i m e s t o n e 

Geological boundary  (accurate) 

Geological boundary  (approximate) 

Strike and  dip  of  strata 

Dip<J5°-airphoto interpretation 

Trend line 

Sync/ine 

Fault (accurate) 

Fault (approximate) 

Fault (concealed) 

Measured section 

Figure 7 . Geolog y o f th e Fairfiel d Group , Moun t Percy . 

in al l thre e well s an d o f approximatel y th e sam e age , i s 
possibly contiguou s with the Gumhole Formation . 

The maximu m thicknes s o f continuous surface exposure i s 
71 m  a t th e typ e section . T o th e northwest , a t Moun t Percy , 
faulting confuse s th e pictur e bu t th e thicknes s coul d b e a s 
great a s 15 0 m. A t Osca r Hill , clos e t o th e typ e section , th e 
thickness i s 19. 5 m;'i n th e Horsesho e Rang e onl y 1 6 m i s 
preserved; an d a t Re d Bluffs , a t th e southeaster n extremit y 
of the outcrop, the thickness is 21 m . 

However i n th e subsurfac e th e thicknes s reache s a 
maximum o f 36 9 m  in Med a No . 1  well i n the interva l 1649 -
2018 m . Thicknesse s i n exces s o f 20 0 m  ar e presen t i n 

Sisters No . 1  wel l an d als o i n From e Rock s No . 2  i n th e 
'Gumhole Formatio n equivalent' . Isopach s ar e presente d i n 
Figure 21. 

LITHOLOGY 

The uni t consist s o f limestone , siltston e an d shale , an d 
sandstone, wit h mino r dolomite . The limestone i s commonl y 
mottled ligh t brown , pin k t o re d an d ligh t green-grey ; i n 
places i t i s colour-laminated . Th e limestone s var y betwee n 
bioclastic, intraclasti c an d ooliti c sand y grainstone s (Fig s 
8,9). I n som e areas , suc h a s Osca r Hill , th e limestone s ar e 
thick-bedded an d cross-stratified (Figs . 8a , b). 

The limestone s ar e interbedde d wit h grey-gree n siltstone , 
light t o dar k gre y o r grey-gree n shale , an d grey-gree n 
claystone. Thes e bed s rarel y cro p out an d ar e known mainl y 
from th e subsurface . Th e formatio n als o contain s som e 
sandstone, generall y nea r th e base . I t i s orange-brow n o r 
pink, thin-bedded , calcareous , quartz-rich , poorl y sorted , 
and friable . 

The limestone-shale-sandston e rati o varies , bu t usuall y 
limestone i s abou t 5 0 percen t o f th e tota l thickness . A t 
Oscar Hil l (Fig . 8a ) 9 8 percen t o f th e sectio n i s limestone , 
but t o the southeas t i n the Horsesho e Rang e an d Re d Bluff s 
area, limeston e comprise s onl y 44-46 percent o f the sections . 

N o sandston e i s recorded fro m section s a t Oscar Hil l or in 
the Horsesho e Range , bu t i t form s 1 1 percen t o f th e type -
section, an d a t Re d Bluffs , 3 9 percen t o f th e sectio n i s 
sandstone. 

PETROLOGY 

From th e five  section s tha t wer e studie d i n detai l 
(WCB001, WCB002 , WCB014 , WCB202 , WCB222) , thre e 
lithofacies ar e recognized, namely : 
A. Stratifie d an d cross-bedded sandstones . 
B. Siltstone s 
C. Limestone s 
Facies C  ca n b e subdivide d int o five  subfacies , i ) sandy bio -
clastic ooi d grainstones , ii ) bioclast i c packstones , 
grainstones, an d wackestones , iii ) sand y bioclasti c grain -
stones an d wackestones , iv ) bioclasti c boundstones , pack -
stones, wackestone , v ) peloida l grainstones . Lithologi c log s 
of thes e sections , outlinin g th e facies , ar e tabulate d i n 
Appendix II . 

Petrographic an d diageneti c feature s o f th e facie s an d 
subfacies ar e described. Th e environmenta l interpretatio n o f 
each facie s i s presente d an d integrate d int o th e depositiona l 
history o f the formation . 

Facies A: Stratified and cross-bedded sandstones 

This facie s comprise s fine  t o ver y fine-grained  calcareou s 
feldspathic sandstones . Thes e ar e eithe r poorl y expose d a s 
thin flagg y beds , whic h sometime s hav e small-scal e cross -
stratification; o r bette r expose d i n thicke r unit s whic h ar e 
frequently plana r laminate d o r cross-stratified . Th e well -
sorted constituen t grain s compris e subangula r quartz , 
plagioclase an d potas h feldspar , wit h muscovit e an d biotite . 
Optically continuou s calcit e cement s (Fig . 8e ) enclos e th e 
grains, som e o f whic h sho w sign s o f silic a resorption . Grey -
green disc-shape d clayston e clast s ar e commo n a t th e bas e 
of th e unit , an d weathe r ou t t o leav e rusty , iron-staine d 
casts. 

A fe w ooid s an d brachiopod , bryozoan , ostracod , pelecy -
pod an d crinoi d fragment s ar e preserved , althoug h mos t 
skeletal grain s hav e bee n obliterate d b y pressur e solution . 
Compaction zone s withi n th e bed s exhibi t ver y dens e grai n 
packing wit h straigh t and , les s commonly , micro-suture d 
grain contacts . Thes e zone s impar t th e laminatio n t o th e 
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sandstones, emphasiz e cross-lamina e whic h wer e initiall y 
only recognize d b y orientate d mic a flakes , an d probabl y 
represent a n intermediat e phas e i n th e remova l o f calcit e 
from th e mor e friabl e an d thu s poorl y expose d sandstone . 
Bedding surface s ten d t o b e undulos e an d irregular , 
modified b y late-stage pressur e solution . 

Facies A  i s interpreted a s shallo w marin e low-profil e san d 
sheets. Thes e probabl y accumulate d i n relativel y gentl e 
currents whic h continuall y sorte d th e san d durin g migratio n 
of th e sheet . Fe w botto m dweller s wer e presen t and , signifi -
cantly, skeleta l materia l i s poorl y preserved . Durin g 
migration o f th e san d sheet , lump s o f th e underlyin g claye y 
silt botto m wer e incorporated i n the sands . 

Facies B: Siltstones 

Siltstones ar e ver y poorl y expose d i n th e area s o f lo w 
relief, an d onl y slightl y bette r expose d i n incise d gullie s o r 
creek banks . A  distinctio n i s mad e betwee n fossiliferou s an d 
barren silts . 

Subfacies B(i) Unfossiliferous siltstones 

Subfacies B(i ) comprise s homogeneous , friable , poorl y 
stratified rock s devoi d o f macrofossils . I t ha s fai r exposur e 
only i n Sectio n WCB222 , whic h follow s a n incise d cree k 
bank i n th e Horsesho e Range . Th e whit e t o ligh t buf f silt -
stones ar e claye y an d slightl y calcareous . Induratio n varie s 
with th e amoun t o f fine  carbonat e cement . A  solitar y larg e 
fragment o f a  Leptophloeum ste m wa s foun d preserve d i n a 
basal calcareous silt . 

The presenc e o f Leptophloeum i n thi s facie s suggest s a 
terrestrial siliciclasti c source . Sedimentatio n wa s apparentl y 
continuous i n low-energ y conditions , wit h th e virtua l 
exclusion o f an y carbonat e contribution . Wit h littl e othe r 
data, th e environment o f deposition i s interpreted a s shallo w 
marine. 

Subfacies B(ii): Fossiliferous siltstones 

This subfacie s consist s o f widesprea d bu t poorl y expose d 
homogeneous calcareou s siltstones . The y ar e yellowis h 
olive-green whe n fresh , weatherin g t o a  light brown , an d ar e 
distinctive wher e exposed , a s a t Osca r Hil l (WC B 002 ) an d 
Gumhole Bor e (WC B 001) . Whe n weathere d th e mor e 
resistant skeleta l an d intraclas t component s remai n t o for m 
fossil pavement s o n the surface . 

The siltstone s ar e friabl e an d compris e mainl y angula r 
grains o f quart z an d feldspar , mino r bu t noticeabl e biotit e 
flakes, microcrystallin e calcite , an d a  smal l componen t o f 
green clay . 

Skeletal an d intraclasti c component s constitut e abou t 1 6 
percent o f th e rock . Tabulat e coral s for m potato-shape d 
colonies encrustin g disarticulate d shell s an d larg e bryozoa n 
fragments. Non-abrade d brachiopods , bryozoan s an d 
solitary rugos e corals are also present . 

Bryozoans ar e dominant, wit h numerou s encrusting form s 
on othe r bryozoans , lithoclasts , corals , brachiopod s an d 
algal thalli ? (cylindrica l moulds) . Branc h an d fenestrat e 
bryozoan fragment s ar e les s common . Brachiopod s ar e 
abundant an d includ e complet e spiriferids , disarticulate d 
productids, an d their spines . 

Solitary rugos e corals , som e wit h basa l rootlets , ma y 
show severa l circula r constriction s i n th e calyx , suggestin g 
changes i n rat e o f growth. Aulopori d coral s encrust these , a s 
well a s som e lithoclast s whic h ar e partl y indurate d 
aggregates o f skeletal fragments . 

Deposition o f the silt s wa s i n a  low-energy shallo w marin e 
environment wit h clos e proximit y t o a  land drainage system , 
which contribute d th e terrigenou s sil t fractio n an d trans -
ported mos t o f th e skeleta l material . Th e autochthonou s 
fauna i s comprise d onl y o f th e brachiopo d Rhipidomella, 

encrusted b y smal l gastropod s an d serpulids . Th e alloch -
thonous faun a wa s transporte d durin g storm s o r floods fro m 
the tw o sources : a  quiet-wate r har d groun d colonize d b y 
crinoids; an d a  shallow-water , partl y indurate d substrat e o f 
sandy micaceou s skeleta l grainstone s whic h produce d intra -
clastic lump s tha t bor e corals , bryozoans , spiriferids , 
rhynchonellids, an d productids . Conica l aperture s within th e 
encrusting bryozoan s reflec t thei r encrustatio n o f possibl y 
nonskeletal alga l stems . Th e biot a o f thi s environmen t 
appears t o hav e bee n extremel y divers e an d prolifi c prio r t o 
intermittent disruption s b y fresh-wate r floods . 

These fossiliferou s siltstone s ar e interprete d a s intershoa l 
silts. 

Facies C: Limestones 

Most exposure s o f th e formatio n compris e limeston e 
interbedded wit h recessiv e siltston e o r sandstone. Thi s facie s 
is subdivide d int o five  subfacies , whic h ar e mor e detaile d 
than wa s attempte d wit h th e siliciclastics , a s mor e ca n b e 
interpreted fro m th e divers e rang e o f textur e an d skeleta l 
constituents i n th e limestones . 

Subfacies C(i): Sandy bioclastic ooidgrainstones 
Yellow t o grey-re d sand y bioclasti c ooi d grainstones , 

forming thin , an d les s frequentl y mediu m an d thic k beds , 
characterize th e facies . 

Ooids ar e th e dominan t constituen t (Fig . 8d ) wit h bot h 
normal matur e an d immatur e superficia l form s developed . 
Abraded fragment s o f brachiopods , pelecypods , crinoids , 
bryozoans an d fish,  togethe r wit h les s abrade d gastropods , 
solitary rugos e corals , an d disarticulate d ostraco d valve s 
showing les s bu t mor e variabl e abrasion , complemen t th e 
ooids. I n zone s o f mor e intens e compactio n an d pressur e 
solution, san d an d sometime s crinoi d an d bryozoa n 
fragments becom e mor e abundant . Th e thic k bed s hav e 
large-scale, superimposed , cu t an d fill  structure s wit h low -
angle foresets . Th e subfacie s contain s terrigenou s sand , an d 
in som e area s ther e i s a n increas e upward s bot h o f san d 
content an d grai n size ; th e latte r increasin g fro m fine  t o 
medium-grained sand . 

The subfacie s i s extensive a s a  lowe r uni t o f the formatio n 
and i s present a t Gumhole Bore , Osca r Hill , Re d Bluffs , an d 
Mount Percy . Stud y o f Recen t ooid s i n th e Bahama s 
(Newell et al., 1960 ) show s tha t the y accumulat e i n a  dis -
continuous bel t o f shoal s i n ver y shallo w water , wit h ridge s 
being buil t u p t o mea n se a leve l emergin g a t lo w tide . 

By analogy , depositio n o f thi s subfacie s i s i n a  shallo w 
marine environment , characterize d b y shoal s an d b y 
moderately swift , probabl y tida l currents , sufficien t t o erod e 
the large-scal e cu t an d fil l structures . Ooi d an d abrade d 
skeletal fragment s wer e i n continua l movemen t ove r thes e 
migrating shoals . The presenc e o f sand an d superficia l ooids , 
as wel l a s norma l ooids , reflect s a n agitate d environmen t 
with activ e carbonat e precipitation . Th e incorporatio n o f 
various type s o f skeleta l fragment s i n thes e limestone s 
occurred whe n th e shoal s migrate d ove r suitabl e substrates . 

Subfacies C(ii): Bioclastic wackestones, with 
packs tones and grainstones 

Subfacies C(ii ) comprise s thinl y bedded , grey-gree n t o 
buff o r brow n bioclasti c packstones , grainstones , an d 
wackestones whic h ar e silt y an d commonly interbedde d wit h 
siltstones. Althoug h thes e limestone s hav e bee n pressur e 
solved (styloliti c lamination ) an d slightl y recrystallized , th e 
dominant skeleta l component s ar e stil l discernible . 

Brachiopods, crinoid s an d bryozoan s ar e th e dominan t 
allochems, wit h mino r amount s o f well-abrade d pelecypo d 
and fish  fragments ; well-preserve d corals , ostracods , an d th e 
charophyte alg a Umbella sensu Maslov , 1966 . Th e brachio -
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pods ar e commonl y complet e an d th e crinoi d ossicle s ma y 
still b e partl y articulated , bot h form s havin g associate d 
spines present . Th e bryozoan s includ e branching , encrustin g 
and fenestrat e forms . Th e autochthonou s faun a i s abundant , 
diverse, an d show s minima l disturbanc e includin g th e 
preservation o f delicat e fenestrat e bryozoans- . Th e 
introduced skeleta l elements , pelecypo d an d fis h fragments , 
are significantl y abraded . 

In mos t o f th e rocks , variabl e amount s o f micriti c matri x 
implies a  probabl e bioclasti c wackeston e befor e earl y 
diagenetic solutio n remove d significan t proportion s o f th e 
carbonate mud . Origina l grainstone s ar e discerne d b y 
having mor e abrade d skeleta l constituents . Thi s subfacie s 
occurs locall y i n th e Gumhol e Bor e (WC B 001 ) an d Osca r 
Hill (WC B 002 ) areas . 

The bioclasti c packstones , grainstones , an d wackestone s 
contain finel y disseminate d pyrit e suggestin g precipitatio n 
in a  mildl y reducing , low-energy , shallo w water , ope n 
marine environment . Carbonat e mud s readil y accumulated , 
but durin g periodi c condition s o f highe r energy , winnowin g 
of th e sedimen t modifie d th e wackestone s t o packstone s an d 
grainstones. 

The subfacie s i s considere d th e resul t o f open , shallo w 
marine platfor m sedimentation . 

Subfacies C(Hi): Sandy bioclastic grainstones and 
wackestones 

This subfacie s i s characterize d b y thi n bedde d yellow -
brown to red-brown sand y bioclasti c grainstones, an d buff t o 
light gre y bioclasti c wackestones ; les s abundan t thicke r bed s 
commonly hav e cut-and-fill structures . 

Bryozoans, an d crinoi d ossicle s an d spines , ar e th e 
dominant skeleta l types . Th e bryozoan s ar e eithe r branch -
ing o r encrustin g forms , wit h limonit e an d calcit e infillin g 
the zooecia l pores . Larg e brachiopod s ar e abundant , som e 
being complet e wit h externa l alga l borings , whil e other s ar e 
abraded. Producti d spine s ar e common . Th e remainin g 
skeletal contributio n i s fro m recrystallize d pelecypo d 
fragments; large , low-spire d gastropods , complet e an d dis -
articulated, abrade d fish  fragments , slightl y abrade d 
auloporids; an d solitar y rugos e coral s an d Umbella. 
Girvanella encrustation s an d oncolite s (Fig . 8 0 ar e frequen t 
in th e uppe r par t o f th e subfacies . Th e grainstone s contai n 
varying amount s o f fine  and , les s commonly , mediu m t o 
coarse-grained quart z sand . Ooids , bot h matur e an d 
superficial, a s well a s green cla y clasts , occur in these sandie r 
grainstones. Limestone s o f this subfacie s sho w earl y solutio n 
and lat e pressure-solutio n features . Distributio n o f th e sub -
facies i s restricte d t o th e Gumhol e Bor e (Sectio n WCB202 ) 
and Horesho e Rang e (Sectio n WC B 222 ) areas . 

Discontinuous moderat e an d high-energ y condition s pro -
duced a n alternatio n o f sand y grainstone s an d mino r silts , 
the forme r havin g cut-and-fil l structure s develope d durin g 
higher energ y conditions , whic h winnowe d an d transporte d 
the sil t t o lower energy environments , wher e productids wer e 
a notabl e par t o f th e fauna . Overall , th e dominanc e o f 
bryozoan an d crinoi d ossicles , an d brachiopod s wit h intens e 
algal boring , ar e indicativ e o f impoverishe d fauna , du e t o 
limited nutrient s i n shallo w wate r wit h norma l salinities . 
The uppe r par t o f th e subfacie s ha s abundan t ooids , 
Girvanella oncolites , an d encrustations , cause d b y shoalin g 
and a n increas e i n energ y conditions . 

The subfacie s i s interprete d a s shoa l an d restricted marin e 
platform sediments . 

Subfacies C(iv): Bioclastic boundstones, with 
packstones and wackestones 

Subfacies C(iv ) comprise s thi n t o thick-bedde d yello w 
bioclastic boundstone , packston e an d wackestone , wit h 

interbedded siltstone . Thic k bed s o f mottle d boundstone , 
commonly formin g mound s u p t o on e metr e i n diameter , 
dominate th e lowe r par t o f th e facies ; the y ar e generall y 
overlain b y bed s o f wackeston e an d packstone . 

The boundston e comprise s colonie s o f fasciculat e rugos e 
corals an d crinoid s whic h provid e th e basi c framewor k fo r 
encrustation b y bryozoan s o r fenestrat e an d laminate d non -
skeletal alga e an d Girvanella, th e overal l structur e bein g 
cavernous wit h larg e interconnectin g pores . Numerou s earl y 
diagenetic solutio n vug s ar e infille d wit h vados e silt , 
producing geopeta l structures . 

Complete brachiopod s wit h algal-bore d externa l surfaces , 
gastropods, ostracods , fish  fragment s an d peloid s ar e 
present i n al l limestones , showin g minima l abrasion . 
Girvanella encrust s fenestrat e bryozoan s (Fig . 9a ) an d othe r 
skeletal components . 

In a n environmen t wit h low-energ y condition s an d mod -
erately shallo w water , smal l bioherma l dome s wer e distrib -
uted randoml y ove r a n open-marin e platfor m an d occupie d 
less tha n 5  percen t o f th e are a whic h wa s otherwis e 
blanketed i n packstones , wackestones , an d silts . Th e dome s 
were generally lo w hemispheres wit h diameters o f one to tw o 
metres, probabl y n o mor e tha n on e metr e i n height . Thi s 
relief ma y hav e been sufficien t fo r the upper bioherm surfac e 
to b e withi n a  mor e turbulent , wave-agitate d zon e providin g 
an adequat e nutrien t suppl y a s wel l a s winnowin g awa y fine 
sediment. 

This subfacie s ha s bee n recognize d onl y i n th e typ e are a 
(Section WCB001 , 202) , an d i s interprete d a s a n open -
marine environmen t wit h scattere d bioherms . Th e 
surrounding mudd y sediment s supporte d an d accumulate d 
from a  norma l marin e fauna . 

Subfacies C( vj: Peloidal grainstones 

This subfacie s i s compose d o f thi n t o medium-grained , 
regularly bedde d peloida l grainstone s wit h a  characteristi c 
mottled greenis h an d greyish-yello w colour . 

It i s onl y presen t i n th e southeas t region , a t Horsesho e 
Range (Sectio n WCB222 ) an d Re d Bluff s (Sectio n WC B 
014) a s thi n intermitten t beds ; fenestrat e mudstone s ar e 
associated wit h th e grainstone s a t Re d Bluffs . 

In th e grainstones , th e dominan t component s ar e peloid s 
of varyin g sizes , rounde d t o angula r i n shape , an d wit h a n 
aphanitic texture . A  few , however , hav e a n interna l fabri c 
suggestive o f a  faeca l origi n (Scoffin , 1973) . Als o presen t i n 
small amount s ar e quartz , silt , calcispheres , complet e 
cement-filled ostracods , crinoi d ossicles , an d algal-coate d 
gastropod an d pelecypo d fragments . Th e mollusca n shell s 
are usuall y recrystallize d an d identifiabl e onl y b y thei r 
micritized shel l margins . Earl y compactio n o f peloid s ha s 
produced grumou s texture s i n places , bu t thi s ha s bee n 
partially obscure d b y late r recrystallizatio n an d intens e 
stylolitic compaction . 

The subfacie s i s interprete d a s a  sequenc e o f intertida l 
algal fla t sediments . Th e fenestrat e carbonat e mud s presen t 
have comparabl e interna l fabric s t o recen t intertida l alga l 
sediments a t Shar k Ba y (Davies , 1970) . Afte r dessication , 
the sediment s wer e perhap s reworke d t o mu d lumps , som e 
of whic h retaine d recognizabl e fenestrae . Mino r terrigenou s 
and skeleta l sand s wer e als o introduce d t o thi s environ -
ment. Thi s skeleta l an d locall y reworke d fenestrat e materia l 
was subsequentl y micritize d b y endolithi c algae , abraded , 
and the n deposite d a s peloids . A  fe w gastropod s probabl y 
grazed thi s substrate , bu t surprisingl y ther e i s no evidence o f 
fish habitation . Thi s ma y hav e bee n becaus e o f abnormall y 
high salinitie s develope d b y restricte d wate r circulatio n i n 
the environment . 

The subfacie s ha s a  divers e rang e o f skeleta l component s 
in th e limestones , confirmin g a  marin e environment . Th e 
presence o f endolithi c alga l filaments  i n allochem s (a s 
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Figure 8a . Cross-stratifie d skeleta l grainstones ; Gumhol e Figur e 8b . Cross-stratifie d skeleta l grainstones ; Gumhol e 
Formation, Osca r Hil l (loc n WC B 002) . Formation , Osca r Hill . 

Figure 8c . Loptophloeum; Gumhol e Formation , Horsesho e 
Range (loc n WC B 222 /2 ) . 

Figure 8e . Recrystallize d poikiliti c cemen t fabri c i n sand - Figur e 8f . Oncolit e wit h a  bryozoa n nucleu s an d envelopin g 
stone; Gumhol e Formation , typ e sectio n (loc n WC B Girvanella tubules ; Gumhol e Formation , typ e sectio n (loc n 

001/2) x  37 , crosse d polars . WC B 202/27 ) x  1 8 
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Figure 9a . Girvanella tubule s encrustin g part s o f brachiopo d 
and bryozoa n fragments ; Gumhol e Formation , typ e sectio n 

(locn WC B 202/14 ) x  5 8 

Figure 9c . Skeleta l packston e wit h extensiv e remova l o f 
mud b y solution—not e infiltere d sedimen t unde r th e 
brachiopod valve ; Gumhol e Formation ; Gumhol e Bor e 

(locn WC B 201/6 ) x  1 5 

Figure 9e . Solutio n cavit y infille d b y crysta l silts ; a  perio d 
with n o solutio n allowe d a  cemen t fring e t o develo p befor e 
further solutio n an d deposition ; Gumhol e Formation , typ e 

section (loc n WC B 001/8 ) x  3 7 

Figure 9b . Elongat e solutio n vug s initiate d fro m fenestra e 
—with irregula r uppe r margin s an d crysta l sil t geopetals ; 
Gumhole Formation , Re d Bluff s (loc n WC B 014/12 ) x  1 8 

Figure 9d . Brachiopo d valv e truncate d b y a  solutio n vug ; 
Gumhole Formation , typ e sectio n (loc n WC B 001/8 ) x  3 7 

Figure 9f . Pyrit e linin g solutio n vug s betwee n grains . Non -
ferroan dogtoot h an d ferroa n block y calcit e cement s 

followed; Gumhol e Formatio n (loc n WC B 001/8 ) x  5 8 
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observed i n recen t carbonat e sediment s b y Golubic , 1969) , 
oncolites, an d encrustation s o f Girvanella, indicat e a  wate r 
depth o f les s tha n 1 0 metres . Wit h th e commo n inter -
bedding o f terrigenou s sil t an d som e san d wit h th e 
limestone, i t seem s tha t ther e wa s a  continuou s terrigenou s 
supply an d sedimentatio n i n area s adjacen t t o the carbonat e 
environments. Th e dispersed occurrenc e o f thes e terrigenou s 
bodies probabl y reflect s th e multidirectional progradatio n o f 
the san d sheets . 

LIMESTONE DIAGENESI S 

The salien t diageneti c feature s o f th e limestone s o f eac h 
area studie d ar e tabulate d fo r compariso n i n Tabl e 1 . Thi s 
sequence o f event s differ s i n som e facies , an d i n suc h case s 
the variation s wer e mentione d i n th e subfacie s description . 

In th e muddie r sediments , shortl y afte r depositio n an d 
possibly prio r t o lithification , micrit e wa s eithe r partiall y o r 
totally remove d fro m som e wackestone s an d packstone s 
(Fig. 9c ) —  eithe r b y solutio n o r interparticl e erosio n — 
producing grainston e textures . I n th e packstones , irregula r 
vugs rarel y crosscu t allochem s (Fig . 9d) . Thes e vug s wer e 
partially infille d b y crysta l silt . 

Pyrite wa s precipitate d i n ver y fin e aggregate s mainl y on , 
or in , bioclast s (Fig . 9e) , especiall y th e interna l pore s o f 
crinoid ossicles . A t thi s stage , syntaxia l calcite-cemen t rim s 
developed rapidl y o n crinoi d fragment s whic h wer e expose d 
to por e waters . Thi s occurre d contemporaneousl y wit h th e 
precipitation o f ferroan-poo r acicula r calcit e fringe s o r 
drusy mosai c ove r th e remainin g por e surfaces . I n som e 
cases th e sedimen t i s zoned , produce d b y th e variatio n o f 
fringe thicknes s o f thes e cements . Durin g a n increas e o f 
ferroan io n conten t i n th e por e fluids , cementatio n 
continued, wit h a n increasin g ferroa n conten t o f th e calcit e 
cement, an d occurre d bot h gradationall y an d abruptl y (Fig . 
16c) a s reveale d b y strainin g techniques . I n some case s ther e 
were discontinuitie s i n cementation , mos t noticeabl y whe n 
both cemen t fabri c an d compositio n varie d together . Th e 
pyrite an d calcit e cemen t fringe s wer e repetitiv e i n som e 
skeletal shel l infills . 

Following thi s majo r lithificatio n phase , indiscriminat e 
solution o f allochem s an d cement s wa s common . Cementa -
tion withi n th e resultan t vug s followe d th e sam e patter n a s 
the earlie r cementatio n —  pyrite , ferroan-poo r calcite , an d 
ferroan-rich calcit e (Fig . 90 , bu t wit h differen t cemen t 
fabrics, namel y dogtoot h rim s followe d b y block y calcit e 
infill. 

STRATIGRAPHIC RELATIONSHIP S (Fig . 3 ) 

Because o f the relatively poo r outcro p an d lac k o f marke r 
beds, stratigraphi c relationship s hav e necessaril y bee n deter -
mined fro m sub-surfac e informatio n an d genera l ag e 
considerations o f th e associate d strata . Som e relationship s 
are deduced intuitively fro m consideratio n o f probable facie s 
relationships. I n th e tw o section s a t Horsesho e Rang e an d 
Red Bluffs , th e Gumhol e Formatio n directl y overlie s a 
birdseye limeston e o f lat e Famennia n age . Thi s ha s 
previously bee n mappe d a s Pillara Formatio n b y Playfor d & 
Lowry (1966) , but , becaus e o f lac k o f continuit y wit h 
Frasnian rock s o f simila r lithology , i t ma y b e considere d a 
separate unit . I n th e subsurfac e th e Gumhol e Formatio n 
overlies Famennia n birdsey e limeston e i n are a southwes t o f 
the Napie r Range , a t Blackston e No . 1 ; in th e sam e are a i t 
overlies Precambria n schist s in Langoora No . 1  and the Lat e 
Devonian Ree f Comple x i n Med a No . 1 . Elsewher e i n th e 
subsurface th e Gumhol e Formatio n overlie s th e Luluigu i 
Formation, o r it s equivalent , a s i n Sister s No . 1  and Pal m 
Springs No . 1 , and othe r well s i n th e Napier Rang e area . I n 
BMR Noonkanba h No . 2  th e Gumhol e Formatio n overlie s 
a sequenc e o f redbrow n an d gree n micaceou s siltstone s wit h 
minor bed s o f calcarenite , quart z sandston e an d limeston e 
breccia. Thi s uni t i s probabl y equivalen t t o th e Luluigu i 
Formation, bu t th e slightl y differen t litholog y suggest s tha t 
it ma y b e a  basinwar d equivalen t o f th e Napie r Formation , 
which i s interprete d b y Playfor d &  Lowr y (1966 , p . 65 ) a s 
forereef, and , i n places , a n interree f deposit . 

The Gumhol e Formatio n i s overlain b y th e Yello w Dru m 
Sandstone i n the Oscar Hil l are a althoug h n o contact ca n b e 
seen. I n the subsurface th e Gumhole Formatio n i s succeede d 
by sandston e and/o r dolomit e interbedde d wit h siltstone , 
which i s referre d b y u s t o th e Yello w Dru m Sandstone . 

PALAEONTOLOGY AN D A G E 

The Gumhol e Formatio n i s extremel y fossiliferou s an d 
includes brachiopods , pelecypods , corals , bryozoans , nautil -
oids, fish,  conodonts , ostracods , algae , an d a  microflora . 

The brachiopod s hav e bee n describe d b y Veever s (1959b ) 
who record s Schuchertella dromeda Veevers , "Avonia" 
proteus Veevers , Camarotoechia lucida Veevers , Athyris 
oscarensis Veevers , an d questionabl y Schizophoria 
apiculata Veevers . Veever s record s Merislella (?) caprina 
Veevers fro m th e Statio n Cree k an d Moun t Perc y areas , but 
it i s no t clea r whethe r the y ar e fro m exposure s whic h w e 

TABLE 1 . DIAGENESIS OF LIMESTONES, GUMHOLE FORMATION 

Events Type Section Oscar Hill Horseshoe Range Red Bluffs 
(001,202) (002) (222) (014) 

Sedimentation * * * * 
Solution, remova l o f muds producing vug s * 
Infil o f vugs by crysta l sil t * 
Pyrite precipitatio n * 
Syntaxial cemen t growt h o n crinoid s * * 
Acicular fring e cement o f ferroa n * * * * 

poor calcit e discontinuity 
* Acicular an d drusy ferroan-ric h calcit e cemen t 

discontinuity 
* Crystal sil t 

• 
* * 

Compaction * 
Crystal sil t 

• * • 
Solution * * * 
Pyrite precipitatio n * * 
Ferroan-poor drusy calcite cemen t * * blocky 

* blocky 
Ferroan-rich block y calcit e cemen t in solution vug s * 

blocky 
* * 

Stylolitic solutio n * • * * 

* presence 
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would refe r t o th e Gumhol e Formatio n o r fro m th e under -
lying Luluigu i Formatio n equivalent . 

Pelecypods ar e abundan t bu t ar e mainl y fragmentary . A 
large specie s o f a  pecte n i s presen t i n th e typ e section . 

Solitary coral s ar e abundan t an d ma y sho w 90 ° rotatio n 
in growt h axi s suggestin g tha t th e normall y uprigh t 
skeletons hav e bee n felle d b y periodi c storms . Th e specie s 
include Catactotoechus irregularis Hill , C. tenuis Hill , 
Zaphrentoides ? excavatus Hil l an d Temnophyllum sp . (Hil l 
& Jell , 1970) . 

Bryozoans fro m th e Gumhol e Formatio n includ e 
Percypora tubulata Ros s fro m Moun t Percy , Fitzroyopora 
oscarensis Ross , Coelocaulis maculosa Ros s an d Disco-
trypa sp . A ; othe r specie s recorde d fro m th e Fairfiel d Bed s 
by Ros s (1961 , p . 17 ) ar e fro m strat a no w referre d t o th e 
Piker Hill s Formation . I n additio n Granivallum fisulosum 
Ross, i s fro m th e lat e Famennia n birdsey e limeston e i n th e 
Horseshoe Range . Fro m th e locatio n informatio n give n b y 
Ross i t i s difficul t t o decid e whethe r o r no t Percyopora 
occidentalis Ros s occur s i n th e birdsey e limeston e o r i n th e 
Gumhole Formation , althoug h th e forme r i s mor e likely . 

Straight nautiloid s ar e abundan t i n one o r two silt y layer s 
in the Gumhole Formation . S o fa r only on e species ha s been 
described fro m th e formation , Cavutoceras inequiseptatus 
(Teichert); othe r form s describe d b y Teicher t fro m th e 
Lennard Shel f appea r t o b e fro m formation s othe r tha n th e 
Gumhole. 

Several sand y bed s towar d th e to p o f th e Gumhol e 
Formation ar e relativel y rich  i n fish  remains . Th e faun a i s 
still t o b e studie d i n detail , bu t i t includes dipnoan (dipterid ) 
toothplates, an d arthrodira n plate s includin g a  brachy -
thoracid arthodir e (G.C . Youn g pers . comm.) . 

The conodont s hav e bee n described b y Nicol l &  Druce (in 
prep). The y ar e typicall y shallow-wate r form s an d pelekys -
gnathids, icriodid s an d simpl e cones , togethe r wit h 
spathognathodids, mak e u p th e fauna . Europea n zona l 
species ar e rare ; a  singl e specime n o f Spathognathodus 
ziegleri Rhodes , Austi n &  Druc e wa s recovere d fro m 
limestone a t Osca r Hil l (WC B 002) . Othe r specie s includ e 
Pelekysgnathus australis Nicol l &  Druc e ( a multielemen t 
form), Acodina sp . A  an d sp . B , Angulodus compressa 
(Huddle), A. pergracilis (Ulric h &  Bassler) , Hibbardellal 
helmsi Nicol l &  Druce , H. cf . H. insignis Huddle , //.cf . H. 
micra (Cooper) , H. sp . nov . Druc e 1969 , Hindeodella brevis 
Branson &  Mell , H. corpulenta Branso n &  Mell , H. subtilis 
Ulrich &  Bassler , Icriodus platys Nicol l &  Druce , 
Ozarkodina abnormis Branso n &  Mehl , Polygnathus 
communis collinsoni Druce , Prioniodinal symentrica, 
Spathognathodus aciedentatus (E.R . Branson) , S. crassi-
dentatus (Branso n &  Mehl) , S. mehlbrai Nicol l &  Druce , 
Synprioniodina regularis E.R . Branson , an d gen . et . sp . 
indet. B . 

Ostracods ar e als o abundan t i n th e subsurfac e Gumhol e 
Formation. Jone s (i n Veever s &  Wells , 1961 ) report s a n 
extensive faun a fro m BM R Noonkanba h No . 2 , especiall y 
in th e interva l 541-96 6 m ; th e limit s o f th e Gumhol e 
Formation ar e take n a s 539-56 7 m  i n thi s well . Recentl y 
Jones (pers . comm. ) ha s identifie d ostracod s fro m thi s 
interval whic h als o occu r i n th e Button s Bed s o f th e 
Bonaparte Gul f Basi n (Jones , 1969) . They includ e Cavellina 
sp. A  Jones , Coeloenellina sp . cf . C . fabiformis Keslin g & 
Kilgore, Indivisia variolate Jones , an d Knoxiella sp . A 
Jones. Jone s ha s als o determine d th e Eridoconcha sp . A , 
also know n fro m th e Bonapart e Gul f Basin . 

Spore assemblage s hav e bee n reporte d b y Balm e & 
Hassell (1962 ) fro m subsurfac e sample s fro m th e Lennar d 
Shelf; th e sample s ar e fro m th e "Luluigu i Formatio n 
equivalent", th e Gumhole Formation , an d the Yellow Dru m 
Sandstone. Th e flor a appear s t o chang e littl e i n this interva l 
and i t i s difficul t t o determin e th e flor a o f th e Gumhol e 
Formation fro m th e informatio n supplied . Howeve r th e 

following specie s do occur in the Gumhole Formation : Leio-
triletes pulverus Balm e &  Hassell , Punctatisporites iter-
abilis Balm e &  Hassell , Punctatisporites sp . cf . P . solidus 
Hacquebard, Planisporites furfuris* Balm e &  Hassell , 
Granulatisporites frustulentus* Balm e &  Hassel l , 
Convolutispora fromensis* B a l m e &  H a s s e l l , 
Camptotriletes sp. , Reticulisporites ancoralis* Balm e & 
Hassell, Archaeotriletes porrectus Balm e &  Hassell , 
Pulvinispora depressa Balm e &  Hassell , Stenozonotriletes 
sp. cf . S. recognitus Naumova , Hymenozonotriletes 
scorpius Balm e &  Hassell , Leiozonotriletes naumovae 
Balme &  Hassel l (= Hymenozonotriletes lepidophytus 
Kedo), Diaphanora riciniata* Balm e &  Hassell . Al l thes e 
forms ar e als o recorde d fro m th e Yello w Dru m Sandstone , 
and thos e marke d wit h a n asteris k exten d int o th e Laure l 
Formation. Balm e &  Hassel l (p . 25 ) conclude d tha t th e 
microflora implie s ' a strongl y differentiate d pteridophyt e 
flora aroun d th e margin s o f th e Cannin g Basi n i n lat e 
Devonian time . Thi s flor a i s know n t o hav e containe d a 
lycopod element . Fro m th e structura l an d ornamenta l 
complexity o f some of the spore types, sphenopsids an d fern s 
were almos t certainl y als o represented' . Th e plan t Lepto­
phloeum occur s i n section WCB22 2 i n the Horsesho e Rang e 
(Fig. 13) . 

All th e palaeontologica l evidenc e indicate s a  lat e 
Famennian ag e fo r th e Gumhol e Formation . Th e fe w zona l 
species whic h d o occur , Spathognathodus ziegleri Rhodes , 
Austin &  Druce , an d Hymenozonotriletes lepidophytus 
Kedo, indicat e th e doV l zone ; howeve r H. lepidophytus 
does exten d int o th e Strunia n (tnla ) whic h i s lates t 
Famennian. 

GEOCHEMISTRY 

Geochemical analyse s wer e mainl y confine d t o th e lime -
stone bed s (Druc e &  Radke , 1977 ) whic h hav e a  mea n C a 
content o f 34.6 8 percen t an d ar e thu s relativel y pure . 
Magnesium concentration s (mea n 0.17 percent ) are very lo w 
and generall y th e bed s ar e pur e calcite , i n som e place s 
having a  CaCO , conten t o f 99. 5 percent . 

The Gumhol e Formatio n ha s relativel y hig h concentra -
tions o f M n and , in the soluble fraction , Fe ; both ar e concen-
trated i n th e cements . Th e hig h level s ar e possibl y du e t o 
arid climat e an d nearshor e depositio n (Druc e &  Radke , op. 
cii). 

Minor elemen t concentration s ar e averag e wit h referenc e 
to worldwid e carbonat e analysis , excep t fo r P b whic h i s 
relatively abundan t wit h a  mea n concentratio n o f 3 6 pp m 
and a  rang e o f 5-67 0 ppm . 

Some geographi c variation s i n majo r elemen t concentra -
tions were note d b y Druc e &  Radk e (op. cit). Insoluble s an d 
Fe increas e southeastward , wherea s S r an d C a hav e th e 
opposite trend ; thes e trend s ar e als o see n i n th e overal l 
limestone/clastic ratio s whic h sho w a n increase d clasti c 
content southeastward . 

The onl y statisticall y significan t geographi c variatio n 
detectable i n the minor elemen t geochemistr y i s with respec t 
to Cu , whic h ha s a  highes t concentratio n i n th e Re d Bluff s 
area. Possibl e explanation s ar e eithe r a  highe r influ x o f C u 
from Re d Bluff s sourc e area , o r subsequen t concentratio n 
during diagenesis . Howeve r th e value s (mea n 10. 7 ppm ) ar e 
too lo w t o provid e sufficien t informatio n t o explai n th e 
variation. 

REGIONAL VARIATIO N O F ENVIRONMENT S 

Sections o f th e Gumhol e Formatio n wer e studie d i n fou r 
areas alon g th e margi n o f th e Fitzro y Troug h (Fig . 1 ) t o 
establish th e regiona l an d stratigraphi c distributio n o f th e 
described facies . I n Figur e 1 0 these facie s ar e superimpose d 
on th e section s an d comparison s ar e attempte d —  althoug h 
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Figure 10 . Regiona l variatio n o f facies , Gumhol e Formation . 
AUS 1  56 4 

these ar e o f questionabl e credibilit y becaus e n o marke r 
horizons ar e known . Th e section s ar e arrange d fro m 
northwest t o southeas t ove r a  distanc e o f 15 0 km . 

Oscar Hil l (Sectio n WC B 002 ) represent s mainl y shoa l 
environments characterize d b y ooi d an d bioclasti c sands , 
with a  brie f perio d o f ope n marin e conditions . 

The thickes t an d mos t variabl e sequenc e i s presen t a t th e 
type sectio n nea r Gumhol e Bor e (WC B 001 , 202) . Shallo w 
marine siliciclasti c an d carbonat e san d shoal s wer e presen t 
initially, an d followe d b y open-marin e sedimentatio n wit h 
scattered bioher m development . Lithofacie s fro m regressiv e 
sedimentation followed ; shoals , intershoa l an d restricte d 
marine. Simila r t o thi s uppe r regressiv e phas e o f th e typ e 
section i s th e Horsesho e Rang e sequenc e (WC B 222 ) — 
where th e shoa l an d intershoa l patter n develope d ove r a n 
intertidal alga l fla t environmen t —  th e latte r considere d 
transitional wit h th e underlying Uppe r Famennia n 'birdsey e 
limestone', whic h wa s referre d t o a s th e Pillar a Formatio n 
by Playfor d &  Lowr y (1966 ) an d "Pillara " limeston e b y 
Roberts et al, (1972) . Thi s transitional , intertida l alga l fla t 
environment i s als o recognise d a t th e bas e an d to p o f th e 
Red Bluff s sequenc e (WC B 014) , bu t becaus e o f increase d 
proportions o f calcareou s sandstone , ha s similaritie s als o t o 
the Yello w Dru m Sandstone . Withi n th e WC B 01 4 sectio n a 
sandy ooi d shoa l environmen t i s simila r t o tha t interprete d 
for th e bas e o f th e typ e section . 

DEPOSITIONAL HISTOR Y 

It i s feasibl e t o assum e tha t al l th e environment s de -
scribed earlie r coexiste d i n a  limite d area , an d o n thi s 
assumption a  mode l o f sedimentatio n pattern s wa s 
constructed s o tha t al l environmenta l change s observe d i n 
section wer e accommodate d i n th e mode l illustrate d i n 
Figure 11 . I n addition , th e resultan t sequenc e i s represente d 

in bloc k diagra m format . Th e progressiv e sequenc e o f 
environments i n Figur e 1 0 implie s a n earl y transgressiv e 
phase, whic h i s als o show n i n Figur e 1 , followe d b y a 
stillstand perio d an d fina l regression . 

The regio n o f sedimentatio n wa s a  broad marin e platfor m 
which slope d gentl y seawards , wit h onl y mino r relief . 
Overall, th e facie s wer e deposite d i n shallo w marin e waters , 
probably les s tha t 1 5 metre s deep ; wave-modifie d tida l 
currents ar e considere d th e mai n energ y source , especiall y 
for th e reworkin g i n th e shoals . 

The platfor m i s subdivide d int o thre e distinc t zones , 
namely th e ope n platform , shoa l wit h intershoa l area s an d 
restricted platform , an d th e intertida l zone . 

On th e open platform shallo w marin e an d bioher m 
environments coexisted . I n th e relativel y deepe r water , tida l 
currents wer e no t a s erosiv e an d fine r carbonate s 
accumulated. Th e fauna s wer e diverse an d quit e prolifi c a s a 
result o f norma l salinitie s an d th e probable abundan t suppl y 
of nutrients . 

The shoal, intershoal, restricted platform zon e ha s th e 
most variabl e bathymetry , shallowe r tha n th e ope n platfor m 
and wit h mor e variabl e energ y condition s an d sedimen t 
patterns. Ooi d an d bioclasti c shoal s migrate d i n one genera l 
direction ove r th e silt y intershoa l areas , whic h ha d a  fairl y 
abundant fauna . Behin d th e shoals , i n lowe r energ y 
conditions, silt s an d mudd y carbonate s accumulate d wit h a 
fairly limite d fauna , probabl y a s a  resul t o f slightl y highe r 
salinities. 

Cutting acros s al l zone s wer e th e subtida l drainag e 
channels o f river s whic h distribute d terrigenou s sediments . 
With th e fresh-wate r influxes , area s adjacen t t o thes e 
channels wer e indurate d an d provide d th e suitabl e substrat e 
for colonizatio n b y a  divers e faun a —  unti l followin g incur -
sions o f floodwater s kille d an d transporte d i t t o th e 
intershoal areas . 

In th e initia l stages , th e Gumhol e Formatio n wa s trans -
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DEPOSITIONAL ENVIRONMENT S O F TH E LOWE R GUMHOL E FORMATIO N 

Figure 11 . Depositiona l environment s o f th e lowe r Gumhol e Formation . 

gressive an d al l facie s wer e onlappin g shoreward s t o th e 
northeast. Howeve r i n lat e Devonia n times , facie s 
movements wer e regressiv e wit h th e intertida l alga l fla t 
environment n o longe r existing . Instead , a  sand y facie s o f 
the Yello w Dru m Sandston e prograde d ove r th e Gumhol e 
sediments a s illustrate d i n Figur e 15 . 

the uni t betwee n th e lat e Famennia n Gumhol e Formatio n 
and earl y Tournaisia n Laure l Formatio n indicate s tha t th e 
unit straddle s th e Devonian-Carboniferou s boundary . Thi s 
unit ha s no t previousl y bee n recognized , althoug h Thoma s 
(1959) include d sandstone s i n th e basa l par t o f hi s Laure l 
Formation whic h w e woul d refe r t o th e Yello w Dru m 
Sandstone. 

Y E L L O W D R U M S A N D S T O N E (ne w 
name) 

DEFINITION 

The Yello w Dru m Sandston e i s name d afte r Yello w 
Drum Bore , 1  km nort h o f th e Grea t Norther n Highwa y 
25 k m west-northwes t o f Fitzro y Crossing . Th e typ e sectio n 
(WCB 004 , Fig . 4 ) i s o n a  lo w ridg e 1  km northeas t o f 
Yellow Dru m Bor e (Fig . 12a) . I t i s supplemente d b y cor e 
from BM R Noonkanba h N o 4 , whic h wa s spudde d i n at th e 
top of the type section . 

In th e typ e sectio n th e uni t comprise s massiv e bed s o f 
calcareous sandston e an d silt y dolostone , wit h mino r shal e 
and dolomiti c siltston e an d rar e thi n limeston e beds . Th e 
exposed sectio n i s 1 4 m thick , wherea s th e complementar y 
drill hole penetrate d 68.9 m  o f the unit . 

The uni t directl y overlie s th e Gumhol e Formation ; n o 
contact i s expose d bu t a  coars e calcareou s sandston e 
containing fish  remain s an d brachiopod s lie s i n clos e 
proximity t o th e bas e o f sectio n WC B 00 4 an d i s considere d 
to belon g t o th e Gumhol e Formation . BM R Noonkanba h 4 
failed t o penetrat e an y strat a o f th e Gumhol e Formation , 
but conodont s fro m th e basa l bed s ar e identica l t o thos e 
found withi n the Gumhole Formation . 

The uppe r par t o f th e sectio n i s obscure d b y san d an d n o 
boundary contac t wit h calcarenite s o f the Laure l Formatio n 
is exposed. Diagnosti c fossil s ar e rare; the few conodonts ar e 
not diagnosti c o f eithe r lates t Lat e Devonia n o r earlies t 
Early Carboniferous . Howeve r th e stratigraphi c positio n o f 

A R E A L EXTEN T AN D THICKNES S 

The Yel lo w Dru m Sandston e i s poorl y expose d 
immediately southwes t o f th e Osca r Range , i n th e regio n o f 
Yellow Dru m Bore . Mino r outcrops , together wit h float , ar e 
present t o the northwest alon g the fault which trends paralle l 
to th e fron t o f th e Osca r Range . Th e uni t ha s considerabl e 
subsurface extent , an d i s recognizabl e i n well s drille d i n 
front o f th e Osca r an d Napie r Range s (Fig . 1).  I t extend s 
from th e Lennar d Shel f int o th e Fitzro y Trough , wher e i t 
was penetrate d i n Yullero o No . 1  betwee n 373 4 m  an d 
3850 m . 

The thicknes s a t th e typ e sectio n i s o f th e orde r o f 7 0 m ; 
comprising 1 4 m i n outcrop , an d 68. 9 m  i n BM R Noon -
kanbah No . 4 , whic h wa s spudde d i n nea r th e to p o f th e 
exposed section . A  complementar y dril l hol e t o th e 
northwest nea r Twelve Mil e Bor e (BM R Lennar d Rive r No . 
1) penetrated 5 4 m  o f Yello w Dru m Sandston e befor e inter -
secting a  faul t whic h brough t probabl e Luluigu i equivalen t 
in contac t wit h th e Yello w Dru m Sandstone . I n BM R 
Noonkanbah No . 2 , whic h i s 8  km west-southwes t o f th e 
type sectio n i n a  lin e perpendicula r t o th e basi n margin , a 
total o f 106  m o f Yello w Dru m Sandston e wa s penetrated . 
The greates t thicknes s see n i s i n Napie r No . 1  Well wher e 
the interva l o f 333-66 0 m  i s referre d t o th e Yello w Dru m 
Sandstone. Th e thicknes s o f th e uni t varie s fro m les s tha n 
50 m  a t the margin s to abou t 10 0 m  towards th e central par t 
of the depositional area . However informatio n i s scant i n the 
latter area , an d n o informatio n wa s obtaine d fro m S t 
George Rang e No . 1  or Grant Rang e No . 1 . 

17 



LITHOLOGY 

The dominan t roc k type s ar e calcareou s sandstone , silt y 
dolostone, an d dolomiti c siltston e togethe r wit h mino r shal e 
and limestone . 

The sandstone s ar e whit e t o yellow-brow n o r grey , cal -
careous an d quartzose , man y ar e friable , havin g onl y spars e 
cementation; feldspathi c an d lithi c grain s ar e rare . Th e 
quartz san d grain s ar e mediu m t o coarse-graine d an d ar e 
well rounded . The thick sandston e bed s are commonly cross -
bedded an d the foreset s ar e emphasized b y concentrations o f 
detrital mica . Th e thi n sandstone s ar e interbedde d wit h 
siltstone, shal e an d dolostone . I n place s the y ar e sometime s 
ironstained fro m oxidatio n o f disseminated pyrite . 

The dolostone s (Fig . 12c ) ar e porous , mediu m t o thic k 
bedded, an d ar e increasingl y calcareou s towar d th e to p o f 
the unit . They ar e greyish-yellow, ligh t brown , ligh t gree n o r 
dark grey , an d ar e eithe r colour-laminate d o r homogenous ; 
they contai n a  fe w calcite-fille d vugs . Som e brecciatio n ha s 
occurred nea r the base of the unit . 

The shale s ar e dar k brown , green , o r ver y dar k grey , an d 
are eithe r colour-laminate d o r homogenous ; thes e usuall y 
have a  plasti c consistency . Th e siltstone s ar e brow n or , 
rarely, greenish-yellow, ar e usually wel l indurated , and sho w 
limited bioturbatio n (Fig . 13c) . Th e fe w limestone s ar e 
peloidal grainstone s ofte n partl y recrystallize d an d totall y 
indurated. 

PETROLOGY 

Of th e variet y o f rock s i n th e formation , th e terrigenou s 
sediments ar e generall y poorl y an d variabl y indurated . Th e 
carbonate rock s hav e undergon e significan t diageneti c 
modification, includin g dolomitizatio n an d pressur e 
solution. 

Dolomitization 

The dolostone s ar e crystallin e an d usuall y contai n silici -
clastic sil t o r san d withi n a  silt-siz e matri x o f dolomit e an d 
calcite crystals.An y increase d porosit y result s fro m th e 
removal o f interstitia l calcite , henc e th e noncalcareou s 
dolostones ar e usuall y ver y porou s an d friable . I n severa l 
cases th e dolomit e i s ferroa n althoug h th e iro n conten t 
varies proportionally wit h the amount o f disseminated pyrit e 
present. Th e colou r an d textur e o f th e dolostone s ma y b e 
homogenous, mottle d o r laminate d (Fig . 12b) . Sedimen t 
textures an d structure s ar e preserve d mainl y a s a  resul t o f 
variations o f siliciclasti c grai n siz e an d abundance , o r 
colour. 

The tim e o f dolomitizatio n i s uncertain . Invariabl y th e 
dolomite, whethe r as rock o r matrix, i s uniformly crystallin e 
silt-size euhedr a (Fig . 12c) . Whe n low-M g calcit e i s presen t 
it i s interstitia l t o th e dolomit e a s anhedral , o r rarely , 
subhedral crystals . 

Original component s o f thei r relic t fabric s ar e rarel y 
observed an d sedimentar y structure s whe n preserved , ar e 
within unifor m dolomites . 

This, an d th e absenc e o f dolomite crystal-siz e variation , i s 
more indicativ e o f ver y earl y diageneti c o r eve n syn -
depositional dolomitizatio n o f the carbonates . 

Pressure solution 

Park &  Scho t (1968 ) classif y stylolitizatio n o n geometri c 
properties. Thi s howeve r ha s n o direc t relationshi p 
with th e proces s o r en d result . Semeniu k (pers . comm. ) 
proposes classificatio n o n th e en d membe r includin g stylo -
laminates (lamination s resultin g fro m pressur e solution) , 
stylobreccias (breccia s fro m in situ solution) , an d styloclot s 
(relict clast s o r clot s i n a  totall y differen t altere d litholog y 
caused b y extreme stylobrecciation) . 

In carbonate s o f th e Yello w Dru m Sandston e stylolites , 
breccias, nodula r limeston e an d closel y space d irregula r 
laminations ar e present , an d ar e considere d t o b e pressure -
solution phenomen a resultin g fro m varyin g degree s o f 
compaction an d solutio n influence d b y th e origina l 
structures an d textures o f the host lithology . 

Normal styolite s ar e readil y recognized , especiall y whe n 
separate an d wel l spaced , i n a  homogeneou s litholog y (Fig . 
12d), an d ma y b e i n an y attitud e t o th e bedding , eve n 
perpendicular t o i t (Fig . 12b) . However , onc e thei r 
frequency o f occurrenc e i s increased , the y merge , bifurcat e 
and crosscu t eac h othe r t o produc e a  stylobreccia . I n th e 
juxtaposition o f mor e tha n on e typ e o f carbonate , th e effec t 
is mor e dramati c wit h a  break-u p o f th e mor e competen t 
beds (Fig . 13a) . I n th e dolostones , th e dominan t uni t i s th e 
silt-size dolomit e rhomb ; thi s i s surrounde d b y a  mor e 
soluble calcite . Pressur e solutio n ma y remov e thi s calcite , 
and wher e thi s happen s th e macroscopi c resul t i s les s 
obvious, excep t fo r zone s an d irregula r change s o f porosit y 
and colour . Th e colou r chang e i s du e t o subsequen t 
alteration o f trac e iro n mineral s producin g differen t iro n 
oxides (Fig . 13b) . 

When solutio n i s effectiv e i n numerou s paralle l zones , 
laminations resul t fro m a  concentratio n o f insolubles , an d 
have composition , colou r an d thicknes s variation s simila r t o 
a norma l sedimentar y featur e excep t fo r th e microstyoliti c 
lamina boundaries . I t i s debatabl e whethe r suc h a  stylo -
lamination (Fig . 12b ) results fro m a n originally homogenou s 
impure carbonat e o r fro m th e enhancemen t o f a n origina l 
lamination; th e latte r origi n seem s mor e probable . Her e th e 
problem o f interpretatio n arise s fro m observin g pressure -
solution phenomena , som e totall y independen t of , an d othe r 
probably considerabl y influence d by , th e origina l sedimen t 
texture. Th e effect s o f volum e los s fro m solutio n too , ar e 
speculative unles s som e origina l featur e crosscu t b y th e 
stylolite can be used fo r the assessment . 

It i s th e authors ' opinio n that , i n thi s case , a  laminate d 
sediment i s th e prerequisit e t o th e formatio n o f a  stylo -
laminate; an d tha t pressur e solutio n modifie s o r intensifie s 
this original fabric . 

Four facie s ar e recognized , withi n tw o o f whic h subfacie s 
are distinguished . Th e stratigraphi c positio n an d petro -
graphic data o f these facie s ar e found i n Appendix 1 . 

Facies A: Dolostones 

The dolostone s ar e subdivide d int o (i ) laminate d an d (ii ) 
massive, homogenous types . 

Subfacies A (i): Laminated dolostone 

This subfacie s include s mino r thi n bed s o f dolomiti c 
siltstone and dolomiti c limestone . 

The laminate d calcareou s dolostone s ar e usuall y thin -
bedded, bu t rarel y the y ma y b e thick-bedde d t o massive . 
Alternations o f ligh t olive , blue , yellow-gre y an d yellow -
brown colour s giv e a  strikin g laminatio n t o th e rock . Th e 
dolostone commonl y contain s 10-3 0 percen t sil t an d clay ; 
and hav e lo w intercrystallin e porosities , variabl e i n a 
mottled distributio n (Fig . 13b) . Som e bed s ar e mor e porou s 
as a  resul t o f mesoscopi c vertica l an d horizonta l solutio n 
vugs which , i n some cases ar e calcite-infilled. Alga l oncolite s 
and recrystallise d ooid s ar e infrequentl y discernibl e i n th e 
dolomitic limestone . 

The thi n bedde d dolomiti c siltstone s compris e angula r 
quartz and feldspa r sil t particles , with interstitia l dolomite . 

The origi n o r compositio n o f th e initia l carbonat e i n thi s 
environment i s conjectural . Prominen t laminatio n i n th e 
dolostones suggest s tha t th e suppl y o f sedimen t introduce d 
was intermittent , whethe r produce d b y marin e processes , 
floods o r winds . Bioturbatio n i s absent , suggestin g tha t 



environmental condition s wer e adverse t o fauna . I f salinitie s 
were th e controllin g factor , the y wer e no t hig h enoug h fo r 
gypsum precipitation . Th e carbonat e wa s possibl y 
dolomitized soo n afte r deposition . I t i s considere d tha t th e 
laminated dolostone s ar e limite d t o bot h restricte d inter -
tidal an d supratidal environments . 

Subfacies A (ii): Homogeneous and mottled 
dolostones 

This subfacie s comprise s thic k an d thin-bedded , rarel y 
laminated, greyis h yello w t o ligh t olive-grey dolostone . The y 
contain 19-4 2 percen t o f angula r sil t an d eithe r ver y fine  o r 
rounded medium-graine d sand , consistin g o f quartz , 
feldspar an d quartzit e fragments . Th e roc k ma y b e uniform , 
mottled, o r laminate d i n colour . A n increase d porosit y i s 
commonly associate d wit h th e mottle d areas . Bioturbation , 
produced b y Chondrites, i s bette r preserve d i n th e fe w 
laminated beds . Lamina e ar e distinguishe d b y colou r an d 
sand content ; som e o f the m ar e undulose , eroded , curle d o r 
even encrusting, indicativ e o f algal-mat origin . (Fig 13c) . 

Rare horizons o f cross-stratified ooi d grainstones contain -
ing a  spars e faun a ar e usuall y recrystallize d an d partl y 
dolomitized. 

Pyrite i s ubiquitou s a s disseminated , ver y fine  cubes , 
which ar e limonitized an d stain the dolomite . 

Sedimentation o f thi s subfacies , lik e subfacie s A(i) , wa s 
intermittent. Th e dolomite s wer e probabl y originall y 
laminated althoug h thi s featur e ha s sinc e bee n partiall y o r 
wholly destroye d b y bioturbatio n durin g brie f period s whe n 
normal marin e condition s prevailed . Som e laminate d alga l 
biota survive d th e grazin g an d wer e dessicate d an d 
reworked. 

This subfacie s i s interprete d a s a  bioturbate d uppe r 
intertidal-supratidal dolostone . 

Facies B: Sandstones 

Subfacies B(i): Cross-stratified well-sorted sandstone 

This roc k typ e i s generall y mediu m t o thick-bedded , cal -
careous bu t friable . Colour s rang e fro m pinkis h gre y t o 
moderate an d dar k greenis h grey . Interparticl e porosit y i s 
good unles s mino r ferroan-poo r calcit e cemen t i s present . 
Sand i s dominantl y fine  t o medium-grained , bu t i n som e 
cases ther e i s a  secon d mod e o f coars e o r ver y coarse , sub -
spherical, subangula r grain s compose d o f quartz , K -
feldspar, cher t an d quartzite , wit h som e biotite . Th e potas h 
feldspars hav e larg e abrade d syntaxia l overgrowths , whic h 
indicate tha t th e grain s wer e reworke d fro m a n earlie r 
marine sandstone . A s a  resul t o f concentratio n an d 
alignment o n beddin g surfaces , biotit e flake s commonl y 
delineate th e cross-laminations . Ligniti c flake s als o occu r i n 
this way . Th e poorl y lithifie d sandstone s hav e dominantl y 
straight-grain contact s whic h impl y a  /histor y o f moderat e 
compaction. 

Interbedded wit h th e sandston e ar e thin bed s o f laminate d 
siltstone whic h ar e generally bioturbate d an d mottled . Som e 
thin bed s o f dar k gre y mu d ar e homogeneous , apar t fro m 
zones o f vertica l tubula r fenestra e (Fig . 13d ) whic h ar e 
terminated b y the upper erosive surfac e o f a sandstone . 

No macrofossil s hav e been observe d i n this subfacies . 
These sandstone s ar e considered t o have been deposited i n 

fluviatile o r estuarin e conditions , th e sediment s bein g 
derived fro m a  sedimentary sourc e area . The clean sand s ar e 
commonly cross-stratifie d wit h adjacen t dar k silt s an d mud s 
containing vertica l tubula r fenestrae . Th e mud s ha d a  hig h 
organic conten t whic h wa s preserve d i n reducin g condition s 
until extensiv e bioturbatio n produce d a  mottle d sedimen t 
texture. Thes e fine  sediment s wer e probabl y stabilize d b y 
aquatic plants . 

Subfacies B(ii): Poorly sorted laminated sandstone 

This facie s consist s o f thi n t o thick-bedde d friabl e sand -
stone whic h i s pale greyish yellow t o greenish blu e and bluis h 
white. Interna l laminatio n i s defined b y sand-siz e variation s 
and colour . Imbricate d mic a flake s an d green cla y clast s ar e 
present withi n the laminae . 

The sandston e i s poorl y sorte d wit h grai n siz e varyin g 
from fine  t o ver y coarse . Th e subspherica l an d subangula r 
grains ar e quartz , feldspar s wit h syntaxia l overgrowths , 
siltstone an d dolomite clasts . Chlorite, biotite and muscovit e 
flakes als o occur . Mos t grain s ar e stressed an d hav e straigh t 
intergrain contacts ; som e shatterin g o f grain s ha s occurre d 
in situ an d calcit e replace s som e quart z grain s (Fig . 120 , 
implying hig h pressure s an d compaction . Som e o f th e bette r 
sorted sandston e hav e opticall y continuou s calcit e i n whic h 
there ar e relic t chalcedoni c vu g infill s (Fi g 130 - Chalcedoni c 
precipitation wa s probabl y o n earl y carbonat e cement s 
which hav e sinc e recrystallize d t o large r crystals . Dis -
seminated pyrit e is a minor constituent . 

The depositiona l environmen t i s interprete d a s a  flood -
plain. Dolomit e an d siltston e clast s wer e probabl y erode d 
from adjacen t supratida l region s whic h ma y als o hav e 
received floo r deposit s o f silt . Bioturbatio n wa s rar e and th e 
sediment retaine d origina l lamination . 

Facies C: Peloidal grainstone 

These peloida l grainstone s ar e interbedde d with , an d 
overlie subfacie s B(i ) an d B(ii ) i n BM R Lennar d Rive r No . 
1, and als o define th e base of the Laure l Formatio n a s show n 
in Figur e 14 . Becaus e o f it s transitiona l nature , thi s facie s i s 
common t o bot h formations , bu t i s dominan t i n th e Laure l 
Formation wher e i t will be discussed again . 

Facies C  consist s o f thin-bedded , sometime s laminate d 
peloidal grainstones , whic h ar e ligh t oliv e gre y i n colour bu t 
weather t o a  mottle d pal e greyis h yellow ; the y ar e 
infrequently interbedde d wit h mino r amount s o f siltston e 
and shale . Th e peloid s var y i n size , th e large r form s bein g 
fenestrate mu d lumps wit h angular styloliti c margins . 

Apart fro m th e abundan t peloids , th e grainstone s hav e 
varying smal l amount s o f sil t an d fine  t o coarse-graine d 
sand, ooids , an d skeleta l fragment s includin g smal l rounde d 
lumps o f th e corallin e alga e Parachaetetes. Fragment s o f 
pelecypods, brachiopod s an d crinoid s ar e abraded , whil e 
gastropods an d ostraco d shell s ar e complet e an d infille d 
with spar . Th e mollus c fragment s ar e recrystallize d an d ca n 
only be identified b y their micritized margins . 

The grainstone s hav e zone s o f intens e stylolitizatio n 
around th e margin s o f the grains an d thi s result s i n a  limite d 
interparticle porosity . Dolomit e an d sil t grain s ar e 
concentrated i n these compaction zones . 

The thin bedde d peloida l grainstone s an d interbedde d fine 
siliciclastics ar e indicativ e o f variabl e energ y conditions . 
During quiete r period s ther e wa s a n accumulatio n o f alga l 
fenestrate carbonat e mud s whic h wer e grazed b y gastropod s 
and ostracods . Th e limite d faun a an d lac k o f bioturbatio n 
implies unfavourabl e condition s fo r a n abundan t marin e 
fauna suc h a s highe r salinities . Durin g mor e turbulen t 
conditions, th e mu d wa s reworke d int o peloids , whil e 
siltstone an d skeleta l fragments , includin g corallin e algae , 
were introduced fro m a  more open-marin e environment . 

This facie s represent s a  ver y shallo w restricte d marin e o r 
lagoonal environment . 

Facies D: Interbedded sandstone, siltstone, 
limesjone. 

This facie s i s presen t i n bot h BM R Noonkanba h No . 4 
and BM R Lennar d Rive r No . 1 , a s recurrin g unit s o f 
approximately te n metre thickness . 
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Figure 12a . Rubbl y outcro p o f fine-grained  dolomite ; Yello w 
Drum Sandstone , Yello w Dru m Bor e (loc n WC B 004) . 

Figure 12c . Fin e sucrosi c dolomit e wit h microporosity ; 
Yellow Dru m Sandstone , BM R Noonkanba h 4  (loc n WC B 

N4/118) , SE M photograp h x  100 0 

Figure 12b . Compacte d laminate d dolomiti c siltston e wit h 
a high-angl e faul t an d vertica l stylolite ; Yello w Dru m 
Sandstone, BM R Noonkanba h 4  (loc n WC B N4/67 ) x  0- 7 

i t ! HH 1  c m 9 : 
BMR LENNARD RIVER 

Figure 12d . Well-develope d stylolite s i n sand y limestone ; 
Yellow Dru m Sandstone , BM R Lennar d Rive r 1  (loc n 

WCB LR1/93 ) x  0  7 

Figure 12e . Compacte d pelleta l limeston e wit h undeforme d Figur e 12f . Calcit e replacin g quart z i n a  quartzit e frag -
spar-filled gastropod ; Yello w Dru m Sandston e (loc n WC B ment ; Yello w Dru m Sandstone , BM R Lennar d Rive r I 

004/5) . (loc n WC B LR1/107 ) x  5 8 
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Figure 13a . Solutio n brecciatio n i n dolomite s an d conse -
quent disturbe d lamina e i n th e interbedde d shales ; Yello w 
Drum Sandstone , BM R Noonkanba h 4  (loc n WC B N4/73 ) 

x 0- 7 

Figure 13c . Alga l lamina e i n interlaminate d dolomites , 
dolomitic quart z sandstone s an d siltstones ; Yello w Dru m 
Sandstone, BM R Lennar d Rive r 1  (loc n WC B LR1/104 ) 

x 0  7 

m I if I {I 1} 
H Ic m 7 9 

NOONKANBAH No. 

Figure 13e . Bioturbate d (? ) laminate d dolomit e an d silt -
stone; Yello w Dru m Sandstone , BM R Noonkanba h 4  (loc n 

WCB N4/79 ) . 

Figure 13b . Decalcificatio n o f imperviou s calcareou s dolo -
mites (dar k bands ) ha s produce d pal e porou s dolomit e 
patches whic h superficiall y resembl e clasts ; Yello w Dru m 
Sandstone, BM R Noonkanba h 4  (loc n WC B N4/108 ) x  0- 7 

*j M  I  cm 1 8 
BMR NOONKANBA H 

Figure 13d . Vertica l tubula r fenestrat e o f probabl e plan t 
origin i n calcareou s siltstone ; Yello w Dru m Sandstone , 

BMR Noonkanba h 4  (loc n WC B N4/182 ) x  0 

3 
3 
3 

Figure 13f . Chalcedoni c cemen t partl y infillin g minut e 
solution vug s i n a  poikiliti c calcit e cement ; Yello w Dru m 
Sandstone, BM R Lennar d Rive r 1  (loc n WC B LR1/107 ) 

x 5 8 
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Facies D  consist s o f internall y laminate d sandstone , silt -
stone an d dolomiti c limestone . Thes e rock s ar e intimatel y 
interbedded an d lithologica l variation s ar e generall y 
gradational, a s ar e th e colour s —  ligh t greenis h gre y an d 
yellow t o light olive grey, which ar e sometimes mottled . 

The siltstone s ar e i n som e case s clayey , o r els e partl y 
indurated b y fine  dolomit e o r calcit e cements . The y ar e 
generally fissile;  som e silt-san d contact s exhibi t load -
casting. Th e terrigenou s sediment s ar e frequentl y bimodal , 
comprising subangula r sil t an d fine  sand , an d spherica l 
coarse san d 'floaters' . Som e bioturbatio n ha s occurred , an d 
a spars e faun a o f crinoi d fragment s an d fish  plate s i s 
present. 

The laminate d an d thi n bedde d lithologie s indicat e 
variable depositiona l energ y condition s i n a n environmen t 
receiving infrequen t marin e incursion s an d faun a wit h 
resultant bioturbation . Discontinuou s terrigenou s depositio n 
is considere d t o hav e occurre d durin g rive r floodin g ove r 
supratidal areas . Betwee n flood s an d durin g infrequen t 
marine incursions , carbonat e accumulatio n an d partia l 
dolomitization occurred . Th e depositiona l environmen t i s 
interpreted a s supratidal flats . 

STRATIGRAPHIC RELATIONSHIP S 

The Yello w Dru m Sandston e conformabl y overlie s th e 
Gumhole Formation . Nowher e i n outcro p i s a  contact seen , 
but i n BM R Noonkanba h No . 2  th e contac t i s a t 54 0 m . I n 
the are a o f Yello w Dru m Bor e sand y calcarenite s o f th e 
Gumhole Formatio n an d fine-grained  dolomite s o f th e 
Yellow Dru m Sandston e cro p ou t i n close proximity . BM R 
Noonkanbah No . 4  penetrate d 7 0 m  o f Yello w Dru m 
Sandstone, bu t faile d t o intersec t an y roc k type s referrabl e 
to th e Gumhol e Formation ; also , th e conodont s recovere d 
suggest tha t the bottom o f the hole i s close to the boundary . 

BMR Lennar d Rive r No . 1  penetrate d 5 4 m  o f Yello w 
Drum Sandston e an d the n passe d throug h a  faul t int o 
probable Luluigu i Formatio n equivalent . However , Yello w 
Drum Sandston e directl y overlie s th e Gumhol e Formatio n 
in Ma y Rive r No . 1 , Langoor a No . 1 , Med a No . 1 , 
Blackstone No . 1 , Siste r No . 1 , Pal m Sprin g No . 1 , Napie r 
No . 1  and possibl y i n Yullero o No . 1 . I n Hawkston e Pea k 
No . 1  it overlie s lat e Fammennia n birdsey e limestone; this i s 
the onl y know n localit y wher e th e Yello w Dru m Sandston e 
does no t overlie the Gumhole Formation . 

The Yello w Dru m Sandston e i s considered t o b e a  supra -
tidal an d intertida l deposit , an d a s suc h probabl y inter -
fingers wit h th e ope n marin e Gumhol e Formatio n an d als o 
with th e overlying Laure l Formation . 

The relationshi p betwee n th e Laure l Formatio n an d th e 
Yellow Dru m Sandston e i s clearl y see n i n BM R Lennar d 
River No . 1 , whic h wa s spudde d i n nea r th e bas e o f th e 
Laurel typ e section an d intersecte d th e contact a t about 7  m . 
The boundar y i s drawn a t th e bas e o f a  sequence dominate d 
by peloida l limestone , whic h correspond s t o th e to p o f a 
sequence dominated b y sandstone . 

PALAEONTOLOGY AN D A G E 

The biot a o f th e Yello w Dru m Sandston e i s greatl y im -
poverished relativ e t o th e enclosin g units . Thi s i s typified b y 
the ostracod s whic h ar e relativel y abundan t i n th e Laure l 
and Gumhol e Formations , bu t whic h ar e absent i n dolomiti c 
limestone betwee n 46 6 m  an d 52 1 m  i n BM R Noonkanba h 
No. 2 . Thi s i s probabl y du e to a n unfavourabl e environmen t 
at th e tim e o f deposition o f this interva l (Jone s in Veever s & 
Wells, 1961) . 

The flor a i s relativel y divers e i n th e siltston e (Balm e & 
Hassell, 1962) ; apar t fro m th e long-rangin g specie s (se e 
above unde r Gumhol e Formation ) th e followin g als o occur : 
Verucosisporites sp. , Reticulatisporites textilis Balm e & 

Hassell, Convolutispora sp. , Cincturasporites sp . cf . C . 
literatus (Waltz) , Cincturasporites sp. , Knoxisporitesl sp. , 
Cirratriraditesl sp. , Diaphanospora sp. , an d Endosporites? 
sp., Thi s grou p appear s t o b e confine d t o th e Yello w Dru m 
Sandstone an d suggest s a  sufficientl y differen t spor e 
assemblage fo r i t to be diagnostic of this interval. The reaso n 
that Balm e &  Hassel l lef t mos t o f th e flor a i n ope n nomen -
clature wa s becaus e o f lo w recover y o f specimens . Tw o 
forms, Verucosporites sp . an d Reticulatisporites textilis 
Balme &  Hassel l ar e known fro m BM R Noonkanba h No . 2 
and th e uppermos t sampl e i n Kimberle y Down s 6 7 Mil e 
Bore. Thi s suggest s tha t ther e ma y b e a  thi n venee r o f 
Yellow Dru m Sandston e preserve d beneat h th e Permia n 
unconformity i n the 67 Mil e Bor e area . 

Balme &  Hassel l (1962 ) not e tha t th e spor e asemblage , 
which i s present i n both th e Gumhole Formatio n an d Yello w 
Drum Sandstone , i s comparabl e t o a  flor a fro m th e 
Famennian o f th e Do n Valle y i n th e U S S R (Naumova , 
1953). Th e Yello w Dru m Sandston e flor a i s comparabl e t o 
the flor a whic h range s fro m th e Dankovsk y u p t o th e 
Khovansky, thi s latte r uni t i s lates t Lat e Devonia n t o 
earliest Carboniferou s (Chizhova , 1976) . Robert s et al. 
(1972) poin t ou t tha t Leiozonotriletes naumovae Balm e & 
Hassel l i s considere d t o b e a  junio r synony m o f 
Hymenozonotriletes lepidophytus Kedo , whic h i s a  zon e 
species o f th e Strunia n (lates t Lat e Devonian ) o f Belgiu m 
and i s als o know n fro m Germany , Nort h Americ a an d 
North Africa . Th e fe w conodont s ar e referre d t o specie s 
known fro m bot h th e Gumhol e an d Laure l Formation s an d 
include Pelekysgnathus australis Nicol l &  Druc e ( a multi -
element species) , Clydagnathus cavusformis Rhodes , Austi n 
& Druce , C. gilwernensis Rhodes , Austi n &  Druce , 
Hibbardella cf . H. insignis Huddle , H. cf . H. (Cooper ) 
micra Neoprioniodus alatus (Hinde) , Ozarkodina abnormis 
(Branson &  Mehl) , O . flexa, Polygnathus communis 
communis Branso n &  Mehl , P. aff . P. lacinatus Huddle , 
Prioniodinal symmetrica Branso n &  Mehl , Pseudo-
polygnathus cf . P. dentilineatus E.R . Branso n Spathogna­
thodus aciedentatus E.R . Branson , 5 . plumulus Rhodes , 
Austin &  Druce , Synprioniodina regularis E.R . Branson , 
gen e t sp . indet . A , an d a  for m simila r to , bu t distinc t from . 
Polygnathus parapetus Druce . 

Pelekysgnathus australis i s probably confine d t o the lates t 
Late Devonia n wherea s Clydagnathus cavusformis, C. 
gilwernensis, an d Pseudopolygnathus cf . dentilineatus ar e 
indicative o f the earliest Earl y Carboniferous . 

The occasiona l thi n limeston e bed s yiel d occasiona l 
brachiopods, gastropods , ostracod s an d alga e — whic h hav e 
not bee n identified . 

The uni t i s diachronou s an d wa s deposite d durin g th e 
latest Devonia n (doI V —  tnla ) an d earlies t Carboniferou s 
(tnlb). Howeve r th e majorit y o f th e uni t wa s deposite d 
during th e Strunia n (tnla) ; thi s interva l als o marke d th e 
greatest area l extent o f this facies . 

GEOCHEMISTRY 

Geochemical analyse s wer e strongl y biase d t o th e 
carbonate bed s which , being dolomiti c hav e a  relativel y hig h 
Mg conten t (5.93% ) and a C a / Mg rati o o f 2.6 . 

Both B a an d P  ar e significantl y low : th e lo w P  i s prob -
ably du e t o th e virtua l absenc e o f fish  remain s compare d 
with contiguou s formations . M n als o ha s lo w con -
centrations, whic h ma y indicat e a  mor e mois t climat e tha n 
that whic h pertaine d durin g th e depositio n o f th e Gumhol e 
Formation; thi s ma y als o accoun t fo r th e lo w Ba " Content. 
Of th e mino r element s onl y Z n show s a  departur e fro m 
average concentrations , havin g a  slightly highe r mea n value , 
although th e cumulativ e frequenc y curve s fo r P b an d Z n 
suggest th e presenc e o f tw o population s (Druc e &  Radke , 
1977). 
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FORMATION 
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FACIES 

Peloidal grainstone 

Cross-stratified, well  sorted 
sandstones 

Poorly sorted,  laminated 
sandstones 

Interbedded sandstone,  siltstone, 
limestone 

Homogenous and  mottled 
dolostones 

Laminated dolostones 

Locali t ies o f sect ion s ar e s h o w n o n f igure s 5  &  6 

Figure 14 . Regiona l variatio n o f environments , Yello w Dru m Sandstone . 

DEPOSITIONAL ENVIRONMENT S O F TH E Y E L L O W DRU M SANDSTON E 

G u m h o l e 
S e d i m e n t a t i o n 

Y e l l o w D r u m S a n d s t o n e 
S e d i m e n t a t i o n 

Supratidal mudflats  with  dolomitic 
and terrigenous  sediments 

Cross stratified  terrigenous 
sands and  silts 

PRECAMBRIAN 
KIMBERLEY BLOC K 

A Dolostones  (Facies  A}  and 
variable lithologies  {  Facies DI 

Peloidal grainstones  (Facies  C  ) 

Sandstones (Facies  B) 

Gumhole sediments 

Figure 15 . Depositiona l environment s o f th e Yello w Dru m Sandstone . 
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DEPOSITIONAL HISTOR Y 

It i s apparen t fro m th e sequenc e o f facie s observe d i n th e 
well an d surfac e section s (Fig . 14 ) tha t th e depositiona l 
history o f th e Yello w Dru m Sandston e i n an y on e sectio n 
was variable . Althoug h ther e ar e limitation s i n determinin g 
facies distributio n fro m onl y thre e sections , w e mak e th e 
following generalizations : dominan t depositio n wa s inter -
mittent throughou t th e sequence ; earlie r carbonate s ar e 
mostly dolostone s an d onl y toward s th e top o f th e formatio n 
are limestone s dominant ; terrigenou s sedimentatio n 
produced tw o bodie s o f sedimen t separate d b y dolomiti c 
facies. Eac h bod y o f terrigenou s sedimen t comprise s al l 
three terrigenous facies . 

Sedimentation wa s i n marin e subtida l t o supratida l an d 
fluvial environments , an d durin g th e initia l phas e th e 
marine subtida l environment s wer e thos e formin g th e 
Gumhole Formation . Thes e environment s wer e directl y 
controlled b y variation s i n tida l ranges , tida l current s an d 
floods. 

The spatia l relationship s betwee n deposit iona l 
environments o f thes e facie s ar e illustrate d i n Figur e 15 . On 
the broa d coasta l fla t ther e wer e infrequen t marin e an d 
fresh-water inundations . Durin g brie f submergenc e 
laminated dolostone s wer e forme d i n smal l areas ; where th e 
marine floodin g wa s mor e frequent , a  significan t faun a 
survived an d bioturbatio n o f th e supratida l dolostone s 
resulted. Th e intermitten t floodin g fro m lan d drainag e 
superimposed terrigenou s sedimentatio n o n bot h sequences , 
and thi s to o wa s subjecte d t o brie f o r extende d marin e 
innundations. 

Over thi s supratida l fla t fluvia l channel s wit h extensiv e 
and intricat e drainag e pattern s transporte d th e terrigenou s 
sediments acros s al l supratida l environments . Estuarin e 
conditions develope d a t th e channe l mouth s wher e th e 
introduced sediment s wer e mor e extensivel y reworke d tha n 
in th e fluvia l environments . Intertida l flat s line d th e margi n 
of th e supratida l zon e wit h th e Gumhol e Formatio n 
sedimentat ion an d late r transitiona l wit h Laure l 
environments a s well . 

In summary , th e Yello w Dru m Sandston e i s a  regressiv e 
unit characterize d b y sandston e an d doloston e bodie s tha t 
prograded ove r th e shallo w marin e Gumhol e Formatio n t o 
develop a  broad supratida l tract . 

L A U R E L F O R M A T I O N 

A R E A L EXTEN T AN D THICKNES S 

The Laure l Formatio n crop s ou t i n a  bel t 2-1 0 k m wid e 
southwest o f th e Napie r an d Osca r Ranges ; th e bes t 
exposures ar e i n th e are a o f Twelv e Mil e Bor e (Fig . 4) , 
where Thoma s (1959 ) chos e hi s tw o complementar y typ e 
sections. I n th e subsurfac e th e uni t extend s alon g th e 
Lennard Shelf , an d int o th e Fitzro y Trough . BM R Noon -
kanbah No . 2  wa s drille d 2 2 k m fro m th e typ e section , 
towards th e trough , an d penetrate d 35 7 m  o f Laure l 
Formation i n the interva l 7 6 m  — 43 3 m , o f which th e uppe r 
168 m  i s dominantly shale . Th e lower , mor e calcareous , par t 
of th e sequenc e i s thu s 18 9 m  thic k i n BM R Noonkanba h 
No. 2  compared wit h the 455 m  estimated b y Thomas (1957 ) 
in th e Twelv e Mil e Bor e are a fro m poo r surfac e outcrop , 
and 38 6 m  measure d b y us . Th e thicknes s i n BM R Noon -
kanbah No . 2  i s probabl y a  mor e realisti c figur e tha n eithe r 
of th e thicknesse s measure d fro m surfac e outcrop . 

In th e subsurfac e th e limeston e membe r thicken s fro m 
less tha n 5 0 m  nea r th e northerl y margi n t o ove r 15 0 m 
towards th e centr e o f th e depositiona l area ; greates t thick -
nesses measure d ar e 18 9 m  i n BM R Noonkanba h No . 2 , 
158 m  i n Langoor a No . 1  and 15 1 m  i n Lak e Bett y No . 1 . 

The overlyin g shal e membe r range s in thickness fro m zer o 
on th e northerl y margi n t o 64 9 m  i n Lak e Bett y No . 1 . Th e 
southeasterly par t o f th e troug h wa s th e mai n depositiona l 
focus, wherea s i n th e Napie r are a th e uni t i s relativel y thi n 
with averag e thicknesse s o f betwee n 5 0 an d 10 0 m . 

L l T H O L O G Y 
The sequenc e comprise s interbedde d limestone , shale , 

siltstone, sandston e an d mino r dolomite . I n outcro p th e 
limestones ar e wel l bedded , bu t laterall y discontinuous ; 
white, weatherin g t o yello w an d ligh t brown ; and ar e mainl y 
skeletal grainstone s (figs . 17c-e) . I n th e subsurfac e the y ar e 
of tw o types : brown , bituminous , bioturbated , shaly , 
bioclastic limestone , an d whit e t o ligh t brow n an d ligh t 
yellow sand y bioclasti c an d intraclasti c limestone . Th e uni t 
is dominated i n it s lowe r par t b y limestones , wherea s i n th e 
upper par t th e dominan t roc k typ e i s gre y calcareou s shal e 
(seen i n BM R Noonkanba h No . 2) . These ar e recognise d a s 
two distinct , bu t unnamed , members . 

PETROLOGY 

Two facie s ar e recognize d withi n th e Laure l Formation : 
facies A  —  limestones ; an d facie s B  —  siltstone , shal e an d 
bioclastic limestone . 

Facies A: Limestones 

Six subfacie s ar e differentiate d withi n th e limestones , al l 
of whic h hav e a  bioclasti c componen t an d ar e mostl y 
grainstones. Subfacie s differentiatio n ha s bee n base d o n 
three criteria : the relativ e abundanc e o f skeleta l component s 
and thei r mod e o f preservation ; th e siliciclasti c componen t 
of th e limestone ; an d th e relativ e abundanc e an d type s o f 
siliciclastics interbedde d wit h th e limestone . 

Little emphasi s wa s place d o n beddin g an d sedimentar y 
structures a s ther e wa s insufficien t dat a availabl e becaus e o f 
the poo r exposures . 

The lithologie s o f thi s sequenc e ar e tabulated i n Appendi x 
1. 

Subfacies A(i): Peloidal grains tone 

This subfacie s form s th e bas e o f th e Laure l Formatio n 
and, a s ha s alread y bee n noted , interfinger s wit h th e uppe r 
Yellow Dru m Sandstone . 

The facie s comprise s buff , an d som e whit e t o pin k 
peloidal grainstone s containin g mino r quart z silt . Thes e 
limestones ar e slightl y recrystallised , an d a t th e bas e o f th e 
facies, dolomitise d a s well . Significan t feature s includ e 
encrustations, boring , an d micritizing an d pelletizing effects . 

Some o f th e silt y limestone s ar e nodular ; remnan t block s 
of limeston e tha t surviv e solutio n ar e preserve d a s nodule s 
within a  residua l siliciclasti c tha t compacte d aroun d the m 
(Fig. 16b) . 

Irregular an d rounde d peloid s o f fine  t o medium-graine d 
sand siz e ar e th e dominan t grai n type . Onl y rarel y d o the y 
have a n interna l fabric , althoug h som e ar e micritize d ooid s 
in whic h th e lamina e ar e partl y preserved . Als o presen t ar e 
abraded lithoclast s o f peloida l grainstones , skeleta l grains , 
and mu d lump s whic h incorporat e skeleta l fragments . 
Abraded, micritize d pelecypo d fragment s bore d b y algae , 
together wit h mud-coate d crinoi d ossicle s an d complete thi n 
shelled ostracod s ar e th e mos t abundan t skeleta l grains . 
Some abrade d brachiopod , a s wel l a s encrustin g an d 
fenestrate bryozoa n fragment s an d calcareou s algae , als o 
occur. Umbella an d calcisphere s ar e wel l preserved . 

Peloids resulte d fro m alga l borin g an d micritizatio n o f 
allochems, especiall y ooids . Simila r effect s ar e know n fro m 
recent sediment s (Bathurst , 1971 , p . 389) . Thes e peloida l 
grainstones' ar e considere d t o hav e accumulate d i n a 
moderately shallo w turbulen t environmen t abov e wav e bas e 
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in whic h mud s wer e winnowe d awa y an d reworkin g o f 
indurated peloida l sedimen t wa s possible . 

The presenc e o f Umbella, calcispheres , an d coralline alga l 
fragments, an d th e absenc e o f fish  fragments , impl y a  flour -
ishing alga l flor a i n condition s advers e t o fish  habitation . 
This wa s probabl y i n a  hypersalin e environmen t int o whic h 
abraded skeleta l fragment s wer e transporte d fro m a  norma l 
marine area . Suc h a  restricted hypersalin e environmen t ma y 
have bee n du e t o embaymen t i n a  lagoo n o r a  hydro -
dynamically stabilize d salinoclin e o n a n ope n shelf . 

Subfacies A(ii): Crinoidalgrainstone 

The subfacie s consist s o f medium-bedded , gre y o r some -
times buf f grainstone s tha t hav e a  dominanc e o f crinoi d 
bioclasts. Th e facie s contain s angula r quartz : silt y a t 
the bas e bu t becomin g coarse r toward s th e top . I t overlie s 
the basa l peloida l grainston e facie s i n the type section (WC B 
101). Gap s withi n th e outcroppin g sequenc e ma y represen t 
weathered siltstone . 

The dominan t grain s ar e crinoid ossicle s an d spines whic h 
are no t abrade d bu t ar e mud-coated . Internall y the y hav e 
finely disseminate d pyrit e i n th e pore-fillin g syntaxia l 
cement. Othe r bioclast s includ e mud-coate d abrade d 
brachiopod fragment s an d pelecypod s wit h occasiona l 
complete ostracods , gastrocods , fis h fragment s an d 
calcareous algae . Som e vertica l burrow s ar e poorl y 
preserved. 

Low t o moderat e energ y condition s probabl y prevaile d 
with localize d winnowin g an d redepositio n o f th e finer  ter -
rigenous material , producin g grainston e shoal s an d 
intershoal silts . Th e dominant , non-abrade d crinoi d piece s 
and transporte d pelecypo d an d brachiopo d fragment s wer e 
mud-coated an d reworke d fro m th e loca l mudd y environ -
ments. Restricte d marin e condition s prevailed , resultin g i n 
an impoverishe d fauna , bu t thes e condition s wer e suitabl e 
for fish  habitatio n an d limite d bioturbation . 

A restricte d platfor m an d shoa l environmen t i s inter -
preted fro m th e subfacies . 

Subfacies A (Hi): Brachiopod grainstones and 
packstones 

Subfacies A  (iii ) comprise s medium-bedded , buf f grain -
stones an d packstones . Th e interbedde d recessiv e roc k typ e 
not expose d i n outcro p i s probabl y poorl y lithifie d siltstone . 
This subfacie s occur s i n th e uppe r typ e sectio n (WCB103) . 

Brachiopods ar e th e dominan t bioclasts , preserve d a s 
single valve s wit h alga l boring , abrade d fragment s an d 
spines. Crinoi d ossicle s an d complet e ostracod s ar e 
common, whil e gastropods , fish  plates , foraminifer a an d 
abraded micritize d pelecypo d fragment s hav e a  limite d 
occurrence. Th e limestone s contai n mino r amount s o f 
angular quartzos e an d ver y fine-grained  sand . Considerabl e 
solution durin g earl y diagenesi s wa s followe d b y 
cementation (ferroan-ric h calcite) . Calcrete replacemen t an d 
formation i s prevalen t a t th e surfac e an d mos t limestone s 
have bee n partiall y recrystallize d an d micritise d a t th e 
surface. 

These feature s probabl y reflec t a  quiet , shallo w an d 
subtidal environment . Th e faun a wa s no t diverse , ye t 
dominated b y brachiopod s whic h probabl y live d o n a  mudd y 
substrate —  a s inferre d fro m th e numerou s producti d spine s 
in the limestone . A  fe w crinoids , ostracods, foraminifer s an d 
fish live d i n these conditions. Bot h th e intense alga l borin g o f 
the brachiopod s an d earl y solutio n probabl y reflect s 
extremely shallo w conditions , perhap s eve n involvin g inter -
tidal emergence . 

A restricte d platfor m are a o f depositio n i s interprete d 
from thi s evidence . 

Subfacies Afivj: Brachiopod-crinoid-ostracod 
grainstones 

This subfacie s consist s o f medium-bedde d buf f t o whit e 
skeletal grainstones . I t i s presen t i n th e uppe r Laure l typ e 
section (WCB103) . 

Spines an d thi n abrade d valve s o f brachiopods , crinoi d 
ossicles an d spines , complet e ostracod s an d abrade d 
pelecypod fragment s ar e th e essentia l components , wit h 
some gastropods , fish  fragment s an d rar e foraminiferan s 
and bryozoans . Thes e limestone s hav e a  mino r san d conten t 
increasing i n siz e upward s fro m ver y fine  t o coarse . 
Following earl y diageneti c solutio n an d cementatio n b y 
ferroan calcite , th e limestone s wer e moderatel y recrystal -
lised, thi s i n case s bein g micritisation . 

Pelecypod fragment s wer e apparentl y eithe r transporte d 
into, o r reworke d within , th e environmen t t o produc e th e 
shell disintegratio n observed . Th e divers e fauna , dominate d 
by brachiopods , i s indicativ e o f a  norma l marin e 
environment. 

Deposition i s considere d t o hav e bee n i n a n intershoa l 
environment o f moderat e energ y i n whic h sufficien t 
agitation winnowe d th e finer  sedimen t fractio n fro m th e 
carbonates. 

Subfacies A( v): Sandy pelecypod skeletal grainstones 

These grainstone s ar e thin to thick bedde d an d white, ligh t 
grey o r buff . Interbedde d wit h the m ar e som e packstones , 
calcareous shale , an d ver y fine  t o coarse-grained sandstone . 

This subfacie s occur s i n the uppe r par t o f the type section , 
specifically i n WC B 103 sectio n an d BM R Lennar d Rive r 
No. 2 . 

The limestone s hav e a  variabl e san d content . Abrade d 
pelecypod fragment s bore d an d encruste d b y alga e ar e 
dominant, supplemente d b y complet e ostracods , cryptoph -
yllids (Fig . 16e) , crinoi d ossicle s an d spines , gastropod s an d 
a fe w foraminiferans . Thes e carbonate s hav e bee n 
recrystallized. 

The dominan t sediment , o f coars e terrigenou s san d an d 
abraded pelecypo d fragments , mus t hav e resulte d fro m 
continual winnowin g an d reworking , th e presenc e o f alga l 
boring an d encrustatio n implyin g shallo w water , perhap s 
intertidal conditions . 

The presenc e o f suc h a  numbe r o f divers e sedimen t type s 
must reflec t a n environmen t wit h changin g wav e o r curren t 
strength. I t i s deduced tha t thi s subfacie s wa s deposite d i n a 
shallow wate r shoa l an d intershoa l situation . 

Subfacies A(vi): Silty brachiopod skeletal grainstones 

These limestone s ar e hard , mediu m t o thi n bedded , an d 
white or mottled ligh t pinkis h grey to very pal e orange. Dar k 
yellowish orang e shale s an d siltstone , o r brow n calcareou s 
cross-stratified sandstone s ar e interbedde d wit h th e 
limestones whic h ma y b e laminate d adjacen t t o th e fine 
siliciclastics. 

This subfacie s recur s thre e time s i n th e Laure l typ e 
section (i n section s WCB-101 , 10 3 an d BM R Lennar d Rive r 
No. 2) . 

The bioclasti c limeston e ha s ubiquitou s brachiopo d 
fragments whic h ar e abrade d an d frequentl y hav e alga l 
borings o n thei r oute r surfaces ; an d producti d spines , 
abraded ostraco d valves , an d crinoi d ossicle s an d spine s 
containing disseminate d pyrit e in their internal pores . Mino r 
constituents includ e abrade d pelecypo d fragments , silt-siz e 
peloids, gastropods , encrustin g bryozoa , fish  fragments , 
calcareous algae , cryptophyllid s an d foraminiferan s (Fig . 
16d). I n th e laminate d horizons , som e bioturbatio n i s 
apparent. Th e limestone s hav e bee n compacte d an d 
recrystallised. 
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H 1c m 9 ' 
BMR LENNAR D RIVE R 

H 1c m 1 4 ' 
LENNARD RIVE R No . 1 

Figure 16a . Ooi d sandston e wit h shal e interbed ; Yello w 
Drum Sandstone , BM R Lennar d Rive r 1  (loc n WC B 

LR1/94) . Figure 16b . Relic t lense s o f silt y pelleta l grainston e afte r 
pressure solutio n o f th e siltie r horizons ; Laure l Formation , 

BMR Lennar d Rive r 1  (loc n WC B LR1/14) . 

Figure 16c . Solutio n vug s i n a  skeleta l packston e line d Figur e 16d . Probabl e endothyri d foraminiferan ; Laure l 
with ferroan-poo r calcit e druse—larg e syntaxia l overgrowth s Formation , typ e sectio n (loc n WC B 101/59 ) x  23 0 
extend fro m crinoid s int o th e vug , whic h i s filled  wit h 
ferroan calcite ; Gumhol e Formation , typ e sectio n (loc n 

WCB 202/12 ) x  3 7 

Figure 16e . Cryptophylli d valve s i n longitudina l section — Figur e 16f . Syntaxia l cemen t ri m extendin g fro m crinoi d 
note th e diagnosti c growt h lamellae ; Laure l Formation , ossicl e o n a  skeleta l grainstone ; Laure l Formation , typ e 

BMR Lennar d Rive r 2  (loc n WC B LR2/127 ) x  4 5 sectio n (loc n WC B 102/1 ) x  5 8 
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Figure 17a . Tren d line s o f limeston e bed s wit h wav y gilga i 
(patterned ground ) overlyin g subcrop—tre e covere d area s 
comprise Permia n Gran t Formation ; Laure l Formation , 

4 5 k m southeas t o f Twelv e Mil e Bore . 

Figure 17b . Pelleta l grainstone ; Laure l Formation , typ e 
section I  (loc n WC B 101/2) . 

Figure 17 e 
margins; La u 

Skeletal fragment s (?molluscs ) wit h micriti c Figur e 17f . Silt y coquinite ; Laure l Formation , typ e sectio n 
iirel Formation , typ e sectio n I  (loc n WC B II , 4  k m southeas t o f Twelv e Mil e Bore . 

101/18). 
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The mediu m an d thinl y bedde d grainstone s hav e a  charac -
teristic high-energ y shallow-wate r indicator , th e abrade d 
brachiopod fragment s wit h dens e alga l borings . Reworkin g 
of thi s materia l wa s considerabl e bu t othe r skeleta l 
contributions, namel y producti d spines , ostracod s an d 
cryptophyllids ar e mor e likel y t o hav e bee n derive d fro m 
deeper water . Thes e wer e rapidl y buried . Overall , th e faun a 
is ver y diverse , supportin g evidenc e o f shallo w open-marin e 
conditions. Th e interbedde d siliciclastic s ar e bioturbate d 
and contai n a n equall y ric h faun a o f cryptophyllid s an d 
brachiopods. 

Deposition o f thi s subfacie s wa s i n a  shoa l an d ope n 
platform environment . 

Facies B: Siltstone, shale, and bioclastic limestone 

Facies B  comprises thi n bed s an d lamina e o f ligh t t o dar k 
olive-grey calcareou s siltstone , fissil e olive-gre y shale , an d 
light gre y t o yellowis h brow n bioclasti c grainstones . Th e 
facies i s presen t i n bot h th e middl e (sectio n W C B 102) an d 
upper (BM R Lennar d Rive r No . 2 ) part s o f th e Laure l typ e 
section (Fig . 18) . A significan t proportio n o f th e grainstone s 
are characterized b y a  high sil t conten t (u p t o 20%) . Umbella 
and foraminiferan s ar e absen t i n th e siltie r limestones . Th e 
main skeleta l component s ar e wel l preserve d an d compris e 
crinoid ossicle s an d spines , togethe r wit h ostracods , 
cryptophyllids, encrustin g bryozo a an d smal l fasciculat e 
Syringopora colonies . 

At th e bas e an d to p o f th e facie s thic k vertica l burrow s 
are present , ostracod s sho w som e abrasion , an d abraded , 
angular fragment s o f brachiopods , mollusc s an d fish  ar e als o 
present. Stylolitizatio n i s more commo n i n thes e zones . 

The calcareou s siltston e an d mudston e contai n a n 
abundant, divers e faun a includin g th e Syringopora colonies . 
During brie f period s o f increase d turbulence , silt y grain -
stones wer e produced . 

Deposition o f thi s facie s wa s i n a  marine , ope n platfor m 
environment wit h generall y quie t condition s prevailing . 

DIAGENESIS 

A generalize d sequenc e o f diageneti c event s commo n t o 
most limestone s i n th e Laure l Formatio n is : 
1) pyrit e precipitatio n —  mos t eviden t i n interna l pore s o f 

crinoid ossicle s (wher e presen t i t prevente d th e 
development o f syntaxial rims ) 

2) cementatio n b y acicular , ferroan-poo r calcites . Wher e 
this did no t occur , earl y compactio n wa s enhanced . 

3) compactio n an d solutio n occurrin g mainl y withi n th e 
cements (solutio n vug s were developed ) 

4) th e infillin g o f vug s an d pore s b y blocky , ferroan-poo r 
calcite cemen t 

5) styloliti c compaction, mos t abundan t i n th e siltie r zone s 
6) recrystallizatio n o f som e limestones , ofte n producin g 

both enlarge d an d diminishe d grai n fabric s withi n th e on e 
limestone. Whe n recrystallized , cemen t fabric s wer e 
enlarged an d allochem s wer e micritized . 

The diageneti c histor y i s les s complex , bu t generall y 
similar t o tha t o f the Gumhole , noticeabl e difference s being : 
1) th e absence o f a n earl y solutio n phas e 
2) widesprea d recrystallizatio n 
3) variation s o f ferroa n conten t i n singl e cement phase s 
4) th e dominance o f non-ferroa n calcit e cements . 
This latte r facto r account s fo r th e lowe r iro n an d associate d 
manganese level s i n th e Laure l limestone s (Radke , 1976 ; 
Druce &  Radke , 1977) . A n exceptio n t o thi s i s i n th e 
limestone facie s B  wher e similaritie s i n solutio n phases , 
dominant ferroa n calcit e cement , colou r an d weatherin g 
features exis t wit h Gumhol e bioclasti c grainstones . 

LAUREL FORMATIO N 
Type section:386metre s 

Dominant skeleta l 
components 

A M 

B 
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AIM) 
A M 

A(vi) 
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SHOAL-INTERSHOAL AREA 

OPEN PLATFORM 

INTERSHOAL AREA 

RESTRICTED PLATFOR M 

SHOAL-INTERSHOAL AREA 
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SECTION 10 3 

(Limestones are  grainstones 
except where  stated) 

Figure 18 . Interpretatio n o f facie s o f th e Laure l Formatio n 
type section . 

STRATIGRAPHIC RELATIONSHIP S 

The Laure l Formatio n conformabl y overlie s th e Yello w 
Drum Sandstone . BM R Lennar d Rive r No . 1  spudde d i n 
near th e bas e o f Typ e Sectio n I  o f the Laure l Formatio n an d 
intersected th e lowe r boundar y a t 7  m . Th e facie s 
interpretation o f th e Laure l Formatio n an d th e Yello w 
Drum Sandston e suggest s tha t the y coul d b e laterall y 
equivalent an d thu s tha t th e unit s probabl y interfinger . 

In th e outcro p are a th e Laure l Formatio n i s un -
conformably overlai n b y conglomerate s o f th e Gran t 
Formation, considere d t o b e o f Permia n ag e bu t possibl y a s 
old a s Lat e Carboniferous . However , i n th e subsurfac e th e 
Laurel Formatio n i s conformabl y overlai n b y sandstone s o f 
the Anderso n Formation , whic h probabl y indicate s a 
regressive phase . 

PALAEONTOLOGY AN D A G E 

The Laure l Formatio n contain s a  ric h an d varie d biot a 
including algae , brachiopods , bryozoans , conodonts , corals , 
fish, pelecypods , nautiloids , ammonoids , ostracod s an d 
microflora. Th e alga e consis t o f well-abrade d sand-size d 
coralline alga e whic h ar e presen t i n the lagoona l facie s a t th e 
base o f th e unit . Som e bette r preserve d fragment s ar e 
idenitifiable a s th e solenopori d Parachaetetes, an d possibl e 
dasyclads Orthriosiphon an d Ivanovia. 

The brachiopod s hav e bee n describe d b y Veever s (1959b) , 
and Thoma s (1971) ; additiona l informatio n i s provide d b y 
Roberts (1971) . Th e faun a consist s o f typica l Lowe r 
Carboniferous form s includin g Rhipidomella micheline! 
(Leveille)*, Schuchertellal dorsiplana Thomas , Schell-
wienella sp . cf . S. minilyensis Thomas* , Rugosochonetesl 
sp. A , Unispirifer fluctuosus (Glenis ter)* , Prospira 
laurelensis Thomas* , Spirifidina gen . e t sp . indet . Thomas , 
Punctospirifer plicatosulcatus Glenister* , Ovatia sp.* , 
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Cleiothyrdina minilya Thomas* , Cleiothyridina ? fitzroy-
ensis Thomas , Composita hendersoni Thomas , an d Gram-
morynchus eganensis (Veevers) . Thoma s consider s thi s 
fauna t o indicat e a  Middl e Tournaisia n age ; seve n specie s 
(marked*) ar e commo n t o th e Laure l Formatio n an d th e 
Moogooree Limeston e o f th e Carnarvo n Basin . 

Roberts (1971 ) describe d th e brachiopo d fauna s fro m th e 
Devonian an d Lowe r Carboniferou s o f th e Bonapart e Gul f 
Basin, an d als o considere d materia l collecte d b y hi m fro m 
the Cannin g Basin . I n additio n t o th e abov e faun a h e iden -
tified Acanthocosta teicherti Roberts , Rugosochonetes 
obtectus Roberts , Schuchertella sp. , Magnumbonella 
prolata Roberts , Schizophoria sp . cf . 5 . resupinata (Martin ) 
Marginata mimica Roberts , Protoniellal waggonensis 
Roberts, an d Spinaurus cristata Roberts . Base d o n thi s 
fauna h e recognize d a  sequenc e o f zone s i n th e Laure l 
Formation correspondin g t o zone s erecte d b y hi m (1971 ) i n 
the Bonapart e Gul f Basi n an d extendin g fro m th e Acan­
thocosta teicherti Zon e u p t o th e Septemirostellum 
ananicum Zone . Robert s consider s tha t thi s broadly equate s 
with th e K  zon e o f Britain , essentiall y lowe r t o middl e 
Tournaisian. 

Bryozoans hav e bee n note d b y Thomas (1959) , and Radk e 
(1976); the y ar e mainl y o f th e encrustin g type , bu t hav e no t 
been studie d i n detail . 

Conodonts hav e bee n note d b y Gleniste r (1960) , Thoma s 
(1962), Robert s &  Veever s (1971) , Robert s e t al . (1972) ; a 
few specimen s hav e bee n describe d b y Gleniste r &  Klappe r 
(1966), an d a  detaile d stud y ha s bee n complete d (Nicol l & 
Druce, i n prep.) . Th e faun a include s Anchignathodus 
cristulus (Youngquis t &  Miller) , Angulodus compressa 
Huddle, A. pergracilis (Ulric h &  Bassler) , Clydagnathus 
cavusformis Rhodes , Austi n &  Druce , C. gilwernensis 
Rhodes, Austi n &  Druce , Dinodus sp. , Gnathodus sp. , 
Hibbardella cf.// . insignis Huddle , H. cf . H. micra 
(Cooper), Hindeodella acuta Branso n &  Mehl , H. brevis 

Branson &  Mehl , H. corpulenta Branso n &  Mehl , 
Ligonodina platys Cooper , Neoprioniodus cf . N. alatoides 
(Cooper), N. alatus (Hinde) , A' , barbatus (Branso n & 
Mehl), Ozarkodina flexa (Branso n &  Mehl) , O. cf . O. plana 
Branson &  Mehl , Polygnathus communis s.s . Branso n & 
Mehl, P. inornatus Branso n &  Mehl , Prioniodinal 
symmetrica (Branso n &  Mehl) , Pseudopolygnathus cf . P. 
dentilineatus E.R . Branson , P. multistriatus (Meh l & 
Thomas), P . cf . P. nodomarginatus (E.R . Branson) , 
Siphonodella cf . 5 . cooperi hassi Thompso n &  Fellows , 
Spathognathodus aculeatus Branso n &  Mehl , S. canning-
ensis Nicol l &  Druce , S. crassidentatus (Branso n &  Mehl) , 
5. plumulus Rhodes , Austi n &  Druce , 5 . cf . S. robustus 
(Branson &  Mehl) , S . sulciferus (Branso n &  Mehl ) an d 
Synprioniodina regularis. 

Corals ar e rar e i n th e Laure l Formatio n an d mos t 
specimens, referrabl e t o Syringopora,Bothrophyllum an d cf . 
Michelinia (Hil l fide Thomas , 1959) , occu r nea r th e bas e o f 
the unit . 

Fish remain s ar e relatively abundant , an d bradyodon t an d 
cladodont shar k teet h hav e bee n recorde d b y Thomas (1959 , 
1962). G.C . Youn g (pers . comm. ) ha s identifie d acan -
thodian spines , includin g Gyracanthus, fro m th e extensiv e 
collections mad e b y us . 

Pelecypods ar e no t abundan t bu t include cf .A llorisma an d 
schizodont forms ; gastropod s ar e abundan t an d includ e 
Straparollusl Murchisonial Bucanopsis an d belleroph -
ontids (Dickien s fide Thomas , 1962) . Straigh t nautiloid s ar e 
present bu t hav e no t bee n described . A  singl e ammonoi d 
has bee n found ; initiall y i t wa s identifie d a s Imitoceras 
rotatorium (d e Koninck ) b y Gleniste r (1960 ) bu t h e no w 
considers i t a  new genu s o f the Imitoceratida e (fide Playfor d 
& Lowry , 1966) . 

Ostracods ar e abundan t i n certai n bed s withi n th e Laure l 
Formation. The y hav e bee n reporte d b y Jone s (1959 , 1961 , 
and in Thomas , 1959 ) bu t th e faun a stil l await s systemati c 

Figure 19 . Depositiona l environment s o f th e Laure l Formation . 
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description. Howeve r Jone s (pers . comm. ) provisionall y 
recognises the following genera : Bairdia, Cavellina, Leviella, 
MicrocheUinella (probabl y obesa Cooper) , th e Paraparch -
itidae Shishaella an d Shivaella,? Tetratylus, Bairdiacypris, 
Coryellina, Knoxiella, Silenites, Pseudochilina, Acralia, 
Cyathus,Evlanovia, Glyplopleurites, Graphiadactyllis, an d 
Mernerites. Als o presen t i s the cryptophylli d Cryptophyllus 
diatropus Jones . 

The systematic s o f th e microflor a hav e not bee n publishe d 
but resume s hav e bee n publishe d b y Balm e (1960 , 1964) ; 
Balme &  Hassel l (1962 ) hav e tabulate d th e Devonia n form s 
which occu r in the Laure l Formation . Two distinct flora s ar e 
present i n th e Laure l Formatio n i n th e interval s 274-27 8 m 
and 76-7 9 m  i n BM R Noonkanba h No . 2 . Th e lowe r flor a 
consists o f Aurospora, Punctatisporites*, Cyclogranis-
porites*, cf . Reticulatisporites, Grandispora*, Gravis-
porites, Petusotriletes*, an d Archaeozonotriletes*. Thos e 
genera marke d wit h a n asteris k als o occu r in the upper flor a 
together wit h Lycospora, Leiotriletes, Endosporites, an d 
A piculatisporites. 

The followin g specie s rang e from th e Gumhole Formatio n 
into th e Laure l Formation ; Leiotriletes pulvereus (Balm e & 
Hassell), Calamospora microrugosa (Ibrahim) , Granulatis-
porites frustulentus (Balm e &  Hassell) , Retusotriletes cf . R. 
famenensis Naumova , Convolutispora fromensis (Balm e & 
Hassell), Reticulatisporites ancoralis (Balm e &  Hassell) , 
Cincturasporites cf . C. literatus (Waltz) , Leiozonotriletes 
laurelensis (Balm e &  Hassell) , an d Diaphanospore riciniata 
(Balme &  Hassell ) (whic h extend s int o th e overlyin g 
Anderson Formation) . 

All fossi l group s indicat e a  genera l Tournaisia n (Earl y 
Carboniferous) age . Thoma s (1971 ) consider s tha t th e 
brachiopods fro m th e uppe r par t o f th e Laure l Formatio n 
(but beneat h th e uppe r shal e member ) ar e o f Middl e Tourn -
aisian ag e wherea s Hil l (fide Thomas , 1962 ) consider s th e 
corals t o indicat e a  genera l Dinantia n (Tournaisia n plu s 
Visean) age . Th e ostracod s indicat e a  genera l Earl y 
Carboniferous age , an d furthe r wor k wil l allo w fo r mor e 
precision. Th e microflora , althoug h varied , ha s bee n 
assigned t o a  singl e microflora , th e 'Lycosporoid ' 
Microflora o f Balm e (1964) . Datin g o f th e flor a i s b y th e 
contained faun a rathe r tha n b y compariso n wit h Carbon -

iferous flora s fro m standar d succession s i n th e Norther n 
Hemisphere. Althoug h som e Norther n Hemispher e form -
genera ar e presen t i n the floras , man y importan t form s hav e 
not bee n recognized , includin g Triquirites, Tripartites, 
Densosporites an d th e Tholisporites-Vallatisporite s grou p 
(Balme, 1964) . 

DEPOSITIONAL HISTOR Y 

Deposition o f th e Laure l Formatio n wa s probabl y ove r a 
broad, shallow , gentl y slopin g platform , th e wate r dept h 
being les s tha n 2 0 metre s eve n o n th e oute r platfor m are a 
(Fig. 19). Th e variation s i n bathymetr y ar e subdivide d int o 
four zones: 
1) lagoon , wit h a  salin e restricte d marin e environmen t 

(Facies A (i)) 
2) restricte d platfor m incorporatin g Facie s A (iii), a s wel l a s 

part o f a  restricte d platfor m an d shoa l environmen t 
Facies, A (ii) 

3) shoa l an d intershoa l regio n wit h shoa l environments , i n 
Facies A (ii), A (v), A (vi), an d intershoal s represente d b y 
Facies A (iv), A (v) 

4) open-marin e platfor m area , wit h Facie s B  an d par t o f 
Facies A (vi) deposite d i n this zone . 

Overall energ y condition s wer e considerabl y lowe r tha n 
during th e depositio n o f th e Gumhol e Formation . 
Carbonate sedimentatio n wa s dominan t o n th e platfor m 
except i n relatively deepe r water o n the open platfor m wher e 
silts an d mud s accumulated . Du e t o genera l shallo w wate r 
conditions, restriction s i n wate r movemen t cause d a 
probable deficienc y o f nutrients , a s wel l a s highe r salinitie s 
in th e lagoo n an d restricte d platfor m areas . Norma l marin e 
conditions existe d aroun d th e shoa l an d intershoa l areas , 
where the bathymetric variations were small bu t significant . 

Laurel sedimentatio n wa s i n quiete r an d steadie r climati c 
conditions durin g a  relativ e ris e i n se a level , producin g a 
transgressive sequenc e which onlappe d th e regressive Yello w 
Drum Sandston e (Fig . 19) . Throughou t thi s transgression , 
small oscillation s i n relative se a leve l persiste d and produce d 
a repetitio n o f shallo w wate r facie s i n th e uppe r par t o f th e 
sequence. 

S T R A T I G R A P H I C M A P S 

In additio n t o informatio n obtaine d fro m outcrop , sub -
surface dat a fro m 1 5 stratigraphi c drill-hole s (Appendi x 1 ) 
was use d i n preparin g stratigraphi c maps . Th e numbe r o f 
control point s fro m th e Lennar d Shel f and the northern edg e 
of th e Fitzro y Troug h i s sufficien t fo r a  regiona l inter -
pretation. Contro l point s withi n th e trough itsel f are few an d 
post-depositional tectonis m an d erosio n o f th e southerl y 
margin o f th e basi n hav e lef t th e Fairfiel d Grou p sequenc e 
incomplete. Henc e a n interpretatio n o f sedimen t thicknes s 
and facie s type in these areas is more tenuous . 

The availabl e dat a o n eac h formatio n wa s use d t o 
construct isopac h an d entropy-rati o map s fo r litho -
stratigraphic units , a s wel l a s map s showin g thicknes s an d 
sediment typ e for specific interval s of time. 

ISOPACH MAP S (FIGS . 20-24 ) 

In th e northwes t par t o f th e basin , th e presenc e o f smal l 
tectonic block s i s base d o n aeromagneti c interpretatio n 
(WAPET, 1972b) . Thes e block s apparentl y move d differ -
entially durin g sedimentation . Th e isopac h map s illustrat e 

the elongat e natur e o f th e basi n i n th e Lat e Devonia n an d 
Early Carboniferous , an d emphasiz e th e troug h an d 
northern shelf . The greatest thicknes s o f the Fairfiel d Grou p 
is in the southeast, where Carboniferous sediment s dominat e 
the sequence . 

ENTROPY-RATIO MAP S (FIGS . 25-28 ) 

The entropy-rati o map s presente d ar e facie s map s base d 
on thre e lithologie s (carbonate , shal e an d sandstone ) 
considered t o be end member s i n a  three-phase system . The y 
were prepare d usin g method s publishe d b y Pelt o (1954) , an d 
Forgotson(1960). 

The ter m entrop y i s use d i n stratigraph y a s a  measur e o f 
the mixin g o f th e differen t kind s o f roc k component s i n a 
stratigraphic uni t (Pelto , 1954) . The entropy valu e of a  given 
component i s th e produc t o f it s proportio n i n th e uni t an d 
the natura l logarith m o f tha t proportion . A  stratigraphi c 
unit wit h equa l part s o f eac h componen t ha s a n entrop y 
value o f 100 ; as the compositio n approache s tha t o f a  singl e 
component, th e entropy value approaches zero . 
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Figure 20 . Isopac h map : Fairfiel d Group . 
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AUS 1  /  57 1 

Figure 21 . Isopach map : Gumhol e Formation . 
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AUS 1  /  57 2 

Figure 22 . Isopac h map : Yello w Dru m Sandstone . 
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AUS 1  /  57 3 

Figure 23 . Isopac h map : lowe r (limestone ) member , Laure l Formation . 
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The map s sho w tha t fo r eac h uni t withi n th e Fairfiel d 
Group th e clastic componen t (shal e plu s sandstone ) i s mor e 
abundant towar d the northerly margin . 

Furthermore th e entropy-ratio map s sho w th e variations 
of abundanc e o f each sedimen t typ e throughout th e Canning 
Basin durin g depositio n o f the Fairfield Group . Withi n the 
Gumhole Formatio n limeston e i s dominan t a t th e wester n 
end o f th e northerl y margin , an d extend s a s a  tongu e 
southward to the junction o f the shelf and trough . 

The Yello w Dru m Sandston e sequence s contai n greate r 
amounts o f elastics ; th e are a o f carbonat e dominanc e i s 
small an d i s confine d t o th e wester n par t o f th e northerl y 
shelf. Th e entropy-rati o ma p fo r th e lowe r (limestone ) 
member o f the Laure l Formatio n show s tha t carbonate sedi -
mentation wa s over the whole basin , apar t fro m th e margins 
where ther e was a dominating influ x o f siliciclastic material . 
However th e upper par t o f the Laurel sequenc e represent s a 
change i n facies wit h a  greatly increase d siliciclasti c conten t 
and a  consequen t decreas e i n carbonat e conten t with , 
apparently, no areas of largely carbonate deposition . 

TIME-INTERVAL MAP S (FIGS . 31-36 ) 
In orde r to understand the changes in thickness and facies 

with respec t t o time , map s wer e produce d fo r biostrati -

graphic tim e interval s base d o n th e Europea n standar d 
zones. Fossil s ar e know n fro m th e Fairfiel d Grou p i n a 
majority o f the wells drilled , althoug h th e biostratigraphy i s 
somewhat crud e an d the recover y o f fossil s i s random . T o 
deduce possibl e thicknesse s o f roc k withi n an y standar d 
zone, cross-section s throug h th e basi n wer e constructed , 
known age s wer e adde d an d the n tim e line s projecte d 
through th e sequence s i n eac h well . Map s wer e the n 
produced, showin g isopach s an d roc k type s fo r eac h tim e 
interval. 

The interval s use d withi n th e Lat e Devonia n (lat e 
Famennian) are , fro m oldes t t o youngest , doV , doV-VI , 
doVI (o f th e Germa n Standar d scale) , an d tnl a (o f th e 
Belgian Standar d Scale) ; an d withi n th e Earl y Carbon -
iferous (earl y Tournaisian) , tnlb , tnll a an d tnll b (o f the 
Belgian Standar d Scale) . 

These map s sho w the general shallowin g of the basin, wit h 
a relate d sprea d o f carbonat e sedimentatio n toward s th e 
basin centr e durin g th e latest Famennian , togethe r wit h the 
greater developmen t o f siliciclastics o n the northerly margi n 
during th e lates t Devonian . Subsequently , i n th e Earl y 
Carboniferous, greate r subsidenc e occurre d an d the area o f 
carbonate depositio n decrease d an d was concentrated nea r 
the northerly margin . 

Figure 25 . Entropy-rati o map : Gumhol e Formation . 
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P A L A E O G E O G R A P H Y 

In attemptin g t o reconstruc t th e geograph y o f th e 
Canning Basi n are a durin g th e lates t Devonia n an d earlies t 
Carboniferous w e ar e concerne d wit h th e distributio n o f 
land an d sea , th e geomorpholog y o f th e lan d an d dept h o f 
the sea , curren t directions , an d distributio n o f botto m 
sediments. Withi n th e presen t studie s w e ca n us e evidenc e 
provided b y knowledg e o f roc k type s (thei r distribution an d 
relationships), petrology , geochemistry , an d fossils . 
Information o n sedimentar y structure s i n th e Fairfiel d 
Group i s scan t an d determinatio n o f transpor t directio n i s 
virtually impossible . Howeve r th e availabl e informatio n o n 
sedimentary structure s ha s bee n use d i n determinin g th e 
genesis o f facie s an d provide s som e inpu t int o th e palaeo -
geographic reconstruction . 

PRE-FAIRFIELD G R O U P GEOGRAPH Y 

Generally th e coastlin e o n th e souther n edg e o f th e 
Kimberley Bloc k (o n th e northerl y margi n o f th e Cannin g 
Basin) wa s stati c durin g th e Devonia n an d Carboniferous . 
Immediately prio r t o th e commencemen t o f depositio n o f 
the Fairfiel d Grou p th e northerl y margi n approximate d th e 

present outcro p o f th e Lat e Devonia n (Frasnia n an d earl y 
Famennian) ree f comple x (sensu Playfor d &  Lowry , 1966) . 
An exceptio n wa s i n the are a wes t o f Statio n Cree k (Fig . 1) , 
where the lack o f late Famennia n sediment s in Napier No . 2 
Well suggest s tha t thi s area was emergent. We recognise thi s 
as a  palaeogeographi c feature , th e Napie r Peninsul a (Fig . 
31). Th e southerl y coastlin e i s mor e difficul t t o determin e 
because o f contemporaneou s an d subsequen t tectoni c 
activity, an d th e lac k o f outcrop . W e hav e assume d tha t i t 
trends southeast-northwes t an d approximate s th e souther n 
edge o f th e Jurgurr a Terrac e (Fig . 2) . A n islan d wa s 
probably presen t i n th e vicinit y o f Langoor a No . 1  Wel l 
(Fig. 37) . Th e distributio n o f sediment s (Fig . 37 ) show s th e 
preponderance o f marin e siltston e an d limeston e i n th e 
basin, togethe r wit h th e extensiv e developmen t o f algal-fla t 
carbonates i n th e easter n par t o f th e northerl y margi n an d 
offshore i n th e genera l are a o f th e Napie r Peninsul a an d 
associated islands . Th e presenc e o f larg e area s o f algal-fla t 
carbonate suggest s relativel y shallo w wate r depth s ove r th e 
northerly hal f o f th e basin , wit h wate r dept h increasin g 
toward th e centra l par t o f th e basi n an d sedimentatio n 
taking place below wave base . 

NAPIER RANGE 

SANDSTONE 

— Margin  of  Canning  Basin 

Probable depositional  margin  %  Oil  and  gas  well-abandoned 

Figure 26 . Entropy-rati o map : Yello w Dru m Sandstone . 
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The presenc e o f algal-fla t carbonate s an d th e apparen t 
lack o f coarse siliciclasti c materia l a t this time suggest s tha t 
runoff wa s minimal: implyin g tha t th e rainfal l wa s low, the 
catchment are a wa s small , o r tha t th e hinterlan d wa s low 
lying; o r a  combinatio n o f al l thes e factors . Ther e i s n o 
unequivocal evidenc e t o suppor t an y on e o f thes e factors ; 
however erosio n o f th e hinterlan d ha d continue d sinc e a t 
least Ordovicia n time s an d there i s no evidence o f extensive 
uplift durin g th e lates t Devonia n an d Carboniferous , 
suggesting tha t th e hinterland ma y have bee n relativel y low. 
Evidence bearin g o n the climate a t the inception o f Fairfiel d 
Group sedimentatio n i s scant. Med a No . 1  Well intersecte d 
rocks interprete d a s reef carbonates underlyin g th e Fairfiel d 
Group an d this suggest s relativel y war m conditions . Deter -
minations o f palaeolatitude (Irving , 1964 ) and pole positio n 
(McElhenny, 1971 ) indicate that the Canning Basi n area was 
less tha n 10 ° sout h o f th e equato r an d therefor e tha t 
conditions may have been war m to hot. 

LATE FAMENNIA N T I M E (dov , d o v i ) 

The lates t Famennia n wa s marke d b y drownin g o f 
Langoora island , an d the general emergenc e (Figs . 32-33 ) of 
the palaeogeographi c features , th e Napie r an d Osca r 

Peninsulas. Durin g thi s tim e platfor m carbonate s extende d 
over th e Langoor a islan d an d a  regressiv e phase , wit h th e 
incoming o f sandston e i n plac e o f platfor m carbonates , i s 
seen i n Napie r Nos . 1 , 4 and 5, Hawkstone Pea k No . 1  an d 
May Rive r No . 1 . The algal-flat carbonate s i n th e vicinit y 
of Blackston e No . 1  are succeeded b y open marin e platfor m 
carbonates, suggestin g tha t th e positiv e are a i n the vicinit y 
of Blackston e No . 1  subsided. 

The geomorpholog y o f the land surfac e i s stil l unknown , 
but th e increas e i n siliciclasti c sedimentation , especiall y i n 
the are a o f th e Napier Peninsul a an d in the Red Bluffs are a 
in th e easter n par t o f th e northerl y margin , implie s eithe r 
increased run-off , rejuvenation , o r th e developmen t o f 
longshore drift : howeve r th e restrictio n o f th e siliciclasti c 
facies t o tw o area s suggest s tha t th e influ x wa s du e t o 
localized rive r transpor t rathe r tha n longshor e drift . O n the 
other han d the non-preservation o f rocks forme d i n a coasta l 
environment i n the Oscar Rang e are a coul d presen t a  fals e 
pattern o f distribution o f clastic rocks . 

Spore studie s (Balm e &  Hassell , 1962 ) have show n tha t 
there wa s probabl y a  strongl y differentiate d flor a o f fern s 
and fern-lik e plant s (pteridophytes ) includin g lycopod s 
(pieces o f Leptophloeum australe (McCoy ) ar e found i n the 
Gumhole Formation) , an d horse-tail s livin g i n th e coasta l 

SANDSTONE 

Fault 0 Well-dry,  abandoned 

Margin of  Canning  Basin  #  Gas  well-abandoned 

Probable depositional  margin  j £ Oil  and  gas  well-abandoned 

Figure 27 . Entropy-rati o map : lowe r (limestone ) member , Laure l Formation . 
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areas. Th e distributio n o f roc k type s show s no t onl y a n 
influx o f siliciclasti c materia l i n th e coasta l are a bu t als o a 
replacement o f a  dominantl y shal e facie s b y a  platfor m 
carbonate facie s i n th e centra l par t o f th e basi n (Fig . 33 ) — 
although mu d wa s stil l bein g deposite d i n th e southeastern -
central par t o f th e basin . Subsidenc e durin g thi s perio d wa s 
extensive i n th e Fitzro y Troug h an d aroun d th e easter n an d 
western margin s o f th e Napie r Peninsul a an d "Blackston e 
high" (Fig . 32) . A s regard s th e dept h o f wate r durin g thi s 
period, replacemen t o f th e shal e facie s b y th e platfor m 
carbonate facie s support s shallowin g o f th e basin . Withi n 
the platfor m carbonat e sequenc e i n th e typ e sectio n o f th e 
Gumhole Formatio n ther e ar e abundan t singl e coral s whic h 
show regrowt h a t 90 ° t o th e previou s growt h axis , demon -
strating tha t th e livin g anima l wa s overturned , possibl y 
during storms , wit h subsequen t upwar d growt h fro m th e 
reclining calyx . Severa l specimen s sho w multipl e alteration s 
of growt h direction , implyin g tha t overturnin g wa s no t 
unusual. 

Petrological studie s demonstrat e tha t depositio n o f th e 
carbonate facies , th e Gumhol e Formatio n i n part , wa s i n a 
shallow marin e environmen t o n a  broa d subtida l platfor m 
during a  regressiv e phase.Th e faun a withi n th e limeston e 
ind ica te s o p e n - m a r i n e c o n d i t i o n s wit h abundan t 

brachiopods an d ostracods ; corals , spores , conodonts , an d 
the bryozoans ar e abundant i n som e beds . The ostracod s ar e 
benthonic form s and are interpreted a s being shallow, warm -
water form s (Jones , pers . comm) ; th e conodont s belon g t o 
Biofacies I I (Druce , 1973) , characterize d b y th e presenc e o f 
pelekysgnathids, simpl e polygnathids , an d spath -
ognathodids whic h Druc e (p . 211 ) consider s t o hav e live d i n 
water depth s o f les s tha n 5 0 m ; th e absenc e o f Biofacie s II I 
which occupie d th e wate r mas s belo w Biofacie s I I suggest s 
that wate r dept h ma y no t hav e bee n greate r tha n 5 0 m  ove r 
the Lennar d Shel f area . 

The evidence fo r the type o f climat e i s circumstantial; thi s 
part o f Australi a remaine d clos e t o th e equato r (Irving , 
1964), an d th e presumptio n o f war m condition s i s supporte d 
by th e extensiv e depositio n o f limestone , th e abundan t 
brachiopods an d commo n presenc e o f coral s (albei t 
solitary), an d th e pteridophyt e flora . Th e latte r als o 
indicates tha t th e climat e wa s humid . Th e fauna l evidenc e 
and th e mor e tenuou s evidenc e provide d b y roc k type s i s 
supported b y geochemica l evidence . Th e M n value s i n th e 
limestones o f th e Gumhol e Formatio n ar e simila r t o value s 
which Russia n worker s hav e determine d a s occurrin g i n 
carbonates forme d i n a  coasta l marin e environmen t i n a 
humid climate (Druce &  Radke , 1977) . 

N A P I E R R A N G E 

SANDSTONE 

Fault 0 Well-dry,  abandoned 

Margin of  Canning  Basin  #  Gas  well-abandoned 

-f-— Probable  depositional  margin  %  Oil  and  gas  well-abandoned 

Figure 28 . Entropy-rati o map : uppe r (shale ) member , Laure l Formation . 
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NAPIER MA Y RIVE R LANGOOR A MED A SISTER S ^ J J j J j n 0 0 5 K A N B A H 
No4 No1 Nol Nol No1 No2 

J iaure / Formation;  upper  shale  member 

2 b ? £  ̂ -C ] Laurel  Formation;  lower  limestone  member 

Yellow Drum  Sandstone 

Gumhole Formation 

| Luluigui  Formation  for  equivalent) 

Vertical: 1cm-61m (200') 

Figure 29 . Columna r section s an d ages , Fairfiel d Group , Lennar d Shelf . 
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S Gumhole  Formation 

I Luluigui  Formation  (or equivalent) 
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OBab'ongan 1 
100km ^£f?ff 

higure 30 . Columna r section s an d ages , Fairfiel d Group , Lennar d Shel f an d Fitzro y Trough . 
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Figure 31 . Lithofacie s an d isopachs : Lat e Devonia n (doV) . 
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Figure 32 . Lithofacie s an d isopachs : Lat e Devonia n (doV-doVl) . 
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Figure 33 . Lithofacie s an d isopachs : Lat e Devonia n ( d o V l ) . 
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Figure 34 . Lithofacie s an d isopachs : Lat e Devonia n ( tn la ) . 
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Figure 35 . Lithofacie s an d isopachs : Earl y Carboniferou s ( tn lb) . 
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Figure 37 . Geolog y a t bas e o f Fairfiel d Group . 

LATEST FAMENNIA N —  EARLIES T 
TOURNAISIAN TIM E (tnia , EARLIES T tnib ) 

This perio d wa s marke d b y a  genera l shallowin g o f the 
basin an d a  regressio n accompanie d b y som e tiltin g o f the 
platform t o the north, resultin g no t onl y i n a  movemen t o f 
facies towards the basin, but also submergence of the Napie r 
Peninsula fo r a t leas t par t o f th e tim e (Fig . 34). The sub -
mergence o f the peninsula wa s the onl y apparen t chang e i n 
the configuratio n o f th e northerl y coastline ; th e southerl y 
coastline remain s conjectural . Th e morphology o f th e land 
cannot b e deduced wit h certainty , bu t the greatly increase d 
availability o f siliciclasti c materia l indicate s activ e erosion . 
Around th e margin s ther e wa s a n extensio n o f deltai c 
swamps an d floo d plain s int o th e basin (Balm e in Lennar d 
Oil, 1970b) . Thi s interpretatio n i s supporte d b y strati -
graphic evidenc e whic h suggest s depositio n i n meanderin g 
tidal stream s an d emergent supratida l flat s fo r some o f the 
sediments. 

Within th e basin th e rate o f subsidence decrease d consid -
erably an d th e sand y facie s extende d furthe r toward s th e 
centre of the basi n wit h a  corresponding decreas e in the area 
of carbonat e depositio n and , apparently, n o deposition o f a 
dominantly shal e facie s (Fig . 34) . The wate r dept h durin g 
this perio d wa s reduced , an d the siliciclastic facie s (par t o f 
the Yello w Dru m Sandstone ) was deposited i n intertidal and 
supratidal environment s whic h exten d righ t acros s th e 
Lennard Shel f and into the area of the Fitzroy Trough . 

The nature , distribution , an d abundanc e o f fossil s sup -
ports thi s interpretation . Th e fauna i s considerably reduced , 
with brachiopods , gastropod s an d ostracods bein g virtuall y 
confined t o th e infrequen t limeston e beds . Th e conodont s 
indicate Biofacie s I I an d probably Biofacie s I , whic h Druc e 

(1973) ha s interprete d a s livin g i n wate r depth s fro m 0  t o 
about 5 0 m. Climat e appear s t o hav e altere d a  little , 
remaining war m an d humid ; th e increase d availabilit y o f 
siliciclastic materia l implie s tha t rainfal l migh t hav e bee n 
relatively highe r than during the preceding (doVl ) period . 

EARLY TOURNAISIA N TIM E (tnib , tniia ) 

During thi s perio d th e palaeogeographic configuratio n i s 
similar t o tha t i n th e Lat e Famennia n (doV , doVl) . Th e 
northerly coastlin e wa s irregular wit h th e emergence o f the 
Napier an d Osca r Peninsula s an d associate d island s (Fig . 
35). The southern margi n remain s enigmatic , but could hav e 
been farthe r t o th e nort h tha n i n previou s periods . Thi s 
implies a  genera l narrowin g o f th e basi n whic h wa s 
accompanied b y subsidenc e —  th e rat e o f which increase d 
rapidly toward s th e centre . Th e morpholog y o f th e 
surrounding lan d mas s i s unknown, bu t the similarity o f the 
gross deposi t iona l patter n wit h previou s periods , 
particularly th e lat e Famennia n (doVl) , implie s tha t ther e 
was little majo r change in topography. 

The depth o f the sea is interpreted a s being greater than in 
the previou s perio d (tnia) , because o f the development o f the 
shale facie s i n th e centra l par t o f th e basi n an d th e 
corresponding narrowin g o f the sandy an d carbonate facie s 
towards th e basi n margin s (Fig . 36) . The increase d dept h 
may b e due to a change in topography o f the sea floor rathe r 
than a n eustati c ris e i n sea level . I n fact , th e nondepositio n 
of sedimen t o n th e Napie r an d Osca r Peninsula s an d the 
apparent movemen t o f the margin s toward s the centre of the 
basin, suggest s tha t se a leve l ma y hav e dropped . Thu s w e 
have th e involve d cas e o f a  suggeste d genera l dro p i n sea 
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level with , instea d o f th e usua l concomitan t regressio n o f 
facies, a  narrowin g o f th e facie s belt s an d a  transgression o f 
open marin e sediment s ove r shallow-wate r sediment s i n th e 
central are a an d toward s th e margins . Th e distributio n o f 
sediment i s simila r t o tha t i n th e lat e Famennia n (tnia) , 
except tha t a  tongu e o f shal e extend s northwar d fro m th e 

centre o f th e basi n betwee n th e Osca r an d Napie r 
Peninsulas. 

The war m humi d climat e o f th e previou s period s con -
tinued; th e presenc e o f colonia l corals , th e type s o f 
ostracods, an d th e spore s whic h indicat e th e development o f 
a bryophyte-pteridophyte flora , suppor t thi s interpretation . 

E C O N O M I C G E O L O G Y 

H Y D R O C A R B O N S 

The presenc e o f burie d ree f complexe s o n th e norther n 
margin o f th e Cannin g Basi n ha s mad e thi s are a a  prim e 
target fo r oi l exploration . Drillin g ha s continue d sinc e 192 2 
but, a s yet , n o majo r discoverie s hav e bee n made . However , 
several mino r show s hav e cause d th e searc h t o b e 
maintained an d bot h geophysica l survey s an d drillin g 
programs ar e continuing. 

Some significan t show s o f oi l an d ga s hav e bee n 
encountered i n rock s underlyin g th e Fairfiel d Group , parti -
cularly i n Med a Nos . 1  & 2  (Playford , 1969) . Mino r show s 
and trace s hav e bee n reporte d fro m th e Fairfiel d Grou p i n 
several well s an d th e first  oi l recorde d i n th e Canning Basi n 
was fro m th e Laure l Formatio n i n Med a No . 1  (WAPET , 
1962). 

Blackstone No. 1 

An oi l an d gas sho w wa s encountered i n the interva l 1530 -
1543 m  a t th e to p o f th e lowe r limeston e membe r o f th e 
Laurel Formatio n immediatel y belo w th e uppe r shale -
siltstone member . 

May River No. 1 

N o oi l o r ga s show s wer e noted , bu t hydrocarbon stainin g 
occurred a t 119 4 m , within th e upper shale-siltstone membe r 
of the Laure l Formation . 

Meda No. 1 

This wel l encountere d mor e hydrocarbon s tha n an y othe r 
well i n th e Cannin g Basin , an d thre e show s occurre d i n th e 
Fairfield Group . Tw o oi l shows , on e i n eac h member , 
occurred i n th e Laure l Formatio n an d a  ga s sho w wa s 
recorded fro m th e Yellow Dru m Sandstone . 

The interva l 1558-156 5 m  withi n th e uppe r shale-siltston e 
member o f th e Laure l Formatio n yielde d severa l gallon s o f 
crude oi l fro m a  sandstone be d betwee n 156 3 an d 156 5 m . A 
similar sandston e fro m withi n th e lowe r limeston e membe r 
of th e Laure l Formatio n i n th e interva l 1584-189 1 als o gav e 
an oi l indicatio n o n the E-log . 

A 1 2 m interva l nea r th e to p o f th e Yello w Dru m 
Sandstone yielde d ditc h sample s wit h stainin g an d fluor -
escence, an d withi n th e interva l a  be d containin g ga s (1606 -
1607 m ) was indicated . 

Frome Rocks No. 2 

No significan t hydrocarbo n show s wer e reporte d fro m 
this well , bu t wax y 'dead ' oi l wa s reporte d fro m 1180 -
1134m, an d fluorescen t cutting s wer e note d fro m 1162 -
1338 m  in the Gumhole Formatio n an d in underlying strata . 

Yulleroo No. I 

Several ga s show s occu r i n thi s well , th e majorit y i n th e 
sequence immediatel y overlyin g th e Fairfiel d Group . On e 
very stron g ga s sho w occur s a t th e junctio n o f th e uppe r 

shale-siltstone membe r o f th e Laure l Formatio n an d th e 
overlying ?Anderso n Formatio n (340 9 m) . Thi s ga s 
contained significan t amount s o f higher hydrocarbons . 

Areas of interest 

Most hydrocarbo n show s hav e bee n i n thi n sandston e 
beds i n th e Laure l Formation . Exception s ar e th e ga s sho w 
in Med a No . 1  fro m th e Yello w Dru m Sandstone , an d i n 
Frome Rock s No . 2 , wher e fluorescenc e an d 'dead ' oil s ar e 
reported fro m the Gumhole Formation . 

The Yello w Dru m Sandston e i s th e mos t porou s an d 
permeable uni t i n the sequenc e an d areas where i t i s covered 
(either directl y o r indirectly ) b y th e siltstone-shal e membe r 
of th e Laure l Formatio n coul d b e area s o f potentia l hydro -
carbon entrapment . Thes e area s ar e locate d o n Figur e 3 8 
together with known oi l and gas occurrences . 

B A S E M E T A L S 

No bas e meta l occurrence s hav e bee n reporte d fro m th e 
Fairfield Group . Ther e ar e severa l occurrence s i n th e 
underlying ree f complex , an d on e smal l mine , a t Narlarl a 
(Fig. 1 ) ha s yielde d abou t 1 1 00 0 ton s o f lead-zin c or e 
(Gellatly, 1970) . 

A regiona l geochemica l stud y o f Fairfiel d Grou p 
sediments wa s conducte d i n orde r t o ascertai n whethe r the y 
had bee n subjecte d t o mineralizatio n o r ha d acte d a s 
conduits fo r mineral-rich fluids . 

No mineralizatio n wa s discovered , bu t th e geochemica l 
survey showe d tha t ther e wer e possibl y tw o population s o f 
Pb an d Z n (Druc e &  Radke , 1977) . Severa l sample s wit h 

_ Margin of  Canning  Basin 
/offshore, onshore/ 

Geological boundary 
(accurate, approximate) 

Well -  dry,  abandoned 

Gas well  -  abandoned 

Oil and  gas  well  -
abandoned 

Figure 38 . Are a wher e Yello w Dru m Sandston e covere d 
by siltstone s an d shale s o f th e Laurel  Formation . 

4? 



anomalously hig h value s o f P b an d Z n wer e found ; thes e 
were mainl y ooliti c limestone s wit h bot h hig h initia l an d 
subsequent porosities . 

The evidenc e suggest s tha t th e Fairfiel d Grou p ma y hav e 
acted a s a  condui t fo r mineral-enriche d fluids , bu t tha t 
enrichment o f sediment s withi n th e Grou p i s probabl y o f 
little consequence . 

C E M E N T 

The chemica l variabilit y o f calcareou s materia l suitabl e 
for th e manufactur e o f Portlan d cemen t i s considerable . 
However, certai n constituents , notabl y Mg , ar e undesirabl e 
and Britis h Standar d specificatio n BS . 12:1947 fo r Portlan d 
cement require s tha t a  limeston e shoul d no t contai n mor e 
than 2. 7 percen t Mg O (1.6 % Mg ) (Johnstone , 1954) . Othe r 

undesirable impuritie s includ e fre e silica , i f to o abundan t 
and to o coarse ; an d P 20 5 i f presen t i n amount s greate r tha n 
10 percent . Fre e silic a cause s problem s i n grindin g rathe r 
than affectin g chemica l reactions . Th e typica l fee d fo r 
Portland cemen t i s fou r part s o f reasonabl y pur e limeston e 
to on e o f shal e (Skinner , 1969) . Th e Fairfiel d Grou p pro -
vides th e necessar y ra w material s fo r Portlan d cemen t 
manufacture, th e limestone , siltstone , shal e sequenc e o f th e 
Gumhole an d Laure l Foundation s bein g particularl y 
favourable. Bot h hav e acceptabl e M g an d P  level s and , 
although fre e silic a i s present , i t i s i n th e for m o f san d an d 
the leve l i s not excessive . 

Consideration o f th e are a fo r a  possibl e cemen t industr y 
would, however , hav e t o wai t unti l suc h tim e a s centre s o f 
population ar e developed , an d source s o f fue l foun d i n th e 
region. 

C O N C L U S I O N S 

The Fairfiel d Grou p consist s o f a  lithogeneti c sequenc e o f 
limestone, sandstone , siltstone , shal e an d dolomit e forme d 
in shallo w wate r marin e conditions . Thre e units , th e 
Gumhole Formation , Yello w Dru m Sandstone , an d Laure l 
Formation ca n be recognised . 

The Gumhol e an d Laure l Formation s ar e limeston e — 
fine siliciclasti c sequences . The y ar e separated by the Yello w 
Drum Sandstone , whic h consist s o f sandstone s an d 
dolostones. 

The Gumhol e an d Laure l Formation s ca n b e differen -
tiated i n 7 5 percen t o f case s b y a  taxonometri c analysi s o f 
their limestones , base d o n petrographi c an d geochemica l 
properties. Thi s resul t confirm s th e us e i n th e field  o f 
limestone colou r to separate the two units . 

Limestone o f th e Gumhol e Formatio n ha s a  character -
istic yellowis h t o rust y brow n colour , an d i s commonl y 
characterized b y eithe r a  dominanc e o f ooid s o r 
brachiopods, o r b y th e presenc e o f bryozoans . I t i s als o 
characterized b y highe r level s o f manganese , iron , lead , an d 
zinc tha n limeston e o f th e Laure l Formation ; th e Ca /M g 
ratio i s also greater in the Gumhole Formation . 

In contrast , limeston e o f th e Laure l Formatio n i s lighte r 
in colour , mostl y whit e an d ligh t grey , wit h th e diagnosti c 
presence o f pelecypods , silt , an d highe r level s o f strontium , 
magnesium an d calcium , an d a  highe r rati o o f strontiu m t o 
calcium. 

During th e late r Devonia n an d earlies t Carboniferous , 
sedimentation pattern s wer e influence d b y th e balanc e 
between organi c carbonat e productio n an d terrigenou s 
sediment influx . Depositio n wa s i n thre e phases , a n initia l 

transgression (Gumhol e Formation) , regressio n (Gumhol e 
Formation an d Yello w Dru m Sandstone) , an d trans -
gression (Yello w Dru m Sandstone , Laure l Formation) . 

Transgressive an d regressiv e phase s ar e du e t o severa l 
interacting mechanisms , includin g eustati c chang e i n se a 
level, subsidence , an d regiona l an d loca l tilting . 

Deposition o f th e Gumhol e Formatio n wa s o n a  broad , 
very shallo w marin e platform , unde r generall y turbulen t 
conditions i n ope n marine , shoal , intershoa l an d restricte d 
platform environments . 

An increas e i n terrigenou s sedimen t suppl y durin g a 
regression controlle d th e coeva l depositio n o f th e Yello w 
Drum Sandstone . Sedimentatio n wa s o n partiall y emergen t 
mudflat area s o f highe r tha n norma l salinity , thes e mudflat s 
being cu t b y broa d shallo w rive r channels an d terminating i n 
estuaries. 

The are a o f depositio n o f thi s uni t wa s increasingl y 
restricted, whil e coeva l sedimentatio n o f th e Laure l 
Formation expande d wit h an ensuing transgression . 

The Laure l Formatio n wa s deposite d o n a  shallow marin e 
platform i n quie t condition s i n ope n marine , shoal , 
intershoal, restricte d platfor m an d lagoona l environments . 

Suitable condition s fo r hydrocarbo n entrapmen t probabl y 
occur i n an are a southwes t o f th e Oscar Range , immediatel y 
basinward o f th e Lennar d Shelf , i n th e Fitzro y Trough . Th e 
Fairfield Grou p contain s tw o lead-zin c populations ; i t 
probably doe s no t contai n significan t mineralization , 
although i t ma y hav e acte d a s a  condui t fo r mineralizin g 
fluids. 

46 



R E F E R E N C E S 

BALME, B.E. , 196 0 — Notes o n some Carboniferou s microflora s 
from Wester n Australia . Cong. Strat. Geol. Carboniferous 4 , 1, 
25-31. 

BALME, B.E. , 196 4 — The palynologica l recor d o f Australian pre -
Tertiary flora s in CRANWELL , L.M. , (Ed.) , Ancient Pacific 
Floras: Honolulu, University of Hawaii Press , Honolulu, 49-80. 

BALME, B.E. , & HASSALL, C.W. , 196 2 — Upper Devonia n spore s 
from th e Cannin g Basin , Wester n Australia . Micro-
paleontology, 8 , 1-28 . 

BATHURST, R.G.C. , 197 1 —  CARBONAT E SEDIMENT S AN D THEI R 
DIAGENESIS. Development s i n Sedimentology , 12 , Elsevier, 
Amsterdam. 

BEINERT, R.J. , KLAPPER , G. , SANDBERG , C.A. , &  ZIEGLER , W. , 
1971 —  Revisio n o f Scaphignathus an d descriptio n o f 
Clydagnathus? ormistoni n . sp . (Conodonta, Uppe r Devonian) . 
Geol. Palaeont., 5 , 81-91, pi s 1, 2 . 

CONDON, M.A. , 195 8 —  Developments i n the stratigraphy and 
structure o f Wester n Australia . 20th Int. Geol. Cong., 
Commission on the Correlation of the Karroo System, 139-149 . 

CONTINENTAL OI L COMPAN Y O F AUST. LTD. , 196 5 —  S t Georg e 
Range No . 1, Well Completio n Report . (Unpubl . compan y 
report. Bur. Miner. Resour. Aust. Fil e 65/4MO) . 

DAVIES, G.R. , 1970 —  Alga l laminate d sediments , Gladston e 
Embayment, Shar k Bay , Wester n Australia . Mem. Am. Ass. 
Petrol. Geol., 13 , 169-205 . 

DELEPINE, G. , 193 5 — Upper Devonia n goniatites fro m M t Pierre , 
Kimberley District , Wester n Australia . Quart. J. geol. Soc. 
Lond., 91 , 208-15. 

DRUCE, E.C. , 1969 — Uppe r Palaeozoi c conodont s fro m th e 
Bonaparte Gul f Basin , nort h wester n Australia . Bur. Miner. 
Resour. Aust. Bull. 98 , pis 1-43. 

DRUCE, E.C. , 197 3 —  Upper Paleozoi c an d Triassic conodon t 
distribution an d th e recognitio n o f biofacies . Geol. Soc. 
Amer. Spec. Pap. 141 , 191-237 . 

DRUCE, E.C. , 197 4 —  Australian Devonia n an d Carboniferou s 
Conodont Faunas . Int. Symposium Belgian Micro-
palaeontological limits. Publ. 5 , 1-18 . 

DRUCE, E.C , &  RADKE, B.M., 197 3 — BMR Stratigraphi c drilling 
in th e Noonkanba h an d Lennar d Rive r 1:25 0 00 0 Shee t Areas , 
Western Australia , 1972 . Bur. Miner. Resour. Aust. Rec. 
1973/26 (unpubl.) . 

DRUCE, E.C. , &  RADKE , B.M. , 197 7 —  Geochemistr y o f th e 
Fairfield Group , Cannin g Basin . Bur. Miner. Resour. Aust. 
Rep. 202 ; BMR Microform MF24 . 

FORGOTSON, J.M. , Jr. 196 0 — Revie w an d classificatio n o f 
quantitative mappin g techniques . Am. Assoc. Petrol Geol. 
Bull., 44 , 83-100 . 

GELLATLY, D.C , 197 0 — Textures an d genesi s of Lead-Zinc ore s 
from Narlarl a Wes t Kimberle y Region , Wester n Australia . 
Bur. Miner. Resour. Aust. Rec. 1970/117 (unpubl.) . 

GEWERKSCHAFT ELWERATH , 196 7 —  Yullero o No . 1 , Wel l 
Completion Report , Bur. Miner. Resour. Aust. Petrol. Search 
Subs. Act. Rep. 67/4249 (unpubl.) . 

GLENISTER, B.F. , 196 0 —  Carboniferou s conodont s an d 
ammonoids fro m Wester n Australia . Cong. Strat. Geol. 
Carboniferous 4 , 1, 213-17. 

GLENISTER, B.F. , &  KLAPPER , G. , 196 6 —  Uppe r Devonia n 
conodonts fro m th e Cannin g Basin , Wester n Australia . / . 
Paleont., 40 , 777-842 , pi s 85-96 . 

GUPPY, D.J. , LINDNER , A.W. , RATTIGAN , J.H. , &  CASEY , J.N. , 
1958 —  The geolog y o f the Fitzro y Basin , Wester n Australia . 
Bur. Miner. Resour. Aust. Bull. 36. 

HENDERSON, S.D. , 195 6 —  Stratigraphic bor e BM R 2 , Laure l 
Downs, Fitzroy Basin , Western Australia . Bur. Miner. Resour. 
Aust. Rec. 1956/95 (unpubl.) . 

HENDERSON, S.D. , CONDON , M.A. , &  BASTIAN , L.V. , 196 3 — 
Stratigraphic drilling , Canning Basin , Wester n Australia . Bur. 
Miner. Resour. Aust. Rep. 60 . 

H I L L , D. , 193 6 — Upper Devonia n coral s from Wester n Australia . 
J. roy. Soc. W. Aust., 22 , 25-9 . 

H I L L , D. , 195 4 — Coral fauna s fro m th e Siluria n o f New Sout h 
Wales an d the Devonian o f Western Australia . Bur. Miner. 
Resour. Aust. Bull. 23 , 1 , pis 1-4 . 

H I L L , D. , & JELL , J.S. , 197 0 — Devonian coral s from th e Canning 
Basin, Wester n Australia . Geol. Surv. W. Aust. Bull., 121 . 

JOHNSTONE, N.E.A. , 196 8 —  WAPET Blackston e No . 1  Well 

Completion Report . West. Aust. Petrol. Pty. Ltd., 1968 
(unpubl.). 

JOHNSTONE, S.J. , 195 4 —  MINERAL S FO R THE CHEMICA L AND 
ALLIED INDUSTRIES . Chapman & Hall, London. 

JONES, P.J. , 195 7 —  Ostracoda fro m bor e cor e BM R 2 , Laurel 
Downs, Fitzro y Basin , Western Australia . Bur. Miner. Resour. 
Aust. Rec. 1957/11 (unpubl.) . 

JONES, P.J. , 195 9 —  Preliminar y repor t o n Ostracoda fro m Bor e 
BMR No . 2, Laurel Downs , Fitzro y Basin , Western Australia . 
Bur. Miner. Resour. Aust. Rep. 38, 37-52 . 

JONES, P.J. , 1962 —  The Ostraco d Genu s Cryptophyllus i n th e 
Upper Devonia n an d Carboniferou s o f Western Australia . Bur. 
Miner. Resour. Aust. Bull. 62-3 , pis 1-3 . 

JONES, P.J. , 196 9 — Upper Devonia n Ostracod a an d Eridostrac a 
from th e Bonapart e Gul f Basin , Northwester n Australia . Bur. 
Miner. Resour. Aust. Bull., 99 , pis 1-7 . 

JONES, P.J. , CAMPBELL , K.S.W. , &  ROBERTS , J. , 197 3 — 
Correlation char t fo r the Carboniferous Syste m o f Australia. 
Bur. Miner. Resour. Aust. Bull. 156A . 

KRAUS, P.S. , 194 2 — Geology report , north-centra l par t Fitzro y 
Basin, Kimberle y Division , Wester n Australia . Caltex 
(Australia) Oil Development Pty. Ltd. (unpubl. rept.) . 

LENNARD OI L N.L., 1969 a —  Napier No . 1 Well Completio n 
report. Bur. Miner. Resour. Aust. Petrol Search Subs. Acts 
Rep. 69/201 5 (unpubl.) . 

LENNARD OI L N.L., 1969 b —  Napier No . 2  Wel l Completio n 
report. Bur. Miner. Resour. Aust. Petrol. Search Subs Acts 
Rep. 69/203 1 (unpubl.) . 

LENNARD OI L N.L., 1970 a —  Napier No . 4  Wel l Completio n 
Report. Bur. Miner. Resour. Aust. Petrol. Search Subs. Act 
Rep. 70/58 9 (unpubl.) . 

LENNARD OI L N.L., 1970 b —  Napier No . 5 Wel l Completio n 
report. Bur. Miner. Resour. Aust. Petrol. Search Subs. Act 
Rep. 70/75 0 (unpubl.) . 

M C W H A E , J.R. , PLAYFORD , P.E. , LINDNER , A.W. , GLENISTER , 
B.F., &  BALME , B.E. , 195 8 —  The Stratigraph y o f Western 
Australia. J. geol. Soc. Aust., 4 , 1-161 . 

NEWELL, N.D. , PURDY , E.G. , &  IMBRJE , J. , 196 0 —  Bahamia n 
oolitic sand . J. Geol., 68 , 481-97 . 

NICOLL, R.S. , &  DRUCE , E.C. , i n prep. — Conodonts fro m the 
Fairfield Group , Cannin g Basin , Wester n Australia . Bur. 
Miner. Resour. Aust. Bull. 

PARK, W.C , &  SCHOT, E.H. , 196 8 —  Stylolites : thei r natur e an d 
origin. /. Sed. Petrol., 38 , 175-191 . 

PELTO, C.R. , 195 4 —  Mapping o f multi-component systems . /. 
Geol. 62 , 501-11 . 

PLAYFORD, G. , 197 1 —  Lower Carboniferou s Spore s fro m the 
Bonaparte Gul f Basin , Wester n Australi a an d Norther n 
Territory. Bur. Miner. Resour. Aust. Bull. 115 , pis 1-18 . 

PLAYFORD, P.E. , 1969 — Devonia n Carbonat e complexe s o f 
Alberta an d Western Australia : a  comparativ e study . Geol. 
Surv. West. Aust. Rep. 1, 1-43 . 

PLAYFORD, P.E. , &  JOHNSTONE , M.H., 195 9 — Oil Exploration in 
Australia. Bull. Amer. Ass. Petrol. Geol., 43 , 397-433. 

PLAYFORD, P.E. , &  LOWRY , D.C , 196 6 —  Devonia n Ree f 
Complexes o f the Canning Basin , Wester n Australia . Geol. 
Surv. West. Aust. Bull. 118. 

RADE, J. , 1961 —  Th e geolog y o f the northeaster n margi n o f the 
Fitzroy Basi n betwee n Hawkston e Cree k an d Oscar Range , 
Western Australia . /. roy. Soc. W. Aust., 44 , 90-95. 

RADKE, B.M. , 1976 — Hierachica l classificatio n an d vecto r 
ordination i n th e distinction o f limestone s i n th e Fairfiel d 
Group, Canning Basin , Western Australia . BMR J. Aust. Geol. 
Geophys., 1 , 63-76. 

ROBERTS, J. , 197 1 —  Devonian an d Carboniferous Brachiopod s 
from th e Bonaparte Gul f Basin , northwester n Australia . Bur. 
Miner. Resour. Aust. Bull. 122 , pis 1-59 . 

ROBERTS, J. , &  VEEVERS , J.J. , 1971 , —  Carboniferous geolog y o f 
the Bonapart e Gulf  Basin , northwestern Australia . Cong. Strat. 
Geol. Carboniferous 6 , 4, 1413-27. 

ROBERTS, J. , JONES , P.J. , JELL , JrS. , JENKINS , T.B.H., MARSDEN , 
M.A.H., MCKELLAR , R.G. , MCKELVEY , B.C. , &  SEDDON , G. , 
1972 — Correlation o f the Uppe r Devonia n rock s o f Australia . 
/. geol. Soc. Aust., 18 , 467-490. 

Ross, J.P. , 196 1 — Ordovician, Silurian, and Devonian Bryozo a of 
Australia. Bur. Miner. Resour. Aust. Bull. 50. 

47 



SCOFFIN, T.P. , 197 3 — Crustacean faeca l pellets , Favreina, fro m 
the Middl e Jurassi c of Eigg, Inne r Hebrides . Scottish J. Geol., 
9, 145-6 . 

SKINNER, B.J. , 196 9 —  EART H RESOURCES . Prentice-Hall, New 
Jersey. 

TEICHERT, C , 194 3 —  The Devonian o f Wester n Australia , a 
preliminary review . Amer. J. Sci., 241, 69-94, 167-84 . 

TEICHERT, C , 194 7 — Stratigraphy o f Western Australia . J. roy. 
Soc. NSW, 80 , 81-142 . 

TEICHERT, C , 194 9 — Discovery of Devonian an d Carboniferou s 
rocks i n the North-West Basin , Wester n Australia . Aust. J. 
Sci., 12 , 62-65. 

THOMAS, G.A. , 195 6 — Discover y o f Lowe r Carboniferou s 
outcrops o f the Fitzro y Basin , Wester n Australia . Bur. Miner. 
Resour. Aust. Rec. 1956/3 8 (unpubl.) . 

THOMAS, G.A. , 1957 — Lowe r Carboniferou s deposit s i n the 
Fitzroy Basin , Wester n Australia . Aust. J. Sci., 19, 160-1. 

THOMAS, G.A. , 195 8 — Explanatory Note s on the Noonkanbah 4 
Mile Geologica l Sheet . Bur. Miner. Resour. Aust. explan. 
Notes SE/51-12 . 

THOMAS, G.A. , 195 9 — Th e Lowe r Carboniferou s Laure l 
Formation o f the Fitzroy Basin . Bur. Miner. Resour. Aust. 
Rep. 38 , 21-36 . 

THOMAS, G.A. , 1962 —  The Carboniferous stratigraph y o f the 
Bonaparte Gul f Basin . Cong. Strat. Geol. Carboniferous 
Heerlen, 4 , 3, 727-32. 

THOMAS, G.A. , 197 1 —  Carboniferou s an d earl y Permia n 
Brachiopods fro m Wester n an d Norther n Australia . Bur. 
Miner. Resour. Aust. Bull. 56 , pis 1-31 . 

VEEVERS, J.J. , 195 8 — Explanatory Note s to the Lennard Rive r — 
4 Mil e Geologica l Series . Bur. Miner. Resour. Aust. explan. 
Notes SE/51-8 . 

VEEVERS, J.J. , 195 9 — Devonian an d Carboniferou s Brachiopod s 
from North-Wester n Australia . Bur. Miner. Resour. Aust. Bull. 
55. 

VEEVERS, J.J. , &  WELLS , AT. , 196 1 —  Th e Geolog y o f th e 
Canning Basin , Wester n Australia . Bur. Miner. Resour. Aust. 
Bull. 60. 

WADE, A. , 193 6 — The geology o f the West Kimberle y Distric t o f 
Western Australia . Freney Kimberley Oil Co., (unpubl . rept.) . 

W E S T AUSTRALIA N PETROLEU M PTY . LTD. , 196 1 — Barle e No . 1 
Well Completio n Report . Bur. Miner. Resour. Aust. Petrol. 
Search Subs. Act Publ. 16 

W E S T AUSTRALIA N PETROLEU M PTY . LTD., 1962 — Langoora No . 
1, Wel l Completion Report . Bur. Miner. Resour. Aust. Petrol. 
Search Subs. Act Rep. 62/1094 (unpubl.) . 

W E S T AUSTRALIA N PETROLEU M PTY . LTD. , 1962 a —  Hawkston e 
Peak No . 1, Well Completio n Report . Bur. Miner. Resour. 
Aust. Petrol. Search Subs. Act Rep. 62/1093 (unpubl.) . 

W E S T AUSTRALIA N PETROLEU M PTY . LTD. , 1962 b — Meda No . 1 
Well, Wester n Australia . Bur. Miner. Resour. Aust. Petrol. 
Search Subs. Act Publ. 1. 

W E S T AUSTRALIA N PETROLEU M PTY . LTD. , 1962C— Frome Rock s 
No. 1  and No . 2 Wells, Western Australia . Bur. Miner. Resour. 
Aust. Petrol. Search Subs. Act Publ. 8. 

W E S T AUSTRALIA N PETROLEU M PTY . LTD. , 196 6 — Summary o f 
data an d results : Babrongan Nol , Langoor a No . 1 , Hawkstone 
Peak No . 1, Canning Basin , Wester n Australia . Bur. Miner. 
Resour. Aust. Petrol. Search Subs. Act Publ. 36. 

W E S T AUSTRALIA N PETROLEU M PTY . LTD. , 1967 a —  Blackston e 
No. 1 , Well Completio n Report . Bur. Miner. Resour. Aust. 
Petrol. Search Subs. Acts Rep. 67/4262 (unpubl.) . 

W E S T AUSTRALIA N PETROLEU M PTY . LTD. , 1967 b —  Ma y Rive r 
No. 1 , Well Completio n Report . Bur. Miner. Resour. Aust. 
Petrol. Search Subs. Acts Rep. 67/4252 (unpubl.) . 

W E S T AUSTRALIA N PETROLEU M PTY . LTD. , 196 8 — Dora n No . 1 
Corehole, Wel l Completio n Report . Bur. Miner. Resour. Aust. 
Petrol. Search Subs. Acts Rep. 68/2033 (unpubl.) . 

W E S T AUSTRALIA N PETROLEU M PTY . LTD. , 1972a — Palm Spring s 
No. 1 , Canning Basin , Wel l Completio n Report . Bur. Miner. 
Resour. Aust. Petrol. Search Subs. Act Rep. 72/200 2 (unpubl.). 

W E S T AUSTRALIA N PETROLEU M PTY . LTD., 1972b —  Lennar d 
Shelf Aeromagnetic Survey Interpretatio n Report . Bur. Miner. 
Resour. Aust. Petrol. Search Subs. Act Rep. 72/101 9 (unpubl.). 

48 



A P P E N D I X I 

F A I R F I E L D G R O U P I N T H E 
S U B S U R F A C E 

The stratigraphi c an d lithologica l limit s o f formation s 
within th e Fairfiel d Grou p i n th e subsurfac e ar e discusse d 
well b y well ; th e well s ar e liste d alphabeticall y fro m th e 
Lennard Shelf , th e Fitzro y Troug h an d Jurgurr a Terrac e 
(Fig. 2) . 

LENNARD S H E L F 

Blackstone No. 1 

Blackstone N o . 1  wel l i s locate d a t 17°35'14"S , 
1 2 4 °2 rorE , 8 8 k m east-southeas t o f Derby , an d about 10 5 
km west-northwes t o f th e typ e are a o f th e Fairfiel d Group . 
The neares t well s ar e A.F.O . Th e Sister s No . 1 , 17. 5 k m t o 
the southeast, an d Med a No s 1  & 2, 27 km to the northwest . 

The wel l wa s spudde d i n Triassi c Erskin e Sandstone , an d 
intersected th e Fairfiel d Grou p between 148 6 m an d 181 1 m , 
a total thickness o f 325 m . 

The Gumhol e Formatio n overlie s lat e Famennia n 
birdseye limeston e a t 181 1 m ; i t comprise s 11 2 m  o f 
limestone wit h thi n shal e interbeds . The limeston e i s light t o 
medium brown-grey , occasionall y off-whit e an d pale brown , 
composed o f ver y fin e t o medium , occasionall y coarse , 
subangular t o sub-rounde d moderat e t o wel l sorted , detrita l 
carbonate grain s se t i n a  clea r sparr y calcit e cemen t 
(WAPET, 1967a) . Fossil s includ e bryozoans , crinoids , 
foraminifers, ostracod s an d algae . 

The Yello w Dru m Sandston e overlie s th e Gumhol e 
Formation; the contac t i s at 169 9 m. Th e unit consists o f 11 6 
m o f dominan t doloston e wit h mino r limeston e an d mino r 
shales, siltstones , and sandstones . 

The doloston e i s off-whit e t o pal e brown-gre y wit h 
scattered smal l finel y t o coarsel y crystallin e clea r calcit e 
patches, an d som e quart z sil t forming up to 20 percent of th e 
rock. Th e rar e lamination s ar e forme d b y colou r change s o r 
grainsize variations ; th e lamination s ar e generall y un -
disturbed. Rar e contortion s ar e prbabl y du e t o bio -
turbation. Th e limeston e i s presen t i n th e interva l 157 9 m -
1599 m , an d i s fine-graine d pal e greenis h gre y t o greyis h 
brown. Siltston e an d sandston e interbed s ma y b e present . 
Fossils ar e rare . Th e shal e bed s ar e dar k gre y an d finely 
micaceous, and are present near the base of the sequence . 

Overlying th e Yello w Dru m Sandston e i s th e Laure l 
Formation consistin g o f a  5 1 m  lowe r limeston e membe r 
and a n uppe r 4 2 m  siltston e membe r i n th e interva l 1486 -
1579 m . 

The limeston e membe r consist s o f interbedde d limestone , 
sandstone an d siltstone . Th e limeston e i s bioclastic , ligh t t o 
medium brow n an d greyis h brown , an d slightl y t o ver y 
sandy. Fossil s ar e abundan t an d includ e brachiopods , 
pelecypods, fish,  bryozoans , crinoids , an d ostracods . Th e 
sandstone i s ligh t grey , mediu m grey-brown , fine  grained , 
with ver y littl e calcit e cement . Th e siltston e occur s a s 
stringers withi n th e limeston e an d a s mediu m t o dar k gre y 
calcareous beds . 

The upper siltston e member consist s o f dominant siltston e 
with mino r sandstone . Th e siltston e membe r i s ligh t t o 
medium grey , coarse-grained , sandy , micaceou s an d in som e 
places calcareous . Th e rar e sandston e i s ligh t t o medium -
grey and fine-grained. 

Previously onl y th e Laure l an d Fairfiel d Formation s ha d 
been recognize d (Johnstone , 1968 , unpubl.) , th e Laure l 
between 148 6 m  an d 157 9 m  an d th e Fairfiel d Grou p 
between 157 9 m  an d 191 5 m . Withi n thi s latte r interva l w e 

recognize thre e units , a  birdsey e limeston e betwee n 1811 m 
and 191 5 m , th e Gumhol e Formatio n betwee n 169 5 m  an d 
1811 m , an d th e Yello w Dru m Sandston e betwee n 157 9 m 
and 169 9 m . 

There i s littl e variatio n betwee n roc k type s i n th e 
Gumhole Formatio n i n the typ e are a an d i n Blackston e No . 
1. Howeve r th e Yello w Dru m Sandston e show s consid -
erable variation , bein g predominantl y doloston e wit h mino r 
sandstone in Blackston e N o. 1 , whereas in the type area bot h 
dolostone an d sandston e ar e equall y represented . Th e 
laminated dolostone s sugges t tha t th e environmen t o f 
deposition wa s supratida l o r lagoonal , an d depositio n 
probably too k plac e i n a  restricte d are a whic h ma y hav e 
been periodically inundate d an d hence bioturbated . 

The Laure l Formatio n i n Blackston e No . 1  i s closel y 
comparable t o tha t i n th e typ e are a an d i s similarl y 
composed o f tw o members ; however th e thicknes s i s greatl y 
reduced. 

Hawkstone Peak No. 1 

The Hawkston e Pea k N o . 1  Wel l i s situate d a t 
17°14'45"S, 124°24'26"E , 8 0 km eas t o f Derby. The neares t 
wells ar e Napier No . 1  12 km east-northeast , an d Med a No . 
1 29 k m t o th e southwest ; Hawkston e Pea k N o . 1  is 12 0 k m 
to the northwest o f the Fairfiel d typ e area . 

The wel l wa s spudde d i n Permia n Gran t Formatio n an d 
intersected th e Fairfiel d Grou p i n th e interva l 18 6 m-46 3 m 
before passin g int o Famennia n birdsey e limestone . Th e 
Gumhole Formatio n i s apparentl y missin g an d th e Yello w 
Drum Sandston e rest s directl y o n th e birdsey e limestone . 
However cutting s fro m th e 7  m  interva l 456-46 3 m  sugges t 
that limeston e rathe r tha n doloston e ma y b e present , an d 
this may represen t the Gumhole Formation . 

The Yello w Dru m Sandston e wa s penetrate d i n th e 
interval 35 4 m-46 3 m . Th e 10 9 m  sectio n i s compose d 
of sandstone , siltstone , shale , an d dolostone , wit h mino r 
limestone. Th e lithi c sandston e i s fine  t o coarse-grained ; th e 
calcareous siltston e i s mottled grey , tan and red. The shal e i s 
dominantly gre y an d th e doloston e gre y t o ta n (WAPET , 
1966). 

Fossils ar e rar e an d consis t o f a  poorl y preserve d 
microflora, whic h includes spores and plant fibres , ostracod s 
'Paraparchites an d Cavellinal) an d Umbella, a  problemati c 
genus whic h ha s bee n referre d t o bot h th e foraminifer a an d 
algae. 

The Laure l Formatio n consist s o f a  limeston e membe r 
and a n overlyin g shal e member . Th e limeston e i s grey -
brown, bioclastic , an d poorl y sorted ; i t grade s int o 
calcareous siltstone . Th e shal e i s predominantl y coloure d i n 
shades o f grey , an d i s occasionall y silt y an d sandy . Th e fe w 
macrofossils reporte d com e fro m Cor e N o . 1  (262.5 m-26 7 
m) whic h i s a  shell bed with a  siltstone matrix . Brachiopods , 
especially a  spirifer , predominat e an d ar e simila r t o form s 
from th e Laure l Formation , an d als o th e Septimu s 
Limestone o f th e Bonapart e Gul f Basin . Othe r fossil s 
include crinoid stems , fish  plate s an d fragmentar y ostracod s 
(Coleman in WAPET , 1962) . Th e carbonaceou s siltston e 
from Cor e N o. 1  yielded a  well preserve d an d diverse micro -
floral assemblag e includin g spore s an d microplankton an d a 
scolecodont (Edgel l in WAPET, 1962) . 

Our interpretatio n differ s greatl y fro m tha t propose d b y 
WAPET (1966) ; the y recognize d th e Fairfiel d Formatio n 
between 36 0 an d 59 1 m , an d th e Laure l Formatio n betwee n 
244 an d 36 0 m . W e conside r tha t th e lowe r par t o f thei r 
Fairfield Formatio n betwee n 46 3 an d 59 1 m  represent s th e 
unnamed lat e Famennia n birdsey e limeston e an d th e uppe r 
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part betwee n 36 0 an d 46 3 m  t o b e equivalen t t o th e Yello w 
Drum Sandstone . 

The uppe r boundar y o f th e Yello w Dru m Sandston e i s 
taken a t 35 4 m , thu s placin g 6  m  o f th e Laure l Formatio n 
(sensu WAPET ) withi n it . Apar t fro m th e lowe r 6  m  th e 
Laurel Formatio n recognize d b y WAPE T i s equivalen t t o 
the lowe r limeston e member ; th e uppe r shal e membe r (18 6 
m-244 m ) wa s originall y referre d t o th e "Glacia l Member " 
of th e Gran t Formation , althoug h th e indentiflcatio n wa s 
uncertain an d th e possibilit y o f it s bein g par t o f th e Laure l 
Formation wa s not discounted . 

Langoora No. I 

The Langoor a No . 1  Wel l i s locate d a t 17°18'07"S , 
124°06'48"E, 5 0 k m eas t o f Derb y (WAPET , 1962) . Th e 
nearest well s ar e Ma y Rive r N o . 1 , 7  k m t o th e north -
northwest an d Med a N o . 1  1 5 k m t o th e southeast ; 
Langoora No . 1  is 13 0 km northwes t o f th e typ e section s o f 
the Fairfiel d Group . 

The wel l wa s spudde d i n Triassi c Blin a Shal e an d 
penetrated th e Fairfiel d Grou p i n th e interva l 1308-159 7 
m. Th e Gumhol e Formatio n directl y overlie s Precambria n 
schist an d i s 4 6 m  thick , th e lowe r 1 5 m  o f whic h probabl y 
consists o f a  basa l conglomerat e wit h a  limeston e matrix . 
The uppe r par t o f th e uni t i s compose d o f limeston e an d 
siltstone. Th e limeston e i s crea m an d gre y t o brown , fin e t o 
coarse sand y an d silt y i n part , an d i n place s i s oolitic . 
The siltston e i s ligh t grey-gree n t o grey , gradin g t o fin e 
calcareous quartzos e sandstone . Fe w fossil s wer e recovere d 
and preservatio n wa s poo r althoug h sufficien t t o sugges t a 
Devonian age . Spore s wer e recovere d fro m Cor e 1 0 (1551 -
1559 m ) an d ar e long-rangin g form s (Fowle r in WAPET , 
1962); foraminifer a fro m th e sam e cor e sugges t a  corre -
lation wit h th e Uppe r Devonia n o f Russi a (McTavis h in 
WAPET, 1962) . 

The Yello w Dru m Sandston e wa s intersecte d i n th e 
interval 1484-155 1 m  an d consist s mainl y o f doloston e wit h 
minor siltstone . Th e doloston e i s off-whit e t o tan , ver y fine 
to finel y crystalline , an d sugar y i n texture . Th e siltston e i s 
dolomitic, ta n t o brown , an d grey , calcareou s i n part , an d 
commonly sandy . Th e onl y fossil s reporte d ar e indeter -
minate mould s o f ostracod s fro m a  sidewal l cor e a t 152 1 m 
(McTavish in WAPET, 1962a) . 

The Laure l Formatio n wa s penetrate d betwee n 130 8 m 
and 148 4 m , an d consist s o f a  lowe r limeston e membe r an d 
an uppe r shal e member . Th e lowe r membe r i s 15 8 m  thic k 
and i s compose d o f dominan t limeston e wit h mino r 
siltstone, shale , an d sandstone . Th e limeston e i s tan , brown , 
and grey , sand y wit h abundan t fossi l fragments , an d i s i n 
part oolitic . Th e silt y limestone s grad e int o tan , brown , an d 
grey siltston e whic h i s micaceous , i n place s calcareous , an d 
rarely carbonaceous . Th e shal e i s ligh t green , th e sandston e 
off-white t o gre y an d ver y fin e t o fine-grained . Th e uppe r 
member i s 1 8 m thick an d i s dominantly siltston e with mino r 
shale, an d limestone . Th e siltstone i s light to medium gre y t o 
tan i n colour ; i t i s calcareous , micaceous , fossiliferou s an d 
sandy i n part . Th e limeston e i s ta n t o grey-brown , o f fin e t o 
medium texture , and silty and sandy . 

A poorl y preserve d microflor a i s presen t fro m Core s 7 
(1369-1373 m) , 8  (1388-139 0 m) , an d 9  (1477-147 9 m) ; i t 
indicates a  genera l Earl y Carboniferou s ag e (Fowle r in 
WAPET, 1962) . Althoug h fossiliferou s bed s ar e mentione d 
in th e lithologica l descriptio n o f th e core s i n th e origina l 
unpublished report , n o repor t o n th e macrofaun a ha s bee n 
produced. 

The majo r differenc e i n thi s interpretatio n o f Langoor a 
N o . 1  Well i s the recognition o f the Yellow Dru m Sandston e 
and th e Gumhol e Formatio n i n th e interva l whic h ha d bee n 
called th e Fairfiel d Formatio n equivalent . Th e Laure l 
Formation boundarie s ar e unchanged . 

May River No. 1 

The Ma y Rive r No . 1  Wel l i s locate d a t 17°14'50"S , 
124°05'01"E, abou t 4 8 k m du e eas t o f Derb y (WAPET , 
1967). I t lies about 7  km north-northeas t o f Langoora N o . 1 , 
and 13 0 k m northwes t o f th e Fairfiel d Grou p typ e sections . 
The wel l wa s spudde d i n thic k alluviu m overlyin g Triassi c 
Blina Shale ; th e Fairfiel d Grou p wa s intersecte d betwee n 
1172 m an d 157 9 m . 

The Gumhol e Formatio n i s 7 6 m  thic k an d comprise s 
limestone, dolostone , an d minor shale . The limestone i s ligh t 
to mediu m grey-brown , brown , an d grey , wit h a  fine  t o 
coarse granula r textur e an d occasiona l pocket s o f shel l 
fragments; i t grades into both dolostone an d shale . 

The doloston e i s mediu m red-brown , ligh t gre y an d 
brown, o r gee n t o gre y i n colour ; i t i s microcrystallin e 
although locall y granular . Th e siltston e i s red-brow n an d 
grey, finely  micaceou s an d i t grades into both limeston e an d 
dolostone. Ther e ar e thi n interbed s o f laminate d dar k gre y 
and green-grey shale . 

Fossils ar e commo n i n som e bed s includin g foraminifers , 
ostracods, crinoi d ossicles , brachiopods , pelecypods , an d 
fish. Rar e but well preserved spore s and acritarchs have bee n 
recovered fro m Cor e 5  (1511-151 5 m ) an d indicat e a  lates t 
Devonian o r earlies t Carboniferou s ag e (Balm e in WAPET , 
1967). 

The Yello w Dru m Sandston e comprise s 10 1 m  o f inter -
bedded sandston e an d dolostone , wit h mino r limeston e an d 
siltstone, i n th e interva l 1402-150 3 m . Th e quart z sandston e 
is off-white , pal e grey , gree n o r greenish-grey , friabl e t o 
hard, fine  t o coarse-grained , wit h a  whit e t o ligh t gree n 
argillaceous matrix . I t i s generall y non-calcareou s an d non -
dolomitic. Th e dolostone i s light grey, green , brown, and off -
white, microcrystallin e wit h scattere d grain s o f quartz . Thi n 
red-brown an d green-gre y siltston e an d shal e bed s ar e 
present i n places . Th e onl y fossil s recovere d ar e plan t tissu e 
and rar e spores . 

The Laure l Formatio n consist s o f tw o members , a  15 0 m 
lower limeston e membe r intersecte d betwee n 125 2 m  an d 
1402 m , an d a n 8 0 m  uppe r shal e membe r betwee n 117 2 m 
and 125 2 m . Th e lowe r membe r consist s o f interbedde d 
limestone an d sandston e wit h minor siltston e an d shale . Th e 
limestone i s gre y t o grey-brown , an d contain s abundan t 
fossil fragment s cemente d b y clea r spar . Fin e t o coarse -
grained quart z grains ar e locally abundant . 

The sandston e i s whit e t o ligh t grey , firm  t o moderatel y 
friable, slightl y micaceou s wit h a  calcareou s cement ; i n 
places i t grade s t o sand y limestone . Th e siltston e i s dar k 
grey t o black , sandy , ver y micaceous ; the shal e i s micaoeou s 
and black . 

Fossils includ e brachiopods , pelecypods , gastropods , 
crinoids, spore s an d acritarchs . Th e latte r tw o group s 
suggest a n Earl y Carboniferou s age , bu t th e evidenc e i s 
equivocal. 

The uppe r membe r comprise s interbedde d siltston e an d 
sandstone wit h a  fe w carbonat e beds . Th e siltston e i s gre y 
and green-grey , moderatel y fir m t o soft , sandy , micaceous , 
and calcareous . 

The sandston e i s whit e t o gre y an d fine-grained,  silty , 
micaceous, an d calcareous , gradin g int o sand y limestone ; 
rarely i t contain s abundan t pyrite . N o fossil s hav e bee n 
reported fro m thi s unit . 

The fou r lithologica l unit s whic h w e conside r t o belong t o 
the Fairfiel d Grou p wer e recognized b y WAPET (1967 ) an d 
referred b y the m t o th e Fairfiel d Formatio n (sens u Playfor d 
& Lowry , 1966) . Ther e ar e mino r difference s i n boundar y 
positions but , i n general , th e Gumhol e Formatio n i s 
equivalent t o thei r Uni t D , th e Yello w Dru m Sandston e t o 
Unit C , th e lowe r membe r o f th e Laure l Formatio n t o Uni t 
B and the upper one to Uni t A . 
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Meda No. 1 

The Med a No . 1  Wel l i s situate d a t 1 7 ° 2 4 W S , 124 ° 
11'30"E, 5 6 k m eas t o f Derb y (WAPET , 1962b) . Th e 
nearest well s ar e Langoor a N o . 1 , 1 5 k m t o th e northwest , 
and Blackston e No . 1 , 2 7 k m t o th e southeast . Med a No . 1  is 
about 12 5 k m northwes t o f th e typ e section s o f the Fairfiel d 
Group. Th e wel l wa s spudded i n Triassic Blin a shal e an d th e 
Fairfield Grou p was intersected i n the interval 1503-201 8 m . 

The Gumhol e Formatio n i s 37 1 m  thic k an d overlie s th e 
Devonian ree f comple x a t 201 8 m . Th e uni t i s dominantl y 
limestone, ligh t grey-brow n t o crea m an d red-grey , i n par t 
oolitic, wit h a  clea r calcit e cement . Fin e subangula r t o sub -
rounded quart z grain s ar e present , i n place s i n sufficien t 
quantity t o for m a  sandy limestone . 

Fossils ar e present , thoug h neve r abundant , an d includ e 
ostracods, conodonts , an d algae . Th e faun a suggest s a  lates t 
Devonian age . 

The Yello w Dru m Sandston e i s presen t i n th e interva l 
1623-1649 m  an d consist s o f 2 6 m  o f interbedde d sandston e 
and sandy dolostone . 

The Laure l Formatio n consist s o f a  lowe r limeston e 
member an d a n upper , sand y siltston e member . Th e lowe r 
member i s 49 m  thic k an d comprise s limeston e an d siltston e 
with mino r shal e an d sandstone . Th e limeston e i s gre y an d 
brown wit h ofte n abundan t quart z grains ; th e siltstone s ar e 
dark gre y an d micaceou s an d i n place s grad e int o blac k 
shale. Fossils , includin g brachiopods , ostracods , conodonts , 
pelecypods an d fish , ar e abundant . Th e conodonts , 
ostracods, an d brachiopod s al l indicat e a n Earl y Carbon -
iferous ag e (Gleniste r &  Furnish ; Jones ; Thomas , al l in 
WAPET, 1962b) . 

The origina l interpretatio n o f the Fairfiel d Grou p interva l 
by WAPE T (1962b ) differ s fro m ou r interpretatio n i n tha t 
the Yello w Dru m Sandston e an d 2 3 m  o f Gumhol e 
Formation wer e include d i n the lower membe r o f the Laure l 
Formation, otherwis e th e boundarie s betwee n unit s ar e 
identical. 

Napier No. 1 

The Napie r No . 1  Well i s situate d 10 0 k m east-northeas t 
of Derb y a t 17°12'20"S , 124°31 , 36 , , E (Lennar d Oil , 1969a) . 
The neares t well s ar e Hawkston e Pea k No . 1 , abou t 1 1 k m 
west-southwest, an d Napie r N o . 5 , abou t 1 2 k m t o th e 
northwest; th e typ e section s o f th e Fairfiel d Grou p ar e 11 0 
km t o th e southeast . Th e wel l wa s spudde d i n Carbon -
iferous clayston e whic h ma y b e a n equivalen t o f th e 
Anderson Formation ; th e Fairfiel d Grou p wa s intersecte d 
between 20 3 m an d 832 m . 

The Gumhol e Formatio n i s 17 2 m  thic k an d consist s o f 
interbedded limeston e an d doloston e wit h siltston e an d 
minor shale . Th e limeston e i s brow n t o white , an d contain s 
shell fragment s an d abundan t quart z grains . Th e doloston e 
is ligh t brow n t o white ; i n a  fe w place s i t i s ver y sand y an d 
grades int o dolomiti c limestone . Th e siltston e an d shal e ar e 
either grey-gree n o r brown , fissile , soft , an d intermittentl y 
calcareous. Fossil s ar e present an d includ e spores , ostracod s 
and conodonts . Al l group s sugges t a  Famennian , probabl y 
late Famennia n ag e (Balm e in Lennar d Oil , 1969a ; Jone s in 
Lennard Oil , 1969a) . 

The Yello w Dru m Sandston e wa s intersecte d betwee n 33 3 
m an d 66 0 m  an d consist s o f 32 7 m  o f siltston e wit h mino r 
sandstone i n th e interva l 333-37 7 m , an d clayston e wit h 
minor doloston e i n th e interva l 377-66 0 m . Th e siltston e i s 
grey-green, sandy , fissile , chloriti c an d calcareous ; th e 
sandstone i s pal e white an d ver y fine-grained . Th e clayston e 
is ligh t grey-green , an d slightl y calcareous ; i t i s interbedde d 
with grey-gree n micaceou s siltstone , and , toward s th e base , 
light brown to brown silt y dolostone . 

The Laure l Formatio n consist s o f a n uppe r siltston e 

member an d a  lowe r limeston e member . Th e lowe r membe r 
is 3 6 m  thic k an d consist s o f a  grey , brown , sand y fossil -
iferous limeston e overlyin g a  ta n t o whit e oolite , cemente d 
with whit e sparr y calcite . Fossil s hav e bee n recovere d fro m 
core 1 , (20 4 m ) an d bot h th e spore s an d th e questionabl e 
alga (Umbella) sugges t a  lates t Devonia n ag e (Balm e in 
Lennard Oil , 1969a ; Jones , ibid); th e evidenc e i s no t 
conclusive an d a n earlies t Carboniferou s ag e canno t b e 
excluded, althoug h th e presenc e o f Leiozonotriletes 
naumovae Balm e &  Hassel l (= Hymenozonotri letes lepi-
dophytus Kedo ) strongl y suggest s lates t Lat e Devonia n 
(Strunian, tnia) . 

Napier N o . 1  Wel l ha s prove d difficul t t o interpret ; th e 
sequence i s extremel y thic k wit h a  larg e influ x o f fin e cla y 
and silt . A n alternativ e interpretatio n t o tha t presente d 
above i s tha t al l th e sequenc e betwee n 20 3 m  an d 83 2 m  i s 
equivalent t o th e Gumhol e Formatio n an d th e uppe r 20 0 m 
of th e sequence , whic h consist s o f siltstone , shale , coars e 
sandstone, an d claystone , i s equivalen t t o th e Yello w Dru m 
Sandstone. Th e sectio n i n Statio n Cree k immediatel y t o th e 
north an d eas t show s a  thi n limeston e uni t (=Laure l 
Formation) overlyin g massiv e sandston e interbedde d wit h 
siltstone (=Yel lo w Dru m Sandstone ) which , in turn, overlie s 
a thic k sequenc e o f siltston e wit h thi n bed s o f brow n t o gre y 
fossiliferous limestone ; thi s sugggest s tha t th e forme r inter -
pretation i s correct . However , evidenc e fro m Napie r Nos . 2 
and 5  suggest s rapi d an d considerabl e facie s change s i n th e 
Fairfield Grou p i n th e immediat e vicinit y o f Statio n Creek , 
and this either interpretation i s possible . 

Napier No. 2 

The Napie r N o . 2  Wel l i s locate d a t 17°04'55"S , 124 ° 
21'20"E, 8 0 k m northeas t o f Derby . Th e neares t well s ar e 
Napier N o . 5  abou t 1 5 k m t o th e east-southeast , an d 
Hawkstone Pea k No . 1 , 2 0 k m t o th e south-southeast . Th e 
Fairfield Grou p type sections ar e 14 0 km t o the southeast . 

The wel l wa s spudde d i n a  14 7 m  sandston e uni t o f 
unknown ag e whic h overlie s Frasnia n sediment s (Jone s in 
Lennard Oil , 1969b , an d pers . comm.) . Th e sandston e coul d 
be a  nearshor e latera l equivalen t o f th e Laure l Formation . 
Conversely i t is possible the younger Anderso n Formation . 

Napier No. 4 

The Napie r N o . 4  wel l i s locate d a t 1 6 ° 1 5 W ' S , 124 ° 
55'35"E, 7 0 k m northeas t o f Derby . Th e neares t well s ar e 
Napier N o . 2 , 3 2 km t o the southeast, an d May Rive r N o. 1 , 
40 k m t o the south; the Fairfield Grou p type sections are 17 0 
km to the southeast . 

The wel l wa s spudde d i n a  thin sequenc e (1 0 m) o f aeolia n 
sand overlyin g probabl e Permia n Gran t Formation ; th e 
Fairfield Grou p was intersected between 6 8 and 220 m . 

The^Gumhole Formatio n i s only 4  m thick , an d consists o f 
a calcareou s uni t (referre d t o a s mar l b y Lennar d Oil , 
1970a) whic h i s mottle d grey-gree n an d buf f wit h inter -
bedded gree n calcareou s claystone . Th e uni t ha s yielde d 
ostracods (Jone s in Lennar d Oil , 1970a ) an d spore s (Balm e 
in ibid.) whic h indicate a late Famennian age . 

The remainde r o f the Fairfiel d Grou p consist s o f 14 8 m o f 
Yellow Dru m Sandston e i n th e interva l 68-21 6 m . Th e 
unit i s predominantl y sandstone , white , yellow , an d pin k t o 
red, mediu m t o ver y coarse , friabl e an d gradin g t o pebbl y 
conglomerate. Th e sandston e i s interbedded with thin, red t o 
red-brown an d light green, variegated silt y claystone . 

Spores ar e th e onl y fossil s whic h Hav e bee n recovere d 
from thi s interva l (Balm e in Lennar d Oil , 1970a) . The y ar e 
Early Carboniferou s an d ar e know n fro m th e Laure l 
Formation. Balm e (ibid.) note s tha t within the interva l ther e 
are ver y marke d quantitativ e difference s betwee n th e 
assemblage a t 385 ' (117 m ) an d 394 ' (120 m) . These mus t b e 
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mainly attributabl e t o ecologica l cause s an d sugges t a 
marginal environmen t subjec t t o rapid , an d probabl y 
localised, flora l modifications . I t i s likel y tha t th e spor e 
assemblages represen t plan t association s growin g i n deltai c 
swamps o r rive r floo d plains , whic h responde d criticall y t o 
relatively mino r change s in water-table conditions . 

Our interpretatio n differ s slightl y fro m tha t o f Lennar d 
Oil (1970a) . W e conside r tha t a  smal l par t o f th e Fairfiel d 
Formation equivalen t i s referrabl e t o th e Gumhol e 
Formation an d tha t belo w 22 0 m  i t i s probably equivalen t t o 
the Luluigu i Formation . Th e dominantl y sandston e par t o f 
Lennard Oil' s Fairfiel d Formatio n equivalen t betwee n 
169 m  an d 21 6 m  i s place d i n th e Yello w Dru m Sandstone , 
as is all o f their Laure l Formation . 

Napier No. 5 

The Napie r No . 5  wel l i s situate d a t 17°06'30"S , 
124°28'06"E, 9 0 k m east-northeas t o f Derb y (Lennar d Oil , 
1970b). Th e neares t well s ar e Napie r No . 1 , 1 2 km t o th e 
south-southeast, Hawkston e Pea k N o . 1 , 1 6 km t o th e 
south-southwest, an d Napie r No . 2 , 1 5 km t o th e west -
northwest. Th e typ e section s o f th e component s o f th e 
Fairfield Grou p are some 12 0 k m t o the southeast . 

The wel l wa s spudde d i n a  sandston e o f unknow n age , 
possibly equivalen t t o th e Anderso n Formation ; th e 
Fairfield Grou p wa s intersecte d betwee n 4 9 m  an d 19 8 m , 
only th e Gumhol e Formatio n an d th e Yello w Dru m 
Sandstone bein g penetrated . 

The Gumhol e Formatio n i s 12 1 m  thic k wit h a  bas e a t 
198 m . Th e uni t consist s o f interbedde d shale , limestone , 
siltstone, an d rar e sandstone . Th e dominan t litholog y varie s 
through th e sequence , consistin g o f shal e (17 3 m  —  19 8 m) , 
limestone (15 4 m  —  17 3 m) , shal e (12 3 m  —  15 4 m) , 
limestone (11 1 m  —  12 3 m) , an d shale(77 m  — 11 1 m) . Th e 
limestone i s thic k bedded , white , ligh t brown , re d an d 
yellow, an d fossiliferou s wit h occasiona l coquinities ; th e 
shale interbed s ar e brown , grey-gree n t o ligh t brown , fissile 
and fossiliferous . 

The shal e i s grey-gree n t o grey , fissile,  partl y micaceou s 
and silt y wit h fe w fossils ; th e interbedde d limeston e i s ligh t 
brown to grey brown , thickly bedded , silty an d fossiliferous . 

Within th e uni t th e alg a Umbella i s extremel y abundant ; 
ostracods ar e als o commo n an d represen t a  typica l 
assemblage fro m th e Gumhol e Formatio n i n th e typ e are a 
(Jones in Lennar d Oil , 1970b) . 

The Yello w Dru m Sandston e i s presen t i n th e interva l 
49 m  —  7 7 m  an d consist s o f dominan t siltston e wit h inter -
bedded shale s an d sandstones . Th e siltstone s ar e multi -
coloured an d variegated , shal y to sandy , i n places calcareou s 
and finely  micaceous . Th e shal e i s ligh t gree n t o red-brown , 
silty t o sandy , micaceou s an d partl y calcareous . Th e 
sandstone i s thin , whit e t o ligh t green , fine  t o ver y coarse -
grained, poorly sorte d an d friable . 

Rare an d poorl y preserve d ostracod s belo w 5 5 m  ar e th e 
only fossil s reported ; they suggest a  late Famennia n age . 

The limit s o f th e Yello w Dru m Sandston e hav e bee n 
drawn s o a s t o exclud e limeston e beds . Thu s th e lowe r 6  m 
of Lennar d Oil' s Anderso n an d Laure l Formatio n ha s bee n 
included i n th e Gumhol e Formation , an d th e uppe r 4 9 m 
(from 0—4 9 m ) ha s bee n excluded . Thi s interva l i s o f 
unknown age ; i t i s eithe r a  latera l equivalen t o f th e Laure l 
Formation o r par t o f th e younge r Anderso n Formation . N o 
fossils hav e been recovered . 

BMR Noonkanbah No. 2 

The BM R Noonkanba h No . 2  Wel l (formerl y know n 
as Laure l Down s N o . 2 ) i s situate d a t 18°07'24"S , 
125°19'58"E, abou t 2 7 k m northwes t o f Fitzro y Crossin g 
(Henderson &  Condo n in Henderso n et al, 1963) . I t i s th e 

closest wel l t o th e type sectio n o f the Fairfiel d Group , bein g 
10 k m west-southwes t o f th e Gumhol e typ e section , 1 9 k m 
southwest o f th e Yello w Dru m Sandston e typ e section , an d 
from 1 5 t o 2 2 k m southeas t o f th e Laure l typ e section . Th e 
nearest well s ar e Pal m Spring s N o . 1 , 5 8 k m t o th e 
northwest an d situate d o n the Lennar d Shelf , an d S t Georg e 
Range No . 1  (i n whic h th e Fairfiel d Grou p wa s no t inter -
sected) 68 k m to the south-southwest i n the Fitzro y Trough . 

The wel l wa s spudde d i n Quaternar y san d overlyin g 
probable Permia n Gran t Formation . Th e Fairfiel d Grou p 
was intersecte d betwee n 7 6 an d 56 7 m  an d consist s o f th e 
Gumhole an d Laure l Formation s an d th e Yello w Dru m 
Sandstone. 

The Gumhol e Formatio n i s 2 7 m  thic k an d overlie s 
Luluigui Formatio n equivalen t a t 56 7 m . I t consist s o f inter -
bedded limestone , sandston e an d shale ; the limestone i s pal e 
brown, laminated , fine  t o medium-graine d wit h abundan t 
fossils; th e sandston e i s pale , fine  t o medium-grained , 
slightly calcareous an d fossiliferous . 

The fossil s recovere d includ e ostracod s (Jones , 1959 ; in 
Veevers &  Wells , 1961 ) and spores (Balme &  Hassell , 1962) . 
The ostracod s ar e identica l t o fauna s recovere d fro m 
outcrops o f the Gumhole Formation . 

The Yello w Dru m Sandston e consist s o f 10 7 m  o f 
sandstone an d doloston e wit h mino r shale , siltston e an d 
dolomitic limestone . Th e sandston e i s ligh t brow n t o 
greenish-grey, fine  t o mediu m graine d an d occasionall y 
calcareous. Th e doloston e i s dar k greyish-brow n t o brow n 
and fine  t o medium-grained . Th e shal e an d siltston e ar e 
dark gre y wit h lignit e fragments . N o fossil s hav e bee n 
reported fro m thi s sequence . 

The Laure l Formatio n consist s o f tw o member s i n th e 
interval 7 6 m-43 3 m ; a  18 9 m  lowe r limeston e membe r an d 
a 16 8 m  uppe r shal e member . Th e lowe r membe r consist s o f 
pale gre y t o brow n an d whit e limestone s whic h ar e 
laminated an d hav e scattere d quart z grains ; the y ar e 
occasionally ooliti c an d shelly . Interbedde d ar e dar k gre y 
siltstones, pal e gree n shal e an d rar e bed s o f har d whit e 
coarse sandstone . 

The uppe r membe r i s dominantly calcareou s siltston e an d 
silty limeston e wit h interbedde d shal e an d sandstone . Th e 
calcareous siltstone s ar e fossiliferous , pal e brow n t o dar k 
grey, occasionall y micaceous , wit h rar e quart z grains . Th e 
sandstones ar e pal e grey , laminate d an d ver y fine  grained ; 
the limestone s ar e whit e t o grey , mediu m t o coars e graine d 
and fossiliferous . 

A divers e faun a ha s bee n reporte d fro m th e Laure l 
Formation includin g brachiopod s (Jones , 1959 , Thomas , 
1962), ostracod s (Jones , 1959 ; Jone s in Veever s &  Wells , 
1961), conodont s (Glenister , 1960) , crinoid s (Henderso n & 
Condon in Henderso n et al., 1962) , fish  (Jones , 1959 ; 
Thomas, 1962) , an d bryozoan s (Thomas , 1962) . Al l thes e 
groups indicat e a n Earl y Carboniferou s (Tournaisian ) ag e 
for the Laure l Formation . 

This interpretatio n differ s fro m tha t o f Henderso n & 
Condon (1962 ) i n tha t w e recogniz e th e Yello w Dru m 
Sandstone i n a n interva l place d b y the m i n th e Fairfiel d 
Beds (sensu Gupp y et al., 1958) . Th e boundarie s o f th e 
Laurel Formatio n ar e unchanged , althoug h th e palaeonto -
logical evidenc e suggest s tha t som e o f th e overlyin g rock s 
are o f simila r ag e t o th e Laure l Formatio n an d shoul d 
perhaps b e regarde d a s a  regressiv e uni t (?member ) o f th e 
Laurel Formation . 

Palm Spring No. 1 

The Pal m Sprin g No . 1  Wel l i s situate d a t 17°48'56"S , 
124°53'8"E, abou t 14 5 k m east-southeas t o f Derb y an d 
85 k m northwes t o f Fitzro y Crossing . I t i s abou t 4 5 k m 
northwest o f th e typ e section s o f th e Fairfiel d Group ; th e 
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nearest wel l i s BM R Noonkanba h No . 2 , 5 8 k m t o th e 
southeast. 

The wel l wa s spudde d i n Quaternar y soi l overlyin g 
Permian Noonkanba h Formatio n an d intersecte d th e 
Fairfield Grou p i n th e interva l 4 6 2 - 6 5 5 m . Thi s interva l i s 
referrable t o th e Gumhol e Formation , an d consist s o f 
limestone wit h interbedde d claystone , shale , siltston e an d 
sandstone. Th e limeston e i s whit e t o ligh t brow n an d grey , 
and massive ; i t i s oolitic , intraclastic , an d sand y i n part . I t 
grades int o calcareou s ligh t gre y t o green-gre y siltston e 
which i s laminated , massiv e an d micaceous . Th e shal e an d 
claystone ar e ligh t t o dar k grey ; th e sandstone s ar e ligh t t o 
dark grey , orange-brown , mediu m t o coarse , loosel y packe d 
in a hard calcareous clay-sil t matrix . 

Fossils ar e rare ; lat e Famennia n conodont s ar e reporte d 
from cutting s betwee n 521—52 4 m , an d indeterminate shell s 
from cutting s between 643—646 m . 

Overlying th e Gumhol e Formatio n i s a  sandston e uni t 
succeeded b y a  sequenc e o f interbedde d limestone , shale , 
siltstone an d sandstone . Sidewal l core s a t 41 8 m  hav e 
yielded a  Permia n microflora , an d WAPE T (1972 ) hav e 
interpreted th e sequenc e abov e 46 2 m  a s Permia n Gran t 
Formation. Th e seismi c result s sho w possibl e relie f o f u p t o 
150 m  o n th e pre-Permia n unconformity , th e implicatio n 
being tha t Pal m Sprin g No . 1  was drille d o n a  pre-Permia n 
topographic lo w withi n whic h al l th e Laure l Formatio n an d 
Yellow Dru m Sandston e ha d been eroded. The limestones a t 
the bas e o f WAPET' s Gran t Formatio n ar e presume d t o b e 
reworked Devonia n rocks . Sidewal l core s take n a t 44 0 m , 
450 m , an d 46 6 m  hav e yielde d spore s whic h sugges t a n 
equivocal Permia n age . 

An alternativ e interpretatio n i s tha t th e sandston e 
between 43 6 an d 46 2 m  represent s th e Yello w Dru m 
Sandstone; and the 3 7 m  o f interbedded sandston e and whit e 
to ligh t brow n sand y limeston e wit h bioclast s o f bryozoan s 
and smal l brachiopods , represents the Laure l Formation . 

F I T Z R O Y T R O U G H AN D J U R G U R R A T E R R A C E 

Lake Betty No. I 

The Lak e Bett y No . 1  Wel l i s situate d a t 19°34'08"S , 
126°19'45"E, abou t 21 0 k m southwes t o f Hall s Cree k 
(WAPET, 1972) . The neares t well , S t Georg e Rang e No . 1 , 
is 200 k m t o the northwest . 

The wel l wa s spudde d i n Permia n Livering a Formatio n 
and intersecte d th e Fairfiel d Grou p betwee n 165 7 m  an d 
2558 m . Th e 4 9 m  thic k Gumhol e Formatio n occur s 
between 250 9 an d 255 8 m , an d consist s o f limeston e an d 
siltstone wit h thi n interbed s o f sandstone . Th e limeston e i s 
medium t o dar k brown , silt y an d dense ; th e siltstone i s ligh t 
to mediu m grey , partl y sandy , commonl y micaceous ; i t 
graded int o ver y fine-graine d sandstone . N o fossil s hav e 
been recovered from thi s interval . 

The Yello w Dru m Sandston e i s 52 m  thick an d consists o f 
light gre y medium-graine d sandston e wit h mino r ligh t gre y 
shale an d siltstone . Fossil s fro m thi s interva l includ e spores ' 
which indicat e marin e condition s a t 246 2 m , bu t furnis h n o 
evidence o f a  marin e environmen t a t 247 5 m  an d 249 8 m 
(Williams &  Dolb y in WAPET , 1972) , an d indeterminat e 
ostracods and gastropods (Jones in ibid). 

The Laure l Formatio n extend s fro m 247 5 t o 165 7 m  an d 
consists o f a  lowe r limeston e membe r an d a n uppe r shal e 
and siltston e member . Th e 15 1 m  thic k lowe r membe r 
consists predominantl y o f ligh t t o dar k brow n grey-brow n 
finely crystalline , silt y an d argillaceous , fossiliferou s 
limestone. Interbedde d i s grey-brow n t o green-gre y silt -
stone, whic h grade s t o ver y fin e sandstone . Th e uppe r 
member consist s o f siltston e an d shal e wit h a  fe w thic k bed s 
of sandston e an d limestone . Th e siltston e i s gre y t o grey -

brown, argillaceous , micaceous , slightl y calcareou s an d 
interbedded wit h ligh t t o dar k grey , slightl y calcareou s 
shale. Th e mino r limeston e i s crea m t o brown , finel y 
crystalline an d fossiliferous . Th e sandston e i s whit e t o ligh t 
grey, ver y fin e t o fine-grained , i n place s calcareou s an d 
locally micaceous . Fossil s includ e crinoids , pelecypod s an d 
brachiopods (WAPET , 1972) , spore s (William s &  Dolb y in 
ibid), ostracod s (Jone s in ibid), an d conodonts (McTavis h in 
ibid)LThe flora  an d fauna indicate a Tournaisian age . 

WAPET (1972 ) interprete d th e sequenc e somewha t 
differently; the y conside r tha t al l th e sequenc e fro m 165 7 t o 
2558 m  i s Laure l Formation , wherea s w e recogniz e bot h th e 
Gumhole Formatio n an d Yello w Dru m Sandston e i n th e 
lower part of thi s interval . 

St George Range No. 1 

The S t Georg e Rang e N o . 1  Wel l i s a t 18°41'30"S , 
125°8'11"E, 7 0 k m southwes t o f Fitzro y Crossin g an d 
225 k m southeas t o f Derby . Th e neares t well s ar e BM R 
Noonkanbah No . 2 , 6 8 k m t o th e north-northeas t an d Lak e 
Betty No . 1 , 15 5 k m t o th e southeast ; th e Fairfiel d Grou p 
type section s ar e som e 8 0 k m t o th e north-northwest . Th e 
well intersecte d a t least 195 1 m  o f Carboniferou s sediments , 
of whic h th e lowe r 155 4 m  wa s interprete d a s Laure l 
Formation. Thi s interva l wa s divide d int o thre e informa l 
units, the lowest o f which consists o f siltstone and mudstone . 
The middl e uni t i s also dominated by siltstone and mudston e 
with mino r doloston e rathe r tha n limeston e a s i n th e lowe r 
unit. Th e uppe r uni t consist s o f sandstone , siltstone , shal e 
and dolomite . 

The exac t ag e o f thi s interva l (288 4 m  — ^ 4438 m ) i s 
equivocal: th e spore s (Balm e in Continenta l Oil , 1965 ) ar e 
interpreted a s bein g post-Visea n an d therefor e Uppe r 
Carboniferous, wherea s on e ostraco d specie s (Crypto-
phyllus diatropus) i s presen t i n th e Laure l Formatio n an d a 
second (Cryptophyllus sp . B ) i s know n fro m th e younge r 
Anderson Formatio n (Jone s in ibid). 

Lithological compariso n wit h th e Fairfiel d Grou p i s no t 
possible althoug h th e basa l sequenc e (uni t C , 398 4 m  — 
4438 m ) ma y b e equivalen t t o th e uppe r shal e an d siltston e 
member o f th e Laure l Formation . Thi s implie s tha t unit s B 
and A  li e betwee n th e Laure l Formatio n an d th e Anderso n 
Formation. 

Doran No. 1 

The Dora n N o . 1  corehol e i s a t 1 8 ° 1 0 ' 5 6 " S , 
123°29'06"E, 10 0 km sout h o f Derby . Th e neares t well s ar e 
Frome Rock s No . 2 , 1 5 km t o th e east-southeast , an d 
Yulleroo 7 0 k m to the northwest (WAPET, 1968) . 

The wel l faile d t o intersec t th e Fairfiel d Group ; Permia n 
Grant Formatio n directl y overlie s th e Luluigu i Formation . 
The ag e o f the Luluigu i Formatio n i n this corehole i s that o f 
the Gumhol e Formatio n i n th e typ e are a an d th e tw o 
formations are , in part, coeval . 

Frome Rocks No. 2 

The From e Rock s N o . 2  Wel l i s a t 18°11'48"S , 
123 0 38'42"E, 10 0 km du e south o f Derby (WAPET, 1962c) . 
The neares t well s ar e Dora n N o . 1 , 1 5 km t o th e west -
northwest, an d Gran t Rang e N o . 1  (which di d not penetrat e 
deep enough t o intersec t the Fairfield Group ) some 75 k m t o 
the northeast . The wel l i s 17 0 km acros s the trough fro m th e 
type section s o f th e Fairfiel d Group . Th e wel l wa s spudde d 
in Holocen e san d overlyin g Jurassi c Walla l Sandstone ; th e 
Fairfield Grou p wa s intersecte d betwee n 107 8 m  an d 
1338 m , th e Laure l Formatio n an d Yellow Dru m Sandston e 
being absent . 
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The 26 0 m  o f Gumhol e Formatio n consist s o f inter -
bedded limestone , siltstone , shale , an d sandstone . Th e 
limestone i s grey , brown , an d cream , silt y an d sandy ; i n 
places i t grades to calcareous siltstone . Th e shale s are green-
grey, silty , fissile , slightl y calcareous , an d ric h i n ostracods . 
The mino r sandstone s ar e thi n bedded , ver y fine-grained , 
micaceous wit h a  calcareous cement . 

Fossils fro m th e interva l includ e conodonts , fish , ostra -
cods, conchostracans , spore s an d microplankton . Th e flor a 
and faun a indicat e a  lat e Famennia n ag e (Balm e in 
WAPET, 1962c ; Glenister, ibid; Jones , ibid). 

Yulleroo No. 1 

Yulleroo N o . 1  Wel l i s a t 17°51'16"S , 122°54'25"E , 
100 k m southwes t o f Derb y an d 7 5 k m eas t o f Broom e 
(Gewerkschaft Elwerath , 1967) . The nearest well s are Barle e 
N o . 1 , 2 1 k m t o th e west , whic h penetrate d Lowe r Carbon -
iferous sediment s younge r tha n th e Fairfiel d Group , a s di d 
Grant Rang e N o. 1,12 0 k m t o the east-southeast . 

The wel l spudde d i n Holocen e san d overlyin g Cretaceou s 
Broome Sandstone ; th e Gran t Formatio n unconformabl y 
overlies th e Lowe r Carboniferou s a t 62 1 m , an d th e 
Fairfield Grou p wa s intersecte d betwee n abou t 340 9 m , an d 
3963 m . 

The Gumhol e Formatio n i s 11 3 m  thic k an d consist s o f 
limestone wit h interbed s o f fine-graine d sandstone , siltstone , 
and shale . Th e limeston e i s mediu m t o dar k grey , silt y an d 
argillaceous; th e siltston e i s grey , gradin g t o fin e micaceou s 
and calcareou s sandstone . Th e shal e i s ligh t grey , silty , 
micaceous an d calcareous . Fossil s includ e echinoderms , 

foraminifers, conodonts , ostracods , brachiopod s an d a 
gastropod. 

The Yello w Dru m Sandston e extend s fro m 373 5 m  t o 
3851 m , i s 11 5 m  thic k an d consist s o f shal e an d siltston e 
with mino r sandstone . Th e shal e i s blackish-gre y t o black , 
partly silty , mostl y non-calcareou s an d fossiliferous . Th e 
siltstone i s mediu m grey , micaceous , calcareou s an d 
dolomitic, gradin g to silt y shale . The sandston e i s light grey , 
fine-grained, slightl y siliceou s an d calcareous , an d contain s 
minute particle s o f coal . Fossil s includ e conodonts , 
foraminifers, ostracods , fish , echinoderms , gastropods , an d 
bryozoans; they are early Tournaisian . 

The Laure l Formatio n consist s o f a  lowe r limeston e 
member, an d a n uppe r shal e membe r intersecte d betwee n 
3409 m  an d 373 5 m . Th e lowe r membe r i s 6 8 m  thic k an d 
consists o f ligh t t o medium-grey , dolomiti c limeston e whic h 
grades int o calcareou s siltstone , interbedde d wit h blackish -
grey shale . Foss i l s includ e conodonts , os tracods , 
foraminifers, fish , goniatites , brachiopods , gastropods , 
echinoderms, an d bryozoans . Th e conodont s an d ostracod s 
indicate a  Tournaisian , possibl y lat e Tournaisia n ag e 
(Bischoff in Gewerkschaf t Elwerath , 1967) . 

The stratigraphi c nomenclatur e wa s lef t ope n b y 
Gewerkschaft Elwerat h (1967) ; the Gumhole Formatio n wa s 
referred t o a s Uppe r Devonian , costatus-Zone (sensu 
Ziegler, 1962 ) an d th e boundar y betwee n th e Gumhol e 
Formation an d th e Yello w Dru m Sandston e approximate s 
to their boundary betwee n Devonia n an d Carboniferous . 

The Yello w Dru m Sandston e an d th e Laure l Formatio n 
are equivalen t t o th e lowe r 44 2 m  o f th e 197 9 m  thic k 
Carboniferous Uni t C . 
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Figure 39 . Typ e Sectio n WC B 001 , Gumhol e Bore , Gumhol e Formation . 
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Figure 40 . Typ e Sectio n WC B 202 , Gumhol e Bore , Gumhol e Formation . 
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Figure 41 . Sectio n WC B 002 , Osca r Hill , Gumhol e Formation . 
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Figure 42 . Sectio n WC B 222 , Horsesho e Range , Gumhol e Formation . 
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Figure 43 . Sectio n WC B 014 , Re d Bluffs , Gumhol e Formation . 
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Figure 44 . Typ e Sectio n WC B 004 , Yello w Dru m Bore , Yello w Dru m Sandston e an d Laure l 
Formation. 
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