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I NTOODUCTION

This report deals with the Upper Devonian and Lower Carboniferous

sequence. of the southern, landward part of the Bonaparte Bulf Basin.

This pert of the·basin is only a smU, but not insignificant, pirt of

the original depositional basin. For brevity, and follcwing established

custom, .e refer to this area of Pals.eoooie sedimentary rocks 8S the

Bonaparte Gulf Basin, bearing in mind that this is merely the southern

landward part of the entire basin.

HistO!7f of current investisati on

This report deals wi th the Upper Devonian end Lower Carboniferous

sequence, which, becBUse it is the thickest and best-exposed in the basin,

received most of 9~ attention. The underl,.ying.Cambrian-Ordovician sequence

was studied.in 1963 (Kaulback_~ Veevers , 1967) and the Permian, Triassic,

and Cretaceous sequence. 1n.1965 (Dickins, Veevers, & Roberts, 1968).

This work 19- the first published revision of Traves l (1955) wolk in

the southern ..Bonaparte Gulf Basin. Since Traves I report appeared, much

unpublished. geological and geophysical 'lroJX and the f·irat deep d~i1ling

(SpiritrHill No.1, Bonaparte Nos I and 2) have beeh done, ani where

appropriate.references.to this-work are incoIporated in~this report. A

comprehensive·.a.coount of geological worle. carried out up ·to 1962 is given

by Drummond (1963). " .",

'i

The~field' work in the Upper Devonian .and Lower Carboniferous sequence

was.done.·.by.Veevers and Roberts _during 1963.and 1965. ·P.J.Jones and

E.C.Druce spent. short periods in the- field collecting·mi·cropalaeontological

samples. Th~ sequence is ablndantly.fossiliferous, and the prfiicipal groups

of fossils are being studied by the following:

Brachiopods Roberts

Ostracods and, in the
initial stages,conodonts - Jones

Conodonts Druce

",
Foraminifers, with the
later coll~boration of
M.Mamet

Algae, trace fossils

Plants (Appendix 2)

Pollen and spores

Fish

- D.J .Belford- ,. .' ,

Veevers

Mazy E.Whit e

G.Playford

Joyce G.Tomlinson

'.'
•

.ii.

•

Pelecypods J.M.Dickih~

Veevera 1s studying the sedimentology of the sequ~ce, and F.C .Lough nan

has examined the Hay mineralogy of selected ~Agi::ti\fi'this specialized

work, most of it still in progress, has been freely. drawn on in this report.

The results will be published separately.

During this investigation, we have co-operated closely am exchanged

information with interested oil prospecting companies, in particular

Australian Aquitaine Petroleum Ltd.
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Published preliminary results that have already appeared are Veevere

.t a1. (1964), Playford .t a1. (1966), and Jonea & Druce (1966).

1"o11owing a brief visit during 1~65, J ~Hays prepared an rotline of "the

geomorphology which is iJ'lcluded in this report~

Previous .work

Previous work: 113 referred to in the appropriat.e. places' in the twxt.

A compilation of 'Work carried out up to D(lcember 1962 was mde by Drummond

(1963)." E.P.Uttingsl unpublished work was particularly:useful to us.

Location¥snd .acc~ss (Fig.l) ..

The area·!described in this report lies on either etde aftha Western

Australia/Northern T~~ toiy border, beh indo the southern share of the Bonaparte

Gulf. The north-westero edge of the.area is marked by Cambridge Gulf, end the

north-eastern edge by Queens Channel. In terms of 1:250,000 Sheets, tile area

is covered-by PArts of.Medusa I1anks,CslJi)ridge" Gulf, . Liesadelltuv8:"gne, and

Port Keats. The area conta1ns~two towns: the port. of Wyndham, which is a

centre for t~e cattJ,.e-raieing industry; and Kununurra t the centre of the

Ord River Irrigation Scheme. Both' towns are linked ·to .Perth am. Darwin by .

regular air services, end Wyndham by re@J.lar shipping -services. '!be Great

Northern Highway and the Duncan Highw~ cross t he 'area., ani numerous tracks

serve the cattle s:tations. The irr:j..gated farming 8rea~north of Kununurra

-'
•

o
has 8 close network of roads. ~

Climate: .

-",

Wyndham has the highest
. 0iJ:l Aus tral ia of 84 F.

Richard

•

, ,-.•
••

The' area ,has a wam ,monsoonal.climate with a~Bhort rainy season in

summer and ,a 'long dry season or drought in winter. The annual rainfall is

about 3O"inches and,. compared with areas. farther .. inland,- is reliable.

Temperature and humidity are hieb throughout theyear•.

recordec,. mean .temperature (or the meanest .tanperature)

Further. details are providf!d by Traves (1955).

Topography.

Except for: the. Burt·.Eimge,.~_whole area lies ·within the Cambridge

Gulf Lowlends (Traves, ~955"Fig.6). The ele~ation ranges. from sea-level to

1,012 feet in .the. Bur~ Range. 'The area is drained by -the lower reaches of

the Ord~ aId Keep .Rivers • .

Air Photographs

The area is .covered by ):50,000 verU.ca.1 air.photographa taken by

the RAAF in 1948. Pert of the area is cover~d by trimetrogon' air photographs

taken in·1944. The area of the O.rd:Ri~~r SC;:h~e:and' neighbwring areaB

(Spiri t Hill, part of the V(~abe; ~~:) are cOlTered bY'l~:l'6,OOO vertical

air P?otographs t~en in 1961.; Bef~re, field work· started, .air-photo

. geological lI~:ps were prepared by R.Ruker,. R.Richard a:n.d·W.J·•.Perry.
II . . <:.

"'ah~o briefly vi:ljlited 1JS in"1;he field •..,
Field methods
I

't In addition t~· the air-phot,o g"eologi.ca~·lI8ps; Ruker,Richa:rq,Bn(tPerry

'm\Pplied' .air":phoj,o overlays showing their int~rpretati0':'S. Tbesre' ov;er1ays'

anP the 9ccanp~ying photographs provided the base for mappin·g.-\'ihe~ a-dd'ed

to and 'modified by field observations, they were ~ater reduced and)compiled

as the maps accompanying this report.



of plutonic igneous and metamorphic rocks

younger succession of sedimentalY rocks,

~he thickness of well_exposed sections was measured rapidly and

. directly wi t~ an Abney level attached at riF-ht-angles tQ a five-foot

Jacob staff (Robi nson, 1959). This method avoids over-estimating the

thickness 8S is done when it is measured with the RE'ol08ist's eye-he:lght

as scale. This error is negligible (l.~ for's 100 dip) in low~dipping

strata but. rapidly increases (10% for a 250 dip) with increasing dip.

In 1965~ field sections were plotted directly on to a strip log,

using 8 device described by Veevers .+. Jackson (1966).

Numerous stratigraphical sections (aggr¢gating 50,000 feet) were

meas\U."~ and described, and many of· these are presented in graphic fo;rm

in this report. An explanation of the symbpls end abbreviations used in

these sections appears in Figure 2. These sections are descriptive Drily.

For example, only those breaks (unconformities, disoonfonnities) which are

visible as such in the sections are shown.

Figure 3 is a. key diagram of detailed maps •

•
PRE·uppm DEVONIAN

The Upper Devonian - Lower C{trboniferous sequence unconfonlsbly

overlies Precambrian rocks, mainly sediments, Lower Cambrian volcanics

(Antrim Plateau Volcanics), and, M.iddle ani Upper Cambrian 'and Lower

Ordovician sediments. The Cambrian and Ordovician s!='diments (Fig.4)

which are not found east·of a line joining Point Spring and the Ragged

Range, are quartz sandstone, some glauconitic and hematitic, and minor

dolomite and shale. The original" description of these sedim~nts by Traves

(1955) has been recently amplified by Kau1back & Veevers (1967). 'rhe

Antrim Plateau Volcanics (Fig,S) are .widespread in the Bonaparte Gulf

Basin am its outliers, and in the region to the east and sooth-east

(Traves, 1955). .In the Bonap~rte Gulf Basin, the Volcanics are represented

almost exclusively by amygdsloid~ basalt with vugs of calci~e and silica, and

are probably nowhere thicker than several hundred feet. The Precarmrian

sequence in the Western Australian part of the region. is currently bei~

studied by geologists of the Bureau and WA Geological Surve~. The following

notes, supp1~ed by K,A.Plumb, 'are ~ntended to serve as a sketch of the

Precambrian ~.eology of the ar~a .bordering the Bonaps rte Gulf Baain~

. Widespr~ad outcrops of Precambrian rocks enclose the Palaeozoic .

Bonaparte Gul\r Basin on the eastern, southern, .8ni western sides' (Fig.G), ,

and fonn the ~asement for the Basin. They can be divided into two main
,

groups : (1) sp ~ncient complex

unconformably ~verlain by (2) a

generally Renthy tilted.
r .

The plutrnic 'rocks crop 'out in the Halls Cree~ Mobile Zone, s linear

belt about ~ m.iles wide which enems in a north-north-easterly direction

from Halls .creek in the south to near the Ord ,River De,msite'and continues

into the Northern.Territory, roughly along We es,stern margin of the

Bonaparte Gulf Basin. The rocks cohSist of a suite of ~$tasediments and

volcanics with metamorphic grades ranging from greensch{st to granulite

facies, and associated granite-gneisses, gabbros, ultrabasics and massive

gramtes. A wide range of mineral assemblages are represented.
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By rar the greatest area of outcrop of Precambrian rocks consists of

the gently tilted :aediments which were deposited in the. Kimberley Basin to

the west and Victoria River Baain to the east •. Smaller outliers also crop

out in the C.a:rr. Boyd Ranges, south.of Kununurra, and in 1he Osmoni and Albert

Edward Ra.nges farther south towards Halls Creek. The bulk of the rocks in

these successions ai'e 'clean well-sorted quartz sandstones with lesser amounts

.of siltstone and shale and minar acid and basic volcanics ard carbonates.

Widespread bssic- ir1.1;IUsives occur in the west. ~,

The sandstones tend to form the strongest topographic. relief of all the

PrecaID"orian-rocks.,and therefore would hav.," the strongest ron-off and subsequent

mechanical ercaian. This fact, combined wi. th their widespread outcrop, makes

it :high::'y likely that the sandstones provided the bulk of the source material

fo~ ~he BonapaT~e Gulf Basin.

COCKATOO RlllMATrON

Int·rcductiori

The Frasnian Cockatoo Fonnation consists of about 5,oop feet of quartz

sandstone, conglomerate, limestone, and dolomite that crop out ewer large arees
" "

in tl".e Bonaparte Gulf Basin and in its outliers. The Cockatoo Fornation

unconformably overlies the Precambrian em. the Cambrian-Ordovician sequences,

and is conformably overlain, above·transition beds, by the Ningbing Limestone

or the Buttons Bedso The Cockatoo Formation is a variable unit, with both

_ <.

verti9al and hori zontal variation in its content of corglomerate, quartz sandstone,

_ ·~ime.El!9ne or dolomite. This ~.?..no.t-hd.~1""~Crlbed,is

expressed.here.in ·the revision of the name from 'Samstonel::to 'Forttation'.

The following summary of the depoei tiona!· history of .the Cockatoo Formation is

intended to_serve-as a guide through' the many pages of description that folIo••

The Cookatoo··Farmation was deposited durinB; the Frasnian in two prOV"inces

(Fig.?) largely determined by the regional geological. setting. .In the marginal

province, between ,the .eastern edge. of th.e basin locally·marked by a systan of

nsjor normat. faults and an intrabasinal ridge (Pincombe Inlier) were deposi ted

a sequence (Ragged Range Conglomer1;lote Member) of almost p.l:re quartzoo e rocks,

inoluding thick coarse conglomerate. of boulders, cobbles andl pebbles' of meta-. . . "
quartzite and vein quartz in a matrix of coarse lithic quartz sandstone.' The

conglO!%lerate was deposited as a wedge,. st least ?oo feet-tbi:ck 8ll.d possibly as

mob as several thousands of feet thick, alone: the faulted eastern edge, and as

.....
•

•

a thin wedge, less :than .150 feet thick, near the Pincombe Inlier. A sbort.

'distance from the eastern edge of the basin, the conglomerate interfingers with

two thick tabular bodies of cross-bedded pure quartz samstone , conglomeratic

near the 98ste~ edge; The lower sandstone (Kellya Knob Member) is about 1,000

feet thick, and the upper one (Cecil Member) exceeds 2,000 feet. Sandwiched

between t heae sandstones is a sequence (Kununurra and .Abney" Members), about !:DO

feet thick, of fine--grained glauconitic locally calcareous quartz sandstone

and ail tatone, whose carbonate content ·increases aW83 from the eastern edge.

The top of theCockatoo Fonnation is a sequence (Jeremiah Member) of interbedded

quartz sandstone and carbonate rocks, possibly as much as 1,000 feet thick,

which pass transitionally into the overlying Nil18bing Limestone and the Buttons

.Beds.
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The middle province lies between the Pincombe Inlier and an inferred

hinge-line. The two thick" b-odies of quartz sandstone (Kellya Knob anI-

Cecil Members) extend into this province bJt they lack pebbles and broIders,

and the sequence between these bodies (Hargreaves. am Westwood Members)

contains increased amounts of carbonate rocks which become incipient reef

at thei= north-westernmost point.
. " .....'I't ld.':')~·'!._:f ':i:.-c.:.'.· ~

A third, outer province in the Frasnian is as yet conjectural. Probably
. '.. " .. rr>~·" ~.- .. ",

during part- of the Fam~nian and durill8 parts of the L'owe~ Carboniferoos) dark

siltstone (Bons.parte Beds) was deposited in the Bonaparte No.1 Well area at the

same time as sandstone. eni limestliine were depoai ted on th e margins. By a
.~" ~"',.

simple downward extrapolation of this kind i~to the Frasnian, as indi cated

by the deposition 'of th~' C~ckatoo Formation in·'th;'·~;8ina1 and middle

provinces, we may' speculate that the dark siltstone v::as also deposited, in

the outer province in the Frasnian. No more can be saia. abw t this until

tile sequence beneath tile Famennian in the cuter province is penetrated by the

drill.

· .~

· .~
I

" .• •
".
•
I

Previ ous 'Wcrk.· , .

The first .published .reference. t o. out-crops of the. Cocka.too FOI'TlBti on

was by Wade (1924, p.33) .• He noted the conspicuous false bedding of the

CockatooFormation, and the ease with which it crumbles-to sand in the Cockatoo

Spring area, . and· pointed out its similarity .to other outcrops at Mount Glass

and Mount Buchanan in. the Hardman Basin i These out crops were mapped as

sandstones, probably old dune deposits, of unknown age. The conglomerate

north of Cockatoo' Springs WaS sIso' noted.

Matheson & Teichert (1948, p.82), introduced the name 'CockatooSeries 1 ,

showed its distribution in. t'fi'g 'area between Cocks too Spring f!nd Marti n Bluff,

and near futtons Crossing, gave its minimum thickness as 4,000 feet in the

Cockatoo Spring area, found plant fossils, am dated it as Upper Devonian.

Reeves (195~) reduced ,the thickne~s of the ~Cockatoo Series' to 3,000

feet, because, as heerplained in~8.il e"arlier unpuBlished report, he regarded

the core of Mount Cecil as Precambrian. Incidentally, it was in this paper

that the name Bonaparte Gulf Basin was intrcduced.

Noakes et ale (1962, p.94, 95) r€"{ised tre name to 'Cockatoo Sandstone',

snd introduced the nomen. nudum 'Onslow Beds' for the' -Upper Devonian sandstone

and limestone in the Onslow Hills appraximately equivalent to the Cockatoo

Sandstone.

Traves (1955) extended the known..distribution· of the Cockatoo Sandstone

to the area west and north-west of Ningbing am .discovered the Dillon Spring

outlier~ He recorded numerous fossils, mainly pelecypods, from several

localities~ Rocks now recognised as Cockatoo Fozmati.on in the Pretlove

Hills and along the eastern edge of the basin were mapped as Cambrian and

Permian respectivelY, And the Ragged Range Conglomerate was also dated as

Cambrian. Traves followed Reeves in regarding the core of Mount Cecil as

Precambrian, despite the fossils he found nearby.

•

­•
•

•
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E.P.Utting's (pers.comm.)''(l'l81n discovery in theCockatoo Formation

was the richly fos siliferous eJWOSUl"e at Wes two 00 . Creek •

No new inro~mation was published until Veevers et 81. (1964)

summarized the results of mapping in 1963. Many "of the new obaervations

reported in this· paper were in~~pendent1y mad.e. by the field party of

Australian Aquitaine Petroleum '(Guillaum~9 1966). The new information

about ·the Cockatoo Forma ti on- ooncerned the Upper Devonian. age of the

Ragged ~ge Conglom~rate9 of the sandstone and dolomite of the Pretlove

Hills f end. of' the outcrops in the ,NigH Gap area, and the thick

fossiliferous in1;e.rbedded limestone. end sandstone at Westwocrl Creek.

Jones & Druce (1966) listed the conodonts from. Westwood Creek, vbich

indicate"s Frasnian (to I) age •.

llESCRIPl'ION .

'The chief lithological VE!-riations in the'Cocks,too Formation have

been mapped as eight manbers, seven.of.them new. In what follows, we

describe the Cookatoo Formation. by province,: or vertically, rather than

by member, or horizontally. Tl1is _avoids.. repea·ting. the description of,
the field relations of each area that. contains,' eu tcrops of two or mvre

members. To compensate for the"loss of horizontal continuity, summary

desoriptions of the members am: a key dis gram of their relationships

precede the description of the provinces.·

Summary description of the members, and their relationships

The relationships between 'the members"are'shown diagrammatically

in Figure 7._

The Ragged Range Conglomerate Memb er is a basal wedge of boulder

conglomer~~e and red-brown 11thic ~qu8rtz sandstone, at least 1,000 feet

thick, that was deposited in t1e marginal. province al ong the eastern

edge'of the basin, and .in-fron, of t,h~ soothern part of Pincombe Ridge.

The Kaliys Knob Sandstone fdembe;: is a .ta~ler boo y of cross-bedded

quartZ sahdstone·,. at .least 1,000' feet thick •.that extends over the marginal

and middle provinces. I~, the. marginal .province it. is commonly pebbly, ~

and is conglomeratic near the eastern margin itself.'

The Kununurra Member. is a sheet ,of -fossiliferous fine-grained

glaucOnitic quartz sandstone and dolomite ~O .feet thick, known from

the marginal province only. Its dolomJ.te_ cant ent increases wi 1:h its

distance from the eastern edge of the basin. '1-']

The Abney Sandstone Member is a sheet,· of~thin-bedded red~.brown quartz
•

sandstone 330 feet thick, also known from the,~marginal province only.. ..
It is pebbly near the edge of t~e basin.

! The Har.8Le~ves MeDbe.£ is a tabular body, probably 2,000 feet t~ick,

of.sandstone, dolomite, and marl in the south.,.western part of the middle

province. Part or all of it is laterally equivslent to the Kur.unurrn

and Abney Members, and to the lVeatwoo:1 Memb er.
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pZ'!=lbably as much ss 2,()(X) feet thick, known only in the north-west part of

-tht:' middle province. Like the RaR'ged FWnge Manber, the Westwood Member is

I'll extreme phase of "tho? Cockatoo Formation, this time the extreme of

carbonate rock deposition~ culminKting in incipient reefs. It is

equivahmt to the KunurLUrra, Abn~ anl Hal'gres't':6 MEmbers, and probably

t~ thE lower part cf the Cecil Member.

The Cecil Sandstone Member is a tabular b.ody of cross-bedded quartz

138ndstone 9 e.t least 2,000 feet th:'ck p th!lt extends over the marginal end

mi6.a:'ie prc·vinl":-Clso F..x:cep,t its stratigraphical" position and its greater

't.ht"kne8S~ it is identicd with the Kellys Knob Member.

T'oe J.e:cemiah M~ is a sheet of sandy dolomite, at least 360 feet

thick; that extends ovez' both marginal and middle provinces. It links

the rest of the Cockatoo Fonnation wi. th the overlying Ningbill8 Ltmestone

ar.1 But tOM Beds.

Finally·, the Bonapary~ Beds (not included in the Cockatoo Formation,
but pcssibly equivalent to part of it) are thick dark siltstone with minor

sandstone and shale known in tqe subaurface oi'~the outer province only.

The age of the lowp.~ost part ~ the pede pe..'l.etrated by the drill 1s

not pr~cisely ~own - it 16 probably Famennian or older _, and ia possibly

equivalent to pert of the Cockatoo Forrra ti on~

Some oi' these ideas are summarized in Figure 7.

Detailed description of the membe:r.'s and their field relations

1. Marginal province,

A. Martin BluffL12nunurra area (Fig.S)

This area is described first because it cmtalns the type localities

of four members. The outcrops in· this area are thewP.sternm09t part of

the Burt ~~e syncline (or monocline), on which the secondary structures

of the Mount Cecil dome and fi.artin Bluff monocline are superimposed.

Ragged Range Conglomerate MEmber

The type Ragged Range Conglol{lerate Member in the Ragged Range is

discussed on p. 19. In the Martin Bluff area t.heRagged Range Member

is a poorly exposed lens of p~bb1e to boulder conglomerate and red-brown

sandstone that unconformably overlies the Cambrian Antrim Plateau Volcanics.. .
and is conf"ormE!bly overlain by the Kellya Knob Member. As shown in Fi@lre 8,

to the east and aouth the Ragged Range Manber wedges out and the Kellys Knob

Member reats on the ~ntrim Plateau Volcanics.

The Ragged Range Member varles. m~kedly in thickness and in th e

propbZ"tio!'].~. .9f <t ~:m!~~~;r~~.e •.~nd sandeto~ (tElge~). 4 n section 412,
.• __..- _aU;;; .' w ..... :.---_~, ••• • ••".,

which is incompl~te, the•..F.~ggft Range Menber consists of an estimated
.~. ..

330 feet of thin bedded crosE-bedded medium to coarse sandstone and 15

i'eet oi' bwlder conglomerate, first described by Matheson &; Teichert.( 1948·
.1 • _ •

p.83). Most fragments in the congloltlerate are roonded broIders of,
metaquartzl te, and the biggest are blocks, up to:3 feet across, of ba.salt;

a f'ew fragments, mainly pebbl~s;r of other ignews rocllB were also fcum.

Two miles eastward, the Ragged Fange Member is slightly thinner than in

.sect~.¢ 412, and, as saen in washsways 1n the western Dank of Martin

Blufi' (locality 86/1), consists of Toughly equal amounts of basalt wash

•

•

•

•

•,
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(basalt detrituB up to the size of boulders~ with rare pebbles of

metaqusrtzi te and vein quartz) and lal'flinated red to chocolate fine sandstone.
I

Kaulbsck & Veevers (1967'1 misidentified this sequence as Cambrian Tarrlll'8

Formation. A little over. 2 miles farther eastward, at locality 411/2, the

Ragged Range Member is only 55 reet thick t and consists predominantly of

croBs-bedded red~b:rown medium·sandstone, with only 5 feet of conglomerate.

Probablywitpin a short distance eastward of this locality, the Ra~ged

Range Ma.nber wedges out altogether, as it does within the area between

Church Steeple Peak and KalIya Knob.

Besides this and the type area, outcrops of the Ragged Range Member

are known only along the easterp. edge of the Basin (Fig.IO) and these

occurrences will be described ~s part of the description of the Cocks too

Forma.tion in this Qre8q

The distinctive character~ of the Ragged Range Menber are i.ts cobble

and boulder ccnglome~ate9 and the red colour of ita sandatoneq

Kel1ye Knob Sandstone Member (new name)

The Kellys Knob Sandstone Member is d:?fined as the tabular bcdy of

yell(';W to whit;:> qU"i:rt.z ,:;:andstDne th8.t neE: bJE.,tween the Antrim Plateau

VOICbYLlCS or fugged RangtJ Ccinglomerate Menber and the Ktinunurra or Abney

ME:'mhers in the Kununurra,IMartin Bluff areSq The type section if! -section 404,
o 'east of Kellys Knob. The geo~phical co~ordinates are Lat.IS 46 S, Long.

o I
12845 E.. In the type sectiOfJ, the Kellya Knob Member unconformably overlies

the Antrim Plateau Volcanics, ~!1d is :paraconfonnsbly overlain by the Abney

Sandstone Member.. In Martin ~luff, ~he Kellys Knob Menber overlies the

F.agged Rane'e Mem'ber9 sndbetwe~n Abn~ Hill ani Martin Bluff is conformably

overlain by the Kununurra Memberq Except for increasing amounts of pebbles

and .boulders near the very ed~W'of the basin, where it seems to pass laterally

into the Ragged Range' Member, the ~el1ys Knob Manber is a remarkably uni.form

yellow to white quartz sandstone.

In the type section (Fig.9), the Kellys Knob Member consist. of 1,000

feet of uniform deeply jointed medium- to thick-bedded cross-bedded fine-

to cos.rse-grained white to yellow friable quartz sandstone, with re.!'e pebbles.

The Kellya Knob Member is readily identified in the airphotographs by its

rough pattern of reg~lar close vertical joints and light toneq The sandstone

is weakly cemented by overgrowtps round the quartz grains 9 and when the 1;hin

weathered skin is broken with a h.ammer~ the sandstone disintegrates into

sand. Thus 9 access to the ou'tcrop is impeded by loose sandy elluvium and,

within the outcrop~ by deep. incision along joints. Minor joints cut the

beds into I bricks' 9 which, .together with the deep joints, give the outcrops

a cBatellated appearanceq Another oharacteristic of the Kellys ~ob

Member is its almost ubiquitous c:rosB~bedding, typical examples of which

are illustrated by Matheson & Teichert (1948,.Fig.9) ~nd Traves (1955, Fig .. 25).

Ri,pple-marks and contorted str~tification are less common.. An exceptional

feature in sections 438 and '410 (Fig.9,) is the occurrence at the top of

the Kellya Knob Member of intraforma.tional brecci.a~ with angular fragments

of thin~bedded sandstone embedd~ in identical sandstone. These end other

sedimentary structures will be dE"\~cr1bed in forthcoming puplications.
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The only fos~il found in the Kellya Knob Member in the type locality

is Leptophloeum about 200 feet above the bese at Kellys KnOb (J.N.Casey,

pers.comm.). Indeterminate pelecypods were found in this member in the

Alpha Hill end Matheson Ridge areas.

The Kellys Knob Manber is widely distribJted and ~t8_ description in·

other sreas will be deal.t with later. Its age will be discussed in the

summary at the end of the chapter.

Its unifonn quartz sandstone lithology, jointing, an:f cross-'bedding

distinguish the Kellys Knob Member from all other members of the Cockatoo

Fontlltion, except the Cecil San.dston£> Member, from which it can be

distinguished only by reference to stratigraphic posi tion.

Kununurra Member (new name)

The Kllnunurm Manber is def1.ned ItS the lenticular body of varicoloured

fine micaceous quartz sandstone, dolomitic ~andstone, and dolomite that

lies between the Kellys Knob and Abney Members in the area between Abney

Hill a.nd Martin Bluff. Section 410 is designated type, and it is 235 feet
"0 I 0 I

thick. The co-ordinates of the base are Lat.15 41 5, Long.128 46 E. In

the air photographs, the Kununurra Member is a uniform grey with only a

few traces of bedding, and is indistinguishable from the overlying" Abney"

Member.

South of Abney Hill, the Kununurra Member wedges out 8_00 the Abney

Member rests on the Kellya Knob Member. This is a rapid change, as shown

by section 438-406, 220 feet tliick, which. wedges out entirely at-mile

southward near a faul t. This is probab~y a scissor fault; the Kununurra

Man'ber was. probably deposited qn the downthrown block, while the upthrown

block, surfaced with Kellys Knob Member, w~s an area of non-deposition.

In the marginal province, tpe Kununurra Member is the old eat member

that is abundantly fossiliferous, and in the type area conodonts, pelecypods,

brachiopods, crinoid oaeicles, trace fossils, and plants (Leptophloeum) ha"{e

been found.

Lying hetween white and red sandstone, the Kununurra Member is distinguished

by its finer Forain, grey or green c;:olour, beds of dolomite, and fossils.

Abney Sendstone Member (new na~e)

The Ahne,r ~sndstone Member" is defined as the tabular body of red thin­

bedded fine- to medium-grained quartz sandstone that lies above the Kellys

Knob Member.an:l below the Cecil Sandstone"Member south of Abney Hill. In

Abney Hill. ."! teelf, the Abney Member rests on the Kununurra Member. As

menti oned 8 bove, the Kununurra Member wedges out south of Abney Hill, and

the boumary between the Kellys ~nob Member and the Abney Manber is

accordingly a paraoonformity or dis oon.fonni ty.

Section 405 is the type section of the Abney Member, and it is 330, .
feet thick. The co-ordinates of the base of the section are Lat.l5044 S,

1
Long.1ZSo45 E. In 111e air photographs, the Abney "Member is uniformly grey

with "poorly expressed beddin,g, and is indistinguishable from the underlying

Kununurra Member. In section 415, measured- in the area 2k miles east...

!louth-east of Kununl,lrra, the Abney Member passes upward into t he Cecil

Member through 200 feet of transitional beds. _ In contrast, the boumary

between these units in section 405 is an erosional surface, with trpugh

••
,.
•

•

•

•

•
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Member are pebbly,

edge of the basin.

.

'.

•

"

•

... 17 _

cross~beds in the Cecil MEm~e.r cutting two feet down into the top of the

Abney Mem ber .

An expc:eure of the Abney Member in the oore of the Mount Cecil dome

contains pelecypoos, fir.s.t discovered by, Traves (1955, 10c:.12)'. Brachiopoda

at the top of section 406 are the only other fossils known from the Abney

Member.

The diagnostic fea'b..lres of the Abney Member are its red colour end

uniform thin- to medium-bedding.

Cecil Sandstone Mem-ber (new name)
•The Cecil Sandstone ME:lllber is deqned 8S the tabUlar body of white to

yellow quartz sandstone that' rests on the Abney Member in'the Kununurl~/

Mount Cecil area. The type section, which is incomplete~ is section 415,

~ miles east of Kunurmrra. The' co-ordinates of the base of the type section
o 1 0 1

are Lat·.15 47 S, Lo08.128 47 E. Inihe type locality, parts of the Cecil

and the pebble content increases eastward toward the

Elsewhere, the Cecil Member, like theKellys Knob Member,
"

is 8 uniform quartz sandstone wi~hout pebbles. Ex.?ept for being 'thicker

(excee~iing 1,.800 f~et, in the type sectibn of the Cockatoo Formation), the

Cecil Member is B copy of the Kellys Knob Member.
"

In Mount CeCil, the Cecil ~ember is ailici£ied, probably as the result

of intense ~aulting, ani has an exceptlonal air-photo pattern. Elsewhere,

the Cecil Member and the Kellya KnolJ, Members are :irdist~nguish4bleby air­

photo interpretati.on~ ani their identification depends entirely on

·stratigraphical p09~ticin.

The only.fossii~ kno~ from the. type locality. are planta (Leptophloeum)

from Mount Cecil, discovered by 'Matheson & Teicbert (1948). In other areas,

fish plates have. also been f.rond.

The top of the Cecil ~ember is no~ 'exposed here or elsewhere so that its

detailed relationship with the ~erlYing Jeremiah Member i$ not known. The

Jeremiah Member is itself poorly'exposed in this area, ani the little that is
her; ,

kn'own of it/will be incl~ded below in the ~ormal description of this member.

B. Matheson ,Ridge area {Fig.ll)

Matheson Ridge includes thEi type locaiity of the cOckatoo Formation,
. .. .

and is situated on the western limD of a north-pitching syncline.,-
TyPe section of the Cockatoo Fonnation

By original designation (Matheson & TeiChert, 1948, p.82); the area

north-w,est of Cockatoo ,Spring is the type, and, wi t,hi~ this area, we designate

section 28-29-30-58 (Fig.12) across Matheson Ridge, as the type. In this,

section,- the Cockatoo Formation unconformably overlies the Antrim Plateau

Volcanics, and its top is exposed. The section, aboot 3,~0 feet thick,

differs from that ·exposed in the Kununurra/Martin Bluff area 1n lacking

the Ragged Range Member, in being thicker, both in aggregate and in each

member except the Kununurra Member, and, with the exception again of the

Kununurra Member, in containing more pebbles and cobbl~s, locally concentrated

in the KelIys Knob Mem'ber in beds of conglomerate. Another exceptional

feature of the Kellya Knoo Member in this section is the red colour of

its uppermost 200 feet, "hich is probably an interdigitation of the Ragged

Range Meai ber.

-~,--_..-.:".--_:-.,- .... , -'- '.. ' !



as thick and contains only one thin bed of dolomite. Pelecypods,

brachiopods, ~nd trace fossils are common. The Abney am Cecil Members

here also correspond to the types except for being th~cker and containing

a~undant pebbles and cobbles. The Cecil Member is incomplete but it~

~~~red thickness of 1820 feet is the thickest known exposure of the

-Member. T-he air-photo characteristics of each member are the same as

in the Kununurra area except for a visible difference between the

Kununurra and Abney. Members.

In the Cockatoo Spring area (Fig.n), the Ragged Range Member

unconformably overlies the Antrim Plateau Volcanics and Precambrian sheared

metaquartzite on the western side of the Cockatoo Fault, and Precambrian

metamorphics on the eastern side. At locality Bl/l on the eastern side

(Matheson & Teichert, 1948, p.B2; Traves, 1955, p.72), the Ragged Range

Member is exposed in a prominent cliffed hill, 650 feet high, and consists

of rrended pebbles and boulders 2 feet across of metaquartzi te am rare

weathered igneous fragments in a sparse sandstone matrix; within the

conglomerate are lenses 6 inches thick of friable brown lithic quartz

sandstone with angular pebbles of slate. The conglomerate is thick bedded

and deeply jointed, and the estimated minim~m thickness is 1,000 feet.

This section is virtually identical with the type section of the Ragged

Range Member.e,t Conglomerate Hill, as noted also by Matheson & Teichert

(1948, p.85).

On the other side of the fault, the Ragged l~ge Member d~p$ up to

40 degrees in a dome cut by the Cockatoo Fault (Matheson &Teiohert, 1948,

Fig.l). In the air photographs, the ~,gged Range Member has an even dark­

grey tone. At locality 81/7, i mile north'of Cockatoo Spring, a well­

exposed outcrop consists of steep.-.dipping close-jointed Precambrian

metaquartzite unconformably overlain by a basal breccia of angular

fragments of the underlying metaquartzite and siliceous siltstone set in

a lithia quartz sandstone matrix, and lenses of pink quartz sandstone.

The nearest boulders of the conglomerate lie on the surface a few paces

westward. Whether the bssal brecci~ is the base of the Ragged Range

Member at this 100elity or merely a .later ~uperficial deposit cannot be

determined on the available evidence. Because no consolidated superficial

deposits of this kind are known in the area, and because the pink quartz

sandstone interbedded with the breccia resembles the sandstone interbedded

with the cC?nglomerate, we regard the breccia as the local base of the

flagged Range Member.

The Ragged Range Member west of the Cockatoo Fault consists almost

entirely of conglomerate with cobbles and boulders of metaquartzi te a.nd

rare interbedded sandstone; the estimated minimum thickness is 700 feet.

Four miles north-north_east'of Cockatoo Spring, the Ragged Range Member

is overlain, apparently conformably, by a jointed cross-bedded white

sandstone identified as the Kellys Knob Member. Three miles westward,

in Matheson ~idge, the Kellya Knob Member rests direct on the Antrim

Plateau Volcanics, showing the rapid ~hinning of the Ragged Range Member

away from the ~ge of the basin.

•
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c. :RaAAed Range, Dillon Spring, and Mount Rob areas - the outliers

The same. lateral c~ge in the Cockatoo Formation from the Cockatoo

Spring area through Matheson Ridge to Kunuflurra is found in the Formation

fran Ragged Range to Dillon Spring and Mount Rob.

Ragged Range Congl omerata Member.

The Ragged Range Conglomerate (Traves, 1955, pp.46, 47), a fannatton

fi,Tat regarded as Cambrian ar.d 'la:ter found to be Devonian (Veevers et al.,

1964J Kaulbe.ck &.Veevers, 1967), is revised. here and assigned a member

of the Cockatoo Formation. Two columnar sections of the Ragged Range

Member Bre shown in ~gure 12, and the field relations are described in

Kau1back &Veevers (1967).

The extreme development of the Ragged Range Member is found in the

type section (designated here) at Conglomerate Hill (Fig.12, section L12),

which consists of eoo feet of deeply jointed very thick-bedded red-brown

cobble to boulder conglomerate with minor brown quartz sandstone. In

the northern part of the Ragged Range (secfiollS.Ll3-l5), the section is

divisible into two parts: pink to red-bro~ conglomerate and conglomeratic

sandstone in the lCl'lf'er half, and jointed yellow quartz sandstone in the

upper half. Kaulback"& Veevers .(1967) identified the entire section as

Ragged Range Conglomerate; detailed analysis" of the CockatooFormation

elsewhere now shows tbit only the lower half of the section is the Ragged

Range Member, and that the upper half is better identified as Cecil

Member, because it lacks the conglomerate and red sandstone characteristic

of the Ragged Range Manber. The Ragged Range Manber in "this section has

many pointe 1n cOmmon with the Ke11ya Knob Member of the Matheson Ridge

Section, but its dominantly pink to red cOfour indicates that it belongs

to the Ragged Range Member. Fossils are known from two places: indeterminate

pelecypcds and gastropais in conglomerate at. the base, and pelecypods from

red sandstone near the top. '!he onl1y- other fossils known from the Ragged

Range Member are imeterminate pelecypods immediately above the conglomerate

bed "at Church Steeple Peak (section '412), and Leptophloeum at the Ochre

Mine.

Since Kaulback & Veevers (1967) described the Cockatoo Formation

of the Dillon Spring outlier, another section (425) has been'measured,

'and this section and its relations with the Matheson Ridge section are

shown in Figure 12. The lower 1150 Jfeet of this section are jointed

white to yellow cross-bedded quartz sandstone indistinguishable from

the type section of the Kellya Knob Menber. A sequence of varicoloured,

dominantly grey to 'green, sandstone, sandy dolomite, and sil~stone,

identified as Kununurra Member, occupies the intervsl from 1150 to 1535. , .
feet, and contains brachiopods, pel~cypods, and conodonts at its base.

The next unit, from 1535 to 2090 feet, id~tified. as Abney Member, is

a dominantly red sandstone, part of it pebbly; pelecypcx1e, discovered

by Traves (1955, pp.60,61) are found near the base. The uppermost unit,

from 2090 feet to the exposed top at 2450 feet, is jointed yellow to

pink cross-bedded sandstone, readily identified as Cecil Member.
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~Jo further OOlnment on th", poorly exposed probable Cockatoo Formation

of the Mount Rob outlier (Kaulback & Veevers, 1967) is made except that

the glauconitic sandy dolomite with tr8.~e fosails nea.r the exposed top

is possi bl;}' part of the Kununurra Member.

D. Eastern edge of the basin, from south of the Amphitheatre to the Ochre,

~

A few miles south of the Amphitheatre (Fig.31), rocks tentatively

identified as Ragged Range Mem~er Ii e beneath, and possibly interfinger

wi th, the Kenya Knob Mauber iq the core of an anticline. Traves (1955,

p.73, fig8.23,30) identified these rocks as Precambrian metamorphics but

the indication in the air photographs·tha.t part of these rocks interfingers

with the Kellya Knob Member and the lack of lineation inolines us to regard

them tentatively as F.a.gged Range Member. Matheson & Teichert (1948, p.85)

described these rocks as unstratified conglomerate •.

A group of outcrops of Ragged Range Member stretch on either side of

the Keep River north-west from Nigli Gap. One mile south-east of Nigli Gap

(Fig·.15), the Ragged Range Memb;er is 445 feet thick, and consists of a

basal conglomerate of metaquartzi t.e cobbles and boulders overlain by red­

brown cross-bedded hematitic pl!!bbly quartz sandstone. The Ragged ~ange

Member unconformably overlies amygdaloidal basalt of the Antrim Plateau

Volcanics, and is conformably overlain by the Kellys Knob Member. The only

previously publishe.d reference tothis .area is Traves (1955, p.74, plate 1),

who proposed the. name NigH Gap. Sandstone for the sandstone that crops out

in NigH Gap. On ·the· basis of. ,plant_stems (£quisetales) and ice-rafted

pebbles in this sandstone, Traves'dated i t ~s Permian. We disagree wi. th

this determination. In the. NigH Gap area, the sequence of volcanics overlain

by white to ,ellow pebhly quart'z aamatone, in turn overlain by 'White to yellow

pebbly quartz sandstone can be mtched with identical sequences in nearby

areas, each consisting of Antrim Plateau Volcanics, Ragged Range Member, am
Kellya Knob Member, and these identi~ies are, at least to us, conv:1ncing

eviden~e that it is these units that are found in the Nigli Gap area.

The kind of plant stems (EquisetalBs) recorded from Nigli Gap range from

Devonian to Permian, and do not affect the argument, and Traves' assertion

that the pebbles in the Nigli Gap Sandstone were derived from glaciers

ratted by ice during the Permian glaciation is unfc:nnded. furthermore,

Traves· idea that the vo1c8l'Ii.c ;rocks at the eastern end of Nigli Gap are

part of a volcanic vent that issued t~ough the NigH Gap Smdstone along a

fault is unlikely to be true. The volcanics consist of amygdaloidal'

trachyte or alkaline basalt - a more precise determination is hampered by

the severe alteration - types common ;n volcanic flows. The traChyte or

basal t ia underlain by closely jointed myloni tized acid igneous rock,

identical with ootcrops of Halls Creek Metamorphics 1 mile' .north-north­

eastward (Fig .15, 106a11 ty 74).

North-west of Nigli Gap, the Ragged, Range Member is identified in the

air photographs by its uniform soft dark-grey tone which contrasts with the

light tone an4 fine pattern of close joints in the.~erlying ~llys Knob

Member. Locality 417/1 contains 45 feet of exposed Ragged amge Member,

including at the top 15 feet of cung1omerate, notable for containing cobbles

••
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of basalt and Precambrian siltstone besides the common' fragments of metaquartzite., .

.:.'
.., 21 -

Gap Sandstone.

Sevi!ral outcrops near Spiri~ Hill lIIerit attention.

,.

•

.-
Ou~cropB of· the Ragged Range Member are not'found west of the Amphitheatre Fault

,.
un1;11 th~ MF.lrtin Bluff area is reached.

The only other m~ber of the Cockatoo FO:nDation ,in the area between Cockatoo

Spring and Spirit Hill is the Kellys Knob Member, whose outcrop is almost

continuous. Besides containing variable amounts of pebbles and cobbles, the

.,•.Kenya Knob Member ia unexception81. It conformably' overliea tha '\B8ed Reng8

, Memb~~~ its to~ i~ .e~ed, and it is~,~ound~.on the esst bY. faults. "noted

already, this outcrop of the Ke1lys Kno~ ~ember ~orresponds to Trave~l N~g1i

"'-"\'"the south-eastern part of the Spirit Hill area (Fi'g.40), pebbly quartz sandstone

contains abundant._i.~p~~phloeu~aUstr~~~' (!'PCoy) 8n~ p"elec!peds ~hich ere the

same as those from 100811 ty 146/4 (Fig.31) near Eigh t-Mlle Creek. Half 8- .'.

mile northwards; the lower part of aection 114 consists of barren,. wili te
"

quartz sandstone overlain, prabably unconformably, by the Burt· Range Formation.

One mile eas~, ~~ SPi~t Hill, ~~d8~ne~ '~dent1fied as ~~e' Cockatoo

Formation, crops out on either side of th~ .Cockatoo Faul t, and on the 'eastern

• side overlies the Precambrian. The "C~katoo ~?nnation 1s a .cross-bedded, medium

to coarse-grained, white quartz sandstone, co~lomeraticat the bsse, "and the
, ,

Precambrian is a white quartzite.

Four mIles ,north-east. of Spirit Hill (fig.13), a butte one mUe long

consists of Precambrian siltstone overlain ~y ftntrim Plateau Volcanics and the

Ragged Range· and Kellya Knob Members 'of the Cockatoo' ,Formation.

Traves (1955, p.74J mapped a 8imilar sequ~nce at his localitiea 27 and 28

as Permian "Weaber Group. Gl~ver (1955, Appe~di~ A in Traves) gave 'petrographic

descript~o~s of the volcanics frGm this putte and frGm Alpha' Hill, 5 miles to
'.. . .

the northeast (l~calities 24, 25, 26, 35 and 3~ of Traves) and identified them,.

as flows of amygdsloidal s&nadine trachy~ei ~e have mapped these laves a8

Antrim Plateau Volcanics becaUse they r~8t between the Precambrian and

fossiliferous Upper ~vonian along the e8~tern margin of the basin. All of

the voloanics along thi~.margin ares, however, more alkaline than the basalte

• typical of the Antrim Plateau Volcanics • 'l'rave~' fossil localities 18, west

of the butte, 'And 19, 2 miles to the southwest, are identified' as Burt Range

Formatfon.
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./ .. In the northorn part of the butt. at locality 135/1 (F1g.13),the

hecamb:r18n a11 tstone is unconformably overlain by rt'd and buff' 88mston~ ..

and conglome!'ate of the Ragged Range Member. The red sandstone 1s 8. coarse

to' medium-grained. locally pebbly, quartz sandstOlie which 1s cross bedded am.

has current lineation on aome of the bedding planes. The conglomerate ~is­

conformably overlies the sandstone and ~ontaine rounded qU8rtzlt~ boulders up
.. -'~ -" .

to 2 f~ei; in dismete;r :and small angular fragments of Precambrian siltstone set

•
•

in a ~.trix of feldspathic quartz 8apd~tene•.'. ,

Overlying the oonglomerate ie a

medium-grained, buff quartz sandetene oontaining ocoasional trace ,fossils.

The Ragged R~nge Member is in turn overl~in by cl1ff-f0.ming, cros8-bedd~,

buff feldepathio quartz sandstone of the Kellys Knob Member •., - ,
In the fault

bleck west of this section the Antr1~"Plateau Vo~cenics lie between the

Precambrian, s11tstone and the Ragged "Rsnge "Member. The Antrim Plateau

Volcanic~ coneist of copper-stained tuff and trachyte and overlie, with

angular discordance, thin-bedded purple Precambrian siltstone. The trachyte

and siltstone were fsulted before being overlain by red sandstone and conglomerate

of the Ragged Rang. Member (F1g.13).

In the weet'ernmoet' faul t block ~qe An~r1m Plateau Volcanics are again

~i8s1ngJ they are missing in the we~ternmo8t and easternmost fautt blocks
, '" ," ,

•

prabably because these blocks were faulted up and their cover of 'Vblcanfcs. . .

removed before the 'Ragged Range Member 1fU depoe! ted.

Similar sequences were found 5 mile. north~west in the Alpha Hill

\

•
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area (Fi~.14). At Alpha Hill.itself (section .134) the Precambrian and

Antrim Plateau Volcanics are unconformably ov~rlain by 50 feet of red

conglomerate? in turn averls!·n by 235 feet of grey, buff, yellem and red

sandstone which we identify as interfingering Ragged Range Member and

Kellye Knob Member •. The Antrim Plateau Volcanics contain sili~ified

interbeds ,of sandstone? boulders of which constitute a large part of

the overlying conglomerate. The boulders are angular to aub.-rounded,

reach a maximum diameter of 3"feet,and .are set.in a matrix of basalt

fragments and coarse sandstone stained ,by red. ochre. '!be conglomerate

is overlain, apparently conformably, by clift~forming sandstone.

Half a mile northwards at locality 121 the Antrim Plateau Volcanics

are overlain by 8 thick se~uence of white quartz sandstone and con­

8lome~ate ideptified as Ken,. Knob MembeF; . either the Rag~eW~Je
etrJ.pped of 9 because the block north 0 Alpha Hpl W81i1,ri:IU te p_pefore

Member was/deposited, or the Ragged Range Member a.be6mfrta;t~ ~Q§foTm~"

and the overlying Kellys Knob Member locally overlapped these deposits.

The Kellya Knob Member _is silicified at the base and is a medium to coarse-

grained quartz sandstone containing lenses -of' conglomerate. Poorly

preserved pelecypoos were oollected from looality_ 121/2.

A sequence similar to that at Alpha Hill crops out at the Ochre Mine

(Fig.37),.e miles west of Alligator Springs. Poorly exposed white

Precambrian siltstone is overlain by paematitized and silicified Antrim

Plateau Volcanics which, in turn, are qverlai'J"l by the Ragged Range Member.

The basal conglomerate of the Ragged RQnge Member is 20 feet thick and

contains slabs of siltstone, boulders of· quartzite, interbeds of shaley

siltstone having cl~ pellets, and pebbly quartz sandstone. The conglomerate

is overlain by a ·fine siltstone compc:e.ed mainly of red ochre followed by a

fine to medium-grained,. red quartz samstone oontaining the plant Leptophloeum

8Ustrale (!I'P Coy). The ochre mine itself has'been described by Traves (1955,

pp.105, 106).

Sandstone ident ilied as Kellya Knqb Member crops out alongsid e th e

Carlton Hill - Legune track near Sandy Creek, ani appears to rest directly

on Precambrian siltstone.

FUrther cross-bedded, white quartz ljIanda~one identified as Kellya

Knob Member, and also apparently overlying the .Precambrian, crops out in

hills 5 miles·,west of Alligator Springs·. The'abeence of the Ragged Range

Member at both of these localities is due either to the erosion of up­

faulted blockB before the deposition of· the Kellys Knob Member, or to

the Kellya Knob Member overlapping Ragged Range Member that was deposited

in depressions.

The northernmost outcrops of Cockatoo Formation are two isolated

turrets of fawn to white quartz sandstone, identified as Kellys Knob.

Member, at locality 124/2 near Lesune ':;itation (Fig.37).

Two hillocks two miles south of Sorby Hills (Plate 1) contain the

only known outcrops of Antrim Plateau Volcan!.cs and Cockatoo Formation
.. !',

along the eastern edge. of the Piticombe Range. The larger hillock is

conical, consists of 10. feet of basalt, iden~fied 8S Antrim Plateau
.. I~

Volcanics, overlain by about 140 feet of bloc~ silicified micaceous

quartz sandstone, feldspathic. quartz sandston"e an·d laminated quartz. .
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ssm.stone with clay galls, identified as Cockatoo Fonnation ,tentatively

as the Kellys Knob Member. Most of the exposed sandstone is in loose

blocks, but the few blocks in situ indicate that the bedding is horizontal.
. I

(The conical form of horizontal silicified aandstone of the Cockatoo Formation

is aleo found at Church Steeple Peak ~ which consists of fault-bounded Antrim

Plateau Volcanics overlain by loose blocks of silicified sandstone of the

Fagged Range Manber, and at Cone Hill, whose sandstone blocks are probably

Cecil Member overlying the Westwood Me![i~er). The importance of these two

ootcrops on '!he eastern edge of the Pincombe Range is out of all proportion

to-their siZ~t because they show that tpe A-ntrilll Plateau Volcanics·-em.

the Cocka.too Formation extend from the eastern edge of the basin across

to the Pincombe Range, and tJ:1at consequently toe general structure of this

part of the basin is a graben, or syncline, or both.· Another point 'is that

the Buttons Beds unconformably overlie the Precambrian. siltstone in the Sorby

Hills and are only locally transgressive deposits which stretch a ·sbort

aistance beyond the regional graben or s.yncline •

. . This concludes the description .of.the .Cockatoo.Formation -that ·lies

strictly within the marginal province. One .other outcrop, however, 'which

lies on the western flank of the Pincombe Range inlier .and hence geographically

in the mi4dle province, is described here because it contains pebbles end

cobbles indicative of the marginal provJnce. This is the iSQlated.outcrop

of sandstone at Buttons Crossing (Fj, IYI~), on, the Ord River, previously

described by Matheson & Teichert (1948, p.84). About 1,000 feet of jointed

cross-bedded quartz sandstone, with minor beds of pebbly am cobblY' aandstone,
. '-'.' ~

dip 20 degrees north-esstwaro. Some heds l'eve s weak calcareous cement •

Indeterminate pelecypods. were found near the !!!Xposed base. In view··af the

complex and largely obso.1red structure of the area, extrapolations' from the

Buttons Crossing outcrop are speculative. Outcrops of Antrim Plateau

Volcanics a little .over i-mile upstream are probably sepa:r..ated from.·the

sandstone by the covered .·inferred fault shown in Figure 16. In: the other

direction, the outcrops of But tons Beds i-mile doWnstr.eam are apparently., .
concordant structurally with the sandstone. HORever, this is -not certain,

a8 'Matheson &. Teichert (1948, p .84) bel ieved, 'because in this' area· faul ts

with large displacements leave little or no visible trace, e:x~mplified by

the inf'erred ~ault with an e stilll8ted throw of 6,000 feet .that separates

the &ttons Beds and the Ca:nbrian Clark Sandstone (Fig.16). -If ·the

Bultans Beds andCockatoo Sandstone were .conformable in this area, as they

are thought to be elsewhere in the basin, the outcroppiJ18 sandstone would.,.
be identified as the Cecil Member; and :;tbe covered interval between the

outcrops 'would probably be underlain~~y. the Tei·cltert Member.

2. Middle province

.. -' A. Southern part .;,

The area lying between the PintomQe Range and thenorthern part· of the

Hargreaves Hills cmtains .~ipping strata crossed by numerous promine"M

strike fau 1t s of large throw, so that pains mue t be taken to avoid over­

looking less Prominent faults in measured sections. Furthermore, the

repeti tious Iithologies in parts of the sequence rule out indisputable
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eonn~ctions between fault blocks. In view of these problems, in the

•
•

,
•In choosing these

area by the Australian

to us to contain thesections which appeared
I

sequences in the area.

Hargreaves HiHe we mes,sured

structurally least disturbed

aections 9 we were guided by the detailed walk in this

Aquitaine Petroleum geological party.

The quartz sandstone exposed on either side of tle fault that marks

tha western edge. of the .Hargreaves Hille (Fig. I?) is identified as Kellya

Knob Member on the tenuous ground of its general. properties and not'tby

reference to its stratigraphical position, which, because of faults; is not

known.. The only exceptional feature of this sandstone, if indeed··it

belongs to this ,member, is its thick crqss-beddlng, seen at localities

239A-C, and 217/2~ The .tlti.ckness of t~e sets of cross-strata exceeds 20

feet p suggesting that these beds. are a+>lian. This .is not certain' though,

because. this thickness a.180 lies withi~ the she range of aqueous 'ci'oss-beds~

Hargreaves .Mr.nber (new name) ,

• The Hargreaves Member. is defined 8!3 the ~abllar bod y of varicoloured

fine-grained quartz sandstone p dolomitic quartz sandstone, sandy dolomite,

and marl that conformably underlies the Ce9~l'Member in the Hargreaves

HUls (Fig.17). The inte",sl from 0 to 72Qfeet of.section 431.(Fig.bS)

is designated Vper· ·sections 427,. 428 p 429.p and 430 are supplementary.
o •

The geographical co-ordinates of the ba!3e of. the type section-are Lat.15 20 S,
o • .

Long.l28 35 E. The base of the typ~ s~c~ion is .marked.,by a fault., "ani the

top is confonnably overlain by the Cecil "'ember., The type sectfon"conaiats

of'1720 feet of laminated to medium:-bedded 'fine-grained yellow," green,,_ and

white,quartz sandstone, with ·minor bed~ 'of dolomite and .dolomitic'sandstone.

Pelecypods, brachiopods, conodonts, fish plates" and trace fossils'were found
- I

'at -two localities. ..Part 'of section 4~ was, chc:een as type. becBus'e,.!t is·the

only. one ,of our measured sections in t~e Hargreaves Hills whose stratigraphical

relations with another member are clear.•. .The relations of section 431 with

•

"~''';

.. ..•..

the other·measured sections in the ,Hargreaves Hills., ·ss shown ·in ·Figure loeB,
I

are conjectural p there, being ,no. sUitablfJ :aark.er to provide. a 11~ 'between'

fault blocks. The conne.ctions between ~ect1ona 427, 428, and"429 are based

on the.rec~tion of markers or sequen,pes.of··markers in diff·erent fault

blocks. We are aws,re of the shortcomil1gs of this method, and· offer the,-
scheme shown in Figure l8B merely 8.S t~e best informed guess.·" ,

Wi th these reservations p the Hargr,aves Member is thought to consist of

more than 2 p OOO feet of generally thin- to medium-bedd'ed, fine-:grained quartz

sandstone, with minor dolomi tic SendB.tqP.~, sandy dolomite, and marh The,
quartz eandston~ of ~he Hargreavee·Memger.is.~eadi~ydisti~~isned from t~t

of the Cecil Member because it .is fine grained and well Borted p andr:most

samples;.studied contain rare glauconitet. The sandstone is friable, with

a weak cement of secondary quartz. overgrowths.. .Most of the sandy dolomite
-

and dolomitic sandstone consists of varying a~ounts of well-sorted fine

quartz sand in.a matri~ of mosaic dolo,ite.

'1 Outcrops of the Hargreaves Member are etChed into numerous· sharp

strike ridges and valleys which contrast with the' bl urfs of probable

Kellya Knob Member at :the western edge of the Hargreaves Hills a.rrl of

. '

•

· .
•

Cecil Member at the eastern edge.
'.' .

\



••
1=..: . 17

so.-k
0,

_:JiL

8~

fC)./.l

,
I \ ,.

@\ 'j) ., . ~J

\ @
C""

~) ;4l....,':-j ko-c.-.\, ..... I.+
c..dc.a..bo.. fir_'b:.e~

J.JV~
:1'("/ {" 3MI.C
I'/)./~(.



•

•

•

•

- 25 -

Poorly preserved fossils were found at 12 different horizons,

end include pelecypcds, brachiopods, trac.e fossils, and fish plates •

A composite section (Fig,I?, 253, 256) through part of the

Hargreaves Member was measured in the area It miles north of locality

426. The measured thickness of 400 feet consists of roughly equal

parts of interbedded quartz sandstone and SAndy colomite, and a single

bed"wit'h"pelecypooa was found. What part of the Hargreaves Member is
• ...... .' r.

represented by the section is riot known.

The Hargreaves Member was recognised in various parts of the··

Pretlove Hills, but, owing to the intense strike-faulting of this area,

could not be mapped without a disproportionate investment of time. '
, _ .... ,... ",-... , .

A small fault block of dolomite and f09siliferpus marl 2 miles east of

. <:ark Jumpup" was described, by Traves C1955, p.61, fig.22). In another

paper (1967) we argue. that the Hargreaves Member in the Pretlove Hills

was the chief·Bou,rce of the blocks of dplomite in the Visean Waggon

Creek Breccis.

Other Members·

The jointed cross-bedded sandstone marking the western edge of the

Hargreaves Hills, tentatively identified as Kellya Knob MBlIber, is' traced
~ .• ,~ I', ".. • ",~, .'
southward' and. South-eastward' slong a major fault into the Pretlove Hills,

where' irls·'jU'XtapOseK ~8ainSi out:croPP'ill8 Cambrian sedimentaxy rocKs

(Kaulback' & Veevers, 196'?,.. fi8s.3, 5, ~).. ,
About 500 feet of friable quartz E!andstone are exposed in the cliff

faoe of a large, fault block in ,the Onslow Hills,.~ miles east of Hart

Spring (Kaulback & Veevers, 1967., fig~~, . locality 222). This'~8andstone

iB~cross-bedded in thick 'sets, and is p'robably part of the Kellys Knob
I' .

Member.

'.' The final oo.tcrop of probable Kellya Knob Member to be mentioned in

this erea lies be.tweal 'Point Spring ani Teichert. Hills (Fig.19). At

locality 423/5, barren_fine_grained. silicified yellow quartz sandstone,

probably the Kellya Knob Manber, unconformabl;y overlies fossiliferous red.

and white quartz sandstone, some of it glauconitic, identified-'as'Cambrian

Clark Sandstone. Localities' 423/4,6 a~d '7.a11 contain trilobites. ,~This

is ·the only 10caHty known to us where an unfaul ted conts,ct between the

Cockatoo Formation and.Cambrian sedim~taxy rocks is visible. Closely

faulted sandstone at locality 423/8 is also probably Kellya Knob Member.

The other outcrpps in this area are Ni~bing Limestone, which will'be

described later.

The Cecil Member probably occupies a large part of the northern

Pretlove Hills, as shown for example, by the outcrop of dippi.ne ~andstone

(?Cecj,.l Member)..at the Carlton/Legune road orossing of Redb,ank ~eek •.\' ,
As noted earlier, the Cecil Member on the eastern ed~~ of the' ;

HargI'e,ave~ Hills conforrrably overlies the Hargreaves Member, and about

400' feet of it are exposed in the area (Fig.18, seotion 4·3l). As
• >. I

elsewhere, so here the Cecil Member is deeply jointed a~ stroI18ly cross-

bedded. The only fossil frond in the section was a fish plate.
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E'cor c",rtcrcp and structural dislocAtion"by faults in the areb. -=a,;,t

of Hargreaves Hills rule out all attempts at estimating the total

th1,..kl'lees of the Cecil Menber in tbis s.rea. To the esst, the .fi=st

•r.cvup cf au toropa: of Ii. reoognisably younger uni t are those found "est

-:>! Si~gin8 Spring in the headwaters of Mistake Creek, (section 21. ,

Pig.26r Fig.CO;. These scattered outcrops consist of gleuconitic

quartz; sandstone, sandy limestone, and oolcmite (induding oolite)

a~ are overlain,apparently conformnolYlby the Ningbing Limestone.

P~lec!pods.were found at locality 21/12. The estimated stratigraphical

t:r.ioknilss of 1 9 240 feet between .the oldest exposure in the core of the

snt.icline and the bawe of the Ningbirlg l.imestone may of course include

beds repeated by conc€'sled hults. 'l'hese beds a:re identified a,s part

.").1' the ':-€'r~idh Munber~ which is desc:dbed b€'low. Carbonate rocks

and sandstone at localities 257 and 21/2 (Fip'~17) are tenta.tively

~\n~ni.ified 9.S Jerem::'6.h ~~ber•

•

"

.•

.•_,.:",.i.dh Member (new m!lme) .'

The Jeremiah Member is defined as the sequence of ssnay limestone,
and dolomite, with minor interbedded sandstone that oonformably lies

beneath the Ningbing.;Limestone in the Jeremiah Hi:j..Is· (Figo2l). The

interval from 0 to 360 fp.et in seotio~'442 (Fig.20) is 'de~ignated type.

Tne geographical co_ordinates of the base of !he type ·3l?c:tion are L~t.15°.
• 0 I . . ,. ....., , . •

12'~, Long.128 4-1~ E. The base or the type 8e~tl.On is mal'~ed by a fa.ult,

~nd the top is confcrmably overlain by the .NiJV:l'bing Limestone. The type

se~'tion cmsists of brown, red, Md yeliow:~ey sanay'·Cto"lomitic limestone,

thin to very thi~k bedded, witll minor interbeds of dolomitic quartz

3ar.-5atcne. Brachiopods, conodonts g and crinoid cssicles were foord at

fou: locslitieR. The rep'ulR~ beddin~ ~nd subdued morphology of ~he

Tei.~herl Member serve to d istinguieh it 1n the .air P.hotOBJ:8phs from the

crage of overlying Ninghing Limestone. Outcrops of the JElremiah Member. .
were 1'ound beneath "the Ningbing Limestone in the southern hwf of the

JeI'f:miah Hins~ ~nd e. measured section (444) frem the eastern edge of

the Jeremiah H111s ia also iJh~n in F'iBUre 20. Section 444 :;,cntains

more sand at its base 'compared wi th the equivalent part 01' 'section 442.

The interval 0 to 1240 i'eet in 'Aection 21 (Fig.20) ms been

m("nti oned 81 ready. The only other k.nown out crops of the J erem1ah

,- ~ M€1Uber are in the margiml province~ but for completeness will be

descri bed here.

Isolated outcrops (F1g._~, iocality ·60) ·are ·r-~.:md' in the bed ".)f

8-mile Creek, Ii\- miles east of Mount Ceoil, and consist of .varicoloured

sandy colomite, dolomitic sandstone, and marl. The section is too

poorly expceed to be measli.t'ed. The geologists of Austnlisn Aquitsine

Petroleum (p~s.comm.)found plant 1'ossils (?Leptoohloeurn)at this

1-;~a1ity.

•
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Poorly preserved fossils were found at 12 different horizons,

and include pelecYIlcds, brachiopods, trac,e fossils, and fish plates.

A. composite section (Fig.l?, 253, 256) through part of the

Hargreaves Member was measured in the area It miles north of locality

428. The measured thickness of 400 feet cona1s ts of roughly equal

perts of interbedded quartz sandstone and SAndy dolomite, and a single

bed"with 'pelecypcds wss found. What part of the Hargreaves Manber is

represented by' the s~ction is riot knoWn.
The Hargreaves Member was recognised in various pirts of the ._ ..

Pretlove Hills, rot, owing to the intense strike-f8111ting of' this ares,

could not be mapped without a disproportionate investment of time. ~

A small fault block oC'dolomite and fossiliferpus marl 2 miles east of

<:ark Jumpup, W88 .described. by Traves (1955., p.6l, fig.22). In another

paper. (1967) we argue. that the Hargreaves Mem~er in the Pretlove Hills

was the chie{.aource of the blocke of dplomite in the Visean Waggon

Creek Br.eccia.

Other Members

The jointed cross-bedded sandstone marking the western. edge of· the

Hargreaves Hills, tentatively identified as Kellya Knob Member, is' traced

Bouthward~and.south~eaBtwardalong a major fault into the Pretlove Hills,
. I, ~ .......~~ _ . . _

where it j.s juxtap'osed ~.gainst out.cropP.ine C8qlbrian sedimentary rocKs

(Kaulback' & Ve~era, 1967 ,-.fi8a .3, 5, €I) •
.About 500 feet of friable quartz ~andstone are exposed in the cliff

faoe of a l~rge fault block in ..the Onsiow Hills,·~ miles east of Hart

Spring (Ke.ulback & Veevers, 1967., fig~~, . locality 222). This··... sandstone

is·"cross-bedded in .thick 'sets, ani is Ilrobabl;r part of the Kellya Knob

Member. ,.

-.! The final wtcrop of probable 'KelIya Knob Member. to be.~entioned in

this area lies between ?oint Spring arC Teichert. Hills (Fig.19). At

locality 423/5, barren.fine-grained.silicified yellow quartz sandstone,

probably the Kellys Knob Manber, unCOnformabl~ overlies fossiliferous red

and white quartz sandstone, some of it glauconitic, identified"aB~Cambrian

Clark Sandstone. Localities. 423!4,6 aqd ·7.all contain trilobites.·~Thia

is·the.only locality known to us where an unfaulted contact between the

Cockatoo Formation and .Cambrian aed.imEl\tar.Y rocks is visible. ·Closely

faulted sandstone at locality 423/6 is, also probably Kellya Knob Member.

The other outcrpps in this area are Ningbing Limestone, which will'be

described Inter. ..

The Cecil Member probably occupie~ a large part of the northern.

Pretleve Hills, as shown for example, ~y the outcrop of dipp~.llB' ~andBtone,
(?Cecil Member)..a.t the Carlton!Legune_ road crossine of Red-blank ((reek.

;! ..
As noted earlier, the Cecil MEIlIber. on the eastern edB:~ of the;

Hargre:aves Hills cOrUormbly overlies the Hargreaves Member~ and about

400 feet of it are exposed in the area (Fig.1B,.section 4·::5:~). As
. "

elsewhere, 80 here the Cecil Member is deeply jointed s~ strongly CTOS8-

bedded. The·only fossil found in the section was a fish plate.

"

I

• -I' .'.
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Poor cut crop and structural dislocation by faults in the sreb, ,::a.i;t

0: Hargreaves Hills rule out all attempts at estimating the total

thi,.,kne~a of the Cecil Member in 'this area. To the ear.t, the first •
"!X'oup of' cutO!'OPS of a reoognisably younger unit are those founq west

0!'" Siggins Spring :ion the headwatera of Mistake Creek, (section 2J. ,

Fig026~ Fig.20). These scattered outcrops consist of gleuconitio

qU8.rh sandstone, sandy limes'tone" and dolomite (including oali te)

and are cwerlain~ap})9.rentlyconfo:rmA'oly,by the Ningbing Li.mestone.

P~leoypods.were f9und at locality 21(120 The estimated stratigraphical

tbickn~ss of 1,240 feet between -the oldest exposure in the core of the

anticline and the bawe of the Ningbing Limestone may of courap. include

beds repeated by concealed f8ul ts. 'l'hese beds arl£! identified as part

of the .,j-ercl1liah Member, which is described below, Carbonate rocks

end _sandstone at locali'ties 257 and 21/2 (Fip-vl?) a:re tentatively

ir'le-ntlfied 9.S Jeremiah Member•

•

.
"

- ~_ ....·,,,..i.8.h Member (new m.~me)

'.
The Jeremiah Memb~r is defined as the sequence of sanny limestone,

end d6lomite~ with minor interpedded sandstone that conformably lies

beneath the NingbiT1€, ,Limestone in the Jeremiah Hips" (Fig.'21). The

inte:r.val from 0 to 360 feet in eectio~ '442 ,(Fi.g.20) is 'deeignated type.
oere Le,t.15 .Tne geographical co_ordinates of the bAse of :the type'se.c:tion

~ 0 I . . .' ...' :', ,. '" •.

12"8, Long.128 44~' E. The base of the type ae;ti.on is mar~ed by a fault,

8nd 'the top is c=onfcrmably overlain by the Ningbing Limestone; The type

seztion consists of brown? red, ~nd yellow-~ey sandy'aolomitic limestone?

thi.n to very thi~k bedded, witp minor interbeds of dolomitic quartz

3ariistcne. Brachiopods? conodontsi. tlnd cri.noid ossicles were found at

fou..'C'loC".8,litip.s. The .re@-llar bedding ttnd subdued morphology of the

Tei.~'hert Member eei"ve to distinguish it in the .air photographs from the

crags of overlying Ningbing Li!Jlestoneo Outcrops of the Jeremiah Member

were found beneath 'the Ningbing Limestone in the southern half of the

JerE::miah Hills~ ecnd a measured section (444) from the eestern edge of

t;he Jeremiah Hills ia also whown in Figure 20., Section 444 contains

more 'sMa at its base 'compared wi th the equivalent part of"sec'tion 442.

The interval 0 to 1240 t'eet in ·secti.on 21- (Fig020) bas 'been

mpntioned already. The only other known outcrops of the Jeremiah

,- ~Me'illber are in the rnai'girnl province? but for compl,=teness will be -
descri bed here .. . i _ -

Isolated outcrops (Fig._8 9 locality .60) 'are fomd' in the bed of

f.l-mile Creek? It miles east of Mount Cecil 9 and consist ofwaricoloured

sandy colomite, dolomitic sandstone, and marl. The section is too

poorly expcsed to be meaS1.il'ed. The geologists of Australian Aquitaj.ne

Petroleum (ps:rs"comm.)found plan't fossils (?L~tophloeum)at this

lc~ality•
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Very "low outcrops (Fig.31, loc~~i~y 100/2, ~~):9~~he:Pl~n'1~ile
. ' . . .' . ,"

north of section r46-·con8ist of mediuro:'grained y~llew to :~hit:e quart.z

eandstoile with Le:e.!oP'hloeum and" indeterminate pel e"cyPods",' In this

erea, the fafrtt strike~lines visible in. the air photographs "indicate

that· the sandstone 8t'ibb/~~ 3~ lies not i~r·beneat~·the base of section

146, 8ld may belong to ,.th"e .. upper :part of the Cecil Member.

2xposures of the lower bwndary of the Jeremiah Member have not

been 'tound' but because in both the Sip'gine Spring and ~mile Creek areas

the Jeremiah Member lies' ef!8t of outcroppiTlB' Cecil Ml,mber in an e!5~­

dipping sequence, there is little dOJbt that the Jeremiah Manber rests :.'
'. . .

on the Cecil Member.

B. northern ptrl

The only extwnsive and structurally simple outcroJ:6 of the Cockatoo

Foxas tion n"orth of Hargreaves Rills are those in the Westwooo Creek' area •
.. ' I

All the other outcrops of Cockatoo Forrrati·on are isola ted, and are
I

complicated by faul ts to which their existence ae outcrops is due. Thus J

wi th- th.e except! on of the outcrops of 1.estwoooi Creek, none of these outcrops

is positively iden~ifiable in terms of the members of the Cockatoo Formation.
I

The only fossl1a found in the Cockatoo Formati.on in the area between

Hargreaves Hills Q.lld Westwood Creek are tqe pelecypoos and fish plates at

Traves l (1955, p.GO) locality 3 (our locality 46/2, 3 miles west of Surprise

Creek gorge). The fossiliferous thin-bedded sandstone is prpbably Hargreaves

Member, And. the· overlying jointed end C 1"Oa R-bedded coarse sandstone is
. I

l,r..ohably Cecil Member. Similar jointed and. ~oss-bedded sandstone' at

loC~li~y .t7. e few miles south of locality 46/2 is tentatively identified

aa Cecil Mem'oer. ,.

Outc.t'op§ .p.t localities 42-45, north of the Onslow Hills, are all
-- "'1 t,:";J"" I' \. '.

tentA.tively inentified as Kellys Knob Member. 1hey consist of jointed

cross-bedded ripple-marked· medium to coarse quartz sandstone.·At iicality

43/7, ta·bular cross-beds with an exposed thickress of 20 feet recall those

at locality 239B, west of Hargreaves Hills, and are also' aeolian or very

large-Bcale subaqueous cross-beds. Fa~her north along this··line 01:. ..
faults, ani slong those in. the Gladys Spring/Leic:hrerdt Spring area,

similar sandstone is thrown down to the west against· f08siliferous"

Cambrian Clark: Sandstone (locality 263).

Bald Hill consists of at least 1,000 feet of silicified quartz

sandstone with northward dips of 50 to 65 degrees •. It is faui ted -against

an exposed 50 feet of subhorizontal barren samy dolomite and baITen

coarse lsminated pebbly quartz sandstone, '!'"hich is either part of '!he

Cambrian succession or, more probsbly, part of the Westwood Manber .of

the Cockatoo Formation.

Elephant Hill is boonded on two sides by faults, a,nd consists of

silicified cross-bedded rip1Jle-marked rpJartz sandstone. 'l'he large

unnamed hill (locality 40) 2 miles north-west of Elephant Hill consists

of unsilicified QUp,-nz sandstone, regularly cross..bedded in tabular~ .
~~~I# , .

seta 2 feet thiC.~~'.{·.JhPPle-marks8re common. .

Virtua~)y~.~~~~ur knowledge of the sequence of the Cockatoo FO,rmatigp. ~.

in the no:rtij~';~j;~~n part of the basin comes from studies made in the ' ..1••• ,
.". :~ ",. .-f. ... , .... " '

.~.\~;;..{"..~, ,.... . ,.. . , -,. ,.
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""cdtwOoi! Creek aro?b (Fig.22). The first published reference to the

geology of 1his area was made by Veevers et al. (1964), who followed

on Utting's (pers.comm.) discovery 5 years earlier.

Weatwood Menber (new name)

The Westwood Member is defined as the thick sequence of interbedded

limestone or dolomiie and fine to medium thin-bedded quartz sandstone

in the- We'stwOOd Creek area. Section 459 (Fig.22) is designated type.

and ·~e~t1.one:'12 and 13 complement it. The geographical co-~dinates
. - ..... -.-./, .. 0' a'

of the base or the type's"edH'o'n are'- I.at'.l~ 52 SJ Long.128 :30 E. South

of log,sILty 460, the 'Westwocd Member is ~'efm t~'''overi'ie''''p:rob-ably

~onformably, poorly exposed barren sandstone, tentatively identified as
.' . . . .'

KeJlya Knob Member. The top of the Westwood Member is er~ded in section
- ~ "'=-"- t ...i1 lJ ' • ,,',. ,

~'i3, end elsewi'ie-re the'uPPer' part of the member is coVered. lS€O feet
, ,~-~" 1'l,: '

of dipping strata are almost continuously exposed on tidal flats-in section

13. This section lies on the western.limb of the pitching .~riticline shown

in Figure ?2, and s~.ction~t-l2 and-: 459, and, if the anticline continues so.
far south, sectio~ 460 are on the eastern limb.

The type section is 555 feet thick I and consis ts of sandy stromato­

litic limestone (incipient reef lime~tone) interbedded with pelecypod

coquini te at the bas-e, and overlain by interbed'ded sandy organic limestone

and sandstone, with 100 f"eet of joj.nt"e9 thj.n'l"b~dded yellow-brown quartz- . - . - .
sandstone at the top. Lateral lithological changes befween secti!=HlS 459

and :&.2 amount to 3118.11 differences in the quartz sand content of equivalent

beds. Section 13, whose relations wttp the other. measured sections are

shown in Figure 23, is.much.sandier thqn,its equivalents in the other

sections, but poor·erposure in the interva.l 100 to 43Q feet rules -out'

further comparison. Large colonies of cor.ls (Hexasonaria) at locality
. . '.:--. '

12/2 were not seen elsewhere in Section 12. The \1pper part of ·the-'

Westwood Member is seen in section 13 only, and consists of thin-bedded to

laminated fine to medium yellow quartz sandstone wi th three thin interbeds

of limestone. Beds with converging strik, at locality 12/5 indicate rapid_

wedging or faulting.

Fossils have not been shown in the sections, because they are almost

ubi qui tOlls. Fossils in the limestone include algae, brachiopods, conodonts,

corals, crinoid ossioles, gastropods, ost.racodes A.n:i stromatoporoids, and,

in the sandstone, brachiopods, ostracodes, pelecypods, and plants .. · As

noted above, the'build~up of stromatolites and the abun:iance'of Renalcis,

atreef ,alga, in the conice,l outcrops in the basal 100 _f.e.a.t of 'section 459

indicate an incipient reef.

The lest outcrops of Cockatoo Formation to be described in the middle

province ere from the north-west extremity of the basin, in the Cone Hill

and Shakespeare Hill area (Fig.24). Numerous faults, most with a'north~

west trem, cross the' area. Except Cone Hill, all the OI.it~rops contain
-- --_. ~~ .. - -, '-. ;' -.. "--~".

unifonn sequences of generally white cross-bedded quartz sand~tQne--~ich

is silicified near faults. A pebble bed, 10 feet thick, was found at

looa11 ty 130/2. About ~ feet of quartz sandstone were measured at

locality 130 on Shakespeare Hill. All these outcrops are tentatively

regarded as Kellys Knob Member. . '!"

"

•
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At Cone Bill, a poorly expooed subhorlzontal sequence, possibly 100

feet thick, of yell (lilt' quartz sandstone' and Bandy limestone and. marl is
.' ·-;:~~·;'Cii. 1~6 C:;r~:'.h' :' .1\ ~l :.&~~~" •••

overlain by white quartz sandstone with layers of clay pellets. Ai).

indete:nninate gastropod was collected from the sandy limestone. According

to E. C.Druce, limestone samples collected from this place do not contain

conooonta. The calcareous beds possibly represent the top of the Westwood, '

Member, and the overlying sandstone the Cecil Member.

Age of the Cockatoo Formation and "its members

General

A. SupaI-posit ion ," ..

By. reference to superposi ticn al0!1e, the base .of the Cockatoo Formation

is younger than Lower Ordovician (the age of the youJ'l8est rocks in the

underlying sequenceh. and the top of the Formation is Fammnian (to II)
.(. .-.

(the age of the bs,se of ihe conformably Qv.er~~~~ .r1n62.!-n..&J.~~AJ;0Jl8:r8Rd...._.

Buttons Beds) or slightly older.

B. Contained fossils

Only the middle part of the Cockatoo Foraation .(Westwood, Hargreaves,

and Kununurra Members) contains abuniant fOssils. This is thus the only

part of the Formation in which isolated sections can be correlated by fossils

(local coITelation) and also the only part which, by means of fossils in the

Westwood, Hargreaves,. and .Kununurra M~bers, can. be correlated wi th the Upper

Devonian standard. (intercontinental co'rrelation).

The age.or the upper half of the fonoati,on can consequently be estimated

by interpol~tion,between.the.age of the middle part and that of '"the base of

the conformably .overlying Ningbing Limestone and Buttons Beds. The .lower part

of the Formation, between the base and .the middle, is thus t he- only part

'Who~e,8ge, wi-thin broad limits, is not known. The only means of·estimating

the 88e of the base of +.}': ... r.nckatoo Formation is by extrapolation .from the

oldest known age of the.Formation, which is middle Frasnian. On this basis,

the base is estimated to be early Frasnian or late Givetian (Middle Devonian).

C. Regionsl .considerations ~ ,

Rattigan &Veevers (in Veevers &Wells, 1961, pp.3l, 33~, postulated a

diastrophism during the Frasnian in the northern part of the,..Canning Basin.

One line of evidence.was the appearance in the Frasnian of an almost

bewildering variety of lithological units, in contrast to the relative

uniformity of the lower, Givetian, part of the Pillara Formation. This

diastrophism,- which continued intermittently thrwgh the rest. of the Upper

Devonian, probably started early in. the Frasnian. In comparison with the

Bonaparte Gulf Basin, this was a short time before the deposition·of the

Westwood Member.

Thus, if the first diastrophism. i~ ,:the Bonaparte Gulf Basin, .l18rked by

the deposition ,of the base of the Cockatoo Fonnation, .. was contenporaneous

with .the Canning Basin diastrophism (we stress the I.if'), we could deduce

the age of the basal.Cockatoo Fonnatio,p S8 early. Frasnian. We woul'd, of

course, prefer to reverse this argument, and induce the t the diastrophism

was contemporaneous because the basal deposi ts were themselves known to be

contemporaneous. This cannot yet be done, because the fossils at the base

of the Ragged Range Member do not indicate a precise date.
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~eMMof the .member~

The members wi'll be treated in order <£ decreasing precision of

tn~i r ag~ dstermina Uono

1. 0 rl":.~ !!~?.GwoOO:.2.~:L'l'ire?,"t.""s.~. B~nd Ku,;1~P.u:r.~.~~~ cQ1.tain conodonts which

h6.i."!o.·r? t·: T t\'"l~1~ I; ~--··:·h::r· t'. .> ',:.T':' '.z- p.t<:f ').f th., Frs-eni.an.

2 The fl.bney Mem~~ iEl pr,)bably sliAAtly younger than the Kununurra

3. The J.e1'e'lr.ieh Me~lbg~ from ita oonformable position beneath .the"rFamennian

Ningbing Limest.one? is ee:l'1i.est Fa:nennian or 1a test Fl'asnian~ or both.

Conodot'.tg f·:>und in the type area of the ,Jereniah Manber {Fig. 21 9

localities 442/:2, 444/4) are apparently Tournsiaia.n but· this: is an

anoiUalO':..lS age bccauee at these localities the Jeremiah Member is

cve:z-la:in by Ningbir,g.Limeston~dated as famennian on the· basis of

conodonts and brachiopo:lso Thi.s indicates that the concdonts in the

Jeremiah Member hav"! been introduoed by a stratigraphic .l.eak~ or that

they have been.- misiaentified due to poor preservaUon (E.C.Druce~
,

pers,commoJ.

4," The Cecil Membel'r lying beneath the €!axlieet .Famennian or latest, Frasnian

Jexemiah Member and above the Wes'twood? Hargree.ves~ and Abney Members of

th.e upper haIr of the Fresnian9 is la.te Frasnian,

5. The !~~l!:lLKnob~~per probably lies withi.n the lower half of the Frasniano

6" The age of the Ra.gs..~_Ran~ Member ranges from the age of the Kununurra.

Member to older than the KeJ.1Yil Kt)ob Member~ and thJ.s at:8na at least the

lower half of theF2:'ssnian? and pqssibly extends into the Middle Devonian.

R~~!!:!!tol_M;':'

'lhe foaeil oont.ant cf: the middl~ part of the Fonnation increases in

both number of spe:::;ies and of individuals from a minimum in 'the Kununurra.

Me;ll'ber9 n~ar th~ basin ~ge~ .through the Hargrea''fes Member,to the Westwood

Member9 whiClh is farthest f:r-om. the eastern edgeo Ma,r.y groups in the

Westwood Meltib~r (algee~ c.:)'ra1a~ .ostracod-es9 and stromatl)poroids) are not

found in the equi'?al€nt members. This seems to be a clear indication of

'tll& adverae influence of terrig~nou8 depositi-on on organtsma in the nargina.l

province. ~

Tr.is horizontal variation in eoc~ogy is matched by even sharper

vertioal vsriation, In places, the products of eoa.rse terrigenoUs ;"

deposition (the Kellys Kno·o Member, Cecil Membe:..~, and E:ven oonglomerste

in the Ragged Re:nge Mem·beT) conts,in pel ecypods ~ but nowhere are they

abundent o Fiah plates are also sce,tte:red through the Cecil Member.

Flven near the eas't.'".re edge of the basin, tbe vertical contrast in foe sil

oont,snt is· ma,:rk'i?d 9 for example? betwe8'l the Kununurra J4enber and the

('Ither~ conglol1lerll.Uc~ lToe!llbe!'s in the type seotion of the Cockatoo Formation

across Matheson Ridgeo The Jeremiah Member also contrast-3 with 'the Cecil

Memoer in its relativelj' high fossil -:xmtent.

•
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Plante (most of them ?Leptophloeum) have been frond in the

Ragged Range, Kellya Knob, Kununurra, Hargreaves, Westwooii,. Jeremiah,

end Cecil Members. Their distribution seems to be independent of

the distance f1"om the eastern edge of the basin.

Se9-imentology

Tt.e terrigenous C omponen t of the Cocka too Fonnati on is almost

entirely quartz or quartzite~ irdicating an overwhelming concentration

of these usteriale in the source ares; any rraterial finer than sarid

was almost completely separated i.n the marginal am middle provinces

(except during the deposition of the Kununurra, Hargreaves, and· Westwood

M'anbers), and dep~s1ted elsewhere. That the" sand was· intens~ly worked

by water.is evident from the Ubiquit'<;ro.s eros a-beddin g. ·The description

of cross-bedding: and other sedimentary etruc"b.1r~e,.an analysis of

directional stroctures~ and a des'qription of the rocks) will be made in

8." sube equ 8'1 t report.

Depositional environment

1. Deposition by water'or wind

-.

•

. With o,ne possible exception, the mtire Cockatoo Fonnation was

deposited in water. The exception is ~e sandstme ,witll very· thick~sets

or cross-beds at and near locality 239A-C (Fig. I?) • Fur.ther analysis

of the cross-bedding at these localities is 'being made now. Suffide

it to say that the.evidence now available from the cross-bedding'

indicates deposition by,wirrl or by water.

2. Deposition in fresh-water or sea-water

The fish plates am. plants do not help in answering this ·que·stion •

The only other fossils found outside the indubitably marine middle part

of the Formation are pelecypods, and, because these pelecypods are·, .
commonly 8ssocia ted with marine fossils in other parts of t he' Formation,

they too are taken to indicate aarine deposition.

3. Depth of water

Abundant algae, including stromatolites and oncol~tesl in the

limestone of the Westwood Member indicate depos! tion in very shallow

(and probably clear.) 'lISter. The only ~ther fossils in the Cockatoo

Formation indicate nothing narrower tl]an the neritic zone. Il'he ubiqui taus

trough and planar cross-bedding in the Kellya Knob andCecil Members

indicates shallow rather than deep neri tic deposi tion.

4. Water temperature

The build-up of incipient algal and coral. reefs in the Westwocx1

Member possibly indicates deposition in warm to warm-temperate water.

9:lmma!'Y

The Cockatoo Formation was probabl y deposi ted in a uniformly shallow

to very shallow wam sea. The horizontal a.va. vertical variations in the

Formation are attributable not to differeJces in the environIilent of.,
deposi tion but to tectonic movements of the eastern edge of the basin.

Uplift of the Pincombe Inlier and of the land bordering the eastern edge

of the basin~ probably by block-faul tingt caused depoBi tion of

conglomerate (fuSged ~nge Member) close to the shore, and of sand.stone

(Kellya Knob Member) offshore. 'With the waning influence of these



mCY''::D1~t:1'::" (by lowerlng of the land by ero6i.on), expressed by a decreased

supply of terrigenoua sand 9 depositi0!1 of very fine sa.nd~ 6ilt~ and

c&:.rbonate sediment b lh,,:sme domir,ant (Kununurra. Hargreavef! and Westwood

U""!Co':la:rs) 9 eul..\inating in tfle deposition of incipient reefs at Westwood

Cre~k. A repeti~ion of ~hia cycle9 by renewed uplift of land alor~ the

eSE;7'.?rn. edge of the basin9 but not by uplift of the Pincombe Inlier9

produoed the Cecil am Jere'.Ydah Men.be1'8~

According to this depositional model~ tl1e Cockatoo Forrration is the

product of two qycls9 of uplift and erosion of the land bordering a

uld.l~O:rrnly shallow wann sea" Subsidenc€j of the sea~nool' kept pace with

the deposi tion o.f 5,000 feet of B.:dime;'lt 9 WTI':l.ch 9 by oomparison with

Frasnian aequen<.:es €laewhere in the wC\l:ld ~ accumulated rapidly.

FAMENNIAN

The Famemd,en Nfngbing :i.imast,)ne and the equivalent Buttons Beds

suc~eed the Frasnian Co~katoo Formation with little or no hiatuB and

altogether th€:'3e three units rrake up the Upper Devonian 8uccessioniof the

marginal and middle provincEx as:" the Bonaparte Gulf Basino . In the ouf~;-"

prO'\l'ince~ the Upper Devonie.'l:" :probabiy the Fa;:n/;!'nni.an ~ is represented by

'the eldest ttr.o·Wll part of the Bonaparte Beds in the Bonaparte NOol ·V;~ll.

Bec8Uge of its extensive OUtCroP9 the Ningbing Limestone is the best lmown

of the thr~e Famennian units, and it i~ described first o

NINGBING LIMESIDNE (rm, n....)

The Ningbing Limestone. 1 B defined 8S the belt of limestone. that crops

out between the north-wes'tern part of the Pincombe.Range and a point 3 miles

north~north-west of Knob Pesko Most of this outcrop lies within the Ningbing

Range, and almost all the rest in the Jeremiah Hills. The Ningbing Limestone

conformably overlies the J'eremiah MeiIlber of the C(')cJ.;:'!too Formation9· ani is

unconfonnably overlain by. or faulted ngainst 9 Vise,SA Utting Caloarenite o~

Barvill Beds? o:l.~ ita top is eroded. The uppermost 660 feet of section 21

(Figo2S) at the scuth ....westem comer of the Ningbing Range 9 are designated

type. The co-ordinates of the top of section 21 are LatsolSolS' 5,",
Longo12S037t E, 'Section 443 9 1085 feet thick? i.n the Jeremiah Hills i.s

the thickest mea8'U..~e6 aec*I.ono

The Ningbing Limest~na is a ',:eef complex in 'Which four facies are

reccgnised <; reef 9 fGre~~0ei" ~ back~r.eef ~ ann inter~,reef. The back-reef

predominates in outcrcpo

Pr..2.vi.,ous _w..<tf: lj:

Hithe:r:::o the Ningbing Limestone has been regarded as part of the Burt

Rang~ Formaticn~

The firsi publiah-ed refereuoe was Reeves (1.95l~ pp,2499y 2500) p who

briefly note? the ratromatopvroid reef3 l near Ningb~ng Homestea.do·' In
.. .,-- \ ,

hie t3arlier. unpublished reports R~eV"es (1948) ga.w! SOllie details, such as

an estImated, thickness of bOO !~eet of limestone ne8X Ningbing~ its age

as passi bly Upper Devc.n:' art Stage IV ~ and alluded to the \ s troTM. tlJporoid

reef81~ He noted tho s·.. ro.cture of minor domes and badin.::, Which he

co~idered to be 8_ssodatl::!d with the ~8t\"'a.natop()roid reefs' ~

.'

•

.'

•



- ...

-.
", , ,-

Fl iT 25

Co I " ... n .....

tJ ..... ~~;,. ... , L~ .... ,\:o ........

~'-

But:t.~~ e.u.~

_ f~ ..•• al-alt.. I.........

- ,

, ,

, ,

. e... j
.'....

i•

l
J.
"j,i,

.. t... ~ )

'p ....,
......

..,

J

I
j,

".-....
"-':. ,_. tl..,-..

"
~ i

1.0. ,;,

'6 1'"

",

,

"

,-

c ",

•
•• • '" t"

,",'.'

,-

~'.

.,

,
,-

o.

t
J

•·•,
J

i

"

,
" .,
• \; "j,

\;•
e ',;'

,

,
"

'0 •

'0 •

•

"

•

..

".

n,
.'•
l'
~

,,
•
"

.. ,
••
"

-,
"" .

•

..". fl

, .

.-

/'

,.

• • c .t

.-
:....:

-.

•••••

.·,· ,,",

_.

o.

_.

_.

...

/.
1J

,.
"~

l

.,
,.

..,
,. I.,

~...-

•.

,,' ....

LI

-,,,to ".

~. ."

,.

_.

•

•

•

'-------------_ .. __._-



\

CI '

k---

~

~ lI
!

(.,,,

CJp
-t,

,
'-£/..'

.D...,.O\

•

•

.'



•

•

•

- 33 -

Noakes e~ al. (1952) did not mention the limestone at Ningbing.

Traves (1955) mapped the Burt Renge LimestQne, in which he

included the Ningbing outcrops, and briefly described the outcrops

south of NingbinS, and between Ningbing and Surprise Creek. He

briefly referred to the reefs, which he calle~ bic.herms, ani

associated fossiliferous biostromal limestone which dips away from

the reefSf like Reeves, he supplied few details.

_ Utting (pers.oamm.) mapped the Ni~bing Limestone in some detail;

though pointing oot the likelihood of the limestone being a reef,
complex, he did no~ find indisputable ev:idence thereof. Nor did

Veevers et al. (1964), who continued to identify the limeatone·as

the Burt Range Fo~ation, which by this time was dated as Lower

Carboniferous.

It remained until 1966 for Playford et sl.-to demonstrate that

unequivocal evidence had been round that the Ningbing Limestone was a

reef complex, and for Jones &Druce to demonstrate that the limestone

was F8me~~an, both confirming what Reeves had said at the outset.

The IS-year delay betweenReeves r (1951) bald sssertion that the

limestone at Ningbing W88p at least in part, a __ Yemenn1an reef complex·,

and the conf'irmation of these asBertion~ in 1966 is in large pert

attributable to the complexity of the Ningbing Limestone, which we

glimpsed for the first time only after our__secom field season in 1965.

Added to this complexity is the q,ifficult access to and within the

limestone, due to its surface of sharp :rugged knobs deeply.dissected

by ravines and grass-covered pediments, surrounded by plains of deeply

cracked black soil. ",

In what follows, the Ningbing Limestone will be described i~ terms

of-its four facies, starting with the widespread back..reef.

MCK-REl'F
,.

Not only ia the back-reef the only widely-exposed facies; it is

;. also the .only one in "bieb sections thicker than 100 feet can' be

measured • Hence by default of the other facies, the back-reef" contains

•

'the type a.ection, which. is designated as the uppermost 660 feet of'

section 21 {Figs 25, 26) situated 6 miles west-south-west of Ningbing..~. .
Homestead. It consists· of uniformly medium-bedded fairly pure grey to

yellow limestone and minor dolomitep in which micrite-grain calcarenite

1s the commonest type. Except nesr the base, outcrop is continuous.

'-The -base of the section is marked by tlle first extensive out crop of grey

to' orange carbonate rock. that overlies the poorly exposed Jeremiah --

Member of the Cockatoo Formation. This boundary .is clearly visible in

the air photographs, both here and in the J'ex:emiah Hills. Elsewhere

in' the Ningbing Range! the base of the Ningbing Limestone i.s covered

or faulted. The top of the type section_is the youngest preserved bed

in a small structural basin. This and other broad structures south-west

of NingbinS Homestead are well shown in the air photographs.

As mentioned above, micrite-grain calcarenite is the main type of

Barbonate rock in this section. A one-foot bed of"1imestone conglomerate

with rounded pebbles and cobbles of dolomite, vein quartz, quartzite,
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and coralline algae (Solenopora) i8. found neax the top. Further

description of the petrology will be given in the account of the

limestone at Jeremiah Hille.

Fossils in the type section

calcareous and poroetrome algae.

are in the form of.oncoliths, and

are abundant, and are dominated by

Most of the porostromes (Cirvanella)

the calcareoua algae are fragmented

•

,.

and rolled masses of Salenopora. Cr1no~d ossicles, brachioP~B,

bryozoans, ostracodes, and Umbellina are also common. Few of these

fossils provide a precise means of correlation, and ostracodes and

conodonts in other sections are the only reliable fossils for dating

the limestone.

In Figure 26, the back-reef, which constitutes almost the entire

outcrop, is mapped in two units on the basis of. its morphology as "seen

in· the air photographs. Uni t a is a pediment or rock surface, indi cated

in ·the air photographs by its uni,forOlly layered liSht-grey pattern, and

unit b consists of crags, tens to hundreds o~ feet high, which in the air

photographs are dark-grey to black, and appear to be massive. In t"he

air photographs, the be morphological unit$ may. mislead the observer

into interpreting them as reef (unit b) and back-reef (unit a1. This

interpretation is quickly disproved by -inspection on the ground: in all

respects except.morphology, the rock in the crags ~s identicsl to that

in the pedime~t; that is,.it_la a medium-bedded.mainly.micrite~grain

calcarenite. The erosion of the Ningbing Limestone into pediments and

crags seems· therefore. to be 9.8)Jsed .solely by. morphologi.ca~ processe·s.

At localities .149 ·and 456., ·at the south-eastern tip of the Ningbing

Ra.~e,. the reef crops rot 111 crags; elsewhere in. the Range, it crops

out in pediments also.. .In fact, ·the reef is barely distinguishable from

the other facies .in the.l :50,000 air photographs I which are the only

available. ones, ani Reeves' observing of reefs from an aeroplane must

be, questioned. . ,.,

The beck-reef is exposed in pediments and crags in a gorge cut·,by

Surprise Creek through the Ningbing Range. On the western side of the

range (locality 449/2, 8/5-8), medium-bedded oncolitic limestone has

weathered to yield free specimens of brachiopods. In a crag-immediately

eastward, at locality 449/3, similar medium-bedded limestone contains

stromatoporoids. Incidentally, in contradiction 11:0 Reeves and· Traves,

we fwnd very few stromatoporoids in the Ningbing Limestol'!e. Crags at

locality 9, It miles northward, contain medium-bedded oncolitic limestone.

As mentio"ned earlier, thicker sections of the Ningbing Limestone

were frond in the Jeremiah Hills, ahd this area will now b,?deecribed.

The Jeremiah Hills are a group of several broad limestone'hills,

some 200 reet high .and a few miles across, 10 ti11~ee south_west of .,

Point Spri1l8~·. A map of the weetern pa~t of the Jeremiah Hille 'ie ehown

in Fi~re 21. This area is broken into blocke by faults clearly visible

in the air pho~graphs. In nearly all the blocks, the dip is northerly

and, except at faults, is not known to exceed 15 degrees. 'Ibe morphological

division of the fJ,rea into pediments and crags is not so clear-cut as it

is in the Ningbing Range, and has not been mapped. All the Ningbing

-.
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ATlhoatthe top.

Limestone me.pped in Figure 2) 1s back-reef. Section '443 (Figu~e 25)
c;lnta,ins 1085 feet of Nin8bing Limestone between the Jeremiah Mmber

of the Cockatoo Formation at the base and a fault at
•

• half the ~ect1on is dolomitic~ and 8~ction 447, which'oontains less

doloonit:e, p:covi.des better matel."'ial for description. This aection is

950 feet th~ck between the Jeremiah Member and the exposed top.

In broad terms, gect~on 447 nanBis+'s of sandy ~nocli~l~ limestone,

birdseye limestone, Stroma,J~c.tll. limestor.e, and, towards the top,

dolc~itic limestone. Brachiopods and crinoid ossicles are common

th.roughout, and o81car~ou6 algae~ colonial coralsg end strClmatClporoi,ds

are also common i~ the uppermost 200 feet. Rare lnunded pebbles and

ccbblea of vein quartz, quartzite, and sandstone, up 1>0 4 inche6 across,

•

,.

•were fcund in the upper half of the section. The only terrigenous

pebbles found in section 443 are in a thin bed 9 few feet above 443/1~.

Some other outcrops of Ningbing Limestone in the area south-west

of Point Spring are shown in Fig.19. The outcrops at'locality 422 and

at 4?3j2 are o:.l.tered 'oy faultings 8J;ld silicification is comment In

contrast, thi! Hmeetone at locaiity 424, only one mile from the out­

cropping Precambrian of tpe rincombe RanRe, is unaltered, and consists

of uniformly medium-bedded grey limestone with rare pebbles and cobbles

of vein qua.rtz.

RID'
The best~expoeed reefs in the Ni!"l8bing Limestone were found in the

sopthern part of the Ningbing.Range (Fig.26J •. At localitiea 149 and

456, at the sooth-eest .tip of the Range, the reef (Fig.27) is ne&.rly

:i-mile wide, consists Of massive limestone that· crops 'out in ce.verned

pinnacles, and is. flanked by thick-bedded back-reef limestone on the

west, and by medium-bedded fare-reef limestone, including breccia, on

the east •. The reef consists of massive algal (Renalcis) limestone, treef

tufa~, stromatolitic limestone, Strcmatactis limestone, an.d much

recrYstallized limestone and dolomite. Cluatersiof fossils, mainly

bra.chiopods, occur: in the limestone, and geopetal structures are common.

On the g"l'ound, the outcrop of the reef in massive cavemed pinnacles

is di8gnost1~, but it is barely distinguishable from the' other facies

in the avai~6.b:,a air photogz'aphs.
...:

'I't18 ae.::cnd we114eiq)csed reef was found at the "eastern em of the

gorge cr.t through the range by furprise Creek' (localit-y 449/1), Tha

reef consists of 1i"Rl~stone with abundant intact masses of calcareous

algae .cSolenGpora) as well as the rock types found at 'localities 149

and 456. The reef is exposed in a -lDO-foot higtJ. cliff, and is

separated horizontally into two equal parts by 6 feet·,af m€Ciium.."bed.ded

baCk-reef limestone.

Reefs were also founP intennittently alOl18: the eastern edge of'

the Ningbing Range, end the northernmost outcrop of the Limestone, at

locality 11/3, (Plate 1)93 mUes north-north-west of Knob Peak, is

reef, as shown by abundant reef tufa. None of these reefs is as well

expcsed 8S thOSe in the southern part of t he range, and their

relatinnships with the other facies Bre not clear. Locality 463
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(Fig.48), 1 mile south-west of Utting Gap, is a good example of such

an area. Locality 463/1 and 2 are probably back-reef t 463/3 and 4

reef 9 and 4.63/5 fore-reef. The Ningbing Limestone west of locality

108 (Fig,48) contains a narrow reef flanked by breccia on the east

side and by back-reef with tongues of reef on the west side,

The minimum thickness of the reef can only be estimated by the

height of the outcrops. The highest outcropping reef is at locality

456, and it is an estimated 150 feet high.

The only place where fore~reef was seen next to the reef is the

south-eastern ti p of the Ningbing Range (local i ties 149, 456, Fig. 26).

Here the fore-reef is a talus breccia which dips away from the reef

at 20 degrees, and co~ists of blocks, up to 6 feet long, of reef

set in thin-bedded calcarenite. Fraesments of stromatolites and

calcareous algae are common in' the calcareni teo

An isolated outcrop in the bed of Surprise Creek (locality 448),

1 mile east of the exposed .reef , consists of thick-bedded breccia

which dips 2 degrees south-eastward. Geopetal structures,Renalc~s2

and Stromatactis are common in the Illatrix. Ten miles northward and

two miles north of Tanmurra Creek,an isolated outcrop (10cal'ity-'17/4)

of medium-bedded pebble to boulder fore-reef co~lomer.ate contains

angular to rounded fragments of limestone up to 12 inches wide. The

conglomerate dips 15 degrees eastward.

INTER-REEF .

Outcrops of pla~y grf!Y and pink sandy pi,'Soli tic limestone at-'
, . I

locality 455/1,3 (Fig.28) are interpreted as inter-reef. This

limestone contains the same brachiopods as. those in the nearby reef

(locality 455/2). The inter-reef litnestone dips 30 degrees away"from

the reef.

Locality 466/2, Ii mil~s north of Tanmurra Creek, was the only

other place where inter-reef was found,' anq., as at 455/1, 3, it consists

of platy sandy limestone with brachiopods.

Tournaisian limestone.near Ningbing Homestead

E.P.Utting (pers.comm.) discovered richly fossiliferous limestone

at a locality near Ningbing Homestead, which we later visitedarrl

called locality 7/1 (Fig.26). The fossiliferous l.imestone lies at

the eastern edge of the limestone outcrop of the southern Ningbing

Range,.and is apparently continuous with this outcrop. It was therefore

a surprise to find that the brachiopods and conodonts at 7/1

independently indicate correlation with locality 100/23-25, 685-815

feet above the base of the type section of the Burt Range ForDRtion,

or middle Tournaisian (Tn2c).

Locality 7/1 is part of limestone pediment, and consists of

massive recrystallized li1Ilestone with very large Stromatactis ,. and

clusters of brachiopods with rare trilobites in a matrix that

contains conodonts 0 Ex:cept by its fossils, this limestone is

. indistinguishable from the reef limestone of the Ningbing Limestone.
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On the ground, the field relations of the rmsaive limestone at 7/1

to the adjoining limestone are obswre because of low outcrop; the

structure is obscure in the air photographs too.

The following extreme possibilities my be considered (Fig.30)a

(8) the limestone at 7/1 is the youngest known part of the Ningbing

reef complex. In favour of this view, the limestone at 7/1 is

indistinguishable from the Famennian reef limestone, suggesting

continuous reef deposition.

(b) the limestone at 7/1 unconformably overlies the Ninebing Limestone.

At ·locali ty 210/6·, on the northern edge of the Pretlove Hills, Tournaisian

breccia, probably slightly. younger than the limestone .at 7/1, un­

conformably overlies the Cockatoo Formation, and indicates a Tourn8~Bian

marine transgression in this area. The limestone at 7/1 is a slightly
,

older deposit of this transgression. Against this view is the un-

likelihood tha~ reef limestone. indistinguishable from the Fame~an

reef limestone would re~establish itse~ above an unconformity.

(c) the bulk of the limestone at 7/1 is Famennian, and the clusters of

brachiopods and conod:onte are Tournaisian infillings of cavities and

were deposited during.a Tournaisian trapegression. This process, like

(b), is possible but unlikely.

We adopt the view outlined in (a), but remain fully aware of the

otber possibilities.

The age of the greater part of the outcropping Ningbing Limestone,

determined from conodonts, varies from famennian to II - to III. The

back reef. appears to be wholly to II - to III.,. but the reef am' fore-reef

contain limestone dated as to V (localities 463/5 and 141/5), to VI

(loc~li ty 17./4), and lower to middle Tournaisian (locality 7/1). This

suggests that. th.~re may have been continuous reef growth throughout the

Famennian and even into the Tournaisian. The significanoe of the

Tournaisian outcrop ~t locality 7/1- is discussed above. The absence

en: younger beck reef is _probably due to erosion of the reef complex.

Overlying strata

Only one locality is known where tpe relationships between the

Ningbing Limestone' sm- overlying: strata are visible~ This is locality

17/3 (Fig.2S), i-mile· ·south of TahmUrrB Creek, where ten feet of white

silicified quart·z sardstone in tumbled blocks unconformably rests on

the NinFbing Limestone. The sandstone overlies the Limestone in a

valley, irxiicati-ng that much of -the Liml'lstone, at least in the.

immediate.vicini·ty, hae been recently ~xhumed. The overlying sandstone

is barren; it is probably part of the.passl transgressive beds of the

Visean, and is tentatively mapped as Burvill Beds. The only other

contact seen.was at locality 10.8. (Fig.48), ani this is probably faulted.

Near Ningbing Rome!JtEad. .(Fig.26), Burvill Beds are exposed at locali ty

5/2. only a few hundred yards from the exposed eastern edge of the

Ningbing Limestone; steep erratic dips in the Burvill Beds in this

area indicate complex faulting.

Obscure as the field relations may be, it seems from a regiew of
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,11 tIJe ev5.dencE', including the regional picture, that tbe Ningning

J'imestr ue is unconforma.bly overlain l')y the basal deposi ts of the

Viseptl -cp'nHYression j wbich are represented in the southern Ningbing

PAn,<:<:e 8I'F8by the ]3u1'vi11 Beds,

BUTTONS BE~S (new name)

The Buttons Beds are defined as the Famennian sandy and silty

limestone that crops out irt"llhe bed of the Ord River north of Buttons

Crossing (Fig.16). The only other known outcrops are situated in

the 8-mile Creek area,and in the Sorby Hills. The Buttons Beds'

overli e ~presumably unconformablY:l the JerEmiah Member of the Cockato 0

Fo:rmation, except at Sorby Hills 9 where the Butt ons Beds unconformably

overlie Precambrian siltstone." On the Ord River, the top of the Buttons

Beds is faulted, and in the.8-mile Creek area is unconformably overlain

by the Bu:rt Range Formation. The t opis eroded in the Sorby Hills.

Section 105 on the Ord'River is' designated type. The co-ordinates of the
. t' t

base of the type section are Lat"I50 38 S1 Long.128042 E. The Buttons

Beds B.re equivalent to at least part$ probably the lower part, of the

Nin€bing Iimeston,~ contrary to earlier opinion (Playford et a.l., 1966),

we do not regard t~e~ as part of the NingbingLimestone reef complex.

Previous work

Matheson &Teichert (1948, po84, pl.ll) mapped and described the

outcropping limestone near Buttons Crossing as part of the·Devonian

Burt Bange Series. According to Matheson & Teichert, Buttons Crossing

is situated within the outcropping limestone, but the Ivanhoe l-i'nch

map published in 19L1 4 shcwsButtons Crcssing a few miles southward J where

we have shown it on Figure 16. Matheson & Teichert gave the total

exposed thickness as about, 1 iGoa.:.,f.f3.t3t 9 outlined the sequence of faunas 9
":' -, .:.. (':.--

and referred the limestone to the middle part of the Upper Devoman, all

of which we hB.ve confirmed. ,The t cross-bedded brown sandstone i (Matheson

& Teichert, p~84) that ,crops o';1t on the west bank downstream from. the

limestone is now known to be Cambrian Clark§andstone.• The I small

occurrence of limestone with' Syri'ng'opora,,'rUgose corals, and ostracodes

on the east bank? farther downstream was mbt seen, possibly because

whil e we were there it was covered by alluvium. W'ha t out.crops were
. :.",. .

seen in this area are all Cambrian (Kaulback &Veevers, 1967 ,Fig.10)

and their association with Devonian limestone indicates the structural

complexity of the area::;"~, -,-,
1= ;

Traves (1955, Pl',l, his locality 10) showed only a small outcrop

of limestone in the Ord River near its junction with Spring Creek

(mistakenly called Buttons Crossing), ar~ suggested that this is the

southern extension of the limestone near Ningbing. His assertion

that biohermal limestone was fcund at this locality has not been
Ii

oonfirmed.' Dr. Opik idenUfied some of the fos sils and pointed out

that the fauna beaTS a marked similarity to that mentioned previously

from 5 miles west of Mt. Septimus I. Our detailed studies show that

this is not so, the Buttons Beds are Upper Devonian; the other fauna

mentioned 1 from the Burt Range Formation, is Lower Carboniferous.

_. -'.'-... ,"
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The poorly exposed Buttons Beds beneath the type section Of" the

Burt Range Fonnatioll: do' not seem" to have been. J11 theria recorded:­

Type section north of "Buttons Crossing (Fi~.16)

The type aection (105) is probably conformable on the Cockatoo

Formation at Buttons CroBsing but, as mentioned in the chapter on the

Cockatoo Formation, this 1s not certain because of the complex structure

of this area. The top of .the type section is marked by 8n inferred

covered. feul.t, which brings the Cambrian Clark: Sandstone and the Buttons

Beds toge.ther.

The type. section (Fig.2S) .consists of silty micrite (0-65 f~et),

pebbly limestone, with terrigenous fragm~ts, including b&881t· (65-85

feet)., Bandy skele,tal micrite-grain calcarenite, with interbedded'

calcareous sandstone end calcisiltite (~5-1015 feet),. sandy and silty

dolo~te (1015-1090 feet), and rinally, feldspathic quartz sandstone

(1090 - 1150 feet). Fossils are abundant, and include algae ...

(porostromes, Solenopora, Umbel! ina), bryozoans, brachiopods, conodont s,

corals, crinoid oBaicles, fish plates, gBstroppds, ostraccrles,

stromatoporoids',. .and plan.ts (Leptophloeum) • .Of these, only the -r;
ostr.acodes indicate detailed'local correlation. According to P.J.Jones

(pere.comm.), ostracodes in the interval 350..430 feet in the 'type section

indicate correlation _with locality 21/22 in the type section'of the­

Ningbing Limestone, am with locality 100/4 in the Buttons Beds in the

_a...mile ,Creek area. Correlation by means of .other fossi Ie is generaL:

Conod,onta. at ·820 feet in the type section indicate 12 II p.. III:,

and brachiopods from different parts of the 1;ype sectio~ all indicate

Upper Devonian, probably Fammnian. Hill (1954) desc...~~~l:d two coral-
. ' . "~'

species t Paleeosmi lia. -contate _Hill andSyringopora patula Hinde from·

the Buttons Bede of the Ord River.

Eight~mlle.Creekaru (Fig.31)

TW9 poorly exposed sections of the Buttons .Beds (Fig.25, sections

145, 146) were measured in the 8-mile Creek area. Both sections are

covered at the.base, Bnd are overlain by the Burt Range Formation •. · ~

No structural break,is visible at this boundary, either on the ground

or'in the ai. r photographs, ,but fossils_ on either side show that the:-'

boundary is 8 hiatus. In section 146. the ~ttona Beds are 123 feet

thick and consist of .sandy skeletal li,meBtone·.~nterbeddedwi. tho pebbly

calcareous sandstone. In section 145. pebbly sandstone and glaucond:tic

calcareous s.andstone are the only types exposed. Pelecypods at-·

locality 146/4 are similar to those found at locality 266, Bwth-:esst

of Spirit Hill. The common Upper DevOni~ assemblage of brachiopoda,

pelecypods, gsst:rOpods ,. end Leptophloeum are foord in this section ,and

at 146/13, the association of the same stromatoporoids and c~lcareous
, .l·

algae 8S those in the upper limestones of section 105 indicates t-ti'-e ,-
,f;; !:

same facies if not the sam" age. The only firm evidence for finer '-.

correlation is provided by the ostracodes at locality 100/4 (Fig.33),

near the preserved top of the Buttons Beds, Which ecc9rding to Jones

(pers.canm.)indicate correlatiot) with the interval 350-430 feet ~n
''',.

section 105.
. ..
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Sorb;)? Hills (Figo29)

The Sorby Hills comprise five small hills rising from the plain

a short distance from the northeastern tip of the Pincombe Range.

On t"he air photographs the rocks have a wel1~bedded pattern and soft

grey tone which distinguishes them from the nearby Precambria~ rocks.

The Sorby- Hills consist of Buttons Beds which overlie, wi th slight

angular discordance, Precambrian siltstone. A downfaulted sliver of

Burt Range Formation is the only other formation found. The un­

conformity between the Buttons Beds an.d the Precambrian shows that

the Pinoombe Inlier was above sea level in the Upper Devonian. There

is no visible contact between the sliver of Burt Range Formation and

tb.e Precambrian and ~ apart from the sandy nature of the rocks in the

fault s1iver~ there is no evidence to tell whether the Pincombe Inlier

persisted as a landmass into the Carboniferous.

The best exposures of the contact between the Buttons Beds and the

Precambrian are at the localities marked 402 in Figure 290 In section

402 (shown as 402/4-7 in Figure 29) the Precambrian consists of

hardened, thin-bedded grey~green siltstone. The silt stone is un­

conformably overlain by a thin basal breocia having angular lath-like

fragment s of si1tstone and small rounded pepbles of milky quartz in a

sandyma,trix. A second similar breccia, slightly higher in the section,

is followed by dolomi tic sandstone and sandy dol omit e. The only fossils

collected from this part of the Buttons Beds come from 10ca1i ty 402/1,

where indeterminate gastropods and an unidentified crinoid calyx were

found in rubble beneath the lowermost outcrops of the formation ..

In section 125, measured on the southem pl:l.rt of the same hill­

(Figure 29)>> 375 feet· of Buttons Beds rest with angular unconformity on

Precambrian siltstone. The overlying rocks are mainly hard, ·thickly

bedded fawn to grey sandy dolomite which becomes sandier in the middle

av~ upper parts, a white quartz sandstone is present 250 feet above

the base of the section. Conodonts from locality 125/4 indicate an

Upper Devonian age of not older than zone to III and not younger than

zone to V. The only other fossils collected are poorly preserved,

indeterminate gastropods and pelecypods fro~ locality 125/7A.

UPPER DEVONIAN PART OF THE BONAPARTE BEDS(Fig. 47 )

Belford, Jones & Roberts (i!! LeBlanc, 1967) date the cores in

the i.nterval 8310~9279 feet in AoD Bonaparte No.1 Well as Upper

Devonian on the basis of fossils, principally the pelecypod Buchiell.

In the well the oldest dated core above this interval is Core 24

(6616~6620 feet) which is Tournaisian; no fossils were found in

dores below 9279 feet g to the lowest core at 10,234 feet. The total

depth is 10~530 feet o On this basis, the estimated thickness of

the Upper Devonian in the well ranges from a minimum of 969 (8310-9279)

feet to a maximum of 3~910 (6,620~lO,530) feet. What part of the Upper

Devonian is represented in the well is not known, bec$.us e Buchiola

ranges through the entire Upper Devonian. f!owever, because the section

beneath the Tou rIlaisian a.t 6620 feet seems to be continuous, most if

not all of the Upper Devonian is probably Famennian. This interpretation
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1s shown in Fig.?

T~e estimated minimum Upper Devoni91l t. in the interv~ 8310-9279

feet p consists, according to LeBlanc (1967),_ of BomB 750 feet of light

to dark grey shale and siltstone with. minor interbedded sandstone,

underlain by' some 220 feet of sandston.B. and siltstone with minor shale.

The estimated maximum Upper Devoni~ (6620-10,530 feet) includes

additionall~ ~,251 fee~ at the b9ttom of the well, distinctively sandier

than the. overlying section and including 232 feet of. varicoloured shale,

~d 1,690 feet -of silty shale, siltptone, and siliceous sandstone. A"

d1pmeter survey indicates a dip change at 7,480 feet. The angular

difference amounts to a few degrees ~mly, and whether this indicat"es ~a:n'

unoonfo:nnity or slightly more intense flowing of the deeper shale and

ail ts\one is' 'hot known.

For further details, LeBlancts description should be c;:onsulted.

Sumrilarizea ~g·e-ologi.cal histoq of the FamE!'lnian

The marginal and middle provinces in which the Cockatoo Fo~~lon. , ' ..

wss deposit ed in the Fraenian are still recognisable in the Famennian

(Fig.?)'7~f.l''~U"e ail~~ce is mde for the' .gene~al shift from' tettigenous

to biogenous deposition. Additionally, a,t~ird, outer, deposition&!

province I'; recognise'a; 'in which part or .all of the lower. third of the

section. rot in AOD Bonaparte No.1 W~ll "!"as depoei ted during the ·Famennian.

The reco@nition_of this outer province.co~p1etesthe classical sequence

of equivalent facies"BQing from an_inshore'or marginal facies influenced

by terrigenous deposition, a middle provillce.,of ,pure, in this e:xemple,

reef, limestone, and an offshore or QUter province of fine~terri:genous

sediment, ~~1.!-~al..,..~2.s:i-!.t:sfrC!..~.:rr?;·,~ .:0..... _-:.~. ~', .., , ..
.. -::> ... ~:-::._- • ~- ., ': :" ,

Compared with the Frasnian, the Famennian was tectonicalf:y -qUiet-i~'

at least alo~g the esstern edge_of ~he besin. Pemaps, ss· Rattigan &:

Veevers-~ Veevers &: Wells, 1961) ~ggest as the cause of the 'start of

Upper Devonian reef, gr"Uith -{n toe' Canning Basin, ·.the noor of ·the basin
• r....t..,. _,.,_ •• _. "'--' -'•.'-.,.,,:- .."......-. ~_.

wss bloc'k::'f'aulted I.t:o j>rOvid'e bathymetric conditions suitable, for, reefs.

If this were so. and we ~have no'direct evidence for or against,. .the trend,
of the reef along the eastern edge of the Ningbing Range would indicate a

major structural as well 8S b&"thymetric trem. in the Famennian.

Most if not all of the sediments discussed above were deposited in

sea,...ater~_ ~he N~l1~~~.Lime:~~on~.",">~~}~e'pjW~~~in.. ah",a~~w, clear, end

probably warm ses-water. The rare. terrigenous pebbles s"caT.tered":;.1;hr.Q.,!gh

parts of the back-reef of the Ningbirig Limestone were possibly rafted by

Leptop'loeum hunks and branches, which are common in the limestone. The

rare conglomerate bed in the back-reef probably indicates a brief emergence.

The futtons Beds in the a-mile Creek area received abundant quartz

and quartzite pebbles from the eastern edge of the basin;" 15 miles

westward. the Buttons Beds near the 'exposed base cont.ain only one bed

with pebbles, some of which are basalt probably derived from nearby

land, possibly from the Pincombe Inlier. ~e t~rrigenous material in the

rest of the section is very fine. The Buttons Be~s were also deposited in

shallow and probably arm sea-wate-r ~h.1ch was ~~bld, and reef growth was

inhibited.~ ~ _ /~:' ~'-t·:~.~~"'~~:"'~~'~~f::~~:'_c .•
. .' '.. '-.:': .::.-:--' , ., -
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Any sediment in the outer province equivalent to the reef complex

must be marine becauae the reef could:not have grown,unlesa it· faced

on to the open sea. This argument also carries with it the implicatibn

that the outer province was an area of d~eper water. The fossils in

the interval 8310-9279 feet of Bonaparte No.1. Well show that at least

this part of the- section in the outer province is me,rine.

Comparisons with the Canning :Basin

Playford et 81. (1966) have pointed out the nesr-identity of ·the

Ningbing reef complex and parts of the Upper Devonian reef complex'of

the' Canning Basin. The outer pr.ovincs facies of both basine are no­

less alike. Th~ intervals 3551-1504 feet in Wapet Frome Rocks1No.2

Well and 2195-2697 feet in Wapet Babrongan No.1 consist of shale,

siltstone, and minor sandstone. and parts of.theft~,~nte~81s contain

Buchiola. These are the same facies .and. proo8b~y also the sBlDe age

as the lower interval of Bonaparte No.1 Well.

The marginal. faci,es. of.. the Canning ~8sin in the Famennian const-sta
, , -

of conglomerate. which has no obvious representative in theFamennian of
, ' I

the- Bonaparte Gulf Basin.

CAJUl()lHFIllOUS

~Ull'l' RANGE FjlRMATrON '

Almost all the out.crops· of' the Burt· ~geFormation are frond in the

southeastern. and. eastern parte of the Bonaparte Gulf Basin between .1he

Pincombe Renge. and the margin of the basin,: east .of the Burt Range.

Smal~er. outcrops occur discontinuously along the eastern margin of the

basin., running in a northeasterly direction from Spirit H~ll to Sandy

Creek and on to Flapper Hill near Laguna Station (Pl~te 1).

Mstheaol1 B.'P\d Teichert (1948) uped. tpe name Bur.to Range I Series ,

for the_lime~tone, calcareoUs sandstone and -sandstone cropping· out

between Eight Mile Creek and the western 'flank of the furt Range. .....

Noake.p et·a!. (19:5:2) changed the name to Burt Ral'18e Ltmestone
..;:~~.:. .

and separa-ted m;t the quartz sandstone,.. ~t the top of the seq~ence,··

which Travea (1955) called the Enga Sandstone. Travee included the

limestone at Ningbing and on the. Oro. River in, the Burt Range Limestone.

In this W9rk 'Burt· Range Formation' is_ substituted for tBurt Ral'18e

Limestone' because of the presence of different. rock-types within the

formation, thus following the us~ of.the term ~y.Utting (1958,~

unpublished) and Hare et al. (19·61, ~npubliehed). The fornation' is

further restrict~ QY exclud.i~..;.th~ limestone at Ningbing. the-limestone
~'. - ....

at· Buttons Crossing on the Ord River, ss well as the western-most beds

of limestone end calcareous sandstone exposed in a narrow belt·five

miles southeast'of Martin' Bluff (Fig.Bl). The latter beds are mapped

a8 Buttone Bede snd are Famennian (to II - to III) in age; they are·

unc~nformabiy overlain by C&rboniferou9,iime~tonee'of .the Burt Range

Formation•. In the. Burt Range area the preak in' sedimentatlon: between

the: two carbonate sequences is equivalent to the upper half of the.·

Ehropean Famennian Stage (zones to IV, V and VI) and also possibly

, the ver:Y basal pa~ of the Carboniferous (Fig.32).

furt Range Area

The Burt Ranse Formation crops out on tree-covered plaine and low

•
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ridges mid-way between Martins Gap and Mt.Septimus, on the eastern side

of Eight Mile Creek, and also along the steep western face of Fnga

Ridge (Fig.31).

The lower and middle parts of theformation form a low divide between

Eight Mile Creek and an unnamed creek on the western side of Mt;Septimua •

On the air photographs the outcrops have a stfliped pattern of al ternating

hard ribs of limestone and linear .arese of 80il ccwer. The more resistant

parte of the formation fqrm prominent strike ridges whioh-a.re-lrttelTupted

by. minor faults and are breached by subsequent tributaries of E'i:ght Mile

Creek. Otting (persocomm.) believed the beds beneath the 80il cover to

be shales and shaley limestone, but an examination of the'rocks:on either

side of sections 100 and 101 shows that ~hey are limestones slightly

softer than those forming the resistant ribs.

The reason for the .lack of major limestone outcrops south 'of section

101, in the area between the Matheson andE"8a Ridges, is not ·clear. Ins

converging area auch as this dips Bpould be higher and outcrop8~should be

even .more pronounced than those aroUnd the type section. On the contrary

however, there are.virtually no outcrops of. Burt Range. limestones on the

plain 8lld only faint bedding Patterns appear on the a,ir photographs. It

is suggested either that the formation has become sandier because it was

deposited in a region of more clastic sedimentation nearer ·the shore, or

that the Cenozoic sand cover derived from the hills to the south: is much

thicker than elsewhere.

To the north '0' the lower part of the formation extends out on to

the Keep River plain where it is covered by black Boil and"sand~, The

apparent tlensing out' of the.formation in this direction:(Fig.31) may

be due to:a change in"lithology, the sediments becoming silty' and even

shaley towards the north.

The upper part of.the formation crops out as regular~benche8 below

cliffs of "!I1ga Sandstone on the .western .face .of Enga Ridge. The resistance

to. erosion of'this part of the formation is at leas~ partly due-·to the

protection afforded by the cliffs of the overlying Fnga Sandstone. The

rocks have a regularly layered pattern on ~he air photographs'. :. In

places it is interrupted by quartzite lblows I and irregular areas of

silicification along fault planes. Thefraults trend northwest along the

length of the ridge and generally have little throw; most are'best

regarded as joints and consequently are. not shown on· the geological map.

Outcrops of the Burt Range fo~ation support a vegetation of

fucalyptus and yel101f-flowered native cotton trees. '.'

Seven detailed strgtigraphic sections have b@en measured in the

Burt Range aree; two from the lower and middle parts of the formation

and five from the upper part. The localities of the sections are shewn

in Figure 31 and their columnar sectio~ in Fieures 33 am. 34. ,~.

TyPe section ,.'

Until the present investigation little was known of the lower and

middle parts of the .Burt lange Formation, and the sequence remained

without a type section. Section 100, measured two miles south of the

track runni'.:~~etweenMartin Bluff and Millig811s Lagoon is designated
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the type section. The co-ordinates of the base of .the section a;re
Of' . 0 1

Lat.15 38 S, Long.lZ8 55 E. ~his section unconformably overlies Upper

Devonian Buttons Beds and is 950 feet thick (Fig.33); it comprises

the lower and portion. of the middle ,part of the Burt Range Formation.

The type section is complemented by aeott_on 101 measured through the

lower and middle parts of the formation' 6 miles to the south, and by

section 103 measured thro,ugh the upper part of the formation on ·Enge. . - .
Ridgs p (Fig.35). By using fossils to correlate between these· three

sections we h$ve been able to establish a ,composite stratigraphic

section, 1,510 feet thick, through the Burt RangeFormation (Fig.~2);

braohiopods and conodonts indicate tta t lOO/13C ls equivalent tOI

101/2., B,nd 100/25. to 101/13. There could be a slight gap ,between the

top of the 101 section and the base of the 103 section because of

faul ting51 but short-ranging brachiopods in both of these parts' indicate

that '~he break" if any, is very slight.

In the type section the lowerm~st 150 feet consist of· alternating

hard and soft beds of thin-bedded~ olive-gr,ey, crinoidal oalcarenite;

with occasional sandy beds._ A bed of stromatolitic limestone containing

come-shaped headtl of tMalac,ostroma ·concentricum l
..Curich 1906 up ··to 2 feet

" . . - ...-.

in diameter and 9 inches high is present 150 f~et above the base' of the

formation. Finer .grained, thin-bedded, grey, skeletal, crinoidai·

calcisil ti te characterises the interval from 150 feet to 400 feet. From

400 feet to 700.feet there are olive-grey, crinoidal calcarenites containing

abundant brachiopoda. The rocks become sandie;r between 700 feet' end the

tap of the section at 950 feetanrl are mainly olive-grey or- olive-brown,

sandy, skeletal calcarenUes; also containing brachiopcrls.· .

Other sections .... .'.

The stratigraphic relationships between all. of the sections.measured

through the Burt Range Fonnation are shown in Figure 35. Secttlon 101

extends 250 feet stratigraphically pigher.than the type section~and is

used to describe the middle part of the fomation. .In ..this 'description

the middle part of the formation is taken from 100/25, or~its equivalent

101/13, to the top of the 101 section at lOl/~l; i.e.), roughly between

eoo and 1 51100 feet.abave the base of the composite section~

Most of the lower part of the formation in section lOl'is'poorly

exposed. Howeverf prominent ribs crop out between 500 and 700· feet

above the base of the section, and at 10cality.lOl/3 nigger-heads of

tabulate ~ora1.are preserved in their living position together 'with a

fauna of gastropods and brachiopods. ..... ,

The middle part of t he :Burt Range Formati,on 90J1sists of, alternating

hard and soft beda of yellow-brown to olive-grey, sandy calcarenite.

Those in section 101 are sandier. and more thickly bedded than the

equivalent calcarenites in the topof the type section, whicl\ suggests

that at least the middle part of the formation is sandier:in·the: south.

At locality 101/2 a bedding plane. contains 8 mass of straight· nautiloids

with their'sharp ends oriented between 'lO°end 150,' indicating a current

flowing from that direction. The sandy calcarenite at 101/12 is cross­

bedded and also oontains lenses of b;roken braohiopods. The rocks towards

•

•
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the top of the section are poorly exposed bl't are lithologically

clese to those at the. base of the ;1.03 section.

The upper pa~t .of the formation, taken from section 103, consists of

fine to medium~gr81nedt yellow-grey, dolomitic quartz sandstone at the

base, followed by medium to coarse-grained, white to orange, friable

quartz sandstone, in tum overlain by alternating beds of fine to

medium-grained, brown calcareous sandstone and grey-brown sandy

limestone. The upper parts. of the formation grade into the overlying

Enga Sandstone,_ the boundary between the two formations being taken at

the base of a prominent bench of qu~rtz sandstone containing long

vertical tubes.

Four other stratigraphic sections have been measured ~through the

upper "part of the Burt Range FolUlation from Enga Ridge (Fig.34). ,The

addi tional sections were measured. fortwo main. purposes; f'irstly to

determine lateral variation !if any) within the upper part of the

formation, which ·ie well exposed along the length of qa"Ridge;1 and

secondly, to obtain additional .fossil samples for stratigr-whic"control

in the.upper part of the formation •

.Correlations between the sect~ons along Enga Ridge are shown in

Figures 34 ~d 35•. W:i,.th the exception of the co:rrelation~l1ne :from

localities 102/4 to 109/8 to 103/17, all the lines are based on"

lithological evidence. In Figure 34 the lowermost line beueen.. sections

128, 109 and 103 is dra1fl'l at the t op of' a medium to coarse-grained, orange

to whi te quartz sandstone which is characterised by a rounded castel'late

outcrop. The line at the base of t~ Enga Sandstone is drawn at the base

of a thick pipe-rock sandstone ~cr fonns a prominent bench ·along the

.length of the ridge. The topmost line is drawn at the base of,a high

cliff which .caps most· Of the higher parts of the ridge. Palaeontological

evidence from brachiopods, ostracod~ ani conodonts shOW's ~that· the 102/4,

109/8 and 103/17 localities are the same age. Further correlation lines

will probably be added when the B~dy of the fauna is complete .. !

An examination of the columnar section shows that the rocks l have

little lateral variation and that tpe min lithologies recognised .in

the reference section (103) extend along the length of "Ihga Ridge.

•
•

•

Fauna ......

The describable fauna of the Bul:"t Ran~ Formation is dom.inated

by brachiopods, conodonta and ostracods . all o:f which are uaefu\l.

for correlating within the basin. ~rachiopcrls and conodonts'have also

proved invaluable for correlationa 'lI!'i th overseas. sequences. Conodonts

were found in most of the limestones and calcareous sandstones thrOUghout

the formation; brachiopods' occur ~abul11antly above the 300 feet level;. -. ,.

and ostracoda were most "commonly found in the middle part of the formation.

Crinoid columnals are pe rhaps volumetrically the mos t . important

fossil, and in places constitute up to 9~ of the rock.

Other organisms present in srn~ller numbers include gastropods,

nautiloids, corals~ trilobites~ polyzoana) scolecodants and peleqypods

in the sandier upper part of the formation. In the upper part of the

:formation there are trace fossils and wood fragments. Algae are
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8cattexed tnroughout the limey beds, and a stromatolitic layer

(described above) occurs at 150 feet above the ba~e of. the fannation.

A,ge

The :Burt Range F'ormation was originally dated 8S Upper Devonian by

Matheson and Teichert (1948) by way ofa correlation of the lower part

of the formation with the lPr9,ductella lime6tone~ in theFitzroy Basin.
n
Opik (in, Tra.~eS9 195~) -agree.d 'wi th the Upper Devonian age am thought

"tt..at the top·or the formati'on coinciqed wi ttl the end of" the Devonian

period-.

T'ne fannation is now finally dated as ~ower Carboniferous (lower

to rnidd'le Tourna1sian). From conodonts, E.C.Druce (pers.camm.) has dated

the lower:beds of the formation as lower Tournaisian (Tnlb inBelgium·

or iowermost K in-Britain) and the upper beds as middle Tournaisian

('l'nZb- c U,~·gi.~m:n \1·pp,'ftm.o9~t ,g..4,n: B~.t~ n ana Cull .•' ih" 't9'enna'nY?,1 ........1 };. I, ~)
. " '.:,.."'}.' ~. .'7•. ~' ,'. . s.

Brachiopods. support ·the 19Yier- TQurn'h13,±hn age for'the bese of the' .fonnation.

The brachiopod fa,una from the basal bedfF of the overryi1l8 <Eng8~ San'd·ttb'h@

is correlated with one in the Pierson Limestone in Missouri and thence

with the CuU'
a

of Germany.' -"""7"';"; '.:.' ,.~~~' .•.:.:;~%;:';:.' !:.' ~

Bul~.~nge AmEhithea~

T.., th(~ CE'nt~:ol Burt, Range area, the Burt Range; ,Formation ·crops out

at tlJe ncrt;hern ani }'3outt,tern ends of the Burt Range Amphitheatre. 'l'he

Amphitheatxe consists of a flat, tree-covered plain al~ost entirely

surrounded by hillst Central Burt Range to the west and northwest, Eriga

Ridge to the' sout}'!..and ,soiithwes,t.-, and,.an.-umlB.lJled range of CockatooFo:rm~~ion

to the- east (Fig.36)., Access to the amphi tp.eatre is either .by way of. a

valley running between Enga Ridge andCent~l Burt Range or by a narrow.........._.
watergap in· the .easte~~-~;-ll" .. ,.- .

·The Burt.Range Formation is .contained within a fault.block bounded by

the Amphitheatre and Cockatoo Faults (Figures 31 and 36', the movements
> >

on the· faults having stepped. the rocks upwards towards the east so that

successively older formations..ere exposed in that direction'•. The' ,outcrops

at either end or the Amphitheatre are well layered on the air photographs

B.nd are exposed as rocky benches on the scarps.

Sections. _ "_' ..~_._,: _'. :-', .~"~:,:;_:,; .:~..~.:- '.:.
. The northem'.secti.Qn.:.:.(:421ri.:B me'saund . (llpn'g the 'ix::i~ or":"a~ small

antioline:in th.~"7'·'k~-; ~t6ne"' bet;een ~t~~ junction of· two faults

(Figa.31 and 36). The anticline, which was first mapped by Traves (1955),

gives ;the impressioll or havin.g. been formed py drag ~QVement8 along the

faul ts'o However, the eastern block of Cockatoo Fonnation has moved :J

upwards in relation to the Burt Range Formation andEnga Sandstone in the

central blook, showing that vertical movement on the faults could not have

been responai'ble f.9r ~he'c:..ea:st.-dipping f1an)c .of. the 'anticline. La,teral
• .' ', ~" ":-:' ~.••. I·- -~.' ~ .

movemants·may'·have'formed'the·anticline.

The rocks in section 421 can be subdivided into three kinds~ : pinkieih,

grey-green, calcareous sandstone in thin to mo~erately thick beds; with

some inteTbedded sandy limestone cropping out from 0 to 200 feet; medium

bedded, grey, sandy limestone from 200 to 380 feet; and laminated, locally

cross-bedded, buff, calcareous sandstone from 380 to 510 feet.

•

•

•



Fi . 3010

•

. ~.

"I' ...

\

4"),
"I,..

<0.
CO •
C; ,,,.,..
CO,
~.

, &",.'5.,.~;e".. '"~

I

.~Go _

0"

.-~

<.< .....

.••• <>~Il-lo....

--,

" ,
-:,"~. :
'.' .~. <>

: ~ ....

,~-~-

•

~:::

:~ ....'.

.' ..
~:.:.;

.:.

~~:~". ,
'0.:;:..""' .:

"'-

:-i '.'

..~•

~:

--'

.,.

"

.'"

•

•••

'0

,
,- "Ie ~,

.-
••
"• "•

::''':'':'.~''!._----'-~-:-

· .....

:,.. .'. '*
.....: "'a ,..

~.:';: .. c ?"

· '-,..
-. ...
.:~.........:~.
~:~:. c::-........

---

l.,
•
~

· : '," '......- :

,.
J

",'"

_~__ o_

•

•

•



....

•

•
•

•

•

- 47 -

Brachiopods show that ttJe section .is approximately equivalent to

the middle part of the Burt Range Formation, probably to the interval

350 and 900 feet in the type section; locality 421/5 at 120 feet has

the same fauna 8S the interval 350 to 450 feet in t he type section;

and locality 421/17 at 465 feet has a fauna similar to that between

800 and 900 feet in the type section.

~e overlying roff to o~'ange~ quartz sandstone contains trace fossils

end poorly preserved pelecypodsp-and is identified as Enga Sandstone.

Similar sandstone outcrops v,llich overlie the upper pa.~ of the Burt Ral18e

Formation at the. southern margin of the Amphitheatre are almost certainly

a.. continuation of the outcrops of Thga.S~dstone_.along-Enga Ridge (Fig.31).

Hence, it appears that there is an unconformity between the Burt Range

Formation and Enga Sandstone in the north of the Amphitheatre, and that

in· section-·421 the upper.part of the Burt Range Formation, amounting at

least to about. 500 of section, is missing, by erosion or:':non-deposition,

beneath the Enga Sandstone.

The rocks in section 421 are much sardier, better exposed, and

form higher outcrops than those in the .equivalent part ot. the type section.

They.are dolomitised in places, especially near the faults, and this,

'~long with the proteotive oap of Enea Sandstone, may have made them more

resistant to erosion than the rocks in the middle part of the type section.

Section 1.1.3 was measured at the southern margin' of the Amphi theatre

(Figs.31 and 36). The 500 feet of ::Burt Range Formtion exposed in this

section oonsist mainly of medium to thick-bedded, medium-grained, fawn

to grey caloareous sandstone, wi th some coarser beds; occasional beds

of. limestone are interbedded in the middle part of the section. Fosails

have been collected from localities 113/5 and 113/7, from near the top

of the formation, and indicate a stratigraphic position within the

upper parts of the Burt .Range Fo:rmaMon. _ Precise correIa tion cannot

be made with the reference ares, but it appears that· there is less

calcarenite in the upper part of the fo:rma tion in the Amphi theatre .~rea.

The oalcareous sandstone is overlain by fossiliferous, red to

white quartz sandstone identified as Enga Sandstone. The faunas on

ei ther aide 'of the boundary indicate that the sequE!1ce i'8 probably

continuous. If a stratigraphic break does occur aetween the Burt

Range Fomation and Enga Sanpstone in.section 113, it is ·certainly much

smaller than··the one recognised in section 421 in the northern end of

the.Amphitheatre.

Sorby Hills

At locality 126/5 in the Sorby Hills a sliver of Burt Range Formati'on

has been downfaulted into Upper Devonian Buttons Beds' (Fig.29). The

rocks are altered fine-grained quartz sandstone ani contain well preserved

brachiopods ani pelecypcxis. The brachiopods are. the same age as those

between 800 and 900 feet above the base of the formation"and are dated

a6 middle Tournaisian.

There is no visible contact between the fault sliver and the nearby

Precambrian which 9 elsewhere in the Sorby Hills, is overlain by Upper.
Devonian Buttons Beds. The sa.ndy nature of the Burt Range FOI'll8tion



""'!4'':'!St8 -r.he.t it n!!::.;v have a.ll'io lR:ppeil em ~o t~e Pincomhe InUer, "tm"':

it could equally w.~L1..!1a-,,~.~ .e)S"tenii..eQ as a sheet over the Inlier_

,Sa'1dx C"['e~k - 'l,egUne~ "
.. ,_ "i

Scattered outCl.'OPS assigned to the Burt Range Form tion occur in a

perre,w bE'J.·t l::1tretching from Sandy Creek to Flapper Hi11, .nl'?sr· Legune. , " .

Stat:Lm (fH~e Fig,,3.? m Plate 1). ':['he :rocks crop out in 10\'1 1 resif'rtant

hills. freqtlently cspped with banded porcellanite., Many of the outcrops,

such as those at Fla!,pl'?r Hill) are <:".omr,1etely silicified; others are

stx(}:ngly ferruginieed and usually deeply wea,ther~d. ,Because· of the

l'J.l'f,er6Uon no distinc't out'crop pa,tterr. is visible on the air photographs

u:1,l '[.11':1 eXlJ08ures appear as low, J'vunded hills r.ising out.of a flat,

Uml::lered plain,

The rot:ks at the S<Uldy ,Creek crossing have be€!'l examined by a number

of BPologists. Noakes et ~l. (~.952) te:nned the rocks 'Sandy Creek'

LiDll:stone!9 B,nd on the basis of fossils tenta,ti~ely correlated thaTl with

the Point Spring Sandstone ~nd the 'Flapper Hill 'Sandstone' •

~raves (1955) mapped the outcrops at Sandy' Creek as Spirit H1£l

Limestorte 9 then considered to be part of .the.. J~~rmian: Weabel;. Group.. .

Tht"lmas 9' Appendix D in Traves9 1955; and 1962), however, considered

th" 1J"","ohiopods from Sandy Creek to be most closely allied to'Lower

Ca~boniferous species.

The rocks at Sandy Greek are well-bedded, medium-grained" fawn to

greyish~pink dolomite and silicified limestone containing silicified

fossils. Overlying the dolomite is a poorly bedded, yellC7H.,'-l:1rown,

medium-grained? fossiliferous sandstone which has beer.. silicified and

ferruginieed; it crops out as a mass of rounded boulders •. Near the

e,al'lteTn bank of Sand.y Creek, the silicified sandstone is faulted

against the underlying dolomite and limestone.

The brachiopod aS8emblage from both TOOk-types ia similer to that

in the Burt R.cmge.Formation. However, a precise correlation 'lrith~the

type aechon cannot be given because tlJe lang-es of some of the brachiopods

collected from Sandy Creek. appear to differ from those in the type area_

The majority of the brachiopods suggest a correlatfon with the 'middle part

of the, Burt .Range Forma tion.

RockE aleo identified as Burt Range Formation crop out in a group

of low hills, five_miles northeast of the Sandy Creek exposures (see

localities 123/5, 6 and? in Fig.3?). They are faulted and'many'have

been silicified and ferruginised. At locality 123/5 are exposed "1

silicified quartz sandstone and thinly bedded, fin;-grained,~·white

and purple quartz sandstone containing indeterminate plentl remains·.

These rocks appea.r to be underlain by fine to m.ed~um-grained., fawn,

calcareous sandstone (locality 123/6) which is generally. medium-bedded

'and? in places~ cross-bedded. A fault j wi th the downthrow to the east,

separates the calcareous sandstone from rocksof similar lithology €l.t

100sH ty 123/7 <

•
•
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A row of bills, all mapped BS Burt Range Fo::rntntion, extende from

a point about two miles east of the Ochre Mine northeast "towards Legune

Station (Fig.3?). In the southernmost hill, at locality 123/,20, flaggy

outcrops of white to purple, laminated siltstone and fine to medium­

grained quartz sandstone containing crinoid ossicles are overlain by a

coarse to medium,.grained; fossiliferous, 1"'eddish feldspathic sandstone.

A brachiopod from the topmost sandstone suggests that the rocks belong

to the upper part of the Burt Range Formation.

k quarter of B mile north, in the hills aroond .localities 123/19 .,

and JoM 793 (Fig.:'W), interbedded yellow to white naggy siltstone ...,

containing trace fossils, and.int~rbedded ssndstone ere overlain by a

coarse· to medium-grained, red, fossiliferous sandstone (AAP 793). The

hills are capped with, banded purple and white porcellanite~ Brachiopods

collected from locali ty AAP 793 suggest a eprrelation with the upper part

of the Burt Rmtge Formation or even as high as the basal beds of the Enga

SEim stone.

In the hills one mile further north (localities 123/12, 13 and 14 "

in Fig'.3?) a similar sequ'ence of siltstone with trace fossils and,

sandstone wi th br~chiopods overlies grey to. brown,' silicified, c:alcareouB

sandstone and lim~atone. The brachiopod f~na at locality l23/4,!·presexved
. .

in yellOllf-brown, medium to coarse-grained feldsp&thic sandstone, 'is similar

,to that froll;l the upper part of tJ:le Burt RanIJe Fort{ltltion. The' outcrops at

locali~y 123/15"questionably referred to the Burt Range Formation, constst
• •

of barren coarse-grained, greyish-~ite quartz sandstone; , some of the

sandstone is cross-bedded.

Three prominent hills.to the northeast (localities 123/16, 17 and '1

18 in Fig.3?) oonsist of rubbly outcrops of friable, red,yellCM or·white

medium t.o coarse-grained quartz sandstone. In the hill at locality 123/16

about·lOO fed of sandstone .1s overlain by 40, feet of banded purple' and..>

white siltstone or porcellanite. Fossils from locality 123/16 are the' ,

same as those in the upper part of the Burt Range Formation in the type ,

area9 and a brachiopod from locality 123/17 is most closely compared with

one from the base of the Enga Sandstone. Tpe sandst~me in the northern­

,most',hill (locality 123/18) over1i~about 25 feet of medium-bedded, grey.

to fawn, crinoidal clacarenite.

Noakes et ale (1952) introduced the name Flapper Hill Sandstone

for the outcrops at Flapper Hill, four miles northwest of LeSlne Station.

They were uncertain of the stratigraphic relationships of the unit but '

suggested that it could be older than the,Point Spring Sandstone, and may

interfinger with the rocks at Sandy Creek.

Traves,(1955) also used the name Flapper Hill Sandstone,and ..'

suggested the tit may be represented by sandstones ei ther above or below

the limestone s.t Spirit Hill.

Thomas (1962) gave a list of fossils ccillected from Flapper Hill

and concluded that they were Lower Carboniferous (Dinantian).

The ,rocks at Flapper Hill consist of silicified and ferroginised

medium-gra~ed, light grey to red quartz ·s6Jldstone. Most of the hill

is covered by a talus of rounded sandstone boulders, but some of the
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:. c:fc~·~lal.ion fJith the u-pper part

r~ported a. len.ti~~.ar. outcrop of grey limestone, which we

mid .. 'lf~ up th~ hill. :Rn..c~iopods from Flapper Hill suggest

of the .&J.rt RangeForme.tion.

-_"~'.... til "!.ht:: t..;J:. (-1' 't.tv hill :;:ppEoar to be f.!!. situ. GloveI" et.al. (1:?55.:

unpublished)

dil' 1,01; see f

EliGA SANDS~ONE

The Eng!:!. Sandstone crops out in the southeastern pert of the Bonaparte

Gulf Ba.sin.on the top of the western scarp am easteITl dip-slope·.ar· ThBa
Ridge, (Fig.:n). Other outcrops are in the Burt Range Amphitheatre area

R..'1.;\ in hills fOllT miles northeast of Mt .• Septimus (Figure Bl).

M£dh~son and Teichert (1948) included the sandstone!:'! capping Enga

R:i\~eE:' :i~~th~>J\ll't !hmge 'Ser.i~s'. Noakes at al. (1952) gave the sandstones

the natne of Si'1~'ie_Sandstone, but this became invalid af1ier the Landa am

&ll'V~Y Depertlnent of Western Austral ia replaced the proposed name .1Snowie

Ridg.'11 by" 'Enga. Ridge'. Traves:" (1,955)' ealH...tb.eQt.91yt1llto-M&~t~Mld§1@p'e.

The outcroP'S along Fnga Ridge are regularly·'layered. The formation

ia a.lways iltBll exposed in the SCl'.rp on the western side of the ridge and

in the CAstellate pinnacles on the deeply dissected eas-t~rn slope.

~~~l'y;..&,t::,~ t-:~es, .V'W ahrl.lbs and spinifex grass grow on tha Enaa Sandst,:me~

•
It tile southeastern margin of the b~sin the Enga Sandstone is cut off'

by the. ';c.~i.\Btoo Fbult. Immediately north of Thga Ridge it disappesN

"he.'1el'lth $I-nil ('.over, and further north is thought tOinterfir.ger 'vii th bIB.ck

ai Its find shales.

Strati~hlc ~ecticns measured tl:lrol.@h the Enga Sandstone include

six from along Ebga Ridge (Fig.34), three from the Burt Range Amphi thea.tre

al'ea (Figso3l Bnd 34) and one from ION hins four miles northeast of

Mt.S.ptlmu6 (Fig.3e).
TYpe section ' "

The upper part of section 103 (Fig~34) measured near the middle

of EnB:A Ridge is desisnated type section. The lower boundary, "With the

Burt Range Formation, is 445 feet 8tra..~igraphical1y above -the base of
0' . 0 t

the section at Let.15 49 5, Long.128 56 E.

Lithologically the Enga Sandstone is a clean quartz sandstone with

minor c.arbonate neal' the base. The sandstone is a well-sorted, fine to

medium-grained, white, quartz sandstone having .mooerately to well rOlnded

sand grains. At the surface it is .porous and appears to .be weakly

oelllented by a sparsely distriblted day.mineral. The sandstone weathers

to an orange-red oolou).'.

Near the base of the formation are thin to mediu~-bedded, white to

yellow, quartz sandstones containing long ,vertical rworm~ tubes·t·'pelecypods

ana braohiopooe. About 100 feet above the 'b ase of the fo:rmation' there are

fi} teet of fossiliferous oalcareni tee and interbedded calcareous sandstone~

Above this level are :fine to medium-graired white quartz sandstones; they--.. .are lDod~rately to thickly bedded arit outcrop in numerous benohes~or steep

cliffe. Some beds are crees stratified and others contain ripple marks.

Ripples at 660 feet strati8raph~cal1yabove the base' of· e ection 103 are

generally symm~trical. but· aome indicate a rorrent flowing from a di rection

of 105°. At 740 feet a.symmetrical ripples were fOI1Jled by. a current
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flowing from a direction.of 330°. Trace fossile, including
. . . .

RhizocoralliuM. are present in inany beds, bJ.t shelly marine fossils

are less common than in the lower parts of the fonnation. Sandstones

between 795 and 825 feet"above the base of section 103 have bands of

black fer:ruginouB cement. The stratigraphically highest rocks in the

section are very fine grained, lIhite quartz sandstones.

The contact nth the umerlying :Burt Range Formati-on has been,
described above.

The topmost beda in the type section run eastwards bmeath sand

cover and their contact with the overlying SeptimuB Limestons'is obscured.

At the only known.contact, at locality III ne~r the Amphitheatre Fault

(Fig.:31), the "Enga.Sandstone. is unconformably overlain by the- Septimus

Limestone (see below). Calcarewa 88l\d-stones overlying rocks of typical

Eng~ Sandstone lithology in section 111 haye been placed in the -Septimus

Limestone because they are lithologically closer to the rocks in that

fonnation. C10ll'er et al. (1955, unpublished) referred these beds to

the upper .part of the Enga Sandstone. "."";

A total of 485 feet of Enga Sandstone is E!ltposed in the type sectiion.

Taking into account 35 feet of additional section in section Ill·, the

thiclmee8 of the formation is astiD'8ted as 529 feet. 0-

Other sect! one '.

The other sections meaaured acroes ~nga Ridge (~eetions 102·, 128, 109

and 129 in Fig.34) show only minor differences when canpared with the

type seotion. - >

Marls exposed beneath the hish, cliff-form1ng.sandatonesl1n section

102, at the northern end of qa Ridge, replage the calcarenite- and"

calcareous aanda~Qne at the s sme etratigraphic -level 1n the type section

and in section 109. The calcareous bed!!, are ;-eplaced by sandstone in

sBction 129, measured at the southern" end of Enga Ridge. ·"·'''1

Rocks identified 8S "Ihga Samstone overlie the Burt Rangel.Fomstion

in the furt Range Amphitheatre (sections 421 and 113 in Figs. 31 and 36) J

their.relationship with the underlying fometion has been diecussed~

above. In section.421, at the northe%!!- end of the Amphitheatre, 140

feet of medium to coarse grained, well eorted, bufr to oranget.quartz

sandstone unconfcmnably overlies csrbonates Of the Burt Range" Formation.

The sandstone is silicif"ied at the contsct with the underlying Fonnstion,

and contain poorly preserved pelecypoos and trace fossils. Glover· et al.

(1955, unpublis~ed) reported the occur:r,ence of Leptophloeum in a locality

near the 421 SBction line •

.., At the southern end of theAmphi theatre, about" 100 reet of medium to

c08r!3e grained, well-sorted, 1Ilhi te quartz sandstone containing pelecypods

and trace fossils overlies, probably conformably, calcareous sandstone,
of the Burt Range Formation. 'l'he sandstones in sections 113 and 421 are

coarser grained than those in the type section, and were presumably:!

deposited closer to the margin of the basin. .,,,-

Steeply dipping quartz sandstones 380 feet thick are exposed in

a low hill (locality 78 in Fi.@Jre BI) near the Cockatoo Fault, foor

miles northeast of Mt.Septimus. '!he sandstone is mainly a thin to
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medium-bedded, white to ye~low, fine to medium-grained, quartz sandstone,

bu t pebbles are ".present in coarse-grained sandstone near the base of

section 78 (Fig.38). Many of the l~er beds contain trace fossils;

pelecypods, 'brachiopoda and plant fossils have_been 'found at localities

78/1, 2 and 3, and a shark ?CtenacanthuB (J.G.Tomlinson, per~~comm.)

and an iroeterminate goniati te from locality J..AP 29. Above 190 feet

in the section the rocks are fr~en·tly cross-bedded and contain

pipe-rock bede, .some of which are silicified•. The sandstone in· section, .
78 appears t (; overlie silicified limestone (possibly Burt ~8ll8.e :

Formation) near a fault zone on the e~s;~rn aide of the hill (F1g.31).

Sandstones on the e~~~ern side of th~' fault contain boulders up't~ six

inches in diameter, not sem in section 78, am large logs:·up :tM26

inches long by 18 inches wid e of Leptophloeum australe (McCoy).• -"!'hese

rocks are tentatively identified as Enga SllUldetone •

. The identification of ..the Enga SaID stone in Spirit Hill No.1-Well

(Thoms in Hare et al., 1961, unpublished; Dromtnond, 1963, -unpublished)

is ;rejected. Thomas .doubtfully refe;-red the interval between.2.,013 and

2,469 f~et to the Enga Sandstone, ~ Drummond called that'between 1,215

and 1,561 feet Enga Sandstone. Figure.39 shows that this formation does

not occur in the! ....ell. From palaeontol"og1cal evidence, Thomas l !Enga

Sardstone must now be. regarded as Upper Devonian ?Coclcatoo FOIUlation or

Ningbing Limestone equivalent, and Dru.mmorq··g Enga Sandstone-as Burt

Range Formation. . ....

Fauna

Pelecyp'~s and brachiopcds have b~en collected from localitj.'"ee

103/15 and 16 in the. lower part of. tl).e formation. The marl and .

calcarenite .overlying. the lowermost sandstone <Dntain a rich- fauna: of

brachiopods, oatracoqb t p~lyzoans and·.trilt?bites. At localitY'102/4., . .
the marls have an. extranely rich f811M and many of the brachiopod

species from this locality are not present at the sane stratigraphic

level in the south, probably because they ~..voured a quieter and deeper

envi::r;'onment •. Fossils are less cOlImon in the upper parts of,.t he. fDrmation;

brachiopods and pelecypods have been collected from locality 103/19;

and scattered, poorly preserved pelecypoos have been found ~,at ·local1ty

13~/2 near the top of the fo:rmation •

. Age ,. .,

Brachiopods from near the base of the formation iniipate a',
correlation with the. Pierson Limestone of Miaaouri,.U.S.A.,am·thErlce

with the middle to upper Tournsisian (Cull ) of Germany. Conodonts from, a
this horizon are the same as those in the lower part of the- Toumaisian

Z zClne of Britain.

.Envi ronmen t

Towa,rds the end of' Burt Range sedimentation.. there was a gradual
" , I

increase in the volume of av~lable ~and detritus in the southeast of,
the basin. During this time there was a gradual. westerly movemerrt of

the quartz a'and facies eo that by the commencement of Ebgs sedimentation

the sand faciee exterded well west of the present Burt Range area. It

18 not known whether the westerly movement was caused by a regression

of the sea or by an uplift and subsequent ercsion of Precambrian land to

J.
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the east and Bouth o·

Most of the Enga Sandstone was dep03i ted in shallow sea-water aWB¥

from coarser sediments near the margins of the basin. The' sandstones

are cross-bedded and oontain oscili,~tion and current ripple marks.

Proximi ty to the margin of .the basin is shown by the coarser sandstones

in the Burt Range Amphi threatre ares 9 to the east of the type section9

and by the pebbles and boulders in the _sandstones fawr miles northeast
I

of Mt. Septimus near the Cockatoo FaJlt.

The northernmost extent of the send facies is not known, but ctheEnga.

Sandstone is thought to interfinger ~orthwards with black Bil tetones and

shales deposited in quieter water.

SEPTIMUS LIMES1\JNE

,The Septimus Limestone crops out mainly on the lower parts· of

Mt.Septimus .and along. the western scarp of the Central Burt Range.

Smaller outcrops are in the Burt Range Amphitheatre, against the Amphitheatre

Fault, on the northern tip of Central furt' Range twq miles east of Mt.

Septimus (Fig.3l), and in ~ isolated locality half a mile east 'of Spirit

Hill (Fig.40). Thomas (1962) recorded another outcrop three miles

northeast of Spirit Hill which we could not rim.
The limestones in the Central Burt Range were first examjned by Matheson

and Teichert (1948), and were dated as Carboniferous. Noakes 'e~ 81.(1952)

named them the Mt.,Septimus Limestone, and this was later changed by'Traves

(1955) to the 'Septimus :L.imeetone. ~e palaeontology of the 'fonnation was

disO,1ssed by Thomas (1962.).

The Septimus Limestone crops out in prominent benches"'on Mt.Septimus

and along ~he Central.Burt Range•. I~ is w~ll exposed in the middle an~

upper parts. of the. section, but the "lower part is usually covered by sand.

On the air photographs the limestone is evenly layered. Low· native cotton

trees 9' few ,Baobab trees am tall grass grpW on the . limestone•. .
ColumnBr sections through the Septiqrus Limestone (Fig.4) have been

measured .at regular intervals across Mt.Septimus ani the CentralBurt Range

(Fig.31) •

TYpe Seeti on . , ..,

•

Section 104., 'measured on the northwestern flank of Mt.Septimus, is

ohosen as the type section of the Septimus Limestone and oomprises 590

feet ,of thin-bedded yellow-brown am Qlive..grey sandy calcarenite, with a

fawn, calcareous sandstone between 42U and 490 feet. (Fig.4l). '. The
o 'geographic oo...ordinates of the baBe of the section are Lat.15 43~,S,

o 'Long.128 59 E.

The contact with the underlying Enga Sandstone is not exposed. In

the lowermost 100 feet there are isolated ribs of thin to medium~bedded,

. yellow to brown or orange, sandy, skeletal, calcareniteb Brachiopods are

Bcattered_ throughout the oarbonate .apd there is a polyzoan limestone

between 65 and eo feet. Thomas (1962) placed these fossils in his

'assemblage d I •



from Thomas l 'assemblage c',

sandstone, ·overlies the Enga
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In the overlying 200 feet of section there are more massive

ootcrcips ·of thiri..bedded, ·olive-grey, sandy, ~keletal cal.earenites;

·90~e -~edS are cro~a..str~tiried on a small scal e~' and contain ·silicified,.

brok.gn brachiopod shells •. Three thin calcareous sandstones crop out

immediately.beneath the 300 foot level, at the footor\he aci.rp~of. .~,

Idt. Septil'llUa. . ...•. ,...~.'
• I' •

The outcrops between 300 ard 420 feet are medium··to thick..bedded,

olive~grey, crinoidsl, sandy calcarenite 'Which ~ontains .:abundant

brachiopods and tabulate carals. Dist.inctive brachiopoda from this

interval (lassemblage::o l of Thomas, 1962) have been used to"correlate,
a.Il.the .sections measured through the Septimus Limest'Qne (see below

~..,. ~ .

and Fig.4l). Some of the calcarenites consist almost enti~ly of crinoid

coluni.nal s.

The lithology changes abruptly between 420 .and 490 feet· to.a brown_

.!..eath~ring, .medium bedded, .pink to fawn, medium-grained cal careoua and... "-- - -' .__ . --_.~.. " .._.. " - --'--' ------.../..
dolomitic_quartp sandstone. Many beds Are cross s~ratified; the sets

being between 6 inches am lI6~' thick. An intraforma tional breccia

containing auo..rounded to suti-angular clasts of limestone· up_to 9 inches

long and 4. inches high in the lower part of t re uni t sugges tl tha t there

was contemporaneous eroaion of some of the Septimus Limestone. Masses of

crinoid columnals as"well as crinoid calices, an echinoid, brachiopods

s.nd. gastropods have been. collected from throughout the unit. Thomas

(1962) assigned this fauna to his lassemblage 1,1.
The remainder of the section to 590 feet is a crinoidal, yellow..

.. brown, sandy calcarenite containing .abundant brachiopods and tabulate

corals ('assemblage a' of Thoma~, 1962). The calcarenite is dis..

conformably overlain by cliff..forming, barren, sandstone of the Border

Cr~ek Formation.

In the type area the conta.ct with the. underlying <Ehga Sandstone is

c~ered by sand.and the precise relationship.between the Enga Sandstone

and the.Septimus Limestone is unknown. Fossils abow that there is little

likelihood of a hiatus between the two farmations because conodonts from

the base of the Ehga San3stone (no specimens are known from the upper

-beda) belong to the same concdont zone as those from the Septimus Limestone; .

those from the 'Ehga Samstone are typical of the base of. the Bri tish Z

zone,. and those from the Septimus Limestone are knO'Rl from the remainder

of the same zone.
.." :: .... ,~

However a hiatus is thought to exist between the Ensa Sandstone B,nd

'Septiinus Limestone at the southern end of the Burt Range Amphi theatre,

where a calcarenite containing prachiopods

together with 50 feet of barren calcareooa. . .

-Sand~tone-(Figs.41 and 42). In the type area this hiatus could he
, .... t~. .~.. -"

represent.eel by some of the lowermost 300 fee·t of Septimus Limestone;

viz. that with fOBSils from Tho~s' lassEmblage d'.

other sections

Tn section ISO, measured on the southwe(' ~ern eni·of· Mt.Septimus,·

the· Septimus Limestone ia .a1so overlain by the Border Creek Formation•.

A correlation baaed on brachiopo~s from Thomas' lassemblage c' between

•

•

•

•
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this and 'the type section (Figs;41 and 42) shows ·that the calcareCl.l.8

sandstone t01farda the top ~f _the Conation is thicker in se'ction 150,

and that the uppe:naost beds of calcarenite are either absent or not

exposed.

The uppermost calcarenite oontainina Thomas' 'aaaemblsBe a' is not

known south of Mt.Septimus, and the 'correlation of sections 150, no,
112," 119 and 111 (Figs.41 and 42) show,S ;,that the top of the Septimus

Limestone is irregular and th~t, in ge~ral, the fOImetion thins towards

the south. In t"lle"two ;Boutherlmloet s'ections, even tile calcareouB sandstone

is missing 'and the youngest calcarenite contains brachiopods from Thomas'
, ,

lsesemblage e'. The 'irregular upper surface and progressive thinning

towards the south both suggest· an erosional break beror·a the deposition of. . . ,

the overlying. forma~i?fl (Fig.42).' The erosion lDSiY have,'been caused by

a gentle uplift associated with 'faulting sooth of· the'Burt Range area.

In t be southern Central Burt 'Ranse the Sept1.IDUS ,Limestone is overlain,

probably disconformably, by -;h'e Zimmermann Sandstone·•. The, aands~·one contains

brachiopod species, kno...m: als"o £ram,·the Septimu·s. Limestone, which could '

suggest .. that part of the Zilli!ne:i1n4rm Sand at.one. is··late:r:ally. equivalent to

the missing: upper,part of th~ Sept~mu~ Limestone.'. Ali.,,~ the species so

far identified, however, range'. well into the V~se~, end have been found in'

the Bonaparte Beds, Milligans Beds and the Utting Calcarenite; they are. . . ,

n<?t SUfficiently diagnostic to tell whe~her:the two'formations'are .laterally

equivalent. Because of' the irre~lar surface on :the Septimus Limestonw we

favour the idea of. a dis conformity ,between the two·foItDations. The hiatus

was .brief and probably equivalen~ to a.small. part· of t'he German CUIIp.. zonet

it is not '~~?wn in ~he correlation chart (Fig .32). :

A clceel~comparable ex~ple .. of erosion is pr9vid,e~;bY the Zimmermann '

Sardsto~e.,;:if8elf, which is· deeply channelled by the overlying Border Creek'..., . . .
Formation and i9' much thinner at.i ta southernmo9t.·oU~crop than:, in the type

section on~t:he western soup of the Cmtral Bur~ ·Range;·(Figs.4; ani 42).

An OlJtcrop. of sandy carbonate two miles east 'of·.MtoSepti!lluS em the

northern...tip of .the Central Burt 18nge is identified as·~ Sept·imus Limestone.

The outcrop i8 bounded by faults em two aides and the c·arbonate is faulted

against the .overlying Border .Creek "mation. Near the. faul ts the rocks

are strongly joint.e:!l am .dolomitised.

In section 416 (Fig.41) 245 feet of dolomitio ~~"calc8reoos sandstone

is overlain by ,five feet of whi te to",pink, quartz' sandstone. The calcareous

'sandstone is pink medium to thickly bedded, .sometimes cross-bedded, and

medium-grainedJ it contains silicified brachiopoos 'an'4., in places,
" J

niggerheads of tab.1late coral which appear to ·be in~ ..

These rocks are ll'IUch sandier.than their equivalents in the type section,

and in·the Central Burt Range (Fig.41), they contain fewer shelly fossils,

and hence it is likely that they were deposi ted closer. to the shore.

4' 0 O'
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An. isolated outcrop of SeptiJ;lUB Limestone from locality 272, half

a mile east of Spirit Hill (Fig.40), is described later.

P81J""

Thomas (1962) recognised four faunal asaembiagesf: be.sed mainly on

brachiopods within the Septimus Limeatorn', and gave 0. oomprehcnsi ve faunal

list ~r. ~r8_chiopod, mollusc, trilobite, coral, ble.stoid, ostracod am
conod0\lt species. He ha~ .a~s.q, .gescribed lin e cbinoid ('Illomas, 19658),

and has in manuscript' descriptions of many of...tr.e brachiopod species.

Age

: .ll'h0JM.~ ~1~62) .81lgges:ted that the bl\.l!chiopods from the Septimus Limestone

indicate.4 .8:).,ate Tou;rnaisian to early.Visean age. Brachiopcxls described

by J.Roberts support this determi~.ti.on, one ,particularly distinctive species

occurritl8 in the TournaiBian of the Kuznetsk Bssin in Siberia.

Conodonts show,that the Septimus ~imestone 1s equivalent to moat of

the Tournais1an Z.,zone in Britain.

Environment

During &eptimus time the 19w -land erees around 1he sou,the'asten IIBrgins

of.the basin provided small __ qua~ti.ti.e~ of detrital Dl&terial,:and carbonate

rocks ecc.umulate!i•..iJ.l the shallow-sea in 'the .Burt Range area.! Calcarenites

were deposited on'a shallow shelf, anq calcareous sandstoBes~closer to the

shore.

Onthe shelf, tabulate corals fo~ed nimemeads up to 3 feet acrosa and

9 inches high and lived in association with a prolifi~'crinoid, brachiopod, ,
end polyzoen f~na... From ..the :l1chnes~ of the fauna and the"'presence of the

corals it ia inferred...that the sea was wann and ..was ric~ 1n,'nutrients.

The shel~ was. sw~pt,by.curr~nts sufficiently strong to'wash in detrital. . -, ., . '

sand' grains and. broken ahell frasments from nearer the"shore, and to form

small cross-beds in the calcarepite. Much of the detrital carbonate nay

have been formed in ill!! on the l:!helf; .for example, by boring gastropods

breaking up brachiopod sheIla. Only gentle currents would -be needed to

break up the stems of dead brinpids, ~he columnals of 'which form up to 9~

of some of, the.rocke.

Towards the eni of Septimus sedimentation there was a sl'1ght regression

of the eea, and sand was transported onto the shelf. ·The 'detri tus fonned

calcareous samstone which. was frequ~tly cross-bedded and in places conta~ned

•

-
...-

masseti of crinoid columnale.

The sediments deposited cl Ol3er to

calcareous 9U\dstone mmtioned above;

and even colonies of tabulate,rorals,

that in the calcarenite on the shelf.

• r .

the shore.were similar.:to the,
they supported 8 brachiopo:l fauna

but the fauna was not as rich ae

ZIMJmlMAlI SANDSTONE {new ,..me)

Zimmermann Sandstone is the name given to the sands'tone between the

Septimus Limestone and the Border CreekFormati on in the southern part of

the Central Burt Range. The fo~tion has a very limited area of only 15

square miles (Fig.31).

Traves (1955) mapped the sandstones and conglomerates overlying the

Septimus Limestone in the Burt Range area as Weaber Group. 'In this wcr k
. I
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they are divided into two formations, the marine Zimmermann Sandstone

and the fresh-water Border Creek Formation.

The Zimme:rn:tann Sandstone crops out in the scarps of the Central

Burt Range, particularly on the western scarp, and at one locality on

the southern edge of the Burt Range Amphitheatre.. The fomation is

topographically subdued and crops out as thin brown bands beneath cliffs

of the overlying Border Creek Fom.a.tion (Fig.43). In the air photographs

the sandstone has a uniform to very faintly bedded pattenn.

The name of the sandstone is taken fr0m Mt.Zimmerma.nn, the highest

point· of the Central Burt Range.

Type s ecti on

Section llO (Fig.41), meas~.ed at Mt.Zimmermann, is chosen as the

type section, and consists of 460 feet of brown to white quartzt sandstone,

with interbedded white siltstone in the upper part. The 'geographic co-
. 0 tor

ordinates of the base of the section are Lat.lo 47 8, Long.128 59 E.

The sandstone isa friable, well-sorted, thin to medium-bedded,

medium-grained quartz sandstone. with moderately wE;!ll-rounded quartz grains.

The grains were probably once ceme:p.ted by calcite, but the cement has been

leached from the outcropping rocks. Some of the sardstones-are'cross-bedded,

and many contain.tracefossils, including Rhizocorallium. Brach:iopods,

pelecypods and polyzoans have ·been collected from localities 110/10 and

naill, and poorly preserved brachiopoo.s recorded from between 820 and 835

feet stratigraphically above the base of the section (Fig.4l) 0"'-

Towards the topof the fomati(;:m thin-bedded white siitstone is inter...

bedded with the sandstone. This siltstone is indistinguishable- in the

field from that in the overlYing Border Creek FomatioR. '

The contact with the underlying Septimus Limestone is -not'exposed,

but the irregular top on that formation suggests that it :isdis'confomable.

Amore detailed discussion on the relationship between t he Septimus Limestone

and the Zimmermann Sandstone is given below.

The upper surface of the Zimmermann Sandstone is eroded and deeply

channelled, and the formati on is dis conformably everlain by the basal

cenglomerl!Jlteor basal sandstone of the Border CreekFarmation. The

Zimmermann Sandstone has peen completely removed by erosion 2 miles north

of Mt.Zimmermann (Fig043), and in the .n0rthern Central Burt Range arrl.

Mt.Septimus the Border Creek Formation rests directly on~the Septimus

Limestone. In the ·southern part of the Central Burt Range the Zimmermann

Sandstone has been cut by a large channel at least 75 feet deep) and erosion

has reg.:uced the thickness of the sandstone to about 100 feet ; compared.

wi th 460 feet in the type secti0no. The channel is filled with conglomerate

of the Border Creek Fom.ation (Fig 044). '

Age

The fauna. shows"dihat the Zimmermann Sandstone is older than, the

Visean (CuII g,to CuIIToe.. Utting Calcareni teo .By superposition, the

sandstone is' younger than the Septimus Limestone and hence its fauna.

is dated as uppermost Tournaisian to ~owermost Visean (CuII 13-~ to

. CuII S zones. of Gemany) 0
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Environment

At the end of the Tournais ian the southe m part ef the Burt Range

area was up-faulted and some of the Septimus Limestone stripped off

during a brief hiatus. The faulting caused a slight rejuvenation of the

source area, and after erosion clel'ln 9 fine to meillium-grained quartz sand

(Zimmermann Sandstone) was deposit~d in a shallow sea in the southern part

of the Burt Range area. The sand w~s ~ell sorted, had moderately well­

rounded quartz grains" and supported a fauna of brachiopods, pelecypods,

pslyzoans and burrowing animals 0

MILLIGANS BEDS , "

-NI"illigans Beds is the name given by G.A.Thomas (in Hare etal., 1961,

unpublished)9 in the completion report of Spirit Hill No.lWe11, to'the dark

shale and siltwtone in the subsurface of ,the Keep River Plain. ','The name

has since been.used by Veevers et a1. (1964)0 (",

The MilligansBeds are known from Milligans No.1 and 2 Bores at

Milligans Hnls~ Spirit Hill NOol, 2 and 3 Bores(!>n the southern margin 0f

Spirit Hill, Spirit Hill No.1 Well, and seismic shot points between

Milligans Hills and Spirit Hill an¢! arouEd Spirit Hill No\;lWello Poor

eJq:J osures identified as Milligans l3eds, have been mapped at Spirit Hill

(Fig.40)0 J)ark shale,and siltstone, correlated with the Milligans Beds on

the basis of fossil evidence, are present in Bonaparte No .. l Well, drilled

45 miles to the northwest,. and in ,shot hole samples, in the Waggen Creek

Valley, 7 miles southwest of Ningbing .(J<Dnes, persocclImn.). -.'

The Milligans and Spirit Hill f30reswere percussion helet! and the

Spirit Hill No.l WelL was a eontinU0usly cored diamond drill;,.hole.

Samples' from all of these holes a~ held by the Bureau of Mineral Resources

Core and Cuttings Laboratory in Callb erra."

TyPe .seen em

The rocks between 146 and 510 feet in Milligans No.1 Bore,·'drilled by

Westralian Oil Limited at the southeastern corner of Milligans Hills at
o t 0 l' I

Lato15 39 S, Longo129 O~ E, are c~osen as the type section of the Milligans

Beds. ,-- , ,!

The Milligans Beds are grey tp black, silty shale which is~locally

calcareous, gypseous or pyritic (Rade, in Utting1957 unpublished). The

shale is soft 9 fissile to blocky, and contains a rich microfauna and

microflora as well as sh ell fragments, crinoid ossicl es and polyzoans.

In Milligans No.1 Bore the upper parts of the MilligansBeds are

apparently transitional with a sequence of,#p-e..~air:ed, white calcareous

sandstone 9 grey, sil tstone and fine ...grained, sandy limestone which we

identify as Burvil1 Beds 9 (Fig045). However 9 becaus e af the absence of

an ostracod assemblage in the upper part of the bore, thee'e nay 'be an hiatus

between, the Milligans and Burvill Beds. Fossiliferous Burvill,Beds consisting

of ferruginised, gritty limestone, calcareous sandstone and quartz sandstone,

crop out only 200 yaros away from the b0r,~; si teo The base of the Mi1ligans

Beds WaS not encountered in the boreo

In Spirit Hill No~1:Wel1, the only well to penetrate the Milligans

Beds, . the formation unco:il'fonnably overlies the Burt Range Formation. The
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hiatus in the well extends from the middle Twrnaisian to the middle .

Visean (Fig.32).

The thickness 1n the type section is 364 feet. The 1iliokest section

penetrated in the southeastern part of the basin is 826 feet in Spirit

Hill No.1 Well. Because the upper beds in Spirit Hill No.1 Well are

correlated with "the lower beds in Mlllig8.lB No.1 Bore (Jones, pers.carom.)

we estimate. the thickness of t he forma tiqn 8S more than 1,000 feet.

Other Sections

Spir~~ Hill No.1 Well, drilled one mile north of Spirit Bill,

spUdded into lIilligans Beds and passed thrwgh grey to black dolomitic

shJlle with thin interbeds of· sandstone and conglomerate to ad eptp of

826 feet (Fig.42). At the base of the formation is a ~ebble conglomerate

containing rounded pebbles of quartzite a;r;,d" ~'tl;i8 of siltstona and shale

set in 8 coarse grained quartz sandstone uatrix. The conglomel"S:te

unconformably overlies the Burt Bap.ge Formation. Microfossils have been

found throughou~." paz1;iqu,14.r;J..y,~at.;o f.~.~t and 99 J.'.eet~ a spiriferoid

bra'chiopod has- been 'found 'in a co~lomerate at ?36 feet. Loughnan

(Appen~ix 1), fwro that the shal e contained a high percentage of the

mineral kaolinite and he thought that it was dep~sited close to the edge

of the basin. The Visean shale in.Boraparte No.1 .Weil correlated with

the MiJ.ti:g~U'H~II.B~f:!,~~,~,~:J;'Jc.ll llJi·crpf:auna a.l'l4 a .high illite and'low
. . . ,

19:1_Q~:lJ?J..t~:r9:.oqJi~~ y ~i;-Jl~is;o£:o.nsi8,tent;:;:w.:i t~our,ctheoTy.l the:ti,the l-sh ale

towarde the centre·of the basin is rrarine and was deposited well away

·•

•

,- from the margins.
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Milligans No.2 Bor~, 2 miles northeast of Milligans Hills (figure HI),
was drilled to a depth.of 186 feet and penetrated unconsolidated sediments

and ?O feet of Mi11igans Beds in the lower part of tm hole. The shale .

contains two ostracod assanblages the older of !'hich is correlated with en

assemblage" in Milligans No.1 Bore (Jones, pers.comm.).

~nly ~gll~ :f~~~·-Pf.l:~~, :£t.i~.tY- ~p!!J,@', ~entati vely identifi ed as

Milligana Bed,,9, was enc!'JUntered at the Bottom of Milligans No.3 Bore,

dr~lled to a depth of 90 feet, 3 miles northeast of Milligans,Hills.

The shale is overlain by sandstone and shale, identified as Buriill Beds,

which correlate.lithologically with the rocks overlying the Mi'lligans Beds

in Milligans.No.l.Bore (Fig.• 45).

Three stratigraphic test holes, Spirit Hill No&. 1, 2 and 3 Bores,

have been drilled.by Westralian Oil Limited south of Spirit Hill (Figure

AOJ. All of these bores penetrated a sequmce, identified a.s Milligans

Beds,_ of virtually barren, hard. grey shale, containing' calci te,· gypsum

and pyrite and having thin interbeds of sarrly limestone and siltstone

(Fig.45) •

Visean brachiopods have been collected from shal e, which most likely

lies stratigraphically above that in the Spirit Hill Bores, at lo~ality

?3, one mile west of, Spirit Hill Nd.l Bore (Fig.40). The outcroP9 at

Spirit Hill will be d~scribed l~ter.

Palaeontoiogy

Fossils foom inthe Mil1igans Beds frclude ostracods, foraminifers,

(inclUding endothyrids), conodonts, snaIl pelecypods, immature brachiopooe,
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crinoid columnFl.ls, gastropo::l8~ echinoid spines and tubercles, polyzoans,

holothurian seleri tes~ fish scales, scolecodonts, tracheid plant fragments,

and apores. Most of the ma~ofossi13 are small, stunted specimens.

Jones (pere.carom.) notes that the Milligans No.1 Dore lacks

foraminifers but has abundant brachiopods, gastropcds, pelecypods,

orlno"ids 8.nd echinoids g whereas the fauna from the B.M.R. seismic shot

holes north of Spirit Hill is rich in foraminifers and holothurian and

fish remains.

Rare microfossils, including forB.jllinfers, ostracods, scoleccdonts

and megaspores, ha.ve been recoVered from throughout the shale, particularly

from.50 and 99 feet, and a brachiopoo from 736 feet in Spirit Hill No.1

Wel1~ BeIrne (1961, in Hare et al~, unpublished) identified a·large

micToflora from the wello

Tha most usefUl fossils are the ostracods and foraminifers.

J'on~s (pi?rsocomm.) has recognised two assembj,ages of,ostracods from the

Mialgans Bores. Both ostracods and fcramini1'ers have enabled conelation

l,etwe~n Millige.ns ·No.,2 Bore and the interval between cores 6 and ·8·in

Bonaparte No.1 Well •.
}

On tIle basis of a distl-nctive ostr&.cod assemblage, the low:er part

of to€: shale penetrated by Milligans No.2 lIore is correlated with the

entil'e shale sequence in Milligans NO o l Bore (Jones, pers.comm~).

Some of the species in this assemblage have been found at 50 feet in tpe

Milligans Beds' in Spirit Bill No.1 Well and indicate the correlation of

\the top part of the:seo~~on.in the well with the·bottom part of that in

Mi~ligans No.1 Dore •. This correlation is.contrary to Balrne1s suggestion

(1961 9 Hare et .al., unpublished), based on the m~croflora, that· the"shale

in the upper part of ~piri:t Hill No.1 Wel.1 can be correlated with the

interval between 191 fee' and 392 feet (the mid91e part) of Mi11igans

No.1 Bore•.

A second ostracod 8ssembiagE at tre ~op of the shale.in Milligans

No.2 Bore indioates 8 correlation with ,t.he s~ale. in B.M.H. shot points

in Waggon Creek valley, southwest of Ningbi~, and with shale·,between

cores 6 and..8 8-t a depth of 1 9 840 feet in Bonaparet No.1 Well.

I The absence .ot itle second ostracod assemblage in M111igans'· No.l·Bore

possibly indicates that there was a brief. hi,a,tuS in the upper parts-of

, the area immediately around Mi11igans ~i1l~; .sha1e was either not

deposited or was stripped off before deposi~ion of the Burvill Beds.

Foraminifers from Milligans No.2 Bore are correlated with's fauna

between cores 6 and 8 in Bone.psrte No.1 Well which hAS been dated by

BoJl.ford and Mamet (pers ~ comm ~) as Visean (V; b-c.) • ,:

At Milligans Hii>1s the Burvill Beds, at locality 301 (Fig.31),

wl'Jich apparently overlie the section ip Milligans No.1 Bore (Fig.46)~

c-Jr.tain Ii brachiopcd fauna whiQh. has been recognised in the BurviU .:Beds

i,n the Weaber Range. Thorrss (1962) identified, the br~chiopoos and dated

them ~q UppP.T Visean to low~r Namurian. Conodonts from the type section

of the Burv1l1 Beds in the. 'Wesber ,Range indicate a correlation with the

upper half of the Cun"! ~ zone of Gennany.
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shale and siltstone

sandstone

shale and siltstone

sandstone .. ,
variegated shale

58fld a tone, siltstone, shale.

shal e wi th aome interbedded porous sandstone

silty ahal e with common interbedded si liceous

saroatone
, shale

shale
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The above evidence suggests th~t .the ~ge of the upper part of the
,".,.' ..

Mi.lligans Beds is CuIllo(. to possibly .CuIII~ , or middle to upper

Visean. The age of the base of the formation has not been accurately

determined rot is thought to be lower to middle Visean (Fig.32).

jONAB\RTE BIDS (n~w name)

Bonaparte Beds are defined here as the thick sequence of dark

shale." siltstone and sands tope b~neeth the Tanmurre Fo:rrna.tion in

BOJILparte No.1 Well (interval 1,630 to 10,530 feet (total depth).
. ,

The well' was drilled by Alliance Oil Development a.t Lat.lSoOl S,
o I ".

Long.128 44 40 E~ 16 miles east-north-east of Ningbing Station. The

beds are al~c k~~n, from beneath the Tanmurra Formation in Bonaparte

No.2 Well, drilled 5 miles eoufrl-south-west of Bonaparte No.1 Well.

The Bonaparte Beds are remed after the Bonaparte No.1 Well. They

constitute a 'shale· facies' in the central part.of the Bonaparte Gulf

Basin and, because"they extep.d froin the Upper "Devonian into the Lower

Carboniferous 1 are laterally equivalent t a most of the saJidstones and

limestones deposited near the margins of the basin.

The succession in both Bonaparte No.1 and No.2 Wells·lare described

by Le·Blare (1964, 1965,- botp unpublished), and the lithological details

in the graphic logs (Fig.47) are derived from t)lese reports.

Type secn on

The Bonaparte Beds oonsist of varying p;r.oportions of shale, siltstone,

sandstone, and carbonate rock. Le Blanc (1964) distinguishes the

f.allowing lithological units in Bonaparte No." 1 Well:·

1630 3000 feet shale with rare siltstone interbeds

3000 ~" 6453 reet

6453 7100 reet

7100 74J~) feet

74!=K> 7865 feet

7865 8195 reet

8195 6300 reet

8300 90"35 feet

9035 9260 feet

9260 9492 reet ,

9492 - 10530 feet(T.D.),

The. sandstone is siliceous ani silty. Most of the shale is

variegated. The siltstone is sl i@htly calcareous end commonly

siliceous. In the interval 10280 - 10320 feet, the siltstone grades

into silty microcrystalline limestone~" .....".

The colour of most of th~ shale in the Bonaparte Beds ranges from

medium dark gre'! (N4) to· daztt grey (N3), as defined in the Rock Chart

of the Geological Society of America. According to Dr.F.C.Loughnan

"(pers.comm.), ·the dark pigment is organic carbon, which constitutes about

1% by weight.of the shale. The variegated shale near the bottom of

Bonaparte No.1 Well is mainly green, with minor black, brawn end rust.

'!he shale of many cores has flaRed plastically, probably before it was

consolidated, ani is commonly sheered, as shown by slickensides.
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Lenticles of sandstone and siltstone are widespread in the shBre.

Loughnan IS. mineralogicsl analysis of oore9 from the Bonaparte

No.1 Well (Appendi.x 1) shows breaks between the Tanmurra Formation and

the top of the Bonaparte Bed~ (between cores 5 and 6) t and between CD res

26 and 27. From core 27 downward, the Bonaparte Beds contain more

quartz (40% or more) and small amounts of chlorite, calcit~t em. dolomite,

\'Ihich are not rcurd above. Among the clay minerals in the Bonaparte Beds,

mixed-layer minerals predot;1iJ¥lte, and,_.except_fpr a few- cores with ro
.-_.~-_. -. II" ._.. . II

·t-6···25,,·k8oli·;it~·,".thismineralogy is in accordanoe with a-lmarine origin.'. , ,
"!be interval between co~es' 26 and"27, m9..rked br a .mi.rieralogic;j .

. ~.""""_':::':::~::'.:;., ·1:...•·.... ..,.·· ......--,- .-- 't _
break; is further mark~ by a structural break d et'ected by a-. dipmeter-

survey. Above 7~72 f~et, the dip 1a northward whereas from 7520 to 8524

feet it i8 east-south~eastward, and from 8524 to 9949 feet (the greatest

depth wrveyed) the dip is southward or south-eastward. From cores, the
. !

amount of dip is known to be generally 2 to 3 degrees from thetop to

74a) feet, and 4 to 6 degrees from 7480 feet to the' bottom_ Le Blanc

interprets this inforuation as an angular ul'lConfo:rmity in'the interval

•

7472 to 7520 feet. . '1

In Bonaparte ~o.2 Well, Le BIE!nc distinguished··the following uni ta·:
3274 feet shale wi~ rare interbeds .of~ eil tetone1577

3274

4541

4950

4541 feet

4950 feet

5548 feet

silty shale with common-interbedded sandstone,

'.' including pebbly .sandstone from-:3562 to 3568 feet

.shale with several beds of sandstone

; shale

554~ - 6675 feet : silty to sandy shale wi th interbedded sandstone

6675 7008 feet (T.n.}:shale.and sandstone

A zone of fsultfliB' ·was. fourd between 4950 and 5100 feet. '!be dip from

5100 feet to the total depth is south-eastward at 3 ..to 4 qegre~l:i~
•• ' __....... _ .......... J ul!'lll •

Fauna

Belford, Jones and Roberts have identified the fauna: mainly_ from

co.res·,. in both 'of the Boraparte "Wells (appendices'in Le Blanc (1964,
,.

~965,.c90.~.h':'lJDp'ubliJ!l1e~1. _..:....-<_. _.. _•• -............UOlo' u. ........... 01... Hi· ,., •. -

Richly f<Bsiliferoos. beds in the upper plrts of the Bonaparte Beds

in Bonaparte_No~l}Vel1 ~<?n.tai9' fo~inife:rs., ostracods, brachiopcrls,

pel c;oypoJa , and conodonts. ·Fo;siia s';e 'le~s~common lower" in the sequence
,

and IIl6ny of the· :lOcka _are.~_bsrren or contain only fragmentary fossi Is.

The sandstone at the bottom of the well is barren.

The fossils shCM" that the Bonapart.e. Beds are almost. entirely marine.

The oonchostracan5 from core 29 (8,8556 feet) in Bonaparte No.lWell

typically indica\~a-b~$.ck,is~enn,ronment:;.>itut:rrj;hey.!'8·r.e:-as:s.oeia't-ed wi. th

pelecypoos and trilobites and are thOUght to }Bve been WBshed into

marine sediments •

...L:.T.he..~~quenoe in.Bonaparte :No.2 Well contai-ns'even ·fewer fossils: all

that· we have been-:-able---to~-.ri-td--are-~r-ra:gment~c:cinodbtills"~±n:-'cores 3 and

5, immature .ostracods in .cQre 7..',' arid foraminifers, brachiopoda and

oon~on+'A in _core 11 at 4,920 feet.-

.. _----
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The Bonaparte Beds range in age from Upper Devonian (probably

Famennian) to Lower. Carboniferous (upper Vis ean) • Le ;Blanc (1964)

reports a dipmeter unconformity between 7,472 and 7,520·feet in

Bonaparte No.1 Well which may represent a break between the Devonian

and Carboniferous. The lOcks immedia tely on e1 ther side of the dipmeter

unconfo:nni ty are barren and it cannot be dated precisely. The nearest

dated rocks are Upper Devonian rocks' in care 28 (8,310 feet) an!!

Lower Carboniferous rocks in core 24 (6,610 feet), so that the interval

between these rores is _thick enough to contain a conformable Devonian ­

Carboniferous. ·sequence.

TJ1e Bonaparte. Beds in Bonaparte No.1 Well ere dated as follows:

cores' 6 to B. (1,840"- 2,410 feet) upper Visean (V3b-c) from forBDiim:fers;

e~q:r.~ 12 (3,500 feet).-lOllJer Visean (CullS) from conooonts; core 24

(6'.610 feet) upper Tournaisian (Tn3c (101fer) ) from ,foraminifers;

ani core 28 (8,310 feet) Upper Devonianftoom pelecypois.

In Boraparte No.2 Well conodonts in core 3 (2',170 feet) suggest·..

a Visean age, and foraminifers date cere 11 (4,93) feet) as upper

Vi••an (V3b-c).

Correlation

The upper__Visean foram;inifers and 03traoods show th.t the-interval

between corea 6 and 8 (l,~40 - 2,410 feet) in Bonaparte No.1 Well is

equivalent to core 11 (4,920 feet) in Bonaparte ,No.2 ,Well. This

prpl;)sbly means that, if the rate.of deposition was uniform, there is 'sbout

2~600 feet of shale immediately beneath the··Tanmurra F.CD"mation in

lIonaparte_No.2.Well which.is not represented in BOTl8J?arte No.1 Well}:

because .of.. an, unconformi ty. beneath the Tanmurra Formation. Alternatively,

the'~ extra section could have been deposited ;in a faster-sinking ares.

contemporaneously with the shale above._core 6 in.Bonapsrte No.1 Well;

01", as discussed in the Tanmurra Fonnation, it cmld be laterally

equivalept to. the Tanmurra Formation in Bonaparte No.IWell (in·which

case the rocks between 608 and 1,577 feet, identified 8S Tanmurra

Formation, in Bonaparte No.2 Well would be Y0url8er than the Tanmurra

Fonnstion).

'., The same upper Visean foraminiferal fauna. has been recognised in

the upper parte of the Milligana Beds in Milligans No.2 Bore at Milligans,
HHls·.

·l The lower to middle .Visean.Utting Calcarenite is equivalent to shale

around. core,.12 in Bonaparte. No.1 Well (fig.32).

The Bonaparte Beds contain sediments equivalent to most of' the·,

FamEluiian'to upper Visean parts of the out croppina: Slcceasion. namely

the Ningbing Limestone, the But.tons Beds', the Burt Range FomationJ '/

. the En8a .Sandstone, the 'Septimus Limestone an4--the Zimmermann Sandstone

(Fig.32). Whether the Bonaparte Beds are complete or contain

numerws hiatuses cannot be determined pec8Use of limited pallie.ontolOgical.~·

data. The question may, however, be se~tled by the micronora being

studied by G.Playford.

The drills have not pEnetrated deeply enough in the centre of the
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basin to reach the equivalent of the Cockatoo Fonnation, if it exists
\

here; when and if it is penetrated we expect it to be-a dark shale,

siltstone and sandstone continuous with the Bonaparte Beds •

TA!lMURBA ro_TION

The Tanmurra Formaticn is ,the nsre given by Le Blanc (1964,

unpublished) to·the carbonate erd sanqstone between 638 and 1,630 feet

in Bona,parte No.• l Well drilled. '!:ly Alli81lce Oil Development Australia

N.L. 16·miles-east-north-east of Ningbing Station. He defined the

formation as follows ~,

'The formation consists of en upper carbonate unit (86 feet), a
.mediai :sandstone unit (84) feet), and 8 basal carbonate uni t

(65 reet). .. _ _ .. .
The upper carbonate unit is buff to medium grey, sandyiand silty,
medium grained oolite which grades downwards to very sandy, slightly
ool{tic, coarse .gra1,ned c~cirudite, thence to a slightly arenaceous,
very -fine grained. to fine grained calcarenite.
The medial sandstone unit consists·predominantly of white to medium
grey, very fine grained to medium grained, angular, quartz sandstone
wi th good intergranular porosity. The sandstones which are
calcareous in'the upper p'srt of the unit, become dolomitic towards
the b~se. ,Interbeds of ~icro-cryBtalline and very finelY;~~!yBtalline

s.~lty, and sandy limestonE! and of recrystallised calcarenite are
oommon near the top of tQe unit. In the lower part of the .unit
interbeds of dolomite, consistipg of altered crinoidal, bioclastic
and fragmental carbonates, are common s,nd locally the sandstone may
contain as much as 40 percent of dolomitic carbonate matrix. Medium
grey, calcareous siltstone is present between S30 feet to 660 feet.. .. "
and as thin interbeds elsewhere in the unit.
The -lower carbonate unit -;s a light brown, very fine grained to
fine grained sandy calcarenite; which is in part pelletoidal 1 •. .. ,,'

There is gradational contact with the unierlying Bonaparte Beds and

the base.of the ·loWer carbonate iso_chosen 8S the. ,base of thetfonnation

(Fig.47). Loughnan (Appendix 1) bas also noted a distinct mineralogical~

break at this boundary. ".,)

The Tanmurra Fo:nne. tion is Hnconformably overlain by 622 feet of

medium to·coarss-grained, sandstone identified as Keep Inlet -Beds because

a.silty shale between 250 and 295 feet contains Upper Carbonif"erous to

Lower-Permian ,spores (Evans, pera~comm.), and a sandstone between 295 and

390 feet contains up to 20% of coloured mineral grains and lithic fragments.

In E9naparte Nq.2 Well, drilled 5 miles aouth-south-west of Bonaparte

No.1 Well, a sequence of sandstone, dolomite, siltstone and shale b~tween

60S and 1 9577 feet is identified as Tanmurra Formation (Le Blanc, 1965,

unpublished). The section is dpminantly calcareous ~andstone with thin

interbeds of shale, siltstone apd <blomite; it contains less carbonate

than the type section (Fig.4?).

Le Blanc noted the abrupt 90ntact .with the underlying. Bonaparte

Beds in contrast to the gradational ,contact_in Bonaparte No.1 Well,

and thought _that it mil#tt indicate an unconformi ty.. Palaeontological

evidence, on the other·hand, indicates that the unconformity'is more

likely to be between the Tanmurra Formation and the Bonaparte Beds in

Bonaparte No.1 Well. Foraminfers in core 11 at 4 9 920 feet in BonaParte

NOi2 ..Well are the same as those in the interval between cores 6 and 8

(1,840 ~ 2 9 410 feet) in Bonaparte No.lWell, which means that tnere is
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whIch ie dated as lower to middle Visean (CuI! 6 ". CuIII«..).

UTTING CALCARENITE (ne~ name)

Uttine: Calcarenite is the name givel to the carbonate cropping

out at the head of the velley between tne Ningbill8 Range and the northern,
extension of the Weacer Range (Fig.4e). It is also found at an isolated

outm'op ;; miles to the- ;3wtb near Tanmurre. ~reek (see Plate 1). In the

type area (Figo4B) the foroatian is probably faulted against the TIevord.an

Ningbing Limestone; the lower part of the fomation is exposed as

isolated ribs of carbonate, and the .upper part crops out as benches

beneath the Burril,1 Eeds and Point Spripg Sandstone, and has a faintly

layered pattern on the air photographs.

The formation is named. after Utting Cap (Fig.48) •. 8 divide between

drainage running north -on ·to mud rlat~ and that running into tidal .

channels at the false mouths of the Ord River in Cambridge Gulf.

E.P .rrttin'g (pers"comm.) was the first to examine the ce1careni te

and sen~ a collection of ·fossils fo-r identi'f1altion to G.A.Thomas.·

Thomas. (l965b) reported that -the f8um was younger than that in the-:
. .

Septimus Limestone, but o.lder than that in the Point Spri"8 Sandstone

(the lower and most fossiliferous part of which is divided off and· is

now called the Burvill Beds).

TyPe seeti on

The type section-f' section 108, 1s weasured acrose Utting Gap from

the edge of the Ningbing Limestone to tre western scarp of a small butte

(Fiig.48). The. geograph:i.c··co-ordinates of the base of the section' are
o I 0 I

Lat ..14 58 5, LongQ128 56 E •. The lowennoet be4s in..the sectionrare

thought to be' fa,ult ed agains.t "the Ningbing Lil'!'lestone becaus e the' contact

between the formations is oblique. to the strike and is slightly

ferruginieedJ the dip of the calcarenite. steepens towards. the contact.

Additional evidence to support faulting against, the Ningbing Limestone is

found south of the type section, where the beds near tlle NiJ'l8bing Range

are drag. fold'ed ..

It 1s possible, however, tlat the gross relationship between the

Utting Calcarenite md the Ningl:i~ng Limestone is an abutment unconformity

(Fig.49) and that the faulting is a later ani rather mintlr adjustment

feature of a major fault along the eastern side of the Ningbing Range.

The Utting Calcar-enite is a coarse to medium-grained grey-, yellow-­

brown and fawn, skeletal sandy calcarenite. It is usually thin t.o·

medium-bedded, is sometimes cross-bedded or laminated, and contains

fossils.

the oaloarenite, but to

abundant silicified

In section 108 the overlying Burvill Beds are faulted against ;~

the southeast of the section line the.'contact,'

•
seems to be conformable.. The throw on the fault has been accounted :for

in the columnar section (Fig.48).

'. '.' Fossils iRii'¢.ate that the rocks in section 107, half a mile to' the

south, are slightly older than those in the type section. The two

sections cannot be linked because of transverse faults and drag folds

in the intervening area.. The rocks in section 107 are thin-bedded,
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~~¥el1c., brown or grey, sandy calcarenite, and crop out as isolated ~b8J

between the ribs are probably softer bep.e of shaley carbona teo

The thickneas of the type section is 200 feet, and that of the

fonnation ia estimated 8S more than 400- feet.

Th01ll&S (1965b) described a new 9peci.es~ Delepinea uttingi, from

the Utting Calcarenite and ~oncluded that it was closest to two species

from t"he early Visean in Belgium, Britaln end Ireland. He regarded th e

l~auna associated wi th ]~.!!ttin8i as indicative of the early Visean.

Conodonta h8.ve confirmed Thomas I determinati on and date the

calcarenite as lower 'to middle Visean (CuII ~ to CulIIot ).

Environment

The Uttil18 Calcarenite was deposited on a shallow shelf area on the

western side of the deeper central part of. the basin in an environment

siiJIilar to that of the SeptimUs Limestone. Terrigenous sediments deposited

on the sbelf presUmably came from the west or southwestern margins of the

basin end were sandy, and in one place pebbly. The shelf supported a rich

fauns. of brachiopods, tabulate and" rugoSe' corals i the latter 'up to 3 inches

across and 9 incnes long,.foraminfers, ostracods, conodonta. and-sharks.

The sharks have been identified by J .G. Tomlinson as PsanuDodus ~. and

?Ctenacanthus sp.

srCCESSION IN TIIE',WEABER RANGE

'l'rav'es"{ 1'9'55,' "IT.-7·8"> "deflined3 'the Po~nt Spring Sand stone as the I sandstone

and other sediments which crop rot in'tpe Weaber. Rangel. Later work has

shown that Traves I Point Spring Sanist0rte 'is" composit e and consists of three

str'atigraphical utdts, lI'hich~ in. descending order,' are:

Border Creek Fo~tion

Poi-nt Spri. J18.~ stone

furvil1 .Beds

The Burvill Beds and Point Spring Sandstone are conformable; and

the BOrder Creek Format! on dis conformably overlies the Point Spring

Sandstone and the Burrill Beds. 'The Point Spring. Sandstone is the oldy

one of these units th&.t i.s completely exposed, toe baae of the Burvill

Beds is covered, and the top of the Border Cree}t Formation is covered

or er03e"d'o- 'llhe Burvill Beds are expose4 in the scarp of the Weaber Range,

mich is a' cuesta, and the Point Spring Sandstone' and the Border Creek

Formation are exposed in"the di.ssected 4ip slope. The Burvill Beds ,and

the Point Spri'n8 ..Saridsto.ne are 'fossiliferous and their age is lmown.

The Border Creek Formation 'is barren except for poorly preserved plants,

end its age is known only by reference to Buperposi tion.

BURVllL BEDS·(ne,,·name..):'w~t_'-"" .....,~t_ _ " , •.••-' '1

The Burv1ll Beds are defined 88 the sequence of sandstone, shale,

and .interbedded -sandy limestone that is conforrmbly overlain by' the ·Foint

'Spring Samst"on~-"or-:.di'e.conf-ormably_.ov.~rlain .by the Border Creek Fonnation

in the Weaber..Ran8e·. The .int:e£v81-"..O-160· f.eet in seetion 453 (Fig.50~ at

Point Burvill;" one. mile east· of Ni1l8bi1l8 Homestead, is designated type.
o tot-

The co-ordinates of--<J...ts· base are Lat.IS 1st 5, Long.128 41 E: The furvill

-•
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Beds extend in discontinuous outcrop along the s carp of the Weaber

Rqnge fro~ Utting Gap to the state border (section 452). The only

outcrops of' the Burvill Beds known outsi?e the Weaber Range are at

Milligans Hills. The interval 0-280 feet in section 435 is the thickest

measured section of the Burrill Beqs.

The type section (interval 0-160 feet of section 453) consists

dominantly of coarse-grained ferruginoue quartz sandstone with minor

in·ter'bedded sandy limestone9 locally ferroginized. Part if not all of

the covered interval between 87 and 120 feet consists of ehale 1 as

indicated by, patches of loamy soil. Pelecypods, brach1opcxi8,"ga8tI.?pod8~

and trace'_~0l!1!i1s are common •. The overlying Point Spring Sandstone or

Border CreekFormation is local)y fermginized, - and contains a bed of
- ~ .. .'

conglomeratic -sandstone overlain by cross-bedded pebbly ·sandstone with
, . , '

trace fossils •.

Sequa'lces of the Burvill Beds like the type are found in section 465,.. .
near Opik Hill, which contains a ferruginous shale at its base, and in-,... .
section 457, 5 miles south~e8~t.of Burvill Point. East of Point Spring,'" ... ~~'."'...
the coarse sandstone.of.~heBurvill Beds is replaced by poorly~exposed

calcareous shale. which· weathers :khaki, ,arxl fine-grained calcareous

sandstone, best Been at the base of sect~on 458 (Fig.52), 3i miles east­

north-east of Point Spring. The _distinctive feature of the Burrill Beds,

regardless of whether -its dominant component is caarse sandstone or··shale,.. -- -_.
is! its 88lldylime:stone •. Grey where hesP.and red-brown wh~re fer'roginized,

this limestone. contains aburdant subo-orO'flnd.ed very.· coarse s~d grains'·'or

granules of lus.trous quartz which impart a .distinct~ye !porphyri tic!-,

texture t.o t he limestone.. The limestone I grourdmass' consists: of finer

angular q.lartz grains end. broken fossil~ cemented.,by recryst9.l1ized,c

partly dolomitic, limestone. In1h~ field, this-ro.6k '.was called, calcareous

grit. p.

.-

,.

Among the .abundant fos sf l.s .in the l3urvill Beds, brachiopods ·and I

trace fossil~ are widespread, and pelecypois are almost restricted 'to

the coarse sandstone at the. north-westem .part of the outcro'ppingBurvill

Beds. Conodonts were ·found in section 435 •

.~ The only out crops 9f Burvill Beds found in. l'ront of the Weaber Range

are locality. 5/2 (Fig~26)"·1 mile south of .Ninebi.ng Homestead,. and ' ':

. locality 306,. i-mile east of Ningbing. -Locality. 5/2 is·8 low isolated

outcrop, discovered by E.P.Utting (pera.comm.),of very coarse calcareous

sandstone which 'Contains abundant rogose corals and bryozoans as well as.,
braclliopods. At locality. 305 p It milesporth.. east of Ningbing,· a.similar

outcrop with the same fossils is cwerlain by Point Spring Sandstone •

.At·locality.306, t moUe east of Ningbing Homestead, fe;rruginized limestone

wi'th pelecypods and. brachiopods, 8'm sandstone apparently lie beneath

section 453. As mentioned above in the 4escription of the Ningbing·

Limestone, locality 5/2 lies only a few· hundred yards east of the eastern

edge of the outcroppirig Ningbing Limestone, but erratic dips in this

area obscure the rele.tiomhips between the Burvill Beds and .the Ninebing

Limestone. The correlation of the Burvill Beds with the.basal pebbly
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sand of the Waggon Creek Breocia 1niloa~o that the Burvill Bede are

.8 basal transgressive deposit that unoonformably overUee the N1nabi~8. . .

Lfmestone.

At Milligane Rills the Burvill Beds oo.naiet of brown, coarse-gra1n8~,

(gritty) calcareous sandstone and "andy limestone (F!'g.46). Seotion 147,

measured on the westernmost hill (Flg.:31), consists of 15 feet of

fossiliferous oalcarftOU8 sandstone and limestone (Bu1~11 Beds) overlain

bY" ssn:htone and conglomerate of the Border Creek Formation. Seotion 148 f

meaeured on the easternmoet hill, conta~ fine to medium-grained "

sandstone at the base overlain by foeB1.liferoua limestone and caloareous
I

sandstone, in tUJ:'n OY'srlain by ferrug1.ntesd limestone and 8l1ndetone.,

Se-ction 148 appea.r.s to b.e oontinuous wi ~h that in Mill1g8ll8 NO'.I Bore,

dri Ued only 8 quarter or a mile from 't~e 148 e aotion line.

Fau na and ase

The :&urvil1 Beds contain a rioh fauna of brach1opooe Bnd sastropode

as well a8 o9traood~ and .oonodonts.

- :-·'·G;:A.·Thomas (1962, p.731) listed a fauna from Point Spri1'l8' and ",

M:f::l.ligans....B111s and suggested it wae Vilean to Namdrian. At thie ·time

(1962) the Burvi11 Eeds were not Bepara~ed trom the Point Spring Sandstone

em it is likely that the plants listed by Thomas came from the Point Spril'16'

Sandstone (sensu stricto). The rana1n1er of the roadle ~in hia list from

near Point SpriJ'lB' probably oans from the rooks we now oallBurv1:l1 Beds.

The f08sils from Milligans Hills are in the BurYill Bede.

Conodonts from the Weaber Range (section 435) ird1cate an age a£ no·t

older' than ,upper V~s'an (CunI"~) and possibly 88 youJIB' as Namurian."

Correlation j.

" Accord1ns to these determinations the Burvill Beds are equivalent to

the lower pI1rt at the TanlDUrra Formation in Bonaparte 110.1 Woll (Fi8.32),

as yet no correlation baaed on oODllftOn species can be .de bet"een the

two f01'lD8. tions.

!'OINT SI'IlING SAlIDS'lOllE

1I0akee et a1. (1.952, p.101.) introduced the name Point Sprin8 SendotolUl

for the sandstone at Point Spring, divi4ed it tnto lower marine beds with

brachiopods, overlain by upper laeuetr1ne beds with plants, end regarded

it os Pe..dan. Ae noted already, Travee (1955, pp.78, 79) defined tbe

Point Spring Ssndstone ae the 'sandstone ani other sediments 'Which dop

,out in the Weaber Range'. He quoted descriptions of two seott 0118 fran

en unpublished report by P .Reeves. We identify the interval ()"235 teet,
of Reeves' measured section east of 14i~b1ng as Burvil! Beds, and the

overlyiJl8 interval from 235...355 teet 8S Point Spring San4stone. Reeves f

ether seotion, 4 miles north-west of the state bOJndary, corresponds'

with our section 435, the interval. 0-250 feet in Reeves' section 1s: I

identified as Burvill Beds, 250...400 fee~ as Point Spring Sandstone, and

400-450 reot (top at the e.otion) os Border Creek F01TAation. With e_

reservations, Traves aleo regarded ttle Point Spr1ngSandstone as Lower .

Carboniferous.,· probably Visean at" H"8DI.1r1an, and this fie have confirmed.

The Point Spring Sandstone 18 re-defined 88 the eheet of quartz'

sandstone' that conformably overlies "the Burvill Beds and 1s dieoonformably

-•
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overlain by the Border CreekForma ticn in the Weaber Range. The type

section, .not. hi tbertQ deS1~8tedt '1s. the .interval 135...760 feet in

eection:458 .(Fig.50)•.4 mil.e north.eaet or Point Spring.{Fig.52).
! .' 0 I

The. co-ordinates or..the base of the .. type.eection are Lat.15 23t S,
-. t ..' .

Long.12805~ E. The inte~1-22~11OO reet (890 reet) in eection 436

1s the thickeet known Point Spring Sandstone. J

The type aecU,on and ottJer sections of the Point Spring Sandstone

consist of an al ternation.of joint"ed and c roes-bedded ,inedium to coarse

yellow to..~whi te quartz .sandstone end laminated to thi~bedded fine

quartz sardstone. with abu.ndant trace fossils. In tn81'l:y:pa.rts of the Wesber'

Range •. in particular.~~n the type ares, the. jointe~ ani cross-bedded

sandstone,- like similar san4stone 1n the Cockatoo Formation. 18 etched

.into 'c~racteristic caat.le-l~ke wtcrops wbich .. on ihe_~~und and in the

air pho~oerlphs are- readily d1etinsuished from. the' aBe~'ated thin-bedded

sandst9ne •. The regular alternation.of. these contraating~eandstones limits

the soope of' ai"I'oophoto interpretation -in, the Wesber"Range; where oontinu1 ty

of outorop is broken ~.y faults or ~y cover., ,BS in the, type area, the absence

of reliable msIk~rs in..the ~oint ~Sprl:ng Sands.tone ~les .~C?Ut positive

identification. Ths beat ·U.~ ~et~eell Bect;i.~s· i,s. the'.~ary between the

Eurvill.Beds end: the Point Spring,"Sandstone,' and in';iuany';:places this

boundary' ~B obscare, in the ,1.r ,photographs ~ Moreover,::-even in a small area,

most beds are ha~ to trace ~ec8U8'e.of.r8pid lateral'chlmge, 8S shown in

seotions 437, 436," and..45B (Fig •eo.) • Some· beds are:'traceable ,between these

sections" but rrany beds,do .not persis t from one _.section:·'to another.

The jointed .and oroas-~edded .sandstone ,ie. ~.oarse:, 'wi'th ,rare peb~les'

of quar.tz and, quartzite.• Like e1111ilar. sandstone 1nrthe 'Cockatoo Formation,

it 1e friable. ' The..:t?in-beq4ed sandstone 1s fi~er, :and'!contains' numerous

si.l1cified.ar feiTuginized ·!Hard-grounds I, which, because of their good

exposure, are valuable loc&l.mar~ers. . ,. .,'-,

The Point .Spring Sandslone abounds in· minor. sedimentary structures.

Of the inorganio ones, croe~..bedding is ·the commones.t,"1'o11~ed by ripple..

mark, .and contorted ,bedding •. Orean~c stl'U:ctures (t;race,·'fo$Sl1s) are

BbJmant 1n the thin-bedded. sanietone. ~.',. ...,

Foesile ~(brachfopcdS, p~lecypod8, and plants) are most arondant near

the 'Dase of the.Point Spr;1.ng Sandstone', but', 8S· shown· by',the type section,,
exteni almost t·o the top, s~aril'l8 th4t much 'if not.-all. of it is marine.

Fauna am ase_ ·.1 "'~-.

The Point Spring SandsFne contains brachiopods'. pelecypods and

plantS. Two distinct .brachiopod faunas ~.lilYe been collected: 8 t the

base of ·the .formation the fllUna 1s.mor~ or ~1~8s ihe-68m~·~S that 'in the
.' , .

underlying ..Burvill Beds and is. thought. to be uppermost ';Visean to lowermost

Namurian in,- 88e; the" upper fauna, from locality 45B!12··at the top~of. the

sandsto~e:" is prop~bll.~~u-p.~.n. . ".} , .
Correlation· ,.',

, According to these detel1D1na tiona .the Point SprinB Sandstone is

equivalent to.t-he upper pal1. of, the TanlDUr~ Fo:rmat1on In Bonaparte

No.1 \Yell (Fig.32), as yet'no correlation b.'sed on cQlM1on.. speciee can

be made between tile two f~rartions #

, .



The Border CreekFormation, ori~nally named by E.P.Utting in an

unpublished report, is defined as the sequenoe of quartz sandstone,

pebbly quartz sandstone, conglomerate, and siltstone that dieconformably

overlies the Point Spring Ssndstone and Burvill Beds in the Weaber Range.

Tb,~ top I)f the Formation is eroded or covered. Theinterva1 1100-1465

i,"",et of section 436 (F'ig.50) is designated type; it" is the thickest
. o'

meaS".lred section. The ·co...ordinates of the base are Lat.15 23'! S,
f

t,;,.~g~l28055 E. The Bord~r Creek F-:r..-mation in the .Burt Range Syncline is

de:)l:.::-i'oed elseWnere, and this desoription applies to the Weaber Range

onl,Y.

The type section contains t'hree beds of poorly expooed conglomerate

with rounded pebbles and cobbles of vein qu&.rtz and quartzite, and rare

fragnenta of siltstone'and sandstone. White or purple siltstone is a

nc.::.nr but distinctive part of the Border CreekForoation fonning a Olrious

8ssoc':dtion with the .cQng3...Q,~~~e. In section 456, siltstone is the

basal bed or the· Border Greek Fonnation~ ana much of it was·later··eroded

to form fragments up to 6 inches 10118 in the overlying conglomerate and

stm.1st.:.ne. The siltstone and silts1;one breccia of the Border Creek

Formation are it~ most distinctive components. The jointed and czo.ss-. ....... ."~'~ ~., . ..' ,_.;. .. : .._"t ""'1':1"0[:'

.bedded co&:c.~J:l:u~~~-;~~.~stq~'?cfZDt~bill~rdo~,r.g~el~~lf'i~\?~iti~s)is .....J~
indisti.nguishable from that of the Point Spring Sandstone•.

Silicified fine white and purple silty sandstp~e contains

?hyllothecaDlike plants at 1275 feet in s~ction 436. This is the only

fossil found in the Border CreekFonnation- in the Weab~r R8ll8e.

The top of the Point Spring Sandstone is locally channelled to a

depth of several feet and filled with the basal conglomerate of the
• , ... ,.,., ,.... .... .' • l .. ·",~· ._" •. _ •.

Border CreekFormation. Between section 436, which contains 890 feet of

Point Spring Sandstone and section 435, Which contaihs 280 feet, the

relief of the dis conformity is 610 feet in a distance of ci miles •
•

In the OpiK Fill p..l'ea of the north-west Weaber Range) the entire Point

'Spring Sandstone is thought to have been eraied, and the Border Creek

Formatior. overlies the Burvill Beds. ~

'AJi is'olated oiitcro'P ·of claY3tone tilld .conglomerate of locality '72,

9 inches south of Bonaparte No.1 Well, is identified as Border Creek

Fo.mati on.·

~e and .!""l a·..ior:shi J?!3
~.. --.. '-"

. . . As mentioned above ~ the only f05 si I known from the Bo:r'der' Creek

Farmati~n is ·a Phyllotheca,-like plant which probably indicates

Carbpniferous or Permian. Because it diaconformably overlies the

Visean Point Spring Sandstone p the Border Creek Formation is younger

th~ Visean, and, ~s described below, because the Border Creek Forina tion

.is ove:!'lain by the LowE'!' Permian Keep Inlet Beds, it is older than·

P<!L'inian~ hence its age is Upper Carbofuferous,

OC'currenqE!',s of the DurV±ll Beds 2 Foil!:\: Spring Sandstone2 am Border

l:<C;:;k}'~~no~ oU'£sid~ th"e-Weaber Range

'l'he Bu1"Qiil Beds and the Point Spri ng S1:ll1dston.e ~ on the one hand~

uTe distinctive units which ceo be readily identified in outcrops

- ..",

•
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outair:le ·the -V,'ealJ-ei"'R8rige:---Off--ttie -ot11e r O·li1ria-;-tne 'B"o"riler ··Creek

Formation, lying disconforlJBbly above older units and havi ng its top

eroded or covered, is less positively identified in other areas.

All these occurrS'l.ces are in the Burt Range Syncline, am are described

on pp. 72 - 74.

The offshore islets contain a sequence siq:tilar to that of the Darder

Creek Fonnation and are appropriately described here. This of COlrse is

not meant to imply that the two sequences are equivalent.

Offshore islets (Fig.53)

Rock~ Islet (Lat.14°43t'S, Longo12S03S'E) and Pelicsn Islet

(
0 .. 1 t 0 I )Lat.14 4~ S, Long.128 47 E are situated in the swthem part of

......... Joseph Boraparte Gulf 5 miles Crom the shore. As a guest" or
Anacapa Oil Corporation, Veevers. accompanied W.Jauncey on a brief visit..,
by voat to the islets in July 1965.

Rocky Islet

A south*westward dipping sequence roughly 100 feet thick was

measured across Rocky Islet, and consis~s dominantly of cross-beddad

silic1fi~ micaceouS' siltY -q~artz sandstone commonly wi th fragin~ts
,

of white siliceous siltstone ranging in size. from a fraction of a

millimetre to platy breccia fragments exoeptionally 20 ~ficfies long.

Sandstone near the exposed baee contains blocks of balded siltstone

3 feet long and.Ja inches wide. White siltstone is interbedded with

the sandstone 25·feet ahove the base. A thin bed of conglomerate, with

pebbles of quartZite, crops out at 140 feet. Phyllotheca-like plants,

pro~ply indicating Carboniferous or Pe:pnian, were' found .at locality

433/6, and this is the only fee ail knlJW1'1. from the islets.'

Pelican. Islet ..

A south-dipping sequence roughly 85 feet thick was measured across

Pelican Islet, aD consists of cross-bedded yellow micaceous silty q~Brtz

sandstone lfi. th pebble bands at the exposed base. The sequEnce, like

_.-. th~t' OJ;' Rocky Islet, is deeply we~~hered, end is capped by 5 feet of

pieoli tic ironstone.

The relationships of the sequences 1n Rocky and Pelican Islets

to each other and to the rest of the Bonaparte Culf Basin are unknown.

WithIn the interval Carboniferous to Pennian the 1e~et sequEnces-.resemble

parts of the Border Creek ForllBtion and parts of the Permian sequence

of the Port Keats area. The resemblance between the Rocky Islet sequence

and the Border Creek Formation is strenstheried 1:iy' the' occurrence in

bo.th of Phyllotheca-like plants. furths:r evidepce provided by st:ruc'b.1r~

1s discussed below.

CAltliers of barren sBJldstone in the Pretlove Hills and iiingbins Range

At locality 67/1,. on the north-eas~ern edge.of the ~etlove Hills,

4 miles west of the Jeremiah Hills, '70 feet of horizontal barren medi:um­

bedded buff silicified quartz sandstone unconformably overlie ttited'.

quartz sandstone of the Cockatoo Format~on. Conical outcrops of"

silicified sandstone at the foot of the n'Jrth..ea!:ltern part of the

Pretlove Hills an~ an outcrop south-eaet of No.8 Tank are probably the

same unit.
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An outcrop of white silici1~ed sandstone that unconformably

overlies the Ningbing Limestone at l~cality 17/3, sroth of Tanmurra

Creek (Fig.28), is also probably the 88I!le unit. This outcrop consists

of tumbled blocks only and its unconforrpable relations with the

underlying limestone are indicated by its' occupying a depression in,
the limestone.

All these outcrops are mapped tentatively liS Point Spring Sandstone.

A second paseibi 11ty is that they are a non-calcareous ,part of the

"Bunill Beds.

OORDER CREEK FOIiMATIONIN TIlE BURT RANGE SiNCLlNE

The Border Creek Fonnation is the youngest rock unit in the Burt-,
Range Syncline and comprises ·the aandat~ne, siltstone and conglomerate

capping the Central Burt Range, Mt.Septimus, Milligans Hills and the,
western.part of Spirit Hill. An isolatE!d outorop of Border Creek

Fonnation has been mapped at the southern nargin of the Burt Range

Amphitheatra (Fig.31).

In the Burt Range Syncline theBorder qreek F01lllation is expressed

aa high cliffs· of jointed sandstone and cohglomerate separated,··by deep

undercuts .exposing soft si·ltstone. In fhe aii-· photographs. the formation

1s well layered, and in· the southern part of-the Central.Burt Range and

the western part of Spirit Hill the sl\Tldstone' eXhlbits.. a st·rong system

of joints and 1s .weathered. into beehive-shaped turrets •.

Border Creek Die ~On1~()1:';lity'
The Border Creek disconformity 1s recognised .throughout the 'Burt

Range Syncline; the Border Creek Fozma1:ion dis conformably overlies the

Bu'TVill Beds, the Mllligans Beds, the Septimus Limestone, the Zimmermann

Sandstone and the Enga Sandstone (Fig;5~)'" Figure 55 shows that. erosion

was greater on the flenke, partiQ1larly the eastern flank, than .in ·the

central part of the syncline, where part of the Zimmermann Sandstone

was prAserved. In the Weaber Range the greatest thickness of Point

Sprlllg Sandstone, which underlies the Border CreEkt:ormation, is in ,

ths middle of the range and may also uark the axis of a sync~ine

(Fig.55) •

Erosion before the deposition of' the Border Creek Fonnation'in ,..\

the southern Central Burt Range deeply channelled the 'Zimmermann· ,'"\

Sandstone and completely stripped the formation from the northern part

of the range, exposing the .Septimus Limestone. ~e northernmost part
._--~-- --~of the Zimmennarm Sands·tone-a·ppears. to_J18ve_.be.en-_tnJncated by 8 channel

in the erosion surface, which was later fille~i. by the basal s8Jldstone

of the Border Creek Fozmat1on (Fig.43). The contaot between the

Zimmermann Gandstone and the Border Creek Formation in, the channel is

obscured by talus. Figure 43 shows the jointed sandstone bed overlying

th~ thinly bedded Zimmermann Sandstone rapidly thickening so that

the sandstone of' the Border Creek Formation rests against the rroded

side of the Zimmermann Sandstone. This could be interpreted as a

lateral change from a deposit of well-sorted, fossiliferous, fine­

grained sandstone to a contelJlporaneous c~nel deposit of poorly

sorted, barren, coarse-grained sandstone. ·Howeyer, because the

.-
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sandstone in the channel is part qf the same bed Vlhich overlies the

Zimmermann Sandstone we consider it is Boroer CreekFoxmation.

Sections

In section 110, measured on .the western scszp of the Central furt

Range,. the Border Creek Fornation crops out from 835 to 1,120 feet

9tratig~aphically.above.thebase, and overlies the type section of the
. ;p

Zimmermann.Sandstone (Fig.41) • .~e base of.the Border Cree~ation

is taken -&t' th-e,first conglcmerat~ in t~e -scarp; the top"is el'"oded.

The_formation comprises interbedded sandstone, al.ltstone and, ,
conglomerate•. The, sandstone 1s ,moderately. to poorly sorted,,: medium to

coarse-grainedf · .feldspathic quartz, sandstone having a clay cement •..

It is .usually 'ylemiM:ted in~ "th'ick ·bed:s-·a~ is locally cross.-bedded.

The. sandstone is white~to· brawn n,ar the base of the formati'on",and

becomes i'erruginised towards_ the top oJ' ~he range. .. ", ,

The'siltetone· ie frequently 18¥1inated, white when freshly-exposed,.
and yellow, purple_ or red.when weathered'•. _ _ " I

. I
The congl'omeTate contains. pe~ples or· rounded to sub-r~nd~

quartti.te averaging 2 inches in di~e.ter'and ranging up,to 6. inches

in d-iameter, fewer laths of Prec8ll!Prian 'siltstone,· ·~ni mud pellets set
" ',.

in a poorly- sorted, . ooa.rse-graine~ quartz _sandstone matrix,: and is . locally,
cross-bedded. " The. conglome-rate~ IBually:overlie .eroded surfaces and wedge

out over .short: distances. - When traced southwards from .section'"!1l0 the

basal conglomerate_fills' a deep c¥nne~ _rot into,t.he..underlying. ~imme:rmann

Sam stone (Fig-.44J., .. The channel, :iwmedi/ltely east of Langf1e~d' Point, is

about _three';ten ths.of:.a mile. wide, up .to· 75 feet.deep atrthe centre,

U-Bhap~d' in eros B.secti on, .and' ,is expres'~ed_'topographically' as.~a hollow

in the southern -part- of. the range.· fhe.clests. in ·the conglomerate of. the

channel_.-are lI1li,nll roomed. to sub-rounied. quartzi te boulders averaging

4·inches in' diameter and up tool foot.in-diameter"with min~r~clasts of

quartz sandstone and large_blocks of ,siltstone having. a ,size of: up to 15

by 8 feet •. The conglO1'lJerate lens«te ~t to the north of section 110 and in

..1ess than two 'miles is replaced by, sandstone... t; "0 "'~

At -Mt,.Septimus, the Septimus~Limestone is. overlain by, medium to

coarse-grained., buff to whi te.,. fe~!l.8pa.thic quartz sandstone,· siltstone

and conglomerate •. A conglomerate, ~5,feet:thick,.insect~on~l50 a~

the southern ·end of the mountain9 wedges..wi thin one miler'to a pebble

band in.'section 104•. A .second 'C01)~lomerate,in section 104 filis channels

in the. top of-:-:a. siltstone but. is' ~-lso .. pr~Bent 8S lenses wi"th1n'"\the

siltstone (Fig~54), suggesting closely a~sociated deposition in-a stream

•

..

or lake~ t· I ~'" "''''.:'

At:Miliigane Hil1B the Border Creek.Formation.overliee ~oarse, brown

calc8.!e-OUB sandstohe. of..the Burvill.:Beds. -.. In section 147.j"'in--the

westernmost hHl (Fig.46), the D.1rv11l. ~eds'are ov-erlBin'by 15'1feet.of ..

~ren, ,medium>o-grained, grey-bro""1' quartz sandstone identified.!.&s -Border

Cre'dc-Fo:nnation. The sandstone is overlain ,by' a conglomerate containing

rounded'"to well-roomed quartzite pebbles. averaging 2 to'.- 4 inches and, .

up to 1 foo t in diameter in a coarpe-grafned fer:roginous sandstone matrix.
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A conglomerate of similar appearance and 35 feet thick crops out

in the northernmost hill (section 155_~. Fig.46) and is overlain by 100

feet of thick.bedded coarse· to ~ed1um-greined,.brownfeldspathic quartz

s611dstone and 10 feet of pebbly sandstone which crop out as steep cone.

shaped 'bu::rets.

The Border. Creek.Formation in the western Part of Spirit Hill is

dealt with in the description of the Spirit Hill arel!..
,.

··SPIRIT HILL· •

Spirit Hill-'is ·the name given to a "group of hills r~s~ng .about 600

feet above a tree-covered plain fourteen miles north of the Central· Burt

Range and .eight miies east .. of the Pincombe Range. The hills are close to

the eastern margin' 'of the basin (Plate 1). ~

Traves (1955) assigned all of the rocks in the Spirit.Hill area to

the Wesber Group. He.proposed the name Spirit Hill Limestone for the

sandy limestone and calcareous sandstone: on the, .sorith:¢8s,tern J>8:,rt of the
. '..

hill, and consi'dered them to be Permian·. He 81S9 described scattered .--

in Figure 40.

exposep at Spirit Hill "is a-hown,
A total of six formations.has been reco~i8ed from'"I .

outcrop, and these in.ascending stratigraphic order are ,the Cockatoo

outcrops of Spi'rit Bill .Limestone between Spirit !:li.n :'and -the.Legune-track
. "-0. - -', ...... _

orossing .at S@dy Creek. .".

Thomas (1~62) identified fossils from 8 li~e8tone near Spirit.Hill

and reported t'hat the species_were.. Carboniferous end indicated a· correlation

with the upper ..part'of.the Septimus Limestone.. ;. ".-

The unpublished work. of .various priVB.te company geologists has· been

summarized by'Drommond (1963;'. unpublished) '.. All. of these workers·'
". .

considered the isolated'outcrop or Septimus Lime8tone, .•ention~d\above,

to belong to the main limestone mass ~t_ Spirit .Hill, ani. thus identified.

the entir~ limes.tone- sequence. as Septimtts Li;.mestone. This- led' to a" ,

misiriterpretation.. or ..1;l1e geology and of.. the sequence..in Spirit.Hill 'No.1

Well (see Drummond,.1963,.figure.7J,'drilled apout one mile north of

Spirit Hill. 'Palaeontological work., outlined .pelow, shows that with_'one

exception the' carbonates· at Spirit Hill and ·in· 'Spiri-t' Hill No.1 Well'

between 826 and 2,000 feet· correlate. With-part of the Bur.t Range. Formation •

. The term .Spirit Hill, Limestone is thus a junior synonYm of thel Burt Range

Fonnation- and·lis discarded.

Outline of ~he' 8~ology.of',·.Spiri t Hill_ ...

The distribution..of ·the formatiOns

•

•

For~~i.on,._.JQe>~:Burt;.;'Range Fomation-,- an unn,emed limestone-equiva~ent··'to•..
the l:!.~s_al"p..'\-;:.t·ot:. tJ,le .~a._Sandstone, tl}e Septimus Lim~8tone, the. H.. - '. . . . .
Milligans Beds';' and ,the Border Creek Fonpation .. Three of: these formations

are present in'_Spirit .Hill No.1 Wellt drilled to a depth ~f 3,003 feet,

ab~t one mile north of the hill (Fig.3~) •

Spiri t Hill_ can be divided· 'into ..three top,ographical uni tse "8.
Itu" .........~ •. , ,.

complex aeries_of hilla and.amphitheatres in the southeastern par.t;. : ...

lower, more rounded, grass-covered hills in· the northeastern and central

regiona;. ancl.,blocky hills, many.deeply ,disseot'ed, t'o the,west. These

units have dif.feJ;'ent outcrop patterns on the air photographs and
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correspond to the main. formations crop.ping out on Spirit Hill (Fig.40),

illustrating the control of geolosy on the present topography. The Burt

Range Formation, on the southeastern corner, has a well-layered pattern

whioh contrasts wi th the smooth appearance of the Milligans Beds in the

northeastern and central part of Spirit Hill. To the west, sandstone in

the Border Creek Formation has a re,plar joint system ..

Small outcrops identified as Cockatoo Formation on the southeastern part

01' SPirtt··H!i!lh~are. overlain, probably unconformably, by the Bur.t lange

Foruation. The Cockatoo Formation consists of coarse-grained quartz
- .

sandstone containing pelecypods and plant remains J the sanda-tone probably

belongs to -the Cecil Member.. .-.

Tfle~&.rt...Range Formation consists dominantly of calcareous·.am. dolomitic

eanilstone",:w:1ith...minor quartz samsijone"'and1'sand.y.• limestone. It has been sub­

divided into three inf'ormal stratigraphic units for the p.lrpose of discussing

the unconfo:nnities within "the formation in southesstern Spir1:t Hill (see

below). The rocks s.re sandier and. more dolomitic.than their·equivalents in

the type section and are lithologically similar to those~1n the Burt Range

Arnphi theatre. Their stratigraphic relationships with other sections measured

through the Burt Range Formation are shown in Figure 35.-·

An unnamed grey ~ crinoidal sandy limestone equivalent to.t he basal part

of the 'En.~. Sandstone unconformably overlies the Burt Ran'ge FOl'1llation in

seotion 116. (Fig.40).

Els,ewhere~. the Burt Range Formation is unconformably· oVerlain .by a poorly

exposed -eequ.~ce of' shale ~ sandetQne,_ .calcareous sandstone, and cO!'l8lomerate .

referred' to the Milligans Beds. '+'he best outcrops ar.e at ·locali ty 118 (Fig.40)

in northeastern Spirit Hill, and at locality 73 on the southern margin of the

hill, where grey silty shale is interbedded with sandstone. 'The shale is not

well exposed e~aewhere. ' ..

The Border' CreekFormation crops out over the whole of the western part

of Spirit Hill and extends as tongues and outliers. into the eastern part of

the hill where it unconformably overlies the PI.i.lligane Beda and the Burt

Range Formation.

The Septimus Limestone is known from a single isolated outcrop at looa11 ty

272, just east of. Spiri..t Hill. Tile Septimus Limestone has not· been frond in

the main mass of the hill~ and so ita.exact stratigraphic relationship with

the other formations at Spirit Hill is not clear.

Structure.. . -

A detailed study of the structure of Spirt t Hill was ·.not undertaken

in the present investiga.tion. However, an air. photograph interpretation

of the area bY' R.Richard (Fig.35) shows that it is extensively .faulted in

the east and that some of the larger. faults have extended westwards into

the Border Creek Formation. A cross section (Figure .58) throuah Spirit

Rill shows that it is a faulted anticline. The axis of the anticline, in

the southeastern part of Spirit Hill, trends N 250E and pitches towards the

northeast. Folding.may have initially taken place as early a8 the lower

or middle Tournais1an. The anticline can be seen in Figure 59, a panorama

of southeastern'Spirit Hill.
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stratigraphy·,. Spirit: Hill is

northeastern and western Spirit

f
Traves. (1955) .mapped..an ant!cline and syncline at Spirit Hill.

We could not_recognlse.these folds. Tqe anticlinal ~j8 on our map i8

essentially'the same 8S that- recognised by Allen (1956, unpublished;

a copy of AII.en's map.is given in figure 5_bY Drummond, 1963, unpublished).

The major fault ·between the Precambria'!'l and Palaeozoic sediments,

east of Spirit Hill, has a throw of more than 4,000 feet; it does not

crop out.and its position on the cross section (Fig.58) is inferred.

Major faulting'took pla~e after the deposition of the Border Creek

Formation, i.e. after .the upper .Carboniferous. Figure 40 showB that

most of the smaller fault-s affect the Devonian and lower Carboniferoo.a

formations.in the_eastern part of Spirit Rill, but not the upper

Carboniferous Border Creek Formation in the -western part or Spirit-Hill,

From this we infer that most of' the minor faulting, took place after. the

deposition of the Mill~~an8 -Beds,.i .e. after, the upper Visean (Fig'.60).

Faul ting prQbalHy took place before this time, however, when, the' Spiri t

Hill area was folded, an d.may have b~en responsible for a number'of the

unconformities in the area. Downfaultine in the late Tournaisian or early

Visean was probably responsible-for the preservation of the Septimus

Limaatone at locality 272, immediately east of' Spirit Hill.

Large crystals of dolomite and galena are frequently in vughs wi.thi~- ,

the fault zones. Allen (1956, unpublished) reported a ferruginous· gossan

and the minerals~ galena, cerussite, psilomelane and rhodochrosite in f~ult

zones cutting carbonate rocks.

Stratigraphy'

For the purposes of .discussing. t~e

divided into .three parts; southeastern,

Hill.-

Southeastern Spirt t Hill

Three sections- have ~.een measured in southeastern. Spirit Hillp'

sections...114; 115 -and 116 (Fig._40). Columnar sections.are given in

Figure 56 and -.Figure 39 gives the stratigraphic .relatiol'lShips between.

the sections and the sequence.in Spirit Hill No.1 Well;, it also showa

five unconformities in ·the southeastern Spirit Hill area.

The lowermo~t unconformity separates probable Cockatoo Fo:nnation,
and the :Burt-Range Formation; . the se~nd is within the '~~~'18ll8e

Formation, ~the third sep~tes the Burt Range FO:nJlation' and an unnamed

limestone equivalent -to the.1?ase ·of tQe .Enga Saidstonej_ the fourth occUrs

between the .Burt Fange. Formation and the Border Creek. Fonnation; . ani. ,

there. is prabably a f~fth between. the Burt_Range'Formation_and the:

Milligans Bed'S (Fig.40). The.hiatus at each breaK is illustrated

diagrammatical.ly in Figure.' 39.

At the!base of. section 114, 25 feet of barren, thick:-peddedi"coarse­

grained, white quartz sandstone is tentatively identified as Upper,Devonian

Cockatoo Fonnation,L '.I.A similar sandstone, half 8 mile south of the section

line at locality 266, contains logs of Leptophloeum australe (McCoy) and

pelecypoos; the pelecypod fann& is close to that in i.nterbedded sandstone

and 'limestone, mapped a8 Buttons Beds, at locality 146/4 near Eight Mile

Creek (Fig.31). ....

"'.

'~

-



"

Fi~. 5"

--

z .. =.... .

"

..­'.... ;

,;.. .. :.:,
-.......:.
''':'-~

.t--

,
•

11+........
TTl::;~
.1.1.,...
11

.'

·<:>1 ....

'..
.•..: ..

:.~

': ....­. -

.,.

:.: ,\•...:.l....
:..: ......:=.;,..
'"', ",::"

.." ".-.;.:....
':":'." ~-~
"'"+,_.0

:.....:.

: :..0::.:.-. ,

~:>:.:.,...,.

_.

,

,
~;

,I',

.... -..

.~

..'

-;: .....-

.':'"

.
0:' n

--t> .

a;: ....• •... ~~

....-.;

~.•.

. ~." .
.:.~-

-;..' .

,.
' .........,

,~.

r
I

I

I

I T

I,
j',

;',

I

I

I

I

I
I

.'

•

. 118' I
(Jt;+.......:.. --...-)

" .. - ..~..

.. - "............

,
•

,
;
•

1

I
1
J,
"

, ,

..-~

•

.."' .
'." .., :.

'.. ,.

,",. :
: ,.

." ':.
, ~':'.;.

--- ,io_. -

o••~"

,,'

,

~

T

t
I
j

1,,

Col.."'"....

S p;. ~l H,l!.

,I '

T.~~ Il.......\>"

1.2. .... r.,
,~ . I r.t.

.... ~ ....



REFERENCE

129"00'
15"30' 1_1 ~ ~S:P~I~R:..:IT~H~I~LL~-=_:A~'R..~P~1-l~OT~O~1~N~I~E~P.~P~R~E~T~A~'~IO~N~.~ ~F~i~~.~5~7~_~1::29~"08'I 15'.30'

o
'2~SI3l

/

/

/
/

/
/

/

/
I

/
/

I

..··r-~···· ,;:,:_"::::.:. I.. ···.....,\ ..,"

'~"'~J'''' .l'·..· 1J':'~:o.'

ft'.h: A,r ph.~D,rapr,y by Wu~ Ausl:-r<l.lia.n
L ...nds b"f_...r~ ........ t. Jli ... b.. ,loy Ruu.r<J,

P",oJte.~ No. A 101 A..u.

APPROX. 1'15000
SCALE

I

(bl/I
I

I
I

I
I

II
U

/
!q

q
q

II
II

!q
8

/
II

q
q

/q
uq

SObl

o

EJ\- ........hd d.ps

.--... L.,.,

____ AII.. .,i ....... bo.... d...... y
~~- ' Prob ..1>11- AII.. ~j .. m b..."cf ....... y
__ F..... I~

____ P,.I..1I1.. F,,,dt

_ Ed,l-°f b."
~Sc. rr
==== T c.1t

/
//

°5J71
#,

II
o
/I
8o

I,
U
I
U
U
II
n
I

15°36' B ~ M;nH..1 lh.,."ru.• Gule d GUJ~ .iu. onOttr/J

129·00'

A



•
,. •., .' r'

1

i
! ~'-- ~: ,..;. k.

c. ....~~ ..... r...:.. ........i "'5p~.a

F.~ Io.....la..J .~ .. c.c-~:" ... l ..-t..

Fi~. 58

,
Jt H H J Jt

,/D_
G_ O'_ - Go' JI

"'D c. ...-

~
0

""- .1>

e'b

P"
D_c D~ D~ jD_

D_ o -
~ ... .<

,£.

-----
." .'-

.,

To""'" fLo»....t.
l~ .,. bb



-.
•

•
•

•

•
•

- 77 •

Overlyine the sandstone in section 114, .probably unoonfonnably, are

265 feet of fine to medium-grained, fawn dolomitic and calcareous sandstone

belonging to the Burt Range.Formati.on.

In southeastern ST,'lirit Hill three informal rock units have been

recognised in the IN..:r:.t RaJ18e Formation. They are virtually the unite

mapped by Allen. (1956, unpublished) whose geological map of Spiri. t Hill

has been repraiuced by Drummond (1963, unpublished). The units are

described in ascending_stratigraphic order.

Unit I.consists of medium to thick-bedded, fine to medium-grained,

grey to fawn dolomitic md caloareous sendstohe. It crops out in

alternating hard and soft banda.and in places forms small cliffs. Fossila

are common in the upper parte of the ~nit, for example at localities 114/7A

and 115/4, end- indicate equivalance with tl'!e middle part of the :j3urt Range

Formation in the type area, probably with the interval between 000 and 900

feet.

Unit 2 ls' a dark brown dolomitic and calcareous' sandstone having a

pebble bed· at the base; the pebhles are rounded quartZite and milky

quartz which' range from 1 to 2. inches in diameter, _wi th a few reaching a

size of about 5 inches. The brown calcareous sandstone is medium-grained

and thickly b#ded, and fo:nns prominent curf.. It$ best exposures are

in section .116- end-.on. the_northern "part of t ~e hill cont&ining the1l4 and

11.5 sections (Fig.40). _Foosils are very poprly preserved (locality

116/3), but like those of·unit 1 indicate equivalenoe with the middle part

of the BurtlRange Formation. ~

Unit 3·.is a medium to thickly bedded, medium to fine-grained,:~white

quartz sandstone which is scmetlmes silicified.. Rounded pebbles of'

quartzi te up to 2 inches in diameter are present at the base. of the unit

in section 115. Foseils from unit 3 (localities 114/7B and l15/7) indicate

the same age as those from un! ts one and two.

Tn southeastern Spirit Hill in sections 114.and 115 the' grey 'to fawn

calcareous sandstone (unit 1') ,is unconformably overlain by whi te quartz

sandstone (unit 3). By tra9ing a bed between the two sections. ~t can be

shown that the uppermost 100 feet of calcareous sandstone in'seotion 115

is missing in·114,. indicating that a greater amount of erosion took place

in sectton 114 before the deposition of the.white quartz sandstone. The

disconformity can ,be seen on the southern part of the hill where white

sandstone occupies' a position.on the same level as calcareous sandstone

in -the north of ...the hill (Fig.59). The ~ossibllity that the··southern-

most sandstone outcrop is 8 lateral equivalent of part of the calcareous

sandstone is rejected because of an angular .dif'ference between ·un!ts 1

arid 3 in s~ction 114•. In this section the calcareous sandstone dips at

SOtowerds 650 and the white sandstone is horizontal; no angular difference

was BBen inlsection 1,15•._ 'Ibis particular disconformity affected only the

western and southern.parte Of the hill containing sections 114 and,115

(Fig.40). ,In the north, the g~ey to fawn calcareous sandstone (unit 1)

is overlain,' apparently confarmably,. by a dark brown calcareous sandstone

(uni t 2). The latter is in turn overlain, again appar~ntly conformably,

by 'White quartz sandstone (unit 3).
'.
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The faunas from above and below the disconformi ty are short

ranging and are restricted to the 000 to 900 foot interval in the type

section of the Burt Bange Fannation, which Buggests that there was only

Q. ",ho::-t hiatus.

In section 116 dark brown calcareous sandstone (unit 2) is

unconformably overlain by a thin, unnamed, grey sandy limestone which,

from faunal evidence, is equivalent to the basal part of the Enga Sandstone.

Overlying-the unnamed.limestone is a succession of quartz sandstone,

calcareous sandstone and ccmglomerate. The sandstone is a whi te t medium

to coarse-.gr8in~. quartz sam stone ard contains a few peotenid pelecypods

from locality 136/2, near the base (Fig.40). At 300 feet in section 116

there is:s. very coarse-grained, brow:n. calcareous sandstone and:conglomerate.

The conglomerate has !ounded pebbles of 'quartzite ranging;.-from.'i to 3

inches in·diameter p sub-angu)ar blocks of limestone up to'6 inches long,

and laths of Precambrian siltstone Bet in 8 matrix of coarse-grained brown

calcareous sandstone.,. Loose yellmy-marl observed in the intervals of no

oo.tcrop in section 116 is thought to ..indicate .shale interbeds j 'rlsimilar

marl has.been collected. from shaley parts of the 11S section in"northeastern

Spirit Bill •.

This succession is .tentatively identified as Milligans Beds bec811se
, - .'.'.' '.'

it haa the same outcrop pattern and contains the same rOCk-tYPes as that,,
identified as'Milligans Beds in northeastern SP~!it Hill •. However, because

of the age of the underlying limestone (basal Enga. Sandstone) ·the succession

could be'a l~teral equivalent of the 'Ehga. Sandstone •. The fossils from

locality.136/2 axe not sufficiently diagnostic to provide a~correlation.

A conglomerate_at the .top of ~ectio~ 115,.id~tified as Border Creek

Formation, rests-unconformably on the Burt Range Formation· (unit 3).. . . . . , ... , .
Northeastern Spirit Hill ." ,:.:1

In the northeastern. part ·of Spirit. Hill the Burt Range· Formation 1s

overlain,. probably unconformablif,··1?Y rocks identified as Milligans Beds.

The latter are' in turn unconformably overlain by a thil'} capping·~of Border

Creek Fonnation'. An isolated outcrop of Septimus Limestone is"'roa.pped at

locality.. 272 (Fig.40)., , "

Outcrops ofi. the Mllligans Beds oonsist mai.nly of tumbled blocks of

sandstone .and sof~t interbedded.. shale •. One reasonably. well. exposed. section

in a,g~lly at locality 118 (Fig.40) .has.a succession of grey s~}ty, shale

containin.g bed.sr.of mrl, sandstone. and calcareous s~dstone• ...A.·diagrammatic

representation of this section ls. given 'ip Figure 56. The 'sandstone is, '

generally a .ell sorted, medium-grained, white quartz sand'stone iwhich has

probably been leaChed•. It is frequently. ripple-marked., exhibits sole. marks

and flute .casts, ·and ·contains mud pellets •. Some poorly preserved brachiopods

and gastropods·have been found.in a sandstone at locality·llS!3i mid-way

up the section;.and fragments of fossil wood have been corlected from

throughout the isection.. I" .,'

The!Septimus Limestone at locality 272 l;9.nsists. of a '·low mount of

fossiliferous, grey calcarenite. Thomas (1962) has shown that the

brachiopod fauna from this locality is equivalent in age to his 'assemblage

a' at the top of ·th·~ Septimus Limestone.
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Western Spirit Hill

On the southern margin of western Spirit Hill at locality 7.3

(Fig.40) I shales of the Milligans Bede are unconformably overlai·n by

the Border CreekFormation. The Mill1gaM Beds are fissile blue-grey

shales containing occasio~al resistant silty bands and bede of

fontainebleau- sandstone, overlain by red to purple shales. Brachiopods

collected from the harder ail ty, bed~ at locality 73/2 indicate a lower

Visean age.' The shaJes are probably the. eame 88 those, dated as Visean'

(Jones in Thomas, 1962), in the Ml111gana Hills No.1 and 2 bores near

Milligans Lagoon (Fig.31) •

. The '-Border CreekFonnation is ex~.osed i~ high t~~ted cl~ffB along

llIouthwestern and west.ern Spirit Rill and extends .ss scattered outcropM,.. ,
to Milligans Hill~H' three miles .to the southwest. The" ba.eal bed·s in

section 73· (Fig.56) .. consist of a boulder and cobble conglaraerate with

poorly rounded 'quartzi te, sandstone and ~o~sible crystalline ·fragments

up to lt~feet.·.in diameter set in a coarse feld.spathic quartz sandstone

matrix. :The 'basal ,conglomera.te is overlain by a .coar13s-grained, C1'OSS­

bedded,. white-to fawn feldepathic quartz~Fds:toneco'ntaining severe..h.

layers' of·pebblee.and boulders. Channels up to a foot deep have been

cut into~the. top of this sandstone and filled by the overlying- eonglomerate.•

The· conglomerate contains fragmenta of quartz! te, sapdstone and~,white

siltstone averaging 5.inches.in diameter, with the largest about. three feet

aorosa. - Yhe.matrix is lithologice:l.ly.similar to the.. underlying. sandstone.

Allen (1956, .unpublished)....recorded angular b~ocks of ~rple to ffr,ey.

indurated"mudstone up to 6 feet 1011g lyi~ parellel with the-bedding planes

of ·the same ..congl.omerate in the sottthwestern part of Spirit Hil'1.. At the

top the ·conglomerate .has also been channelled and filled.wttb··coars·e

feldspathic quartz.eandstone containing pebble banda. Both,sandstone

units in~the conglomerate are cut by intersecting vertical joint systems'. .

and are' weathered into hiltt beehive-shaped turrets. ~ .':~

Spirit Hfll No.lWell

Spirit Hill No.1 Well, a co!!~nuously cored Bub.~i~,f)3ed diamond drill

hole, ~~;p'rill:ed in 1959 and 1960 to a depth of 3,003 feet for

Westralian Oil'Limited ani Oil Development N.t. at a locality about one

mile.north o~. SP~t_~ll, (Fig.40). A completion report'on this well

by R.Hare·et__al. (1961) was later-revised by G.A.Thomas (196l,_unpublished).

Drummond '.(1963 'unpublished )', re-exemined the, Spirt t Hill No.1 core, gave

detailed I lithological 'descriptions. (Drummond"appendix 5) ,and showed

various stratigraphic. interpretations of the well (Drummond, fig.?).

A slightly ·modified columnar section, taking into account, the information

from the completion, report end the later work of Drummond" is given in

Figure 39.• '. 'Ibis _section shows lithologies, a break in sequence, and

the forma.tions to which the rocks have been assigned.



A bri..ef summary. or .the sequence in Spirit Rill No.1 Well is given

below. Beneath a thin oo,,!er;' 9f surface material the well penetrated
,

the following stratal grey·_to black -silty. shale:wi.th several beds of

sanJstone, dolomitic sandstone and thin conglomerate to a depth of

BZG.feet; from 826 to 2,000 feet, grey dolomite, limestone and sandy

dolrxnite, with minor· dolomitic Biltstone and sanistone; from 2,000 to

2,500 feet, dolomitic sandstone, with minor siltstones and dolomites;

and from 2,500 to 3,003.feet, sandstone with minor shale and dolomitic

sandstone. l~e well intersects a possible fault at a depth of 2,469

feet.

The shale to. a. depth of 826 feet is identified as Mllligans ·Bed!,!.

P.J .Jones (persocommo) has, correlated an ~tracod 'assemblage. from 50

feet 'with a similar one towards the base qf Milligans No.1 Bore, jdrilled

to a .depth of 510 feet· at the southeastern corner of Milligans Hills

(Fig.31) •

Balme (1961)., 1n the revised completion report of Spirit Hill·No.l

Well" .identified spores 'from several samples of. shale am found. the

assemblage to .. be· cl'osely comparable wi·th that from the Milligans No.1.

BoreJ h~ suggested .that the .shal,es in both bores could. be correlated.
I

P.•J .Jones· (pers.comm.' has dated the shales ·in Spirt t Bill No.1 "!

Well and MilligElns· No.1 ,and. No.2 Bo~s as Vis ean. . ) . '-

... The sequt.nce between· 826 and 2.,OOO.. feet.·is identified ·as Burt· Range

Formation. Both ·brachiopods .(J.Roberts) and conodonts (.E.oCoDruce) show,
that the '~op of1tpe furt .Range FortJ;lation 1n the well can be correlated

with·the interval between.BOO ~d 900 feet in the type section dated as

lower. to middle~Tournaisian (Jones and Druce, 1966). Together with .. the

presence of a pebbly conglomerate--at the base of the Milligans Beds, this

indicates .that there.is a hiatue. between. the Milligans Beds and the furt

Hanae .Fo~ation~in..Sp1.rit JJi,ll No.1 Well. . '.'

The se'c,tion'between 826 and 1300 feet in the well can be correlated

witil·the top of·unit·l·, and units 2 and 3 of the Burt Range Formation"in

southeastern Spirit Rill.

The baee of the ·Burt.·lange Formation in the well is drawn at a ·dep1h

0[.2,000 feet because conodonts from 1907 feet~indicate a correlgtion with

locality .loo/SA· (EoC.Drece, pers.comm.), from just above tl1e base"'of' 1he

fomation in the type ·sectton·;t (Fig.~~)} ostracods from 1907 feet suggest a

slightly higher equivalent, 300 feet above the base of the Burt Range'

Fozma.tiono Few brachiopods have been found be.tween the .depths of 1,400

and 2,000 feet in ·the well. Those from 1413 feet correlate with a similar

assembla*e between.400'and 500 feet above ~he base of the type section.

The rocks beneath 2,000 feet are· nainly sandstone .and dolomitic "

sandstone and are,-tentatively assigned B !?8Yon.iar age; possiblyiequi:v:alent-,
to .part ·of the Cockatoo· Formation-or the Ni'ngbing_ Limestone ... G.A.Thomas;., .
(1961, in Bare et·al.), has j.~enti.fied a s:Recimen of tE:ptophioeUm~austra1e

(McCoy} from a depth of 2,161 feet and.a tC08111oid!. fish scale from a depth

of 2,564 feet. Both fossils .are common in the Upper Devonian wt are

aleo known in the Lower Carboniferous. No other palaeontological evidence

1e available.
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Ceolostcel History

The geological history of the Spirt t Hill area 1s summarized 1n Figure SO •

The figure shows the following eve~ 8 :
I

A. Deposition of Cockatoo Formation over Precambrian basement.

B. Erosion of part of the Cockatoo Formation end then deposition of units

1 and 2 of the Burt Range F0:rtll8'tion.
, ,

pi Gentle, folding, erosion of u'ti~ 2 of the Burt Range Formation,

especially from the eastern li~b of the anticline, followed qy the

depoei ticn of unit :3 of the Btwt Range Formation.

D. (tr0ai?" .~f unit :3 of the Burt .Fange. fonna~ion. rellewed by the deposition

of 8 carbonate equivalent of t~e Enga Sandstone, end the Septimus Limdtane.

E. Erosion of the Septi~9 Limestone and most of the Enga Sandstone

equivalent followed by the deposition of the Milligans Beds •

I,
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•• F'!mlting9 erosion of the Milligana Eeds and the dl:3-posi tion of the

Border Cr~ek Formation.

Maj or faulting (poat upper Clf0oniferoUB) and erosion to the present

day.

The bres.ka. between or within the fo:m.etions are shONn in Figure 39.

Th-&y ",ere pI'Obably caused by gentle folding and possible minor faulting

in the Spirit Hill area. Faulting is not shown until the figure portraying

the middle tQ upper Viaean at Spirit Bill becBUse there ±e little evidence

on which the f6Ulta could be based. Downfaulting was probably responsible

for the 'preservation of. the Septin~l1B Lime~tone at locality 272,'lmmediately

east of Spirit Hill (Figq40).

POST-CARBONIFEROUS

KF.EP HILETBEDS (new.name)

GIG'Ver et· a1. (unpublished) proposed the name Keep T,n1et Beds for

the 'Permian glaoial aedimentl:l in the Keep. Inlet area. .. Out crop I in this

area (Fig. 52) ·is ex.tremely poor, ""pd the field. relations :between the

Keep Inlet 'Beda, which are the only,.outcropping consolidated rocks, and,

other' Pal aeozoic unite are not viaibl e..

All the known outcrops of th~ Keep !nlet.Beds lie north of Cleanskin

Boz:e lLt or slightly above the level of the highest or I.kingl tides, which

once or twice a year bring the sea across broad salt-enclUstedl'mud flats

to the edge or the sand plain of the Moogarooga Creek area. Calcareous

:f;~1~s.~~hj..91.B!l.d ,';l;;.thic quartz sands'tone, locally 'pebbly, ~s the~commonest

\'1'.09.~. ~~n"si,tu,..>,at.tdj~9:Jq~d.,,~PJ.7.ca.H~iLe~<l·,2~/'1~ 3, 4 s ~nd 6.' At locality

~2f,.6., ·d,es;i:gna,ted-.the type. (cb"01i"dine. tes ~at.15~03r5, Long .128~58 I'E), the

calcareous sandstone is lustre-mottled, and conteJ.ns pellets of green mud

in which Glove-r et al. found a b rachiopcd which ·D.Rill determined 8S an

immat\tre. Strophalosia, indicating Permo-Carboniferous, .probably.; Lower Permian.

A subsequent search for fossils at this spot yielded .only·a reworked

Ordovioian conodont (p,.J ,Jones 9 pers,•.com.m.) ~ Rare glauoonite ·was found in

samples from localities 22/3 and 22/6. ' I

'l'he'other· chief component of the Keep Inlet Beds is '8 heterogenous

suite of'rock fragments, ranging from pebbles to blocks :3 ·feet-across,

beet seen at locality 22/8. Pink orthoquartzite is the commonest type

of f rasment. 'I.Gemuta (formerly W.A.Geologi cal furvey) 'briefly examined

mlr collection of fragmants, ad identified several types 'of granite,

granodio:rite, porphyry, schist, and sub-greywacke, all of which<·are common

in the Preoembrian successions of the Ximber1eys. Glover.et a1. additipnally.~

list a massive light-grey quartzite, a broIder of which containS a po(]['ly

preser...ed indete1'lIlinate plant sterq e inches long and 1 ir..m· wide, .and a

Call1brian' glauconi,tic limestone wi ttl 'Bioonulites. The .relatiombips. between

these fragments B:nd the caloareous sandstone .are not clear,' but' an outcrop

of pebbly fon·tainebleau sandstone at locality. 22/8 near.the ocwrrence of.

numerou~ blocks probably indicates that the calcareoua sandstone encloses

the fragments. Glover et a1. remarked tN:1t because of the large size of

the biggest blocks and because of tl1elr heterogenous lithology, age, and

..
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s:i~e, the" rock fragments are glacial e nstics, and we have no cause to

questi on this.

At locality 23/1, 5 miles south-west of Cleanskin Bore (Fig.52),

a loose block of cross-bedded quar.tzite measuring 6 x 4 x 3 feet, and at

locality 23/2, 2 miles sooth-westward, s, simHar block of quartzite,

3 x 3 feet, were found in sandy areas strewn with rounded cobbles and

bould~rs of qaartzi teo . No other type of rock wf!s found. If, 8S their

size suggests" these blocks belong to the Keep Inlet Bede, their

association with quartzite gravel, devoid of any of the other types found

in the Keep Inlet Beds, is puzzling. The quartzite gravels are·:closely

related tQ the conglomerate of the Border Creek Formation. An explanation

of this puzzle, offered in.the field by Dr.G.A.Thomas, is that with th~

lowl?:,ing of the land surface by 'erceion these resistant blocks l~ave elov.ly

dr.Jppen down into the elluvium of the Border Creek Fomation. Altenratively,

the qu6rtzite gravel m8\Y be deriv.ed from a .quartzi te-rich part- of the Keep

Inlet Beds·.from which the chemical1y·uIlBtable rock fragments hav~ b~~,_.

lost. Whichever explanation is accepted, the conclusion seems inesc9pable

that..the·-Permian Keep Inlet Beds overlie the Border Creek Formation of tre

Weaber Range, and thus mark. the upper age limit.of the Border Creek Formation.

:Blue-grey- and red claystone overlain by.8 oonglomerate of ·quartzi te

cobbles in a sand rratrix are exposed tn·a road ~tting at locality 72,

9 miles·south of Bonaparte No.1 Well, an:! are identified as Border Creek

Fomatien.

The interval 60 to 638 feet in AOD Bonaparte flo.l Well (Le TIlanv,

1964)(Fig.47) consists of coarse-grained quartz sand and sandstone E-xoept

for micaceous silty shale frOm 250 to 295 feet. P.R.EVans (pers.comm,)

found Lower Permian spores in this shale. Between 295 am 390 feet, poarly

cemented sandstone contains '::0 per cent of coloured quartz grains end

lithic :fragments'. ·We identify tlle interval 60 to 638 feet as Keep Inlet

Beds on the .basis of the L~er Permian age of the shale, and thelithology

of Ii thic sandstone. The- kaolinittc sandstone beneath 390 feet may als 0

be interpreted as Border Creek Formation or Point Spring Sendstqne.

_ STRUC'!U HE

Noakes et .al. (1952) pointed· out that I the Bonaparte Gulf Basin as a

structural uni t probably-.extends 110rth-weeterly from the present coast line

to the edge of the continental shelf I I and this extrapolation has b E'en

confirmed by recent geophysical surveys. Noakes et ..sI. illustrated their

-
.-

j
I
~
l

poir~t by saying that the Bonaparte Gulf 'Basin is roughly comparable in size

to the Canning-Basin, with the difference,that the Bonnparte Gulf Baain is

l,argely SUbmerged. The present report ishmited to t.he soothern, landward

\)tn·t of the Bc.;napbrte Gulf Basin url i ~B outliers (Fig.63).· This part of

the h8_sin 5 in 'bJrn, is only.s small, but not insignificant, part of' the

originsl depositional basin. For brevity, and following established custom"

we refer to this area of Palaeozoic sedimentary rocke as the Bonaparte Gulf

~asin, bearing in mind that this is merely the southern landward part of

th e entire basin.

To reiterate. this imporhnt point: the ori.ginal Palaeozoic depositional

b~sin·in the Bonaparte ·Gulf area was disrupted by subsequent earth movements,
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!t.n;1~ at least near the southe~ margins, much of the origins'l basin removed

by erooion. In late geological time, the greater part of the preserved

basin was submerged, leaving only a small part on land. It is this emaIl ~~

preserved landward part of the original basin which ha's come to be called

the Bonaparte Gulf Ba8in~ and this report deals with the sQlthern part of ~.

this outcrop. The outliers of .the Ragged ~nee, Dillon Spring, and Mount

Rob, pert of the original depositional basin, are nO"!. detached from the

Bonaparte Gulf BaBin 3P.nEIU stricto, 1Ihose limits are shown in Fi@Jre 64.

The BOM.part~ Gulf Basin lies discordantiy on the Precambrian Kimberley

Blo('k, and is boonded on the east by the Precambrian Halls CreEk MobHe

Zone (Traves, 1955, fig.33:A). The geology of the Kimberley Block, part

of which the Bonaparte Gulf Baain discordantly overlies, i.9 now being studied

by geologists of the Bureau an9' W.A.Geological Survey, aoo'disQlssion of the

rt=gional· structural setting is d~ferred until this worle is completed.

Major s.'truoturb.l subdinsions

The chief structural elements of th~ BOIlliparte Gulf Basin are faults,

probably normal faults, along wrich the uajor earth IOOvements have been

effected. The sou:t.hern _parts qf 'Qle pasin am the outliers· are b01hded,..
ey,"",aui".s.,.",a'Sd:f. oth.er parls :>f· tp.e_ baa in, in partioular the Pretlove Hills

:2'-
and the area. northward, are strike-faulted. Folds··are rare.·, A 22... mile

10"8 i!'lller, of Preoamb.ria.n rocks in the Pincombe Range; the-Pincoube

Irllier, divides the Bonaparte quif Basin into two areas which Traves

(1955, p.9) called the Carlton Basin in the west and:, .f6rl:owing-Math"e~on

& Teichert (194S,·pl'75), the Burt Range Basin in the east. W~ S;;;;pd the

tern'Burt Range Basin to the Burt R{t.nge Syncline, and the tem Carlton

Basin is replaced by sdvera1 9 more. !3p€'cific, tenns ..

The ~rt Range Synclin.; (Fig.65) is a broad· asymmetrical syncli~e

with a northerly axis which al'li!os t co~ncides' wttll' toe ~'sf8t~ii1er;

the syncli,ne e:dalds··northward from Cockatoo Spring to a line joining

Sorby Bills and Alpha Hill, .is boomed on the east by the r.ockatoo Fault

System, on the aouth~west by the IVAnhoe Fault, El'tld on the'north-west by

the Plncombe Inliero The pitch is probs_bly horizontal throoghout except

in the area· south of the Central furt Range where it pitches northward

ftuQI 10 to 20·degrees. The ~urt ~R8nge Syncline is diati-fl8Uished fran a

homocline only by the reversal. of dip, probably due to drag,~along the

ea'st-boundirig Cockatoo. Faul t System. The easternmos t..part of: the syncline
I' "

is the Amphitheatre A(~c~ine, whipp is boumed by faults o~; ~e Cockatoo.

Syatem, a~· ~ntain8._~.Jestimated·6;000 feet of Upper Devonian em Lower

Carboniferous sediments, the youngest of which is the Enga Sandstone.

The northern part of ~he syncline(i~poarly known due to scapty outcrop

on the western limb .. 'According td.6ur interpretation (Fig .. 66) , which is

. confhmed by seismic &u:L4ey-s (Bigg...Wither, 1963, Pl.2.?),. t!,lp syncline is

bounded on the. east by theCockatoo 'Fa~lt Syat~, ~ its eas;e~·'·~£"-j.s
. - - ... ..

repl:escnted by the faulted Spirit .Hill Anticline, whlch co!responds with

H Troves' Figure 33 IU';lf'lt now be .amended to show a broader expanse of

'Middle Palaeozoic! (Upper Devonian am Lower Carboniferous) aedimerrts,

bOUJ'ded on the east by the Halls Creek· Mobile Zone ..
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the Amphitheatre Anticline to th.e south. Other secondary stroctuI'es

distinguished within the Burt Range Syncline are the Mo~.,· Cecil Dome·

e.h.d the Valentine Faulted Outli,er.

The Mount Cecil Dome (see also Fig.S) is morphologically a dissected

dome with a surface of silicH'1ed sanqstone of the Cecil Member of th~-l

Cockatoo Fonnation, ani a core of Abney Member. The Val enti fie Faulted

Outlier, named after the nearby. Valentine Creek, contains fossiliferous

Cambrian dolomite, and barren q~rtz sandstone, part of, it identified

as the Cockatoo Formation. The Outlier is ·brooded on the west by the

Ivanhoe FauLt, and presucrably..rests on Precambrian rocks to the east.

The Spirit Hill Anticline 1s a faulted anticline; it is described on

p. 75•.

The Carl-ton Range Fault (Mat~e8on & Teichert, 1948,. p.82·" 83, Fig.lO)

is a north-trending vertical fault along ?ihich Kellya Knob Member, is

juxtaposed against Antrim Plateau VolcaniC$ on the west.

The NiBli Gap Platform is a sheet, 1,000 feet thick, Qf:Cambrian

Antrim Plateau Volcanics and Devonian Cockatoo Fonnation (Ragged Range

and Kell.ys Knob Members). that lies between the Burt Range Syncline on

the west and the Halls Creek Mobile Zone on the east •. Secondary

structures withi;n the platf0:tm axe the Nigli Gap Syncline, Bucket Spring

Syncline, and Policeman Anticline •.

The NigH Gap Syncline is a south-pitchil\S' syncline south of Nigli

Gap; lit .is 'faulted, and is bounded by faults. The Policeman Anticline

Hes south-south-west of Policeman Waterhole, and is also faulted and

bounded by faults. The Ragged Range Member is ·probably exposed in the

core in the !30uth, and Kellya Knob Member. ,elsewhere. 1>i.ps a:re very low.

The Bucket Spring Syncline pi tcl'jes north..north-eastw~, a;nd except for

its southern part ·is known from air-photo interpretation, only.

Our m'pping shows .that the I~anhoe Grabe~, first described by
. "

,Matheson & Teichert (1948, p.78, pl.ll)~ lTl'ly be extended north-north-

eastward from the Ord River.. to the track from Carlton to Point Spring,

end:is paralleled on_Jts- western side.-by a horst, the Tarrara:.Horst.

As a"lown in.Figure 16, the soutqern part of the Ivanhoe Graben is

boumed by covered infen-ed faults each with an inferred throw exceeding

3,000 feet. The trends. of these faults are not .known excep-t··that they

lie within the north..east quadr~t. Northward, the eastern' edge of

the graben is marked by the Pincombe Inlier, and the western"edge by a

fault which lies 1 mile east. of Tarrars Bar. '!'he faulted Ningbing

Limest0ne of the Jeremiah Hills and to the east is incl:ud:ed in the

Ivanhoe Grab"en because of its hi~h stratigraphical position compared

with strata on either. side and because the min faults.;through it trend

north-north-east. The outcropping Catnllrian ClaIk Sandstone (Fig.l9)

wi thin this area of . limestone .is probaply a .. harat.

The ·PretlOve "H.:miocline inclpdes the exposed. Cambrian, Ordovician,

end Devonian rocks' of the Pretlove Hills and the exposed_Dev0nian.

. sediments of the Hargreaves Hills, all of which dip lq to 30 degrees

·north-eastward. Figure 3 of ~aulback &_ Veevers (1967)"..is .... a crass­

sectipn through the Pretlove Hills, and part of Figure'67 shows 8.

cross-section of the Hargreav'es Hills. The homocline is stri·ke-faul ted;
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the Pretlove Hilla consist of blocks faultecli":povm toward the

aouth-west a.nd. horste; the Hargreaves Hills are a sequence of

blocks uniformly faulted down towards ,the west-south-west, in an

appoal te di recti. on to. the dip_

The Onslow PJatform conaia ts of exposed low-dipping Cambrian ,rocks,

with 8 single graben of Cockatoq FOImstion (Kaulback &Veevera, 1967).

The Platfol1ll is cut by a. fault 'l!tJich trends northwaro to Bald Hill.•

A aouth,-east trending branch of this raul t marks the eastern edge of

the Onslow PlatfollD,and continU~a south-eastward to join the main fault

in the-Pretlove.Hills.

The outcrop of the Ningbing Horst.coincides with the Ningbing Range.,
The bounding faults of the horst. are cflvered except at the south...west

tip of. the .Ningbing 'Range, .and are inferred from atratigraphi'cal

relationships, at .the margins •.Tpe outcropping Ningbing Limestone is

crossed by S!II,all-throw faults a!,!d is broadly folded into' basins and

domes (Fig.26).

The Elephant Faulted Platform, named after Elephant Hill,: is poorly

exposed ... Faults are apparently the dominant structural element, and.

along faults in the Leichhardt .Spring andBald Rill·areas·the'·Cockatoo

'Formation is brought against C8llIlJrian Skewthorpe Fo:rm8tion "and Clark

Sandstone. At, .Westwood Creek, ~ faulted anticline (Fig ..22) of' the

Cockatoo_Formation.·pitches north-westward.. In the Shakesp,eare Hill
I

areay faultsl cut the. Cockatoo Formation into numerous blocks.

'I'he ·Tanmurr&.,Faul t Block of the. n9rth-west Weaber. Range is bwnded

by the' fault, along ·the eastern edge.of .the:.Ningbing Hors.t'_aJ'dy,by a ,__

subsurface-fault revealed by seisqJic .Sl1rveY's (Petty. Geophysical, 1964).

The Moog~roQS& ri'£preaaion is bounded on.the W~Bt by ·this~subBUrf8ce

fault'a,ni ,on:.the south-east by tpe LegLine Faulted Platform. ·.As shown
'.,

by the B(;.'naparte. No .. l \Ve11, the thickness of Upper Devonian-and Low'er
A. "

Carbonit~rouB sediments in the Depression is.. at least 10,000 feet.

The Le~ne Faulted Platform is a.north-west sloping platform

crossed..:bY nor.th.:trending faul te. According .to seianic surveys,. it

possibly contains 5,000 feet of, Palaeozoic sediments near the coast.

The offshare islets consist of strata that dip southward 1;0

south-westward ..

The HaRRell Range Faulted· Outlier is crossed, by the'I"vanhoe Fault

which'marks the eastern edge of .the .northem half of the Outlier and

th.e: western edge of the southell} hal f (Fig.14 of Kaulback & Veevers,

1967).

The Dillon Spring Faulted Outlier_is.a well:..exp08ed .. half-basin af

C~:brian ,volcs·nics 'aOl sedi~ents and Cockatoo Fonnation bounded. on the. ..
east by an unnamed, fault. A· similar sm,aller_structure 4 miles east of

the Dillon Outlier is truncated by the Ivanhoe Fault •

.•.

•

. . i
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'ilABLE 1

PIDNEOOZOIC STRUCTURAL HISTORY

Age
Legune
Faulted
Platform

Moogarooga
Depression

Tanmurra
Fault
Block

Ningbing
Horst

Elephant
Faulted
Platform

Onslow
Platform

Pretlove
Homocline

Tarrara Ivanhoe
Horst Graben

Pincombe
Inlier

Burt Nigli
Range Gap
Syncline Platform

Gap Pt.
Graben,
Faulted
Outliers
of Mt.
Rob and
Dillon
Spring

Ragged
Range
Faulted
Outlier

Quaternary uplift and erosion. Qua t ern a r y eustatic s e a-I eve 1 changes

Miocene ? SUBSIDENCE

Tertiary

Cretaceous

Jurassic

Triassic

Upper Permi~

Lower Permian

Upper Carboniferous

Namurian

late

Visean mid

Faulting

Subsidence

Uplift ani
erosion

Sub­
sidence

OfSUb­

sidence

Subsidence

Faulting

Sub­
sidence

plift and
erosion

early

Middle
Devonian to
Middle
Ordovician

Subsidence
Iftlilltlq and subsid ce

Sub­
sidence·
wi th inte
mi ttent
faul ting

----.... and uplif

Til ting,
faulting,uplift

Subsidence

Uplift and
erosion

EROSIONAND

Uplift
and
erosion

UPL 1FT

Subsidence

Faulting &
subeidence

late
Sub-
sidence

Fresnian

Lower ,
D:rd ovi cian
Upper

~S uCambrian b s i d e n c e ?$ubsidence Sub-
Middle sidence
Cambrian at Gap

Point

Sub-
r>.~tib-
-'sidence

SUB S I D E N C E sidence

Lower-Late - - -- - -
e r 0 s i o n Sub-Cambrian - sidence

fe t

Early - u~~p_=.l_=.i_;!;.f~t__~a_n~d~__!:.e....!:r~o_s~l!.o-.£02!:n~ _

f b It d d ioX ruslon 0 asa an epoe tion 0 a.s80ciated sediments
epi-
Proterozoic Land LAN D L AND

0

1!0TE: The blank parts of the t able are those for which no releva.n;t, information is available.
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Upper Permian: faulting

Miocene: poeei bly '8ubsidenc,

Post-Miocme: uplift ani erciji'on
'.

The chief of these "events are:

a)

b)

c)

d)

.)
r)

g)

i~
the late;U.ower or early ltfiddle Csnbrian subsidence that preceded, ,

Cambrian uartne depoei tiqll.

Mid~le Ordovician to Mid11e Devonian uplift and erosion.

early Frasnian differential movements initiating Upper Devonian to

Lower· Carboniferous marine deposition.. I
early to middle Tournaisian faulting, uplift,' and e:r;oaion" most

intense in the south-western part of the basin •

N~urian uplif~ and erosion.

later" Upper. Carboniferous to Lower Permian: subsidence initiating

depos1 tion of Upper Carboniferous - Lower Triassic sequence.

Upper Permian: faulting

,

The firal episode or faulting is na1nrqll,y the one .hose age is

least precisely knOtm. It. probably immediately predates the Upper

Permian tiaconformity in the Port Keata area.

Sane of these ev~nts mare or' leas correspond in time with

allegedly widespread earth mqvements, such.as event (cX.with the

epi-Middle. Devonian Tabberabq~ran Orogeny: of eastern Australia.

According to, recent work, thEt Tabbef8.Waran Orogeny is possibly older

(epi-Lower Devonian) than hit~erto determin~d, so that event (c) would

be 'much youtiger.. tbati.the. Tabqera~aran Orogeny. However, a"glance at

T~ble.l shows that moot or.t~e even~s are limited to.a few areBS within

the .Bo~parte..Gulf Basin itself, and, a t-Iesst during the Hpper Devonian

and ·,Lower Carboniferous, epe.l'l,an almost continuous range' of time, so that,

with'. the. exception of' the initial. early Upper Devonian event, none of these

events C?&n be singled out as a lIBjor widespread earth movement.

Explanatory, notes _to Table I

These notes refer to. pointe not already covered'in the text •

. , ·The CEIllbrian and Ordoncian history is baaed, on information given. , . ...

in Kaulback '& Veevers.(1967), which should be cmeul ted f'or~details.

The possible subaidence in the Miocene refera to a wji.despread

marine transgression. at thia,_time, described by Lloyd (1967).

Van Andel & Veevers (19&7) outline the Quaternary, in pa,rti.cular

the Holocene, eustatic aea-Ievel changts in this area.

GElLOOrCAL HIS1IlRY·

, Hitherto .in this report, we have concentrated on descriptive geology,

and eschewed the genetic. T¥s-.is llecause further laboratory work remains

to be done to comple~e this p'roject; this should barel~ affect the

foregoine description of the field geology but the intezpretation of this

geology will we. hope be much improved. Accordingly, this chapter on

geological history. is preliminary, and some of the interpretations given

below will probably hav~ to be l'cvi.sed in the light of laboratory work.

"
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This revision, together with what we hope will be a deeper ~81yeis

of the determining fa,ctors of the geo1ogioal.hietory or the BonepAl'te.

Gulf Basin, will appear in our oonoludi1'lB' bulletin .•.

Thb-account of the Upper Devonian end Carboniferous geolog1c&l

hietal')' of the. southern part of the Bonaparte Gulf Basin 18 presmted in

a series of resiol'l81 reconstroctions accompanied by. a brief cOD1lJlentary.

A reconstruction of·the solid geol08Y of the area immediately before

the depoet,tion of the. Cookatoo Formation 1~ shown in Figure 68•. In broad

t·erms, .this eurfaoe consisted of Preoambrian rooks on tm east and. Bouth..

east, And ~passed throuBh Lower. C8IDbrian 'volcanios ani sediments to Upper

Cambrian snd LOIt'sr Ordovioian sediments in the north-west •. ·Except i"n a

Y;~!J ·plaoes, the .Cambrian and Ordovioian sediments were sub-horizontal.

Beoause th~ thickness of the Cambriap ani Ordovioian. sedimenta:ry sequenoe

exceeds 4,000 feet, structure dominated over morphology in dete:mtining

this distribution. Whether the regional s~ructure was a homoo1ins witJ:1 19"

west dip,' or· a··fault.etructure, ar l! combination of both, is not known.

A marine invaeion accompanied the. ~arth movements whioh &treotsd the

area in. the· early Upper Devonian.. (Fig·.69). ConglOlllllre,te and. red .•endeton.

were deposited at the foot of high ground ttat, t1Brked the eastem,·trBrgin

of the basin,' and_at the foot of the southern si4e of the Pinoombe Inlier.
. .

The c01'l81omerate passed bas1""std iq.to white. sandstone, whioh, in', turn,

p08sib1y passed laterally i.nto datk siltstone and shale. A'low ehc.re--

fine in the.narth..... estem part of th~ area is postulated to aocount for

the deposits ·of ·thiok sandstone .(Kel1ys Knob Sandetm8 Member.) 1n.;th1s.

part. of. the basin. The· land .to the wsst' shed Bsnd and probably,.alao mud

but n9 gravel •. The exaot position of the postulated shore-1ine.!s unknown•.
. the best e·stlmated poelt1on 1s shown in Figure 69 •. The sQ1themoontinu ation

of the pos.tulated .ehore-Une is a18~ unlaiown•. The basal sandstone of- the

Cockatoo F011ll8t1on in ths. outliers of Gap Point and Dillon Spring.1s 010s9

enough 'to'the eastern marsf,n of the basin to have.oome.~1BinaH.y~from

this", s1de 80 that'the shore-line my have lain a oonsiderable distenos

westward. . , .

. Islands were dotted along the :qorth~ast cosst-line. 'J'he Pinaombe.

hl1er weo·a emoll ielend with.a higj! eout~ ooeat (ae ehOWli in Fisure 69)

or with: south-flowlnB dralnage~.. COJlSlomerate was depoe! ted: a1ongl: the

southern share, ,and quartz san1ston~ to 'the north and. north-easti

'DIe .postulated.deposition of dark shale and siltstone in tbs'oentre

of the basin ant1c1:patsd FElDerman apd Lower Carboniferous depositional
"s.atterns.• '

A waning aupply of ooarse 98n~ later in the Fra.aniBn (Fig.70) waEl

accompanied by,the spread of caloareous deposits over the area previously

covered by sand -so ttwLt coarse terrige1O'\1·s:.detritus waa deposited.a1ong

only the eastem shore. The postulated weatem shore intermittently

yielded sand, and, 1.n a period of a~ated sand 4~P81ttonf inoipient reets

were depoei ted. at least in the Westw.ocd Creek area•. We poa-tulatet

continued deposi tion of shale ElM s1,:!-tstone in the cetltre ot the basin.

Following th1e phaee of depoeition, the ourrounding land wae .uplifted

snd a thick.layer of eend (Cecil Sandetone Meai>e1') wee depOsited over

the area except in the central part where postulated shale and siltstons

.-

•
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were deposited.

A second phase of carbonate deposition took place duril18 the Fsnennian

(Fig.n), probably du e in part to the reduced supply of terrigenous detri tUB.

Sediments were deposited in four belts: dark siltstone and shale

(Bonaparte Beds). were deposited in the central part of the basin; a

carbonate reef complex (Ninebing'Limestone) was deposited on the 'western

side of .the basin and possibly a1ao on the eastern side; sandy ani silty

limestone (Buttons .Beds) was deposited _on the landward side of the reef;

and a.\belt of postulated quartz sandstone was deposi ted" alol"@: the shore.

At least in 'one place - the nort}'l-east tip of the emergent Pincombe Inlier

the futtons .Beds were .deposited along the shore.

Late. in the Devonian or early in the Carboniferous the aastaIn and

southern parts of the basin were uplifted arp.eroded, and tlE~Bea w1.thdr~

to no·rth of. ,the emereent Pincomqe Inlier (Fie. 72.). The fault shown in

Fieure 72 BU'ge"ests that the r·ocks have been .stepped upwards. towards the

esst; ·it WAS postulated becBUse the Burt~Range Formation overlies Buttons

Beds to the. west. of the f aul t line and Cockatoo Formation to the east am

hortheas~ of- the Ifne; strata in these areas were flat lyil18.

Despite the migration of the shoreline, the reef complex.:appears to

have continued growing along the ,western. margin. No limestone of this

aee (Femermian to VI) is known south·of .Ningbing and the reefs shown near

the Pincombe. Inlier-are only postulated. Fore-reef limestone probably

Pissed eaetwaroa into dark slBle and siltstone.

In the lower Tournaieian tile .sea retumed to the easteIn7and swthern

parte' of the basin; apparently covering the Pincombe Inlier'.-as .well as the. .

eroded Buttons. Bede' and CockatOCf Fo:npation (Fie. 73). '. The basa+ lower

T~ei8l1 ·rocks are free of. allY "debris incorporated from the sandier

Devonian rocks, "hich wggests.ttmt the sea moved. rapid'ly into the area.

~Our knowTedee-of depositioq in the lower Tournaisian'is-·mainly

confined to <the southern and ea~~eIn parts of the .basin. Marine samstone,

depoe! ted' cl08e to the .ahore, paased seawards into calcareous :sandstone

which in tuIn passed .into calcarenite (all Burt Range Farmation} and finally

into shale in the cen,tral.part .of ,the ~asin. An.,eJ;ception t02this eeneral

statement, ,is··the lower Tournaisian· sandatone in the Sorby Hilts, at the tip

of .the Pincomb'e Range. 'This sand could have been derived from the Pincombe

In~ier, .but we maintain,:becaus8 calcarenite in .the Burt Range is close to

the Pincombe .Inlier,.. that it 'is more likely. to have come from the eastern

edge of the basin near Spirit Hill. At this time at Spirit Hill-there

were .at least two periods of er08ion followed. by· the depos! tion of quartz

. sandstone containing scattered pebbles and boulders. The. lower Tournaisian

shore intemittently crossed the $pili t Hill.area but .is not mown in

Fieure 73. It was probably only a ahort distance from the marine sands

because" as mentioned above, some of these contain ooarse clastic rna terial •

Reef limestone grew near the we'stern nargin of the .basin near

NiJ'l6bing and probably extended. northwards along the tren:i of the Famennian

reefs. There .is no evidence of other rocks of this aee in the western'.

part of the basin and eo we postulate back-reef am fore-reef limestone,

with the back-reef presumably passing into calcareous sandstone and
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sl:lJ1dstone'towards the shereo The fore-reef limestone probably passed

laterally into dark shale and siltstone towards the.centre of the basin.

In the middle Tournaisian (Cu+lot or upper Burt Range time) the

wes·tern part of the basin was profoundly faulted, tllt~d am uplifted
'.

(Fig.74) •.Rapid erosion of the Precambrian, Cambrian, Ordovician and

Devonian rocks (mainly sandstone~ with some dolomdote and basic volcanics)

supplied.a vast quanti ty of d etritue which, we postula~e,was depoei ted

at,·the mouth.of the. ancient "Waggen Creek Valley, sooth ·of:,Ningbing. The

valll?Y OO8,y have- been_ a gap in the reefs, as early as the Devonian or may

have been formed by the erosion-.in the middle Tournalsian'. A barrier
~. .".

fanned by the reef complex ~o the .north probably prevented detritus from

reaching the coast, and ca.u~ed most of· it to be fU,nnell.'ed'ithrcugh the

Waggon Creek Valleyo The qa.lcareous sand and calc~renite 'facies' shown

al~ng the western 'side of t9~ basip (Figo74) are conjectural. They are

thought to pass laterally into. dark shaleo
" ,

'!he' faulting am uplift 'of tl1e western side of the basin may be

reflectec by the possible dipmeter unconformity between,~,472 and 7,5~O

feet ',in,·the 'shale in Bonaparte No.1 Well. ', .. '.' j

There wae unint.errupteq depos~tioD in the Burt· Range 'area~ but

movement on faults .or..upwarping to the eas1; and-northeast"-caused uplift

and;eroeion-, particularly at Spiz:i~ Hill and at:the 'tlo,arthern end of the

Burt .Range Amphitheatre'•. T1'}e shore wa.s thUs west of these...localit1ee

(.~ig.74.)f· . the position of' tJ'1e shore on the southwe'stern"margin of"'the

basi n is· conjectural_.

~ '. SIightt"y lat~r in the middle Tournaisian (basal Enga. .. time) ·the area
- . . i •

·between ·the .Burt Range Amphitheatre am. .Spirit ~Hill and "probably.:th~ whole

eas1!ern :mar·jp.n of the basin sank beneath.. the sea and, the 'various f~cies ­

sand',' calc&reni te -and -sandy limestone, 8ll:d shal e-"shifted· :short. distances

towards..the. eas.t and .south (fig.75) •..The sand became coarser towa~s the

shore··and ~t one· locality iJijijledia.tely nar~h. of the Keep 'River contains

quartZite .boulpers. Carbonate was less import.ant than .earlier .in the

Tournai.sian, as reflec1;ed by the narrOO'er band of sandy -limestone and

calcarenite. The 1"¢Cks pSl:j6ed .ba~1nwa:rds into marl and:s hal 8, such as

those -at locality 102/4 on tpe northern end of :lhga Ridge'; which are
d

postulated: a6 being continuQ~s witr the dark shale in the'-'ceptral part

of the basin. ,.~

At Waggon Creek the sea lapped on to cliffs of.. d.,IOlilite and sand­

stone (Cockatoo Formation) and deposited a dolomite'·,breccia. This marks

a firm ,P9t'nt on the western shore, vmich we· continue northwards along .

the eastern margin of the Famennia~ and lower Tou~isian.'reef. complex.

We' have no' }cnQwledge of the sediments depoe! ted -along this shore.

. Sed1mentat[on cont1nueq in the Burt Range a,rea and"along the

Bouthe·astern margin.of .the. qasin uptil. the lat~. Tou-rnaisian or· early

Visean, With .. the deposition of.alternating Band and'calcarenite (i.e.

the/remainder of _the lmga Sapdetonef.the Septimus Li~estone and the

Zimmermann. Sandstone). Deposition of the different rock types was

probably controlled by the availabili ty of sediment.

.-

,-
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Early in the Visean the southern and eastern part of the basin, in

p:t.rticular the area around Spirit Hill, anerged and WB,S eroded. We do, ,

not know whether the Burt Range area was land, but it seems likely that

it 'NBS not €,rojed to the same extent as the Spirit Hill area. which was

stripped of the Septimus Limestone and most of the Enga Sandstone

(Fig.GO). We have no knowledge of lower ViseAn rocks except for the dark

shale deposited in the centre of the basin.

In the middle tHld upper Visean the ses spread· across the Spirit Hill

area "Brit!" also re.... entered the Waggon Creek Valley (Fig.76). Dark shale with

minor sandstone and conglanerate (Milligans Beds) were deposited between

Ml11igans Hills and Spirit Hill. Shale from Spirit Hill No.1 Well contains a

high percentage of the rmineral kaolinite which suggests tlat the shale was

depoaited close .to the margin of the basin (Loughn8'l, Appendix 1)._ This

shale has thus been termed nearshore shale (Fig. 76,>~' J.oughnan has not

examire d shale from Waggon Creek Valley but because "i t was..deposited c1 ose

to the margin of. the basin it too is classed as nearshore shale•.',..

The dark shale in Bonaparte No .. l and No.2 Wells (Bomparte Beds)'

contains a 'higher percen·tage of t he mineral illite and, according'to

Loughnan (Appendix 1), was depoei ted away from the influence of land; it

is temed an offshore shale (Fig~76).

It is not known whether the nearshore and. offshore shales belong to

a single shale body or whether the onshore shales accumulated "is separat.l?

bodies in a restricted envilOnment. The interpretation in Figure 60 is that

they belong to· a single body and that'the o~8hore shales are merely tongues

projecting from the· central mass.

Because the nearshore.. shales are close to the ooastline i.t seems likely

that the widespread distribution of 8~ale resulted from the. absence of coarse

detti tus from the: deeply eroded source area, rather than from a ,widespread

marine transgression in which the shqreline would have moved'·landward many

tens of miles ..

In the northwestern part'of the .pasin calcarenite CUtting Calcarenite)

accumUlated on· a shallow platform close to the shore. Some bed.s_ in the

calca.re~te·contain COBrse sand and conglomerate pebbles which must have

been derived from- the .lard area ·to tl1s west. The calcarenite is thought to

pass basinwa:rds into daIk shale. ,.

In the uppe.r Visean the:.sea regressed and coarse alluvial sand was

d~posited in a wide belt running parallel with the western and. southwestern

shores. With the· return of the sea a short time afterwards these coarse

sands were.rewoIked end incorporated into beach deposits (Burvill Beds).

Sea level, probably !)uctuated duriry5, this time .Rnd Figure 77 givesr:an.

indication of the mrrowest and widest extent of the sea•.As·tOO,·sea

moved into: the Waggon Creek Valley. it incorporated the .alluVial sediments

into a basal pebbly sandstone, .which was consolidated as beach roc'k, and

then attacked the' nearby cliffs of dolomite and sandstone (Cockatoo Formation).

The sandstone was friable and easily eroded, leaving exposed cliffs ari!.

stacks of dolomite. These were undsmined, collapsed into a jumbled mass

of blocks, ani were mixed with boulders of quartzite end coarse sand brought

down and dumped in the piedmontvalleys 'along the hilla surlOunding the
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valley •.. These deposits (Waggon Creek Breccia) are described in detail

by Veevers-and Roberts (1967)~

The movement of the sea into th~ Waggon Creek Valley was probably

caused by 3ubsidence in that aree rather than by a widespread marine

i,re.nagressioTH There does not seem to have been a rise in sea level

tbroug,out the basin, and from the nature of the sediments in BOl'ELparte

No.1 and No.2 Wells tt'!ilomite an<..d·"lomitic lEiimdstone) it seans likely

·that there. "'NaS actually a re;gres:'don of facies so that,'·f(l1· the first' time

in the -Devonian and CarboniferoUB 9 ,the dark ahal e in the· centre of the

basin w&s covered by rocks ct.ara,ctexising the marginal deposits. We aasume

tha't th~ dark ahaie movea further put into the basin.

In the latest Visean or ea,rliest Namurian the souree'area provIded a

supply of. quartz sand (Point Rpring Sandstone) which was'deposited in

more or· less ,t·he eeme areas a5 the upper VIsean calcareous gr-i t and breccia.

'l'he sandstone .appears to bee. regressive depoei t and corlt·fj,ina marine beda

as vlell El$ coarae9 crose-bedded barrm beds wh1oh-oould be non-marine.

-Betweom the early Nemur-lan an9 the Upper Carbonif'erous the basin was

uplifted and eroded. The deepest erosion-was in· the- south 1 particularly in

the Burt Rfmge (Fig.55) Whicp suggents that the uplift was caused by

upwaJ.'.pi1'l8 ot' upfaulting in tpe south. Thel:Je or later movements also

rejuvenat~d the source area and cGarse clastic sediments accumub.tcd in

alluvia} .. depoait6 (Boreel' Creek Formation) across a l~rge;part ·of the basin

(Fig.78). These rocks were late!' overlain by Pennian gls'cial deposits

(Keep Inlenleds).

'rhe Lower. CarboniferOus depoe! tional ·provi nees. at ·least the marginal

and inner provinces 9 are not ao clear cat as those of the'Upper llevonian •.

'£he. outer province is still clearly distinguished by depo~ts·oB.daxk

siltstone end shale but the marginal and middle provinces'ioverlap each.

other and, where distinguishable, the marginal province·.. ;:!.? very nar.row.
'.' -"--.- ,. .

In describing the Carbopiferous depositi9nal.hiBtory~we·therefore

r~fer to areas rather than ·to ·.deposi.t1.onal p~vince8 (Fig.6l}. The

area~ ~re the Keep River area.extending from the southern~part of the

Burt Renge to_ Spirit Hill; the Central area a,round· the ..l;lonaparte No.1·

am No.2- Wells which ·corresponds to the Upper 'Devonian 'outer-,province;

and ·the ·9.1rprise Valley area extending from Utting Gap·to Ni~b,ing

Station Elnd into the 'Waggon Cree~ Valley. . '';

The. 8 tratigraphic relationships between theCarboniferous .fonnations

are shown in Figure 6l g a ,diagrammatic cross section extending·north­

westwards across the Keep River. area into the Central area. and then

turning'southwee"twards into the' Su+priee Valley area. The time

relationships of the fozmations (i.e. correlation with the Carboniferous

goniati te-z·On'es of Germany) u'e Ghown in Figure 32 .." ,Detailed reIa tion­

Bbt:ps"'~etW'e·en;;.individualsections in the 'Burt Range Fonnation ere shown

in Figure 35 9 between. the fq1'f!latio~s in the Central' ·Burt,'Range in

Figure·42, and .the_Barde.r CreEk dis conformity in Figure·.55.

The diagrammatic section (Fig.6l) ~ows that the Lower Carboniferous

fOlUiations are sandy or conglomeratic near the margine of the basin,

calcareous or finer grained away from t,he margin, arrl interfifJ8er witho.

o·

."
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dark shaie or siltstone in the Central area, which is analogoutl with

the changes in the Upper Devonian fort!B tione. The Carboniferous forms.ti ons,

however, have a much narrower outcrop am. are intrinsically more variable

than the Upper Devonian formations or members. The variation wi thin tbe

fonretions follows Welther1a Rule - that facies vary in analogous manner

both horizontally and vertically.

DurinB- the ToumaisiaD, alt ems. ting limestones and s811dstones were

deposited in the Keep River area. Ttie limestones became sanifier'aiiti-the

sandstones coarseJ:" grained or conglomeratic towaros the margin of .the

basin ana hence the alternation between limestone and sandstone can be

interpreted as e, ,lateral shift ,of .fa.c1.~s... ._. The ,Burt Range lf9:rma.tion pasRege·
. ." '.. '~ .··~i·.·.· .. ~ .. ~ ';:'-:.. ~. ~."__ .-"'.,;.-._ ..... :..,;..", .... ~~"':'.R_ •.•.:...', .•. , .. ;1;1~··:~·";

. f~~~~~!ls1;~~.a::~~~?B::~i te ..t.? .~~.~~~:~f~~~~::~~=~~£~ ..~6}>l~ (~n~·_~'7.' .. "';.~.':: ~
part). to a'pure .qu·artz sandstone nesrthe eastern margin of' the basin.

Boulders of' Precambrian quartzite and c08rse-grained'sSndstone are present

i'n the eElSternmost outcrops of' the »tga Sandstone, and the sandstone

becomes finer grained away from the t!!Brgin; caroonates in the base of the

Enga Sandstone become shaley towards the central area. The Septimus

Limestone parallels the furt Range Fqrma ti on am is sandier 'in ·the, ea,st,•.

Less is known of Tournaisian rocks in ~he ~prlse Valley a rea. The

~ldest Carbonif.ercus _rocks are the_lower to middle Touxnsisian reef

limestones at locality 7/1 near Ningqing which ·are iridistinguishable from

the surrounding Upper Devonian . reef liJ!'le-stone am appear to be an integral

part of the Ningbing Limestone. Reef· growth may have continued '-fl"om the·

Devonian into the .Carboniferous, or there .was a hiattls between the·:Devonian

••

·.
•I..

"

~d Carboniferous. and reef growth was

middle Tournaisian (Fig.30).

re-establiahed in the·lower·t'.1

..•. '. ':

In the- middle Tournaisian, after the f81lting, tif-ting and erosion of

the Precambrian, Cambrian ~ Ordovician fllld Devonian rocks in the hetlove,

Hargreaves· and Onslow Hills, the sea lOOVed :fnt.o. the Waggon Creek.. Valley

and deposited·a dolomite· breccia at locality ZlOj6 which is equivalent to

the l·ower part of .the. ~a Sandstone.

In the·' Keep River area there was a break in sedimentation during the

lower Visean·~ foUowed in the middle to upper Visean by the depoai tion

of the Milligans Beds•. '!be dark shale and siltstone.of..the Milligans

Beds were deposi t'ed either as.a resu.l t of an extensive marine t ranagression

or were deposited· in a restricted basin because the Boorce areas .had been

deepl~ eroded and were not supplyif18 coarse detritus. Support for'the

latter theory .is· provided by (a) the underlying.. fine to medium.grained

Zimmermann .Sandstone which be,comes silty towards .~he,top, indicating a·

lowering of'·the source area; and.. (b) the .high kaolinite and relatively

low illite :content in the Milliga.n9 Beds 1Ihich Loughnan (AppendiX :1)

believes to indicate p~rimity to the margin olthe basin.
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In the upper Visean the,Millig~ ~ed6 are succeeded by the Burvill

Beds, a widespread.gritty limestone Wp1ch probably accumulated on a

beach. Around Point Spring tbe Burvill Beds are cUbo;nate rich, and

they become.increasingly rich in shale towards the Central area. The

rising sea cut into cliffs of colamite and. sandstone on the southern

margin of Waggon Creek Valley and deposited a coarse, reworked'bQsa~

sandstone and.an extremely coarse dolomite brec~a (Waggon Creek Breccia).

In the uppermost Visean· or lower Namuz;.an th~ Burvi11 Beds· are

succeeded by· the-Point Spring Sa~dstone. Both of these formations may

be equivalent to.the dolomitic Tanmurra Formation, in the subsurface of

-
-•

the Centrai area.' .i. '

Following., the depoei ticn of the POin\ Spring Sandstone the greater

part of the_b~sin'~as uplifted ~d extensively eroded~ I~ the Upper,

Carboniferous, further uplift, of' tl'!e source ax:eas" presu!JIably. around' the

basin margins, resulted in the deposition of fluviatile cOn8~omeratee"

sandstone and siltstone of the Bo~er Creek'Formation.

Geom0p?hololtY

by J.Hays

In..a stUdy of mature erosion surfaces in the northern part of, the

No!thern Terti tor;y.,. Hays. (in pr.ess). qaa i~enfitied. the .Aahburton, Tennant

Creek, Wave Hill, and Koolpinyah surfaces,.eaoh,8ssociated with majo~ or

minor ;eriodS ,of lateri tizatlon.. Tb~ p_re-Cretilceros' Ashb~rton.surface is

absent from the Bonaparte Gulf Basin and there.are ,only a few doubtful

examples of the late-Cretaceous to mid-Tertiary Tennant Creek eurface.

The (?)mid-TertiaTY..to.Recent Wave_Bill surface and the (?)late-Tertia~ .',".

to Recept Koolpinyah surface are bot~ well developed in the Boriap8r~e Gulf
- !-,

Basin.

Koolpinyah SUrface

The.Bonaparte Gulf Basin may be divided into two ..similar geo-':

morphblogical proVinces ~eparated .by the,jo;nt estuary of ths;Victoria­

Fitzmaurice. Rivers.

The northern province consists of most of the Western Plains of the

Katherine-Dar,vin area (Nokkes,l949) ~d 1s part of the tYP;srea of the

KoolpinyBh surface.

From Point Blaze south to the Pqrt Keats area the surface is one of

extremely low relief, broken by a fe~ residuals of older surfaces. It

is a complex multi cyclic SUrface~~eO~sistingof_remnapts.of W~ve.Hill

surface,- surfaces' of sedimentation and young erosional. .surfaces, which

show lo~al 'seological control." Exte~ive alluviation'above present base

level io_-drowned valleys ,poi~ts to' a former ri!3e in"· sea level, .perhaps

as a result of. Pleistocene eustatism (Christian and Stewar~ ,.1953).

This was followed by a recent fall--of. about 20 feet as indicated, by the

depth of incision of some of the streams on tbe plains, stranded'beach

ridges' (originally permanent berms), and emerged -beaches and s~randlines.

However, the full history of the plains is not known and as a few of the'

smaller streams are lost in swamps befpre reach~ng the sea,. it is probable

that several changes of' sea level, perhaps produced by local warping, are

.

f

"..>-.'"
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invalved.

Deposita of detrital laterite are abundant at several levels in

the area. Some" of the deposits rest upon the pal~id ZOne of a truncated

lateritic profile to simulate a complete standard lateritic profile of

ferruginous. laterite, mottled zone, and pallid zone.

Over most of the area the Koolpinyah surface extends from the coast

inland for about 40 miles, at he1gh~e ranging from sea level to about

100 feet.above sea level and with gradients from nil to"2 or 3 feet

per mile. It terminates against a scarp, between 200 to 500 feet high,:

which is, in some places, so extremely regular that it may be mistaken

for a fault scarp, and in other pl~ces is discontinuous'and irregular

because of-the extension of the surface up major valleys.

On a few coastal are~s, cliffs have been formed on!residusls of a

shallowly dissected Wave ~ill surface. These appear'to~be remnants of

broad gently undulating irregular. divides. between.·the Finniss, Daly"

Moyle, and Fitzmaurice ·Rivers.· Most of the residuals are so low that they

may be regarded as incorpofRted within.the Koolpinyab surface but higher

residuals ·occur in the north and south. The northern· part of the Bonaparte

Gulf Basin is almost completely separated from the Victoria-Fitzmaurice

estuary by a large.residual in the Port Keats-Pearce Point area.

Coalescing panplains along tributaries of the Moyle. and Fitzmaurice Rivers,, .

east of the residual, form the main link between the northern'and southern,
parts of the· basin •

. The southern part extends from the Victoria River ,to Cambridge Gulf
, .

and ·cOnsists .largely of alluvial plains and swamps', with subordinate

young··erosional surfaces, from which rise residuals of older surfaces.

The general range of heig}}t of these residuals above the plains is from

500· to 1000 feet. .~e plains and swamps range in bei~t from sea levd

to about 120 feet, 60 mile~ from the coa~t, and the·mean gradient is less

than 2 feet per mile.

The southern part differs from the northern in several respects

al thou"gh' the general history appears to have. been the same. 'The recent

alluviation was much more extensive in the south so that the surface

appears to be'much less c~plex~

of detrital laterite stand two or

Nevertheless, large :irregular "islands"

three feet above'" the level of the

alluvium, attesting the former existence of.detrital laterite piairis.

Detrital laterite occurs qeneath the alluvium in several areas.

Young erosional surfaces are represented_by.rock·pavements at

alluvium level an4 by bencpes.farmed'local geological control on the

sides of hills •. A few fla~ topped hills in accordance with benches on

adja6e~t hills are also attributed to local structural control and have

no !egional ·significance. . I

Wave Rill Surface ,~ ,

The Wave Hill surface has been traced without interruption ·from

·its tyPe area on 'Wave Hill Station north to Legune-Station.and along

the edge.of the northern province of the Bon8part~ Gulf Basin. It

'-extends into the basin 8S scattered residuals with accordant summita,

and dips generally to the east.·· Local variations have been produced
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by gentle northwest warping so that the Wave ~11 surface merges into

the Koolpinyah surface between the Daly River.and Port Keats area and

stands at least 100 feet above that surface. farther north and south.

Near Port Keats the Wave Hill surface is represented by a large pa~tly

dissected residual rising from. about 200 feet above sea level near Port

Keats to sboot ::300 feet near the Fi tzmaqrice River, and having an area

of about 300 square miles. _The.projectipn .of this residual south across

the Fitzmaurice ani Victoria Rivers is in accordance with Wave .Hill

~~rface residuals near Lagune Station at a height of between 500 and.

600 feet a~ove Bes level._ Deposits of detrital laterite are abundant on."

·the surface in the northe!T'l province. In many places these deposits; '.-
" ..

rest upon truncated lateritic prof~Ies and simulate complete profileB~
. ',' '1.

In·the southern part of the. Bonaparte Gulf Basin all the hignest

hills observed, with, the ·exception of House Root Hill, appeared to b'e in

accordance am to indicate the presence of an old mature land surface

1,000 feet above sea level in the south, tilted north or north~eastwards·

and so completely dissected that ohly s~attered residuals, Buch·as the

. Burt and Pincombe Ratl8es and Mt. Sept1mu~, remain •. Aerial. observation

indicated .that. this must be either the '"Wave HilLor Tennant Creek, Surface.

All the accordant summits except Mount Septimus were' capped by ferruginous

sandstone on Which a standard lateritic profile.would not necessarily be
. 'formed. Consequently t-he surface represented could not be identifi,~

although it appeared to be in accordance with the Wave Hill Surface'

identified on'"Legune S.tation. .'

Confirmation of thi~ was obtained ~t Moun~ Septimus which,. ',unlike

the other hills examined, ,was capped..by late~itized Bedimen~s and. .r
superficial deposits'. A capping of a few feet of white to buff' porcellanite

(?), iron stained ~n par~s, is overlain by d~trital laterite.which. consists

of fragments. of fe~ginous laterite and sp~e sandstone pebbles cemented

by iron oxides. ·The pcrcellanite is similar to that formed from CretaceouB

shale in the pallid zone of lateritization in the Darwin area and

represents a truncated. steniaI'd lateritic profile. The cover of detrital

laterite, whieh is leached in places near its base, combines with the

truncated profile to aimulate-8 complete. standard lateritic profile. :As

the flat top of Mount Septimus is in accordance with_the summits o~ the

surroo.nding-hills, ~hese must represeTl-t 8 surface younger than the Tennant

Creek surface; i.e•. the 'Wave Hill Surface.

Tennant Creek S~rface

The Bonaparte Gulf Basin appears to have been formed in an' area·~"

from which.most of the'Tennant Creek surface has been removed 'by·the

encroackdg Wa~e. Hill surface and very few traces have been found. A
, I

few residuals stand abo~t 300 feet or less above the. Wave Hill surface

in the northern province, particularly ·in the area ·south-east of .Port·

Keats. Some of these are~in accordance with remnants of the. Tennant

Creek surface east of the' Basin; the rest h~ve beeJ'l eroded below this

level~·.

,,

......

- I
~



•.

..

...

- 99 -

House Roof Hil.l.• 1265 feet above sea level, between Kununurra. and

Wyndham, standing 265 feet aboVe sea level, is the only Tennant Creek

surface residual identified in the southern province. other residuals

may be present but cannot be identified because of the lack of adequate

topo~A~htc nata and the absence of a standard lateritic profile •

mONOM:b: GIXJLOGY" --r,.,- -, -,

Petroleum Prospects

The only known occurrence of pett:01eum in the basin was found in'

AOD Bonaparte'No.2 Well. (Le Blanc, 1967b). From a .drill-stem test sf a

sandstone bed 'in the Bona.parte Beds (ipterval 4,716 to 4,726 feeth gas
- -

flowed at 8 maximum -rate of 1,540-,000 cubic feet per day. The gas consisted

mainly of methane, with B to 14 percent of higher hydrocarbons. Drill-stem

tests of other parts of.the well failed to yield hydrocarbons. The oh~y

indications of hydrocarbons in AOD Bonaparte No.1 Well were 'moderate

"kicka lt of gas with a high methane content.which were recorded on the 'gae

detector foll.QWing each trip within the interval 5,000 feet to 10,283 feet t

(Le Blanc, 1967a)~ These occurrences s~em.merely to show the low PO~3ity

am permeability·' of :this part of the sect.ion, (!11d so.illustrate···the chief

problem of oil prospecting in _the basin:' find1-ng high porosity and

permeability. In this sequence, the daminant shale is considered an

excellent. source and, also an excellent seal for the interbedded ·sandstone,s.,

which provide:potential reservoirs. The juxtaposition of the shale·and

pQrOUB samstone ·or ·limestone. by facies changes or by faulting s,t the edge

of the Moogarooga Depression makes this 8. favourable zone.,for the accumulation

of petroleum.'· If-a favourable structure could.be found·in the Tanmu.rra.Fault

Block (Fig. 57) , this would be·an attractive place to drill. The area around

Point Spring may also be prospective becau~e of the po~sibility of seal~

porous pinchouts against .. the Pincombe Inlier and reefe. Increased.::

permeability would -be expected in .the area 5 miles 8outh-e~et.of.Ningbing

Homestead where we believe.the main drainage .. in the Tournaieian flowed into

the Bea end dropped·large volumes of porous sand. Finally, if the reefs

of the Ningbing Limestone continue nortQward along the strike under a'suitable

cap or dip into the edge of the Moogarooga Depression, they would 'be

potential reservoirs.. '._;

Lateral facies·changes and fault structures are probably the chief

means whereby' petroleum has accumulated in the.. outcrop area; i ts . .,~

preservation there probably depends on the presence of an.erfective~Beal,

such as is provided by the Milligane Beds am perhaps also by pa~s of the

carbonate un!h.

Limestone

Particular beds in the Ningb1ng Limestone are pure, and provide a

large source of pure calcium carbonate.
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Metals

Pyrite is 8 common constituent of much of the shale in Bonaparte

Nos.l and 2 Wells end the Spirit Hill No.1 Well; in the percussion

holes near Milligana Lagoon, grains of fra~boidal pyrite or pyrito­

morphs have been found.by P.J.Jones (persocomm.). In the Burt Range

Syncline, am. in particular at Spirit Hill, the..c;Brbonates along many

faults are mineralized. According to Allen (1956), a sample of limestone

from Spirit Hill contains cerussite, psilomelane, and rhodochrosite.

.-

UndergrQund wate~ . .,
Probably ,because surface water is abundant in most parts of the

area, few -bores have been drilled' for wate+" and the Ii ttle information

on this subject comes from seismic shot-holes and oil exploration'wellso

Spirit Hill No.l ..Well.was completed as an artesian well, with ~,fiow of

100 gallons per hour of water with 332 P~1s per million of soluble salts

from a depth of 850 feet (Hara et.al., 1961) at the unconformity'between

the Burt· Range Formation and the oVE!rlying Milligans Beds. This is t.he

only known record of pressure_water in the basin. . . 1

Shallow ground water. of unknowll quality .was found in some seismic

shot-holes in the Moogarooga Depression, but most of them were'dry.

The only area· that consistently yielded wster,in shallow sho·t noles::,(lOO.

feet or shallower) was situated 4_miles·north-east of.Ningbing Homestead.

·No flows of .water·were recorded in Bonspar~e Nos.1 and 2 Wells. The ..

water supply· for Bonaparte No.2 Well was optained from a bore 2t miles

south-west of t~e well; the aquifer was at eo feet, and water wss pumped

at a rate' of 450 gallons per hour. . I

Ochre . " t·,.

Tra:v.es (195.5",pp.105, 106) described the Ochre. Mine, e miles west

of Alligat;or-Spring. . No further information is available, except. that,
we identify_the ,host rock.as the Ragged Range Member of the Upper

Devonian Cockatoo Formation.

..

or
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APPENDIX 1

NOTES TO ACOOMPANY illNERIj.(IGICAL ANALYSES OF CORE

SAlIJ'LES FROM THE BONAPAlll'E GULF BASIN

by F. C.Loughnan

School of f.ppli cd Geology, University of N. S.W.

~antitative-Detcrmination of· the Min(ralo~y

The procedure adopted ha.s been outlined previously (Lough nan , 1963).

X-ray analyses were carried out on all sampler. hy the standard powder

method using a Philips 1010 diffractometer. Oriented aggregates were

pr;pared from the clay fraction « 2»..) and these were also subjected to

X-ray examination withou~ further treatment, with glycolation, and after

preheat ins to 400°C and 600°C. Fr.om the results an estimate of the ratio

of the individua~ clay ~inerals ,wes made. The total clay content WRS

then calculated from the thermogravimetric data-after due allowance had

been !:lade for tlJe presence of carbonates. Quartz was determined by

difference.

This procedure has been foorxl reliable, particularly when the

relative amo.mts of the spedfic minerals are· required. However, it

assumes t~1f'~ proportion of ~ach clay mineral in the clay fT~ction is

identical with that in the whole sample and herein lie~ a possible source

of error.

Montmorillonite was determined on the basis of th~ preuenoeof a

17R reflection after glycolation. Some highly degraded illites yield a

similar _reflection and no attempt has been made -to differentiate between

these two minerals. Moreover, probably some of th\"" rna terial listed 8S

"mixed layers" is partly degraded i1l1 teo

The persistence of a l4-15R reflection after heating to 4000C far half

f¥\ hour was considered indicative of the presence of a chlnrite mineral.

nISaJSSION

Examination of Tahles 1 And 2 and Figpres 1-4 shows several interesting

features.

1. The mineralor,y. of _the majority of samples from the 70naparte No.1

Well is in- accordance with a marine origin. FO'Never, it is

possible.the more· kaolinitic sediments could be of brackish

or freshwater. origin.

2. In general, samples from the Spirit Lill No.IWell h~ve a slightly

higher ratio of kaolinite to other clay mi:'lfTals than do those

from the nonaparte No.1 Well. This-would sU«gest the Spirit Hill

·Well is located nearer th~ margin of the ba~in.
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3. All samples below Core 26 in the Bonaparte No.lWell contain

small but identifiable amou~t8 of chlorite whereas

chlorite; ~a8 n,ot detec:te!i above this .level.·

On the basis of, the detrital mineralogy .it is possiQle to

subdivide the sedime!1ts in the Bonaparte No!lWell into

three groups wi th distinct breaks occurring between Coree

5 am 6 and Cores 26 and 27 •

.. .
LOUC~AN, F.e., 1963 ... A. pe.trological stuiy of a vertical. section

I!)f ..the Narrabeen Group at Helenoburgh, N.S".W•.

~eOl.SO?AU~t., 10(1),.177-192,

..

.J
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MILLIGANS BEDS IN SPIRIT HILL NO.1

WELL

"

epth Clav Minerals Carbonate
eet K I, I ' ML Calc . .Dol Sid Qt.

00 - 150 15 7 40 7 - 5 30

50 - 200 20 10 15 - 10 2 40

DC - 250 20 6 10 - 20 1 40

250 15, 10 15 1 25 1 35

50 - 300 20 10 30 - 15 1 25

50 - 400 20 15 20 3 4 10 30

fwo - 450 15 5 10 - 5 7 ,5,5

50 - 500 15 5 10 - - 4 !50
~ -550 15 5' 15 - - 7 60

600 - 650 15 15 20 - 15 ,8 30

700 15 9 20 . - - - 55

1700 - 750 '15 15 20 2 10 10 30

800 -,650 20 9 25 3 8 10 25

826 5 15 20 - 40 - 20
, , , , ' ,

, ,

K .. Kaolin.it e

I "" Illite

ML 3 Mixed Layers

Calc· Calcite

Dol .. Dolomite

Sid .. Siderite

Qtz • Quartz
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BONAPARTE NO.1 WELL

~Core pepth Clay Minerals Carl>o1'l8tes Qt Remarksfeet K I ML M 'ChI Calc Dol· Sid

3 9§,5 1 4 10 2 - 5 5 - 70 l Tanmurra Pm.

5 1,564 15 5 20 - - 1 - - 60 .,

6 1,849 10 6 30 7 9
.

40 )- - -
7 2,164 20 3 - 35 - 3 - - 40 )

6 2,405 ,20' 5 40 .-, - - - 5 30)

9 2,549 10 2 50 6 - - - 2 30)

10 2,858 15 3 50 2 - - - - 30 )
11 3,154 15 2 60 2 - 2 - - 20 )

12 3,493 25 10 40 6 - - - - 20 )

13 3,825 15 6 45 - - - - 1 30)

14 4,349 20 9 45 - - - - - 25 )

15 4,8:)3 10 6 60 - - - - - 20)

16 4,814 15 10 45 - - 1 - 1 30)

17 5,222 25 9 40 - - - - 1 25 ,.

16 5,227 15 § 35. - - 1 - 1 40),

19 5,522 10 6 40 - - 2 - - 40 ) Bonaparte
19 5,529 15 6 50 - - - - 3 25 )
20 5,82.7- 15 6 60 - - - - - 20 ) Bede

21 5,835 15 10 55 '. 20 )- - - - -
22 6.,?6.5 20 10 50 - - - - - 20 )
24 6,606 6 10 65 - - - - - 20 )
24 6,614 6 10 70 - - - - - 15 )
24 6.619 10 15 60 - - - - - 15 )
25 6,981 20 25 45 - - - - - 10 )
26 7,243 15 10 45 - - 5 - - 25 )
27 07,87..6 >'2" >'6

~ - 'fr 12 2 - 45 )
26 8,311 10 6 20 - 2 15 2 - 45 )
28,1, 8,312 7 10 30 - 2 ·~O - - 40 )
26 8,313 7 10 30 - 2 3 - - 45 )
26 8,322 2 6 15 - 1 15 3 - 60 )
29 B,BS7 7 10 25 - 2 1 - - 55 )
29 8,866 10 15 25 - 2 - - - 50

30 9.,~6~ 3 9 20 - 1 4 . ' 4 - 60, ..

K '" Kaolini te

I ... Illite

M = Montmorillonite

ChI- ChJ.ori. te

Dol ... Dolomite

Sid OIl Siderite

Nt - Ndxed Layers Calc= Calcite Qtz '" Quartz
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APPENDIX 2

PLANT FOSSILS FROM THE lllNAPARTE,
BULF BASIN

by Msrr"E.White, 34 Beatty Street,
Balgowlah t N.S.W.

SUmmsn-

Introducti on

r Ningbing Limestone

II Cockatoo Formation"

III Buttons Beds

IV Point Spring Sandstone

v . - Enga Ssmstone

VI Burt Range Formation

'V!l- Milligans Beds

VIII Border Creek Forma~ion
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Figure 1 .. Leptophloeoum 8tl8trale (MICoy)

Natural 81ze, Specimen F22736A

9.lrface view of Mature St_

FilJ1re 2 ­

Natural eize, Specimen F22736B

S,uorace view 1D&ture lite..

AGEl Opper Devoniu.

•

•• LoO&11ty 406{1< Kwwaurra

Speci.ens F22737 - Decort::'..ated Lyoopod at•• , 801D! nth lear trao"

&Ii ••11 rwnd depreeeion.e, •• occur. 1.

Leptophloeum austral.. Ceue indeterminate at

thi. decortication l...,el.

ACEr Indet. (Opper DeTOnian or L....er Carboniferau.)

5. Locality AAP 9. lit .coon

Specimen. F22745 - Surface apr.elioNl ot Leptophloeum m.tral.

AGEl Upper D....oni..

6. Loca11tl AAP 101 Mt.Cec11

Ipeoillene F2274& - Leptophlotum auetral. lurreoe lapr•••ioBa

AGEl Upper n....oni..



7. Locality AAP lIt

Specimens F22747
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Mt.Cecil

A decortioated stem, on parte of which the rhombic

lea! pattern of Leptophloeum auetrale i8 visible,

18 associated with numerous pelecypods.

AGE: Upper Devonian

8. Locality AAP 25: Eastern Pretlove Hille

Specimens F22749 a clear surface impression of a mature stem of

Leptephloeum auetrale 1s present

AGE; Upper Devonian

9. Locality All 491 Cookatoo Sprtng area

Specime~ F22750 - Fragment of ribbed Equieetalesn stem.

AGE: Indeterminate

AGE OF GOGKATOO RlRMATION. upprn DEVONIAN

lIT • BUTTONS B~S

1. Locality 100!lt Eight-mile Creek area

Specimene F22?26 An impression of a deeply decorticated Lycopod

stem has leaf traces as oval protruberancee in

the striated tissue of a deep cortical layer.

No generic determination h possible.

AGE:Indeterminate (Upper Devonian or Carboniferous)

2. Locality lOO/3r Eight-mile Creek area

Specimens F22727 SJrface impressions of Leptophloeum auetra1e

(M'Coy)

ACE: Upper Devonian

3. Locality 105/1251 near Buttons Cro8sing, Ord River

Specimens F22729 Indeterminate

AGErlndeterm1nate

4. Locality 105(1075.

Specimene F22730 -

near Buttoae Cro8sing, Ord River

Illustrated 8pec1men in Figure 3 shows the

characteristic surface impression of a mature

stem of Leptophloeum australe.

--

Figure 3 - Leptophloeum australe

Natural size.
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AGE: Upper Devonian.

AGE OF _roNS BEDS , UPPER DFVONllN

IV • RlINT SPRING SANDSTONE

1. Locality 25/0: Weaber Ran.tle

Specimens F22723 - Indeterminate ate. casta.

AGErlndeterminate

2. Loca11tl 441: Basal talus, We.ber range

Specim.ena F22740 _ lndeterainate stems.

ACErlndeterminate

3. Locality 441/1: We.ber Range

Specimens F22741 - Decorticated Lycopod eteme, genus indeterm1nat~.

AGE: Indetem1nate (Upper Devonian or Lower Carboniferous)

4. Locality 441/2. Weaber Range

SpeciIRm8 F22742 - Figure 4 illustratea this specimen. Part of ..

stem of Lepidodendron Sp. with aacmdi.rIB apiral

of pear-shaped depressione. Preservation 1s

poor am no specific identification is P08m. ble.

It 115 of the L.veltheimianum general type.

AGEr Lower Carboniferous

FiEe 4 - Lepidodendron 8p.

5. Locality 441/2Ar We.beT Range

Spec11llene F22743 - Two cute of decorticated Lycopod !It.a are

present. One 18 deep level t an inside C88t of

a piece of bark. The other is a large stem in

"Knorria" condition with the leaf traces projecting

from the surface. This specimen ia illustrated in

Figure 5. It is a typical Lepidodendron

decortication fOn1, but no generic detemination

can be made in the absence of surfaoe or nsr­

surface impre.aione.
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Figure 5 -

Half Natural Size

"Knorria" decortication form

Agel Probably LOW'e'r Carboniferous

6. Locality 465/2: Tanmlrra Creek area

Specime:ne F22744 - Indeterminate !Item casts.

AGEr Indeteralnate

/,CF OF !'OINT SPRING SAlIDSTONE. LOIrER GAR!lONIFEROUS

V. ENG/, SANDS'1IlNE

1. Locality 76/3: Policeman Waterhole, Keep Rl.ver

Speoimens F22725 - Indeterminate stem impressions and one decorticated

Lepidodendroid litem which cannot be re.Cerred to

• genue.

AGE: Indeterminate (Upper Devonian or Carbonifercua).

2. Locality 109/125: Ensa Ridge

Specimene F22731 - Decorticated Lycopod stem Impreeslolll!!lo Genua

indeterminate.

AGE: Indeterminate (Upper Devonian or Lower Carbonifl"rOls).

ACE OF :meA SANDSTONE on plant evidence Indeterminate (Upper Devonian or

Lower Carboniferoue).

VI. BURT RANCE FOlWATION

1. Locality 103/b. Ensa Ridge

Specimens F22728 - Decorticated Lycopod stems with oval lea! traces.

ACE: Indeterarlnate (Upper Dt'Voman or Lower Carbcniferous)

2. Looality 117/1. Spirit Hill

Specimens F22732 - Decorticated Lycopod stems, genue indeterminate,

AGE! Indeterminate (Upp(>r Devmian or Lower Carboniferous)

ACE OF BURT RANGE FORMATION: on plant evidence Indetenainate, (Upper

Devonian or Lower Carboniferoo8)
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ill. MILLIGANS BEDS

..I.. Locality 118/3. Spirt t Hill

Specimens F22733 - Indeterminate stem impressions

ACEI Indeterminate

2. LocalU;r 118(7. Spin t Hill

Specil8enl F22734 - All. Impreee10n of 1& YO\ln8 stem of Lepidodendren ot.
Lepidodendron veltbeimianum 5tbg_ indioatee a

Lower Carboniferoua age.

Figure 6 illuetr.t •• this specimen.

AGEl Lower CarboniteroJ..

Figure 6 ~ Lepidodendron sp.

Natural size.

AGE OF IIILLIGANS BEDS, LOIIER CAllBOIIInllOUS

VITI • BORDER CRE:!K FORIIA'l'IOR

1. Locality 436C. We.ber Range

SpecimeJ111 1'22739 _ Indeterminate stem ImpreaeioJUI

ACEr Indeterminate
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APPENDIX 3

­" GULF BASIN

by J.j~Veevers &J.Roberts

FeatureName·

ABNEY HIlL

Derivation of Name

From 'Abney Level', the
instrument used if!.
geologically eurvwing
this feature

Sca~,
1n red

'i'

. ,
200 f~,~high

sandstone

.. ,

Ceographi cal
co-ords •

ALPHA HILL From the registration
letters of" the.helicopter
(VB-AIlH) wbich'·'oonveyod
the authors to this hill

. 0, I
HigtI.eBt;,.point·~in a .:~ 1, 26 1

1
5

. '" .. ~"

."'ldaton'~ dd89·· .. t29°iO'E
.' .

BURVI LL roI NT After Mr.C.H.Burvill,
Dept.Agriculture,Petth

Top of sandstone
hill, 1 mile E.S.E.
of Ningb1ng Hs.

HARGREAVES HILL S After Mr.F .Hargreaves,
Marager of Carlton Bill
Station I

Group of sandstone
ridges

"

."

JEIIDlIAH HILLS

LANGFULD roINT

After one "Of the chi IdrEm
of the Durack ram~ly

After Mr.E:C,B.Langfield,
the first officer-tn-charge
K.R.S •

Group of limestone
hill.

South-west tip of
Burt ~nge

15°26;5
128

0
43 E

150 48"S
12B05B 'E

MATHISON RIDGE Aft~r Mr:R.S.Matbeeon, who,
aa geol"ogist of the 'W.A.
Geol.Survey, join~ly wrote
the first "scientific report
of the Devonian and
Carboniferous rocks of the
area

of sandstone
basalt '-

,,!O= ZIMMERMANN Aft"eT Dr.Zimmermann,· who in
1963 was leader of Aust.
Aquitaine Petroleum party
tha t wo rked in this area,

Conspicuous peak
of sandstone and
conglomerate in
western part of
Burt Range

NING!ING RANGE Alter Ningbing Homestead Dissected range
of limestone

Fr~ ,
1520,S

12B036 E
to ,
14°57 I S

12B035 E

; .. ,

15°17 :5
12Bo~6 E

Sandstone peak in
the head-waters of
Tanmurra Creek

Fresh-water sprins
in limestone, at'
head of Mistake
Creek

Group of limestone 15°213 t S

hills ~t N.E.tip 128043tE
of Pine "Xlmbe Range

° '
~:~g~e:~~~~~:r~~~l~:o;~'i

After Mr.A.Siggi~,

surveyor, P.W .D., Kunumirra

After Mr.E.P.Vtt1ng, who
geologiqally pioneered the
).1'..;..; ...'h..; ..... n.._ ..........~ ... "' ...... _ .... -

After H.C.Sorby, an eminent
carbonate petrologist

"After Dr.A.A.Opik, who in
1949 made s~'eral geological
discoveries in the area

SIGGINS SPHING

"OPIK HILL

SORBY HILLS

UrTING GAP
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'AIR-PIlOTO Co-OlUlDIATES

Feature (b) Run (c) No. (e) X Y Diagonal
nuadrant (inches)

ABNEY HILL CG 1'2 504.7. C 3~50 0.20 3.60

ALPHA HILL AU 7 507,6 B 1.75 0.70 1.90

BURVILL POINT CC 4 5165 B 1.90 0.80 2.10

HARGREAVES HILLH CG 5 5181 A 2.50 2.40 3.50
.. .. " " " C 3.20 3.00 4.35

LANGFIELD POINT CG 12 5053 D 2.75 3.80 4.70

MATHEOON RIDGE" CG 14 5139 C 2.75 4.30 5.10

" .. " " " D 1.10 1\45 1.80

MOUNI' ZIMMERMAlIN CG 12 5053 D 1.55 4.20 4.45

NINGBING RANGE" CG 5 5179 A 1.90 1.50 2.45

ME 14 5080 D 1.90 2.10 2.80
"OPIK HILL CG 2 5077 A 1.80 0.25 1.85

SIGGINS SPRING CG 5 5179 B 0.10 1.,3,5 1.35

SORBY HILLs" CG 8 ~109 D 1.50 1.65 2.20
.. " " .. .. C 1.00 1.40 1.75

JEREMIAWHILLSlf CG '7 5027 C 0.70 0.65 0.95

" " " " " C 4.00 0.10 4.00

UTTIllG GAP' MB 15 5010 C 3.80 1.25 4.00
. , ",' ,. , , ' . , , ' ,

" ". _......
NOTE, CG Cambridge, ,Gulf 1,250,000 'Sheet area

ME Medusa Banks " ..
AU Auvergne .. "-
H Co-ordinates of extremities of feature.
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APPENDIX 4

Geometry of air-photograph linears in sandstones of the Bonaparte Culf

Baain

J.J .Veevere

The Air photographs of many areas of outcropping Upper Devonian and

Carboniferolls sandstones .in the Bonaparte Gulf Be.sin contain abundant linear

features. Most if not all of these are furrows or ravines cut along

outcropping joints. The deep etching of the complementary sets of joints

leads to the isolation of blocks of sandstone in characteristic shapes likened

to bee-hives, castles,.ar-ruins. Outcrops.of this kind are common in parte of

the Ragged Range Conglomerate Member, KalIya Knob Sandstone Member, and Cecil

Sandstone Member of the Cockatoo Formation, the Point SpriI18 Sandstone, end the

Border Creek Formation•. From scattered field observations, most of the joints

are known to have a steep or.vertical dip, so that their outcrop. trace ia not

seriously affected by the low dips, com~only 5 degrees or less, only exceptionally

steeper, in .the areas studied. The areas shown in Figure. 1 were stlidie,d because

they contain fairly large continuous outcrops of jointed quartz' sandstone.

Methods.

Linears were traced from the.air pqotographs on to translucent· overlays

which-~ere then. compiled ove~ a oontrolled base. Air photographs at a scale

of 1 :16,000 were availa.ble.f.or_ the Weeber Range and. Sptrit Hill, and at a

scale of 1 :50,000 for the other areas. Each area was subdivided. into 8 quares

along a rectangular grid: the. Weeber Range and. Spirit Hill into squares.with

side i-mile long, and the other areas iqto squares with side I-mile long.

Perallel and continuous linears were grouped into sets, .and the length and

azimuth of individual lineare were listed according ·to set. and square.

Resu.ltant aZimuths of each set wi thin each square were computed using.-Cun-sy1a

(1956) method. The computations were carried out on the CSlRO CDC 3600 compUter

with a program· written by T.Quinlan. Tqe program provided for each square am

set resultant-azimuths, the vector magnitude or.degree of.preferred orientati~n,

the probability that the resultant a~lmuth is due to chance, the standard deviation

about the resultant azimuth, and the total length of.the.set. A probability value

of 5% (p <.0.05) .was .taken as sigriif1c8J1t. The azimuths .of. all but a few sete

were significant; for most sets, the probabi~ity of,the resultant 1s lesa than

10-4 • The resultant aZimuths were plotted proportional to .their length on the

maps, and generalized trends of linears were interpolated on the maps of the

Weaber Range, Spirit Hill, and Nigli Gap area, in all of which the linears are

visibly continuous.

'lleaber Range (Pi,.2)

The main· outcropping rocks of the Weaber.Pange are the Point Spring Sandstone

and the overlying Border.Creek_Formation, which are separ.ated, by.a d1soonformity.

Both formations contain numerous thick bodies. of coarse-grained jointed quartz

sandstone. Despite ·the dis conformity, both formations have th~ same·pattern· of

linears.

Four sets were recognised:

Set 1, with east-north-east trend, complemented by

Set 2, with north~north-west.trend.

Set 3, with north-west trend, complemented by ~~,t
' .. _. _._. '-'.
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'.. All.'..tfH:~s·e sets are expressed by the same kind of." linear, which is

.indiv1du~lly narrow ani short, exoept ill the centl"8l part of the area,

which contains Widely-spaced liriears up to a mile long. The long

linears lie parallel to the seta of short linears.

Set 1 liftears are found in the entire mapped area. Ne~ Point Spring
\ '. . :.

set 1 parallels the a.trike but elsewhere is independent of the s"t:-;Llte.,:' ...
,/ , , .

North and west of PoUl.t Spring, all but a few of the linears belong.. to Set'l~
"

Set 2 is found "only in the area 4 up.lea north':'east of Point Sprin.g';

where it parallels faults. of short throw, and in the eastern part of the,'

Weaber Range.-

Sets 3 end 4 alsa have a limited distribution. Set 4 is best

expressed north-north-esst of Point Spring, where it parallels a system of

faul ts.

...

.•north-north-east, and .this

Likewise" Set. 3 .. chanses. .

change too is followe~ by the

were· round.•. Set I c~nge8 -trend from north to

change is followed.by the complementary Set 2.

tre~ from north to.north-no~h-west, aqd this

complementary' Set 4.

Martin.Bluff (Fig.5)

Martin ~ltiff is a cuesta capped. with jointed sandstone' of the Kellya Knob

Sandstone. Member of·the Cockatoo Formation; the cuesta·is cut. by faults.into

two compartments. In..the western compartme'nt, the Unears fall into··t.wo

complementary sets, ,which are parallel and normal to a fault .. A'similar pattern

is· found in the oth~r compartment.

HaMed R'''Ile .(Fig.6).

Two areas' of the Ragged Range Conglomerate Member and. probable Cecil.

Sandstone Member of the Cockatoo ,Formation in the Ragged Range .contain abundant

lineare. In'both.areas, ~he north- to north-north-east - t~ending set follows

the curve of the Ivanhoe. Faul t system. _..A. complementary eet is minor. . In t he

northern part of the Ragged Range, major.sets.with east-north-east to~north­

west trends are distributed symmetrically about the north-north-eaet - trending

Spirit Hill (Fig.S)

The Border Creek Formation crops out in the western part of Spirit Rill,

and consists of, jointed. 'conglomeratic quartz sandstone. Like its namesak e

in the Weaber Range, Set I trends east-north-east, and-it is the'dominant set.

It is complemented by.Set 2. The other sets are minor:. Set 3 is known only

in the northern part of Spirit Rill, am Set 4 in the southern part. ;

Nigli Gap. (Fig.4)

The jointed _sandstone .in this area belonss to the. K~llys Knob Sandstone

Member of the Cockatoo .FQrmation. Two' curved systems of complementary sets

set.

Geometrical conclusions'

Except in the Ragged Range, the linears are distributed in one or 'two

systems of complementary. sets 0 The .sets of Unears in the 'WeBber, Bange and

at Spirit Hill are roughly parallel. In the other areas, the sets are
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•

.'
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geometritally unrelatedo_The'only obvious geometrical relatio~eh~ps

'·between structure and the seta of linears are·ra) a major lin~ar.Bet in
. . ~,.

the Ragged Range .parallels the curve of the. Ivanhoe Fault system; and

(b") in. the Martin Bluff area, sets of !ineare· lie parallel and normal to

faultso' Less tIlBrkedly, some sets in the Weaber Range parallel faults.
" ,

, ,

·.Geological. conclusIons

Without much more·information on the.geological structure ~d

structural history, little 'of geological value can be. concluded, from the

geometry ..of the Unears o' The Weaber Range' and Spirit Hill. are the only

areas with a roughly parallel pattern. Perhaps this is the regional ~,t.tern".

of the Carboniferous or. later, whereas the dissimilar patterns in the

Cockatoo Formation are merely local.

;', ,
" "
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