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SUMMARY

In the Bonaparte Gulf Basin of Northern Australia,
hydrocarbon exploration is at an early stage, Considerable
surface geological and geophysical work has been carried out,
and one bore-hole has been drilled in the search for oil,

However, some major stratigraphic problems remain,

Precambrian rocks in the area range from unmetamor-
phosed sediments to granites, Basic and other intrusive
rocks are rare, and most may be Precambrian, Excluding thin
Mesozoic or more recent deposits, Phanerozoic sediments have
an estimated cumulative thickness of about 25,000', and range
from Cambrian to probable Triassic in age, with only the
Silurian period unrepresented., As much as 20,000' of sediments
can be expected in some areaé. Except}perhaps for the
uppermost few thousand feet, the sediments are predominantly
marine. Shales are known to occur throughout the section,
although their proportion cannot be gauged at present, Almost
800' of marine shale was e¢ncountered in Spirit Hill No.l,
which was drilled near the besin edge. A much thicker section
can be inferred further within the basin, Devonian reefoid
beds are known to occur, and phaneritic limestones, including
oolites and encrinites, are found in Carboniferous sediments,
Porous secondary dolomites and some porous sandstones are known

from the subsurface,

Basin development apparently resulted from non-
compressive downwarp of one geotectonic block against
another, Minor lateral movement of the blocks possibly took
place and a subsidence pattern was maintained most of the
time, Several lincs of weakness between the blocks, on a
north-northeast trend, yielded vertically on different
occasions, and may have tended to yield from west to cast with
the passage of time, Because of these movements, sediment
thicknesses of different pcriods vary within the basin, where
the fault trends now conform to basement highs, Most of the

basin today is sub-marine.



Deposition may have been widespread in the Lower
Palacozoic, but from Devonian to Permian or Triassic times
probably was largely confined to the present day basin limits.
Because the overall tectonic pattern was tensional,
compressive folds will probably be abscat in the area, In
spite of this, and in spite of thc fact that the only
bore-hole drilled to detc was unsuccessful in finding
hydnmﬁrbmm, prospcets for the arca are considered very
attractive, Typecs of traps which may be present are rcefs,
erosional cut-offs, and to a lesser cxtent, fault traps,
Anticlines may be absent or poorly developed because of the

lack of compressive folding,



INTRODUCTIOUN

The gcology of Bonaparte Gulf Basin, in Northern
Australia, (Fig.l) was summarised in 1953 by Traves (1955),
who concluded (p.,l04), that petroleum prospects were not
attractive, Since then, surface geological work and geophysical
investigations have added greatly to the knowledge of the
area, and it can now be said that prospects are very

attractive,

This report has two main purposes, The first is
listing sources of information and presenting abstracted data
of geological significance, Bibliographies at the end of
the report list data sources under three main headings, which
correspond to availability. These refer to published
reports, unpublished reports and private company reports,

Data from the latter are included in this report with the
approval of the permit operators , who are 0il Development N.,L.,

Mines Administration Pty., Ltd., and Westralian 0il Ltd.

The appendices provide a direct reference to
several types of data, Appendix 1 discusses the geological
maps enclosed in the back pocket, The surface geology is
shown on two sheets and the interpretative solid geology on
two others. Appendix 2 contains a complete alphabetical 1list
of Phanerozoic rock unit names in the Bonaparte uulf area,
The names are discussed fully in the report. General geological
and geophysical activities in the area since 1955 are shown
in Appendix 3, Appendix 4 contains descriptions of surface

and bore-hole sections from the arca, including some type



sections., Appendix 5 records core dcscriptions of Spirit

Hill No, l,n and Appendix 6 lists porosities and densities

of cores from the bore-hole.ﬁ

The second purpose of this report is evaluation of
hydrocarbon possibilities. Spirit Hill No, 1 is the only
bore-hole presently drilled at Bonaparte Gulf.in the search for
hydrocerbons. A number of coal bores, shallow stratigraphic
tests, and some‘shallow water borcs have also been drilled,
Geophysical data are the main basis for subsurface interpret-
ation, and, owing to a lack of subsurface geological data, cannot
be used as fully as might otherwise be the case, " The sub-
surface extent of .source, seal and porous horizons remains
uncertain., The more reliable data are assessed by discussing
rock units, structure, etc,, systematically. An attempt is
then made to interpret the structural and depositional
history of the area and to prediqt the type of hydrocerbon
traps that may be present, In effect, therefore, the report
is in two parts, with the first predominantly descriptive

-and compilative, and the¢ second interpretative,

X The term "bore" is ¢stablished in Australia, where it was
used for many years to refer to drilling for water. Klse-
where in the world the petroleum industry rcfers to various
typcs of "hole." The fuller term "bore-hole" is here
preferred to either as a general term, Bore-holes are sunk
mainly to test for hydrocarbons, coal or water; to obtain
stratigraphic data, or to position explosives in seismic work.
Thcse objectives may be distinct but drilling results are not.
For example stratigraphic data and water can be obtained from
all types of bore-hole, and hydrocarbons from all c¢xcept,
perhaps, seismic shot hole¢s. Where necessary, the specific
purposes for which bore-holes were drilled will be inuicatcd
in this and subscquent reports as follows:

(i) Only a name aand number will be used in most cases
for hydrocarbon tests.

(ii) The name "coal bore" and the abbreviation "C.B." will
be used whethcr or not these found coal, if this was
the purpose in drilliang the test.

(iii) Water tests will be distinguishcd by using the term
“"bore", and if the bore-hole was successful, "water
bore", in the name. Thc abbreviated form will be
B, or WB,

(iv) Stratigraphic tests will have Stratigraphic Test or
ST in the name,

v cismic Shot Hole or SSH will be used in the name of
(v) his typec of gore—hole. ©
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TERRAIN AND CLIMATE

Traves (1955) employea the name “Cambridge Gulf

Lowlands" (Fig.2) for the land area immedintely south and
cast of Josecph Bonaparte Gulf, and the name "Josephvgonaparte
Gulf Depression" for the gecneral marine area.into.which the
Ord and Victoria Rivers drain, The name "Bonaparte Gulf
Besin" which was first uscd by Rceves (1948, 1951) for the
area of Palreozoic sediments, can be considered to include
both physiographic featuges. The Campridge Gulf Lowlands
corrcsponds fairly closely with the land part of the sedimentary
basin (Figs. 1 audyz). The relationship between the marine
part of thc basin and the Gulf Depression are interpretative
amd are discussed later, The area of Phancrozoic sediments on
land in the basin is about 6,000 square miles,

) Neither topography nof climate is discussed in detail
(see Trgves, 1966)., Near the sea, swampy flats are widespreead,
especially beside the rivers. In the sou¥r, Enga R;dge and
Burt Range reach elevations of just over onc thousand feet,
and represent thé higﬁestrﬁttained gy thevPhanerozoic sediments
of the basin. A more gradual increase in general elevation
occurs to the gast of Pprt Keats, Precambrian rocks around
the.bosin‘are generally higher, and heigpts over ;,OQQ‘ are
qqite common, There are apparent relationshipsvbetween
physiography and geOIOgy, on a detailed as vell as on & regional
scale, In general, hard resistive conglomerates or sandstones
form caps on topographic structures, end limestones or shale
form low-lying country, Various topographic meps may be

obtained for the nrea,X

X The sheets indicated on Figure 2 are available from
the Dcpartmeat of National Mapping, Canberra, Medusa
Banks and Cambridge Gulf may be obtained in colour,
on a scale of 1:2560,000, Cape Scott, Port JLeets and
Auvergne can be had in 4-mile provisional planimetric
shects., '
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The average wet summcr scnson lasts from November
to March, and rainfall ranges from moderate in the south to
heavy in the northn No surfnaced roads are present in the
area, so load travél is limited during summer, During winter,
trnvel is possible on most of thc ronas shown, although local
conditions shuula be checked before attempting travel, and the
use of four-wheel-drive vehicleé is advisable, Problems of
access for rigs and other heavy équipment require o kuowledge
of local conditions, In general, équipment of this type can
be moved wherever roads already exist, although in some areas
loose saud and swnmpy ground will'require temporary surfaces
to be laid, Off the roads, which reach to within 20 miles of
almost any part of the area accept that north of Port Keats,
movement méy or may not be pessible, Small boats or landing
craft can reach many parts of the srea from the sca, Yyndham
is a dcep water'port, and Port Kénts has facilities for small
craft,

EXPLORAT.ON AND TENEMENT HISTORY

" The geological history of the area began with a
coastzl investigation by Commander Stoukes, who discovered
fossils at Fossil Head on the north shore of Treachery Bay
in 1839. The first comprehensive vork was perforhed by the
South Australian Stote Government between 1905 and 1909, when
eight coal boresweredrilled under the supervision of the South
Australian Government Geologist, H.Y.L. Brown, at.several
places on the cuast. None of these was successful in finding
conl, '

The first serious surfnce investigntions in the
southern part of the crea were in 1944t& Mnrtheson aad Teichert
(1948), and the overall petroleum prospécts were first
evaluated by Reeves (1948, 1951), who was favourably impressed
with the basin., The Burecnu of Mineral Resources next investi-
gated the genercrl arca, in conjunction with am<jor survey by

the Land Research o~nd Regionnl Survey section of C,3,I.R.O.,

between 1949 e#nd 19562, The results of the geological work
are published (7raves, 1955),
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Standard Vacuum 0Oil, in combination with other interests,
first investigated the area through Reeves in 1947, and after
field investigations relinquished their concession in 1948,
pr‘i‘ﬁWsin too small. The
following year Ampol Exploration Pty. Ltd., took up the tenement
which passed to West Australian Petroleum Pty. Limited (Wapet),
when California Asiatic 0il Co. and Texaco Overseas Pétroleum
Co, (Caltex) and Ampol formed this new group in 1952, Wapet in
turn relinquished the tenement in 19565, pfincipally because of
commitments in other parts of Western Australis, The overall
pattern of Tenements 127H, 2 and 3 (Figure 3) was then adopted,
and in 1955 Gulf 0il Syndicate was grsnted Tenement 127H by the
West Australian Government, while on 24th June of that year the
Northern Territory Administration granted Permit No, 3 to
Westralion 0il Ltd,, and Permit No, 2 to Associated Australian
Oilfields N.L. The latter organisation operates through Mines
Administration Pty. Ltd.

Permits No, 2 and No, 3 are still nominally held by
the original companies, but verious affiliations have occurred,
The Papuan Apinaipi Petroleum Co, Ltd., and Associated Freney
Oilfielas N.L., both joined Associated Australian Oilfields
N,L,, in Permit No., 2 on 29th October, 1959, Sleigh
Exploration N.L., Interstate 0il Ltd., and Associated
Continental Petroleum N.L. then joined the first three, to
form the informally named "Associated Group." In February, 1960
the north.rn bounuary of Permit No, 2 was cxtended out to sea,
During 1962, this group applied for and obtained the Marine
Perinit No, 83, the southern end of which is shown on Figure 3.
Finally the "Associated Group " entered into an ugreemeut with
the Socicte Nationale de Petrole d'Aquitaine (SNPA), in which
the latter organisation has to make exploration commitments
in Permits No, 2 and 83.

In Permit No, 3, Westralian 0Oil Ltd. remained
unaffiliated until May, 1960, as did Gulf 0il Syndicate in

Tenement 127H, At that time 0il Development N,L, took over the

Gulf intcrcst and became the active company in Permit No, 3.
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In 1955 the tenemeat holders began fairly detailed
exploration work, ummetehestbesiiittietiliittitioitiion
(A pendix 3), Much of the geophysical work done for companies
during this period, anc¢ for a numbcr of ycars eofter, was
carried out by or under the direction of Mines Administration
Pty. Ltd,. J.E. Burbury, of Mincs Administration, was responsible
for most of the¢ gravity work., During the same period, the
Burcau of Mineral Resources performed éonaidcréblc geophysical
work, consisting of a regional aecromagnetic survey, graﬁity
work on both land and sea, and seismic work in the south:‘
Surface gcology, to date, has veen carried out mainly south
of Queens Channel, where eXposﬁrcs are bctter than to thevnorth.
J., Rade and ofhers, under the supcrvision of E,P. Utting, have
becen responsible for much of this; and Utting has written a
series of private reportskuvaluating the stratigraphy. The
viewpoint adopted in these has of nccessity altercd as more
data accumulated, but all are important., Palaeontologists of
' the Bureau of Mineral Resources (Jones, 1958; Tﬁomas, 1957, etc)
have also made important contributions to the stratigraphy.

The only bore-hole drilled to the end of 1962 in
Bonaparte Gulf in’thec scarch for oil is Spirit Hill No. 1,
begun by Wectralian 0il Ltd., in 1959, and decpened from
2458"' to total depth of 3003' by 0il Development N.L. The most
recent (1962) activities in the area have been detailed
‘geophysical surveys carriéd out for tenement holdcrs, again
in thc south, mainly within holdings 127H and No, 2. Activities
will continue at a fairly high rate for the ncxt few ycars,
because of commitments on the part of farm-in companics. The
Burcau of Mineral Resources intends to opcrate a geological

field party during thc 1963-64 ficld scasons.



PART I - COMPILATION

STRAT IGRAPHY

Phanerozoic rocks in Bonaoonerte Gulf Basin include
most of the Palacczoic, with one major ¢rosional break between
the Ordovician and Uppcr Devonian, (¥ig.4). Excluding recent
aqd some Tertiary cor Crecvaceous depcsits, the youngest beds
in the basin arc¢ probahly of Triassic age. Permo-Triassic
scdiments are largcly confined to the area north of “ueens

Channel, while thce older beds outcrop only in the south (Fig.l).

Surface geological interpretation is-difficult
throughout the basin, because exposures are largely restricted
to resistant beds, which typically occ:ir as inliers of greater
or smaller size within receut deposits. The easily-wcathered
shalecs of the Milligans Beds were first discovered as bit
cuttings in stratigraphic tests. Shales were proven in the
Burt Range Formation in much thc same way, although limited
exposures occur, The maximum thickness of shale in either
unit is still unknown., Limestones are better exposed in the
area as a whole, mainly because they are capped and partially
protected by coarsc clastics® e.g. Burt Range, Mount Scptimus
and Spirit Hill. 1In some cascs (Traves, 1955) carbonates are
strongly silicified in fault zones and 80 are made resistant
The most consistently cxposed rocks arc conglomerates and sand-
stones. Conglomcrates commonly occur in the Border Crcek |
Sandstone and conglomcratic lenscs arc present in most of the

other formations. All of the conglom.rates, except perhaps

% The term "clastics" is used in the sense normally applied
in petroleum geciogy, for only terrigenous rocks,
Excluding conglumcratcs, terrigenous limestones are
probably rare, Limcstones, some of which may be of
clastic but intrabasinal origin, sre referrcd to as
calcerenitcs or more spcecifically s oolites, encrinites
etec,.,, if this is known,



10.

those in the Keep Inlet Beds, have rather similar lithology,
and correlation of isolated cxposures, where there is no
palaeontological control, becomes difficult or impossible.

This can be of direct importance to both stratigraphic and
structural interpretstion, For c¢xample, the type Nigli Gap
Sandstone, which is unfossiliferous sandstone and conglomerate,
can be correlated only with difficulty to other formations,

The most probable correlation seems to be with the Cockatoo
Sandstone, which is Decvonian in age., On this basis the
Cockatoo ﬁault is a normal fault which hes undergone only onc
major movement, If the Nigli Gap Sandstone is ‘assigned to

the younger Bérdcr Crcek Sandstone, as it is by some
authorities (Rade, 1957, 1958), the Cockatoo Fault was a

normal one which leter underwent reverse movement, Either
possibility could be true. A number of important rclationships
of this kind will only be determined when more data become

availablc ,

Traves (1955) summarised the surface geology of
Bqnaparte Gulf and surrounding areas, and revised the formal
stratigraphic nomenclature. Since then very little geological
work hrs been performed on the pre-Devonian rocks, and the
following discussion contains little deta post-dating work
done by Traves, The Devonian nndAyounger rocks, on the other
hand, have been thc subject of fairly intensive field work
in some localitics, and a large amount of new data have

accumulated,
PRECAT Z0VTAN HUTiMleaT,! 20D 1GNBEOUS ROCKS

Apart f:om some local iractytes and possibly some
dolerites, all ipuocus recks in L area are of Precambrian
age. In this basin areca, as in others, some of the
Precambrian sediments afe unmetamorphosed, and could ccecnstitute

rgscrvoirs for hydrocarbons, or cven source rocks, judging
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by the presence of thc alga Collenia (Traves, 1955, p.24).

The chances of finding either primary or secondory
accumulations of hydroucarbons are small however, by comparison
with the Phanerozoic beds, and the Precambrian rocks cen be

referred to as cconomic basement.,

The only important work performed on Precambrian
rocks in the arca since Traves (1955) is by Mines Administration
Pty. Ltd., in the Port Keats area (Dcrrington et al, 1957).

The geoiogical mﬁps indicate the mnin Precembrian sedimentary
and iéneous units which outcrop around the basin. Their
thicknesses are unknown, The following subdivision can be
made of sediments of Precambrian age and igneous rocks of

Precambrion or other ages.

Unmetanorphosed Sediments: For convenicnce, this category

of Precambrian sediments includes some undiffereantiated low
grade metamorphics of probable Upper Proterozoic age, (Traves,
1955, p.25) forming Pincombe Range ond underlying the area
directly south, The Precambrian scdiments cast of the basin

are mainly sandstones, shales nnd dilomites, probably of the
Upper Proterozouic Victoria River Group., In the south-west most
Prec ambrian rocks belong to furmations which may be corrcletive

with the Victoria River Group.

Meta morphosed Sediments and Granitcs:  The secdiments in this

category include rocks assigned tu the Halls Creck
Metamorphics which, in this area, nre sandstones, quaftzites,
slates sand schiste. 7o assovcintel granites, granodiorites nnd
gnei sses, probably of the Lamboo Complex, have a related

distribution,

asic Rocks: South-west of Ivanhoe Resenrch Station and to

the east of Port Kerts, basic intrusives are present, Those
in the north are principally dulerites, and in the south are

gabbro, Most of the intrusions ore probably plugs, but sone
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of those in the north may be dykes, Troves (1955, p.27-28),
considércd the suuthcrn intrusiuvns to be of Upper Protercvzoic
age, but they could be younger. West of Port Keats the
intrusions cuuld be uf post-Triassic age, judging by their
distribution, although Derrington et al (1957) were uncertain

of their age,

Rhyolite¢s: The only Phanerovzoic ignevus rucks proven to occur
in the arca sre two very limited exposures of rhyvlites in the
‘Keep River arca. These vccur ncar Nigli Gap in the swuth-east,
and in the expusures near Lat, 15°12' and Long. 129V11',
Neither arc shown on the geolugical maps, Traves (1958 p.74),
considered these rocks éuntemporaneous with the scdiments
associated with them, and described o case of interbedding by a
minor flow, Rade (1956) thought that the rhyclites might
post-date the sediments, Allen (1966) agreecd with Traves.

The scdiments interbedded with the rhyolite are Devunian or

Carbuniferous in age,

CAMBRO-ORDUVICIAN

.Antrim Plateau Volceauics

Ancient lavns in isvlated outcrops in- this area were
classified by Traves (1955) os Antrim Platcau Volcanics.
Elsewhere the Antriﬁ Platcau Volcanics shuw local strong

erosicnal unconformity ¥ on the Precambrian and undcrlie the

The terms "unconfourmity" and "disconformity" are structural
terms, and for an uncunformity to cccur there should be visible
or deducible lack of ~tructural conformity between the rock
units involved. 7. .im: factors invelved in eny unconformity
are the duratior. or tL: niatus, ar” “‘he time-rock intervel loust
by erosivn, The second L.octor cnii be difficult tov determine,
~nd the hintus will aot normally be doterminable, The following
definitions will be applicd in this and subsequent basin study
reports:

(1) An anguler unconformi’y is detcrmined by visible differences
of attitude in the beds abuve and below the centact at o
specified outcrop. (ii) An crusional uncunformity occurs
where infilled crousiunal channels are visible ot a specific
outerop., The beds abuve and below the contact will have
general conformity. (i1ii) With an angular disconfurmity or
regional unconformity, differences of attitude are not
visible above and beluw the cuntact in any one exposure, but
can be interpreted to occur on a regional basis,. %iv) A
depusitional c¢r hidden disconformity can be major or minor,
degcnding upun the duration of the_hiatus, but thc beds
involved nre essentially confurmablei n scme cases there may

be cnly. faunal evidence of a break. (v) A diagtem is a _local
% 051 ivnal brg¢ak between copfurmable bed?, deﬁermined by
pig o a evi

¢ s
g Bgéfgﬁi%? aﬁ%rt¥%é98r83 ewntologica ence cannot
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Middle Cambrian with apparent conformity, so were assigned to
the Lower Cambrian by Traves., The only contacts observed within
the basin are near Martins Bluff, where the Devonian Cockatoo
Sandstone can be inferred to overly the volcanics unconformably,
and north of Carlton Homestead, where Cambrian beds rest on the
basalt, All of the outcrops of the volcanics in this area occur

in the extreme south,

Formations of the Carlton Group

Cambrian rocks have a wide distribution south of
Bonaparte Gulf near the Ord River, In the Gulf area itself
the Cambrian rocks are confined in outcrop to a strip between
Cambridge Gulf and Pincombe Range, and are associated with
Ordovician beds, Reeves (1948) discovered and measured a section
of these Cambrian strata, and Opik (1950) identified Ordovician
fossils in the Pander Sandstone (now Pander Greensand), Traves
(1955) performed the first fairly intensive field work on the
Carlton Group, and showed that strike faulting caused section
repetition, making interpretation difficult. He set up
formational names, based upon local outcrop sections, and on his
map indicated areas where two or more formations seemed to
predominate., No important work has been performed since and
there is insufficient data for detailed stratigraphic interpret-
ation, On the geological maps which accompany this report
these sediments are shown as Cambro-Ordovician., Traves' report

should bec consulted for typc areas, sectiondescriptions, ctec,

The units A< :'ned, or formalised, by Traves are listed

below, together with points of intcrest to petroleum geology:

Hart Spring Sandstone: Reddish fine grained sandstone
with some ripple marks, sun cracks and other signs of shallow
water deposition, Probably Middle Cambrian. Maximum known
thickness 500',

Skewthorpe Formation: Limestone, grey to green shale and
sandstone, and characterised by oolites., Middle Cambrian,

Estimated total thickness more than 600',
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Pretlove Sandstone: Reddish well-bedded sandstone,
Probably low Upper Cambrian, Thickness at least 400',

Clark Sandstone: Greenish to reddish glauconitic sand-
stone and friable red sandstone, Middle to upper part of the
Upper Cambrian., 430' exposed at surface.

~Pander Greensand: Glauconitic sandstone with local cross
bedding and worm tracks., Ordovician, Thickest measured

section 401',

Lateral facies changes may be present within the
Carlton Group, or the stratigraphy may be more complicated in
other ways than present dats suggest. On the basis of
formational age assignments, however, the thickness of the
group may total more than 2000', Thc beds contain an abundant
fauna in places and include shales, so could be considered to
be possible sourcc beds, if they persist under the basin, The
entire group has a shallow water aspect, exemplified by rock

colour, sun cracks, glauconite, etc.
' DEVONO-CARBONIFZROUS

In Upper Devonian time deposition recommenced in the
Bonaparte Gulf Basin, and with only one proven significant
break within the Lower Carboniferous, continued to the end of
the Lower Carboniferous or later, The boundary between the
Dcvonian and Carboniferous systems appcars to lie within the
Burt Range Formation, (Fig.4), and further palaeontological work
is needed to determine its location., Many Devono-Carbonifcrous
units of formational status now require recvision, so all are

discusscd here systematically.

The time scalc used by Australian palacontologists
largely depends upon their special ficld, and both American
and European Carboniferous stage-names have been employed in

the Bonaparte Gulf Basin, There is, et present, variation in
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stage assignments, which in part at least is due to this factor,
For the purpose of this report faunal determinations are of
greatest importance in relating rock units of otherwise doubtful

affinity within the basin,

ACCEPTABLLE ROCK UNITS:

Cockatoo Sandstone

Authors : Matheson and Teichert (1948)
History: The name "Cockatoo Scries" was applied by Matheson
and Teichert (1948) to cross-bedded sandstones with pebble
beds which outcrop on the Ivanhoe road 5{ miles north of Cockatoo
Springs. These authors re¢ported similar sands in the
surrounding arca, south-west and west of Burt Range., Traves
(1955) introduced the name "Cockatoo Sandstone" ahd applied
it also to areas west of Ninbing, so including the "Onslow
Beds" (Noakes et al, 1952), and to two outliers about 20 milecs
south-west of Ivanhoe Rescarch Station, Subscquent field work
by Utting (1960) resulted in some changes in the interpretation
of the outcrop pattern between Ninbihg and Ivanhoe, mainly in
showing ¢xtended outcrops. On the interpretative geological maps,
beds formerly described in various ways, but gencrally rcferred
to the "Nigli Gap Sandstone", are also inciuded in the
Cockatoo Sandstone, following Utting (1962). The outcrops

involved are discussed under "Nigli Gap Sandstone",

Lithology: The Cockatoo is principally a white to yellow,
locally reddish, medium to coarse grained quartz sandstonc, com-
posed of rounded to well rounded, generally well sorted grains,
It is occasionally feldspathic, and has some presumecd shallow-
water fcatures including ripple marks and cross bedding, #nd
minor slumping. Occasional pebble bands and thin conglomcrates
occar south-west of Burt Reonge, Limcstone beds occur in the

outliers south-we¢st of Ivanhoe,nd probably do so elsewhere,
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Sections: Because of partial exposures no complete section
of the Cockatoo Sandstone has been, nor cean be, measured at
surface, Allen (1956) gave the fullest description of the
formation, measured north and south of the Cockatoo Springs/
Ivanhoe roed (Appendix 4, Section No, 1), The more resistive
lower part measured 2000' and the poorly exposed upper part
1500' to the highest exposed bed, Total thickness is about
3800' if the 300' covered interval to Eight Mile Creek is
included, The base of the overlying Burt Range Formation was
formally defined to be still higher than this, and the total
thickness of the Cockatoo Sandstone could be aebout 4200' at
this section, The section occurs in the vicinity of Matheson
and Teichert's type exposures, so can be regarded as the type

section of the formatioun,

There are two other published descriptions of sections
of the Cockatoo Sandstone, One section (Traves, 1956, p.6U),
is found in the eastern outlier, south-west of Ivanhoe Station,
where 2500' feet of sandstone with some limestone are probably
Cockatoo cquivalent, The other occurs near Kimberley Research

Station and was briefly described by Matheson and Teichert (1948).

Upper Contact : The upper contact is not cxposed in the type
area, North-west of Carlton the contact between the Cockatoo
Sandstore and the overlying Burt Range Formation may or may not
be exposed, Interbedding appcars to occur between the two units
and hinders dclincation of thc contact, Undifferentiated
Cockatoo Sandstone/Burt Range Formation is shown at this
horizon on the geological maps (aftcr Utting, 1960). Given
better exposures, subdivision of the two formations might be
equally difficult in the typc area (see lower contact of Burt
Range Formation), The Cockatoo Sandstone may occur in Spirit
Hill No. 1 and may be present at the¢ surface at the south end

of the Spirit Hill anticline,
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Lower Contact : The Cockatoo Sandstone overlies uncifferentiated
Precambrian rociis on either side of the Pincombe Range and
possibly also in the Mount Cecil Inlier, but the contact is

not reported to be exposed, It apparently overlies the Antrim
Plateau Volcanics in exposures at Martin Bluff, At the type
section the contact is covered, By inference the sandstone

rests on Cambro-Ordovician between the Ivanhoe Fault and

Cambrid.e Gulf, and overlaps the older beds in the east,

Thickness : The maximum measured thickness of the Cockatoo
Sandstone in the Bonaparte Gulf area is 3500' but it could be
4200' at the type section. The unit could be thick in the
western exposures near Llephant Hill, judging by outcrop width,
It thins to zero on both sides of Pincombe Range, and is

probably absent in the subsurface north of there,

Palaeontology : The plant Leptophloeumaustrale (McCoy), was

first collected near Mount Cecil (Matheson and Teichert, 1948).
Traves (1955) later collected this form in the same area,
together with five genera of marine pelecypods, and in the
area west of Ninbing found several genera of molluscs togcther
with fish remains, The age of the marine faunas could be
Middle to Upper Devonian, Stratigraphic relationships with
younger beds suggest that Upper Devonian is present, with or

without Middle¢ Devonian towards the base of the formation.

Interpreted Depositional Environment : The Cockatoo sandstones
are medium to coarse, gencrally well rounded and well sorted,
sO0 are similar to those deposited along a.ud off modern shore-
lines. The degree of sorting and rounding might be considered
to suggest an acolian origin, but the contsined faunas, lack

of red colouration and the ripple marks, current bedding etc.,,
do not support this possibility. The pebble bands within the

formation also suggest shoreline or off-shore conditions.



18,

Most of the invertebrateé rccovered to date are hecavy
marine pelecypods which would be relatively resistive to abrasion,
and are comparable to the thick shelled forms which may be
found in present day beach sands, The fish rcmains and plants

may indicate tenmporary brackish or fresh water conditions,

If its depositional environment is correctly interpreted,
the Cockatoo Sandstone must originally have been a highly
porous sand body., In present surface exposures the sandstone
is very porous, and disintegrates to form large sand flats in
some areas, In contrast, sandstones of similar type pecnetrated
in Spirit ﬁill No, 1 have low porosities, due mainly to
cementation by calcite or silica, This cementation need not be
a local phenomenon, It is therefor: suggested that the
Cockatoo Sandstone and sandstones of similar type may be
infilled by silica or calcite in the subsurface, and that
present surface porosity in them may be due to recent leaching.,
This possibility is important to petroleum geology. Interpret-
ation of gravity data in the Bonaparte Gulf arca also requires

consideration of this possibility (sece Spirit Hill No, 1).

Burt Range Formation

Authors: Matheson and Teichert (1948)

History : Mathceson and Teichert used "Burt Range Series" for
the exposures of limestone with intercalated shale and sand-
stone above those of the Cockatoo Sandstone, on the east side
of Eight Mile Creek sround Burt Range. Thcse beds included an
upper sandstone unit, several hundred feet thick, referred to
by Traves (1955) as the'"Enga Sandstone.,"  Traves also formally
introduced the name "Burt Range Limestone" for the remainder,
having used it earlicr (1949) in an unpublished report, The
namc "Burt Range Formation" was formally substituted for "Burt
Range Limestone", because the formation has been proven to
contain major amounts of clastics not found in surface
exposures., This step was suggested by Utting (1958), and was

taken in the Spirit Hill No, 1 Completion Report,
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Matheson and Teichert (1948) also recognised Burt
Range equivalents at Byttons Crossing west of thce Burt Range
area, Rceves (1948) uscd the nsme "Burt Range Scries" for
outcrops in the Ninbing arca, whcre Traves (1955), later made
a more detailed analysis of their distribution, Traves 8lso
showed the beds in Amphithecatre, the fault block within Burt
Ra.ge, as Burt Range Formation and En_:a Sandstone, This
interpretation remains virtually unchanged on thc geological
maps, although minor ones, based on Utting (1960) are shown

for the Ninbing area,

Lithology : Thc Burt Range Formation scems to diffcr appreciabdbly
in lithology in the Burt Range and Ninbing arcas. Exposurcs
between Pincombe Range and Cockatoo Springs consist almost
catirecly of limestone, cxcept in the top few hundred f;et, where
sandstones also occur., Only this upper pert of the section
is reasonably well exposcd, The remainder has very poor
exposures, Fortunately, two bores drilled.in 1960 (Ivanhoe B.

No, 2 and B, No. 3) helped to evaluate the overall lithology

of the middle part of the formation, Thcse cut a combined
footage of over 300' and showed (Utting, 1958a) that the
predominant lithologics vere fine-grained calcareous sandstone,
siltstone and some shale. This suggests that the Burt Rrnge
Formation on the west side of Burt Range is predominontly
composcd of fine clastics with subordinate intcrbedded cerbonates,
The clastics cvidently coarscn towards the top, for in the
uppermost 700' they are fine to medium grained quartz sandstones,
The carbonates in the formation arce predominantly high energy
intrabasinal ones, with ecncrinites, coguinites, spergcenites

and oolites, and undifferentiated calcarenites, These lime-
stoncs are important over a 600' thin bedded interval toward

the base of the section,
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In the Ninbing arc¢e the section is less well known,
Carbonates ~re well exposed in places, but the proportion and
nature of interbedded clastics is uncertain. Reeves -(1948)
reported the main limestone exposures as & ridge running twenty
five milcs northwnrds from Ninbing to Knob Range, and cstimated
the section to be 500' thick., It is conceivable that this unit
correlates approximately with the 600' section in the Burt
Range area, elthough the two sppear to be of diffcrent facies,
Whether or not they are correlative, it is probable thut
carbonates ere quaantitstively more important in the section

near Ninbing.

Reefoid deposits may be significant in the Ninbing
arcn, Reeves (1948) rcported the topographic relief of the
Ninbing ridge to be due to stromatoporoidal recf nnasscs,
underlain by thinner bedded crinoicdal limestoncs. Subsequéntly
Traves (1955) rcported biohermal, stromatoporoidal accumulations
and reclated biostromal limestones south of Ninbing. Stromoto-
poroids have also been reported at Buttons.Crossing (Mathcson
end Teichert, 1948) end in the send flats west and south-west
of Point Spring (Reuves, 1948), Although not conclusive, this
suggests that stromntoporoius may be confined to the area west
of Pincombe Renge and absent or rare ncar Burt Range, where
these organisms apparently are not recorded in fussil co:lections,
The Ninbing limestoncs are reported to be dolomitiscd in
placcs,

Scetions : There are to date no sections fully covering the
Burt Range Formation and it uves not scem ndvisable to designate
formal type sections at this time, Two seporate sections near
Burt Range can be considered the main rcfurence section and n
supplementary refercnce sectiun for the upper part, The first
(appendix 4, Scetion No, 2) lics toward the north end of the
outcrops to the west of Burt Range, and was mcasurecd and

described by Allen (1956). As alreedy noted, cxposures consist
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of limestone, but in the subsurface fine ssndstones and
siltstunes predominnte. The supplementary scetion (Section
No, 3) alsu from Allen, consists uf the uppermost 600' of the
Burt Rnnge Formntion rad over 100' of the Knga Sandstunec.
Traves (1955, p.63) described a less complete section cither
at or neor the srme locstion, Although the supplementary
section cannot be correlated to the other, the <two can be
regardcd as typifying the general scquence of the Burt Range

Formrtion, exclusive of the basel few hundred feet,

Section No. 4 was mcasured by Recves (1948) where the
Burt Range Formation apparently directly overlies Proterovzuic
strata on Pincombe Range, Recves was unccrtain of the
strotigraphic position of the section and referred to it in
the text of his report as a non-fluviotile facics of the
Cockatoo Sandstone. However, he showed it os Burt Range
Formation on his map. Thomes (in Glover et al, 1955) identified
fossils from the vicinity as Uppcr Devonian or Lower
Carboﬁiferuus. Sands erec clearly in the mincrity in the

section, nnd the basnl conglomerate may be locally derived,

Section No, 5 (Glover et al, 1955), was measured in
the extreme north end of the Amphitheatre area and is believed
to belong to the Burt Rangce Formation, although the identifi-
cntion is tentative, Rade (1956) measured two sections of
350' and 100" in this vicinity. The thicker scection was ncar
that of Glover, and included 100' of silicified sandstone

referred by Rade to the Enga Sandstone (see Enga, lower contact),

Upper Contact : The uppcr contact is exposed in Section No, 3
below Enga Ridge, and was described by Traves (1955, p.63) as a
rapid gradation from grey to brown calcarcous sandstone of the
Burt Rangc Formaticn tov well bedded whitc¢ non-cnlcareous
fossiliferous sandstoune of the Engea Sandstone, Loter workers

(Allen, 1956) considered the contact less well defined, because
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although it is cleerly rcecognisable, Enga-type sandstone Dbeds
vcecur within the upper Burt Range Formation, The Enga
Sandstone/Burt Range Formetion cuntact may elso vccur near
Section No, 5, where buth Rade (1956) and -Gluver et al (1956)
reported apparent conformity between the rock units involved,
The cuntact may alsec oceur further suuth within the

Amphitheatre area,

At Spirit Hill, sandstones assigned to the Point
Spring Sandstone overlic carbonates of the Spirit Hill Limestone
with possible unconformity, The Spirit Hill Limestone may be
Burt Range equivalent, but on prisent evidence, is probably
younger (see Spirif Hill area), In must of the area the upper
contact of the Burt Renge Formation is probably unconformable
beneath the Milligans Beds, This relationship has not been
reported frum surface eipomues,'but is suggested by the

inferrecad field relntiuhships betwecen the two furmations,

Lower Contact : Mathesun and Teichert (i948) aefined the
base of the Burt Range Formation in its type areﬁ ns "the
limestune bed which outcrops sbout a quarter to half a mile eanst
of Eight Mile Creek, and whose northern cuntinuction was found
two miles suuth-east of the eastern end of Mertin's Gep."
Lacic of exposures.appears to make this procedure advisable,
The bese of the main Burt Range Formation refcrence section
(Sectivn Nu, 2) starts several hundrcd feet above this brsal
limestone,

The contact between thce Burt Range Formation and
Cockatoo Seandstone is nowhere cxposed ot surface in the type

area, It may be prcsent but undetected in the Ninbing area,

Thickness : The main rcference section o f Burt Range Formation
(No., 2) has a maximum measured thickness uf a little ovcer
3000' according tu Allea (1956), but there is ruom for error

because of difficultics in determining dips accurately in the
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field, Non-exposures above and beluw the measured secticn
could account fur another thousand fect, so at the type secticn

the maximum thickness may be as much as 400.',

The outcrop pattern, used in cunjunction with
structural data, suggests that the Burt Range Formation thins
tuwards the scuth from the type section., Utting (1958a, p.6)
cunsidered this to be s¢ and stated : "At the extrene south
eid of the besin, in the vicinity of the Couckoatouv Fault, the
thickness is diminished counsiderably." The CockntoQ Sanastune
thins in the oppusite dircction, and this rclationship tends to
suggest majour diachrunism between the two. Whether or not this
oceurs the Burt Range Formation could heve originally coentinued
tv thicken nurth from the type scetion, Pre-Weaber Group
ervsivn epporently has removed part of the furmation to the
north, »snd thc overlapping reloticnship ¢f the Weaber Group
prevents evalunticn of the thickness of Burt Range Formrtiun
which may be prescrved, On the north-cast side of Pincombe
Rnnge it scewms probable that less than a thousand feet of the

fermation remains,

In the Ninbing area prc-Weaber Greup erusion may hove
severely reduced the ovriginel thickness:of the Burt Range
Formation, Utting (1960, p.4) estimrted the minimum thickness
nt 1500' nnd stated that the full scction was not present at
surface owing tu crusion, If the Cucketoo Sandstone/Burt
Range Fourmiticn countact is dinchrencus in this saren, then the
distribution o f Cuckatouc Scndstoune suggests that the Burt Range
Fermation would have been depusiticnally thinnest in the scuth-

west, and thickest towrrd Pincumbe Range. Under the Werber
Group re-entrant sovuth of Ninbing cunsiderable thicknesscs of
buth Burt Renge Formation and Cuckerteo Sanastone hnve

probably been removed,
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Palreontoulugy : Present pnlnecntologicel interprétntiune
suggest that the Burt Range Formntion has the Devunian/Carbon-
iferous contnct within it. Mathesun nnd Teichert (1948) made
the first cullections in the ares west of Burt Ronge, moinly
frum the lower part of the formation, and determined the age

as Upper Devonian, They alsev collected definite Upper Devonian
furms from Buttons Cruséing. Traves (1956) collected frum
across the Burt Range Formation in the typ. area, including a
high'fossilifefuus huriéun west .f Mount Septimus (his lccnlity
51),'and dpik; in classifying the feuna, rumarked on  its
similnrity to the Lower Carbuniferous fruna of the Septimus
Limestune, but regerded it as Upper Devonian,  Utting (1957)
next ccllected from a ibcality 50' beluw the top of the Burt
Range Formation, and Thomes (1963) censidercd the fauna to be
of prubnble Carbunifercus age. Iveahee Bore Hu, & ane
exposures nenr Nu, 2 provided further fussil moterial from
lower in the furmation, and Thomes (Spirit Hill No. 1 Report,

Appendix) again cunsidercd this tu be of Luwer Carbuniferous aspect.

The determination of thc Devonian/Carbuniferous
beundary is of both ﬁcademic_nna prnqtical importance in the
Bonaparte Guif area, The Burt Rang? Fermation shows.no
gvidence of an internrl depositional hiatus, If diachronism
occurs between the Burt Range Formotion nnc Couckatuo 8andstone,
detailed perlneuntulegy may eveantunlly show its éxtent nnd
neture, |

Even if diachrenism is extensive, the louwermust Burt
Rouge Formation in the type aren is probably of Upper Devonian
age, anu the upper part may be either Devonian and/or Lower
Carbuniferous. In the Ninbing rren, the fact thot a lesser
thickness of the furmatiun is preserved implies thet the beds
there rrc likely tou be of Upper Devenian rather than of

Corbunifercvus oge,
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Interpreted Depositicnal Eavironment : At already ncoted,
stromatoporcics (and nlgae) are reportec mainly from the nrea
west of Pincumbe Range. Wcell Cefincd bivstroumes are similarly
restricted in areca, This apparent cistribution pattern may be
cue tu inncequate wata, but it suggests, when consiuerea in
conjunction with the known precuminence of carbenntes around

Ninbing, that this areca may be cne of separete provenance,

The extent and noture of stroumatoporcidal reefing around
Ninbing has not yct been accurstely dctermineu, Recves (1948)
reperted massive stromatuporvidal reefs north of Ninbing, and
Traves (1955, p.65) reported bivhermal wolumitic limestone
five miles east of the Ninbing turn-cff on the Legune Road,
Utting (1960, p.4) cunsidered the identification of reefs to
be Cifficult in the field and stated: '"No cunvineing mound
shaped bicherms were fuund in the recent survey, cespite cnreful
scarch, and thc beds are mure accuratcly described as biustromal.
The limestone shows regular and cunsistent bedaing wer lorge
creas, In vicew of the presence of reef building fauna, sume-
times prvlific, and the icdeantifiertion scuth of Ninbing of a
pussible redf and back-reef relaticnship, a reascnable statement
is thnt a reef building envirovnment wns present wuring weposition
of the limestunes."

"Except for the leck of Jbviwus reef coeres, the gensrnl
nature uf the ovutcroups is very similar to the Fitzrey Basin

cecurrences, which sre proven recf cumplexes of Upper Devonian

Although there ere insufficient Jdata  to interpret the
recfuid beds in the Ninbing arca, it is apparent that the
general area was oune of deposition vn o shallow-water me rine
shelf, The predeminance of corbunates in vutcrop alsc suggests
that cnce Cockatou clastic depesiticn ceascd, clastics became

of relatively mincer importance. As alreaay noted, the recefoid
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beds may correlate with the 600' carbunate-rich unit neer the
base of the Burt Range Furmetion in its type area, and an
upper clastic phasc coull be abseat at surface because uf
erusion ead subsequent uverlap by younger beds. As ciscussed
1éter, when extrapulated tu the subsurface, the presence of
stromatoporcid-bearing accumuletiuns near Ninbing is ovne f
the mest premising features for hydrocarboun possibilities in

the Bonaparte Gulf aren,

In the Buft Range aren corbonntes are unlikely to
constitute more than a minor port Jf the sectiun, which is
precveminantly clpstic.» The fact that the clastics are finer than
%husé quthc uncerlying Cockrtoo Sandstune and vverlying Enga
Snndstbné moy suggest'quietcr nnd pussibly deeper water cunditions,
The limeétuncs are predumihantly high.energy types end incicoate
thnt; as in the Ninbing arco, wave-b sc-lcvel was attained quite
frequently. The founa of the limestunes is rcpurted to be
mainly brachinus, érinuids, mulluscs, and common gastropeds,
which alsv sﬁggests relatively shalluw water, - The interbeddec
nature of the limestincs and clasties prubably ~ indicates
perivdic variation in the influx of clastics.

Enga Snndstvné

Authur: Traves (1965)

.Histhy :' The'npme "SnuWie Sandistone" was fifst infurmally
applied by Opik (1950) t. beds subscquently nemed the Enga
Sandstone., Traves (1949) sepnréted this unit from the Burt
Renge "Scrics" of Mathesun and Teichert (1948), but Jid not
hnme it, The term "Sn.wie Sancstone" wos introucuced tu the
liternture by Nuakes et nl (1952) and was'used by Fairbricge
(1953), but became unacceptable when the ricge nofter which the
formation was named was designated os Engn Ridge By the West
Australion Loads and Surveys Deprrtment, Traves (1955)
fermally introcuced the neme Enga Stnustone in licu of "Snuwic

Sandstone .,
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The msin exposures of the Enga Sandstone are on the
type ridge south-west of Burt Range, and some smaller ones may
occur in the Amphitheatre area. Enga Sandstone may be present
in Spirit Hill No. 1, and may be exposed in limited areas south

of Spirit Hill,

Lithology : The Enga Sandstone ranges from finz to medium in
grade, but is reportedly predominantly medium grade. The grains
are subangular to rounded and often well sorted, Cement is
limited and porosity is present in surface exposures, In the
lower part of the section, the sandstones, which are slightly
felspathic, contain worm tracks, Calcareous material, including

crinoids and other shelly fragments, is present near the top,

Sections : Although moderately resistive to weathering,
most exposures of the Enga Sandstone lie on dip slopes and in
consequence are poorly exposed, The lower 150' of the formation
has been described (Section No, 3), In the south of Burt
Range, the uppermost 120' has been gencrally described by
Glover et al (1955) as shelly crinoidal calcareous medium
grained sanastone consisting of subangular to rounded, well
sorted quartz grains. The beds contain calcareous sandstone
concretions up to one inch in diameter, The middle portion

has not been measured or described,

Upper Contact : According to Glover et al (1955) in the
south of Burt Range thc¢ Enga Sandstone is transitional with the
overlying Septimus Limestone., The actual contact is not

exposed,

Lower Contact : The lower contact is essentially gradational
on the west sidc of Burt Range at Section No, 3. Near Sectiou
No. 5 in the Amphitheatre area, silicified sandstones rest upon
probable Burt Range Formation, and have been referred to the
Enga Sandstone both by Glover et al (1955) and Rade (1956), These

sandstones, which are not distinguished on the geological maps,
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contain Leptophloeum, Glover, and later Utting (1962, Pe6)

both noted that the sandstone was more similar to post-
Septimus beds than to knga, go its egquivalence is not yet

determined, although Leptophloeum is unlikely to occur in

post-Septimus beds (see Spirit Hill area), The sandstones
appear to be conformable up~n the beds beneath, but thc contact

has not been reported exposed,

Thickness : Traves (1955) estimated the Enga Sandstone to
be approximately 1000' thick on.the southern part of the type
ridge, but subseguent workers have reduced this estimerte,
Glover et al (1955) cstimated 900', Allen (1956) 500' and
Utting (1958) 400'. At the north end of Enga Ridge the form-
ation disappears, probably beneath an angular disconformity.
Erosion prior to dcposition of the Weaber Group may be largely
responsibluvfor the loss of the ridge topography. It is at
present uncertain whether the Enga Sandstone thins to the north,

Judging by its outcrop pattern this maytc the case,

Palacontology : A Lower Carboniferous age has been accepted
for the Inga Sandstone, partly because of its stratigraphic
position and partly because Dickins (Traves, 1955, p.66)

tentatively identified a species of Cardiopsis in it., He

subsequently noted a similar species in the Tournaisian Burindi

Beds of New South Walcs,

Interpreted Depositional Environment ¢ The shelly material
together with grain size, softing and roundncss all suggest
shallow water marine dcposition,

Septimus Limestone

Author : Noakes et al (1952)

History : The namec "Mount Scptimus Scrics" was first used
informally by Reeves (1948, Plate V), for Carboniferous
. limestoncs discovered by Matheson snd Teichert (1948) on

central Burt Range, '"Mount Septimus Limestone" was uscd by



29.

Traves (1€49) and introduced in print by Noakes et al (1952).
Traves (1955) abbreviatcd the name to "Septimus Limestone" and
specified the area of outcrop as "the slopes of Mount Septimus
and the western slopes of central Burt Range. Small outcrops
of Septimus Limestone were also found necar Milligans Lagoon,
It has not been found in the Carlton arca of Palagozoic
sediments", This dcfinition is still valid cxcept in that the
outcrops at Milligans Lagoon overlie Milligaas Bedg and should
be cquated with the lower part of thce Point Spring Sandstonce,
and not with the Scptimus Limestone. The outcrops on Burt Range
are confincd to the south-west, west, and to the north, where

they occur within a fault block,

The Septimus Limestone fauna has been more rccently
identified in limestones at a locality 3+5 miles north-east
of Spirit Hill,ﬁ and less certainly at a locality 1 mile north
of Spirit Hill., At Spirit Hill itsclf the faunas in the lime-
stones have affinities with the Septimus Limestone (Thomas,
1963, and in Spirit Hill No, 1 Completion Report, Appcndix),
It is possiblc¢ that outecrops rcferrcd to the Sandy Creck Beds,
about 13 miles north-cast of Zpirit Hill, are also Septimus
¢quivalent (sce area North-east of Spirit Hill), Scptimus
Limestone may also be present in Spirit Hill No, 1., It appcars
to occur in Scismic Shot Hole No, 449 on the traversc across

Milligans Lagoon judging by faunal evidence (Jones, 1958, p.8-9).

Lithology : The formation comprises sandy crinoidal lime-
stones and interbedded calcareoussindstones., In places it is
thin-bedded; elsewhere it is messive, Brachiopods are common,

and corals occur,

% The locality name "Spirit Hill" is used here in the sense of
Allen (Fig.5), and others, Utting (1957, etc.) used the name
for the more gencral topographic high centred about 2 miles
further north-west,
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Scctions : Matheson and Teichert (1948) referred to 350' of
very hara crystalline (limestone) rock on central Burt Raige,
and stated that similar Carboniferous rock probably also
occurred at Mount Septimus. Reeves (1948) described two
partial sections on the north-cast side of Mount Septimus., One
was simply describced as 100' of fossiliferouslimestone., The
other gave some details of the upper part of the formation
(S¢etion No, 6), Traves (1965, p.67) described.what should be
regarded as the type section from the western slopes. It is
incomplete at the bnsc, and the upper contact is marked by a
covered 6' interval., Glover et al (1955) described two further
sections (No, 7 and 8). The first, located in the arca examined
by Mathecson and Teichert (1948), is the thickest known., The
other, in the fault block at the north cnd of Burt Range, contains
the contact with thec overlying Weaber Group, as interpreted by
Glover, Rade (1957) describeds partial section near that of

Receves.

Upper Contact : The only reported exposure of the upper
contact is below Section No, 13, at Mount Septimus, where there
is no apparent unconformity. There 1is howcver a general colour
chenge from grey weathéring below to grey-brown above the
contact, and the sandstones of the basal Weaber Group differ
in character from fhbse of the Scptimus Limcstone (sec Point
Spring Sendstone, basal ¢contact), A similar colour change
occurs at the ncarby type scetion, and Traves (1965, 1.66)
reported an unconformity at this.contact at Mount Septimus and
central Burt Range, presumably on the basis of bedding habit,
lithological change e¢tc., ns follows: "At both localities, the
Septimus Limestone is unconformably over;ain by scdiments of
the Weaber Group, although the apparent unconformity is very
slight,"

Lower Contcct : The lower contact is nowhere reported exposed,
although, a8 notcd in the discussion of the Enga Sandstone,

Glover et 21 (1955) stated thnt the underlying Enga Sandstone

grades to the Septim.s Limestone,
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Thickness: At its type section the thickness of the
Septimus Limecstone is 355', plus an unknown covered interval
nt the base., Glover et al (1955) estimated @ total thickness
of 450' at Scection No. 7 to thesouth., The formation should
be erosionally truncated beneath the Weaber Group towards the
north in the type area, but there is no direct field ¢vidence

of this.

Palacontology : Theformation is of Lower Carboniferous age,

Opik (Noakes et nl, 1952) considered the productid Morginirugus

to indicate cquivalence with the Warsaw aand Keokuk Formations
of the Mississippi Valley, and these may be approximately
middle Viseun, Thomas (1963) suggested a late Tournaisian to

earliest Viscan age from thce brachiopod fauna, K

Interpreted Depositicnal Environment : Current bedding and
ripple marks (Troves, 19556 p.67) and the merine faunas suggest

shallow water merine conditions,

Millignans Beds

Author: Utting (in Spirit Hill No. 1 Completion Report)
History : This shale unit is almost unexposed in Bonapartc
Gulf, and was discovered by scismic shot-hole and stratigraphic
drilling during 1956. The latter was performed by contractors
for Westralian 0il Ltd, within Permit No., 3, and consistecd of

Milligrns Stratigraphic Tests Nos. 1 - 3 and Spirit Hill

Thomas (pers. comm) stated: "The founas are mainly from the
upper 200 fect vr sc., They ae recorded alsoin Thomas (1964, in
press), end in Appendix 4 of Spirit Hill No. 1 Completion Report.
Certain ferms indicate Viscan rather than Tournaisian, but I feel
that too fine age limits ought not be drawn at this stage., 1
regard the faunas as definitely somewhat younger than the
Tournaisian faunas of thc Moogoorce Limestone and Laurel
Formntion., On the other hend they arc somewhat older than the
Point Spring faunas, which are cssentially late Visean in
affinities, with certain species which could range into the
Namurian,"
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Stratigrephic Tusts Nos, 1 ~ 3. All of these recovered at least
some black or grey shale which Utting (1957) assigned to the
Burt Renge Formation because only that furmation was knuwn to
contain shale, and because initinl conodunt identifications
alluwed for an age range of Upper Devonian to Cerboniferous,
During 1956 the Burcau of Mineral Resources carricd out seismic
work in both the Spirit Hill end Ninbing areas, Shot hole
samples from thiswork iere analyscd pal contologically and some
were shown tou consist of shale of Carboniferuvus age (Joncs, 1958),
Such shale occurred below cover aloung pert of the Ninbing line,
and north of Spirit Hill, At the sam¢ time the shsle samples
from Milligens Stretigraphic Tests No, 1 and 2 were found to be
of Carbonifcrous age. In Spirit'Hill S.T.FNOJ 1 the shale was
fussiliferous but the fauna was aot didgnostic of age., The
location of the other hules ond the shale lithulogy suggest a

Carboniferous age for the strata penetrated,

In view of these résults, Utting (1958) suggested the
name Milligans Beds for the Carboniferous shales._ He ipcluded
the sandstores at the top of the Spirit Hill outcroups,
interpreting them as the basel part of the formotion, This is
unacceptable fur several rcasons (sec Point Spring Sandstune and
Greup Reletionships), The name "Millignans Beds" was introduced

in print in the Spirit Hill No, 1 Ccmpletion Report,

At present detaiis of the strntigraphy of the Milligans
Beds are lacking, becausc of their recessive topographic
expression, The interpretation of the near-surfnce distribution
of the beds was'attcmpted on the interprctative gcolugicai map
by assuming that where covered areas occur around proven
vceurrcnces of the shale at surface or in bore-hules, the
shale can be assumed to be present near t¢ the surfoce, The
shalc is restricted tou veccurences in bure-holes in'the Spirit

Hill - Burt Range area, In the Ninbing nrea, Utting (1960)
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reported poor ecxposures of shale from near Ninbing to about twe
miles south of Knub Peak. The large re-entrant shown on the

map scuth of Ninbing is mainly based on Bureau of Mineral
Rescurces shot-hole data, Unless shallow drilling at key points
is carried cut, it is unlikely thnt the dctailed ne ar-surface
distribution of the formatiun will be resolved, Lateral facies
changes of the shnle to sandstone may occur, and are ccnsidered
later,

Lithology : The Milligrns Beds are composed of grey to black,
suft, fissile tu blocky shnle, They are cnalcoreocus te non-
caleareous, cummonly silty, countains fairly commen sand grains
in places, ond occasiovnnl fine tu coorse grained sandstone and
siltstoene stringers and beds, Gypsum inclusions rc¢purtedly occur
locally, as du streaks and thin beds of limestone. Sporadic
pcbbles of quartz ond siltstene ~re present, Near the surface

at Spirit Hill No, 1 the shalc is altered tuo scft pale grey clay.

Sections : Because surface expusures are lacking, the
scctions ore based on bure-hile data, Milligans S.,T. No, 1 with
364' (Appendix 4, Section No. 9) ond Spirit Hill No, 1 (Fig. 7)
with over 700', are cumplementary reference sections which
jllustrate the upper and luwer cuntacts respectively, Milligans
S.T. No., 2 provides a third section, of mure deubtful value
(Utting , 1957). On the basis of thelr lithology, Milligans S.T.
No, 3 (Sectiun No, 10) and Spirit Hill Stratigraphic Tests
Nus. 1-3 (Utting, 1957) can alsu be regorded as having penetrated
portial sectiuns of the Milligans Beds, All of these are in
the Milligans Hills - Spirit Hill arca, No scctions have been

described in detnil from near Ninbing.

Upper Contact : The upper contact is nct exposed at the
surface. It is present in Milligans S,T. Nov. 1, end pussibly
in Milligans S,T. Nu. 3. Both bore-houles indicated interbedding

betwecen the Milligens Beds and the overlying Point Spring
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Sandstone, In Milligaens S.T. No, 1 there is about 82' of
interbedded siltstone, shale and calcareous sandstone between
hard non-calcareous sandstone and the main shale, Following
Utting (1958), the top of the Milligans Beds are placed at

146', and the overlying interbeds are assigned to the Point

Spring Sandstone, In Milligans S,T, No, 3 it is less certain that
the Milligans Beds were entered, as only 8' of shale occurs at

the bottom of the hole, and the overlying transition zone is

only 34' thick, If present, the top of the unit lies at 82',

Basal Contact : 1In Spirit Hill No, 1, the formation was
penetrated at 826', at which depth the contact between black
shale and pale carbonates of the underlying formation is abrupt,
This contact is probably an unconformity (see Group Relation-
ships).

In the Ninbing area, Utting (196Q) reported 700' of
Carboniferous basal beds consisting of sandstones, conglomerates
and mipo; shale, and (pers. com;) believes that at least some
.of the coarser clasticé occur at the base of the Milligans
Beds, The formation is clearly‘transgressive'on older beds south

of Ninbing, and basal clastics are to be expected.

Thickness : The section of Milligans Beds is 364' thick in
Milligans S,T, No, 1 and 786' in Spirit Hill No, 1; buf neither
section contains both contacts, The formation definitely thins
gouth from Milligans S,T. No, 1., It does not occur at éll on
Mount Septimus unlecss field rulationships have been miéinterpreted.
as exposures of Point Spring Sandstone directly overly the
Septimus Limestone. In view of the conformable relationships
between the Point Spring Sandstone and the Milligans Beds in
Milligens S.T, No, 1, this cantest be interpreted as due to
non-deposition of Milligans Beds at Mount Septimus, The
relationship suggests that thickening of thc shalcs may occur
north from Milligans S.Te Nos. 1. Some support for this possibility

was provided by Jones (1958), who thought that there may be two



stratigraphic faunal horizons in the area. Only the older was
found in Milligans S,T. No, 1 and only the younger in the

seismic shotholes north of Spirit Hill and in Spirit Hill RNo,

1, but both were present in Milligans S.T, No, 2, between the

two areas. This implics that younger beds, and hence a thicker
total section, occur towards the north, An unknown amount of
section is missing et the top of Spirit Hill No, 1 by recent
erosion. On the whole, it scems most unlikely that 786"
represent the maximum thickness of the formation in the Bonaparte

Gulf area, particularly as Spirit Hill No. 1 is-locatcd near the
edge. of thec basin. &

In the Ninbing arca Utting (1960) estimated 400' as the
maximum thickness of Milligans shales, and 700' for basal

Milligans clastics,

Palseontology : Utting, (1958) summarised the earliest
palacontological findings on the Milligans Beds and concluded,

largely on the basis of work by Jones and Thomas, that they
were Visean to possible Namurian in £ge., Jonecs (1988) did not
give a more restricted age than Carboniferous on the basis of
his microfaunal work, because of the uncertainty of Austrolian
microfossil ranges, He listed several forms which renge from
Upper Mississippian to Pennsylvanian or Permian in North Ameriecn,
and his comprrisons with ovcrsens species are consistent with
Chesterinn-Pennsylvanian in terms of North Amcrican age units,
or Upper Viscan to Namurian in European stages. Thomas (in
Spirit Hill No. 1 Completion Report, Appendix) stated that
Zeller of the University of Kansas suggested a Chesterian age
for scveral cndothyrid genera, On the whole, it secms probable
that the Milligans Beds should be placed high in the Mississippian
somewhere in or near the Chesterian (latc Visean to early

Namurian).

% Alliance Bonaparte No. 1, north of Ninbing, by October, 1963 hed
penctrated over 5,000' of shale, much or all of which could be
Milligans Beds,
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Interpreted Depositivnal Environment : The Milligans Beds
contain a varied marine fauna, differing from those in undcr-
lying formations mainly in the rarity of 1afgé benthonic
forms, Sheale deposition would give a muddy sea bed unsuited
to many large forms, At Spirit Hill No. 1, rounded sand
grains ¢ re sporadically present in the shale, as are leorger
less rounded pebbles., This suggests proximity “o a higher
energy cnvironment which, on the basis of the coarser clastics,
could be a shorelinc or ncar-shore shelf, The¢ occasional
interbeddecd ssnds, slumping, fine cross bedding aad current
bhedding all suggest periodic, but short-lived, high encrgy
conditions during deposition of the shale, In the other bores,
sand striungers suggest similar conditions. In the Spirit Hill -
Milligans Hill area the predominant shale lithology indicates
quiet weter and possibly lagoonal conditions of deposition,
especinlly as minor sccondary gypsum is reported in two of the
stratigraphic tests. The rich marine fauna shows however,
that normal marine conditions occurred periodically. It is
inferred, on the basis of faunn, 1itholdgy, thickness, and
distribution thnt dcposition took place near thc edge of a

arin¢ basin, possibly in a bay., Although the Spirit Hill -
Milligans Hill area was probably onc¢ of reletively shallow
inshore wnters during Milligans Beds depbsition, water depths

of scverrcl hundred feet could have been attained at times,

Point Spring Sondstonc

Author : Nonkes ct nl (1952)

History : Reocves (1948) acscribed two sgections along the
scarp of the Weaber Range, nud the more ecsterly is now con-
sidered to include the type Point Spring S~ndstone, Opik
(1950, p.7) discussed the genernl lithology of some beds a few
miles west along strike from this section, ncar Point Spring,
and rcferred to them as Point Spring Sandstone. The name was
published by Norkes et al (1952). Present ussage is in thc sense
of Opik, and the unit was formally defined in the Spirit Hill No.l.
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Completion Report.

Traves (1955, p.78) reproduced Reeves two sections and
referred them to Point Spring Sandstone, so including conglom-
errtecs nt the top of the type section, Truves did not anslyse
the relatively complex stroatigraphy of related beds in the
Spirit Hill/Weaber Range ar«<a in detail, but tentatively
designated his expanded Point Spring Sandstone s the uppermost
of three formations comprising the Weaber Group, (i.e. Nigli
Gap Snandstone, Spirit Hill Limestone and Point Spring Sandstone) .
Glover et al (1955) agreed tentatively with this grouping, and
suggested that the sandstones on top of Spirit Hill looked like
those of the Point Spring Sandstone., They did not apply the
group nomenclature in the Spirit Hill - Burt Range area, o8 it
proved difficult to assign outcrops to thc various formations,
nnd concluded (1955, p.24) that facies varintion might be present.,
Allen (1956) performed detailed work at Spirit Hill,
subdividing the exposurecs thcere into lithological units, Of
these units "d" and "dl", now appeor to be eéuivalent to the
Point Spring Sandstonec. Rade (1957) worked in the Spirit Hill -
Burt Range arca, =nd introduced the name "Kcep River Sandstone"
for the post-Septimus sandstone beds on the sides of Mount
Septimus and for the sendstones on the west side of Amphitheatre.
He used the tcrm "basal sandstone" in the Spirit Hill area nnd
aid not equate it with the "Kcep River Sandstone," Utting (1957)
did so, ond using the Rade's tcrminology, equated the "Keep
River Ssndstone" to the sandstones below the conglomerates in
the type area of the Point Spring Sendstone, thus in e¢ffect
renaming the typc formntion, This mcant however, that the Mount
Septimus, Spirit Hill and Point Spring areas had been related,

At the same time Utting restricted Troves' (1955) usnge of the
name '"Point Spring Snudstone" to the conglomerates above the
"Keep River Ssndstone" at the Point Spring Sandstone type section,

The use of the nrme "Point Spring" for the unit above the
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original Point Spring Sandstone of Opik wes unncceptable,
Utting (19567) also clarified the lithological definition of
the "Keep River Snnlstone" as o clastic unit with negligible
conglomerate in it, overlain by conglowmerate beds of the "Point

Spring Sandstone."

In 1958 Utting reanlised that the nome "Keep River
‘Snndstone" wrs unocceptable, both bucause of synonymy and
homonymy (i.c. Keep Inlet Buds, see leter), and reapplied the
name "Point Spring Sandstone.," He slso rccognised the lower
exposuros at Milligans Hills as being equivalent not to the
Spirit Hill Limestone but to the Point Spring Sandstone, partly
on the basis of pnlneontologicnrl work by Thomas (1963). By
interpretation he excluCed the uppermost Spirit Hill beds,
earlicr included in the Point Spring Sandstone, o8 '"basal
‘Millignns Beds," 'Utting also (1958,.p,10) raised the question
as to whether the originai "Keep River Sandstone" of the Septimus
exposures should bc referred to thé Point Spring Sancstone or
"bnsal Milligans Bods.“ In the same <report, the "Point Spring"

conglomeratic beds were renamed Border Creek Sandstone,

The use of the name "basnl Milligans Beds" is hcre
considered unjustifiable on the basis that the beds are sand-
stones, of Point Spring type, and not sholc. The beds occur
beneath Border Creck cunglomerate ot Mount Septimus, ond in the
Spirit Hill area a similar relationship cnn be interpreted to
occur. Stratigraphically anc lithologically, therefore, the
beds should be identified with the Point Spring Sandstonc, and
are su placed here, on the assumption that field identificetions

are correct,

Althourh therc is room for doubt, the overall
¢istribution of Point Spring Sandstone between the type arca
and. the Spirit Hill - Burt Range area can be considered as

tentatively established, North-east of Spirit Hill, thies is not



the case. kaue (1957) performed reconnaissanee field work there
and desceribed several sections as "Keep River" or Poiat Spring

sanistone (see Area North-vast of Spirit Hill).

In the Ninbing area the Cistribution of Point Spring
gandstone is not well known. The section described by Reeves
(in Traves, 1955, p.78) appears to be Point Spring Sandstone,
The Border Creek Sandstone and Point Spring Sandstoune are not
subdivided on the enclused geological maps, The distribution of
the two together should be fairly representative, and the Point
Spring Sandstone should occur beneath the Bordgr Creek Sandstone

in most of the eXxpousures,

Lithology : The Point Spring Sandstone lithology is difficult
to summarise., The formation can be divided into oune or two
units, dcpending on locality. In the type arca, nt Milligans
Hills and possibly at Ninbing, a lowcer calcareous/arcnaceous
and an upper arcnaceous unit are present, At Mount Septimus,
in Burt Range and at Spirit Hill the formeticn 1s predominantly
arenaceocus, and is coumposed of uistinctive brown weathering,
locally feldspathic, sandstune. At Mount Septimus, Racde (1957)
divided this sandstone in turn into a dark brown lower part

and o palc brown upper part,

In the type area the upper unit is a fléggy tu massive
brown-weathering soandstone, with current beddinz, cley pellets
and o variety of worm tracks, It countains abundant plant
remains.® The lower unit consists of buff to brown sancstone
with a thin bed of limestonc, an¢ cuntains marine fossils, At
Milligans Hills the upper unit of the section is redadish-
weathering sandstone and carbonates. A sandstone at the top

of the scction contains lerge silicified councretions. The

Thomas (pers. comm,) stated that plant remains 21so uccur in the
lover unit at the scctiun at Point Spring, end elsewhere.
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lower unit is mainly a gritty carbonate ccnsisting of grey-grcen

ocvlites which grade upward tou reduish weathering oncs,

The formﬂtiuh as a wholé is arenacewvus, «ven where
limestoune is important. The sandstunes, where &scribed in detnil,
are generally coumposed of rounded tu sub-rounded, well sorted,
fine t. coarse grains, Sporadic pebbles and thin conglumeratic
streaks are slsov present, The must characteristic feature cf

the formation is that appreciable beds of coenglomerate are abseat,

Sections : Reeves' (1948) easterly szction, published by
Traves (1955, P.78), shculu be regnrded as the type section and
was su designoted by Utting (in Spirit Hill Nu., 1 Report).

The locality wasuriglnolly reported o8 4 miles north-west of

the State Buununry, and meant to refer to a point 4 mlles
north-west of the 1ntersect10n between t he Carlton—Legune ﬁraék
anc the Stéte Buundary. ’The point is in faét,vnéérerltu~5% miles
from the 1ntgrsect10n. Radel(1958) described o éectiun 5 miles
east-northecast of Pulnt Spring, This is at or Qery near tov the
typc sectiun, and as Rade's dcscripfions are muré detailed, this
section, (Nu. 11), canbe counsicdered to supplement the type section,
In the latter, thc¢ top of the Puint Spring Saaustoene should be
placed at the base of the secund highest bed, a 10' boulder
cenglumerate, Rade measured the sectiun from the base of this:
bed, The most Gistinctive bed is 5' of limestone, at the base of
Rade's ssction and 126' frum the base of Reeves', which includes
luwer strata, This limestone may be a good marker hcerizon, as

a limestone has been reported 1 mile east of Point Spring

(Gluver et al, 1955, p.30) nud by Rade (Sectiun Ne, 12) one.

half milec east of Point Spring, at ruughly the same stratlgrnphic
horizon, A possibleenulv‘lent 5' limestone was nlso PCCuPdCd

from Ninbing by Reeves (in Trcves, 1965 p.78).

The base of the furmation ismwot cecxpose. nt the type
section, but is present in Milligans S,T, Nu, 1 (Sectiun Nu, 9),

which can be regarded as n reference sectiun., Utting (1958, p.ll)
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cumbined surface drta with the boure-hole dnte and compiled an
interprctative section showing o thickness of 261' fur the centire
formrtion at Milligans Hills., Judging by other dnta this is
snomalously thin, e.g., 't Mount Septimus the formation is mere
than 300' thick, and should be, if anything, thinner than at
Milligans Hills, Thc following interpretative section,
constructed from Glever et al (1955) ond Utting (1957, 1958),
may be more represcntative:

Border Crecek Sandstune; boulder and pebble conglumerate,

26' (Quartz sandstoune, grey to light
grey, weathcred red bruwn, medium grained, well sorted. Countains
ferruginuus cuncretions loecally,

175' oulitic limestune, grey-green,
weathered grey-brown except top 40' where weathered rca-brown,
Contains grit lenses, Fossilifercus cxcept top 40'.

30' Sandstone, fine grained, with
sume worm tracks,

25' No exposures - top 25' of
Milligans S.T. Nu. 1

39' Mainly snndstone, white to
brown, fine grained, and svme limestone,

ge' assage beds tuo Milligans Beds,

tre————

Total: 376

Other described sectiouns of Point Spring Sandstone
include the one (No., 12) measured by Rade (1958) near Opik's
locality one half mile east of Point Spring, ond three from
Mwunt Septimus, Twu of these, of which one (N.. 6) is given in
Appendix 4, were described by Reeves (1948) and the third (Nu,13)
by Gluver et al (1955). The unly detailed sections from the

Spirit Hills orec are by Allen (1956), No, 14 is an 80' scction

of Point Spring Sandstone from the scuth end of the hill (Fig,5)
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and is unusual in that a 6' conglomerate occurs near the top,
The section could be reyarded either asrepresenting the whole or
only the basal pert of the formation, depending upon interpret-
ation (see Group Relationships). The other (No., 15) is poorly
exposed end incomplete. Allen (1956, p.7-8) also provided a
generslised section frorm 2,000 yards north-west of Spirit Hill,
Both Allen and Rade (1957) give still more generalised
Interpretations of the succession around Spirit Hill, discussed
under "Spirit Hill Area," The only section described from the
Ninbing area by Reeves (in Traves, 1955) cannot be precisely
located, It comprises 355' of sandstones containing a limestone
bed,

Upper Contact : The contact between the Point Spring and
Border Creek Sandstohes can be definedes the base of the lovest
well developed conglomerate bed where bothfurmations are exposed.“
As both are clastic units andss the Point Spring Sandstone
contains sporadic ppbbles and thincunglomerates, the delimitation
of the two formations will be somewhat arbitrary, and may become
still more so0 as the stratigraphy becomesbetter known, This
basis has however been the one applied in practice in the past,

' A "well developed conglomerate" cante defined as any layer or
lehs more than 2' thick, composed of cobbles or coarser clastics.
Reeves (1948) described a 5' cobblc conglomerate at Mount
Septimus near the middle of what is here accepted as Point
Spring Sandstone, His workwas based on a rapid reconnaissance,
and the identification was probably an error, as later workers
(Glover et al, 1956; Rade, 1957), did not report the bed.

In all available descriptions there is no note of a

disconformity or other hiatas g between the Point Spring Sandstone

X This is essentially the view of Utting (in Spirit Hill No. 1
Completion Report),

g Utting (pers. comm.) made the following comment on this point,

"In a V-ghaped recession at the north end of Spirit Hill a very small

outcrop of conglomerate lies on probable Point Spring Sandstone, The

dip in the conglomerate seems at variance with that of thc sandstone,

but this could be illusory, Thcere must be local irregularities at the

base of a conglomcrate, and when these arc seen in isolated occurrence

they can be misleading."
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and Border Creek Sandstone, in spite of the high energy conditions
implied by the presence of conglomerate, Utting (1958) at one
time equated the Nigli Gap Sanastone with the Border Creck
Sandstone andconcluded that the latter should be unconformable

on the Point Spring Sandstone, He later (1962) suggcsted that

the Nigli Gap Sandstone was equivalent to the Cockatoo Sandstone

(see Nigli Gap Sanustone).

As defined, the upper contact occurs at the type
secction and elsewhere in thce Weaber Range, at Mount Septimus
and Burt Range, north and west of Spirit Hill, at !'illigans

Hills, end presumably at a number of places near Ninbing.

Basal Contact : In the type area the base is covered, but
the formetion almost certainly rcsts on Milligans Beds. At
¥Milligans S.T. No, 1 the formation is transitionally interbedded
with the Milligans Beds, (S.ction No, 9) and this relationship
could apply vwhcerever thce older formation occurs, For exauple,
the shaly sandstones rccorded by Reeves at the type section
nay be significant, “here 'illigans Beds are abscnt the Point
Spring Sandstone lies upon various formations, At }lount
Se¢ptimus and on the south side of the Burt Range it overlies
Septimus Limestone with a rarked colour chaange but no apparent
disconformity (see Septimus upper contact). The Point Spring
Sandstone is probably prescnt in Amphitheatre (Rade, 1957)
where the base is unexposed but thc sandstone could rest upon
Burt Rangc Formation. In the Spirit Hill area, Allen (1956)
mapped what is here referred to as Point Spring Sandstone
(units "d" and "d;") without reporting a disconformity. His
data can be re-evaluated now that the area is better known,
to suggest that the Pecint Spring Sandstone may be separated

from oldcr beds by an erosional unconformity.

In the Ninbing arca the base of the formation is
undescribed, but interpretation of available data suggests that

the relationships there will be similar to those further cast,
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The Milligans Beds should underlie the Point Spring Sandstone
in most of the area, but at least in one locality Point Spring
Sandstone may rest directly on Cambro-Ordovician strata, i.e.

in the Onslow Hills,

Thickness : The Point Spring Sandstone is more than 300'
thick at its type secticn, On Mount Septimus its thickness has
been reported as 355' (Reeves, 1948), 325' (Glover et al, 1956),
and 303' and 306' at two localities on either side (Rade, 1957).
As noted, the section may be about 375' thick at Milligans Hills.
On the north-west side of Spirit Hill the thickness is about
600', as interpreted from Allen (1956), and just south of the
hill may be only 80' thick. One mile or so west of Spirit Hill
Rade (1957) estimated the total thickness as 460', but this
need not be the full section, as the base is not exposed., In the
Ninbing area the Point Spring Sandstone is at least 355' thick.,
The known thickness of the formation therefore, rauges from ao0!

to about 600', and may not greatly exceed this range.

Palacontology : Opik (1950, and in Traves, 1955) analysed a
limited faunal collection and thoughfvthat the Point Spring-
Sandstohe and other formations assigned by Treves to the Weaber
Group were of Permian age. Thomas (in Traves, 1955, Appendix D)
thought the fauna to be Carbonifc¢rous, Subscquently more
complete faunal collections were made, and Thomas (1963, and
Spirit Hill No., 1 Completion Report, Appendix) concluded that
brachiopods from the Weaber scarp'nnd Milligens Hills indicated
a Visean to possibly Namurian nge, This is much thc samc as

that of the Milligans Beds.,

Interpreted Depositional Environment : Marinc forms #nd
limestones epparently occur only where Point Spring Sandstone
overlies the Millignns Beds. Where the letter formation is known
to be absent the Point Spring is a red weathering sandstone,

showing ripple marks (Allcn, 1956) and containing weethered



45,

feldspar (Glover et al, 1955, p.27): This suggests shallow
water, and the sporadic pebbles and conglomerate stringers
suggest relatively near-shore conditions. The merine facies
pass up to beds with a probable shollow water origin, c¢.g. the
red beds at Milligans Hills and thc cross bedded sandstones at

Point Spring.

These points suggest that where the Point Spring
Sandstone succeeded the Milligans Beds the watcer was still dcep
enough to allow marine or marine shelf (oolite) deposition, ond
that where WMilligons Beds nre absent, Point Spring deposition
took place directly onto older strata on higher ground, in a
still shallower water c¢nvironment, With further deposition,
these shallow water clestics may have spread over the catire
Burt Range-'Vgaber Range area, Similar conditions may have

occurred around Ninbing.

Border Creek sSandstone

Author: Utting (in Spirit Hill No, 1 Completion Report).
History : The nome "Bordcr Creek Sandstone" was first
applied by Utting (1958) to conglomcratic clastics in the
western poart of the Spirit Hill area, after he recognised that
the name "Point Spring Sandstone'" applied to these beds in 19867,
was invnlid.® Utting, (1957, 1958) thought that at least part
of the "Nigli Gap Sandstone," in the arca south-east of thc
Cockatoo Fault, should be included with the Bordecr Creek Sand-
stone but on thc basis of the results of Spirit Hill No, 1,
later (1962) chenged this opinion, He also identified the

Border Creck Snondstone in the Milligens Hills, at Mount Scptimus

"This stemmed from Traves' (1955, pp.78, 79) re-definition of

Opik's (1950) Point Spring Sandstone to include the sediments ubove
it in the Weaber Range, In 1957 I did not resnlise Opik's claim

to priority, and retaincd thc grceoter part of the section (i.e,

thot now known ~s8 Border Creek Sandstone) in Point Spring Sand-
stone as uscd by Traves, therefore having, at thet time, to give
another name (Keep River Sundstone) to Opik's section",

Utting (pers. comm),
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and in the Weaber Range. Rade (1956-58) worked in all these areas
and using the names "Policeman's Woterhole Conglomcrate" for the
basal Border Creek conglomcrate and "Nigli Gep Sandstone" for the
remainder, arrived et essentislly similar conclusions to those

of Utting (1968), although Rade did not correlate to thc reference
area west of Spirit Hill, At the reference arca Raderetained
Allen's (1956) local terminology of "Upper Beehive Sandstone" etc.,
(sce Spirit Hill nrea), Border Creek Sandstonc cen be accepted

as occurring at the Weaber Range, nnd in the Mount Septimus-Burt
Range arer, Utting's (1957) correlation of the formation to west
of Spirit Hill is also accepted here, Correlation of the Border
Creek Sandstone with "Nigli Gap Sandstone" is possible but not
probable (see Wigli Gap Sandstone). The formetion was formally
defined in the Spirit Hill No, 1 Completion Report, the section

in the Weaber Range being designeted as the type ssction,

Lithology : The Border Creek Sandstone is sandstone with
interbedded conglomerates, and is quite resistant to erosion. The
conglomerate forms prominent turrcts on Weaber Range. Sandstone
beds cap Burt Range and Mount Septimus and west of Spirit Hill

form prominent bechive shapes by weathering along joints,

The conglomerates sre mainly composed of rounded to
sub-rounded fregments of guartzitic rocks ranging from pebble to
boulder grade, Cryptogenetic angulor blocks of mudstonc, some
over 6' long, occur in the area west of Spirit Hill (Allen, 1956,
p.l2).

The sandstones of the formation tend to be silty aand thin
bedded and are mainly bPown-weathering, medium to coarse-greined,
often feldspathic end occasionally micaceous, Ripple marks occur

in places,

Sections : The type section of the formation has not yet been
fully measured, Thctasal pert overlying thoe type Point Spring
Sandstone was described (in Traves, 1955, andin Spirit Hill No, 1

Completion Report). A useful reference section wes described
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by Allen (1956, and Sgetion No, 16), from sbout three miles west-
southwest of Spirit Hill, The formetion includes Allen's mcmbers
"h" to "e'" plus the 20' conglomcrate ot the top of "qa", The

type locnlity nndformal terminology were nominnted by Utting (in

Spirit Hill Nu. 1 Completion Report).

Section No. 13 (frcm Gloveret al, 1955) at Mount
Septimus contains beasaf lower Border Creek Sands.one, The
formation is also present on Burt Range and at Milligans Hills.
Sections over 1,000' thick haveteen reported in the type area.
No sections have been specifically described near Ninbing, where

the unit is relatively poorly exposed.

Upper Contact : The formation 1is the youngest exposed in the
Ninbing - Spirit Hill area, It may be directly overlain by

Keep Inlet Beds, or other unexposed units could intervene, -

Lower Contoct : As discussed in the section dealing with Point
Spring Sandstone, the base of the Border Creek Sandstone 1is
arbitrarily defined as the mse of the first prominent bed of
conglomerate where both units are present. By this definition
the contact will almost certainly occurat different stratigraphic
horizons at different locaslities, as thc basal conglomerate can
be shown to pinch out locally. Forexample, on Mount Séptimus
(Rade, 1957) thc conglomerate thins from 52' in the south to 15'
in the north, and according to Utting (1958a) is absent at the
north e¢nd of the Burt Range. For this recason at Milligans Hills
the basal conglomcrate, which according to Rade (1956) is 12'
thick and according to Gloveret al (1955 and Section No, 17) is
25' to 40' thick, is unlikely to be the same horizon as that
at Mount Septimus. Intcrpretative aspects of thc interformational

relationships are discusscd under the heading "Group Relationships."

Thickness : West of Spirit Hill only 350' of relic stratea
can be measured, At Mount Septimusthe maximum uneroded

thickness is 125' and at Milligans Hills is 94' sccording to
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Rade (1957). At the latter locality Gloveret al (1955) reported
136' to 140' (Scction No, 17) and at Mount Septimus, Reeves (1948)
reported 300' of section. The latter is probably an overestimate,

as Glover et al (1955 and Spction 13) measured only 9U'.

A relatively thick section of the Border Creek Sandstone
occurs east of Point Spring, Glover et al (1955) mcasured 2,000
of Point Spring and Border Creek strata in reconnaissance one
mile east of the Spring. If the Point Spring Sandstone is 500
there, the Border Creek Sandstone will be a minimum of 1,500',
From serial photogrephs of the type section a few miles east,
Utting (1958) .estimated a similar thickness, and in 1960 reported
1,000' to 1,300' as the maximum thickness exposed in the Ninbing
area, On this basisthe Border Creek Sandstone must be ﬁell over
l,OOO‘ thick end may reach several thousand feet in a complete

section,

Palaeontology : No diagnostic fossils have been found in the
formation, On thetasis of its stratigraphic position it is most

likely to be Carboniferous butcould contain Permian beds.

Interpreted Depositional Environment : There gppears to have
beén continuous deposition from Point Spring Sandstone to Border
.Creek Sandstone. The sandstones are coarser than those in the
Point Spfing Sandstone, and the presence of conglomerates suggests
short-lived but veryhigh energy conditions, The common
occufreﬁce ofvfeldépars or materials derived from feldspar
indicates an igneous provenance, The formation may have
originated on near-shore flats in a subsiding basin (see Group

Relationships).

ROCK UNITS @& DOUBTFUL VALIDITY OR ASSIGNMENT

Nigli Gap Sandstone

Author: Traves (1955)
History : Traves (1955,p.72) gave this name¢ to "the sand-

stone that crops out in Nigli Gap, which is situated less than
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a mile south of the south-castern e¢nd of Policeman's Waterhole
on the Kecep River", and described it as predominantly sandstone
with common rafted pebbles and conglomerate members. The thickest
section of conglomcrate, near the base of the formation, and
situated one mile or so north-east of Cockatoo Springs, attains

a thickncssaof 1,000' of unsorted conglomerate. The main outcrops
of the formation occur castd the Cockatoo Fault, in the eastern
parts of Burt Range, wherce the unit is faulted against Burt Range
Formation, Traves tentatively equated some limited exposurcs
between Spirit Hill and Ochre Mine with the Nigli Gap Sandstone,
and the post-Septimus beds on the north-east side of Burt Range
were also considered to be its possiblc equivalent. Traves notcd
that the formation rested unconformably on various Precambrian
horizons eight milesmorth-east of Cockatoo Springs. The only

fossil foundwas Equisetales at a locality in Nigli Gap. The

poorly bedded and unsortcd naturc of the conglomeratcs was con-
sidered by Traves to suggest a glacial origin; this was also
implied by the term “"rafted" pebbles., The formation was

tentatively placed at the base of thce Weaber Group.

Glover et al (1955) followed Traves' usage, but were
unsure of the relationship between the Nigli Gap Sandstone and
other members of thc Wgaber Group, and did not identify the
post-Scptimus sandstonc on Burt Rangcss Nigli Gap Sandstone,

Rade (1959) identified thc Nigli Gap Sendstone in this area
however, using a slightly different nomenclature, and argued that
older Palacozoic sediments could also underlie the formation

in the type area. Utting (1957, 1958), correlated the type Nigli
Gap Sandstone with the Border Creck Sandstone (i.e. Point Spring
in 1957) but in 1962 reintroduced the name at thc type area,
suggesting that the formation might be cquatcd with the Cockatoo
dandstone. Utting's final correlation was based upon a number of

points which can be expressed and expanded as follows:
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In its type area the Nigli Gap Sandstone rests transgressively
with angular unconformity upon granites, metamorphosed and
unmetamorphosed sediments of Precambrian age, and upon Antrim

Plateau Volcanics, KEgquisetales sp., identified from Nigli Gap,

ranges from the Devonian to the present, so the Nigli Gap
Sandstone is of Devonian ags or younger, Correlation with the
Keep River Beds or younger beds is improbable or. the basis of
comparative distribution, Traves (1955) believed that the Nigli
Gap Sandstone might be partly of glacial origin, end if so it

could be related to the Keep River Beds, which have glacigene

characteristics, However, in the lNligli Gap Sandstone the evidence
of glacial activity is cryptic. The "rafted" pebbles,
conglomerates and current bedding could signify littoral or
near—shore conditions of deposition rather than ice action.
The coarser clastics consist of fragments of quartzites and
igneous rocks, presumably of local provenance, with no indication
of exotic types brought from distant areas by ice, such as are
found in the Keep Inlet Beds., These points suggest that the
Niglii Gap Sanustone may be related to transgressive deposits of
Devono-Carboniferous age and hence to either Border Creek

Sendstone or Cockatoo Sandstone,

The thickness distribution of the Cockatoo Sandstone in Burt
Range area indicates a south-casterly source, As a near-shore
shallov water sandstone, the Cockatoo Saundstone could pass to
landward conglomecrates, This facies change co.ld occur ncar
Cockatoo Springs, and althwgh the abundant conglomcrate in the
Nigli Gap Sandstone suggests relationship with the Border Creek
Jandstone, gorrelation with the Cockatoo Sandstone is equally

possible,

If, as suggested later, the Border Creck Sandstonc is a
diachronously recessive deposit, any initial transgressive

on-shore conglomcratc would tend to be stripped off again as
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soon as the rccessive cycle became establishedy This is less
likely to have vccurrcd if the Nigli Gap Sandstone is Cockatoo
equivalent, as the Cockatoo Sandstone probably reprcsents the

beginning of a transgressive cycle,

The main throw of the Cockatoo Fault is down to thc west, as
proven by the preservation of several thousand fcet of
Palacozoic sediments on that side. This structural relatiouship
is consistent with Nigli Gap Sandstone being corrclative with
the Cockatoo Sandstone, If Nigli Gap Sandstoné is Border Creek
equivalent it will be younger than Scptimus Limestone, and

major downthrow on thc west along the Cockatoo Fault before
Nigli Gap Sandstone deposition would have to be succeeded after
Nigli Gap deposition by a reversed movement on the fault to the

east,

On the basis of the above points the Nigli Gap Sandstone
is tentatively equated with the Cockatoo Sandstone, as Utting
suggested, subject to field confirmation  or revision, and is
so shown on the interpretative map. The formal status of the
unit cannot be changed on the basis of present data, but the
formational name should be used . with reservation, until the
precise relationship between the Nigli Gap Sandstone and other
sediments is established, It may be advisable to retain the
name "Nigli Gap" for the main conglomerate in the type Nigli

Gap Sandstone, es this is a distinctive unit,

The Nigli Gap Sandstone in its type area is shown as

such on the surface geological map. Sandstones in the Spirit

Hill area are discussed below, Exposures assigned by Traves (1955)

to the Nigli Gap Sandstone at (his) locality 18 and Ochre Mine

are 8till referred to the Hizli Gap Sandstone (sce Area North-
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east of Spirit Hill). Rade (19566, 1959) described a number of

sections of Nigli Gap sandstone in some dctail,

Spirit Hill Arecsa

The Spirit Hill arca is of considerable importance to
the interpretation of the stratigraphy in Spirit Hill No, 1l,, end
was discﬁssed in the Spirit Hill No. 1 Completicn Report.
\Figure 5, after Allen (1956), shows outcrops in the Spirit Hill

arca,

~ The Spirit Hill Limestone was defined (Traves, 1955,
p.76) as the 350' section of sandy limestone and calcareous
sandstone which crops out at Spirit Hill, (Section No, 14).
Other exposures were recognised north-east of Spirit Hill and
at Sandy Creek, The formation was considered to be the middle
zqne of three formetions comprising the Weaber Group. The most
fecent palaeontological work (Thomas, in Spirit Hill No, 1
Completion Report) suggests that the limestone is equivalent to
the Septimus Limestone and unrelated to the Weaber Group.
Glover ct al (1955) referred the sandstoncs above the type
limestone to the Point Spring Sandstone, which was the uppemmost

‘formation of Traves' Wecaber Group.

Allen:(1956)5analysed the local stretigraphy in detail
and interprcted. the sequencess follows:. ’

Sandstone : 600" merber "d" - Not equated by
- o Allen,

Quartz Sandstone 90'  member "dI" )

Dark grey dolomitie

limestone and calcareous

sandstone .. - . 100" . member "c"

Grey dolomitic | Spirit Hill
limestone and 370'+ member "b" Limestone

sandstone _ o . )
Quartz sandstonc 30'+ member "a" ) Nigli Gap
" Sandstone

Rade (1967) confirmed Allen's findings and noted that
the Spirit Hill Limestone hed. characteristics partly resembling

the Burt Renge limestone, but did not equate the units away from
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the type area, Utting (1957) showed the section at Spirit Hill as
Point Spring ("Keep River") Sandstone, Spirit Hill Limestone and
Nigli Gap Sandstone, end in 1958 as Milligans Beds sandstone,
Septimus Limestonc and Enga Sandstone. The two lover assignments
were pnrtly based on the fact that Scptimus-type faunas had been
found in limestones about 3.5 miles north-cast of Spirit Hill,

As alrcedy discussed, the name "Point Spring Sandztone" is
preferable for the upper unit, Utting (1962) subscquently

discovered Leptophloeum in member '"a', 50 tentatively correlated

this unit with the Cockatoo Sandstone, and the Spirit Hill
Limestone with the Burt Range Formation., Satisfactory interpret-
ation of the stratigraphy in the Spirit Hill area cannot be made
with present data., The following points may be established,
howcver:

Apart from the¢ Spirit Hill area, Leptophloeum is known from

five localities, It occurs in the type Cockatoo Sandstone, a2t a
depth of 2161' in Spirit Hill No, 1, 2t a locality in the
Amphithcatre aren near Section No, &, and at two localitics on
the Burt Range Formation, One of these 1is atthe top of the
limestone sequence at Buttons Crossing on the Ord River

(Matheson and Teichert, 1948); the other is near the base of the

formation about two miles south-cast of Martins Gap (Rade, verb.

comm,). The identity of the sandstones which contain Leptophlocum
in the Amphitheatre locality is uncertain. The entire section

in the arca might bc Burt Range Formation, but it is more probable
that the sandstongs are part of & younger formation, On the

basis of lithology the Amphitheatre sandstone is closer to Point

Spring Sandstonc than to the Enga Sandstonc, according to both

Glover et al (1955) and Utting (1962)., The range of Leptophlocum

is not certain, Thomas (Spirit Hill No, 1 Completicn Report,
Appendix) suggested that thc plant may be as typical of the

lower part of the Lover Carboniferous as of the Upper Devonian,

If so, it cuuld occur in nany of the Devono-Carboniferous deposits

of the arca, but is unlikely to range as high as Point Spring
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Sandstone. The Amphitheatre sandstones with Leptophloeum are

therefore unlikely to be Point Spring Sandstone but may be Enga

Sandstone. On the basis of other ocecurrences, the Leptophloeum

locality at Spirit Hill cannct be counsidered diagnostic of the

Cockatoo Sandstohe.

There is some evidence at Spirit Hill of an uncenformity between

Point Spring Sandstone and the Spirit Hill Limestone,

i) Utting (1958, p.9) reported: "At one place on Spirit
Hill there is a suggestion of unconformity at the base',
(of the overlying sandstone), "but this fcature may be
due to slumping over an irregular top of the Spirit Hill
Limestone",.

(ii) Significence might be nttached to field observations by
Allen (1956) who apparently assumed that conformable
relationships cccurred in the area, His units "d" and
"dl" suggest unconformity upon "c¢" and "b" in Figure 5,
Allcn was uncertain of the relationship between units
"dy" and "e", stating that on the south-cast side of
Spirit Hill "b" is overlain by somc 9C' cof "di" and that
"if the bese of this sandstone is traced laterally
around the castern side of the hill here, it is found
that thc arenite gives way abruptly to sandy limestone,
and calecarevus sandstone of member 'c', The point where
the 'limestone' ceases is readily scen, for this member
crops cut well,

The two members appear, at first glance, to be separated

by a fault, but the topmost bed of the underlying

'lowér limestone! 'b', seems to be continuous under both
'limestone' 'c' and sandstone 'd'." ----- "An alternative
explanation is one of lateral gradation from 'limestone’
to‘sandstone. This is not likely, as the Jlimestone!

ends abruptly, without intcrfingering with sandstone,"

A third possible explanation is that an unconformity exists

between "dl" and "c" and the latter forms an ercsional

scarp under the younger sandstone,
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Thomas (Spirit Hill No. 1 Completion Ranort) discussed the
poorly preserved faunss ~f the Svirit Hill Limestone 1nd
concluded that the evidence indicated age equivalence to the
Sentimus Limestone. More nositive correlation s possible
from a locality ‘-5 miles north-nonrtheast »f Spirit Hill, and
less certainly from a locality 1.5 miles north o” Spirit Hill.
On this basis all three localities may be correlative with
the Septimus Limestone. On thie other hand, this may be 2
simplification.

If the lithologic units at <Sw»irit Hill are identifiable with
those further west, the sanistone under the Spirit Hill
Limestone shhuld be Enga Sanistone, rather than Cockatoo,
assuming that the Spirit Hill Limestone is enruivalent to the
Septimus Limestone.

Utting (1962) argued that fizld observations suggest a thinning
~»f the Burt Range Formation - [Enga 3an’stone succession to
the south ~f Burt Ringe in the Amphitheatre area. This would
reduce the Jlithologic interval between the Cockatoo 3andstone
and the Septimus Limestone., If the thinning was sufficiently
pronounced, the sandstones under the Spirit Hill Limestone

could be equivalznt to the Cockitoo Sandstone. X

If th= typs Spirit Hill Limestone is enuivalent to the

Jeptimus Limestone then it will be invalil as a formal rock unit.
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There is also a possibility that facies changes are iavolved.
"3ince the results of 3pirit Hill No. 1 became available I have
felt inclined to accept the possibility that the castern or
south~eastera side of the Burt Range B.sin is a sandy expression
of thz whole sanu2nce of Cockatoo Sandstone to Septimus Lime-
stone. S»Hirit Hill Limestone c-uld reasonably be related to

the Septimus Limaestone, becausc a calcareous eavironment was
present for both. Further basinwirds and to the north f Spirit
Hill, i.e. in Spirit Hill No. 1, the secuence 826 - 1215 feat
has many similarities with Spirit Hill Limastons, with which

it should be correlated on nresent evidence, but_below this,
from 1215 to 2013 feet at least, is a mixed sand-carbonate-silt
sazction that could be the e~uivalent of much of the lower

Burt Range Formation and possibly of soms of the Cockatoo',
(Utting, pers. comm).
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Further work will be required to determine the relationship
nf the Spirit Hill Limestone t» other stratigraphic units.
Allen's informal units "b" and "e", ani also "d;" and "4"
of the Point Svring are unlikely to be »f more than loecal
application, as indicated in his report.
Area West of Spirit Hill

Allen (1956) used ianformal sub-units "c" to "h"
for the reference section of the Border Creek Sandstone, and
introduced the names "Upper and Lower Beehive Sandstone"
(Section No. 16). Rade (1957) arrived at the same g=neral
section but subdivided it slightly differently, emphasising the
conglomerate horizons, as followss

Rade (1957) , Allen (195%)

170" Upper Beehive Sandstone
----- Upper Beehive Sandstone, member "g"

70' Upper Conglomerate
----- Member "f"

80! Lower Beehive Sandstone
----- Lower Beehive Sindstone, member "e"

50' Lower Conglomerate
----- Conglomerate at top of member "4"

Rade's terminology is more compact, apparently agrees with the
topographic expression of the rocks, and also seems more
acceptable because conglomerates, which are important in the Border
Creek Sandstone are emphasised. The Lower Conglomerate cte.,

can be accepted as informal units of member status. It remains

to be seen whather they are wore than loeal in extent.

Aigg_ﬂgg&h:ﬁast of Spirit Hill

Isolated exposures »f sgnistone, conglomeratic sand-
stone and limestone occur at various localities north-east
of Spirit Hill in the Keep River Plains, and few of them can be
assigned to formations further west with any degree of certainty.
They are herc referred to as th> Septimus Limestone, Nigli Gap
Sandstone, Point 3pring Sandstone, Border Cresk Sandstone 1ind

Cockatoo Sandstons »n the basis »f lithology, distribution and
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fossil evidence. In some cases ths basis for allocating beds
to known stratigraphic units is oguite uncertain, and further
field work is needzd to clarify the stratigraphy. No attempt
is mads to intarvret the solid geology in this arca. The more
important exposures are as follows:

"Sandy Creek Limastone®:

Thesa exposures, comprising up to 100' of flaggy
sandstone ovarlying 100' of sandy limestone and limestone,
occur immediately north-east of the intersection batween "Sandy
Creek" and the Legune-Point Svring track, some 22 milass from
Leguna. The beds ware first dzscribed by Raeves (1948), and
Opik (1950) introduced thz name "3andy Creck Limastone." Traves
(1955, p.76) cauated the beds to the Spirit Hill Limestone, so
invalidating thas namz. Unles Traves' e2quation proves invalid,
the name "Sandy Crcek Limeston2" is radundant.

Teichert (in Reeves, 1948) thought th: exposures were
of Carbonif:rous age and Opik (1950) thought them Permian.
Glover 2t al (1955) subscaquently collected fossils identified
by Thomas as Carboniferous and finally, (Thomas 1963) as
probabls Tournaisian to Visean, which suggssts age cquivalence
to the Septimus Limastone.X

Rade (1957) eocuated the upper sandstones with the Point
Spring ("Keep Rivoer") Sandstone on the basis of lithology. 1In
view of this, thz sandstones might b> tentativ:ly equated with
Point Spring Sandstone, and the underlying limestone with the

Saptimus Limestone.
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Thomas (pars. comm,) stated* "Thasc faunas are described in
Thomas (1963, 1964) and are r:corded in an Appendix in the
Spirit Hill No. 1 Completion Report. Preservation is rather
poor but quite a few spceecimens are available, some collected
by myself. I was at first impressed by the rescemblance of
one form to Choristites but have since refarred it to
Ectochoristites® sp. and consider that an Early Lower Carbon-
iferous age is the most likely. Thus, thc sparsc faunas
available suggest thit the Sandy Creeck and Spirit Hill Lime-
stone may be correlatable. It is of intarest that Teichert
suggaested a Carboniferous age from the very sparsc collections
made by Reoves at Sandy Creek."
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Flapper Hill Sandstone:

140! of brown-wenthering silicified sandstone at
Flapper Hills, north-west of Leguns, wers first reported by
Traves (19%49) and named by Opik (1950). They were described
more fully by Glover et al (1955). Traves (1955) retainad the
‘name, "Flapper Hill Sandstone', but was uncertain of the
stratigraphic relationship of the unit., Opik (i250) considered
the exposures to be slightly older thgn those of Sandy Craeck.
Thomas (1963), was also of this opinioa, but thought that the
. faupa was much older than Permiin, and dited it tentatively as
Dinqntiﬂn. On thes bisis of lithology, and age relative to the
"Sandy Creek Limestone", the beds are here tentatively classified
18 Cockatoo Sandstone. Their status is by no means resolved,
Ochre Mine Exposures:?

Jest of Alligator Snrings, beds reported by Traves
(1955) were identified by him as Nigli Gap Sandstone. The
qus comprise 100' of conglomaerats and pebbly sandstons ovarlain
by 240' of medium to coarse grained pebbly sandstone containing
mud pellets. The conglomerate materials are made up of
Precumbrinan quartzite and sandstone.

Buffalo Hills Exposures:

Glover et 21 (1955) described two isolated knolls
formed by 80! of felspathic cruartz sandstonc at Buffalo Hills.
The beds may be Point Spring thdstone or Cockntoo Sandstone.
Trachyte Locality: |

Exposures 3% miles south-southwest of the "Sandy
Creek Limestone" locality consist of Snndstones with ocecasionnl
pebbles. The beds were raferrcd to Nigli Gap Sandstone by both
Traves (1955, p.74) and Rade (1958, p.8). Th: locality is
unusunl in that it contains trachytss, probably as interbads with
the sediments. Rade (1956, p.2) considered the trachytz to be

intrusivec.
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Keep River Sandstonc and Rliceman's Waterhole Conglomerate.

The name "Keep River Sandstone" was first used by
Rade (1956, p.5) in an unpublished report, for the sandstones,
here referred to as Point Spring 5andstone, which lie nbove the
Septimus Limestone in the Mount Septimus and western Burt Range
area. At the sime time Racde introduced the name "Policeman's
Wrterhole Conglomerate," which 1t Mount Sceptimus is the basal
Bordcr Creck conglomerate, and zquited it with the mnin
conglomerate of Traves' Nigli de Saindstone, east »f Cockatoo
Fault., The Keep River Sandstone was designnted by Rade as
Unit 1, and the Policemnn's Waterhole Conglomerate as Unit II,
in 2 group of four informl units. All were consider:d to zquate
with Traves! Nigli Gap Snndstone, which name Radz restrictad
to the uppermost Units III and 1V,

The rock corrclations upon which Rade's brenkdown of
Units I -IV is bnased differ from those of other workers in
the 1rea. The nime "Keep River Sandstone" is of doubtful
accentability bocausz of the prior sxistence (1955) of the
Keep Inlet Bads. Also, Ride (1957) applied the name "Kcep
River Sandstone" to the type section of the Point Spring
3nadstone, and the latter name has both priority and formnl
stitus. The name "Policuman's idaterhole Conglomerate' possibly
could bo used for the conglomerate in tho area east of Cockntoo
fault, but whether or not it could bz applied wist of tho fault

depends upon stratigraphic relationships yat to b: established.

PERMO-TRIASSIC
Kzep Inlet Beds
| History: 1Isolatad outcrops of clastics have been described
from the Kzep Inlet nrea by Glover et al (1955), and on the
basis of their distinctive lithology were raferrzd to by these
authors as "Keep Inlaet B:ds". The exposures are poor, nd it
will reouire drilling bofore the detailed stratigraphic

reltionships between these beds and others in Bonaparte Gulf "rea
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is understood. The less formal designation "Beds" should be
retiined until then., The Keep Inlzt Beds have not previously

been described in print.

Lithology: 1In contrast to the Border Creak Sandstone, the
Kzep Inlzt Beds weather pale grey. The min exposures are of
light grey, felspathic, c:lcareous quartz sandstone, with clay
pebbias, other pebblss, and boulders. Large boulders up to
six feet in length appear to have weatherad from the sandstones.
These boulders are composzd of schist, slate, quartzite, gneiss,
granite and Middle Cambrian glauconitic limestone, so ars
mora varied than materianl in any of the older conglomerates

in the area. Strine were tentativaely identified on one bouider.

Sections: Outerops are apparently too poor to cenable n
type scction tn be dasignated. Th- rofarence area is north-

ea1st »f Cleanskin Bore.

Upper nd Lower Contacts: The upper and lower contacts are
unknown, The interpretativs geological map shows the unit
resting on Border Creck Sandstone, but other n-n-outcropping
formitions may intervene. The unit may be corrclative with

part of the Port Keats Group to the north.
Thickness: The thickness »f the unit is unknown,

Palneontology: A probable Strophnlosia sp. from a clay
pellet indicates a Permo-Carbonifernus nd possible Lower

x aceording to Hill (Glover et al, 1956, p.3%). On

'Perminn 1ge
the basis ~f its possible stratiérqphic position below the
Permian »f the Port Keats area, the unit could be of Sakmarian

age.

- — a— st

Thomas (pers. comm.) stated: "Strophils>gia was identified

by Professor Dorothy Hill as a 'Juvenile form', This genus

in the Australian context indicates a Permian age. The glacial
evidencas suggaest 1 eoarrelation with the partly glacigene Grant
Formaition and Ly»ons Group., The 1latter is essentinlly Sakmarian
on marine faunas,"
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Depositionnl Environment: The coarser clastics are considered
to be f glacinl »rigin by Glover et al (1955) on the basis
of compositisn, the presence »f possible striae, ~nd the large

size »f soma boulders. The prasence »f 3trophalosin may

indicate mrrine conditinns.

Port Keats Aren

History: North »f Queens Channel in the Port Keats area
g¢xposuras are generally pror. Most >f the strata in this area
have been assigned t> the Port Keats Group, discussed later.
With some ocurlificatisn this group is an acceptable unit. The
sime cannot be claimed for units >f lesser rank, for alth-ugh
at least fiva formations appear t> be present, none has baen
designnated.

H.Y.L. Brown, ns Government Geologist for S»uth
Austialin, exnmined strata exposed along the const in 1895,
and during 1906-1909, supervised eight tests drilled for eoal
between Port Keats and Cliff Head. O0il Company geologists
subseguently mensured 2 number of surface sectinsns in the inland
ared. None »f these exprses m~rre than part ~f the sectiosn
penetrated in thzs bore-hnles, which form 2 useful guide to
the stratigraphy. Samples from the ¢21l bores unfortunntely
arc n> longer available, so ~riginnl descripti-ns have t» be
used. Brown (1907, p.25 e¢te.) mide it clear that e re rzcoveries
were often poor, and lith-logic descriptisns were recnrded by
the drilling forcman. Consceauently alth- ugh the bore-holes
fulfilled their purposc ~f determining coal possibilities, they
d> net always providzs reliable lithological data, nd emphasis
cannot be placed »n details »f the logs., It is, however,
possible t» delineate maijor lith~logic units. Figure 6 is an
interpratative cross soetinon based upon the coal bores, sh-hwing
informnl formationnl units designated I-V. Therc are seven
described conl bores (Brown, 19°7-1909), and one (Cape Ford

C.B. No. 1) in which no samples were »btained above the total
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depth »f 360' At which the bors was abandoned due t» sand inflow.
Cape Ford C.B. No. 2 was then located 13' to the s~uth, Ttal
depths f>r the other e¢nal bores are shown >n Figure 6 and loeations
are given on the geologieal nmaps,

General Lithology: 1In surface sections the Perminn beds arc
pred-minantly sandstone but include siltstone and shale. The
sandstone 1s generally micnaceous 1nd kanlinitie, fine to eoarse
gralned, cross bedded, nnd d4isplays ripple marks nd so»me
coneretions, Loenl pebble nnd grit bands, in which the pebbles
are mainly quartzite, are present. The shales are miencenus and
. of 2 yellow to brown c¢nlour, |

: The distribution »f Farmwtivn I the upp rmost unit,
appe~rs t> be limlted t> ths eoast.. Surface exposures in the
sauth have boen dsseribed by Thomas (1957) as "thln—bﬁdded grey
and yellow t> reddish mottled cross-badded siltstone. " Burbury
(1959) reported Cape Dombey beds as reddish qﬁnrfz‘sandstjne.

The c¢»>11 bore correlations suggest that tha thickesf seeti-n is
present at Cape Scott peninsula, nd thit the »vernll lithology
comprises sandstones, siltstones and shale, the finer clastics
being pred.minant., ©Some cirbonacerus layers occur, wnd limestones
are absent excepnt in the Porrt Keats area (C.B, No. 3). Formation
I is distinguished from the underlying formtions in the bore-
hnles by the general fine grade »f its clastics, and 2 lack ~f
pebble bands,

The other formati»ons in the subsurface are subdivided
mainly wﬂ the basis 3f conl distributian. Coal is easily
recognised, s> should bz a rensapnbly roliable lithnlogical guide,
Farmation II is predominintly sandstone Witb sh1lae towards the

base. Formwtion ITI is typified by coaly stra2iks 1nd is 1lso
| mﬂinly conpOSed ~f sandstone with some shqle.' Formition IV was
not penetrnted, but consists of sandstone in the upper part,
ﬂnd appears to grqde dwn t> shilz about 100" below the top.

Thin beds ~f limestone are present in all the formati-ns in the
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Port Kents nrea, Formation V, present only in the north, is
composed »>f pal: eoloured snadstones and coarser bads. It appears
t> be stratigraphically equivalent ty a1l sr part »f Formations

I t~ IV.

Sect ons: It should be prssible tn deosignate some surface
sectinns as typ: ~r supvlementiry type seetisns »sncce the gehlogy
1s better known. The best sect osns frund arce between Kurriyinpi
Hills and Table Hill, s»uth-east ~f Port Ksats. Six surface
sections were deseribed by Evans (in Recves, 1948). Those werc
1ncated during n rec nnaisance survay, bafore b-mile maps were
available, and only the sect on 1t Mount Godwin (Section 7. 18)
and 1 400' saection at Table Hill (in Traves, 1955, p.80) can
now be located, Derrington et 1l (1957) measured 1 M unt Goodwin
sectinn, probably at Roeves! iocality, 2 Table Hill sectiovn, and
five other scetions between Pirt Keats and Table Hill, Twn of
these sections, 2t Kurriyippi Hills, arc reproduced here (gos. 19
and 20), Derrington et 2l alsn weasured 2 further section near

M yle River, as 4id Burbury (1959 ~nd S~ an I . 21).

Interprcetative F rantional Relationships: It is possible to
ralate surface and subsurfice d1ta t- some extent H»n 1 tentative
interpretative basis., In surface cxprsures Thhymas (1957)
identified four Permian fossil assemblages »f which the upper
two (C" and "D") and the lower ("\") were marine faunﬂs,‘wnd the
scend lowest ("B") was »f plant remiins., Thomas tentnatively
correlatad faunas "C" and D" ty the interval 555t'=-715!' in Port
Keats C.B. No. 3, nd accepted the suggestinsn by Brunnschwailcr
(1953) that ths beds bove 555' may be Trinssic in age. Florm
"B" wis equited with th: Glyssypteris shale reeorded At 7241 .7301

(in C.B. N». 2) s5 in offact th: three upper assemblages ware
correlated to the upper hilf ~f Form-tion III ~f Figure 6. It is
only in C.B. N>, 2 that plants arc rec-orded in this part of the
sectirn, so the »eccurrence is, in fact, an-mnlous. On the »ther

hand in the 4deeper holes Formati-n ITI is defined by e»>al streaks.
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By inference this formation sh>uld contain plants. For this
reason it is suggested that the "B" flora may be the surface
expression of Formation III, that faunas "C" and "D" may correlate
with Formation II, nd fauna "A" with Formtion IV,

Subsurface ani surface data ean bz further related
in 1 tentative manner. Sections at Moyle River consist either of
clean pale-weathering sandstones (No. 21) or arzillaceous: sandstones
comparable to the section in the Cliff Head Coal Bore. The Table
Hill and southern Kurriyiopni Hills (lfo. 23) sections,.which are
unfossiliferous, are also com»yosed of white-veathering sandstonses,
suggesting that Formation V may be present at these localities.
On the basis of its possible distribution at surface and in the
bore-holes, Formation V is interpreted as replacing the others

progressively Tfrom south to north.

Upper Contact o»f Formations I to V: This is an unconforrmity.
The sverlying deposits are cither Tertiary laterites, formod »n
the Permian, or are lateritised beds »f probable Cretaceous age

(see ?MesHzoic).

Basal Contact »f Formations I to V: Formatinn V in the Cliff
Head Cnal Bore rests »n granite. The contact may be fHund 1t the
surface in the area north of Moyle River, but is not reeorded.
Possible relationships between the Keep Inlet Beds nnd Formations

I-V are discussed under "Group Relationships.™"

Contacts betwzen Fornations I-V: As far as the limited data
suggest, Formations I - IV are mutually conformable. The contact
between II and III is probably cxposed 1t Kurriyippi Hills
(Section No. 19) and that between III and IV is prosent but
probably covered beotween Fossil Head ani Fossil Summit., Formation
V, as a lateral equivalent, hns rather arbitrarily defined relation-

ships to the others, e.g. in Anson Bay C.B. N». 1.

Thicknesses: Figure 6 suggests that ths cunulative thickness

of the Pernn~Triassic in the Port Kents aren probably exczeds
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2500!' near Cape Ford, The thickest formational sectisns are:
Formition I in Cape Ford4 C B, N>, 2, 785'; Farmation II in Port
Kents C,B. No. 4, 325'; Formitisn ITI in Anson B~y C.B. N>. 1,
587'; Formation IV in Port Keats C.B, N-~, 4, 191's ani Formation
V in Anson Bay C,B. No. 1, 1231!', None »f the surface sections

represents more than 1 few hunired feet -f any ~ne formatin-n,

Palne-ntology: Etheridge (1907) made the first palaeosntorlogicl
analyses »f the area using colleetions from Fossil Head and from
the Port Kents bore-hnles, He classified the beds below 555!
in C.B. N>, 3 as Permo-Carbonifersus and thsught thit the y-unger
beds, on thc basis »f their appenrance, might be Mesnzoic »r
Tertinry. Etheridge als» noted the Sstrncod Estheria in C.B,

No. 3 at 220', Crockford (1943) confirmel the prescnce ~f
Porminn bry»nzoa betwcen 550'-580' in C.B, Noe 3. Teichert (1947)
suggsted an Upper Perminn age for Etheridge's fauna from the
uppar pirt o»f the bore ani f-r 1 fauna collected near Port Keats
by Evans (Reeves, 1948, p.9). Brunaschweiler (1993) considered
the Estheria to be the Isaura »f the Blina Shhle ~f the Fitzroy
Basin, and th»ught that the uppar part »f the borre-hrles might
consist ~f Triassic rocks. Thomas (1957) accepted this
interpretation, anil suggestel that the beds above 555' (Formation I)
should be Triassic., Thsa faunnl c*ntqét need not be identical
with the formational »ne but, subject‘ta confirmation, Formtion

I c-uld be consideryd to be mainly f Triassic age. As alrendy
n>ted, Thomas (1957) mada tho first systemitic analysis >f fossils
chllectel from surface exposufes ﬁnd sh»@eﬂ that there were

three faunal assemblages and bne floral assemblage present., He
correlated faunas "C" ani "D" with the Middle and Upper

Productus Limestoncs 2ni with the Hardman Membar >f the Liveringa
Group in the FitzrHy Basin, ~f later Upper Permian nge. The

"B" flsrq is not narticularly Aiagnostic Hf age. The "A" fauna

is eclosely nllied to that in the Lower Liveringa Formation,

which Thomas c¢ nsidored to be ~f late Artinskian to early
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Kungurinan age. If the lithologic relationships suggested here

are correct, then Formation II chuld be Tartarian/Kazanian, III

¢ uld be middle t> upper Kungurian, 1ni IV ¢ uld be late
Artinskian to early Kungurian. Older beds in the basin could
represent the remainder »f the Permian succession, and could be
represented further south by the Keep Inlet Beds. This p-ssibility

is speculative at n»nresent.

Interpreted Depositi-nal Environment: The Permo-Triassic
formntinns ~f the Port Kents area, unlike the Kcep Inlet Beds,
are not reported to contailn any glacinl deposits. The e nglomerates
nre composed predominantly of ouartzite pebbles. The lithologic
uni formity »f these, where reported, imnlies n single source.

Formations I-V are all principally shallow water

depnsits, juiging by the widespread »~ccurrence »f pebbla banis,
ripple marks and current beliling. Tn the north ~nd wozt, Prrmation
V has pahasandshxms' anl high prop-rtion »f coarse clastics.
These characteristics suggest that it may have been depysited
in relatively shallow wnter, in high cen:rgy near-shore arens.
The interbedding »f sanis and finer clasties in the other
formitions suggasts that they were 1ail down in slightly dceper
water, further »ut in the basin, whare subsidence kept a more
even pace with depositio-n. 1In »uterop the shales arc described
18 miecacenus nl silty but nHt fossilifer~us, s> they nead not
be ~f narine »~rigin., In the subsurface ar-uni Port Keats the
presence »f c¢nHal strenks in the shales suggests that the
shales there may be miinly ~f non-marine »rigin, The marine fossils
in both outersp and in the bore-holes show , however, that marine
conditions necurred during deposition »f Formntions I-IV, at

least for limited perinis -f time.

? ME30Z0IC
Thin lateritised deposits, »f nossible Mesozoic age,

forin caps on mesns between Qucens Channel and the north »f the area,
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Noakes (1949) definel the Mullaman Group as comprising an
unnamed lower freshwater unit, »f Lower Cretacenus ~r possibly
Jurassic age, and the marine quwin Formati-n, »f Lower
Cretacesus age. He tracel these bels thrhugh the Katherine-
Darwin area ni tentativaly ideatified the Mullaman Group at
M>unt ‘Greenwyod in the nnrth ~f the Bonaparte Gulf -rea,
suggesting that at Mount Gfeenwvod only the Darwii. Formatinn
might ba'represented. Further s> uth comparable lateritic beds
form eaps on mesas and also may represent the Mullaman Gr.up.
Evans (Recves, 1948), interpreted the uppermnst part »f all his
mesa sectisns (and the bore seections) as being »f Mesnzoic age.
Derrington et al (1957, P.33) statel that -nly laterites »f
Tertinry ->rigin c>uli bas identificd ~n the mesas in the Port Koats
area, but that thé'Mullqmnn Group c¢H>uld be present. There is no
palacontologicnl evidence that Mesoz ic beds nccur in the Part
Keats nren. -

In this area, 2s in ~thers, sediments <xposed during
the Tertiary have been thoroughly lateritised, and the
interpretation of the alterel beds can be_iifficult. On theo
whole, Evan's field identificati>n ~f an unconformity nd basal
conglomerate suggests that some of the lateritised beds in the
P>rt Keats area were deposited during the Mesozoic, s> the nme

"Mullaman Group" is used tentatively for them. It is also quite
possible that the laterite eaps in the Port Keats narean were

formed on Permian denosits.,

Lithology: Evans referréd laterites, ﬁhe underlying shales
and sindstones nd 1 supposed basai conglomernate t~» the
Mesoz>iec, The shales nd sandstones »ften show ferruginatinon
or nther lateritisation effects. Noakes (1949) mnade a similar
assignment to the 70-80' »f sanistone and shale capped by 16!

of porcellanite at Mount Greenwood,

Sectionst The sectinns exposed at M-unt Goodwin and Table Hill

have been described by both Evans (Section Nv, 18 nd in Traves,
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1955, p.80) and Derrington et al (1957). The thicknesses logged
in both cascs were similar, but interpretitisns 4iffered., Two
sections from the Kurriyippi Hills (Nos. 19 -ni1 20) are the »Hnly
others reproduced in Apnendix 4 of this report in which Mes»zoics

cHruld occur.
Upper contact: This is everywhere 2 modern erosiosn surface.

Lower contact: Evans (in Reeves, 1948) reported an angular
unconformity between ndssible Mesoznic beds and Permian strata
at the n»rth end »f the Sugrrloaf Range. Dips reportedly are

3-4° in the y»ounger beds, and in the Permian are 1s high as 30°.

Thickness: The Table Hill section of 62 - 64' is the thickest
described in the shuth, but thicker sections may occur. Section
No, 20 for example, has some lithohlogical features to> suggest
that the upner 88! c¢c-uld be Mesoznic, ~1lth-ugh neither Evans
(judging by a2 sectin that he described in the vicinity) nor
Derrington et a1 (1957) so interpreted it. Totnl thickness is
unlikely to exceed the 89'-96' recorded 1t Mhunt Greenw>yod by
Noakes (1949).

TERTIARY AND YOUNGER DEPOSITS
Anart from lateritisatinn north ~f Queens Channel,
there appears to be no record in the aren »f the Tertiary epoch,
The laterites and Quaternary deposits nre discussed by Traves

(1955).

SPIRIT HILL NO, 1
The only hydrocarbon test drilled in Bonaparte Gulf
area is Spirit Hill No. 1. This bore-hole was completel as a
water well in November 1960, after being 7bandoned at a total
depth of 3003'. Electrical logs were not run in the bore-hole,
which wns cored excent for a few fecet >f the section. The publishel
Well Completion Report gives details of drilling, testing, 2nd

the stratigraphy. The bore-hole provided useful information,
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but interpretation ~f strata nlder than the Milligans Beds
proved to be difficult., Figure 7 summarises the stratigraphy
and shows three alternative interpretatisns >»f the well section.
All are cqually nacceptable by present data. Six inch samples
at 50' intervals were nbtained by the Bureau »f Mineral Resources
uﬁi these are described in Anpandix 9.
‘ Faulting is well defined by a pyritised broeceia
at 2465'-69'. Above this interval, sxcept f£or same which have
slump characteristics, .beds show c-nsistently low dips, averaging
10°>r less. Drilled thickness above tha fault sho>uld, in
consenuence, be clhse to the true thicknéss, Below the fault,
the dips'03mmwnly range batween 10 and 20°. The 4rilled thick-
ness will slightly exceed the tru:z thickness in this part »f the
bore-h»>le. Judging by the tectonic Cramework ~f the area the
fault is 2 normal sne, which will mean loss »f stratigraphic
section in the hole, by fqulting’out, ani n>t seeti-n repetition.
Cores show that the Milligans Beds are g ni seal
rock. Slight »nil-staining neccurred in a silty streak in a Bureau
| of Mineral Resnurces samnlc from 550'. This ~il is assumei to be
due to gradual bleeding from very low parmeability in the silt-
stone. It enhances the s»>urce possibilities »f the formation.
Pebbles and rounded sanil grains in thz shale sugzest nroximity
to a near-shore iepnsiti-nal environnment.,
Few of the carbonate samples below the Milligans
Beds are free of clastic mitsrials, ani s» are typical H~f
Devonn-Carboniferous rocks in the aren, Samples at 851', 900!
and 950! appear to represent A gradation from crystalline d-lomite
to uniltered limestone, and are underlain by 300' »f limestones
with a 1ow or negligible d-~l>mite content. The islomita is
seeondary, nd the lithological succession, juidging by core
samples, shows some similarity with the Lower Mississippiin in
the subsurface of the Alberta Plains in Cannda. There, leaching
at an uneonformity is believed to have prom ted dorlomitisation
and porosity development, ani the lithologienl enrrespondence

suggasts that the same conditisns may have ocecurred before the
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Milligans Beds were laid down in the vicinity of Spirit Hill

No. 1. Porosity is shown to be present in the dolomite zone

by water production of about 50 barrels per day. Porous
secondary dolomite is also present below 1250', possibly having
developed as the result of fluid migration via porosity associated
with Joints or minor faults. There is also the possibility that
an undiscovered depositi-nal hiatus may be presen’. Organic
carbonates, mainly encrinites, are present to 2300'. Below

this depth the carbonates are aphanites, with rare organic
material, and could be of primary or secondary origin. Another
major lithologic change may occur between 2750' and 2800', where
paler greys and greenish colours become commnon, and the silt
content increases,

Thyer et al (1959) reported Phaneroznic sandstones
from exposures in Bonaparte Gulf as having dry densities ranging
from about 2+0 gms./cc. to about 2«2 gms/cc., but suggested
that sandstones in the subsurface might be more dense. This
seems to be borne out in Spirit Hill No. 1, where the sandstones,
in contrast to those at the surface, have average wet densities
of about 2.6 gms./cc. This difference appears to be due
principally to the fact that the sandstones in the bore-hole
are well cemented, by silica, or moras commonly by calcite.

This applies to all but the finoer grade sandstones, which tend
to remain porous and free of cement. Perhaps significantly,
sandstones of this type also have relatively low permecabilitices
(see Petroleum Geology). Carbonates in Spirit Hill No. 1 have
generally similar densities to the sandstones there. The least
dense materials arec shalas »>f the Milligans Beds. Appendices

5 and 6 can bc compared for detnils of relationships between
lithology, density and porosity.

The palacontological data from Spirit Hill No. 1
arc disappointing considcring that the centirc section was corcd.

A microfossil assemblage at 99' includes endothyrids, ostracods
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and spores, similar to th t from nearby shot-hole samples of
Milligans Beds (Thomas and Jones, Spirit Hill No, 1 Completion
Report, Appendix). A ?Linoproductus at 991' indicatas a
Carbonifaorous 2ge for the bed, and a Spirifer at 1070' has
affinities with the fauna in the Septimus Limestone, -rhile

Leptophlogum australe found at 2161!' suggests a Lower Carbon-

iferous or Uppo>r Devonian age (Thomas, Spirit HiZl No, 1
Completion Report, Appendix). From the occurrsnce of a cosmoid
fish senle at 2564! the beds 95' below the fault are almost
certainly of Upper Devoninn or younger age. Traces of plants
at 2920' (Balme, Spirit Hill No. 1 Completion Report, Apnendix)
indicate n post-Prot:rozoic age for the lowest part of the hola.
Bnlme interpreted spores found as low as 2412' as of possible
Carboniferous nge, but made it clear that tho determinntion was
tentative. |
GROUP RILATIONSHIPS
No rock units of group status havz been proposed

for the Bonaparte Gulf area since Traves (1955) suggaested the

following:
Mullamqn'Group
Port Keqﬁs Group
Weaber Group |
Carlton Group
Carlton Group | |

The Carlton Group wns d;fiﬂed by Tqueé.(l955) to
include four Cambrian formations qhd one Ordovician formation.
Previously Reeves (19h8,‘Plate V) hnd raferred in an unpublished
report to the Carlton "Series," and Noakes et 2l (1952) had
published the name "Carlton Formation." Even if changes are made
in the definition of the formations, it scems possible that the
group will remnin n satisfactory one, on the basis of the common
lithological characteristics of the formations included in ity and
on the fact that the base and top are both well defined. The
group rests on Antrim Platenu Voleanies or Precambrian rocks and

the hiatus a1t the top is coincident with a regionnl unconformity,
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"C=D" Group

Traves (1955) suggested that there was an
unconformity bencath the Weaber Group. Data have accumulated
to support this viow, Evidence for the unconformity can be
summnrised as follows:

i) In the Carlton araa the Weaber Group apparently lies
directly on rocks ranging from Burt Range Formntion
to the Carlton Group.

1i) In the Burt Range~Pincombe Range area, Septimus
Limestone, Engn Sandstone and much of the Burt Range
Formntion seem to be locally removed beneath the
Weaber Group.

iii) The dolomitised carbonates below the Milligans Beds

in Spirit Hill No. 1 may indicate an important hiatus,

If the existence of the uaconformity is acccepted,
the rock units boneath it, nnd above the Carlton Group, seom to
form 2 natural unit, recferred to in this report as the "C-D"
Group. Formal definition of the group is left to the future,
but it will include the following formntions:

Septimus Limestone
Enga Sandstone
Burt Range Formation
Cockntoo Sandstone
The validity of the group is supported by the following points:
i) It is composed of formations which have common
lithologiecal characteristics., All are relatively
shallow water mirine sediments and nlthough carbonates
are locally important, clastics predominnte,
ii) The stratareprcscnt a common cycle of deposition,
commencing with the Cockatoo transgression and only
ending some time ~fter the Septimus was deposited. No

erosionnl brenks have been detected within the group.
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1i1) The group 1is overlnin and underlain by unconformities.
At the base, the time-rock braak is prowedly the absence
of at least Silurian and Lower and Middle Devonian
strata in the Carlton area, and a greater stratigraphic
‘interval near Burt Range. At the top, strata above the
lower Burt Range Formation are missing loeally by
erosion, At Mount Septimus, where there is probably
the least mount of erosion, known Tournaislan or
possibly Lower Visean baeds of the Septimus Limestone
are overlain by Upper Visean »r Namurinn beds of the

Point Spring Sandstone,

Weaber Group

The name "Weaber Group" was first used in print by Noakes
et a1l (1952) for beds here referred to as the Point Spring
Sandstone. The group was then fully defined by Traves (1959)
as composed of 2 basal Nigli Gap Sandstone, Spirit Hill Limestone
and an uppermost Point Spring Sandstone, with the Flapper Hill
Sandstone as a related formation of unassigned position. Of
these, Traves' Point Spring Sindstone was the original "Weaber
Range Series" of Reeves (1948). This group requires major
revision., Formal redefinition of the group is left to the
future, but the following points are apparent. ‘

The type section of the Nigli Gap Sandstone can probably |
be correlated with the Cockatoo Sﬁndstoné, or possibly the
Border Creek Sandstonce. In either case it is not a basal
formation of the Weaber Group. The Spirit Hill Limestone can
probably be equated with the Septimus Limestone. It is unlikely
tn» be younger than the Septimus Limestone., If the Spirit Hill
Limestone is nlder than the Septimus Limestone it is still
related to ths "C-D" Group. The Flapper Hills Sandstone is
still »f doubtful assignment, but is probably also part of the
"C-D" Group. Provided that the Point Spring Sandstone is
revised to exclude the Border Creek Sandstone 1t forms the

only remiining formantion of Traves! Weaber Group.
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In 1955 therc was no suggostion of the occurrence of
the Milligans Beds, Now that the unit is known, it would be
logical to revise the Jeaber Group to include the Milligans
Beds, Point Spring Sandstone and Border Creck Sandstone, in
ascending order,

The details of the relationships between the formations
of the Weaber Group are still not known, but can be inferred
from fi:ld data. Regardless of actuanl wnter depth, the formations
represent 1 shallowing scauence from the finc marine clastics
of the Milligans Beds, which are low energy deposits, to the
periodic eoarse conglomerates of the Border Creek Sandstone,
which are high energy depysits. This implies that the overall
secuence of deposition would be recessive, snd with the passage
of time, clastic materinls of increasingly coars= grade would
tend to be transported progressively farther into the
depositional basin. The overall relatio-nships are believed to
approximite those shown in Figure 8, in which formational contacts
are dinchronous. The only sandstones referable to the Milligans
Beds will be overlain by shale or will occur within the shale
of that formation. Utting's (1958) assignment of the sandstones
nn top of Spirit Hill and above the type Septimus Limestone to
the "basal Milligans Beds" was partly based upon the fact that
he (pers. comm.) found shale interbeds in the sandstnnes
nnrth-east »f Spirit Hill. On the basis »>f the int:rbeds, the
Spirit Hill area sandstones may be laterally equivalent to the
Milligans Beds at Spirit Hill No, 1, as Utting suggested, but
thesc sandstones should be assigned t» Point Springs Sandstone.
This 1is necessary both on lithnlogical grounds, and because
not far west »f Spirit Hill apparently equivalent sandstones are
overlain by Border Creck Sandstone,

Fileld data which support the relationships toentatively

suggested in Figure 8 ares
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1) the Milligans Beds thicken n»rth, >r basinwards,
in the Milligans Lagoon - Spirit Hill ﬁréa; and
prlaeontnlogical data suggest,thmﬁ the upper beds
are younger to the north (sce Millignns Bads).

11) The basal Border Creek CNnglomerwte thins north and
disappears 1t thﬁ nwrth end >f Burt Range. At Spirit
Hill, Allcn's (1956) nember "d;", which nccurs -nly
on the saﬁth-enst side ~f the hill, is topped by a
quartzite pebble 1ad sandstone conglomerate which
appears to be qbsent t> the nhyrth-west.. This
conglomerﬂte.coﬁld beninﬁefpreted either as a basal
Border Creek évngloﬁerﬂté:br a2s the couivalent »f
a ¢oarser buéal cangloﬁernte farther east. Both the
Burt Rrage and Spirit Hill occurrences indicate
basinward fingering »ut »f basal Border Crceek

conglomerntes.

1i1) .The shale interbeds found by Utting t> the north-east
‘of SHirit Hill appqrently'occur‘in the equivalent
.»f sandstones which ~verlie the Spirit Hill Limcstone.
The shnles are thin dnd'are locally developed. This
seems t» supﬁort the intragroup relationships
suggested here. By analogy, the shale interbeds are
inferrad - corraspond to a diachronic finger of

the Milligans Beds in Fig. 8.

Palaeontological data suggest n generally younger age
for the Weaber Group, than for the "C-D" Group, Permian beds
could be prescnt in the Border Creck Sandstone t» the north of
Weaber Ridge, but unless this is proven, a Carboniferous age
could be accepted for the group. Only Lower Carboniferous

fossils have been found in it.
Part Keats Group
This group wns defined by Noakes (1949) before the

Australinn Code »f Stratigraphic Nomenclature became operative.
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Under the Code, formations have to be a1equately defined before
groups c¢an be set up. Formations I-V indicate that acceptable
formatinns exist in the Port Keats Group and the group name can
be retained in anticipation of the formnl definition »f
formntions. On the joint basis »f their probable age nnd their
surface distribution the Keep Inlet Beds could be related to
the Permo-Triassic formatinns further north and are here
tentatively included in the Port Keats Group, on the premiss
that this is the case,.
Mullaman Group

The Mullaman Group (Noakes, 19%9) may »r may not be
represented by 2 thin lateritised sequence in the Port Keats
nrea., Only the upper part of the group,or Darwin Fornmation,

nay be present (see Mesozoic).

MARINE GEOLOGY

Most of the Palaeonzoic sediments of Bonaparte Gulf
Basin probably lie beneath the sea, and their nature and extent
are unknown. Figure 9, compiled from bathymetric charts
AUS 87, 88, 9% and 97, 1047 and 27592, shows slightly generalised
30 nnd 60 fathom isobaths. Submarine features cannot be directly
interpreted in geological.terms in this area. The reasons are
as follow:':
i) Present sea level is high, and several Pleistocene
erosional surfaces and related topographic features
could be represented on the sea bed.
ii) Reef growth is known to be locally abundant and both

smill and 1large riscs on the sea bed e»uld be due to it.

Fairbridge (1953b) related undefwater topography to
regionnl geotectonic patterns, and suggested that the well-
defined 60 fathom depression between Sahul Bank nd Joseph
Bonaparte Gulf corresponds to the central part of the basin,

A number of points, discussed later, favour this interpretation,
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Both structural and depositional pointers suggest however, that
the limits »f the basin are less extensive than Fairbridge
implied. Delimiting or related features used by him are the
Cambridge Gulf Fault, the Londonderry Rise, the Van Diemen Rise,
and submarine canyo>ns west of Bathurst Island. The latter are »f
doubtful geonlogical significance as they are probably due to
Pleistocene erosion, There appears to be no eviaence far the
Cambridge Gulf Fault, which is postulated to paraliel the land
west of Cambridge Gulf, and to be downthr->wn t» the nnrth. The
andonderry Rise, in the south, runs from Cape Lond~nderry to the
north-west The Van Diemen Rise extends from the north end »f
Bathurst Island to the south »f Troubadour Shoals and then
swihgs west-southwest to the Sahul Bank, Of the two rises,
the ioﬁdonderry Rise is best defined, but ncither is unequivocally
presenﬁ. |

| STRUCTURE

anqpqrte Gulf Basin is well defined structurally.
Although muech structural information has been obtained in the
area since the work carried out by Traves (1955), most of it
consists of locnl detiil. As Traves pointed out, the sedimentary
basin is bounded on the east by the Precambrian Sturt Block.
In the s»huth-west it is bordered by the Kimberley Block. Traves
regarded the Phanerozoic sediments 2s having been depnsited in
discordant troughs »ff one end of the Kimberley Block, but it is
argued ldter‘in'this report that they are related to subsidence
of the north-east end of ths block, combined with subsidence in
the mobilc zone botween the two blocks. |

Gravity anmmalies can be interpreted as indieating
éeVernl‘lqrge scnle structural features in the subsurche, but
only three major structural units are cleﬂrlyAdefined At the
surface. Onc of these is represented by the Ca?e and Pincombe
Ranges and will be termed the Pincombe High. The high has
played an obviously important role in deposition, having'affected
the distribution of both the Carlton Group 2nd the Cockatoo

Sandstone, After Traves (1955, p.9), the Palaeoz>ic sedimentary
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areas on either side »f the Pincombe High are referred to as

the Burt Range Sub-basin® and the Carlton Basin, which constitute
the other two structural units. The subsurface extent of these
is n matter of interpretation.

Smaller secale structures in the area include numerous
faults and some relatively gentle folds., It is significant
th t the only steep dips recorded in Phanerozoic cadiments in
the area seem to occur near faults or suspected faults. This
can 11so be said »f known foldsy; for example the Burt Range
Syncline, Spirit Hill Anticline and Amphitheatre Anticline
are 2ll near ~r within the Cockatoo Fault trend.

The most apparent fault trends in the area run north-
northeast. The main faults are the Cockatoo Fault in the south,
and the Moyle River Fault to the nnrth »f the heﬂdeters nf
Moyle River. Granite is upthrown against Precambrian szdiments
by the Moyle River Fault. Faults with n north-northeast trend
are most common between the west side of Pineombe High and the
Cockaton Fault., In most of them, the downthrown side is on the
west., A sccond trend, west of Pincombe High, 1s essentinlly
one of strike frults. In most of these faults it is n>t known
which side is downthrown.

Earlier workers argued in favour »f tectonic periods of
varying intensity to explain the nbservation that in this area
faulting is vrogressively less common in the yn~unger beds.
Reeves (1948, p.20) postulated a Caledonian orogeny t> account
for the apparent absence »f Ordovician and Silurian strata.
Traves (1955, p.92) suggested four important periods ~f
diastrophism. The structure »f the area, and the incrense in
faulting in older beds, however, can be explained mainly by

gentle, more >r less continunus, epeirogenic mrvements related

R —— —— onn o -

Sub-basin in the sense¢ that it is a subsidiary basin within

the general basin area but has some depositional and/o>r
structural individuality. The Carlton Basin is considered to
be more directly related to the main basin, as discussed later,
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to basin subsidence. There wns only one perind »f relatively
extreme diastrophism, and1 it can be argued that this 21lso wnas

related to subsidence (see Tectonies).

GEOLOGICAL SURVEYS

Figure 10 indicates the detail in which genl-gical
surveys were performed t» December, 1962 in Bonaparte Gulf Basin.
Individunl surveys are not shown »n the figure, but are listed
in Appendix 3 for the period after 1954, Before then the »nly
important field work in the area was that »f Opik (1950),
Matheson and Teichert (1948), Reeves (1948, 1951) and Traves

(1949, 1955).
WELL RECOVERIES AND HYDROCARBON INDICATIONS

Asphaltite is known to occur at surface in the
Bonapqrfe Gulf area nnd surrounding areas, but the depnsits are
smn1l and »f doubtful significance (Traves, 1955, p.102).

Reeves (1951, p.2481) suggested that the materinl night be »f
Precambrian origin, and ~ residue »f hydroecarbons distilled from
shile by the Antrim Plateau Volecanics, This explanntion scems
to fit known occurrences, The »nly significant hydrocarbon
shows t» date are those recérded from Spirit Hill No. 1. Rade
noted slight oil-staining in cores from 490', 1,818' ani 2,269',
Light oil bled »ver a period »f time from a core retained by

the Bureau »f Mineral Resources. The core came from 550! in the
Milligans Beds. Extraction methods also indiecated traces of
hydrocarbons in the Milligans Beds in Spirit Hill No. 1.

Artesian water was found in Spirit Hill No. 1. The
presence »f such wnter, and of loecal springs, suggests that

artesinn water may be characteristic »f the basin.
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PART 11 - INTERPRETATTON

Many of the reports on the Bonaparte Gulf area,
particularly those by Reeves, Utting and Traves, contain interpret-
ations which have been accepted in this report. Some of the ‘
interpretation expressed in this report is not in agreement,
either directly or indirectly,'with earlier views. In such
cases the viewpoint taken here is explained,

Owing to a lackvof control, it is impractical to attempt
more than an outline interpretation of the subsurface
stratigraphy. The amounf of interpretation, in any partiéular
cése, can be assessed from the data presented. A single bore-
hole could radically alter the interpretationsbof possible
sedimentary facies or thicknesses in the subsurféce. These

interpretations should be considered tentative in all cases,

GEOLOGICAL MAPS
The methods used in constructing the geological maps
are outlined in Appendix 1. Several major points of interest
emerge from the interpretative maps.
1) The sediméntary basin is clearly outlined by
Phancrozoic sediment Qistributidn.
2) A relatively large area of Antrim Plateau
Volcanics may be present beneath recent sediments
in the south-west cornsr b? the sedimentary
pasin. |
3) The "C-D" Group in the Bﬁrt Range area lies in
a well defined sub-basin. ' |
4) In the west, and to a lessef extent in the south,
the Weaber Group appears to transgress older
sediments.
5) The present distribution §f the Port Keats Group
appears to lie east as well as north of older

Phanerozoic deposits.
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BASIN SHAPE AND EXTENT

Reef growth and the possible occurrence of old erosional
surfaces limit dircct geological interpretation in Bonaparte
Gulf (see Marine Geology), but it is possible to apply the
principle of uniformitarinnism with some effect. At present,
the area of Phanerozoic sediments on land coincides quite closely
with a general physiographic low (Figs. 1 and 2), surrounded
by relatively gentle Precambrian highs, If similar conditions
occurred when sen-levcl was much lower, present day marine lows
may corr:spond to scdimentary areas. On this basis the 60 fathom
low off Bonaparte Gulf could b: a sedimentary area (Figure 11).
A reasonably consistent linec can be irawn along the western
edge of the low to connect with the known edgc of sediments on
land., It is suggested that this line corresponds to thoe western

edge of the sedimentary basin.

The eastern side of the basin is not as easily defined
from isobathic relationships, This may be baeause both 2 main
basin and a1 basin shelf ire present, the extent of the‘shelf
being controlled by north-northeast trending structure. Known
structures on this trend include the Cockatoo and Moyle River
Faults, thc Pincombe High and a well defined positive gravity
anomaly in Queens Channel, This anomaly 1is here accepted as -
probable separate structure on structural continuation with the
Pincombe High. Points supporting the identity and nature of
the shelf are discussed more fully later. The isobathic map
shows only that a general line of shallowing, possibly
corresponding to the eastern edge of the main basin, can be
outlined. No indication exists of the extent of the shelf
jtself. Both the main basin and shelf trend towards the Timor
Trough, which can be regarded either as an ancestral sea or
as a1 geotectonic vacuity supplanting the original ancestral

sen ns a1 result of continental drift.
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Figure 12 combines the bathymetric interpretations and
interpretations of Bouger gravity maps made by the writer,
to show probable major structural features nf the south end
of Bonaparte Gulf Basin. The north end of the basin is not
considered, owing to lack of data, The Carlton Basin is the
part of the Main basin on land. On the shelf, the Burt Range
Sub-basin is the on;y oric well defined. The Keep Inlet and
‘Port Keats Sub-basips both seem to have loosely defined
structural limits. If, as is probable, they were in fairly
- continuous depositiona% connection with the main basih, it may

be impossible to define them precisely.

Faults

The fault patterns in the Bonaparte Gulf area appear to
provide a foundation for tectonie interpretation. All known
faults have been plotted on Figure 13, showing th: downthrown
side where this is known or can be deduced. As noted earlier,
there are two consistent fault trends. One, in the east and
south, runs north-northeast. Tha other trend is shown by
strike~f~ulting in the Carlton area, within the m2in basin.

The north-northeast trend is formed by strike faults in
the north, and cross strikc faults in the south, The faults are
predominantly downthrown to the west. This applies also to
the Ivanhoe Graboen, if the faults are considered collectively
rather than individually. The westerly of fhe two faults in the
graben 1is interpreted as downthrown to the east at its north
end, but it may be downthrown to the west at the south end.

It therczfore may be 2 scissors-type fault. Alﬁephateiy; both
faults could be tear faults, downthrown to th: wést, with
decrensing throws to the north, If so, the structure will not
be n graben in the strictest secase.

There is a suggasstion of transcurrency in both of the
main faults on the east side of the shelf, The sinuosity of
the Cockatoo Fault and the pattern of its off-shoots both suggest
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lateral movement, with the east side displaced to the north,
Derrington ct al (1957) mapped the Moyle River Fault as
transcurrent, with similar displacement direetions.

There is no evidence of significant downthrow to the
east on nny of the north~-northeast trending faults. This may
be due to inadequate data. The only north-northeast trending
fault near Cambridge Guif with 2 known direction of throw
occurs between Mount Connection nnd the Onslow Hills, It is
downthrown t» the west, suggesting that this direetion of throw
is maintained on the west side of the basine. The overall
pattern of the north-northeast trend scems to be onc of
progressively greater step faulting from west to east, suggesting
an assymmetric origin for the basin.

The Carlton area strike faults have an undetermined
direction of throw, but it c>uld be 2rgued that they may be
mainly normal faults with basinwards downthrow, if it is
assumed that they are related to basin subsidence.

The geological mnps indieate that faulting affects all
sediments older than thosec assigned to the Mullaman Group, which
overlie both Perminn and Precambrian horizons, and appear to be
tectonically undisturbed. If this interpretation is correct,
it shows thnt tectonic nctivity intense en~rugh to cause
faulting persisted at least to the end of the Permo-Triassie
period of deposition,

Fault distribution shows that faulting is more abundant
in older beds, 1In one ease at least it seems probable from ficld
evidence that faulting in older scdiments preceded deposition
of younger beds. Utting (1962) showed outcrops of Weaber Group
strata which overlapped the Cockitoo Fault. On the interpretative
geological map, the north branch of the Cockntoo Fault which
passes west of Spirit Hill affects the Weaber Group s well as
older beds, but to a much lesser axtent. Figure 5 shows the
same fault, which e¢an be seen to cut the Point Spring Sandstone

in the south but t» b: d-ubtfully presznt in the north., Perhaps
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signifieantly, this fault trends towards Spirit Hill No. 1
(Figure 13) where it mhy b: the one which cuts the sectinn at
2,469', Figure 5 als> shows several minor, probably
sympathetic, faults cutting the Spirit Hill Limestone but not
younger beds., Although not conclusive, these points all suggest
that majpr movements nccurred onn the Cockatoo Fault before
Weaber Group deposition began.
Other Structures
Some important palacotopographic structures occur in

the Bonaparte Gulf aren. One type effected deposition at several
periods, This includes the Pincombe High, which had its
structural origin in the Precambrian, and as a high continued
to influence depositiosn during the Cambro-Ordovician, Devonian,
and possibly cher periods, presumably by continuing fault
ad justment, AThe Weaber Group re-entrant near Ninbing also
is probably a palaeotopographic feature, but unlike the Pincombe
High, the re-entrant nced not be related to pre-existing tectonic
structure. It may be related to a fortuiﬁously loeated erosional
channel formed during the erosional period which preceded depositbn
of the Weaber Group. |

' Folds appenr to be bnth rare and poorly developed within
Bonaparte Gulf Basin. The most importwnt folds disecovered to
dnte are the Burt Range Syncline, the so-called Spirit Hill
anticline, and » synciine in Permian beds s»>uth »f Port Keats.,
Lesser folds have been reported near Nigli Gap nnd within the
Burt Range Formitivn. It is suggested here that 2ll these folds
arc due to structural readjustment during faulting, especially
by drag.

The Burt Range Syncline is the largest fold structure

in the area, Judging by its surface expression, it is gently
folded. The west 1imb is well defined, but the entire limb
could be related to tiiting »f strata by downthrow on the
Cockﬂtao Fault. The throw of the fault is several thousand

feet loecally, and if relative movement decreased to the west
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away from the fault, east-southeast dips of about 5 - 10°

would result., Most dips recorded are of this order. The syncliml
closure in the south-west could be the result of drag, if as
suggested, the fault is tr-nscurrent, the east side being
displaced to the nnrth.

The Spirit Hill structure is a poorly defined fold
(Figure 5). Structural variation at this locality could be due
to the loention of the structure between the Cockatoo Fault
and a branch fault.

On the basis of these two structures, and the absence
of well developed folds, it is argued that 21l Phanerozoic
fold structures in the area mhy be related to faulting. If this
is so, the presence nf such folds does not imply that
compressive forces have ever occurred in the area. On the
contrary, the apparent absence of well defined compressional
folds wnd »f other structures such as reverse faults suggests
that compressive tectonic forces may never have been important,
Because of this negative evidence, and because 111l structure
apparently can be explained by non-compressive movements, the
view is taken here that compressive forces may have been absent
S>r may have been of minor importance in Bonaparte Gulf aren
during Phancrozoic times.,

Tectonic Interpretation

It can be shown that the aren of deposition during
Phanerozoic times in the Bonnparte Gulf Basin tended to lie
within what is here termed the main basin and shelf, both of
which were involved in basin subsidence, in spite of their
structurnl differences. The main basin is relatively homogenenus
in a structural sense, and appears to be free »f major faulting
on a nnrth-northeast trend. The shelf, on the other hand, is
cut by the Moyle River, Cockatoo and Ivanhoe faults, and
includes north-northeast »r north trending structures like the
Pincombe High - Queens Channel High Trend, and the Port Kents

Sub-basin,
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A well defined north-north-cast trending granite belt
securs south of Bonaparte Gulf., Traves (1955, Fig.33) referred
these granites to the Halls Creek Mnbile Zone, which he showed
as continuing up the east side »f Bonaparte Gulf where granite
is exposed at surface. It is now suggested that the western
side »f the Mobile Zone coincides with the woestern limit of the
shelf, On this basis the shelf is part of the lisbile Zone,
distinguilshed only by its Phancrczoic sediments.

Granites often show well defined jointing which may have
originated by cooling contraction. Although the suggestinn
may be novel, conling contraetion could alsn cause important
subsidence where the nenr-surface aren »f the granite mass is
small and its volume large. For example, these cinditisns may
have applied at the Glenede cauldron subsidence in Sentlnnd,
where sediments have been lowered thousands »f feet in a narrow
cauldron., The mechanism may have been important in the develop-
ment H»f the B naparte Gulf Basin as an area nf Phanerozoic
sedimentation.

Contraction should occur after n relatively hot igneous
body is emplaced, by any means, and begins to c¢o0l, If
emplacement nccurs near the surface preferential yield will
tend to occur there if the »verlying rocks are structurally
weak., If the igneous emplacement is widespread near the surface,
contraction effects may be widespread, but w-uld be inobvious.
Where the near-surface area »f the igneous body and of yield
is limited, howev:r, small eontractions cruld cause quite large
amrunts of subsidence. If the body is several miles deep and
has the shape of a cone, for example, volume contraction of
the order >f one per cent could cause a thousand »r more feet
»f subsidence at the surface. Given a large en-ugh igneous
body with a small ensugh ncar-surface area of yield, subsidence
of the -~rder of many thousnands »f feet chuld be achieved, in
theory nt least., 1In Bonaparte Gulf area, the Halls Creck Mobile
Zone is Ilaterally restricted in extent, and may be of considerable

depth nnd volume, so eould have been such an nrea of yield.
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A"ter the emplacement ~f the Precambrian granite masses
of the Halls Creek Mrbile Zone, nt least some subsidence mny
have been caused by contraction. Contraction in turn would give
a density increase, nnd this might tend to cnuse still further
subsidence by gravitational sag, particularly if aceompanied
by sediment%ry londing. It is suggested that subsequent to
the granitic intrusions, the joint effects »f contraction and
sag, both >f which c¢c~uld be effective »ver long perinsds »f
geological tine, may have been the main causes »f the prolonged
subsidence which nccurred in what is now the Bonaparte Gulf Basin
of Phnneronznhic sediments,

In Bonaparte Gulf Bisin, the main basin may be underlain
by granite at depth, and contractisn could have cnusaed it tn be
tilted or flexed as a single structural unit against the Mobile
Zone, which became the shelf. M,vements >n the shelf could have
differed from those in the main basin beeause the granites are
at ~r near the surface thire, and pre-existing planes »f
weakness could mhre easily form lines »>f yield, The majovity
of faults in the Precambrian rocks trend in a north-nnortheast
direction, nnd it is inferred that this trend was related t>
the development of the M-bile Zone, which has 2 similar trend.
On this basis, contractionnl subsidence »f the shelf could be
expected partly to occur by faulting along north-northeast
trending faults such as the C ck too, M»yylc River 2nd other
faults. The tendency for transcurrency t» develop nn the larger
faults c¢Huld be due to several cnhuses, but might 1lso be explained
by contraction, because n widespread arean »f granite occurs
north-east »f Bonaparte Gulf in the Darwin area. Contraction
5f this mass may hnve tended to cause relative movements to the
north »n the east side »f the Moyle River and Cockatoo faults.

Regardless »f its causes, in Bonaparte Gulf Basin
subsidence appears to hava taken place fairly continuosusly,
with only two known important depssitional brenks during the

Phanerozoic period »>f deposition. As already noted, there is
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no evidence »f signifieant compressive forces having effected
the Phanerozoic rocks, and all local tectonie movements ¢ould
have been part »f the pattern ~f basin subsidence. After the
initial period »f deposition, in Palaeczoic time befHre the
Upper Devoninn, there was 2 period of erssion. The tectonie
significance »f cvents up until the Devonian transgression 1is
unclear but Cambro-Ordowriciin deprsits were preserved only in
the main basin. After the period of "C-D" Group depoysition, which
represcnts the first reeorded period of subsidence »f the main
basin and shelf, there was a phase »f relatively intense stress
relense which resulted inmjor fault movements within the shelf
arean, A thick section »f the Devono-Carboniferous "C-D" Group
was down-faulted on the Cockatoo Fault in the south at Burt
Range by these movements. This phase »~f tectonism is probably
related to a short but important perisi of ernsion. Pr:osent
evidence suggests that the hiatus may have 5écurred during the
middle Visean; Sedimentation was resumed for the:period »f
Weaber Group deposition, th: rate »f sediment accumulation
gradually meeting that »f subsidence. During and after the
period of Port Keats Group deposition, in Pérmo-Triassic time,
sedimentation appears to have kept pace with a relatively low
rate >f subsidence. During or at the end »f this gerontic

phase 1 final period of stress relsase caused minor fault move-
ments, and tectonism ceased within the basin. Events therenfter
were the raesult o>f eustatic changes in sea level, if formational

age relationships have been correctly interpreted.

PALEOGEOGRAPHY

Garlton Group

Residual Middle Cambrian deposits »sccur sHouth of Bonaparte
Gulf near the Ord River 2and in other areas. The stratigraphy
of the Cambro-Ordovician Cariton Group in Bonaparte Gulf area is
only known in outline, but the >ccurrence »f Cambrian deposits
south of the Gulf area implies that Cambrian seas were

widesprend. This suggests that eustatic changes »f sea level
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may have been invnlved in Cambrinn deposition and that the
Bonaparte Gulf Basin need n»t have been downwarped during the
Cambrian, The shallow water clastics of the Carlton Group
are not the type normally deposited a great distance from
shorre, but this is n»t sufficient to determine the palaengeo-
granphy. Przsent surface exnression »f the beds may be
significant, in that it suggests that the main basin was a
subsiding unit before the Devonian transgression, Preservation
of Antrim Plateau Voleanies along thz west side of the basin
implies that subsidence mny have nccurred there before Cambro-
Ordovician time, but is less acceptnable as evidence. The
possibility certninly exists however, that the main basin was
downwarped during Cambro-Ordovician time, whether or not
eustitic changes >f sea level,or general changes due t»> other

cnuses, a1lso nccurred.

The present extent »f Cambro-Ordoviecian depnsits in
Bonaparte Gulf Basin must remhin 2 matter »f speculation. In
Figure 14 it is assumed thnt sediments nre restricted t» the
mrin basin, primarily becnuse »f lack of evidence that they
exist in the sub-basins. The fact that Cambro-Ordovician beds
are regionally extensive, where nreserved, nlso suggests.that
the deposits miy extend 1 considerable distance within the

basin, nlth-ugh their northern limits cannot be pproximnted.

"Cc-D" Group

Both the main basin nnd shelf became well defined areas
of subsidence during the Upper Devonian. Deposition nt this
and later periods was mhre or less confined to the present
general basinal area, and the deposits were laid down in whnt

is inferred to have been a relatively restricted gulf,

0f the formations of the "C-D" Group, the Burt Range
Formation and the Cockatono Sandstone are the most important
stratigraphically. The relationship between these is difficult

to interpret on the basis »f present data, but is »f great
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importance to the interpretation »f the palacogeography. The
Cockatoo Sandstone could be either a clastic infill of loenl
hollows on 1 transgressed surfrce, ~r it could be a near-shnre
facies which passed laterally to the Burt Range Formation
further off-shore, It is impracticnble at present to say whether
either or even both relntionships occur between the two
formations, Cockatoo lithonlogies suggest high energy near-
shore conditions which would apply in both eases. The formatinsn
is absent on the north and north-east end »f Pincombe High,
which must have been 2 loecal topographic high, If this high was
covered during Cockatoo depnsition, the deposits on it must

have been ;he finer clastics ~f the Burt Range Formation and
the two formtitions must have at least loeal 4inchronic
relationships with each other. Dinchronism will be absent -nly
if the high remnined above water during Cockatoo deposition,

and if the change to deposition ~f the Burt Range Formatinn
elsewhere took place 1t the same time as the submergence »f the
high. This secems rather unlikely, but at »rosent the only

point strongly in favour of 2 diachronic relationship is the
fact that in the Burt Range area the Burt Range Formatinn
apparently thins from north t> south under the Enga Sandstone
while the Cockntoo Sandstone thickens in the same direction.

If the Enga'Sandstone is of uniform nge these reiﬁtionships
indicate dinchronism betwaen the Burt Range Limestone and
Cockatoo Sandstone. The problem miy be resolved with botter

palaeontonlogical control.

Cockatonn Sandstone:

Figure 15 shows the possible former extent and the
interpreted distribution >f the Cockatoo Sandstorié, Boath this
figure and thohse which follow represent only an interpretative
summary >f known data, and are partly conjectural,

'The former pnlqeogeogrnﬁhic extent of the Conckatoo
Sandstone was approximited in the following way: Inliers south

>f Ivdhhoe show that it occurred there, Still farther s»outh
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Traves (1955) identifiel a Ragred Range Conglomerate as Cambrian,
from its conformnble relationship with underlying beds »f that
age, This conglomerate is suitably located to be an on-shore
Cockntoo deposit, and its age should be confirmed.ﬁ The
conclomerntes »f the Nigli Gnp Sandstone here are considered

as on-shore Cockatoo de;wsits, nnl depositionnl limits are
drawn imnedintely east »f them., This inferred iimit is
continued to the north a few miles east »f the Port Keats Sub-
basin, on the assumption that the thicker Aeposits there are

of "C-D" Group age and that conditions of deposition were
similar to thosc further s-uth, In the west, the genlogical
m1ps suggaest Cockntoo thickening, and dep>sitional limits

are suggested to have existed not far west »f where the western

edge »f the main basin is inferred t» »ccur.

Cockitoo distribution within the basin is difficult to
interpret because of the alternative possibilities for the
relationship between the Cockatoo Sandstone and the Burt Range
Formation. East of the Pincombe Range-Queens Channel high
trend the distribution of the sanistone can be shown tn be limited
between the high trend anl a speculative erosionnl edge, and
Ainchronism between the Cockntoo Sandstone and Burt Range
Formation may or may not occur. West of the high trend, basal
transgressive clastics of the "C-D" Group will nlmost certainly
occur, but from the inferencc that this is the mnin basin it is
considered possible that in the east these clasties will be very
thin, nl that the Cockatoo will not be distinguishable as a rock
unit, but will be represented by Burt Range deposits. Thinning
out of the Cockatoo Sandstone from west to east in exposures in
the Carlton Basin is the only fact which supports this interpret-

ation.

s — —

Devonian fossils were frund in this conglomerate during the
1963 season by a Bureau of Mineral Resources Field Party Details
of the occurrence will be discussed in future reports.
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Towards the north-west and north-east the Cockatoo
Sandstone is shown as being unconformably overlain by younger
depositsyon the basis of the possibility that the Weaber Group

lies upon.the sandstone in these areas.

Burt Range Formation:
In Figure 16 the palaeogeographic extent of the Burt
Range Formation is shown to be the same as that c¢f the Cockatoo
Sandstone, If the two formations are diachronously related,
this will be essentially the case, If they are not, the Burt
Range probably would be origigally »f wider extent both because
itnlieé directly on Precambrian rocks on Pincombe Range and
because it consists of finer grade clastic deposits which may
have been deposited further from the clastic source, thereby
implying more diéfant shorelines, In the Burt Range area the
formation is conformably overlain by the”Enga Sandétone. On
the figure, conformable relationships are postulated to occur
in the central parts of the main basin and in the Keep River and
Port Keats Sub-basins. ‘ |
Some possible lithologic variations of the Burt Range
Formation, or its chronostratigraphic equifalents, aﬁe indicated
on Figure 17, The formitional name will have limited
applicability if the ihterpretafion ;sreven.approxim5tely
correct, because considerabie facies éhanges are inferred to
occur, Towards the basih centre, for exdmple, equivalents of
the Burt Range Formntion might be shale,
The clastic facies on the map are delineated as follows:
(1) The sand/silt boundary in the south-west follows the
line of the unit referred to on the geological maps
as "undifferentiated Burt Range/Cockatoo Formations,"
(ii) 1In the Burt Range Sub-basin the contact is speculative
and is drawn on the basis of assumed diachronism between
the Burt Range Formation and the Cockatoo Sandstone.
(1ii) Areas of shale or silt deposition are drawn to correspond

roughly to gravity lows in the south and north-east,
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Three areas of possible reef facies are shown on the
figure, but there may be more. Possibilities of reef
development occuring are discussed under the heading '"Petroleum

Geology."

Enga Sandstone and Septimus Limestone:

The Engn Sandstone and Septimus Limestone are known
only in the Burt Range Sub-basin, nd is impossible to
reconstruct their former depositionnl limits. Figure 18 suggasts
the possible prescnt distribution of these beds, or their
time-rock equivalents, in the subsurface, The figure is
constructed on the basis that, as the ynungest units in the
"C-D" Group, thc formntions are preserved only in the axes of
the sub-basins and main basin. In the latter area, continuity

of sedimentation is assumed between the "C-D" and Weaber Groups.

If the figure has significance, Engh Sandstonc and
Scptimus Limestone might be identifiable in the Port Keats
Sub-basin., In the central area of the Bonaparte Basin the
formtions are more likely to be represented by shale, If this
occurs, nd th: remninder of the "C-D" Group is also in shale
facies in the main basin, then ths entire "C-D" Group there may
be represented by 1 shale unit. Figure 18 suggests that this
shale unit could also include the Milligans Beds in the basin
centre,

Weaber Group

The Weaber Group deposits lie on Cambro-Ordovician
beds in the south-west, and in the Burt Range Sub-basin they
are probably deposited on various horizons of the "C-D" Group.
Figure 19, which is based on the assumption that the Weaber
Group formntions are diachronously related, shows thc possible
initinl palaneogeographic limits for the facies of the group.
This is postulnted to be the greatest area cver covercd by
Weaber Group deposits in Bonaparte Gulf. Shortly ~fter this
phase, recessive deposition may have resulted in lessening of the

area of deposition and in erosion of the initinl deposits at the
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basin edge over a belt several miles wide, Figure 19 also

indicates an area of possible crinoid biostrome development

on the Queens Channsl High.

"C-D" Group palaeogeographies can be interpreted to
suggest that Phanerozoic areas of sedimentation corresponded
approximitely to present areas of Phanerozoic sediments, but
the evidence i1s not decisive. The Milligans Bads, on the other
hand, provide fairly definite evidence on this point, in spite
of the faect that these beds can only be identified in limited
areas in the south, The Milligans Beds clearly onlap from the
north, and the basinward direction must have been to the north.
The northerly thickening of the shale in the Burt Range Sub-
basin supports this view. A corollary.is that réldtively wide-
spread deposits should havc occurred northwnrdé beénusé marine
seas, unlike lakes, muét be part of a major depositional area.
If this 1mplicntion and the structural interpretations of theo
area nare combined, it 1is reasonable to predict.the original
occurrence of the Weaber Group in the subsurface north of known
occurrences, qé showh‘on Figure 19. Assuming that. recessive
deposition during Weaber Group time removed only basin-edge
conglomerates and that there was no major period of erosion to
the ﬁorth between Weaber Group time and Port Keats Group time,
this will also be the essential present subsurface extent of the

Weaber Group.

Por ats Gr | .

There are insufficient data to rcconstruct the
palacogeography of the Port Keats Group. If the simplést
Interpretation is accepted, the group belongs to a single period
of subsidence, an initial marine transgression being followed
by gradual off-lap deposition similar to that which occurred
with the Wenber Group, but involving either less intensive
relative subsidence'or clastic material being derived from a
relatively denuded source. In either case th. clastics would be

of finer grade.
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Present depositional limits suggest that the central
area of deposition for the Port Keats Group was east and north
of the Carlton Basin (sce Fig. 21). 1If this inference is
correct, the Mobile Zone hnd become the main area of subsidence
by Permian time. This would be explained if therc was consecutive
yielding from west to east by the north trending faults in the
Mobile Zone during the Phanerozoic. If, a1t the sme time, the
main areas of deposition were tending to move north, the basin
centre would migrate to the north-east., Points which favour
this possibility include th: appnreht restriction of the Carlton
Group to the miin basin, nd the relatively grént thickness of
the "C-D" Group in the Burt Ringe Sub-basin. The thick
Cretaceous sccouence at Bathhurst Island, still farther north-east
(Figure 10), also favours the possibility of basin migration to
the north-east, as these deposits could represent the next

centre »f deposition.

Wwhether or not basin migration osccurred, major
subsidence ceased in this area s»me time after deposition of
the Port Kents Group. Following a period »>f peneplan~tion, the
basin assumed its present geological form, During the Cretaceous
there was 2 possible marine transgression, nnd during the
Tertiary, 1 period »f lateritisation. Rcconstruction of the
palaeogeography for these times is impossible with present data.
All of the changes are believed to have taken place as a result
of relatively minor, possibly eustatic, change of sea level,

as there is no known evidence o»f tect-nic activity.

SEDIMENTARY THICKNESSES

Formation thicknesses measured at the surface and found
in the subsurface tests drilled t» date have 2lready been
described. For the most part the thickness »f sediments in
the subsurface is unknown, and will only be discovered by
drilling. The following summaries incorporate known data,
including geophysical data, and outline possibilities for

subsurface scdiment thicknesses.,
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Carlton Group

In this area Cambrian deponsits may occur only within
the main basin. Unless there 1s loss »f section at the base
of the Carlton Group, tho prssible existence ~f the main basin
in pre-Devoninan times suggests that the group may thicken in
the subsurface, where the post-Ordovieinn hiatus can be inferred
to have been »f shorter duration, and the amount of sediments
removed by erosion to have been less. .As fqr.as ié kﬁown,
approximrtely 2,000-3,000' »f Cqmbro-Oréovicinn sedimenté occur
at the surface. On the assumption that added Ordoviecian or
even Silurinn strata may be preserved in the subsurface, it is
ennceivable that up to five thousand feet »>f pre-Devonian

Phnnerozoic sediments may be present within the main basin.

n"c.D" and Wenber Groups
The "C-D" Group attains a reported cumulative thickness

»f approximately 9,000! in}the Burt Range Sub-basin, the
maximum thickness »f the section at any one locality being
approximately 7,000', The totqlvthickness may approximate
about four thrusand fecet in the Carlton Basin, where erosion
preceeding Weaber Group deprsiti-n was more pronounced. It
would not be surprising if the &roup reached 8,000 or more
t-wards the basin centre, where erosion c¢an be assumed to be
minimal or absent,

The Weaber Group has a known cumulative thickness of
under 4%,000', but if its depositional cnvironment is correctly
interpreted (Fig. 8), it should attain a greater thickness,

The Milligans Beds »r their time-equivalenhts alone could attain
a thickness of several thousand feet towards the basin centre.
The Border Creck Sandstone could be up to 2,000' thick in the
Weaber Range, nnd even nllowing for considerable repetition of
section at the surface by strike faulting, cquld ﬁave more

than twice this thickness further north, Only the Point

Spring Sandstone cnn be expected to remain thin. if these

extrapolations are valid the Weaber Group could be more than

10,000' thick in the basin centre.
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These possibilities suggest that the Devono-Carboniferous
rocks could reach as much as 20,000' towards the basin centre,
but it would be surprising if they actually do so., Erosion of
either the "C-D" Group or Weaber Group could have occured to
seriously reduce original total thicknesses. Another possiblity
is that a general change to a shale facies in the "C-D" Group
could result in a thinner section, either becauuc the rate of
shale deposition was low, or because of later compaction of the
shale.

Figure 20 attempts to strike a balance between these
possibilities, and incorporates such data as is available from
geophysical surveys, surface thicknesses, and structural
interpretation, to show possible Devono-Carboniferous rock

thicknesses in thz basin.

Port Keats Group
It 1is, as yet, impossiblc to prognosticate the
thicknesses of the Port Keats Group. Figure 21 shows the
interpreted approximate surface or submarine distribution of
Formation I, and that of lower formations. Cumulétive thickness
of beds in the Port Keats area in places exceeds 2,500'.‘ On
a pro rata basis less than 4,000' of sediments could account
for the entire Permian in thce Port Keats area, assuming'that
rates of sedimentation d4id not vary greatly throughout the
section and that the age determinations made to date are correct.
Whéther or not the group will greatly exceed this thickness
probably dépends upon the Kcep Inlet Beds. If the Keep Inlet
Beds are very thick, then the thickness of the Port Keats Group

may attain a maximum south-southwest of Port Keats.

e ——— > ——.

The petroleum possibilities for this area are considered
in the following brief discussion of source beds, eap rock,

and as they are rcelated, types of porosity and types of traps.
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Possible Source Beds

Marine sediments deposited under reducing conditinns
conventionally are usually accepted as the most probable source
rocks for hydrocarbons. Arguments have also been put forward for
a terrestrinl origin for hydrocarbons, essentially by artesian
transportation into basins of organic materials formed on land,
(Weaver, 1962)., Whether either or both modes of origin occurs
may not be of crucial importance in this instance, as both may

have been ndnpted to past conditions in the Bonaparte Gulf Basin.

On the basis of a terrestrinl source, the Bonaparte
Gulf Basin could have excellent potentinl, as it appears to have
existed as a periodic area of basin downwarp at least since the Upper
Devonian, nnd there were opportunities for artesian conditions to
exist at various times. Plants are preserved in almost all the
sediments post-dating thce Carlton Group, and indicate that
terrestrinl plant life was present around the basin edges.
Accumulation of hydrocarbons could be proceeding at present if

the terrestrial theory of origin is correct.

Conventional source beds are also well represcntcd in the
area. 01l traces, of probable indigenous origin, occur in the
Milligans Beds at Spirit Hill No. 1, and the formation contains
shale with many of the reputed characteristics of a source rock,
j.e. it is black fissile shnale with 1 locally abundant marine
microfauna., Marine shnles also probably occur_in the Carlton
Group nd in the Burt Range Formation, nd may be present in the
Port Keats Group. If the stratigraphic interpretntion prescnted
in this report is correct, the Milligans Beds thicken towards the
basin centre while the "C-D" Group tends to change facies to shale,
and it is therefore predicted that source shnle will bo abundant
in the aren. Organic limestones are known in the Burt Range
Formition nd are postulated t» occur in the subsurface. Although
such rocks are typicnl of high cnergy environment nnd are not
source beds, the organic mnterinl associated with them in

surrounding low energy clastics my have been a source of hydro-
carbons,
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The apparent lack of surface seeps in Bonaparte Gulf area
is no reason for assuming a1 lack of either source beds or hydro-
carbons. Only A small number of surface seeps are recorded in
southern Alberta in Chnada, in spite of the fact that a number of
fields there, in the Cordillera, occur in zones tectonienlly
disrupted by thrust faults. Bonaparte Gulf underwent much more
Bentle stress only until late Mesdzoic times, and because the strata
are relatively undisturbed the lack of surface seeps is under-
standable,

Possible Seal Beds

Evaporites have not been proven to be stratigraphically
significant in Bonaparte Gulf area, where the only rccorded
occurrences 2re of secondary anhydrite in the Millignns Beds.

The most important potential cap rock in the area, thcrofore, is
shale, This will be coextansive with possible source shale, bﬁt
will also include any non-marine shale which occurs. The Port

Keats Group sh~uld contnain some shnle of this type.

Porosity Types and Traps

Porosity in sediments can be referred to the threes classes

of planar, vuggy and intergranular porosity (Drummond, 1963).

The relationships between nnd within the clas.es are complex, but

can be simplifiéd ﬁs follows: '

(a) Planar porosity is principally; tgétonic‘frﬂcture porosity
due to stress rolease in folding; and fissure porosity due
to solution along partings. |

(b) Vuggy pornsity, whether secondary or primiry, is only
offective if another type is present, 1nd can be ignored
for prcsent purposes,

(¢) Intergranular porosity, which can be primary, as in some
sands, or secondary, as in some dolomites, is the most

important porosity class,
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Types of traps are also complex in detail, but can be outlined
as follows:e~
(1) Structural traps mainly occur in folds or against faults,
and so have a tectonic origin., Traps formed by draping
nf sediments over a buried feature ecan be included here,
nlthough this is an over-simplification,

(ii) Stratigraphic traps can be classified asj; stratigraphic
pinchouts; erosional cut-offs; and reefs »r rezfoid
accumulations., The only structural factors in this type
are related to erosional and depositinnnl processes,
and to regional structure,

Porosity types likely to occur in this aren are considered
in this report under the headings of the various types >f traps.

i) Structural traps:

F>lds: Compressive folds are believed to> be absent in the
area. The only tectonic folds which occur are interpreted as
having developed sympathetically with fault movements, principally
by drag. This type of fold tends to have a low amplitude, so is
less likely to form trap than compressive folds which may be very
tight. It is considered unlikely that folds will be important
to hydrocarbon reserves in this 2rea.

Draping by compnction f sediments over highs cruld
provide structural closures, cspecially if facies changes within
the basin are pronounced. Drape structures are likely to complement
other types »f traps, particularly pinchouts and reefs. Present
dnta do not allow independent evaluation, but features like the
Queens Channel High have an obvious potenfial for traps involving
drape.

Faults: Traps which depend upon normal faults alone for

closure are quite rare. On the basis of local conditions in the

Bonaparte Gulf Basin however, there is a pd>ssibility that this

type »f trap may be present by itself »r in conjunction with

stratigraphic traps.
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Towards the north, the north-northeast fault trend
involves strike faulting. In the Carlton Basin, in the s»>uth,
strike faulting is agnin imﬁortant. Strike faulting has greater
potential for trap f ra~tion thanlcross strike faulting, because
any closure due t> local structure will be most effective in
forming trap if it occurs in conjunctiosn —ith strike faulting.

For this reason strike faulting ié considered to keve the greatest
potential, although block or nther faulting could also form fault
trap in t:i1s area, The Pincombe High - Queens Channel High trend

is »f obvious interest fHr »Hossible fault traps.

The lack of well developed folds implies that tectoniec
fracture porosity may be absent in the area. TFissure porossity is
the only planar type which is likely to prove important, As a
solution porosity, it should be best developed in carbonntes, and
can be regarded as complementary to any secondary intergranular
porosity present in them, Gond examples of open fissures »cecur
in cores from Spirit Hill No, 1, and the artesian water
presently produced from the bore-hole comes from azone with both
fissure and secondary intergranular poroysity. By itsclf fissure
porosity dnes not constitute an exploration target, and any
structural traps present in the area will probably oswe their
por~sity t» intergranular porosity. The distributionn of
intergranular porosity is at présent a matter for speculation,

and is c¢onsidered below,

ii) Stratigraphic Traps: Intergranular por>sity 1is the most
important type fHound in stratigraphic traps. At present little
is known about the intcergranular porosities »f sediments in the
Bonaparte Gulf Basin. The following points are probably pertinent.
(a) Por>sity in sandstone outcrops may not be significant,
as with few exceptions the sandstonces in the subsurface
at Spirit Hill N>, 1 are cemented, and present surface

pornsity may be due to leaching.
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The fact that most sandstones are cemented by calcite or
silica in Spirit Hill No. 1 implies that sandstones in the sub-
surface may be generally tight. The cemented sandstones in the
bore-hnle are medium to coarse grained orthoquartzites which would
be highly permeable if uncemented. It is suggested that, except
where artesian flow is presently occurring, many sandstones of
this type in the subsurfsce of Bonaparte Gulf Basin may be found
to be similarly cemented. Further drilling should clarify this
point, It is also significant that minor porous sandstones of
finer grade are present in Spirit Hill No. 1. These imply that
porous sandstone traps could occur in the area. The porosity in
this case c¢»uld be primary or secondary, but the lower permeability
of the sandstones favours the possibility that the porosity may
be primary.

Intergranular porosity has not been reported from the Ninbing

area reefoild beds. The factors governing porosity development

in stromatoporoid reefs involve detailed study. In Western

Canada for example, there ére porous unaltered limestone reefs,
completely cemented limestone reefs, and all gradations from both
of these to completely dolomitised porous rezfs. These Devonian
reefs are still only partly understood despite the great deal of
work that has been performed upon them. Porosity at the surface
in the Bonaparte Gulf recfoid bzds could be duc to recent leaching,
relic primary porosity, dolomitisation, or a combination of all

three.

In Western Canada, the Middle East, and probably elsewhere,
secondary porous dolomites tend to occur beneath unconformitiecs,
and appear to be due to leaching of phaneritic limestones such

as encrinites, oolites, etc., during the hiatus. Cores from
Spirit Hill No. 1 show that porosity related to dolomitisation

is present below the Milligans Beds. If this secondary porosity
is related to the unconformity below the Milligans Beds, similar
porosity could develop wherever these beds occur above phaneritic

carbonates.
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(4) Dolomites are reported at surface in the area, and their
distribution is known to vary. ©Some at least are secondary.
Glover et al (1955) stated that, in many cases, dolomit-
isation appeared to be commonest near faults., Faults can
form highly permcable channels for fluid migration, and
further work may show that permeability due to faults is
related to dolomitisaticn in the area, There is mild support
for this from a porous secondary dolomite 2t :250' (Anpendix
5 in Spirit Hill No, 1. The dolomite retains most of the
textural features of the original granular limestone; and in
the absence of a known hiatus, could have developed by
solution transfer along faults or joints. The Bonaparte
Gulf area was subjeet to tensional forces of varying
intensity for long periods of time, during which permeability

could have occurred in such partings.

There are other possible ways in which porosity may have
developed in the area, but in the absence of data, they remain
hypothctical., The possibilities for development of stratigraphic

traps are outlined below:

Pinchouts: In ny basin primary porosity will be best
developed within the clastic zone along th: basin edge, These
zones generally pinch out down depositional dip in a basinward
" direction without forming trap. Assuming that they are not cemented,
the clastics in this area have some possibilities for hydrocarbon
entrapment where they onlap internal basin structures such as
the Queens Channel High and/or where depositionnl dips have been

reversed by Jraping or teetonic action.

Pinchouts are rare in carbonates unless other factors
1ike secondary leaching are involved., Carbonates such s anerinites,
oolites and reefoid types could form pinchout traps over subsurface

highs in Bonaparte Gulf area.

Unless they are related to local structures, pinchout

traps are difficult to locate, other than by systematic drilling.
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Present data does not suggest that there was great scope for
the development of this type of trap in this area, but they may

exist.

Erosionnl Cut-offs: The unconformity beneath the Weaber
Group raises possibilities that both primary and secondary
intergranular porosity traps related to erosional cut-off may
be present in Bonaparte Gulf Basin, The unconformity below
the "C-D" Group and any other unconformiticecs as yet unrecorded

may offer similar possibilities.

The type of sedimentary basin development which is idenl
for th formation of cut-o»ff traps involves continuous subsidence
in the more central parts of the basin, and periodic intervalk of
erosion nearer to the basin edges. During any cerosional period,
earlier deposited strata are progressively truncated from the
more central parts of the basin towards the edges. Subsequent
transgression will cause overlap of the outcrop of the strata,
Wherever such outcrops form topographic highs composed of rocks
having either original or secondnry intergranular porosity and the
transgressive beds provide a seal, trap will form. In Bonaparte
Gulf Basin conditions were suitable for cut-off trap development
1fter the Weaber Group transgression and may have bezn so on
other occasions, It is concluded that erosional cut-offs could

form important hydrocarbon reservoirs in the basin.

Reefs: Stromitoporoidal reefs cruld occur in the Devonian
rocks of Bonaparte Gulf aréa, if surface indicntions of resfoid
beds have been correctly reported. Such reefs can form highly
productive stratigraphic traps. At the present stage of
exploration, only broad suggestions can be made on possible reef
development in Bonaparte Gulf Basin. Whether or not such reefs
might be porous cnnnot he surmised, Examples in other countriecs
such as Canada suggest that porosity development varies grently
in stromatoporoidal reefs. Adjnacent reef knolls may be

respectively non-permenble and highly permeable. The only point
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of note with regard to possible reef pornssity in the Bonaparte

Gulf Basin is that unconformities, faults and joints all could

have promoted the development of secondary porositv, and that

primary reefoid porosity could also occur.

If the Burt Range Formation pnsses to shale towards the

basin centre there are ample prospects of both seal and source

shales being present in this formntion.,

Even if this change

does not occur, the Milligans Beds, the Port Keats Group, 1nd

known shnale horizons within the Burt Range Formation could all

- provide seals to Devonian rcefs, depending upon locality.

Stromatoporoids have been reported from Devonian surface

exposures -in the Bonaparte Gulf Basin, showing that these organisms

did exist in loeal Devonian seas.

The Devonian stromatoporoid

reefs of the Fitzroy Basin are geographically near'enough to the

Bonaparte Gulf area to suggest that marine conditions at the

two localities may have been sufficiently similar to allow abundant

reef growth in Bonaparte Gulf Basin, if other conditions were

satisfied,’

this possibility.

The world-wide nature of Devoninn rceefing 1lso supports

Unlike some orgnnisms, stromatoporoids ean

thrive in environments in which heavy clastic depositis-n is

procecding,

On this basis, and on the evidence that stromatoporoids

occur, any area in the Bonaparte Gulf Basin cHuld have become »ne

»f reef growth during the perind of Devonian sedimentation, if

the water was at asuitable depth f>r organic growth.

Thick

stromatoporoidal reef development wohuld require continuous »r

periodic

relative

of Bonaparte Gulf

interpretation of

However,
basin in

area was

might be

highs or

Devoninn

the Burt
the area
probably
expected
offshore

time,

subsidence of the growth area. The stratigraphy
area 1s not well enough known to allow the

depth relatisnships within the Devonian strata.
Range Formation wns deposited in a subsiding

»f Burt Range, nnd the sequence elsewhere in the
similar, Under these circumstances reef growth
on some of the featurces which formed sﬁbmarine

shelves within the Bonaparte Gulf Basin during
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The Queens Channel High and the subsurface extension of
the Pincombe High are obvious areas for possible development »f
Devoninn reefs as stratigraphic traps,bith because of the
structure and because the features occur in areas where seal and
source beds are likely to be present. Other structures within
the basin would have equnl possibilities. Excluding the Burt
Range nrea, where reefoid beds appear to be absent, the perimeter
of the basin and shelf has possibilities for fringing recf
development in the subsurface, and such possible reefs have a
prtential for hydrocarbon entrapment. (See cross sections on

the Interpretative Geolngical Map).

The fact that only limited, d-ubtfully reef->id, rocks
of Devoninn age occur at the surface in the Bonaparte Gulf area
could be interpreted as unfavourable for the probable nec-urrence
of reefs in the subsurface. On the other hand, the lack of
apparent surface reefs cquld be regarded »ptimistically. In the
Fitzroy Basin, fringing rcefs are well exposed, but are vnlueless
as traps, because they are breached. If comparable recfs develnped
in Bonaparte Gulf Basin then they have zither been remhved by
later erosion or are present in the subsurface. The probable
near-shore nature »f many of the coarser Devonian clastic rocks
in the south and the c¢ommon nccurrence of finer clastics in the
Burt Range Formatinon both tend to suggest that if fringing reefs
developed, they might hhve donc s» nearer to ths basin centre
than the rocks presently cxposed. This favors their preservation

in the subsurface.

Crinnid biostromes are as typicnl of the Mississippian
as stromatoporoidal accumulations are »f the Devonian. These
are not reefs, but ecan form important reservoirs, particularly
where aqueous migration and leaching have been active. If the
beds have nnt been leached they are almost 2lways infilled by
calecite. Crinoidnl limestones are known to occur in the upper

part of the Burt Range Formntion. The Milligans Beds, and possibly
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the Point Spring Sandstone nlso ecnuld contain loecally thick
encrinites, Submarine highs within the basin ¢->uld have been
areas »f crin»id growth during Mississippinn times, and could

be considered as possible areas for the entrapment »f hydroearbnns.
On the basis of present data, the encrinites »f the Burt Range
Frormation provide the best possibilities, as they could form

reservoirs in cut-off traps beneath the Milligans Beds.

From the foregoing discussion, it can be considered that
the two best reservoir possibilities in the Bomaparte Gulf area are
stromntoporoidal reefs and cut-o>ff traps. The next best
possibility is fault traps. Pinchout traps and fold'strucfures.
are likely to prove less important. Comparison »f the
stratigraphic succession with that >f »il-producing areas elsewhere
suggests that the »verall possibilitiecs qfe very good. In Western
Canada, for example, the greater part of hydrocarbon reserves
occur in Devoninn reefs nnd Mississippian cut-off traps, in
rocks with compqrable litholngicnl characteristics t» those of

Bonaparte Gulf,

CONCLUSIONS

The purpose of this report is to summarise n&ailable data
and to evaluate the hydrocarbon possibilities of Bonaparte
Gulf Basin. It is obvious that considerable work will have to be
performed before the stratigraphy of the area c¢an be evaluated
with any precision, and before the hydrocarbon possibilities c¢an
be properly assessed. Gaps in the knowledge >f the area arec

apparent in this report.

R ‘
e o ARBl e SEGDS VAL be taken. in, SAKUES, GaeRaiiiite
more data.  SoVETiduiiibaiidant imlo BRZNALGS AT bl PRASRARKS « 11C
first to> be drilled during 1963, Field work will also be

performed in the area by the Genlogical Branch »f the Bureau of
Mineral Resources, during the 1963 and subsenuent dry seasons,

A field party, under the leadership »f J.J. Veevers, will earry
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out detailed stratigraphic nand palaesntologic work at this time.
Under these circumstances, fairly rapid evaluation of both the
stratigraphy and »f thc hydrocarbon notentinl o»f the area should

be possiblc.
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APPENDIX 1

CONSTRUCTION OF GEOLOGICAL M:iPS

The Bonaparte Gulf area is covered by 1/250,000 or
4-milc sheets, available from the Department »f Nationnl Mapping,
Canberrn (Fig.2). The Geophysical Branch, Burcau »f iincral
Res»urces, prepared planimetric maps ~f the area »n a stanlard
scnle ~f 1/250,000. These maps were compiled at Petrrleum
Exploration Branch into tws sheets which c¢:ver Bonaparte Gulf
Basin, and this base was used for the geslorgienl mins in the back

pocket of this report.

surface Gaology Mans

The surface geology maps limit internr.tati-n as much
ns possible., Controversial exposures are inlicated and arc
discussed in the body »f the report. Map reliability ean be
judged approximntely from Figure 8, which indientes the detail
in which geologicnl surveys have been performed. Where photogeslogy
is the miin basis for identifying and classifying exposures, as
in the extreme north, some cerrors will occur. In the >ther areas,
the exposurces shown have been identified on the sround. In less
thorsughly examined arens, fraesh exposures will probably be found
with timc, nd may or may not alter present concepts »f the

geology,

The Port Keats Group is unlifferentinted, boechuse the
subdivision »f it is highly interpretative. The Point S»nring
Sandstone 1is relatively thin anl eannnt be Aistinguished arerywhere
from the >verlying Border Creek Sanlstone. Beeause »f this, the
two formations nre shown together, In the s»huth-west, beds
which cannot ns yet be assigned t> cither the Burt Range Formation
sr Cockator Sandstone are Jdistinguished as 1 seprrate unit. The
Carlton Group is shown s n single unit, bzcause it has not been
subdivided At the surface »ther than locally. Beds of Precambrinn
age are shown ns major lith~logicnl unitss morc spzcifie breakiowns

in terms of age ~r lithnlogy cannot as yet be made.
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In the Precambrian beds structural data are limited
to fault trends. These trends appear t> be related to the
evolution »f the Phaner»nzoic basin. Dips and strikes sr other
fentures are nnt shown for Precambrian rocks, partly because
folding is relatively complex nd has no apparent bearing upon
the subsequent basin development, and partly beecause only limited
dnta are avnilable., The faults shown in the Cambrian nd y-unger
beds ean all bs considered identifiel on the ground, and their
expression in nll cases is reasonably well established. The
amount of dip data vary in differcnt areasj where data are

abundant, 1ips representative »f the vieinity are shown,

Interoretative Geology Mans

The degree »f interpretation in any area o>f the
intorpretative geology maps cin be assessed fron ﬁhe Anta on the
surface geonlogical map. On the northern sheet the formational
subdivision was determined from c¢»tl bore datr (Fig, 6) and
from the inferred relationship between this data and surface
exporsures (see Port Kents Perro- Triﬁ351c ermatlwns) Many of
the cnntacts on bﬁth shects »f the 1nterprvtwt1Ve maps are very
apprwximate. On thé s-uthern sheet no attempt is made to
interpret the area n-rth-enst of Spirit Hill, where the exposures

in many cnses are difficult t> assign to estnblishei formations.
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APPINDIX

ALPUABETICAL LIST OF STRATIGR.. PHIC NALES

Cambrian and younger rock-unit names which have been used
in the Bonaparte Gulf area sre listed below in alphabetical order.
A

Allen's members "a' - "hY and p.52.

p.47
Aotrim Plateau Volcanics, p.1Z.
Beenrive Sandstones, p.56.

BEorder Creelk Sandstone, »n.45,

Buffalo Hills Area Beds, p.50.

Burt Range Formation, p.18.

Carlton Group, p.71,

"C-D" Group, p.72.

Clark Sandstone, »p.14.

Cookatoo Saundstone,p.15.

Darwin Formation, p.067.

Enga Sandstone, p.26.

Mlapper Hill Sandstone, p.58.

Formations I-V, p.61.

Hart Spring Sandstone, p.13.

Keep Inlet Beds, p.59.

Keen River Sandstone,p.59

I1illisans Beds, p.31.

Lnilaman Group, p.76.

Nigli Goop Sandstone, »n.48.

Ochre :ine Dxposures, n.58,

Onslow Beds, n.15.

Pander lreensand, p.14.

Point Spring Sandstore, p.306.

Policeman's Vater lole Conglomerate, p.5S.
Port Keats Group, p.75.

Fretlove Szndstone, p.14.

vandy Creek Limestore, p.57.

Ceptimus Limestone, p.23.

Skewthorpe iormation, p.13.

Qo

Sniowie Sandstone, p.26.
C

1

opirit Hill Limestone, p.52.
“‘eaber Group, p.73.
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xVD GEOPHYSICAL ACTIVITIES
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.. e

In Bonaparte Gulf area, exploration for hydrocarbons
became active during 1955. Before then the only work evalu-
ating hydrocarbon possibilities was by Reeves (1948, 1951) and
Traves (1955). The following summary lisﬁs activities and

refers to reports which resulted from these activities,

Private companies carried out geological and gravity surveys
in the lower Keep River nlalns (“1over et al, 1955) and

geological work further Sﬂuth in the Keep River area (Rade, 1956).

Geological work was performed in the Keep River area both by
Rade (1957) and Allen (1956), Utting (l957)hsummarised this
work together with the results of shallow stratigraphic

drilling. Derrington et al (1957).investigated the geology

and carried out a gravity survey in the area south and south-east

of Port Kents,

The Bureau of Mineral Resources became active during
this year, and performed the first seismic survey in Bonaparte
Gulf Basin, in the Carlton-Keep River area (Robertsoi, 1957)
as well as gravity work in the same nrea (Thyer et 11, 1959).
The Bureau also carried out an 2xtensive aeromagnetic survey
over the area of Phancrozoic scdiments and a large part of the
Gulf.* Acromagnetic intensity maps resulting from this survey

are available, -

Rade (1958) continued geological work in the Keep River area
and Utting (19582) summarised the findings. A local gravity
survey was performed in the Burt Rnnge area by Burbury (1957)
who also surveyed a considerable part of the coastline (Burbury,
1958), and compiled gravity results to that time. Gravity

work was also poerformed by the Bureau of Mineral Resources

7

between Daly River Crossing and Moyle River area,

. 0
* Trratums The aeromagnetic survey was performed in 1350.



1958
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1960

1961

1962
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Bureau activity continued with a marine gravity survey (Williams

and Waterlander, 1959). Rade (1959) concluded his investignations

of the Keep River area,

The gceophysical surveys performed were again gravity work, by
private companics, One survey was carried out along the Moyle
River (Burbury, 1959) and a sccond in the Carlton Basin (Starkey,
1959a3 Schneeberger, 1960). Some geological woik was also
performed in the latter area (Utting, 1959, 1960). During the

year Spirit Hill No. 1 was spudded and suspended.

Tonement holders began seismic work this year, with a survey

in the area south-east of Port Keats (Jarner, 1961) and in the
Spirit Hill area (Sprigg, 1960)., Spirit Hill No, 1 was dcepcned
and completed as a water bore (Westralian 0il Ltd., and 0il

Dcvelopment N.L., 1963),

No gecologicnl work was carried out this yeir. Geophysical
surveys consisted of a marine seismic survey (Burbury and
Traves, 1962) and detailed gravity work in the Carlton area

(Starkey and Abel, 1961),

In this year two further seismic surveys werc performed. One
took place on the lower Keep River plains (Harris, 1962) and
the othar between the Keep River aren and the Ninbing ~ren

(Tinline and Fife, 1962).



SECTION DESCRIPTIONS

The section descriptions given below are from private

Company reports, and nre verbatim except in 1 few cases where
additional data, by the original author, could be introduced.
The sections are numbered in correspondence to their order in
the report, It is impractieal to reproduce all scetions which
have been described, and those given here are limited to those
which have not alrendy been made available in a publication and
are considered to merit publication. 1In a number of cases it
is necessary to suggest contacts not given by the briginal
authors, or to rocvis: the names given to formations. In order
to differentinte between such interpretationsvnnd originﬂl data

the former are shown in parenthesis.,

List of Sections

Section No. 1 oo Cockatoo Sandstone Type Section.

Section No, 2 oo Burt Range Formation Refaerence
Section. -

Seection No. a coe Burt Range Formation/Enga Sandstone

Section No. PN Basal Burt Range Formation.

Seetion No. § ces Probable Burt Range Formation.

Secction No. 6 .o Point Spring Sandstone/Septimus
Limestone.

Section No. 7 ces Septimus Limestone

Section No. 8 tee Point Spring Sandstone/Septimus
Limestone,.

Section No. 9 oo Milligans Stratigraphic Test No. 1:
(Surface material/Point Spring
Sandstone/Milligans Beds).

Section No. 10 ces Milligans Stratigraphic Test No. 3
(Point Spring Sandstone/?Milligans
Beds).-

3eetion No. 11 oo Point Spring 3andstone Referenco
Scetion.

Section No. 12 o Point¢ Spring Sandstone

Section No, 13 ces Border Cresk Sandstone/Point Spring
Sandstone.

Seetion No. 1k oo 2Border Creck Sandstone/Point Spring
Sandstone/Spirit Hill Limcstone.

Scetion No., 15 . ?Border Creck Sandstone/Point
Spring Sandstone.

Section No. 16 ves Border Creek Sandstone Reference
Section.

Section No. 17 coe Border Creck Sandstone/Point Spring
S5andstone.

Section No. 18 ‘e Lateritised ?Mullaman Group/Port
Keats Group.

Section No. 19 cos ?Tertiary Laterites/Port Keats Group.

Section No, 20 coe ?Tertiary Laterites/Port Keats Group.

Section No., 21 ceo Port Keats Group.
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Section No. 1. Cockatoo Sandstone Type Section.

Iocation:

Author:

Remarks:

Either side of Wyndham - Nicholson Road near Burt
Range.
Allen, 1956.

Mensured in three parts, the contacts betwesn these

parts being traced along strike., Measurcments by Brunton level

and aireraft altimeter. Top and base of section covered but

still within the Coeckatoo Sandstone.

10"+

160!
60!
30!

230!

10!

90!
20!

or more

10!
or more

Friable, medium grained quartz sandstone, with
siliccous skinj; few thin bands of small pebbles.

No outcrop.

Sanistone.

No outcrop.

Fawn, fine to medium grained guartz sandstone, very
friable, fairly well sorted, well bedded, cross bedded.
White, very friable, medium graincd quartz sandstone
with a2 little white felspar, grain size larger than
thnt of 20' sandstone exposed below, roundncss 0-7,
fairly well sorted, strongly cross badded.

No outcrop.

Fawn, very friable, medium grained quartz sandstone
with a little white felspar, some fawn clay between
grains, roundness 0¢5, fairly well sorted, cross
bedded, slight beehive wenthering.

No outerop; sandy soil of Cockatoo Sands.

base upper part/top middle part.

Friable, medium grained quartz sandstone with a fow
grains of whitc clay mineral, few pebbles and pebble
beds, cross bedded, slight bechive wceathering.

White, medium grained quartz sandstone with very little

felspar, very friable and somewhat rounded.



1751

10!
or more

500!

35¢

70!

20"
or more

100!

20!
or more

25!
35!
25"

1,085

126,

Arenaceous hads, some cross bedded; light grey,
friable, medium grained quartz sandstone with felspar,
and white argillaceous cement; felspathic quartz
grit; fawn, medium grained felspathic qunrtz
sandstone with very little felspar, friable, well
sorted.

Brown, friable, medium grained felspathic quartz
sandstone, with a few pebbles of quart.ite.

Pebbly sandstone to pebbl: conglomarate, both with
cobbles; towards top of member phenoclasts are fewer
and there are beds of sandstone without them;
roundness of phenoclasts 0+3 - 05, shape tends to

be tabular, cspeeilally where source rock thin bedded,
composition quartzite, fine grained sandstone and
granite; sandstone and matrix of felspathic quartz
composition, poorly sorted, cross bedded.

Fawn, medium grained quartz sandstone with a little
felspar, siliceous skin in parts but slightly friable
within, thin bedded.

No outecrop.

Medium grained quartz sandstone, mottled red-brown
and fawn, also dark brown and fawn; overlain by fine
to medium grained quartz sandstone, some bands
ferruginous, finely bedded.

No outecrop.

Fine grained quartz sandstone, finely mottled red-
brown and fawn also dark brown and fawn, phin bedded,

poor outecrop,

No outcrop.

Madium grained felspathic quartz sandstone,

Pebble conglomerate, with cobbles and boulders,
average size of phenoclast 2", roundness 05,
composition quartzite, quartz sandstone and felspathic
quartz sandstone;. matrix felspathic quartz sandstone,

base middle part/top basal part,



201
20!
20!

10!

20!
10!

230!
20!
or more

140!

20!
or more

170!

20!
or more

20!

40!

20!
15t

127.

Red-brown, medium to coarse grained highly felspathic
quartz sandstone, silicified.

Medium grained quartz sandstone with very little white
clay minerals, grains subangular.

N» outcrop.

Quartz sandstone with white clay cement, on weathered
surfaces are numerous subspherical bodies »f harder
sandstone, average diamcter 8",

No outcrop.

Fawn, medium grained quartz sandstone, with some
grains of white clay mineral, poorly sorted, slightly
friable; pebbles of quartzite, vein quartz,
felspathic sandstone and indurated shalej; hard bands
about 2! thiek »f pink-fawn fine grained felspathie
quartz sandstone,

No outcrop. \

White, friable, fine to medium grained quarté sandstone
with white to fawn grains of elay mineraly pebble

bnnds;

No nuterop.

Grey t» fawn, friable, fine to medium grained pebbly
quartz sandstone with much fawn clay between grains,
eross bedded,

No onutecrop.

Finc to medium grained felspathic quartz sandstone;

a few inches of pebble conglomerate at base containing
subangular tabulate pebbles »f fine bedded quartzite.
Grey, medium to fine grained quartz sandstone with
up to 30% of white clay mineral after felspar and
some lithic fragments, well bedded.

Friable, medium grained quartz sandstone with about
104 of white and fawn clay mineral, well bedded.
Friable, fine grained quartz sandstonc.

Pebble conglomerate with some cobbles and small

boulders, phenoclasts »f quartzite and siliceous quartz

sandstone, some with white clay.



250!

35!
81
35¢

5!

21
10t

24!

——— e . .

1,164

128,

Fawn, friable, medium grained quartz sandstone, fairly
well sorted, with a little fawn clay mineral, few small
pebbles, siliceous skin in places, some cross bedding.
No outcrop.

Pebble conglomerate, similar to those below,

Light red-brown, fine t» medium grained silice»us
quartz sandstone,

Conglonerate,

Siliceous sandstonec.

Pebble conglomerate with cobbles, index of roundness
0+5, average size 2", matric quartz sandstone with
white argillaceous cement,

Brown, fine t» mcedium grained siliceous quartz sandstone
with white to fawn grains up to 3/16" Aiameter, some

of clay minerals after felspar, others lithic, thin

bedded first 3', then massive,

Remainder of section covered, but Antrim Plateau
Voleanies outcrop a short distance below. Total

measured section 3,409!,
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Seetion No. 2 Burt Range Fornation Reference Section.
Loeation: Due west of Mount Septimus,

Author: "Allen, 1956.

Remarks: Thicknesses caleulated assuming dip »f 107

Horizontal distnances measured by vehicle oadometer. Top nd
base of section not exposed but still within Burt Range
Formation. Loss than 10% of section is exposed; and thicknesses

are approximate.

51 Secondary limestone.
179! No outcrop.
51 Secondnry limestone.
182! N> suterop.
2! + Light grey coquinite, conta;ning fine quartz sand.
83! N> outcrop.
2!+ Light grey c¢nlearenite, containing fine grﬁins of

quartz, nd some organic fragments.
59! No nutcrop.
21+ Light grey coquinite, containing mostly crinoid
fragments, with a small quantity of shell fragments.
Lot N» outerop.
21+ Light grey coquinite, containing shell and crinoid
fragments, and 2 wall-prescerved small rhynchonellid,
1ls»> some medium grains »f quartz.
851 No outerop, 4 | ‘
21 + "Floaters" »f light greyvcoquinite, contﬁining

brachiopsds and crinoid stems; 'grey—brown on fresh

- surface.
s8¢ No suterop.
21+ Light grey limestone containing streaks of quartz

sand, 2nd numerous small rhynchonellids.,
5t Grey, medium grained calenrenite containing quartz
grains.

30! No outerop.



10'+

8l !
3+

3071
21+

38!
21+

178!
21+

881

21+

171t
10!

971
o1

80!
o1

85"
21+

42!

130,

Grey limestone, and medium grained calearenite, both
with brachispods and shell fragments; the limestone
contains bands up to 1" thick >f quartz sandstone,
the grains >f which are medium, sub-angul-ar.

N> o>uterop.

Light grey, medium grained calearenite, with shell
fragments; white -»n fresh surface.

N> »uterop; sandy soil.

Light grey, medium to coarse grained calecarenite,
with shell fragmentsj; 1light grey-brown on fresh
surface,

No outerop.
Light grey shell coquinite, light srey »n fresh surface,
No »utcrop.

Fawn-grey calearenite, fawn-grey on fresh surfaces
nunmerous osrganic fragments and irrcegular brown streaks
of fine to coirse grained quartz sanistone.

N> outecrop.

Fawn-grey, {ine grained calearenite with shell
fragmentsy fawn-grey »n frash surface,

No outerop; sandy s»il,

Light grey, fine t> medium grained calearenite, with
shell fragments; 1light grey »n fresh surface.

N> outcrop.

Light grey, fine t» medium grained cnlearenite, light
grey - fresh surface.

N> ~uterop.

Light grey, medium to coarse grained calearenite with
shell fragments; grey »n fresh surface.

No outecrop.

Grey, medium to charse grained calearenite with organic
frngments; grey-brown on fresh surface.

No outecrop.



21+

Ll

21+

87!
21+
88!

21+

90!

168!
80!
66"

2!

76!

21+

351!
21+

30!
21+

2t+
65!

21+

8!
21+

131,

Light grey, coarse grained calearenite, grey-brown

on fresh surface,

No >utcrop.

Light grey, medium to coarse grained calearenite, with
shell fragments.

No outerop.

Light grey, medium grained cnlearsnite.

No outerop,

Lizht fawn-grey, medium grained calearenite with
shell fragments and gastropnds,

N> suterop.

Secondary limestone.

N» »uterop; sandy soil with some secondary limestone,
Secondary limestone.

N> nuterop.

Grey, fine t» medium grained cnlearenite, grey on fresh
surface,

o outcrop,

Grey, fine to medium grained ealcarenite with shell
fragmentsy grey »n fresh surface,

N> onuterop.

Light grey, fine grained calenrenite with shell
fragments,

No »utcrop.

Grey, medium-.grnined cnlecrrenite.

Medium grained ealeareous quartz sandstone with a
little felspar.

N»o outerop.

Brown, medium grained caleareous quartz sandstone,
with very little felspar; grains sub-angular, fairly
well-sorted,

N> -~utcrop.

Medium grained cnlcarenite with shell fragments,



75¢
21+

70!

21+
29!
50!

3,045?

132,

N> outerop; fine sandy soil.

Grey, medium grained calcarcnite, grey on fresh
surfacej shell fragments,

No outerop; sandy soil, with a 4' band »f secondary
limestone 10'-14!' from base and "floaters" »f light
grey limestone with quartz sand and shell fragments,
Grey cnlearenite with fossil gragments.

No outcrop.

Much secondary limestone, and "floaters" of (1)
medium grained caleareous quartz sandstoney (2)
grey medium grained calecarenite withfbssil fragments;
(3) grey calecarenite with some medium grains of
quartz, some of which have a coating of caleare-us
matter i.c. are ooliticy (4) grey shell and
crinoid coquinite; (5) Dbrown medium grained
cilecarenus quartz sandstone, fawn on fresh surface;

in stratigraphic order (1)-(5) upwnrds.

Total measured section.
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Section No, 3 Burt Range Formatisn/Enga Sandstone.
Location: South-west side of Enga Ridge.

Author: Allen, 1956,

Remarks: Thicknesses measured by Brunton level.

5+ "Hard band" of fine grained quartz sandstone with thin
skin of siliea. Frinble fine grained guartz sandstone;
weatherel surface shows numerous sub-conicnl holes up
to 1" diameter and 1" deep.

L No »uterop.

21+ Friable, white t» fawn, fine grained quartz sandstone;
slightly purplish in parts; 1little felspar.

19t N> outecrop,

1+ Friable, white to fawn, fine grained quartz sandstone.

5t N> »uterop.

1'+ Very frianble, fine grained quartz sandstone with
a little felspar.

6! No nuterop.

3! Poorly resistant, pinkiéh-white, fiﬂe grained quartz
sandstone,

51 White to fawn, fine grained Qudftz sandstone, finer
at base than at top; 4 little felspar at top; well-
bedded, beds at top less than 4" thick.

16! No outerop.

1+ Slightly friable, fine grained quartz sandstonej
faintly purplish-white in colour; appears slightly
‘siliceous.

14t N~ outecrop.

1t+ Friable, fawn-brown, medium grained quartz sanistone
capped by friable, brown, medium grainad quartz
sandstone eontaining ferruginous matter between grains.

5! No outcrop.

11+ Very friable, fawn, fine to medium graincd quartz

sandstone, with some sub-conical holes; slightly

siliceous dt top.



14!

Ln
2

5’!,
1'+

'7!
1t+

3'

1t+

I
11+

ll
1t+
!
6|

2t

12t
!

21

13k,

Very friable, fawn-white, fine to medium grained
quartz sandstone containing a little felspar; grains
fairly well-sorted, sub-anzular; numerous
sub-conical holes up t> 1" diameter and 1" deep on
wenthered surfacec.

Purple, fine grained, ferrusinous quartz sandstone.
No outcrop.

Fawn, fine grnined quartz sandstone, white »n fresh
surface,

N» >uterop.

Friable, white-fawn, fine to medium grained quartz
sandstone,

No outcrop.

Friable, white-fawn, fine to medium grained quartz
sandstone with white argillacenus matter between grains,
No outcrop,.

51lightly friable, fawn-brown, fine to medium grnined
gqurtz sanistone,

No outcrop.

Brown, mediun grained, ferruginous quartz sandstone.
No outcrop,

Fawn, fine to medium grained qunrtz sanidstone, not
well-sorted; Dbeds 3" thick.,

White tn fawn, finc grained quartz sandstone, fairly
well-sorted; non-friable,

N> »utcrop.

Quartz sandstone, fairly well-bedded (2-3")

Base Enga Sandstone/top Burt Range Formition.
Resistant, fawm-brown, fine to medium grained
ealearcous quartz sandstoney grains sub~1ngﬁlnr.
Prorly resistant, brown, fine grained, calecareous
quartz sandstone.

Brown, finc¢ grained, calcareous quartz sanilstonc;
quartz grains sub-angulary calcareous cement is

very fine zrained,



31

18!

2!

11+

11!
11+

2o
15!
1t

1!
3!

9'
11+

10!
11+

135.

Poorly resistant, fawn, fine grained quartz sandstone
contnining fossil shells,

No outerop.

Brown-grey, finc to coarse grained, cailearenus
sandstone, brown on fresh surface; quartz grains
sub-angular to sub-rounded; caleareous cement is
very fine ~rained.

Frinble, fawn, fine grained quartz san‘istone, slightly
caleareous,

Fawn-brown to brown-grey, fine grained, caleareous
quartz sandstone showing Fontainebleu effeet near top
of bedy well-bedded.

No »utecrop.

Pyorly resistant, fawn, fine grnined quartz sandstone,
slightly cnlearc>us,

No ~utecrop.

Prorly resistant, faanbrown, fine grained quartz
sandstone, f2awn on fresh surface,

Brown, fine grained, cnlearenus quartz sandstone.

N> outcrop.

Poorly resistant, fawn-brown, very fine grained
limestnne, fawn-brown nn fresh surface, with about
30% quartz grains, fine to medium, poorly sorted;
erinsil fragments,

N> »uterop,

Brown, fine grained, calecareous sandstone, with
about 52% quartz sand by weizhty sand grains are about
Oelmm, in diamecter, sub-angular, ocxcept for 2 few
angular and a few sub-rrunied grainsj fairly well-
sorted; few larger grains,

No ~uterop.

Slightly friable, white, fine grained quartz
sanistone, well-bedied (")

No outcrop.

Friable, fawn, quartz sandstone, with a little felspnrj
fairly well-sorted,



11t
11+

11t

1t+

6!
11+

13t
1t+

7
71

27!
11+

15

11+

ot

3!
12!

21

1'+
10!

21

136.

No outerop.

Friable, fawn, fine to medium grained quartz sandstone,
with a 1little white and fawn felspar; sorting fair,
N» outerop.

Fawn, fine to medium grained quartz sandstone with

a little felspar; slightly friable.

No outerop.

Friable, fawn, medium grained quartz sandstonc, with
a little felspary grains sub-angular, fairly well-
sorted, contains shell fragments,

No »uterop.

Brown, fine grained quartz sandstone, with.a little
yellowish felspar; fawn on fresh surfacey fairly
well-sortedy slightly friable.

> outerop.

Frinble, fawn-brown, fine grainced quartz snndstonel
with n littls white and fawn felspar, ani a little
white miea; fair well-sorted, well-bedied‘(l").

N> outerop. |

Brown limestone, fawn on fresh surface, containing
about 40% by weight of fine quartz sand, anﬁ some
brown clay or fine silt; Fontainebleu effect.

No ~uterop.

Grey-brown, fine grained, calecareous quartz sanlstone,
pink-fawn on fresh surface.

Grey limestone, fawn on fresh surface; contains quartz
Sande.

No outerop.

Poorly resistant, friable, yellow-fawn, fine grained
calcare»rus sandstone, containing rhynchonclliAds,

No outcrop.

Fawn-zrey, fine grained, calcareous sandstone.

N> outerop.

Light grey, fine grained, caleareosus quartz sandstone,

fawn on fresh surfacejy contains fossil shells,



15!
11+

2!

3!
11+
Lt

11+

1+
13!
1+

1!
21
1+

61
3!

5!

61

5!

11+

137.

No outerop,

Grey-brown, fine grained, calcareous quartz sandstone,
with a 1ittle brown clay or fine silty fawn-brown on
fresh surface; calcareous matter mainly calcite with
some dolomite; quartz grains sub-angular, poorly
sorted.

Light grey, fine grained, calcareous sandstone, fawn
on ffesh surface. -

No outcfop. |
Fawn-brown, medium grained limestoné with quartz
sand; fawn on fresh surface.

No outcrop. |

Light grey limestone, fine grained, fawn-grey on
fresh surface, containing quartz sand.

Fine grained, calcareous sandstone.

No outcrop.

Fawn, calcareous sandstone, brown-fawn on fresh
surface,

Fawn limestone, brown-fawn on fresh surface, containing
30% by weight of very fine grained quartz sand and

a little clay,

No outcrop.

Poorly resistant, light grey, fine grained 1imestone,
fawn-grey on fresh surface; fossiliferous.

No outcrop.

Fine grained, calcareous quartz sandstone containing
fossil brachiopods.

No outecrop.

Light fawn-grey sandstone, fawn on fresh surface;
fine to medium grained; mainly friable and non-
calcareous; except near top, where it is calcareous,
No outcrop.

Poorly resistant, fine grained, calcareous quartz

sandstone, showing Fontainebleu effect.



21
6t

Lt
Lt

7
11+

3!
1+
1!
21

9!
81

10!
9‘

9!
1t

21+

138,

No outcrop.

Light-grey, calcareous quartz sandstone, fawn on
fresh surface; quartz sub-angular to sub-rounded,
medium to coarse grained, poorly sorted, few fossil
fragments.

No outcrop.

Slightly friable, fawn, fine grained quartz sandstone,
fairly well-sorted.

No outcrop.

Friable, brown, medium grained quartz sandstone,

with brown ?ferruginous clay betwecn grains.

No outcrop,

Friable, fawn-brown quartz sandstone.

No outerop.

Light grey-fawn, fine to medium grained limestone
with about 40% medium grained quartz sand, sub-
angular to sub-rounded, not well-sorted.

No outcrop.

Friable, fawn-brown, medium grained quartz sandstoncy,
with 2 little white and fawn felsparj; fairly
well-sorted, poorly bodded; top of bed is resistant
and forms prominent broad ledge.

No outcrop. |

Friable, white, medium grained quartz sandstone, with
a little whits felspary fawn-brown on fresh surface;
grains sub-angular to sub-réunded, fairly well-sorted;
poorly bedded.

No outcrop.

Light grey, mcdium to coarse graincd, caleareous
quartz sandstone, fawn-grey on fresh surfnace; quartz
grains sub-angular to sub-rounded, not well-sorted;
fossil shell fragments.

Friable, brown, medium grained quartz sandstone, with
some coarse grainsy fossil shell fragments,

? rhynchonellids,



13¢
5t

8¢

11+

21
5!

g8t

11+

12t
3'

L
11+

5‘

1+

26!
1t+

9]
3|

26!

139.

No outcrop.

Friable, brown, medium grained quartz sandstonc with
a little white and fawn ? felspar; not:well-sorted;
few coarse grains, moTe numerous at top éf bed;
grains sub-angular to sub-rounded; a little brown
ferruginous clay between'grainé; rock is poorly
bedded and fairly resistant.

No outerop. '

Friable, grey, medium grained quartz snnastone, fawn
on fresh surface,

No outcrop.

Light grey-fawn, medlum to conrse grained, calcarcous
qunrtzlsandstone,'fuwn on fresh surface; poorly
sorted: "buckwheat" quartz up.to 3/16"; grains
subéangular; fossil rhynchonellids.

No outecrop.

Light grey, fine grained, calcaréous quartz sandstone,
fqawn on fresh surface; fossil rhynchonellids.

No outecrop.

Fawn-grey, calcarcous quartz sandstone, fawn on

fresh surface.

No outcrop.

Fawn-grey, medium grained quartz sandstone, fawn on
fresh surface

No outcrop.

Grey,‘fine grained, caleareous quartz sandstone,
fﬁwn on fresh surface.

No outcrop.

Light grey, fine gralned quartz sandstone, fawn

on fresh surface. |

No outcrop.

Fawn-grey, fine to medium grained, caleareous quartz
sandstone, fawn on fresh surface; not well-sorted.

No outecrop.



l)+00

1'+ Fawn-grey, fine grnined, calcareous quartz sandstone,
fawn on fresh surface.

11 No outecrop.

Lt Friable, fawn-grey, fine grained quartz sandstone,

fawn on fresh surface.

11 No outecrop.

11+ Fine grained, calcareous quartz sandstone,

9! No nutcrope.

1t+ Friable, fine grained quartz sandstone; poorly

resistant; non-caleareous; contains large fossil

gastropod.
21 No outecrop,
18! Fairly resistant, rather friable, grey-fawn, finc

griined quartz sandstone, fawn to grey-fawn on fresh
surface; non-calcareous balow, but very calcareous
(? sandy limestone) 2t top; on weathered surface
3! from top are r-und no>dules »f caleareous sandstone,
the average 3" in dinmeter.
3! No outcrop.
11+ Poorly rssistant, grey-fawn, medium grained, ealenreous
quartz shadstong, light grey on frosh surface.
22! No outerop. |
1!+ Poorly resistnnt, grey-fawn, medium grained cnlearenus
quartz sandstone.
5t N> outcrop.
1t+ Grey-fawn, medium grainoed, calearesus quartz sandstone,
fawn nn fresh surface; f»ossil crinnid fragments.
3! No outcrop.
1M+ Fine grained, caleareous quartz sandstone, with large
fossil gastropods.
6! N> »uterop.
1+ Grey, medium grained, caleareous quartz sandstone,
fawn on fresh surface.

6! No outerop.



1+

5!

1t+

7831

141,

Fawn to light grey limestone, pink on fresh surface,
with numerous fine grains »f quartz.

No »outerop.

Fawn-grey, medium crystalline limestone; shell
fragments, many preserved as coarsely crystnlline

carbonate,

Total measured section.



1+

5!

1t+

783"

141,

Fawn to light grey limestone, pink on fresh surface,
with numerous fine grains »>f quartz,

N> suterop.

Fawn-grey, medium crystnlline limestone; shell
fragments, many preserved as coarsely crystnlline

carbonate,

Total measured section.




143,

Section No, 5. Probable Burt Range Formation.

Location: In fault block in central part of Burt Range.
Author: Glover et al, 1955.

Renarks: The assignment of this section to the Burt

Rangec Formation cannot be considered proven. The authors
thought assignment probable, and stated that the strata "are

thought to represent the upper part of the Devonian sequence,"

50! Fine grained, yellow-brown, calcareous, quartz
sandstone partly obscured by rubble from adjacent

Waaber rocks.

Lot Sandy, dolomitic limestone, minor sandstone,
20! Fine grained, yellow=-brown sandstone.

51 Grey, massive, dol-omitic limest-ne with a few wvughs,
25! Yellow-grey, fine grained, thin-bedded sandstone

which weathers yellrw-grey.
5t Resistant, grey-brown, dolomitic limestone which
weathers grey.
6! Alternating thin-bedded, calecareous sandstone and
sandy limestone.
13t Massive, grey, hard, sandy, probably dolomitiec

limestone which weathers grey.

25t Interbcdded sandstone and dolomitic limestone.
6! Massive, hard, grey-brown, sandy, dolomitic limestone.
20! Soft, nodular, grey and yellow-brown, fine grained,

calcareous sandstone weathering grey and brown.
3t Brown, hard, sandy, dolomitic limestone which
weathers groy and fluted,

751 Yellow-grey to brown, fine to medium grailned,
locally nodular sandstone which weathers ycllow=-grey
and thin-bedded.

10! Moderately strongly indurated, yellow-grey, fine
to medium grained sandstone which weathers yellow=-

grey and massive.



n

5!

10!

451

380!

14k,

Yellow-brown, moderately indurated, fine t> medium
grained sandstone which weathers yellow-grey, grey
and brown, and thin-bedded.

Resistant, nassive, pink, sandy, dolomitic limestone
which weathers grey and thin-bedded.

Yellow-grey, fine to medium grained sandstone which
is cemented by clay minerals and weathers yellow-grey
to grey and thin-bedded. Thin lenses ~: calearenus
sandstone and sandy limestone.

Rubble

Total measured section.



145,

Section No, 6 Point Spring Sandstone/Septimus Limestone
Location: North-cast end »f Mount Septimus.

Authors Reeves, 1948,

Remarks: Recves recognised the upper 150! as "Permian"

(now Lower Carboniferous) ~nd referred to the remainder as

Carboniferous,

150! Gritty, dark brown sandstone with a few pebbles.
(base Point Spring Sandstone/ top Septimus Limestone).
100! Hird, dense, fossiliferous limestone interbedded
with calearesus shale and an océﬁsidndl thinsandstone,
20! Grey, limestone grit with fossii ffagmentsfdnd
angular grains of quartz about the'size and shape
of buckwheat grains.
180! Grey, thin-bedded, dense crinnidal limestone;

fassiliferous,




146,

Section No, 7 Septimus Limestone

Locations
Author:

Remarks:

90!

10!
55!

38!

5!

22!

129!

25!

161
390!

South-west Burt Range.
Glover et al, 1955

Measured by abnoy level.

Thin-bedded, resistant, light grey, sandy limestone
which weathers grey and contains lenticular beds

1-2 inches thick of resistant, cnleareous sandstone -
fragmentary fossil remains - rubble from sverlying
Weaber Group.

Massively weathering, sandy limestone.

Thin-bedded, rcsistant, light grey, sandy limcstone
which weathers grey and contains lenticular beds

1-2 inches thick »f resistant calenreosus sandstone -
fragmentary fossil remains.

Easily weathered, soft, lumpy fragments (probably
caleareous siltstone) and lesser, resistant, thin-
bedded limestone.

Resistant, slightly sandy, highly fossiliferous
limestone containin: abundant rhynchonellids (coquinite),
Soft, sandy, cnquinoidal limcstone which weathers
grey and lumpy.

Resistant, well-bedded, light grey-brown, sandy,
shelly, crinoidal and cenralline limastone. Quartz
grains are rounded, medium t> coarse grained and
constitute 10-40% of the rock. Beds range from 3

t» 12 inches thick., About 20% of the section 1s
composed of easily weathered sandy caleareous siltstone

which weathers lumpy.

Easily weathered, light grey, caleareous, shelly,
crinoidal, medium to coarse grained sandstone which
werthers grey and lumpy. Intercalated, thin (4 to 6
inches thick), resistant bands of shelly, crinoidal
coralline, sandy limestone.

Limestone rubble.
Total measured section.



147,

Section No, 8 Print Spring Sandstone/Septimus Limestone,
Location: North-cast Burt R ngc.

Author: Glover et al, 1955.

Remarks: The authors assigned the upper 90! to the

Weaber Group, nni subsequent work suggests it is
Point Spring Sandstone of this group (sec Point
Spring Sandstone).

Thickness unmeasured, Light grey, medium to coarse grained,

approximately 90!, myderately friable, quartz sanistone which
eontains about 10% white clay mineral
(after felspaf) anil weathers grey, grey-
brown 2nd red-brown. Quartz grains are
subangular £y sub-raunded. This sandstone
is assigned to the basc of the Weaber
Group, and here rests without obvious

unconformity, on Septimus Limestone.

220! Grey to pink, sandy, shelly, crinoidal limestone which
wenrthers bedded, blocky and grey. The rock is well
jndurnted and forms ledges, and constituent beds
normally range from 1/2 inch t»> 2 feet thick. The
farmation boenmes inerensingly gritty toward the top.

90! Rubble, probably obscuring Septimus Limestone,

400! Total measured sectinn.



148,

Seetin No, 9. Milligans Stratigraphic Test N»o. 1:
(surface material/Point Spring Sandstone/

Millignns Beds).

Locntion: South of Milligans Lagoon.
Author: Rade, in Utting, 1957
Remarks: None
10! Grey clay followed by rad clay.
15! Variegated clays with quartz ani geothite.
251 Fine grainel sandstone, dense, white, but in part
ferruginous.
EA Fine grained, sandy limestone, hard and only small

rec¢overy made.

11t Whitish grey, slightly ferruginous, fine grained
sanistone, medium hard, non-calcareonus.

251 Grey, medium hard, calcareoussiltstone with crystals
of pyritec and gypsum. Intercalated with thin layers
of grey, slightly caleareous shale with crystals of

pyrite,

6! Lizht srey, very fine grained, ealeareous quartz
sandstone.

2! Grey, silty shale, slightly cnlcareous with crystals
of pyrite.

13! Grey, slightly calcareous shnle with crystals »f pyrite
and gypsun.

1 Grey, slightly calecareous shale with crystals of
pyrite.

21 Mcdium hard, light grey, caleareous, fine grained

quartz sandstone.

9! Hard, whitish, partly ferruginous, fine t> medium
grained, non-cnlecareous sandstone, contains mostly
quartz (may have fallen from surface).

18! Greyish, white, fine grained calecareous sandstone,



3!
3!

27!

18!
121
6!
61
12!

vy

Hlt!
9!
9!

12!

281

130!

510!

149,

Dark grey, non-calecareous, silty shale.

Whitish grey, fine gralned, calearenus sandstone,
Base Point Spring Sandstone/top Milligans

Beds at 146"

Grey shale, slightly calcareous with pyrite and
gypsum.

Grey shnle, non-calearenus with gypsun.

Grey, slightly calearceous shale.

Grey, non-calecareous shale,

Grey, non-calcareous, silty shale.

Grey, non-calcareous shale with crystals »f pyrite
and gypsum. | |

Grey, calcareous shale with erystals of pyrite and
gypsum, crinoidea, bryozoaa and shell fragnents.
Grey, caleareous shale,

Grey, calecares>us shale with crinoidea.

Grey, slightly calcqreoﬁs shale with concretions,
Grey, caleareous shale,

Grey, slightly calcareous shale,

Grey, cnlcareous shale,

Total section,



150.

Section No. 10, Milligans Stratigraphic Test No, 3.

(Point Spring Sandstone/?Milligans

Beds). -
Location: North »f Milligans Lagoon.
Author: Raiie, in Utting, 1957.
Remnrks: Insufficient shale was penetr-ated to ensure

that Milligans Beds are present.

L2t White, non-calcnreous, fine grained quartz sandstone.
6! Light brownish, fine grained sandstone.

15! Grey shale, slightly calearcous,

91 Grey, non-calcareosus, fine grained siltstone

intercnlatel with grey shale,

3! Grey, non-cnlcnreous siltstone.
71 Grey, calenreous, fine grained siltstone.
8t Grey, silty shale, slightly calearenus,

90! Total Section.



151.

Section No. 11. Point Spring Sandstone Reference Section,

Loeation:

Author:

Remarks:

251

6t
61
Iyt
Lt

10t 6"

12t
Lt

31
3!

10!
61

Five miles east-northeast of Point Spring,
at or very near to the type section
(Traves, 1955, p.78).

Rade, 1958.

These descriptions can be considered to
supplement the less detailed ones given for

the type sectinsn in Traves (1955, p.78).

Brownish grey, flaggy, fine to medium grained
sandstone, average thickness of flags 1-5"., The
flags are intercalated with a few thicker layers of
sandstone which averages 9" in.thickness. Sandstone
is partly ferruginous.

Dark brown, ferruginous, flaggy, fine t> medium
grained sandstone., Average thickness of flags 3-6",
Brownish grey, fine to medium grainei, massively
layered sandstone.

Brownish grey, fine to medium grained, partly layered
sandstone,

Brownish grey, fine to medium grained, massive
sandstone,

Brownish grey, fine to medium grained, layered
sandstone. ILayers are 6" to 1' 8" thick.

Concealed.

Brownish grey, fine to medium grained, layered
sandstone. Average layer 5" thick.

Whitish grey, fine grained, flaggy sandstone.

Flags are 3-1%" thick.

Brownish grey, fine grained, layersd sandstone.
Layers are 1%4-7" thick.

Concenled,

Grey, fine to medium grained, layered sandstone.

Layers are 13" to 1'6" thick,



152,

30" Concenled.
412" Brownish grey, fine to melium granined, flagey sandstone,
L'h"  Brownish grey, fine to medium grained, massive
sandstone,
5t Brownish grey, finc to medium grained, flagg
snndstone.
2! Brownish grey, fine to medium grained, layered

sanistone,
6! Brownish grey, fine grained, flaggy sandstone. Flags
are 3-7" thick, average 2",
95! Talus, no exposure.
5'approx. Grey, fossiliferous limestone with gritty banis.
351 Talus, n» exposure.

e ————

279! Totnl measured thickness.



153.

Section No, 12, Point Spring Sandstone.’

Location: 4 mils east »f Point Spring.
Author: Rade, 1958
Remarks: This locality is not far from Point Spring,

where Opik first used the name "Point

Spring Sandstone,"

151! Brown, medium to coarse grained, massive sandstone
with few pebbles,

50! Brown, medium grained, flaggy sandstone. Average
thickness of flags 1-4", Sandstone contains worm
tracks and imprints of fossil wood,

1Lt Whitish grey, medium grained, flaggy sandstone
intercalated with nodular shaley sandstone.

216" Whitish grey, medium grained, flaggy sandstone.
Average thickness of flags 13-6".

2'2"' Brownish grey, nodular, shaley sandstone,
1 Grey, med ium grained, flaggy sandstone. Average
thickness of flags 3-6",
10! Concenled. |
7'approx. Grey, gritty iimestone, fossiliferous.
88! Talus, no exposures.

190! Total measured section.



15%.

Section No, 13, Border Creek Sandstone/Point Spring Sandstonec,
Loecation: Mount Septimus.
Author:

Reninrks:

Glover et al, 1955.

Measured by aneroid,

65'(approx.,) Massively bedded, poorly to mondcrately strongly

10!

151t

325!

415!

indurated, quartz sandstonc with minor museovite,
white clay minerals (probably after felspar) and

rare black grains. Quartz grains are moderately
well rounded, ani the rock is commonly indurated
locally by silicification. It weathers light grey
and red-brown.

Medium to coarse grained sandstone of similar
lithology t» the sandstone above, cnntaining
conglomerate lenses of pebbles and boulders. Isolated
pebbles and boulders are also present in beds »f
otherwiée well sorted sanistone, and appear to have
been raftced, probably by ice. They are mostly
rounded, range in maximum diamster from 1/2 L "o 4
inches and are mainly quartzite., A few flat shale
pebbles are present.

Pebble and b-ulder conglomerate with sandstone
matrix., Most pebbles range between 1 inch and 3
inches in diameter and some biulders are 12 inches

in Aiameter. ©Nearly all are quartzite,

(base Border Creek Snndstone/top Point Spring Sandstone).
Medium to coarsc grained, locally gritty, quartz
sandstone which contains white grains »f clay

mineral (probably after felspar), muscovite and

rarer pale green biotite. The rock normally

wonthers red-brown 1nid rests without apparent angular

unconformity, -n Septimus Limestone.

Total measured section.



155.

Section No. 1k. ?Border Creek Sandstone/Point Spring

Location:
Author:

Remarks:

21+

Sandstone/Spirit Hill Limestone.

South-east end of Spirit Hill.
Allen, 1956.
See Spirit Hill area.

Friable, medium grained quartz sandstone, with up to
104 white clay minerals after felspar; hard
siliceous skin.

Qﬁartzite pebble conglomerate; cobbles ranging up

to W' 'average pebble sizev%"; poorly-sorted;

index of roundness about 0.53 matrix quartz sandstone,

34!
14"

12t
o1

18!

91

ferruginous in part, )

(? base Border Creek Sandstone/?top Point Spring
Sandstone),

No outecrop.

Very friable, medium to coarse grained quartz
sandstone with brown clay between grains; fairly
well-bedded; eroded appearance; partly silicified
near top.

No outcrop.

Friable, medium to coarse grained quartz sandstonej
very few grains of white clay mineral; fairly well-
sorted.

Red—brown, fine grained, siliceous, felspathic
quartz sandstone, fawn on fresh surface; well-bedded
at.base, more massive and fawn coloured near top.
No outcrop.

(approx. base Point Spring Sandstone/top Spirit Hill

Limestone).

61

11t

Grey, fine grained, dolomitic}limestone, fawn on
fresh surface,

Poor outcrop; several 1' bands of fawn to light grey,
fine grained, dolomitic limestone with quartz sand;

fawn on fresh surface; quartz medium to fine grained.



216

11!
36!

61
216"

1!
27!

1kt
18!

5’!

33!
16"

81!
Lt
Lt

156

Poorly resistant, light grey, fine grained, dolomitic
limestone, fawn on fresh surface.

Light grey, fine grained, dolomitic limestone with
quartz sand, fawn on fresh surface; quartz medium
grained,

No outcrop.

Resistant, light grey to grey, fine graiaied, dolomitic
limestone, fawn to pink on fresh surface; about 50%
caleite at 18', about 30% calcite at 36'; poorly
bedded at 18', fairly well-bedded at 27', massive at
36'; several bands of crinoid fragments,

No outcrop.

Grey, fine grained, dolomitic limestone with quartz
sand; fawn on fresh surface; well bedded (1/16").

No outcrop.

Resistant, dark and light grey, fine grained, dolomitic
limestone; (about 60% calcite at 27'); fawny-grey

to pink on fresh surface; few fine grains of quartz
sand near basej; fossil fragments, including crinoids
and Syringopora at 27!,

No outcrop.

Resistant, grey, fine grained, dolomitic limostone with
quartz sand; fawn on fresh surface; at top is 50%
calcite; massive near base, finer-bedded near top.
Poorly resistant, fine grained, calcareous quartz
sandstone, in which caves have formed.

No outcrop.

Resistant, fine grained, fawn-grey, dolomitic limestone,
grey on fresh surface; fossil fragments.

Poorly resistant, fine grained, dolomitic limestone.
No outecrop.

Resistant, grey, fine grained, dolomitic limestone;
not well-bedded,

No outcrop.



157.

3! Resistant, grey-fawn, fine grained limestone, grey on
fresh surface, with small cavities,

8! No outcrop.

1 - Resistant, grey, fine grainéd limestone, with nearly
50% quartz sand, fawn on fresh surface.

1 No outcrop.

2! Resistant, grey, dolomitic limestone w'th quartz
sand , to'calcareous quirtz sandstone; fawn on fresh
surface; sand fine to coarsej; finely cross-bedded.

18 Poor outcrop; near top is fine grained limestone
with quartz sand.

3! Resistanﬁ, fawn-grey limestone with qﬁarﬁz sand, fawn
on fresh surface; fine to medium grained.

81 No outcrop.

2! Grey, fine grained limestone, fawn on fresh surface,

with numerous fine to coarse grains of quartz.

A Poorly resistant, fine limestone with a little quartz
sand,
1! Resistant, grey, dolomitic limestone, fawn on fresh

surface; medium to coarse grained; some quartz grains
ranging up to 3/16",
6! No outcrop.

13! Resistant, light grey to fawn, fine grained, dolomitie
limestone, light grey and fawn on frash surface;
approximately 30% calcite; poorly bedded at base,
fairly well-bedded (3"-1") at 6!,

5t No outcrop.

51 Grey-fawn, fine grained limestone, light grey and
fawn on fresh surfacej a 1little fine quartz sand.

Lo No outcrop.

18t Resistant, poorly bedded, fine to medium grained,
dolomitic limestone (about 40% calcite at 6'), with

up to 40% quartz, medium to coarse grainecd,



31!

12!

458"

6!

158.

Poorly resistant, sandy limestone.

Resistant, dark grey, fine grained, dolomitic
limestone, fawn on fresh surface; poorly bedded;
contains quartz grains, fine near base, bzcoming
medium to coarse towards top; at 16' are grains of
white quartz and quartzite ranging up to %"; cross
b-dding occurs at 227,

(base Spirit Hill Limestone/?top Enga Sandstone).
Poorly resistant, fawn, calcnreous quartz sandstone,
medium to conrsc grained below; fine grained above,

weathered to form caves.

Total measured section.



159.

Section No. 15  ?Border Creek Sandstone/Point Spring Sandstone

Location: South-west of Spirit Hill.
Author: Allen, 1956, |
Remnrks: None.
2! Boulders of quartrite capping small knoll; range up

to 2' in length; matrix of conglomara’~ appears to
be ferruginous coarse grained quartz sandstone.

LO! No outecroup.

L4t Scree of small fragments of ferruginous fine grained

sandstone and ferruginous siltstone or shale,

2'? Coarse gralned, quartz sandstone with ferruginous
cement.
24t No outcrop.
21! Seree of quartzite cobblcs and pebbles.,
6! No outcrop (?basc Border Creek Sandstone/?top Point

Spring Sandstone),
12?2 Friable, fine grained quartz sandstone with grains of
white to fawn clay mineral;y hard siliceous band "

thick; ripple marked; weathers in tabular blocky

fragments,
721 No outcrop.
2012 Consolidated, fine grained quartz sandstonej chocolate-

coloured; finely bedded; weathers in blocky fragments,

1yt No outcrop.

Lo Consolidnted, fine grained quartz sandstone which
woathers in blocky fragments.

15! Poorly bedded, friable, medium to coarse grainecd
quartz sandstone with grains of white clay mineralj
phenoclasts of quartzite mostly about 3" in diameter,
but ranging up to ".

57! No outcrop.



27!

1551
217

k57t

160.

Poorly bedded, fawn coloured, cuartz sandstone with
some white 1nd fawn clay mineral; siliceous skin
on surface of outcrop; grain size fine near base,
becoming medium to coarse, and poorly sorted, near
top.

No outcrop.

Very friable, medium grained quartz sandstone with
white clay mineral and small chocolate coloured
granular inclusions, nbout 1 mm. in dinmeter. Also
small blocky fragments of fine grained qunrtz

sandstone with brown ferruginous particles.

Totnl measured section.



161.

Section No. 16. Bordaor Crcoek Sandstone Reference Saection.

Locntion: Jest of Spirit Hill and north of Milligans
Lagoon,
Author: Ali n, 1956
Remarks: Nonc.
3t + Ferruginous sandstone.
170! Medium grained, friable, qu2rtz sandstone, with a

little decomposed felspary in part cement is white,
argillnceous; "bechive" wenthering structure;
pebble beds basal 23"; phenoclasts range up to 6"
long, are of average size 2", have index of
roundness 0¢5-0¢7, 1nd consist of quartz sandstone,
quartz and quartz pebble conglomerate. "Upper
bechive sandstone."

51 Medium to conrse granined quartz sandstone with
black crystalline ferruginous cement.

2! ' Pebble cnnglomerate, average pebble size 2", index
of roundness, 0¢5-0-7; pebbles of siliceous qurtz
sandstone, quirtzite, quartz sandstone; matrix of
ferruginous quartz sandstone.

3" Convolute band of forruginous sandstonc.

10! Medium grained quartz sandstone with numeroué white
grains, some of decomposing felspary others of
indeterminnte rock; cement black, ferruginous.

12! No outcrop.

6" Pcbble conglomeratc, average pebble size 2", index
of roundness 0+5; pebbles of brown and white quartz

sandstone, matrix ferruginous medium grained quartz

sandstone,
Lt No outecrop.
6" Medium grained quartz sandstone with a little

decomposing felspar.



3!

81

9|

3!

1t
1t

181
1-2m
80"

20t

349!

162,

White siltstone or very fine sandstone alterniting with
red-brown, ferrugin&us, very fine sandstone,

No outcrop. .

Ferruginous. fine grained quartz sandstone with
oscillation r.pnle mark..

Frinble, medium grained quartz sa:iistone with a little
decomposing feispar and white micay several thin

bands of siltstnnec.

Fine grained, felspathic quartz sandstone with red
ferruginous cement; 2" bands of soft white argillaccous
finc grained sandstone »r siltstonec.

No outerop.

- Brown, fine grained quirtz sandstone, with white grains

of decomposing felspary. red and brown ferruginous
centent;  worm tracks on some bedding surfaces.

No outerop.

Convolute band »f ferruginous sandstone.

Cross-bedded, light brown,medium grained, friable quartz
sandstone with decomposed felsparj; pebble band, about
10! above basce, also '"floating" pebbles; 'beehive"
wenthering near top. '"Lower beehive sandstone".

Pebble conglom:rate with cobbles ranging up to 9"

“longs; average pebble size 2'"§ index of roundncss

0¢5-0+7; phenoclasts of quartzite, vein quartz,
siliceous quartz sandstone, felspathic quartz sandstone;
matrix of quartz sandstone with a2 little felspars

lenses of sandston.: up to 30' long nnd 1" thick.

(probable bnse of Border Creek Sandstone).

Total measured section..
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Section No, 17. Border Creek Sandstone/Point Spring S.ndstone.

Loecatinns

Author:

Remarks:

10t

100!

2t least
251

possibly
Lo

251

160-175!

Milligans Hills.
Glover et al, 1955,
Measnured in two scctiinns above and below
conglomerate. Measurements by abney level.
The authcrs reported 175 of limestone below
the lowest sandstone (sce composite section
described under heading »f "Point Spring
Sandstone").
Tuartz sandstone with conglomzrate lenses of quartzite
pebbles mostly ranging in diameter from «5 inches to

1l inch., The rock wenthers light brown t» red-brswne.

" Friable to moderately well indurated, medium grained,

grey, quirtz sandstone which weathers grey, brown and
red-brown., Grains of white clay mineral (probably
after felspar) constitute 5% of the rock. Minor
muscovite and 2 few rafted pcbbles arz present.
Boulder and pebble conglomerate and sandstone. Boulders
are mostly subrounded quartzite, generally with
diameter ~f 2-3 inches, but ranging up t> 18 inches.
(base Border Creck Sandstone/top Point Spring Sandstone).
Grey to light grey, medium grained, well sorted,
quartz sandstone eontaining 10-15% whitc elay mincral
grains, probably ~fter feispar. The rock is moderately
well eonsolidated and wéathers red-brown owing to the
presence »f iron oxide, Ferruginous sandstone
concretions, commonly cylindrienl and up to 2 feet
long and 8 inches in diameter, are found in outer-ps

on the s»uthernmoyst hills.

Total mecasured section,



Scetinn No,

Location:
Author:

Renmarks:

18:

164,

Iateritised ?Mullaman Group/Port Keats Group.

Mount Goodwin, near Port Keats.
Evans, in Reeves, 1948,

A similar scetion vas measured by Derrington

1
8!
17

2t

151!

30t

58!
20!
20!

1711

et al (1957). Cou.respondence betwcen the two
1s fairly close. The main diff:rences are
interpretative, as Derrington et al suggested
that Cretaceous deposits may be absent, and
that the lateritic part >f the section was
formed on Permian Beds.

Surface rubble,

Laterite, mainly ferruginous but scecasionally siliceous.

Red-brown ferruginous sand and clayj; - angular fragments

of sandstone; whole mass wéll comerted.

Conglomerate and grit; matrix white to red sandy clay;

' Qudrtzite and quartz pebbles,

Basc Mullaman Group (or Tertiary laterites)/top Port
Keats. Group, (?Formation II).

Medium t» c~arse sandstone with irregular 3" shale
bands in places, and »cecasionnl small pebble and
grit bands.

Laminated shales, rad and white but stained brown in
places.

Covered,’

Lanintted shales,

' Covered.

Total measured section,
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Sectinn No. 19: ? Tortinry laterites (?Mullaman Group)/Port

Location:
Author:

Remrks:

5
21!

19!

40!

9!

52!

11!

77!

Keats Group.

Kurriyippi Hills.

Derrington et al, 1957.

The upper part of this section is interpreted

as possible Mullamin Group in this report

(sec Mesozoic).
Loosa scree of lateritic detritus.
Interite, Basal five fect show fragments of the
kaylinitic sandstone,
Obscured by soil and rock detritus.
Base Tertiary laterites (or Mullaman Group)/top Port
Keats Group (?F»rmations II and III).
Red and red-bfown, fine to medium grained, kaolinitic
quartzose sandstone. A few nndular concretions. A
fow thin hard siliceous siltstone bands appear near
the top.
Conrse grained quartzose sandstone, limonitised.
Silicified giving "ecase-hardening". Current bedded.
Grades locally into 2 pebble conglomerate.
Red 1nd brown, friable, micaceous, medium grnined
quartzose sandstones., Interbedded with n few thin,
brown, siliceous, siltst-one bands. Quartz grains
milky and sub-angular,
Massive, coarse grained quartzose sandstone, Extcrior
case-hardened, interior pink and friable. Grades
locally into pebble conglomerate, Pebbles of well
rounded nmilky quartz.
Massive, in parts current bedded, friable, medium
grained, pink to brown, slightly micaceosus, kaolinitic
quartzose sandstone, Unfossiliferous. Quartz grains
rectangular to subrounded nnd mainly milky, Mieca is
muscorite.

(?pase Formation II/? top Formation III).
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13!

3!

300!
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Thinly and in parts current bedded, red, white and
brown, fine grnined, friable, micaceous sandstone.

A few thin siliceous nodular conecretionary bands.
Fragments of Qloggsopteris.

Massive, light to medium brown, finc t> medium grained
quartzose sardstone. A few thin (4") brown silicenus
siltstone bands. Glyssopteris comnon.

White and brown, slightly silicified sandstone.

Thinly bedded. Overlies decompnsed brown shale,

Scree slope - ~uterop sbscured by rock detritus and

soil,

- Total measured sectinn,
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Seection No, 20:  ? Tertiary laterites (?Mullaman Group)/Port

Keats Group.

Locations East Mesa, Kurriyippi Hills.
Author: Derrin:ton et al, 1957
Raomarks: As for Section No. 19,

33! Laterite,

Base ?Tertiary laterites (»r Mullaman Group)/top

Port Kents Group (?Formation V).

4gren Interbedded shales and sandstones, mhuve to creamy
white.

516m Coarse grained sandstone nnd grit. Heavily limonitised,

276" Medium t» coarse grained, fawn to white, quartzose

sandstone. Strongly cross bedded. Containing some
clay pellets, A few thin beds of grit.

22! Interbedded shales and fine grained sandstones, fawn
to creany white in colour.

66! Medium to coarse grained quartzose sandstone., Creany
white on broken surface, grey on weathered surface.
Conrse‘bedded, contains a few red grains,

11t Thinly bedled, white and fawn shales.

881 Fawn to creamy white, quartzose sandstone, slightly
coarser grained, with a higher proportiosn »f felspar,

386" Fawn to mauve, spzckled white, quartzose sandstone.
Minor felspar decompsing to white kanlinitic material,
Contains irregular bands of white sandstone and

quartzite.

341 Total mensured section,
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Section No, 21: Port Keats Group.

Location:

Author:

Remarks:

Lo

351

Approximntely seven miles from the cnast
near Moyle River,
Burbury, 1959,

Formation V may be represented.

Cream to white, medium t» fine, kaolinitic quartz

sandstone weathering brown to red and forming cap

rock -n mesa. Small caves have been ersded ar und
base of this sectinn, andstone is ecase-hardened

irregularily. |

Fawn to white, medium t> fine grnined, knolinitie

‘quirtz sandstone; mnderate amdunt of white mica and

33!

numer-us white mud pzllets up t> 3", Very friable.

" Mediun grained, ferruginoué, quartz sandstone with

min>r am-unts of felspar ani white mica. Cross

11
28!

150!

bedded.

Obscured by rubble.

Medium grained, cream t» whité, felspathic quartz
sandstone with minor am»unts of white micn., Weathers

fawn to brown; cross bedded, Some small mu’ pellets,

Total measured section.
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APPENDIX 5

SPIRIT HILL NO,l - CORE SAMPLE

- s . ity

Core samples from Spirit Hill No., 1 were described¥

at B.M.R. Core Store, Fyshwick., The descriptions are based upon

negiscopic examination, nl asrade sizes, dip values, pornsity,

percentages etc., 2re visunl estimates, unless shown in

parenthesis.
L9te" - 50t0"
99'0" - 996"

145160 - 146100

17610" - 17616M

20710" - 207'6"

227'6" - 22810"

25810" - 258t6"

Shale, slightly calcareous, lateritised,
yellow-browms, soft, plastic in water.

Shnle, slightly caleareous, dark grey, fissile,
softish,

shale, non-calcareous, slizhtly bentonitic,
slightly silty, 1ark grey, rather blocky.
Orgnnic fragments, possibly plants,

Sandstone, quartz, slightly calenreous, grey-
white, medium to eonrse grain with 1% larger
inclusions, well sorted, well rounded, appenrs
silicified, Inclusions are very coarse to
pebble grade composed »f quartz, black shert,
and »>f irregular siltstone fragments, slightly
caleareous, darkish grey. 5% porosity,

Shale, as 145'6", finely cross bedded, with
occasional coarse to granule grade grains of
quartz, white, sub-angular,

Sandstone, quartz, slichtly salt and popper,
very slightly ecnlenreous, grey-white, finec to
medium grain with some larger grains, well
sorted and rounded, appears slightly silicified.
Shale, non-calearesus, dark grey, rather blocky
with some partings. Dip less than 5%, with

some current bedding,

4 by J.M. Drummond.



299'0" -
34916 -
Looto" -
44816 -
489110"-
49Ot -
502t10" -
55010" -
60010" -
6521 6" -
690! 0" -
69916u -

29916n

35‘0' on

Loore

Llig1 "

e ToRRIL

490'9"

5026

5501 6"

6001 6"

65310n

690[6"

70010"

- 170,

Interbedded siltstone and shale, dark graeys,
some roddish, Pseulo-augen structure, probably
lue t> slumping.

Shale, non-calearenus, slightly silty, dark
grey, rather blocky. Dip low but current
bedded., Traces »rginic detritus,.

Shnle, non-ecalenrerus, Iark grey, rather blocky,
laminnted, with apparent dips »f 20°-307,

Shnlae, 1s 400'0", but not laminatol. Sandy

 strenks, fine t> e»arse grain.

sanistone, caleareous, silty, parle brown-grey,
fine grain, tight, (1% psrosity), with

organic inclusi-ns, possibly plants.
San?stone, as 489'10", with inclusi»sns shale,
dark grey.

Shnle and siltstone, greys, intsrbedded with
minor sandstone, slightly cnlearcous, pale
grey, very fine grain., Dips average 35°. High
angle fault withd" throw.

Shale, non=-caleareonus, dark greys, blocky, with
irregular siltstone laminne., Slight licht o4l1-
stanininz in one siltstone streak, washed off.,
Shale, non-ecnlecnreous, rather silty, dark greys,
blocky, with irregular belling and dips ranging
from very low to 20°,

Shale, silty in streaks, dark grecys, laminnted
to> blocky. Dips a1 uniform 59,

Sandstone, quartz, pale grey, fins to medium

grain, well sorted, sub-r-unied, pdrosity

- 104 (18%).

Shale, saniy and silty, non-calcareous, dnrk
grey. Sanl grains very fine t> ncecasinsnal
medium grade. Two irregular shale and one very

fine sanistone ineclusions.



7491 6"

gooto"

851to"

9001t 0"

9501 0"

1000'5"

1004 O"

1007t8"

1008t0"

- 75’0(01!

800 6"

851! n

9001 6"

9501 6"

1001'0"

1010'o0"
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Shale, non-calearenus, A~rk crey, rather blocky
with some laminae. Dips irregular,
approximately 40°, Some slickensides.

Shale, similar to 749'6", with 1ips averaging
20°, Common slickensiding.

Dolomite, slightly cnlecareosus, very silty,

prle grey, cryptogradle matrix with 15% crinnid
ossicles, cnarse t> granule grale. Slisght
leachel vuegy porosity, ?2% (3%).
Calc-1nlomites, varied, part argillacenus, gzreys,
shelly in places. Streak dolomitised calecarenite,
medium to coarse grade, finely recrystallised,
with ?7% porosity.

Limestone, rather Aolomitic, nppears silty,
encrinitic, pale grey, averaging 15% coarse to
granule grade »nssicles in finely reerystallised
matrix. ?3% (2%) porosity. Breccinted with
calecite veins.

Calenrenite, slightly dolomitic, slichtly sandy,
argillacecus in streaks, greys, 60% fine to
granule 2radle ani remainder probably aphanitic
but recrystallised. Some large fossils. (27
porosity).

Limestone, probably slightly Jdolomitic, varied,
‘greys, with argillaceous streaks containing
largz brachiopods,

Limestone, grey, possibly slishtly argillaceous,
20 mediwn to granule grade, remiinder aphanitie,
with ncensional sand grains, medium grade, nnd
some 1larse brachiopods, Tight (0% porosity).
Limestone, as 1007'8", but 40% meliun to

granule grade,

Limestone, as 1008'0Y,



1011t 6"

1013'0"

lo16'6"

1017t 6"

1o024to"

1026'0"

102816"

103410

1036' 6"

1037'9"
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Limestone, saniy, part argillaceous in places,
mainly uniform, grey,.aphanitic. 404 sand
grains, medium grade., Some macrofossils.
Limestone, slightly iolomitic, slightly sandy,
fairly uniform with ﬁrgiliaceous streaks, grays,
25% medium to granule grade in micrograde
matrix, Tight (1% porosity).

Limestone, similar to 1013!'0" 11t less uniforn,
very argillaceous in streaks, 40% medium to
granule gradle, ILarge ossicles.and brachiopnds,
Limestone, similar to 1013'0" but 40% medium to
graﬁule grade, with well defined argillaceous
nphanite 1" thick, Granular miterial probably
crinoidal, Common brachiopods.' Well defined
dips of qpproximdtelj‘iSO. |

Limestone, slichtly 1olomitie, rather sandy,
partly argillaceous, greys, rather varied with
average 20% medium to granule grade. Larger
fossils in more argillaceous parts. Sand grains
medium grade, |

Limestone, sandy, possibly slightly dolomitie,
silty in straeaks, pale greys, aphanitic. Sand
medilum grade, well sorted anl rounded.
Limestone, sanily, rather argillaceous, darkish
grey, probably aphanitic with sand, 40%, fine to
medium grade, moderately sorted and rounded.
Some, large nssicles. :Dips approximitely 10°.
Limestone, rather argillaceous and silty, grey,
50% finc to granule grade,wlth occasional sand
grains. Some megafossils,

Limestone, as 1034'0",‘w1th common megafossils.
Low but indistinct dips,

Limestone, as 1034!'0", with some shile breaks,

dark grey, low angled.



1152t0"

125010%

1038to"

1051'6"

1067t 0"

1067|9u

108116"

1099t0"

1150'0" -

12961 0"

1150t 6"

11521 6"

1200' - 1200'7"

- 1250!7n

173.

Lirestone, with some thin argillaceous streaks,
brovnish-grey, 50% fine to granule grade with
comnon megafossils, especinlly ossicles.
Limestone, pfobably silty, with sandy streaks,
grey, 50% fine to eoarse grade., Tight (0%
porosity).

Limestone, srey, 70% fine to medium grade, with
sceasional sand grains, medium grade. Sone
megafossils,

Limestone, probably silty, grey, 80% finc to
granule grade, with occasionnl sand grains,
Tight (4% porosify). Dips approximately 7,
Limestone, grey, 80%fine to granule grade with
occasional sand grains, medium grade., Tight
(2% porosity).

Limestone, slightly sandy, probably silty, grey,
30% phaneritic, probably slightly silicified.
Slichtly argillaceous parting Megnfossils,
Sqndstoné, slizhtly caleareous, appears silty
(40%), grey, medlium grade, well sorted and
rounded, Tight (47 norosity).

Sandstone, 304 Aolomitic and silty matrix,
grey, medium to éoarse grade, grains less
sorted than 1150'0", May be silicified., Low
to zoro dip in %" thick argillaceous lamina,
Limestone, silty nnil very finely sandy, some
irregular argillaceous streaks, grey. Regular
1ips, under 5°, Tight (6% porosity). |
Dolomite, vary slightly cnleareous, pale grey,
nmainly medium to coarse graie, with good
porasity, approximately 15% (16%).

Limestone, pfobqbly slightly dolomitic,
pelletoid, grey, 85% fine to melium grade and
matrix uphanitié, slightly argillaceous.

Megafossils, Tight (6% porosity).



1300'Q0" - 1300'6"

1321t6"

13501 0"

1400t Q"

1450t 0"

1500 O™

155010n

159916"

16501 0"

1700t0"

1750 0"

1350t 6"

14001 6"

14501 v

1500t 7"

15501 6"

1600t0"

1650t 6"

17001 6"

17501 6"

174,

Sandstone, silty, slightly caleareous, pnle

grey, uniform, very fine to fine grade, appenrs
tight (147 porosity).
Limestone, mainly pelletoid, grey, mainly fine
grade with some argillacenus straeaks,
negnfossils,
Sandstcne, quartz, silty, non-cnlecareous, pale

grey, very fine grade, with thin argillaceous

laminne,

Appears tight (9% porosity).

less than 5°,

Dip ~pproximately 50.

Some

Tight (&% porosity).

Dip

Limestone, probably slightly dolonmitie,

argillaceous and darker in streaks, part

pelletoid, palish greys, fine to granule grade,

tight,

Dips low.

Sandstone, quartz, silty, very fine grade,

porosity about 5% by visual estimate (16%).

Siltstone, probably slizhtly dolomitic, grey,

tight (3% porosity), indistinct low dips

approximating 5°.

Siltstone, argillaceonus, srey, blocky, tight

(2% porasity), with indistinet low dips,

Sanlstone, quartz, silty, p:lish grey, very fine

Dolomite, slightly caleareous, srey, with dark

- grade, uniform, tight, (5% porosity).

dense argillaceous strank, mhinly medium to

conrsely crystalline, with relic nssicles,

Intergranular poroasity un to 204 (15%4) and sonme
fissure porosity.

Sanistone, quartz, silty, negligibly caleareous,

Dip 2"l300

prle grey, very fine grade, nppears tight.

Mottled low angle 1lip partings.

Dolomite, slightly cnlecareous, part silty and

rather argillaceous, grey, mhinly medium to

eoarse grade with some npﬁqnite, formerly shelly,
tight (3% porosity).

appenrs

slumped.,

Dip approximately 15°,



1800t0" -

1818t0" - 1819'0"

1850t0" -

1891t0"

1900'0" -

1950t0" -

200010" -

20501 0" -

2060'0" -

2150'0" -

18001 6"

1850t 6"

19001 6"

1950! 6"

20001 6"

2050t 6"

2060'6"

21501t 6"

175,

Dolomites, interbedded rather argillaceous,
silty, darkish grey, very fine grade, tight,
and brown-grey, medium to coarse grade, part
granule grade, with relic »ossicles nnd shell
fragments and 5-10% (43%) porosity. Indistinect
irregular Aips.

Dolomite, slightly calcareous, prle grey,
mainly medlium to coarse zrade, some fine grade,
formerly shelly, with sanl grains, nedium to
conrse grade, rrunied. Porosity averages 157.
Thin shale streak with 10°dip. Relic ossicle?
Siltstone, rather caleareous, slizhtly s~ndy,
probnbly 1>lomitic, rather argillaceous, grey,
with fine irregular laminne, ticht. Sand
grains very fine grade, Océasional )ssicles,
Limestone, argillacenus, silty, lirkish grey,
aphanitic, mnssive, tight,

Limestone, ns 1891'0", with rare sanl grnins,
tight (4% porosity).

Linestone, ns 1891'0" but less argillacedus and

very finely sandy. Dips anproximately 59,

Limestone, rather silty, very finely sandy,

slightly pelletoid in places, pnle grey,
aphanitic, tizht. Streaky dip, approximately 10°,
Sandstone, quartz, very slightly cnlcareonus,
silty, pale grey, with very thin partings and
some irresular inclusions grey-green shale,

very fine grade, tight (1% porssity). Clearest
dip 10°,

Shale with siltstone interbels, pgreys. Dips
5-107,

Sandstone, quartz, very slightly cnleareous,
pnle grey, very fine to medium g¢grade, some large
grains, well rounded but ponrly sorted, appears
ticht (8% norosity).
approximntely 109,

Indistinect dips



2200t 0"

22501 0"

226813n

22691 6"

2300t0"

2350'1" - 2350t

2200 6"

2250 6"

22691 0"

22701 0"

2300’5

240010 - 2400!'6"

24501 0" - 2450160

176,

Sanstone, slizhtly irgillaceous, grey, very

fine to medium grade, oceasionnl coarse grade,
poorly sorted, moderately roundei, tight (2% '
porosity).  Some sulphide residue. '
Sandstone, quartz, non-cileareous, pale grey,
miinly uniform, fine grained, well sorted,
probably silicified, appenrs tight (4% porosity).
Dolomite, sandy, possibly slightly argillaceous,
gre&, fine grade tending melium zrade, mrderate
vugzy porosity but matrix appenrs tight. Sand
20%, fine to medium grade. No relic textures.
D>lomite, probably silty, slightly sanly,
argilldceﬁus in streaks, grey, fine to meliun
grode, tight, Slizht vuggy porosity. Some vein
crlcite,

Sahdstone, quirtz, rather lolomitie, probably
slightly argillace»us, gra3ys, very fine to

coarse grade, poorly sorted, mﬁde}qtely rounied,
tight (5% porosity)., Dolomitisel nssicles.

One irregular shale inclusion. Inlistinet iip

»f poroximately 10°,

thﬁstone, quartz, pale grey, COarsevgrade, well
sorted nd moderately rounded, appeirs tight
(lo%kporasity), with some irregular inclusions
derived materinl, subrounied, mainly shale,
Sanistone, nrgillaceous, silty, very slightly
crleareous, pile grey, very fine grnde, tight

(2% porosity). Irregular 1ips, approximately 20°.
Dolomite, silty, nrgillaceous, slightly calearcous
in plﬁces, very finely sandy, grey, tight, with
irregular stringers sandstone, medium grade, well

sorted and rounded, in matrix of dolnmite.



24991 O

25501 0"

2600' 0"

26491 "

269916"

27@9t6n

28001t 0"

28491 6"

289915"

24991 6"

25501 6"

26001 7"

26491 6n

2699|9n

2750 0"

28001 6"

28501 0"

2900t 0"

177.

Dolomitie sandstone, pnle grey, with quartz
grains, very fine to occasional eranule grade,
rounded, poorly sorted, in aphanitic dolomite
mitrix, Some dark chert anl shale grains.
Sandstone, quartz, slightly ecaleareous,

probably Aolomitic, glauconitic, pale grey,
uniformly coarse grade, well sortel and rounied,
tizht.

Sandstone, quartz, slauconitie, pale grey, fine
to mainly eoarse grade, appears silicified,
nppenrs tipght.,

Sanlstone, quartz, slightly glauconitic, pale
grey, conarse to very coarse grale, well rounded,
moderately sorted, silicifiel, Occasional
inclusions shaly materianl, granule grade,
rounded., Dip 15°.

sSanistone, s above but without inclusions.
Indistinet beddins with dips »f approximately
20°,

Sandstone, quartz, slightly calecnreous, pale
grey, mainly coarsc grade, moderately sorted,
well rounded, probably silicified, appears tight,
with inclusion greenish shnle 3" in Aiameter,
anl some smrller ones,

3anly siltstone, dolomitiec, rather nrgillaceous,
palish grey with green tinge. Sand grains
50%, vory fine grade. Dips variable, but near
20°,

Siltstone, sandy, argillaceous in strenks,
nrobably 1olomitic, greenish-zrey, with 20%
sanl, very finc grade. Dips 5-87, mhy be
slumped,

Sanistone, silty, pale greenish-gray, uniforn
except fHor slight mottling nnd some creenish

shale streaks, fine grained. Dips indistinct,

approximately 10°,
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294816" - 2949'0" Sandstone, silty, very slightly caleareous,
| pale srey, very fine grade, well sortel with
occasionnl imedium grade rounded grains,

2971'6" - 2972'0" Sandstone, slightly cnleareous, silty, nnle

grey, bimodal with 10¢ coarse and 90% very fine
to fine ¢grade, coarsc grale rrunded. Some small
coarse grade shaly inclusi-ns  struakse Dip
approximately 250.

2999'6" - 3000'0" Sandy siltstone, rather »lomitie, nrgillacenus,
creenish-grey with rcdlish streaks. Sand 50%,
very fine grade., Dip approximately 10°,

nossibly slumped,
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APPENDIX 6
SPIRIT HILL NO,1 - POROSITY AND DENSITY DETERMINATI ONS ¥

POROSITY GRAIN DENSITY DRY BULK BULK DENSITY
DEPTH DENSITY 100% Saturated
% by vol, gms/cc, gms/ce, with water gns/cec.

14516" - 146ron 13 2,54 2,21 2434
25810" - 25816" 9 2.58 2.33 2,142
3496t - 350'0" 9 2,52 2.29 2.38
4L89110"- L490'L" 1 2,71 2,68 2.69
69010" - 6901'6" 18 2.75 2.26 2. 44
g51to" - 851'7" 3 2.81 2.72 2.75
950t0" - 950t6" 2 2.83 2.77 2.79
1000t5" - 1001'0" 2 2,73 2.68 2.70
1007'8" 0 2. 7% 2. 74 2, 74
1013to" 1 2,72 2.69 2.70
10251 0" 1 2.72 2.69 2.70
105116 0 2. 7k 2. 7% 2, 74
10671 9" L 2.73 2,62 2,66
108116" 2 2.83 2,78 2.80
1100'0" - 1100!6" L4 2,72 2.61 2.65
1150t10" - 1150'6" 4 2.8% 2,73 2.77
1200'0" - 1200'7" 6 2.68 2,52 2.58
1250t0" - 1250!7" 16 2.75 2.31 2.47
12961 0" 6 2.79 2,62 2.68
1300'0" - 1300'6" 14 2.80 2,41 2455
1321'6" 4 2.80 2.69 2.73
1350'0" - 1350t6" 9 2,81 2.56 2,65
1450t0" - 1450t 7" 16 2.76 2.32 2.48
1500'0" - 1500'7" 3 2.77 2,68 2.71
1550'0" - 1550!'6" 2 2,77 2.71 2.73
159916" - 1600t0" 5 2.80 2.66 2,71
1650t0" - 1650'6" 15 2.88 2.45 2.59

# by Petroleum Technology Scction, B.M.R.,, Canberra,
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17501 oM
1800t0"
19001 O"
20501 0"
21001 0"
2150t 0"
2200t 0"
22501 0"
2300'0"
2350t1"
24001 oM

1750t 6"
1800'6"
19001 6"
20501 6"
21001 6"
2150t 6"
22001 6"
22501 6"
2300 6"
2350 7"
24001 6"

Ul £ N o N R O F W

[
N O

2.87
2.83
2.69
2,72
2.73
2. 70
2.79
2,76
2.80
2.70
2,80

2.78
2,71

2,59

2,69
2.67
2.49
2474
2,65
2,66
2.43
2.75

2.81
2.75
2.63
2.70
2,69
2457
2.76
2.69
2,71
2.53
2.77
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