DEPARTMENT OF
MINERALS AND ENERGY

BUREAU OF MINERAL RESOURCES.
GEOLOGY AND GEOPHYSICS

504455

RECORD NO. 1973/29

THE GEOLOGY OF THE ORD BASIN: A REVIEW

P.J. Jones*

The information contained in this report has been obtained by the Department of Minerals and Energy
=< part of the policy of the Commonwealth Government to assist in the exploration and development of
eral resources. It may not be published in any form or used in a company prospectus or statement
yout the permission in writing of the Director, Bureau of Mineral Resources, Geology and Geophysics.

BMR
Record
1973/29

c.3




Record Mo. 1973/29.

THE GEOLOGY OF THE ORD BASIN: A REVIEY

—

by

P.J. Jones*

/

# Geologist, Bureau of Mineral Resources, Geology and Geopnysics,
Canberra, A.C.T. - published with the cernission of the Director.



i {
{
Contents
Introduction

Pravious investigations

Tectonic setting

Stratigraphy
a. Late Adelaidean-Cambrian
b. Devonian
c., Tertiary

Structure

Petroleun possibilities

d
’ § )
Xo) @ 0 =N .~ > W N - LS

—
e
"



o

The Ord Basin straddles the border between Yestern Auvstralia
and Forthern Territory in the area drained by the middle and 1ower'
reaches of the Ord River. It contains about 570 m of shales and
fossiliferous marine limestones (the Negri Group) of early Middle
Cambrian (Ordian) age, which were probabvly originallj continuous,

but now occur in three main structural basins (the Hardman, Rosewood, “

and Argyle Basins; a total area of about 8,400 km2)., The depositional

basin developed over :“gbout .- 31,000 km2 of the Antrim Plateag Volcanics
(Upper Adeiaidean -~ ?Lower Cambfian) in the southern half of the
Victoria River Basin, and is itself overlain by residuals of ?Devonian
and Cainozoic sedinments.

ke The exploratdon, and tectonic setting of the basin aﬁe
briefly discussedc. A stort outline of its Phanerozoic history leads
to the conclusion that its vetroleum possibilities are mihimal.
The gentle synclinal‘structure of the basin, the erosional periods

between the Cambrian and the Devonian, and after the Devonian, could

have permitted any possible accusulation of hydrocarbons to escape.
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INTRODUCTION -

The Ord Bazsin lies directly séuth of the Bonaparte Gulf
Basin, from which it is separated by a narroﬁ belt of intensely
deformed metamorphic and igneous Precambrian rocks (the Halls Creek
liobile Zone of Trafes, 1955). ‘The‘nahe vas originally used by
Genfilli & Tairbridge (1951) %o delineate the physiogra?hic province
drained by the middle and lower reaches of the Ord River, and was
adopted by HcWhae et al., (1958) for tﬁe depositional basin. It
containzs about 570 m of ddminantly marine ¥iddle Cambrian‘sediments,
vhich were probably originally continuous, but now occur in three

main structural basins (the Hardmen, Rosewood, and Argyle Basins

‘of Hatheson & Teichert, 1948; TFig. 1).

-The basin developed over the Upper Adelaidean~?Lower
Cambrian Antrim Plate®u Volcanics in the southern half of the;
Victoria River Basin (G.S.A., 1971), and is itself overlain by

residuals of Devonian and Cainozoic sediments (Fig. 2); (these

“are briefly described in this paper, in order %o complete the account

of the Phanerozoic history of the region). The margin of the basin,
as shown by Traves (1955, fig. 6), defines a physiograrhic province
(which includes the Antrim Plateau Volcanics), roughly triangular,
covering en area of about 31,000 kmz, and dis?ributed about equally
ornn each side of the border between ﬁestern Aus%ralia and the Northern
Territory. The sedimentary scquence, however, covers only about

8,4001km2, and lies ﬁostly in Vestern Australia.



PREVIOUS THVESTIGATIONS

The earliest geological work in the Ord River was by
Hardman (1885), whose'widespread investigations included the mapping

of the Hardman Basin. ' Jack (1206) reported on the hydrology of %he

southwestern part of the region, but little was added to the knowledge
~of the geology until the discovery of asphaltite near the junction of

"the Ord and Negri Rivers in 1920 (Haitland, 1920; Bldtchford, 1922)

initiated interest in petroleum prosvects in the area (Mahdny, 1922).

Vade (1924) made a valuable contribution to the stratigrarhic
kmowledge of the Bast Kimberley region, and reported on the prospects
of finding commercial quantities éf petroleum»in the area.

Hatheson & Teichert (1948) nede a wajor contribution to

~ the geological knowledge of the Ord Basin in their report and

reconnaissance maps of the Cambrian rocks in the structufal basins.
Tﬁéir report containsahn exéellent sunnary and bibliography qf;the
literature up to 1945, and assesses the petroleum potential of the
fegion. Geological knowledge of the region was further’advanced
‘by Traves (1955), who is responsible for many of the formation names
used at the present time. i |

In 1963, fhe lestern Australian side of the Ord Basin,
which is contained within the Dixon Bange (Dow & Gemuts, 1967) and
'Lissadell (P1umb, 1968) 1:250 000 Sheets, was mapped by the Bureau
of Mineral Resources and the Geological Survey\of Vestern Australia.
During the same year, the Palaeozoic rocks of the Ragged Range Outlier,
south of the Bonaparfe Gﬁlf Basin and west of tﬁe Ord Basip, wera
mapped by Kaulback & Veevers (1969). In 1969, the Northern Territory
side of the basin was napped by the Bureau of Mineral Resources in the
areas covered by the'Limbﬁ;yé-(Hendﬁm, f972) and Yaterloo (Sweet, 1973)

1:250'000 Sheets. The geology of the southern Victoria River region
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has been described by Sweet, MHendum, Bultitude, & Horgan (in prep.).
apik (1958, 1967, 1970), wvho took ﬁart in the earlier survey by Traves,
has pfoduced paléeontological data of considerable biostratigraphic
iﬁportance, based on his collectioné and those of.later surveys.

These suggest that some revision of the mapping is reguired.

TEHCTOHIC SETTING

Tectonically, the Ord Basin is the uﬁ?ermost part of the
Sturt Block - a relatively stable mass of mostly‘unaltered Adelaidean
sedimentary rocks, situated on the eastern éide of the Halls Creek
Mobile Zone. Its western margin is marked by the Halls Creek Fault,
and by fault wedges of Precambrian roéks between it and its.north—

\

easterly splayifaults. Both the Antrim Plateau Volcanics and lMiddle

.Cambrian sediments have been faulted and eroded to a level ﬁhere the

sediments are preserved in three structural basins. These are from
) . 2 . .
north to south: ‘ ’ '
(a) The Argyle Basin, ébout 4Q Jm lorg and 11 km widé; its
long axis trends northeast, parallel to the Halls Creek Fault.
\(b) The Rosewood Basin, ‘about 64 km long and 18 km wide, with its
long axis trending east-northeast.
(c) The Hardman Basin, 120 ks long and 56 km wide, originally
referred to by Vade (1924, p.26) as the Ord River Basin.
Its long axis trends northeast in Vestern Australia and

swings southeast in the Northern Territory.
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LATE ADBLATIDEAN-CANBRIAN

In Late Adelaidean to possibly Barly Cambrian time, basaltic
lavas of the Antrim Plateau Volcanios were.extrﬁded over a wide,
deenly eroded surface of Adelaidean rocks.(the Albert Edward Group),
with a mgrked regiohal angular unconformity. The volcanics, described N
by Bdwards & Clarke (1940) as a éingle province of tholeiitic basalts,
are about 915 m thick. They consist of several lava flows of
anygdaloidal and massive basalfs, anq thin lenses of sandstone,

N

siltstone, limestone, and chert. The latter contains the stromatolites

Conovhyton basalticum and C. cf. gaubitza; in the U.S.S.R., Conophyton
is restricted to the Precambrian and C. gaubitza is probably Vendian

(Walter, 1972). Lava flow thicknesses range from less than 15 m

up to about 110 m; .most flows are lessz than 50 m thick, and many are

traceable for severél kilometres, Locally, aggiomerate and about

9 m of red-brown chertg quartz-séndstone occhr_at the base. ?he sandstone,
which contains quartsz grains of probable aeolian origin, may have been
deposited in lakes on the Adelaidean land surface. = Weathering profiles
within the basalts suggest that there may have heen three distinct

periods of subaerial extrusion. One such highly ferrugihqus profile
at.fhe top of the Antrim Plzateau Volcanics may represent a smaller

hiatus than .the angular unconformity at its base. For other accounts

of the Antrinm Plateau Volcanics the reader is referred to Dunn & Brown
(1969), Prider (1969), Bultitude (1971), and Walter (1972).

In early Middle Cambrian time, alternating limestones and
shales with gypsum (the Kegri Groﬁp), probably representing cycleé of
marine.and non-marine evapofifié conditiﬁns (8pik, 1556, p{-262), vere
deposited over the Ord River area and beyond the present accepted limits

of the basin itself. The oldest sediments of the Negri Croup (sensu
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Traves, 1955) are preserved in the Ragied Range Outlier as the

Blatchford Formation. They contain the trilobite Onaraspis adusta

and the pteropod Biconulites hardmani, the oldest fauvnal assemblage

of the Ordian Stage - the basal stage of the Middle Cambrian

(Bpik, 1967, 1970). The formation, at least 120 m thick, 'éon_sists

of dolomitiq siltstone with fossiliferous interbeds of glauconitic

dolomite, overlain by dolomific quarlz sandstone. It unconformably

overlies the Antrim Plateau Volcanics, and is unconformably overlaih

by the Devonian Ragzed Range Conglomerate (Kaulbaék & Veevers, 1969).\
In thé.ﬂardman Basin, the Negri Group has a maximum thickness

of 57% m, and overlies the Antrim Plateau Volcanics with only slight

1

angular unconformity. There are no unconformities within the Group.

Dach formation is considerably thinner on the eadstern side of the

Hardﬁan Basin than on the western side. This indicates that although
.hé basin is preservedkfor structural reasons, its origin is dépositional
(p.B. Dow, pers. comn. ). The base of the Megri Gfoup in the Hardman
Basin - the Headleys Limestone - consists of 46 m of massive grey
limestone with chert nodules, overlain by laminated and thin-bedded
; 1t i

grey limestone. Its age is Ordian (Opik, 1967, p. 148; see reference
to the liount Panton secquence, below),.and according to Traves (1955, p.l38),
may bve equivalent to ﬁhat of the Monfejinni Limestone, which pverlies
the Antrim Plateau Volcanics 1o the east, in the Wave Hill and Victoria
River Downs areas. 1

The Welson Shale contains. a meximum thickness of 1é0 m of
shale and silt;tdne with gypsun and pyrite, and ﬁinor thin lenses of

limestone and sandstone. Illo fossils have been found; its . age, by

‘intrapolation, is Ordian.
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The Linnekar Limestone consists of 18-40 n of fossiliferous

grey limestone, medium-bedded for the lowest 3-6 m, and thin-bedded

with thin marl interveds for the remainder. Redlichia forresti and

Biconulites hardmani occur in the marly interbeds at the junction of
Linnekar Creek and Brook Creek (ﬁade, 1924; Matheson & Teichert, 1948;

" ] ; )
Opik, 1958). This is Opik's (1970) Assemblage 4 of the Ordian Stage.

The Panton Formation (sensu Dow & Cemuts, 1967) is the
name applied to 157 m'of shale and subordinate interbedded limestone
between the Linnekar Limestone and the Hudson Formation. Dow & Gemuts
combined four of_Traves' (1955) formations - in ascendiﬁg order thé
Panton Shale,:Shady Caup Limestoné, Negri. River Shale, ana Corby
Limestone, inté the one unit. Biostratigraphic studies and detailed
napping are required to elucidate this sequence, and for this purpose,
Traves' formations sti%l'provide a framework for any revisions. for

. ’ . . ! .

example, the limestone and shale sequence atv fount Panton, identified
by Traves (1955, p. 41) as Shady Camp Limesione, ié placed by Bpik (1567)

below the Linnekar Limestone, and below the beds with Iledlichia forresti.

The Mount Panton strata contain the oldest svecies of Redlichia so far

knowit' in the Ordian -~ R. amadeana - which is associated with an undescribed
i v u ) n , .

new species of Xystridura (Opik, 1970); this is Opik's (1970) Assemblage

5 of the Ordian stage. Other fossils include the much cited Biconulites

hardmani, Wimanella, and Girvanella (iatheson & Teichert, 1948; " Traves,

1955; McWhae et al., 1958). The Shady Camp Limestone, on the other

hand, -contains the Redlichia forresti fauna. The top of the Panton

Formation is marked by the Corby Limestone of Traves (i.e., the fourth
limestone unit of lMatheson & Teichert, 1948). It consists of 3 m
of hard, laminated dolomite and limestonelwith small chert nodules.

Biconulites is present.
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The Hudson Formation is the name given to the top unit of
the Hegri Group. Ais defined by Dow, Gemuts, Plumb, & Dﬁnnet (1964),
%he Hudson Formation includes Loth the Hudson Shale and thg lower part
of the Elder Sandstone of Traves (1955). It consists of about 150 m
of red and grey siltstone and marl with some thin heds of glauconitic
limestone, grading upwards into brown miéaceous sandstone. Thus,
the Hudson Formation marks thé transition from tﬁe cyclic deposition
of limestones and shales to the_deposition of sandstone. The only
fossils known are the remains of probable jellyfigh collected from the
Dizon Range. (These arc erroneously reported from the ©lder Sandstone

by Dow & Gemuts, 1967, table 4).

DEVOINTAN

.

After Ordian%time, the areé was probably a land surface during
most of Cambrian, Ordo&ician, and Silurian time, for no sedimeﬁfs_remain;
The next marine transgreésion probably took vlace in the Devénian, vhen
the Elder Sandstone vas deposited on the Hegri Group with an erosiohal
unconformity, aﬂd in places overlép on to the Antrim Plateau Voléanics.
It was the recognition of this uanconformity in the Dixon Range area
which led Dow et al.; (1964) to restrict the name Elder Sandstone to

the upper part of the Ilder Sandstone of Traves (1955). In the north-
eastern nart of the Hardman Basin, this unconformity is more difficult

to recognize, because there the contact between the Hudson Formation and

the Elder Sandstone is paraconformable.  The Zlder Sandstone is about

©200 m thick, and consists of 18 m of basal conglomerate, overlain by

massive and cross-bedded quartz sanéstone. No fossils have been found,
but the discovery of probable Upper Devonian velecypods and gastropods
in the Ragged Ranre Conglomerate, point to the possibility that the

Blder Sandstone (sensu Dow & Geéwuts, 1967), with which Reeves (1948) and



Traves (1955) identified the Conglomerate, is itself Devonian (Kaulback

& Veevers, 1969, p. 30).
TERTTARY

Tertiary sediments, which rest directly on the older rocks
already-described, include veneers of terrestrial -gravel, sandstone,
siltstone, and some laterite. The main record is preserved as small
residual outliers at White Mountain, and is no older than Hiocéne~
(Lloyd,_1968). Here, the ifhite Moun%ain-Formation consists.of 113 m

of chert, shale, marl, siltstone, and a little quartz sandstone. The

chert contains freshwater gastropods and ostracods (Chapman, 1937,

Fcliichael, 1968), and the marine foreminifer Ammonia beccarii (Lloyd,

1968a b). This anomakpus association suggests to Lloyd (1968 a, b)
a brief incursion of the sea into a lacustrine environment, perhaps
during the latest Miocene.or Pliocene, andlperhaps at the time when
parts of surface III (of Van Andel & Veevers, 1967) possiﬁly becane
é marine depositional surface, after the mid-Hiocene diastrophism of

the Timor Sea region (Veevers, 1969).
STRUCTURT

Over the greater narts of the Hardman, Rosewood, and Argyle

Besins, the rocks. have a zentle regional dip to the northwest. The

markedly asymmetrical structure of these basins is the result of upward

drag along faults on their western and northwestern margins. The
northeastern end of the Hardman Basin has been deformed by a norih-
vesterly favlted ronocline - the 'Kelly Creck fnticline' of lMatheson

& Teilchert (1948, N, 79). This lies on the line of a large shear-zone



L
which_affécts the Halls Creelr Group (Archaean or Lowef Proterozoic)
near fheijunctioh of the Ord and Negri Rivers. The White Hountain-
formation, vhich has been slightly tilted and buckled, probably owes
its elevated position to Tertiary movement on the fault. Minor
northwesterly faults along the southern margin of the Hardman Bosin

affect both the Headleys Limestone and the Antrim Plateau Volcanics.

PETROLEN POSSIBILITIES

Asphaltite has been revorted from several localities in the’
Antrim Plateau Volcanics as a black shiny residue in vesicles and

cavities in‘basait (Simpson, 19213 Blatchford, 1922; Farquharson,

1922; Haﬁony} 1922; Vade, 1924; Hatheson & Teichert, 1948; Traves,

.1955).  After its discovery in 1920 near the junction of the Ord and

Negri Rivers; the Okes-Durack Kimberley Oil Coépany drilled on the
Keiiy Creek Anticline,vin the NMegri Group near VWhite ﬁountain." The
bore began in Linnekar Limestone, bassed through Neison Shale and
Headleys Limestone, and penétrated 122 m into Antrim Plateau Volcanics.
Although traoes'of gas and poésibly oily matter were;found% Vade (1924)
concluded that it was impossible that oil was present in commercial
quentities in the Ord River area. Blatchford (1927), Hobsoﬁ (1936),
and Reeves (19%1) also reported unfavourably on the prospects of
findinngil accumulations. %

The source of the asphaltite is not known. vade (1924) is

of the omwinion that it is an oil residue from the Negri Group; Iatheson

& Teichert (1948) thought that the source rocks were in the Upper

Palaecroic sequence to the north, now known as the Bonaparte Gulf

Basin; whereas Traves (1955) suggests that the dark shales of his

~

Victoria River Group with more than 600 m of sediments, including algal

limestones, is a more likely source. Dow & Genuts 11969) also tentatively
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sugiest a Precambrian source, possibly the Albert Edward Group of the
Victoria River Basin.

Thé possibility of finding petroleun in commercial quantities
in the Crd Basin is remote, mainly because the sedimentary sequenée

lacks suitable traps. The gentle synclinal structure of the basin,

the erosional periods between the Cambrian and the Devonian, and after

the Devoni&n, couvld all have permitted the escape of hydrocarbons.
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