
AMR PUBLICATIONS COMPACTUS
(LENDOG SECTION)

BUF13 -EAU OF IMI[INERA._= H -ESOURC -ES R -

GEO_.OGY AND GEOPHYSMS
Record 1979/51

ARAFURA AND MONEY SHOAL BASINS EXPLANATORY NOTES

AND STRATIGRAFHIC CORRELATIONS

by

C.M. Brown

The information contained in this report has been obtained by the Department of National Resources
"Rrt of the policy of the Australian Government to assist in the exploration and development of

il resources. It may not be published in any form or used in a company prospectus or statement
it the permission in writing of the Director. Bureau of Mineral Resources, Geology and Geophysics.

BMR
Record
1979/51

c.3

DEPARTMENT OF
B   10^0

BaoaCIOBC7DEVC/AZI0001._s■-)13K780/30aZ,E11—s1/4-) 

HATOONAL DEVELOPMENT



Record 1979/51

ARAFURA AND MONEY SHOAL BASINS EXPLANATORY NOTES

AND STRATIGRAPHIC CORRELATIONS

by

C.M. Brown



CONTENTS 

•

•
Page

INTRODUCTION^ 1

ARAFURA BASIN^ 2

Basin sedimentation^ 2

Resources^ 3 -
MONEY SHOAL BASIN^ 4

Data compilation^ 5

Regional tectonic evolution^ 5

Basin sedimentation^ 6

Resources^ 8

REFERENCES^ 12

TABLE

1. Wells used in cross-sections^ 11

FIGURES

1. Locality diagram

2. Generalized stratigraphic table

Au6.^Standard legend for stratigraphic columns

Au6a.^Arafura and Money Shoal Basins - stratigraphic columns

- tectonic elements

- seismic depth contours to base

of Mesozoic

magnetic basement depth contours

•



•

•
ABSTRACT 

The Arafura Basin is a poorly known intracratonic basin of thick

Palaeozoic (and ?Proterozoic) sedimentary rocks which crop out along the

northern coast of Arnhem Land, Northern Territory, and extends offshore beneath

the Arafura Sea. Offshore, little is known about the nature, age and extent

of the Arafura Basin sediments, but, locally a thickness of up to 10 000 to of

sediment has been estimated from depths to magnetic basement. These sediments

are mainly structurally undisturbed but northeast of Cobourg Peninsula they are

block-faulted to form a narrow, west-northwest-trending, pre-Mesozoic graben

up to 300 km long. The limited data available suggests that the Arafura Basin

•
sequence is generally non-prospective for hydrocarbons.

The Money Shoal Basin is an epicratonic basin of Mesozoic - Cainozoic

sedimentary rocks that unconformably overlies the Arafura Basin sequence. The

Arafura Shelf, in the south and east, is separated from the northwesterly

•
trending Calder Graben, in the northwest, by a block-faulted hinge zone. The

shelf is overlain by a relatively thin sequence of Jurassic to Cainozoic fluvio-

deltaic and shallow marine sediments. The graben contains 6000 m of Jurassic

to Holocene marine sediments and may possibly contain Triassic and older

sediments. Minor folding of Cretaceous rocks of the stable shelf can be related

to syn-sedimentary drape over an alluvial channel-delta plain complex.

Anticlinal structures in sediments of the hinge zone and graben are related to

sedimentary drape over fault blocks and shale diapirs. The hydrocarbon

•
prospectivity of the basin is regarded as poor, although some potential exists

in the hinge zone where possible structural and combination traps are associated

with tilted fault blocks, and shallow-marine and deltaic sandstone reservoirs

of the Arafura Shelf are likely to be suitably juxtaposed relative to open-

marine source rocks of the Calder Graben.

These explanatory notes accompany correlated stratigraphic columns

which were prepared as a contribution for the United Nations ESCAP Atlas of

Stratigraphy.
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ARAFURA AND MONEY SHOAL BASINS 
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Introduction

The Arafura Basin (Fig. 1) is a poorly known intracratonic basin of

thick Palaeozoic (and ?Proterozoic) sedimentary rocks which crop out along the

northern coast of Arnhem Land, Northern Territory and extend offshore beneath

the Arafura Sea. Onshore, the basin unconformably overlies Precambrian

sedimentary rocks of the McArthur Basin and offshore is unconformably overlain

by Mesozoic rocks of the Money Shoal Basin. The offshore boundaries of the

basin are unknown.

The Money Shoal Basin (Fig. 1) is an epicratonic basin of Mesozoic-
2

Cainozoic sedimentary rocks that underlies 1000 km of onshore Northern
2

Territory and more than 390 000 km of Australian and Indonesian waters of

the Arafura Sea. The northern and eastern boundaries are poorly defined, but

are here taken as the Merauke Rise and the Wessel Rise linking the Aru Islands,

Frederick Hendrick Island and the Wessel Islands (tectonic elements and location

diagrams on atlas sheet Au6a). The Timor Trough forms the northwest boundary,

and the southwest boundary is the concealed Van Diemen Rise. Onshore, in the

south, Cretaceous sediments of the Basin unconformably overlie Precambrian rocks

of the Pine Creek Geosyncline and McArthur Basin and pre-Mesozoic rocks of the

Arafura Basin. Offshore, seismic surveys reveal the Money Shoal Basin sequence

is underlain by strongly folded and faulted Proterozoic rocks in the southwest

and by thick relatively undeformed pre-Mesozoic rocks of the Arafura basin

between Cobourg Peninsula and the Wessel Islands.

Shell Development (Aust.) Pty Ltd placed all the sediments of the

Arafura Sea area in the Arafura Basin (Nicol, 1970; Balke et al., 1973);

however, the Mesozoic-Cainozoic sequence is here referred to the Money Shoal

Basin as defined by Williams et al., (1973), and the little known pre-Mesozoic

sequence is referred to the Arafura Basin. A major unconformity, representing

•

•
Figure Au6a and these explanatory notes were' prepared as a contribution for

the United Nations ESCAP Atlas of Stratigraphy.
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a period of non-deposition and erosion, theparates the two basin sequences which

are here described as separate entities.

ARAFURA BASIN 

Offshore, little is known about the nature, age and extent of the

Arafura Basin sediments, but, locally a thickness of up to 10 000 m of sediment

has been estimated from depths to magnetic basement (magnetic contour diagram

on Au6a). These sediments are mainly structurally undisturbed, but northeast

of Cobourg Peninsula they are block-faulted to form a narrow, west-northwesterly

trending, pre-Mesozoic graben up to 300 km long and infilled by a thick sequence

of sediments (tectonic elements diagram on Au6a).

Onshore, the Arafura Basin sediments were originally thought to be

Proterozoic in age but subsequently an Early Palaeozoic age was proposed by•

Plumb et al. (1976) on the basis of a trilobite fauna from the Wessel Group,

near the base of the Arafura Basin sequence. Offshore, Silurian and older

?Palaeozoic and/or ?Proterozoic sediments were encountered in the Money Shoal

No. 1 well. It should be noted that, although Plumb et al. (1976) consider it

reasonable to reassign the whole - of the basin succession to the Palaeozoic, the

currently available evidence is by no means conclusive and the Arafura Basin

may in fact include Proterozoic sediments.

The geology of the onshore part of the Arafura Basin was mapped by

geologists of the Bureau of Mineral Resources (Dunnet, 1965; Plumb, 1965).

Offshore, Shell Development (Aust.) Pty Ltd conducted marine geophysical surveys

and drilled the Money Shoal No. 1 well which encountered sediments of the

Arafura Basin (Nicol, 1970; Balke et al., 1973; Balke & Burt, 1976). The

hydrocarbon prospectivity of the Arafura Sea area has been summarized by

Robertson et al. (1976).

Basin sedimentation

In the Early Palaeozoic (and possibly in the Late Proterozoic) a thick
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sequence of sediments was deposited in an intracratonic basin developed over• the continental crust of northern Australia. Lithologies are poorly known,

but onshore they consist of shallow and marginal marine, glauconitic, quartz

sandstone, shale and dolomitic siltstone (composite column on Au6a, Fig. 2).

Offshore, Silurian sandstone and older ?Palaeozoic and/or ?Proterozoic sand-•^stone and shale were encountered in Money Shoal No. 1 well (Ealke et al., 1973)

and, north of the basin, postulated Cambrian shales and silicified dolomitic

carbonates were encountered in the Jaosakor No. 1 and Merauke No. 1 wells (Fig.

1) drilled in southern Irian Jaya (Visser & Hermes, 1962). Seismic surveys•^indicate that a thicker sequence of sediments accumulated in the west-northwest

trending pre-Mesozoic graben, and that velocities of these sediments are

consistent with compacted clastic sediments or carbonates of Palaeozoic age,

but are lower than those of block-faulted rocks flanking the graben. The graben

margins are, at least in part, Early Palaeozoic in age, and a more complete

Palaeozoic sequence may be present within the graben.

Following the Early Palaeozoic period of sedimentation, the basin was

probably emergent and subject to erosion and peneplanation until the Jurassic,

when deposition of the Money Shoal Basin sequence commenced.

Resources

• Hydrocarbons

The limited data available suggest that the Arafura Basin sequence is

generally non-prospective for hydrocarbons. Early Palaeozoic and/or

• ?Proterozoic quartzitic sandstones have very poor reservoir characteristics

owing to silicification, and few traps appear to be present in the structurally

undisturbed sediments. The pre-Mesozoic graben contains tilted fault blocks

and draped fold structures, but high seismic velocities suggest that sediments

• within the graben are strongly compacted and possibly non-prospective. In

addition, any hydrocarbons which may have previously been generated within the
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graben are likely to have migrated up-flank into traps which were subsequently

breached by the pre-Mesozoic unconformity.

MONEY SHOAL BASIN 

In the Money Shoal Basin, marine geophysical surveys indicate the

presence of a shelf area (Arafura Shelf), in the south and east, separated from

a northeasterly trending graben (Calder Graben) in the northwest by a block-

faulted hinge zone. The northern margin of the basin is poorly defined and is

here taken as the Merauke Rise, located between the Aru Islands and Frederick

Hendrick Island. Little is known about the geology of the northern half of the

basin. Seismic and well log data indicate that Proterozoic and Palaeozoic

sediments of the Arafura Shelf area are overlain by a relatively thin sequence

of Jurassic to Cainozoic fluvio-deltaic and shallow marine sediments of the

Money Shoal Basin. These sediments are up to 4500 m. thick in the northwest,

but thin rapidly eastwards towards the Wessel Rise and are less than 300 m thick

east of 134 (seismic contour diagram on Au6a). The Calder Graben is an

extension of the Malita Graben of the adjacent Bonaparte Gulf Basin, and farther

to the north converges with the Timor Trough. It contains 6000 m of Jurassic

to Holocene marine sediments, and seismic evidence suggests that Triassic and

possible older sediments are also present.

The Money Shoal Basin sequence is relatively undisturbed over the

tectonically stable Arafura Shelf, although minor folding in Cretaceous rocks

can be related to syn-sedimentary drape over an alluvial channel-delta plain

complex (Balke & Burt, 1976; seismic contour diagram on Au 6). Sediments in

the hinge zone and in the Calder Graben are more strongly deformed, and

anticlinal structures are related to sedimentary drape over fault blocks and,

possibly, shale diapirs.

Despite extensive geophysical surveys in Australian waters, few

suitable drilling targets have been identified, and the prospectivity of much

of the basin is regarded as poor. Only two wells, Money Shoal No. 1 and

Lynedoch No.' 1, have been drilled in the offshore area.
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Data compilation

The onshore extension of the Money Shoal Basin has been mapped in

detail by geologists of the Bureau of Mineral Resources (Dunn, 1962; Malone,

1962; Hughes & Senior, 1q73; Senior & Smart, 1976; Hughes, 1976) and

summarized by Hughes (1978). Shallow petroleum exploration wells were drilled

on Bathurst Island (Bathurst Island Nos. 1, 2, Alliance Oil Development

Australia, 1971) and Melville Island (Tinganoo Bay No. 1, Flinders Petroleum,

N.L., 1971) and five shallow stratigraphic holes were drilled on Cobourg

Peninsula by the Bureau of Mineral Resources (Cobourg Peninsula Nos. 1-5,

Hughes, 1973.) ^Offshore, Shell Development (Aust.) Pty Ltd have undertaken

extensive marine geophysical surveys and drilled the Money Shoal No. 1 and

Lynedoch No. 1 wells (Nicol, 1970, Balke et al., 1973; Balke & Burt, 1976).

The results of geological and geophysical investigations in the basin have been

summarized in a comprehensive review of the hydrocarbon prospectivity of the

Arafura Sea area by Robertson et al. (1976).

The correlated stratigraphic columns shown on atlas Sheet Au6a are

largely based on company interpretations from well completion reports by Shell

Development (Aust.) Pty Ltd, Arco Australia Ltd, Australian Aquitaine Petroleum,

Alliance Oil Development Australia and Flinders Petroleum, N.L. Stratigraphic

units in the Money Shoal Basin have been correlated with similar units in the

adjacent Bonaparte Gulf Basin and formal definitions of formations, and of their

members in the southern part of the basin, have been published by Hughes (1978).

The generalized stratigraphy of the basin is shown on Fig. 2.

Regional tectonic evolution

The Money Shoal Basin is an epicratonic basin developed over the

continental crust of northern Australia and Indonesian Irian Jaya. The

•

^

^evolution of the basin has, however, been influenced by two tectonic events

which affected the northwest shelf of Australia in the Late Palaeozoic to

•
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Cainozoic. The first involved rifting associated with the breakup of

Gondwanaland and the second involved a collision between the Australian and^•
southeast Asian lithospheric plates.

The Late Palaeozoic to Cainozoic evolution of the Australian northwest

Shelf and adjacent Indian Ocean conforms to that of a classical rift-drift

sequence in which stratotectonic units can be correlated with stages of^ •
continental margin breakup (Schneider, 1972; Falvey, 1974). Development of

the Calder Graben of the Money Shoal Basin was probably initiated in the Late

Palaeozoic-early Mesozoic, but only minor, thin sediments were initially

deposited over the Arafura Shelf. Farther west of the basin, breakup ended with

the initiation of seafloor spreading in the Middle to Late Jurassic (Veevers

& Heirtzler, 1974) and was followed by thermal cooling of the mantle and crust

as the Australian continent began to drift away from the axis of spreading.

Release of tensional stress resulted in rapid crustal subsidence of the

Australian shelf. As a consequence, restricted marine and, subsequently, open-

marine depositional environments became established over the entire Money Shoal

Basin in the Late Mesozoic-Cainozoic.

Collision between the Australian and Southeast Asian lithospheric

plates in the Late Cainozoic resulted in deformation of the northwest margin

of the Money Shoal Basin and of the islands of the outer Banda Arc. The Timor

Trough (the present day front of deformation) now forms the northwest boundary

of the Money Shoal Basin. •
Basin sedimentation

No Permian or Triassic rocks occur over the Arafura Shelf area, but^•
seismic data suggest the presence of Triassic and possibly older sediments

beneath the Jurassic in the Calder Graben. Further west, in the adjacent

Bonaparte Gulf Basin, a thick marginal marine and continental sequence was

deposited in the Permo-Triassic, and it seems likely that similar fine clastics^•
with minor sands and ?carbonates were deposited in the Calder Graben at this

time.

•

•
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In the Middle Jurassic, post-breakup regional subsidence of the

• Australian northwest shelf allowed shallow and initially restricted marine seas

to progressively transgress over thin, non-marine, Lower Jurassic sandstone,

shale, and minor coal sequences of the Arafura Shelf. Thin, Middle to Upper

Jurassic, paralic and shallow marine, fine to medium, quartzose sandstone with

• interbedded shale (Petrel Formation) occur in the west and north, and inter-

finger with thin non-marine coarse quartzose sandstone and conglomerate

(Tinganoo Bay Beds) farther south and east. In the Calder Graben, northwest

of the hinge zone, the Petrel Formation comprises a thick sequence of marine

• shale with thin interbeds of sandstone and limestone.

Sedimentation was interrupted by a major Neocomian eustatic marine

regression, when the entire Money Shoal Basin became temporarily emergent with

the possible exception of the deeper parts of the Calder Graben. A rapid

• transgression followed this period of emergence, and older, sediments were

disconformably overlain by a thick Cretaceous sequence. The marine, trans-

gression was partly due to a worldwide eustatic event and partly due to

continued crustal subsidence. Marine shale with minor argillaceous limestone

• (Bathurst Island Formation) occurs in the Calder Graben while several cycles

of thin, shallow-marine, fluviatile and delta-plain sandstone and shale (further

facies equivalent Bathurst Island Formation) occur over the stable shelf area.

Offshore, in the Money Shoal No. 1 well, a 1700-m thick sequence ranges from

• Late Neocomian to Maastrichtian in age; farther south a thin condensed sequence

ranges from Aptian to Cenomanian in age (Hughes, 1978). The southern sequence

has been subdivided and consists of thin Aptian, shallow-marine, argillaceous

sandstone under radiolarian siltstone (Darwin Member) which interfingers with

• paralic, fine to coarse, quartzose sandstone (Marilgur Member) farther east.

These are overlain by a thicker Cenomanian cycle consisting of transgressive,

open-marine, pyritic mudstone (Wangarlu Mudstone), in turn overlain by

regressive, shallow marine to deltaic, fine sandstone, siltstone and mudstone

• (Moonkinu Member).
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The Calder Graben was largely infilled by the Early Tertiary and an

open-marine, relatively shallow shelf extended over the entire basin. Thin

terrigenous clastics (Van Diemen Sandstone) were deposited over the southern

margins of the basin, while, farther north, continued subsidence of the shelf

allowed accumulation of a northwesterly thickening wedge of carbonate sediments.

Argillaceous micrite and calcisiltite accumulated throughout the Tertiary with

the addition of reef and reef-derived sediments in the Mio-Pliocene. Reef

building corals largely became extinct in the late Pliocene, when accelerated

subsidence of the shelf outpaced reef growth. The Arafura sea-floor is now

veneered by a thin layer of clastics, which consist of terrigenous sand near

shore and calcareous silt and clay towards the northwest (Jongsma, 1974).

Resources 

Hydrocarbons

The limited data available indicate that source, reservoir and cap

rocks, structural and stratigraphic traps, and an adequate geothermal gradient

are all present in the Money Shoal Basin, but are generally not suitably

juxtaposed. Structural and stratigraphic elements within the basin have been

determined by extensive aeromagne tic, marine seismic' and gravity surveys, but

only two offshore exploration wells and a number of shallow onshore strati-

graphic wells have been drilled. No hydrocarbon shows were obtained in Money

Shoal No. 1 and only minor gas shows obtained in Lynedoch No. 1 within thin

Lower Cretaceous carbonates and at the Cretaceous/Jurassic unconformity. In

the adjacent Bonaparte Gulf Basin gas/condensate was discovered in late Middle

Jurassic sandstone in the Troubadour No. 1 and Sunrise No. 1 wells (Powell,

1976), and minor gas shows were obtained in both Jurassic and Cretaceous sands

in the Heron No. 1 well.

•
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Over the Arafura Shelf area, potential Jurassic and Cretaceous sand-

stone reservoirs with good porosity and permeability are present within fluvio-

deltaic and shallow marine sequences. Source and cap rocks also occur within

these sequences, but the Mesozoic sediments thin rapidly to the south and east,

suggesting that many potential source rocks are likely to be immature.

• Prospectivity of the potential sandstone reservoirs is thus dependent on up-dip

migration of hydrocarbons generated in the Calder Graben or the deeper sub-

basins of the adjacent Bonaparte Gulf Basin. Much of the Mesozoic-Cainozoic

sequence of the shelf area is structurally undisturbed and potential traps are

• likely to be restricted to stratigraphic pinch out traps around palaeo-

shorelines and within fluviodeltaic sequences. An exception occurs where the

Money Shoal No. 1 well tested a major structure, thought to have developed as

a result of faulting and drape folding over a major Early Cretaceous river

lk

^

^channel and delta-plain complex (Seismic contour diagram on Au6a; Ilalke et al.,

1973).

In the Calder Graben, block-faulted, sedimentary drape and possible

diapiric structures are present, but reservoirs are poor, owing to the highly

• argillaceous nature of thin sandstone units. Potential source rocks are also

present, but higher than normal present-day geothermal gradients (Wise, 1975)

suggest that pre-Cretaceous shales are likely to generate gas.

The most prospective area would appear to be the hinge zone, where

• potential structural and combination traps are associated with tilted fault

blocks, and shallow-marine and deltaic sandstone reservoirs of the Arafura Shelf

are likely to be suitably juxtaposed relative to open-marine source rocks of

the Calder Graben. In addition, post-breakup sandstone wedges may possibly

• occur adjacent to eroded fault scarps in this zone.

In summary, although prospectivity of the basin is regarded as poor,

only two offshore wells have been drilled, and potential traps on the flanks

of the Calder Graben have not yet been fully investigated.

•

•

•
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Mineral occurrences

Holocene beach sands along the coasts of Bathurst and Melville Islands

contain ilmenite, zircon, and rutile, ,-thopght to have been derived from reworked

Tertiary Van Diemen Sandstone. The sands have been described in detail by

Hughes (1978), who suggested that economically viable deposits may exist.

Several currently uneconomical deposits of lateritic bauxite occur in

the Cobourg Peninsula area (Hughes & Senior, 1973). Pisolitic laterite layers,

rich in alumina, are thought to have formed in the Tertiary by reworking of

laterite profiles developed over Cretaceous sediments of the Bathurst Island

Formation.



TABLE 1. WELLS USED IN CROSS-SECTIONS 

•
COMPANY NAME 
^

YEAR^T.D. (m)^SUB-BASIN 

SHELL DEVELOPMENT (AUST) LTD. 

Money Shoal 1^ 1971^2578^Arafura Shelf

Lynedoch 1^ 1973^3955^Calder Graben

ARCO AUSTRALIA LTD. 

Heron 1^ 1971/72^4209^Malita Graben of

Bonaparte Gulf Basin

AUSTRALIAN AQUITAINE PETROLEUM

Newby 1^ 1969^1149^Darwin Block

ALLIANCE OIL DEVELOPMENT AUSTRALIA 

Bathurst Island 2^ 1961^312^Darwin Block

(Bathurst Island)

FLINDERS PETROLEUM N.L. 

Tinganoo Bay 1^ 1971^583^Darwin Block

(Melville Island)

BUREAU OF MINERAL RESOURCES 

Cobourg Peninsula 1
^

1973^290.5 Darwin Block

(Cobourg Peninsula)

•

•

•
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