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ABSTRACT

The Arafura Basin is on the northern margin of Austra-
lia, extending north towards New Guinea and contains a
thick Cambrian to Permo-Triassic sedimentary sequence.
The basin consists of a broad northern platform, a
northwest trending graben, the Goulburn Graben (new
name), and a southern platform that extends onshore into
the Northern Territory. The basin sediments unconform-
ably overlie the Proterozoic McArthur Basin and are
overlain by mid-Jurassic and younger sediments of the
Money Shoal Basin. The Palaeozoic section in the
Goulburn Graben is over 10 km thick, while on the
northern and southern platforms half that thickness is
preserved.

During the Cambrian and Ordovician the Arafura
Basin was a stable platform dominated by carbonate
deposition. The Late Devonian and Late Carboniferous
aged sediments are marine and non-marine clastics with
minor carbonates. Initial movement of the graben bound-
ing faults occurred in the early Carboniferous, but the
major graben development and deformation occurred in
the Permo-Triassic and was associated with westward
tilting.

The six exploration wells in the basin have all been
sited on structural targets along the Goulburn Graben.
There were oil shows in most wells and four source rock
intervals were intersected, but reservoir quality and fault
seal were identified as major risks. The majority of the
Cambrian and Permo-Triassic sequences remain
untested and extensive areas of the basin outside the
graben are virtually unexplored. Thermal maturation
studies indicate a low geothermal gradient and that the
greater part of the Palaeozoic sequence is prospective for
hydrocarbons.
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Figure 1 — Regional Jocation map of the northern Australia Palacozoic and Proterazoic basins.
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Figure 2 — Arafura Basin hydrocarbon shows and beach strandings.

INTRODUCTION

The Arafura Basm i3 situated on the northern margin of
Australia, mostly beneath shallow waters of the Arafura
Sea. It i at least 350 (00 km* in size, extending from
onshore Arnhem Land, Northern Territory, 0 north of
the Australia-Indopesia border (Fig. 1). Structurally it
consists of 2 northern and southern platform separated by a
major graben, The Cambrian to Permo-T'riassic Arafura
Basin scquence is unconformably overlain by the Middle
Jurassic to Recent sequence of the Moncy Shoal Basin and
is underlain by Proterozaic sediments of the McArthur
Basin. A Palaeozoic sequence over 10 km in thickness
occurs i the Goulburm Graben (new name), whilst on the
northern and southern platforms there are respectively at
least 5 and 3 km of sediment preserved.

A short exploration phase from 1981 to 1986 lead to
delincation ol the basin sediments and structure (Petro-
consuftants, 1989). In the current study, extensive redating
of the Cambrian to Devonian sequences and analysis of the
regional geology has highlighted several new concepts for
petroleum exploration in Lthe arca. These include the
recognition of:

! stratigraphic intervals that are of equivalent age to
the source rocks in the Amadeus and Canning Basins,

2 untested intervals in the Permo-Triassic and in the
Middle and Lower Cambnan,

3 the continuance of the upper and lower Palacozoic
sediments north of the graben w the Australia-Indonesia
border,

4 the existence of the lower Palacozoic sequence to the
nartheast of the Wessel Islands, and
5 relatively low geothermal gradients, thus raising the

petroleum potennial of the older sequences.
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BRIEF EXPLORATION HISTORY

The existence of a large Palacozoic basin to the north of
Australia was suspected for many years from the outcrop-
ping Cambriun sequence on Elcho Island (Wade, 1924;
Plum 1965; Pluimnb et al., 1976) and aeromagnetic surveys
(Balke & Burt, 1976). (il exploration began in the early
1920s with the drilling of several shallow holes (<100 mjon
Elcho Island in response to bitumen occurrences (Plumb,
1965), Offshore, Shell drilled Money Shoal-1 i 1971 (Fig,
2}, which primarily tested a Mesozoic sequence, Testsof the
Palaeozoic sequence of the Arafura Basin occurted
between [983 1o 1986 with the drilling of Tasman-l.
Torres-1, Amafura-l, Kulka-1 and Goulborn-1. Al of these
wells were sited offshore in the southern part of the basin
along the Goulburn Graben. Of these wells, Arafura-l was
the most encouraging, encountering oil shows over a gross
interval of 425 m in the Devonian and Ordovician and
recording total organic carbon (TOC) values of up to
8.65% in the Middle Cambran.

BASIN FRAMEWORK

REGIONAL STRUCTURE AND
GEOGRAPHIC LIMITS

The structure of the southern part of the Arafura Basin is
dominated by a northwest trending graben in which most
af the recent exploration activity has betn concenitated
(Figs 3 & 4). Lower Palaeczoic sediments extend beyond
the graben to the east where they underlie the Mesozaic
and Cenozoic of the Carpentaria Basin and unconformably
overlie the McArthur Basin (Fig. 5). To the north the
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Figure 3 — Structure conlaur map in two way time 1o top of the Arafura Basin scquence, showing the suuthern boundary of the
Arafura Basm. Compare with :ﬁubcr(.lp map in Fig, & Compiled from Petracansultants (198Y9) and Palfre}'man et al., {1975).
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extent of the basin is very speculative but it may extend as
far as the highlands of New Guinea where it would underlie
Mesozoic and Cenozoic sediments (Fig. 1). In the Cemral
Range of Irian Jaya, Ordovician graprolites have been
described from outcrops of black shale (Fortey & Cocks,
1986). To the west the Arafura Basin sequence dips under
the thickening Mesozoic and Cenozoic sediments of the
Money Shoal Basin (McLennan et al, this volume),
Onshore 1o the south, Middle to Lower Cambrian sedi-
ments of the Arafura Basin crop out and unconformably
overlie the Proterozoic rocks of the McArthur Basin,
Early seismic and aeromagnetic data defined a series of
thick sedimentary sequences extending from northern
Australia owards New Guinea (Fig. 4) with a broadly
defined 'pre-Mesozoic graben' (Balke & Burt, 1976). The
graben is here called the Goulburn Graben after the North
and South Goulburn Islands located unmediately w the
south of the structure, This term avoids duplication of pre-
existing structural names (Money Shoal Basin/Graben and
Arafura Basin/Graben) and prevents connotations which
assumne the terms Arafura Basin and Arafura Graben are
interchangeable, as the graben represents only a very small
component of the basin proper. Recent seismic data does
nol extend more than 15 km to the north of the graben,
except for a few regional lines north and northeast of

Arafura-] which extend to the Australia—Indonesia border.
The guality of these regional lines is poor, but thev define a
broad synclinal platform with regional highs, that is cut by
localised fault blocks which contain at least 5 km of
Palacoroic sedunents. Beyond the graben to the north and
northwest of Torres-1, seismic character ties, rcgion:—nl
structural trends and aeromagnetic data suggest that the
majority of the thick Palacozoic sequence is preserved (Fig.
6). This is contrary to previous interpretations which have
largely ignored areas outside the graben, and thus raises a
plethora of unexpected plays in that region,

To the north and northeast of the Wessel Islands (Figs 5,
7, 8 & 9), good quality early vintage scismic defines an
extension of the Arafura Basin as far as the Indonesian
border, where the sequence continues to dip and thicken 1o
the north. The eastern limit of the basin is approximately a
line between the Fnglish Company Islands and the junction
of the Indonesia, Australia and Papua New Guinea border.
The geologic nature of the eastern boundary is vague, but
appears to principally be a truncation due tg erosion of the
Arafura Basin sequence. To the northwest of Weipa,
nourthern Queensland, there is a seismically defined thick-
ness (3—5 km) of truncated Palaeozoic and/or Proterozoic
sediments that could be a remnant of the once more
cxtensive Arufura Basin sediments (Fig. 4). By correlations
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Figure 5 — Arafura Basin subcrop benecath the Mesozoic unconformity, compare with Fig. 3.
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with magnetics (Robertson et al., 1976, Plate 3), additional
remnants are believed to occur to the north in Papua New
Guinea and elsewhere underlying the Carpentaria Basin.

STRATIGRAPHIC LIMITS

Initial identification of the Arafura Basin was based on
mapping of the Wessel Group in the onshore segment of
the basin which had variously been ascribed a range of ages
from Permo-Carboniferous to Proterozoic (Plumb, 1965;
Plumb et al., 1976). Isotopic dating of glaucenite from the
Elcho Island Formation {uppermost unit in the Wessel
Group) on Elcho Island gave ages of 770 Ma (K-Ar) and 790

Ma (Rb-5r), which were described as minimum ages
(McDougall et al., 1965). These ages were used for the
1:250,000 geological map sheets over the region (Rix,
1964; 1965; Plumb, 1965; Dunnct, 1965). Subsequently, a
trilobite fauna of Middle Cambrian age was recovered from
the Elcho Island Fermation, indicating a Middle 1o Lower
Cambrian age for the Wessel Group (Plumb et al., 1976).
The base of the Arafura Basin sequence was believed to
have been intersecled in Arafura-l, where Upper Protero-
zoic sediments were interpreted fraom Rb-Sr radiometric
dating of mica. The dates reported were 1750 to 2100
Ma + 20 for detrital mica (coarse mica concentrates) and
760 to 480 Ma for post-depositional mica (whole rack) from
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Figure 6§ — Orthorhombic block diagram (in depth) of the central part of the Goulburn Graben.
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Figure 7 — Seismic line WM-2 (BEAVER), showing the offshore exrension of the Walker Trough, dolerite sills in the Malay Road Group

a junk-sub sample ol shale at 3614 m {Compston er al.,
1982; Van Roye, 1983}, A wide range of ages was quoted
for the pusi-depositional mica as the relative proportions of
post-depositional and detrital mica in the whole rock
sample were not determined, and thus the age of the post-
depositional mica is only a rough estmate. Subsequent
examination in this study of cultings and junk—sub s:nnplt-rc,
revealed a trilobite fauna, similar to that described from
the Elcho Island Formation, over the interval of 3150 m to
3635 m (101al depth), indicating that Arafura-1 only pene-
trated to the Middle Cambran (Shergold, |.. (BMR) &
Bischoll G., (Macquarie University), personal communica-
tion, November 1989). Comparison of the litho-
stratigraphy at the base of Arafura-l with the onshore
sequence also strongly suggests that Arafura-1 terminated
in the Elche Island Formation (Fig. 10). Thus the radiomet-
ric dates derived from mica in Arafura-1 can be considered
to be spurious, as was the dating of the glasconite on Elcho
Island.

The top of the Arafura Basin sequence 1s represented by

a major angular unconformity (Mesozoic unconformiry -
Figs 6, 11 & 12). The oldest date above the unconformity is
Middle furassic (Bathonian ~ Tasman-1), whilst the young:
est date beneath the unconformity is Lare Carboniferous or
Farly Permian (Tasman-1). However, above the wop Car-
boniferous horizon and below the unconformity on the
downthrown side of the southern bounding fault of the
Goulburn Graben, there is a4 4-5 km (2 seconds TWT)
section that has not been penetrated or dated (Figs 6, 11 &
12). Additional section would also undoubtedly have heen
deposited and subsequently eroded along the unconfor-
mity. As the Middle Cambrian ta Carboniferous interval is
only 5 km thick, the undated sequence must extend up
through the Permian and Triassic. The age of the uncon-
formity is probably Late Triassic to Farly Jurassic. Drilling
in the offshore Arafura Basin has penetrated sediments of
Cambrian, Farly Ordovician, Late Devonizn, Late Car-
boniferous and Early Permian ages (Figs 13 & 10). The
Arafura Basin sequence thus ranges from the Cambrian to
the Permo-Triassic.
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Figure 8 — Seismic line W-3ext (BEAVER), showing regional rthickening of Proterozoic and Palaeozoic sequences to the Indonesian

border. See Fig. 9 hine D for location.
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and lault blocks in the Wilberforce Beds, See Fig. 9 line C for location.

STRATIGRAPHY AND
PALAEOGEOGRAPHY

CAMBRIAN

The Wessel Group crops out on the southern margin of the
basin in Arnhem Land where a scries of coarse 1o fine
clastic rocks, with an aggregate thickness of 1500 m, has
been recognised (Plumb, 1965; Plumb ct al., 1976). It rests

unconformably on the Proterozoic sediments of the McAr-
thur Basin, The basal unit is the Buckingham Bay Sand-
stone which consists of coarse to fine grained sandsiones
and greywacke, and in its lower part contains the trace fossil
Skolithos and 15 thus considered to be of Cambrian age. Tt is
overlain by the Raiwalla Shale which 1s poorly exposed and
1 composed mostly of black to grey shale with minor beds
of sandstone. This is overlain by the Marchinbar Sandstone
and the uppermost unit exposed s the Elcho Island
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Figure 9 — Location map of Arafura Basin showing position of exploration wells and seismic lines illustrated in Figs 7, 8, 11 and 12
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Figure 11 — Seismic line M31A-132 (ESS0) actoss the central part of the Goulburn Graben. See Fig. 9 line B for location.
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Formation. The Elcho Island Formation consists of silt-
stones, glavconitie sandstones and dolomitic siltstones.
Trlobnes recovered from the top of the unit have been
dated as Middle Cambran (Plumb et al., 1976), which is
the oldest precise date in the basin. Offshore seismic data
shows eastward thickening of the lower part of the Cam-
brian sequence {Wessel Group) from east of Torres-] along
the graben towards the Wessel Islands (M81A-105 &
S81A-105).

In the subsurfuce Cambrian sediments have been identi-
ficd in four wells; Tasman-1, Torres-l, Arafura-1 and
Goulburn-1 (Fig. 10). The most complete section is in
Arafura-] where 1637 m of dolomite and mixed carbornte
and clastic sedimenis were penetrated. The other wells
terminated at shallower depths in the upper part of the
Cambrian. In Arafura-l the interval 3126-3635 m (Lotal
depth) consists of interbedded limestone, shale and dolo-
mite and contains a fauna (trilobites, phosphatie brachio-
pods) that correlates with the trilobile fauna recovered
[rom the top of the Flcho Island Formation on Elcho
[sland.

The Elcho [sland Formation is overlain by an unnamed
dolomite that is 1128 m thick in Arafura-l and was
penetrated in Tasman-l (445 m), Torres-1 (601 m) and
Goulburn-1 (154 m). The dolomite unit lacks biosurati-
graphic control, but fauna in the base of the overlying unit
provide a basal Ordovician (I'remadoc = Datsonian) age.

This dolomite umit was previously considered te be of

Ordovician age (Petroconsultants, 1688) and was included
as the basal part of the Goulburn Group. The conodont
fauna from the overlying Milingimbi Formation indicaws
that the top of the dolomile wiit must be located within a
very Tew metres of the base of the Ordovician. Regionally
the dolomite unit correlates with the Chatsworth
Limestone—basal Ninmaroo Formation of the Georgima
Basin to the south and the Fenpgshan Formation (doloniitic
carbonatcs) of the Sino-Korean platform to the west
{Nicoll & Totterdell. 1990).

In the Cambrian the Arafura Basin was part of a broad,
shallow continental shelf on the margin of the Australian
Block of the Gondwana continental mass (Nicoll &
Touerdell, 1990). This shell margin extended from what is
now eastern Australia across the Arafura Basinand into the
Sino-Korean Plaform of North China. in the Early 1o
Micddle Cambrian the Arafura Basin area was the site of
coarse Lo hne clastic sedimentation. By the Late Cambrian
the Arafura and Sino-Korean areas had become the sites of
extensive shallow water carbonate platforms.

ORDOVICIAN

The Ordovician is divided nto two umnits, a lower
Milingimbi Formation and an upper Mooroongga Fornta-
tion. The Milingimbi Formation consists of mixed carbon-
date and clasuie sediments and appears to he contormahble on
the underlying unmamed dolomite. The lower part is
dolomitic, but becomes more terrigenous upward, with
thin sandstones interbedded with carbonates and shales,
The Milingimbi Formation has a maximum thickness of
169 m in Goulburn-1, thins by post-depositional (Devanian)
erosion to 101 m in Torres-1 and is erusinna"y absent in
Tasman-1 (Fig. 10). The Mooroongga Formation consists
of shale at its base, but grades upward into more calcareous
sediments with some chert. The 1op of the Meorecongga
Formation was truncated by erosion prior to deposition of
the overlying Devonian. The Mooroongga Formation is
201 m thick in Goulburn-1, erosionally thins to 131 m in
Aralura-1 and is absent in both Tasman-1 and Torres-1.
The conodont fauna from the Ordovician of Torres-1,
Aralura-] and Goulburn-l indicate that the lormations
range in age from the carliest Ordavician to the mid-
Aremg. Earlier identification of a Caradoc (Late Ordovi-
cian) age (Petroconsultants, 1989) for this interval was
based on limited material from cuttings samples. but
additional material has been examined from core 3 in
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Figure 12 — Seismic line MB1A-118 (ESS0)) across the central part of the Goulburn Graben, 40 km northwest of Fig. 11, See Fig. 4
thickness of the Money 5hoal Basin seyuence above the unconformity refative to Fig. T1.

Arafura-] (1714-1722.7 m) and confirms the Arenig age of
the croded top of the Ordovician.

Dhiring the Ovdavician the character of the sediments
changed from the carbonate platform of the Late Cam-
brian to a marginal shelf that was the site of mixed clastic
and carbonate deposition. The southern part of the Ara-
fura Basin represents the nearshore portion of the shelf and
exposures of grapuolitic black shale in the Central Range of
Irian Jaya (Fortey & Cocks, 1986) represent the outer sheif
margin or continental slope. Ordovician sediments were
probably considerably thicker in the Arafura Basin prior 1o
the episode of erosion before the deposition of the Devo-
nian sediments. By comparison with sedimentation patterns
in the Ordovician of the Canning and Amadeus Basins, an
additional 100 1o 200 m of marine sediments would have
been expeeted 1o have been deposited by the end of the
Farly Ordovician {Darriwihan = Llandeilo).

SILURIAN

Sediments of Silurian age were reported in Money Shoal-1
(Balke & others. 1473) but subsequem dating (Robertson
Research, 1982) indicates rthat the interval is probably
Devonian. The time from the close of sedimentation in the
Ordovician until the Late Devonian transgression is inter-
preted as a period of non-deposition with erosion over large
areas of the basin. This is similar to the depositional history
of the Amadeus Basin (Nicoll et al., in press) where the
Silurian is represented, at least in part, by the aeolian
Mereenie Sandstone, which was deposited over a long
period of time under stable conditions.

DEVONIAN

Devonian sediments were encountered in the Goulburn-1,

118

Arafura-l, Torres-1 and Tasman-1 wells. There may be a
thin mnterval of Devanian rock in Money Shoal-l but this
has not been definitely established. The Devanian is
thickest in Arafura-1 (1009.5 m) but is thinner m the other
wells as a result of erosion prior to the deposition of the
succeeding Carboniferous sediments.

The Devonian rests unconformably on eroded Cambrian
and Ordovician sediments and is represented by two
transgressive intervals, separated by a relatively short
period of emergence with only minor erosion (Nicoll ¢l al.,
in prep.}. The Devonian can be divided into three units.
The lowest, the Djabura Formation, consists of iner-
hedded shales, silistone and thin limestones, and has been
dated as Late Devonjan in Arafura-l and Goulburn-l.
Palynology studics in Tasman-1 and Torres-1 indicate that
the base of this interval could be as old as late Givetiart, bul
the conodont faunas sirongly support the younger age, The
Djabura Formation is 466 m thick in Torres-1, but this may
include some thickness of the overlying Yabooma Forma-
tion. The unit s 295 m thick in Arafura-l1, 380 m in
Tasman-1 and 321 m in Goulburn-1. Some of this variation
in thickness may be related to the west to cast transgressive
nature of the Devonian. and to the possibility of erosion
prior to deposition of the overlying Yabooma Formation.

The Yabooma Formation consists of interbedded sand-
stones, siltstones and shales with minor amounts of carbon-
ate. Conadonts [rom core in Arafura-1 at the top of the
Djabura Formation and from core at the base of the
Yabooma Formation in Goulburn-1 wells establish a strati-
graphic break between the two units. The Yabvoma Forma-
von is 335 m thick in Arvafura-1, 272 m in Goulburn-1,
140 m in Torres-l, but is absent in Tasman-1 as a result
oferosion priar to deposition of the Carboniferous
(Namurian) sediments.

The Darbilla Formation consists of siltstones, sandstones
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line A for location. Note the continuation of the Arafura Busin sequence oulside the graben to the north, and the increase in the

Twin-way time (s)

and shales and is preserved only in Arafura-1 where it is
379.5 m thick and in Torres-1 where it is 262 m thick. The
unit does not conlain marine fossils und may represent a
non-marine regressive sequence (Petroconsultants, 1989).

The Devonian sediments in the Arafura Basin were
deposited in a shallow water, nearshore marine environ-
ment. 'T'wo sequences are evident which correspond to two
maximum Hooding events in the Late Devonian sea level
curve {Johnson et al, 1985). The Devonn probably
thickens to the west or northwest towards the shell margin.
The uppermost unit of the Devonian wis depasited during
the regression prior to a period of emergence and erosion
in the Early Carboniferous.

CARBONIFEROUS

Upper Carboniferous sediments (Namurian to Stephanian)
have been intersceted in Arafura-1 and "asman-1 (Fig, 10).
The basal 89 m of the Carboniferous section in Tasman-1 is
composed of Namurian micritic and peloidal limestones
interbedded with thin sandstones, claystones and siltstones.
Both limestones and sandstones are glauconitic and lacking
in visible porosity. Overlying the limestones is over 500 m
of non-marine clastics, predominantly siltstones with minor
sandstone and shale, and occasional fresh volcanic frag-
ments. In Arafura-l only the non-marine clastics are
represented and are coarser grained, being predominantly
sandstones with minor grey and red claystone bands. No
Carbunilerous was identfied in Torres-1 or Goulburn-I.
The dating in Kulka-1 is poor, but includes probable Late
Carbaoniferous ages, for approximately 900 m above total
depth. The section is composed of interbedded very fine
grained glauconitic sandstones, siltstones and silty and
carbonaceous claystones. Volecamic rock fragments are com-
monn.

THE AREA JOURMAL. 1880

The limestones i Tusrpan-1 indiwcate that there was a
Late Carboniferous marine transgression from the west
that penetrated into the Arafura Basin. Limestones of
similar age have been idemtified in [ran Jaya (Nicoll, 1981),
documenting the widespread nature of this rransgression
on the northern shelf of the Australian block, During the
following regressive phase, fluvial clastics were deposited
in the eastern part of basin, while finer grained marine
clastics were deposited in the west. The palaeoshoreline
shifted westwards to lie somewhere between Tasman-1 and
Kulka-1.

PERMO-TRIASSIC

Possible Permian sediments (Stage I1) have heen identified
in Tasman-1 and Kulka-1. In both cases the diagnostic Late
Carboniferous S, ybertii palynomorph occurs within these
sediments but is interpreted as having been rewarked. In
Tasman-1 the Permian section consists of over 100 m of
grey pyritic siltstones with minor glauconitic sandstones
and shales, that are partly carbonaceous. Fine grained glau-
conitic clastics with volcanic fragments that characterise
the Upper Carboniferous continue into the Permian sec-
tion in Kulka-1. A dolerite dyke was intersected 15 m below
the Mcsozoic unconformily, and its date of 293 = 3 Ma
{K-Ar) (Diamond Shamrock, 1985) supports a Permian age
for the sediments according to the revised Carboniferous
time scale of Jones (in prep.). The limited well data indicate
that Early Permian environments in the western Arafura
Basin were marine to paralic with contemporancous volca-
nic activity.,

Seismic records show that 4 to 5 km of sedimem
interpreted as being Permo-Triassic in age (Fig. 6) lies
stratigraphically above the penetrated Carbaniferous sec-
tion. This sequence 15 preserved heneath the Mesezoic
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unconformity in wedges adjacent 10 the bounding faulis in
the cenrral parts of the graben (Figs 11 & 12). Correlations
with neighbouring basins (Fig. 13) suggest that the sedi-
ments may be predominantly clasiics of mixed tevrestrial 1o
marine facies, with the strong likelihood of Early Triassic
shale deposition, related to clevated sea jevels.

During the Permian and Triassic, the Arafura Basin was
one of 2 number of northwest facing embayments along the
Australian margin of Tethys (Bradshaw et al., 1988), The
influence of the Late Carboniferous-Farly Permian
Gondwanan glaciation was less pronounced than in the
Bonaparte and Canning basins (Fig. 13) that were localed
closer ta the pole.

JURASSIC AND YOUNGER

Unconfornably overlying the Aralura Basin is the Jurasstc
aned vounger sequence of the Money Shoal Basin, The
oldest sediments immediately overlying the uncanformity,
as indicated by well control, are Bathonian, The Money
Shoal sequence is flat lying and thickens 10 the west. It is
composed of Jurassic and Cretaceous clastics and Cenozoic
carbonates.

STRUCTURE AND TECTONICS

PROTEROQOZOIC

A Middle Proterozoic phase of extension produced the
Batten and Walker Troughs which trend norih-south
(Plumb and Wellman, 1987). The rocks deposited in the
Walker Trough were uplifted and eroded later in the
Proterozoic in the Walker Fauit Zone, a feature that can be
exirapolated offshore from the Wessel Islands te the north
(Fig. 4). Iis offshore seismic expression (Wessel Rise-Nicol,
1970) 15 very poor, bul onshore the Cambrian sedunents
appear to have been deposited across this feature with
minimal onlap or thinning. Thus the Wessel Rise is con-
fined mostly 1o the Proterozoic with very minor reactiva-
tion in the Phanerozoic, To the north of the Wessel Islands
the Proterozoic McArthur Basin sequence, underlying the
Arafura Basin, is very distnctive on seismic lines (Figs 7 &
8). showing probable Proterozoic dolerite sills and regional
unconformities. The Arafura Busin disconformably
overlies the Malay Road Group (Roper Group equivalent —
I]m.kwu ctal,) 988), representing a 900 Ma hiatus between
the Cambrian and Middle Proterozoic, The Wilberforce
Beds (McArthur Group equivalem — Jackson et al., 1988)
unconformably underlie the Malay Road Group with a
comtact that is either a peneplained angular unconformity,
or perhaps consists of tilted fault blacks over which the
Malay Road Group was deposited.

Northwest striking lineaments dominate the anshore
and offshore geology of the northern haif of the Northern
Territory, overprinting both the Arafura Basin and
McArthur Basin sediments. It is a fundamental direction of
weakness that recurs across northern Australia (Fig, 4), and
may pre-date the Middle Proterozoic Ratten and Walker
Trough (Plumb & Weilman, 1987). 'U'he Goulburn Graben
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15 aligned northwest, paralleling this structural trend and
the current coastling, Faulting within the graben also 1s
dommantly aligned sub-parallel 1o rhis (rend (Petro-
consultants, 1989), Ouwside the graben the data is too
sparse Lo reliably comment on the rend and extent of

faulting,

ORDOVICIAN

A major time break is evident from the biostrarigraphy
between the Early Ordovician & Late (or late Middle)
Devonian (Fig, 13), and correlates with the Rodingan
Movement in the Amadeus Basin (Bradshaw % FEvans,
1988). Comparison of Tasman-1 and Goulburn-1 (Fig. 10)
suggests that a minimum of 400 m of the Ordovician and
Upper Cambrian in the Arafura Basin was eroded at this
stage. More uplift and crosion may have occurred given the
lengih in time of the hiatus and by corrclation with the
Amadeus and Canning Basins where there was significam
uplift and erosion (Fig. 13). As the erosienal thinning of the
Ordovician in the Arafura Basin is from the east 1o the west
{Fig. 10}, tilting and uplifi must have accurred in the west,
opposite 1o the current northwesterly regional dip.

DEVONIAN AND CARBONIFEROUS

The Devonian to Carboniferous time break in the Aratura
Basin (Fig. 13) may equate with the Mt Eclipse Movement,
which was the major folding event in the Amadeus Basin
{(Bradshaw & Evans, [988). As Tasman-] contains less total
Devoman scdinents than Arafura-l, Torres-l or Goul-
burn-1 (Fig. 10), it appears that tectomic movement
occurred on the southern bounding fault between the Late
Devonian and middle Carboniferous. The presence of a
significamt thickness of Lower Carboniferous sediments in
the Bonaparte Basin, internally separated by an angular
unconformity (Mory, 1988), and thely absence in the
Arafura Basin indicates that the effects of the Mt Eclipse
Movement in central Australia were recorded on the
northern margins of Australia.

PERMO-TRIASSIC

Maturation dara from conodonts suggests that substantial
burial occurred at Torres-1 (from 3-6 km on top of the
Mesozoic unconformity) and to a lesser extent at Tasman-]
{from 2 to 4 kin un top of the Mesozoic uncontormity) (Fig.
14) prior Lo uplift and erosion. These thicknesses compare
favourubly with the estimated thickness of Permo-Triassic
that seismic data indicates should have buried these areas
(4-5 km} {Figs 6, 11 & 12). In Arafura-! and Goulburn-1,
conodont colour aiteration index (CAI) data indicate that
this part of the basin has not been burted much deeper than
presently recorded (Fig. 14), suggesting that therve was little
Permo-Trassic sedimentiation in the east.

On the southern flank of the anticline on which Torres-1
was drilled, and adjacent to the southern bounding fault,
thiere is a sequence boundary marked by truncation within
the Permo-Triassic sequence (1.3 seconds (TWT) above the
top Carboniferous seismic line M81A-109) with successively
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more ot the sequence having been eroded in 4 southeasterly
direction. This horizon is also the level at which a subsid-
iury of the southern bounding Fault terminates, indicating
movement i the Permo-Trassic. In Kulka-1 a dolerite sill
intrudes these sediments (Diamond Shamrock, 1985) and

hasa K-Ar radiometric date of 293 + 3 Ma (Early Permian -
Jones, in prep.). A brief thermal event has been postulated
at around 290 Ma for the Aratura Basin from analyses of -
fission rrack data (Petroconsultants, 1989). The signifi-
cance of these events can not be fully evaluated because this
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interval is rarely preserved, being eroded by the uncanfor-
mity. However, when compared with the maturation data
suggesting a thicker Permo-Triassic sequence in the north-
west, and evidence af increased truncation in the southeast,
it suggests that tilting Lo the northwest commenced during
the Permo-Triassic,

POST MID-JURASSIC

The combination of uplift and erosion produced a
peneplained unconformity surface that dips at one degree
10 the northwest in the western part of the basin (Fig. 3).
Subsequent differential subsidence has occurred to allow
thicker development of post mid-Jurassic sedimentation
within the Coulburn Graben, as well a5 minor reactuvation
along the major faults.
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GRABEN DEVELOPMENT

Timing
The Arafura Basin sequence comprises pre-rift sediments
that were deposited on a broad platform during the Palaco-
zoic, and preserved within the Goulburn Graben when it
developed in the Permo-Triassic.-This is indicated by:
1 the lateral continuity of at least the Cambrian to
Carboniferous (* Permian) sequence on seismic data out-
sicde the graben, north to the Australia—Indonesia border,
2  the absence of angular unconformities on seismic
data despite major time breaks between both the Early
Ordovicizn to Late Devonian and Lale Devoman Lo Late
Carboniferous (Fig. 13),
5 the lack of thickening of Cambrian to Carboniferous
sediments into the major bounding faults,
4 the eastward thickening along the current graben of
hoth the Cambrian and Ordovician sequences, opposite 1o
both the present regional dip and the Permo-TTiassic
thickening wrends, and
) minimal cxtension (3 per cent) on the Devonan
horizon along line M81A-132 (section B, Fig. 6).

Petroconsultants (1889) suggest that in the Devonian to
Carboniferous there was local thickening into intra-graben
fault blocks, but no evidence is available of thickening into
the major graben bounding faults during that time. The
fission track data and the age of the dolerite dyke in Kulka-
1 indicates a brief period of thermal heating and intrusion
of dykes in the Early Permian, but these events can precede
structural deformation, or coincide with it (Rosendahl,
1987). Plate reconstructions of the nerthern margins of
Australia show that gradual separation of the Australian
and the Shan Thai-Malayan palacocontinents began in the
Early Permian, with rapid acceleration in separation during
the Middle Triassic (Gahagan & Ross, 1987; McKerrow &
Scotese, 1990).

Regional tilting and uplift may have triggered or accen-
luated extension within the Goulburn Graben during the
early part of the Permo-Triassic, producing regional west-
ward thickening. The precise order and timing of exten-
sion, faulting, folding and uplift of the Goulburn Graben
will never be clear because of the erosion of the Permian
and Triassic sequences. Thus the age of the major move-
ment on the northern and southern bounding faults of the
Goulburn Graben is loosely confined between the Permo-
Triassic and the development of the Mesozoic unconfor-
mity, which is presumed to be Late Trnassic to Farly
Jurassic.

Tectonic Style

The Goulburn Graben formed by oblique extension in the
Permo-Triassic as the Australian and Shan Thai-Malayan
palacocontinents diverged. The graben was initiated by
regional tilting to the west as the plates separated in a
northwest direction {Gahagan & Ross, 1987; McKerrow &
Scotese, 1990). The steepness on the graben bounding
faults (6§5-85°) may indicate that although they have a net
normal displacement (8 km - south bounding fault and
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5 km north bounding fault), they also could have strike-slip
displacement. If they formed during the tilting to the
west in the Permo-Triassic, then significant amounts of
lateral movement would have occurred along them. A
negative flower structure oceurs in the centre of the graben
suggesting ohlique extension (transtension) (Fig. 6 - M81-
105/581-105).

Folding is most abundant in the central and western parts
of the Goulburn Graben where thick Permo-Triassic sedi-
mems were deposited, whereas in the east, only middle and
lower Palaeczoic sediments were deposited, and block
faulting predominates. This sugpests that the structural
clements that controlled tilting to the west and thick
Permo-Triassic sedimentation were also critical in deter-
mining the location of the later folding. If the compressive
forces responsible for the folding originated from outside
the Arafura Basin, then they must have been transmitted
through the stable platforms without deforming them, and
sclectively shortened the graben which had previously been
weakened by extension and tilling. However, regional plate
reconstructions suggest that no major compressive events
occurred on the flanks of the Aratura Basin during the
Permian to Jurassic (Gahagan & Ross, 1987)

The Torres-1 anticline is asymmetrical across strike, as
the northern side is deformed and faulted whereas the
southern side comprises continuous beds dipping uniformly
at 10-15" without major faulting for 25 km {Figs 11, 12 &
f). Along strike (Fig. 6 — M81A-105) the anticline has the
appearance of an inverted ‘keystone block’. The asym-
metrical shape and deformation of the anticline, and
regional plate configurations indicate that the uplift and
folding was not produced by pure compression but may
have had significant oblique components (transpression),
with rotation on the bounding faults contributing to uplift
of the centre of the graben (Tarres-1).

NORTHERN PLATFORM

Detarmation of the platform to the north during develop-
ment of the graben was comparatively minor, The regional
seismic lines which continue northeast to the Aus-
tralian-Indonesia border show only minor fault block
development, although there are regional highs adjacent to
the graben which dip northeast. There is at least a middle
and lower Palaeozoic section all the way from the Goulburn
Graben to the Australia—Indonesia border which is com-
parable in thickness and character to that within the
graben. To the north and northeast of the Wessel Islands,
the regional dip is to the northeast with perhaps upper and
definitely lower Palacozoic sequences beneath the Meso-
zoic unconformity (Figs 7 & 8).

PETROLEUM PROSPECTIVITY

Qil shows in offshore wells a1 five different stratigraphic
levels and reported insitu occurrences of bitumen (Table 1)
attest to the Arafura Basin being petroliferous. Beach
strandings (Fig. 2 & Table 1) are more ambiguous pieces of
evidence. Preliminary geochemical findings (R. Summons,
BMR, personal communication, December 1989) indicate a
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Table | — Hydrocarbon
occurrences in the Aralura
Basin.

Eleho Island Birumen in qutcropping Wessel Group sandstones
{Wade, 1924) and beach strandings (Plumb, 1965).
Cobourg Peninsula, Bitomen strandings along beaches and headlands
Batharst &Melville (McKirdy & Horvarth, 1976).
Islands
Mountnortris Bay, Bitumen adhering to rocks. oulcropping Cretaceous?
Cobourg Peninsula (Hughes &Senior, 1973),
Qil bleeding from corgs in Devonian (1419-1437m)
Aiific and Ordovician (1842-1846m) sequences,
AL oil stained cutfings in Devonian (14377-1704m).
oil in the mud and cuttings trom Ordovician {1835 1855m).
DST in Ordovician {1837-185%m) recovered salty water,
" Oil shows, fluorescence and cut in Carboniferous
Eaban. 1 (1830-1850m). RFTs (1829-1853m) and DSTs
(1803-1877m) mechanically unsuccessful and inconclusive.
Kulka 1 Dil shows, intermirtent fluorescence and cut in
Jurassic (2318-2450m} and Permian(?) (2618-3147m).
No tests.
Goulburn 1 Dead oil/biturmen shows in Devonian (420-532m)
and Ordovician and Cambrain (808 -909m & 970-1300m).
Nao tents.

Cretaceous or younger source for one sample from the
Cobourg Peninsula, as suggested by McKirdy & Horvath
(1976). Samples from Elcho Island, which s located n the
eastern part of the busin where the Mesozoic is thin and
Palacozoic and Proterozoic sediments dominate the sec-
tion, have not been examined geochemically. Exploration
to date has been disappointing and any analysis of the
petroleum prospectivity of the Arafura Basin must consider
the earlier tests.

WELL RESULTS

Table 2 lists information concerning the six wells drilled to
date into the Arafura Basin sequence. Money Shoal-l wasa
Mesozoic test and Torres-1 was overmature and tight due
to excessive burial, All the other wells had oil indications of
varying degree (Table 1}. but the lack of discoveries
highlights the major risks of porosity and trap integrity.
Primary porosity in sandstones is commonly vccluded by
silica cements and the carbonates are usvaily tight. Porosity
was engountered in some sands and in vugs and {ractures in
dolomitised carbonates. Factors inhibiting fault  seal
include the brittle character of the section, the lack of a
thick shale in the Ordovician to Carbeniferous sequence,
and later reactivation of faults.

PLAY ANALYSIS

Source

The well results indicate four viable source rock intervals
{Table 2) and regional correlations suggest at least two
others. The Arafura Basin is underlain by the Prowerczoic
McArthur Basin sequence which onshore has recorded
recovery of live oil and TOC contents up to 7.2 per cent n

the Velkerri Formatton of the Middle Proterozoic Roper
Group (Jackson et al,, 1988). The Velkerni Formauon is
mierpreted as a marine shale and so should have a
predictable and widespread eccurrence with the Jikelihood
of an equivalent unit being present in the offshore. Plays in
the Proterozoic and Cambrian sequence as described by
Jackson et al. (1988) have the potential to occur in the
eastern, shallower parts of the Arafura Basin (Table 3).
Apart from directly sourcing into overlying Cambrian or
YOUNZET sands across the Proterozowe uncunformily. McAr-
thur Basin hydrocarbons could migrate up fanlts into
younger section in the more deformed western segment of
the basin. "The Roper Group is not overmature throughout
much of the McArthur Basin (Jackson et al., 1988) and
geathermal gradients have apparently been low in the
Arafura Basin as indicated by CAIl dawa (Fig. 14). It is
notablie that in the late Proteroroic, northern Australia and
Oman were located along the northern miargin of Gon-
dwana facing ontw the Tethyan ocean, and that the late
Proterozoi in Oman has sourced 12 thousand wmillion
barrels of reserves (Al-Marjeby & Nash, 1986; Fritz, 1989) .

The highest TOC contents reported from the Arafura
Basin are from the Elcho Island Formation of the Wessel
Group (8.60% in Arafura-1). The phosphatic and organic
rich Beetle Creek Formation from the Georgina Basin is an
age equivalemt of the Elcho Island Formation {(Shergold et
al., 1985). The Raiwalla Shale, known mﬂy from poor
onshore outcrop (Rix, 1964, 1965; Plumb, 1965), has the
potential to be another Cambrian source rock interval, It is
a probable age equivalent of the petroliferous Chandler
Formation in the Amadeus Basitt which has produced
numierous oil and gas shows (Bradshaw, in press). The
Raiwalla Shale may be up to 1000 m thick (Rix, 1965) and
has a higher proportion of hine grained hithologics than the
overlying Elcho Island Formation and so may have a
greater thickness of source rock facies. No high TOC
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Table 2 — Well information COMPANY SOURCE
from the Arafura Basin, YEAR RESERVOIRS b SEAL SHOWS TRAFFRISKS
T

MOMNEY SHOAL 1 SHELL PrSST POSSIBLE INTRA M GRABEN MARGIN FAULT
1971 Poorgond T SEALINPr ——  HLOCK, DRAPE ANTICLINE
2550 m IN Mz, NOT VALID Py TEST

TASMAN | ES50 PERM. CARB. INTRA PM SEAL
B bl 24 il E ﬁ ﬁﬁ“fﬂ MJ\RG!N FAULT
2720m DEV.ORD. PERM.  TOP DEV. CLAYST. " FAULT SEAL, POROSITY

All pocta 23

ARAFURA 1 PETROFINA DEV. DEV. DEV. CLAYST DEV.  FAULTBLOCK
1083 118% n 49 ORD, SHALS RISKS. FAULT SFAL
3635 m ORD. CAM. ORD. FOROSITY

Did%e A6
DEV,

TORRES | ESS50 pcit] DEV. CLAYST. FAULTED ANTICLINE
1983 Petd RISK-DIEP BURIAL-
1M m NO POROSITY

KULKA | DLAMOND  pggn. peRM : FAULITED ANTICLINE
SHAMROCK CaRR. 0% ?&m"s TE S, :_g—m RISK- PORGSITY
1984 S5% e SLTET DHAGENES!S+ FACIES
I m

DEY.

GOULBURN 1| PETROFINA 19% o O:D\' DEV, CLAYST. DEV. FAULT BLOCK
1986 ORD. ORD. SHALE oRD RISK- FALILT SEAL
13080 Nos FLUSHED

values have been reported [rom the Ordovician sequence
of the Arafura Basin, although equivalent age sediments in
the Canning Basin (Goldwyer Formation. Foster et al.,
1986) and Amadeus Basin (IHorn Valley Silistone, Gorter,
1984) are oil source rocks. Ordavician, Cambrian and older
source rocks are frequently juxtaposed against Devonian
and younger reservoir units across major faults, such as the
southern bounding fault of the Goulburn Graben (Figs 11
& 12),

Other source rock intervals occur in the Upper Deve-
nian, Upper Carboniferous and Permian as indicated by the
well results (Table 2). The unpenctrated sections of the
Permo-[riassic sequence may also have mature source
rocks in the decper parts of the basin. Correlations with
other basins suggest that these may be gas prone with a high
contribution from land plants, as opposed Lo the older
arine spurce rocks.

Reservoir

The reservoir characteristics of the Arafura Basin (T'able 2)
are discouragmg. Primary porosity in many ol the sand-
stones has been destroyed by silica overgrowths. In some
cases there was little primary porosity, as in the argillaceous
sandstones in the predominantly fine grained Upper Car-
boniferous and Permian section in Kulka-l. Limited zoncs
of fair to good porosities (Table 2) and reasonable
permeabilities (up 1o 9.68 md) have been reported from the
Devonian clastics m Arafura-l and Goulburn-1 (Table 3).
Sandy facies indicate a location close to the palaeo-
shoreline, and the early migration of hydrocarbons may
have enhanced reservoir quality in this part of the basin.
Good porositics accur in the Jurassic sandsiones of the
Money Shoal Basin sequence and their potential as reser-
voirs for older oil depends on the timing of maturation and
migration in the Arafura sequence (note the oil show in the
Jurassic in Kulka-1, Table 1),

The carbonate sequences are generally non-porous,
except tor some vugular porosily and permeability (ranging
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from 0.01 to 1200 md) in Ordovician dolomites in Arafura-
I (Tables 2 & 3). Enhanced porosity in carbonates can oceur
duc to dolomitisation, fraciuring and karstic weathering,
but currently there 15 insullicient information to predict
secondary porosily trends.

Potential reservoir units that have not been penetrated in
the Arafura Basin include the Cambrian Buckingham Bay
and Marchinbar Sandstones, respectively below and above
the Raiwalla Shale. They are thick (270-500 m}, quartz
sandstones (Plumb, 1965) with good initial porosities but
the subsurface character of the reservoirs is unknown.
Correlations with other basins suggest that sands in the
untested Permo-Triassic section could have good reservoir
characreristics.

Seal

‘The Arafura Basin sequence intersected in wells is lacking
in regional seal facies. Brittle carbonates and sandy clastics
dominate except for the fine grained Upper Carboniferous
to Permian sediments in the most westerly well, Kulka-1.
The drilling results indicate that fault seal is a major risk
(Table 2), however, the distribution of the oil shows points
1o a number of facies acting as local seals. These include
calcareous shales in the Ordovician, Devonian claystones,
and claystones and a delerite sill (Kulka-1} in the Upper
Carboniferous 1o Permian (Table 3). The basal Mesozoic
section intersected in the wells is commonly a sand that has
the potential Lo act as a thiel zone. In the most westerly
parts of the Arafura Basin where the overlying Money
Shoal sequence is thickening, there is a chance of a Jurassic
scaling shale over the unconformity. while in the eastern
part of the basin Cretaceaus transgressive shales may in
some places rest directly on the unconformity.

The Raiwalla Shale, which has not been intersected in
the wells, is a potential regional seal for the Lower
Cambrian Buckingham Bay Sandstone. An equivalent of
the widespread Lower Triassic shales on the western
margin (Kockatea, Locker, Blina and Mt Goodwin forma-
tions, Bradshaw et al., 1988) is another possible regional



UNIT RESERVOIR SOURCE SEAL TRAP TESTS, SHOWS ANALOGUES
McARTHUR Roper Group-Malay | Roper Group- Overlying Tault Live oil recovered ]
BASIN Road Group Velkerri Fm Cambrisn onshore BMR Proterogoic proven

qiz arenites 7 equivalent- Wessel Urapunga 4. Not source in Cman.
Middle Froterozoic || McAnhur Group Velkermn - 8.68% | Group intersected offshore.
1400 - 1800 Ma Carbomates-Karsr. | TOC Duyken | not valid
test - igneous not
carbonate basement.
WESSEL Buckingham Bay | McAnhyr Basin| Raiwalla Drrape Buckingham Bay Amadeus Basia -
GROUP Sat - X stranified migrationup | Shale Fault & Marchinbar Ssix Dingao gas field in
giz #st with bagal faulis? ~-1000 m? Anticline not inlersected equivalent ssts.
Lower Cambrian || conglomerate. 500 m| pajwalia Shale? | Overlying Suat. - Elcho Tsland Fm, Cambiris picduction
Clastics-ssts with thick, f‘hmh""' Elcho §5. Fm. Goulbum Gp pinch-out of bitemen, finorescence o s
middle shale unjt || Marchinbar Ss1 8.65% TOCin | carbonates Buckingham & cutlow @ in
270 m qiz x5t Arafurs 1 Bay under Asafura 1
Elcho Island Fm. Rajwalls.
270 m, gl. ssr, shale salt?
dol, siltsL. & chert.
GOULBURN 1. Dolomite - McAnhuy Overlying Arsfurs 1 Canning Basin
GROUP fracrures, vugs Basin Devonian - i Live oil shows,DST Nita Fm in Canning
. Anfurz | Raiwalla Arafura 1 - Articline recovered sally water, Pictor 1
Ordovician dolomites more ¢ Shale 65 m of silty Strat. - Goulbirn 1 desd oilf
& Cambtien than limestones Elcho Island | calcarcous e Sl
carbonates. ped®, K 0.01 1200 | Fm. shale a1 base
md (vugs) Crdovician? of Devonian
ARAFURA Sandstone o McAnhor Basin| Devonian Fault Arafura 1 Carning Basin
GROUP decreased by Raiwalla Shale | claysione Anlicline live ol in Mirabelia 1
diagenesis - pressure | Elcho Is. Pm Stral.- Devonian Mellinjerie Fm.
Devonian solution, gzt Devonian sah? Goulhurn 1 Frasnian
overgrowihs, gzt 4.86% TOC dead oil/bitumen. dolostones
replaced by dolomite| Arafura I
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Table 3 — Play types from the Aratura Basin,
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seal facies. Correlations with neighbouring basins (Fig. 13)
suggest there i1s some chance that evaporites could occur in
the lower Palaeozoic and provide excellen: seals.

Trap

The trap types tested have been faulted anticlines and fault
blocks, all within the Goulburn Graben. Limited seismic
coverage of the area outside the grahen makes it difficult to
speculate about the distribution of structural traps in the
rest of the basin. The pervading northwest structural grain
can be expected to be reflected in faulting outside the
graben. Fault block traps may occur in the eastern part of
the basin where the northwest trend intersects the older
nurlhr_'rly trend of the Proterozoic Walker 'I'ruugh/FaulI
Zone, Drape over this structure is auother possible type of
trap configuration outside the graben. late Devonian
bioherms and salt structures provide hydrocarbon traps in
neighbouring basins and may alse occur in the Arafura
Basin, in areas lacking detailed seismic coverage.

Maturation and Timing

The maturation profile for several wells in the Araflura
Basin as indicated by CAI and other organic petrelogy and
geochemical data is shown in Fig. 14. The section pene-
trated by the shallowest well, Goulburn-1, is immature, and
there is mature section inall other wells except for Torres-1
which is overmature. Figure 14 also shows a widening and
deepening of CAI zones in comparison to other basins
suggesting a low geothermal gradient.

The empirical evidence of the wells indicates that in
various locations the Cambrian, Qrdovician, Devonian,
Carboniferous and Permian sequences are currently
mature. In the graben the major episode of structural trap
formatjon was in the Permo-Triassic, although there may
have been same earlier movements on faults and g‘rnwlh on
structures from Devonian times. The Permo-Triassic is also
the critical time for maturation and migration of hydrocar-
bons due to increased rates of burial and the possible
establishment of fault conduits.

During the Permo-Triassic deformation there was also
some limited polential for the destruction of earlier furmed
accumulations in stratigraphic traps and drape fcatures
over the Wessel Rise. Early formed traps have the advan-
tage of having had a longer time to fll and may have
trapped oil from the Cambrian and even Proterozoic, and
have the chance of preserving primary porosity. The
Mesozoic unconformity truncates structures and up to 5 km
of sediment was stripped off at this time. Destruction of
previous accumnulations by breac hing of traps and intrusion
of [resh water into reservoirs was likely during this period
af severe erosion and uplift. Later events that may have
affected trap viability in the Arafura Basin are reactivation
of some [aults and Aushing of shallow reservoirs, especially
during the Oligocene regression (Bradshaw et al., 1988).

Plays

Many plays can be developed from the combination of
these mulliple sources, seals, reservoirs and traps as are
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shown in Table 3. Most are inherently high risk, but of the
untested plays those in the Cambrian bencath the Raiwalla
Shale have the potential to overcome the seal problem, and
the Permo-Triassic has enhanced potential for good reser-
voirs. The viability of some of the more speculative plays
involving salt and reef facies requires more seismic data.

CONCLUSIONS

The Arafura Basin contains a Cambrian to Permo-Triassic
sedimentary sequence that includes several source rock
intcrvals, Most of the Cambrian and Permo-Triassic sec-
tions remain untested. The majority of the basin, extending
far beyond the confines of the Goulburn Graben, is
essentially unexplored. Drilling results to date have shown
that the basin has a low geothermal gradient and is
petroliferous, but that reservoir quality and the scarcity of
regional seals are significant risks to exploration success.
Some of these deficiencies may be overcome in the untested
parts of the sedimentary sequence. The Arafura Basin isa
high risk exploration venture but its potential is such that it
warrants further investigation, principally by the acqui-
sition1 of more and improved quality seismic data over areas
outside the graben.

ACKNOWLEDGEMENTS

We thank Gunther Bischoff, Dick Evans, Jim Jackson, Ken
Plumb, Robert Seggie, John Shergold, Roger Summons
and Phil Symoﬂds for helpfu] discussions and coments,
John Vizy for technical assistance throughout the prepara-
tion of the paper and Chris Knight for drafting the
diagrams. This paper summarises some of the ideas arising
from the industry supported BMR-APIRA Phanerozoic
Geohistory of Australia Project and we would like to thank
our sponsors for their support and permission Lo release
these findings. The paper is published with the permission
of the Director, Bureau of Mineral Resources, Canberra.

REFERENCES

AL-MARJEBY, A., & NASH, D., 1986 — A summary of
the geology and oil habitat of the eastern Hank hydrocar-
bon province of South Oman. Martne and Petroleum

Geology, 3, 306-314.

BALKE, B, PAGE, ., HARRISON, R. & ROUS-
SOPOULES, G., 1973 - Exploration in the Arafura Sea.
APEA Journal, 13(1), 9-12,

BALKE, B., & BURT, D., 1976 — Araflura Sea Area. In:
LESLIE, R.B., EVANS, H.J.,, & KNIGHT, C.1., (Eds),
Economic Geology of Australia and Papua New Guinca,
3, Petroleum, Australasian Institute of Mining and Mefal-
lurgy, Monograph Series 7, 209-212,

BRADSHAMW, [., (in press) — Descriprion and depositional
model of the Chandler Formation, 2 lower Cambrian
evaporite and carbonate sequence, Amadeus Basin, cen-
tral Australia. fn: KORSCH, R.]., & KENNARD, J.M..

125



(Ids), CGeological and Geophysical Studies in rhe
Amadeus Basin, Central Australia. Bureau of Mineral
Resaierces, Austratin, Bulletin 236.

BRADSHAW, J.. & EVANS, PR, 1988 — Palaecozoic
tectonics, Amadens Basin, central Australia. APEA Jour-
vl 28, 1, 267--282.

BRADSHAW, M.I., YEATES, A N.. BEYNON, R.M.,
BRAKEL, A.T., LANGFORD, R.P., TOTTERDEILL,
J-M., & YEUNG, M., 1988 -- Palacogeographic evolu-
vtien of the North West Shelf Region. In: FURCELL, PG
& R.R. (Eds), The North West Shelfl, Australia, Proceed-
ings uf the Petrolewn Exploration Soriety of Australia Sympo-
siem, Pereh, 1988, 29-54.

COMPSTON, W, WILLIAMS, LS, & KINNY. P, 1982 —
Age of the economic basement rocks, Arafura-1. Austre-
han Natonal University Research Schoal of Earth Sciences
(unpublished).

DIAMOND SHAMROCK., 1985 — Kulka-1 Well Comple-
tion Report. Diamond Shamrack Oil Company (Australa)
Pty. Limited {unpublished).

DUNNET, D.. 1966 — Amhem Bay/Gove, N.T.
[:250,000 Geological Series. Bureaw of Mineral Resources,
Australia, Explaratory Noles SD/33-3, 4,

FORTEY, R.A., & COCKS, L.R.M., 1986 — Marginal
faunal belis and their structural implicarions, with exam-
ples from the Lower Palaeozoic. Journal of the Geological
Soaiety, London, 143, 151-160.

FRITZ, M.. 1989 — An old source surfaces in Omart.
American Association of Petroleum Geologisis Explorer, 10, 9.

FOSTER, C.B., O'BRIEN, G.W.. & WATSON, 8.T., 1986
— Hydracarbon source potential of the Goldwyer For-
mation, Barbwire Terrace, Canming Basin, Western Aus-
tralia. APEA forrnal, 26(1), 142-155.

GAHAGAN. L.M., & ROSS, M.1., 1987 — Phanerozoic
plate tectonic reconstructions, Palesceansgraphic Mapping
Project, Institute for Geaphysics, University of Texas, Technical
Repert No, 90 (unpublished).

GOLDSTEIN, B.A., 1989 — Waxings and wamngs 1n
stratigraphy, play concepts and perceived prospectivity in
the Canning Basin. APEA fournal, 29(1), 466-508.

GORTER, ].D., 1984 — BSource potential of the Horn
Valley Silistone, Amadeus Basin. APFEA Jouwrnal, 24(1).
HB-80.

HUGHES, R.J., & SENIOR, B.R,, 1973 — Progress report
on the geelogy of the Bathurst Island, Melville Island,
Coburg Peninsulz and Fog Bay 1:250) 000 sheets area,
Northern Territory. Burean of Mineral Resoitrces, Austra-
lia, Record 1975 /52,

JACKSON, M.[., SWEET, 1P, & POWELL, T.G., 1988 —
Studies on petroleum geology and geochemistry, Middle
Proterazoic, McArthur Basin Northern Australim I:
Petroleum potenuial. APEA Journai, 28(1), 283-3%02,

124

JOHNSON. J.G.. KELAPPER, G., & SANDBERG, CA.,
1985 — Devonian enstatic Auctuations in Furamerica.
Genlogieal Saciety of America Bulletin 96, 567-587.,

JONES, B.J., (in prep.) — Carboniferous time scale. Bureau
of Mineval Resources, Australia, Becord 1989 /35 (unpub-
lished).

LAVERING, LH.. & OZIMIC, 5., 1989 — Australian
Perroleum Accumulations Report & — Bonaparte Basin,
Northern Territory and Western Australia. Bureau of
Mineral Resourees, Australia.

McDOUGALL, L., DUNN. PR., COMISTON, W,
WEBB, AW, RICHARDS, J.R., & BOFINGER, V.M.,
19656 — lsotopic age determinations on Precambrian
rocks of the Carpentaria Region, Northern Territory,
Australia. fournal of the Geotogical Societyof Ausiralia, 12, 1,
67-90,

McKERROW, WS, & SCOTESE, C.R., 1990, —
Palacozoic Palacogrography and Biogeography : Revised
world maps and symposium intreduction. Geological Soct-
ety Memoir 12, (in pre,-ss}_

McKIRDY, D.M., & HORVATH, Z., 1976 — Geochemis-
iry ane sigmficance of coastal bilemen from southern

and northern Australia. APEA feurnal, 16(1), 123-135,

McLLENNAN, J.N., RASIDI, J.5., HOLMES, RL., &
SMITH, G.C., 1990 -—Tectonostraligraphy and petro-
leum potential of the western Arafura Sea. APEA Journal,
thiy volume.

MORY, A.., 1988 — Regional peolopy of the offshore
Bonaparte Basin. /n: PURCELL, P.G. & R.R. (Eds), The
North West Shelf, Australia, Proceedings of the Petrolewm
Explovation Society of Australic Symposium, Perth, 1988,
SRT-_310.

NICOL, G.N., 1970 — Exploration and Geology of the
Aratura Sea. APEA Journal, 10{2), 56-61,

NICOLL, R.S., 1981 — Irian Java conodont age deter-
minations, 1981, Bureaw of Mimeral Resources, Awstralia,
Professignal (Ypinmon (unpublished) 1981 /020,

NICOLL, RS, EVANS, PR, & BISCHOFF, G.C.O.. {in
prep.} — Devonian stratigraphy and biostratigraphy of
the Arafura Basin, offshore northern Ausiralia.

NICOLL, RS, & GORTER. |.D. 1984 — Conodont
colour alteration. thermal maturation and the geother-
mal history of the Canning Basin. western Australia.
APEA fowynal, 24(1), 243-258.

NICOLL, R.S., GORTER. ].D., & OWEN, M., (in press) —
Ordovician sediments of the Waterhouse Range Anti-
cline, Amadeus Basin, central Australia: their interprera-
tion and tectonic implications. fa;. KORSCH, R.J., &
KENNARD, ].M., (Eds), Geological and Geophysical
Studies in the Amadeus Basin, Cemral Australia. Bureon
of Mineral Resources, Austrofia, Bulletin 256,

NICOLL, RS, & TOTTERDELL, }.M., 1990 — Con-

THE APEA JOURMNAL, 1990




odonts and the distribution n time and space of Ordovi-
cian sediments in Australia and adjacemt areas. [0th
Australia Geotogreal Convention, Hobart, Tasmanin, Abstracts
95 46-17.

PALFREYMAN, W.D,, D'ADDARIO, G.W., SWOBODA,
R.A., BULTITUDE, |.M., & LAMBERTS, L.T, 1976
Geology of Australia 1:2,500,000 map. Bureau of Mineral
Resources, Australia,

PETROCONSULTANTS AUSTRALIA Py Lud, 1989 —
Arafura Basin. Northern Tervitory Geologieal Survey Petro-
leum Basin Study.

FLUMB. K.A.. 19865 Wessel Islands/Truant [sland,
N.T. 1:250,000 Geological Series. Bureau of Mineral
Resources, Australia, Expillanatory Notes SC/53-15.

PLUMB, K.A., SHERGOLD, |.H., & STEFANSKI, M.Z,,
1976 — Sigmificance of Middle Cambrian trilobites from
Elcho lstand, Neorthern Territory. Bureaw of Mineral
Resources, Australia, Jouwrnal of Australian Geology and
Geophysics 1{1), 51=-55.

PLUMB, K.A., & WELLMAN, P, 1987 — McArthur
Basin, Northern Territory; Mapping of deep troughs
using gravity and magnetic anomalies. Bureau of Mineral
Resourees, Australia, fournal of Australian Gealogy and

Geophysics, 10, 243-251,
RIX, P., 1964 — Junction Bay, N.T. 1:250,000 Geolagical

Series. Bureau of Mineral Resources, Austialia, Expfarmm ry

Notes SC/H3-14.

THE APEA JOURNAL, 1990

RIX, P., 1965 — Milingimbi, N.'T. 1:250,000 Geological
Series. Bureau of Mineral Resources, Austrahia, Explanatory
Notes SD/H3-2.

ROBERTSON, C.5., CRONK, D.K., NICHOLAS, E., &
I'OWNSEND, D.G., 1976 — A review of exploration
and prospects in the Arafura 8ea — Gulf of Carpentaria
Region. Bureau of Mineral Resources, Australia, Record
1976 /66 (unpublished).

ROBERTSON RESEARCH INTERNATIONAL, 1982
— Palynological study of Money Shoal No 1. Prepared
for Petrofina (unpublished).

ROSENDAHL. B.IR., 1987 — Architecture of continental
rifts with special reference to East Africa. Annual Reviews
of Earth and Planctary Sciences 15, 445-503.

SHERGOLD, |.H., JAGO, J.R., COOPER, R.A., & LAU-
RIE, [.R., 1985 — The Cambrian system in Australia,
Antarcrica and New Zealand. fnternational Union of Geo
ingical Scrences Publication 19,

VAN ROYE, D, 1983 — Final Well Report, Aralura-1.
Petrofing Exploration Australin (unpublished),

WADE, A, 1924 — Petreleum prospects, Kimberley
District of Western Australia and Northern Territory.
Parliament of the Commonwealth of Australia Report 142,

WELLS, A.T., & MOSS, F.]., 1983 — The Ngalia Basin,
Northern Territory: straugraphy and structure. Bureau
of Mineral Resources, Austraiia, Bulletin 212,

127



