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SUMMARY

The eastem Arafura Sea is a poorly known and little explored area of over 180,000 km 2 in
waler depths of Iess than 200m bencath the northern continental shelf of Australia. In 1990
AGSO (then BMR) began a program of investigating the region to establish the extent and
nature of a suspected depocenter to the north of the Goulburn Graben. The investigation of
the region was undertaken through the acquisition of over 5000 km of multichannel seismic
data in the Arafura Basin Reconnaissance (ABR) seismic program. This report summarises
the results of this work and presents preliminary subsurface structure maps of the basins
that lie beneath the Arafura Sea. cross-sections of interpreted seismuc profiles at the same
scale as the maps (1:1 million), a well sequence siratigraphic comrelation of all the wells in
the Arafura Basin, and a review of the petroleum prospectivity of the area with description
of several new plays from the northem sub-basin.

The eight wells drilled so far have only given an indication of the basin configuration and its
hydrocarbon potential in a small part of the basia - the Goulbern Graben. No wells have yet
encountered late Permian or Triassic sediments. The recent AGSO seismuc data has revealed
the structuring to the northwest of the Goulbum Graben that was not detectable earlicr, as
well as wdentifving seismic reflactors outside the Goulbumn Graben area that were postulated
to exist from the limited coverage of the older seismic lings (Bradshaw et al 1990). The age
of these sediments can not be accurately ascertained with the current data set. The area to
the east of Goulbum 1 has not been tesied and should contain the thickest secuon of rich
source rocks. Well correlation within the Arafura Basin has been plagued by misleading
dates, both absolute and palacontological. Absolute ¢ates from both onshore and offshore
sediments have indicated a Proterozotc age for rocks that have subsequently vielded middle
Cambrian faunas (Bradshaw et al., 1990). A well log comrelation and sequence sratigraphic

study has been undertaken to establish a reliable well correlation for the basin, Sporefpotlen

Austrabian Geologoal Survey Orgarusiuon



—

dates. from the Palaeozoic in panicular. should be treated with caution because of the
pervasive reworking and caving that affecis sidewall cores and even cores from many of the
wells. The sane problems apply to geochemical data processed from sediments caved and
unrepresentative of the section under exarmination.

The study has identified an extensive sub-basin 1o the north of the Goulburn Graben with
more than 7 km of secuon. The first maps of the complete Arafura Basin are presented and
several untested plays. including faulted anticlines adjacent to the graben and tilted fault

blocks in the northwestern seciar, described .
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INTRODUCTION

The eastem Arafura Sea is a poorly known and little explored area of over 180,000 km 2in
waler depths of less than 200m beneath the northern continental shelf of Australia. In 1990
AGSO (then BMR) began a program of investigating the region to esiablish the extent and
nature of a suspected depocenter 1o the narth of the Goulburn Graben. The tnvestigation of
the region was undenaken through the acquisition of over 5000 km of multichanncl seismic
data in the Arafura Basin Reconnaissance (ABR) seismic program. This report summarises
the results of this work and presents preliminary subsurface structure maps of the basins
that lie beneath the Arafura Sea, cross-sections of interpreted seismic profiles at the same
scale as the maps (1:1 miliion), a well sequence stratigraphic correlation of all the wells in
the Arafura Basin, and a review of the petroleum prospecuivity of the area with description
of several new plays from the northem sub-basin,

The well log and sequence correlation was camed out by Vidas Labuus (Visulab Piv, Lid.)
Age dating for the wells examined was revised and upgraded from the Open File dawa by
Clinton Foster and Robin Helby, and supplemented with zonations comained 1a the AGSO
Oracle-based biostratigraphic database (STRATDAT). The scismic mapping was done by

Aidan Moore of AGSO. and John Bradshaw (AGSO) developed the plays for the northern
subbasin.

Location

The area covered by this study is located in the Arafura Sea north of Amhem Land in the
Northem Temitory of Australia, in water depshs ranging from: 30 o 200m, but mostly less
than 100m (Figure 1). It extends from longitude 1320 30" East to 1379 East, and from the

border of the termionial waters of Australia and Indonesia at around latinude Y° South to

119 30' South.
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Figure 2. Locality map showing the seismic lines of the BMR's Arufura Basin

Reconnaussance (ABR).
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it contains the existing permit NT\P42, held by BHP Petzoleum and BP. Arcas NT92-3 w 6,
gazetted for exploration :n November 1992, cover a combined area of 94,000km? in the
eastern and northern pans of the area, covering most of the remaining, non permited area of

the castermn Arafura Sea.

Geological Selting

The margin of Australia beneath the Arafura Sea 1s Little known and poo:ly understood. It
contains the Money Shoal. Arafura and McArthur Basins of Cainozoic-Mesozoic,
Palacozoic and Proterozoic age respectively. which are stacked vertically, one above the
other to form a sedimentary pile well over 10 kilomewxes thick. Over most of the area the
basinal succession has not been severely tectonised, and geothermal gradients are low, The
only oil exploration wells are restricted to the Goulbum Graben, near the southern rim of the

Arafura Basin (Figure 1).

Money Shoal Basin

The Money Shoal Basin occupies the western parts of the Arafura Sea. It is mainly of
Cretaceous age in the gazetted areas. The Tertary succession is thin or absent in the eastemn
parts of the basin, and has ng: beer: sampied 1n the wells drilled in the study area. There are
up to 400m of Jurassic marine clastics at the base in the western part. The basin onlaps the
angular unconform:ty at the top of the underlying Arafura Basin. and the shales above the
‘base Cenomanian’ maximum flooding surface ( D. muddtispinum dinoflagellate zone (Helby,

Morgan and Partnidge. 1987)) overly the basal unconformity over pant of the gazetted areas.

Arafura Basin

The Arafura Basin exiends from aashore outcrops of Carmbrian rocks in Amhem Land (o the
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Australian-Indonesian border ard beyond, possibly as far as the mainland of Inan Jaya. In
Australian waters it covers an area of more than 130,000 km2. Iic simple synclinal shape is
interrupied by the Goulbum Graben which lies on its southem flank and rends west-
northwest. In the Goulbum Graben the basin fill consists of up to 10 kin of manine and
marginal marine clastics and carbonaies ranging in age from the Lower Cambrian 10
Permian, with possibly some Triassic in a few resincied locations, The greater part of the
basin, east and north of the graben. is undrilled. it s probably composad of Lower

Palagozoic marine clastics and carbonates. It overlies and overlaps the McAnhur Basin.

McArthur Basin

The McArthur Basin is widely exposed and drilled onshore. It has not been reached
offshore. It is a thick and complex basin with (?Upper and) Mid Proierozoic marine and
marginal-manine sedimeats, ard it containg at least one major intamal angular unconformiy,
together with five oil source rocks (Crick, 1992: Crick et al., 1988) and a thick dolenite sill.
In the central area, the McAnhur Basin is hikely 10 be youngest Proterozoic (Roper Group),
but toward the Wessel [slands in the east, an angular unconformity separates older Middle

Proterozoic, McAnhur or Nathan Groep sediments from the mildly onlapping Cambrian.

EXPLORATION HISTORY

Although Shell and others conducted aeromagnetic and scrsmic exploraton dunng the 1960s
and 1970s. :he modern wark dazes frem (Y81, when Esso, Diamond Shamrock, Sion
Resources and Petrofina began acquiring seismic data, followed by BHPP with seismic in
the late 19805 and early 1990s, The work was mainly contined to the Goulbum Graben,
with some reconnaissance lines extending im0 the northemn sub-basin. Ssismic surveys of

regional significance and with goud subsurface penztration include:

n
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SURVEY OPERATOR CONTRACTOR YEAR LINEID

Wessel Marine  Beaver Western Geophys. 1972 WM & W

MSIA Esso GSI 1981 M8l

Arafura Sea Sion GS1 1981 S8l

AMS] Mincorp GSI 1981 AMS1

D581 Diamond Shamrock Western Geophys. 1981 DS-81

DS84 Diamond Shamrock Western Geophys. 1984 DS-84

HAB8A & B  BHPP Halliburton 1988 HA88A & HABSB
HA89A & B BHPP Halliburon 1989 HAS9A & HAB9B
HA90A BHPP GECO 1990 HA90A

ABR BMR 1996 o4/

ABR BMR 1991 106/

A complete listing of geaphysical work underaken in the basin and surrounding arcas up
unul 1989 is contained in Petroconsulants (1989),

The BMR data set of approxamately 5320 km of stacked seismic profile, shown in Figure 2,
forms a basin-wide grid of seismic lines that is largely complementary 10 the industory surveys
and is the only modem multichannel seismic (MCS) grid covering most of the basin
including the northern sub-basin,

BHPP conducted an acromagnetic survey in 1989 over the whole of its permit areas
(NT/P41 and NT/P42) between 1300 and 1329 30" East , and BP flew airborne luser

fluorosensing "ALF surveys over parts of the Arufura Seain 1989 (Manin & Cawley, 1991).
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Drilling

Over a twenty year history since 1971, eight wells have been drilled in the Arafura Basin, all
but one of them within the Goulbum Graben confines (Enclosure 13, No wells have been
drilled in the large sub-basin that lies to the north of the Goulbum Graben.

Money Shoat | was dnlled dunng an early phase of exploration by Shell in 197! w testa
Cretaccous anticlinal closure. The well encountered a basement high along the margin of the
Goulburmn Graben. but had no hydrocarbon indications.

The remaining wells were drilled in a later phase of exploration during the decade beginning
in 1983. Arafura 1 was dnlled by Perrofina in 1983 10 test a fault relaied closure of the
section underlying the Mesozoic sedimenis within the Goulburn Graben. Oil shows were
encountered in the Devonian clastic secnon and the Tremadoc-Cambnian carbonate section.
Traces of bitumen also occurred 1n early Permian clastics underiying the Cenomanian,
Tasman | was drilled by ESSO, alsa in 1983, to test a fault related closure near the southem
bounding fault of the Gowburn Graben. Oil shows were encountered in a carbonate section
of supposedly Carboniferous age, interpresed here as Devonian (Enclosures 2 & 3).

Torres 1 was drilled by ESSO in 1983 (o 1est the Palaeozowc seciion in the large central
anticline of the Goulburn Graben. There were no hydrocarbon shows.

Kulka 1 was dnlled by Diamond Shamrock in 1984 10 test an amiclinal closure within the
western portion of the Goulburn Graben. Oil shows were preseat throughout the Permian
with minor shows in the mickile Jurassic section. There were no shows ir: the late
Carboniferous section.

Goulburn 1 was the second and final well drilled by Petrofina in 1986 to test a fault related
structure following up the 01l shows of Arafura 1. Oil shows were recorded from the
Devanian clastics and the Carnbrian to Tremadoc carbonates.

Tuatara 1 was drilled by BHP Petroleum in 1990 10 test a faclied antichine in the western

[
-
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pottion of the Goulburn Graben. No significant oil shows were encountered, Chameleon 1

was dnlled by BHP Petrolzum in 1991 10 iest a strucwize within the Goulburn Graben.

GEOLOGICAL HISTORY

The Arafura Basin 1s a Palacozoic intracratonic hasin with up 10 10 km of section. The
oldest dates known from the basin are early middle Cambrian from Arafura 1 and ¢rap out
on Elcho Island (Plumb et al., 1976). but seasmic data and regional correlations suggest that
there is a potential of earliest Cambrian and latest Proterozoic sediments to be present as
well,

The Cambrian 1o Ordovician sequences pre-date Goulburn Graben development, and were
deposited on a low lying shelf with opea sea 10 the nonth and rortheast. No late
Ordovician, Silurtan or early Devonian sediments have been encountered in any of the wells.
The Tarres, Tasman and Money Shoa! areas appear to have been highs early in the history of
the Arafura Basin. In the case of Money Shoal, there is anly a thin section of possible
Devonian sediments, overlying volcanics that could be considered to be the equivalents of
the Antrim Plateaw volcanics.

The Middle Cambrian onlaps towards Torres | from Arafura 1 and pinches out before
reaching it The Arenigian sequence aiso onlaps towirds Torres 1 and pinches out, but may
be eroded from the Torres area. The Arenigian sequence s thickest in Goulburn 1 and the
upper parnt of the sequence is eroded in Arafura 1. The absence of the Arenigian seguence in
Torres 1 and Tasman 1 1s parily a result of thizning by onlap und partly by crosion of the
thinned sequence from the high. Or the other hand, the dolomitic Iate Cambrian and
Tremadocian sequences are more extensive, and are represented by a thick section in both
Torres 1 and Tasman 1. Micdle Cambrian 1w Ordovician sedimentation did not reach Money

Shoal 1 to the west because it was exposed throughout the early Palaeozoic.
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There appears to have been a marine embayment to the east of 1he Torres, Tasman and
Money Shoal areas in the Middle Cambrian o early Ondovician, with an open shelf to the
north and northeast. It is also expeciedd that any early to middle Cambrian and middle to lae
Ordovician sediments would have their thickest distribution and be preserved in this area,
Nicoll et 2., (1988) have suggesied a sea level fall in Late Arenigian time was responsible
for a widespread unconformity that is found in the Canning, Georgina and Amadeus Basins.
This event may also explain the lack of post early Arenmigian 10 middle Devonian sediments in
the Arafura Basin,

The carly o middle Devonian is the most likely time of she initiation of the precursors of the
Goulbum Graben. The oldzst Devonian sediments penetrated so far are ?Givedian 10
Frasnian clastics in Tasman 1, Torres 1. Arafura | and Goulbum | dated as A. parva - G.
lemurata from spore/pollen. The sediments are near share ard tidal red beds which thin,
with younger deposits to the cast. indicating that 2an cast-west tilt o the graben had heen
esuablished by the middle Devonian (Enclosure 3). Unlike the Canning Basin, Middle
Devonian sediments have not been recorded from the Goulbumn Graben, but are likely to be
present and deeply buried in the westem portion of the graben.

There was carbonale deposition among the shallow marine 10 coastal plain and shoreline
sediments during the P. crepida sequence in the Tasman and To:res areas. The sediments
within the westemn part of the graben, whether carbonates or shales, represent the bas:nai,
manne facies equivalents of the near shore clastics to the east. There is thus a possibility of
recfal growth within this and other Frasnian and Famenman sequences atong the marging of
the western part of the graben.

Deposition within the graben continued through the Strunian to Visean through several
sequences, all of which were deposited in similar environmeats of near shore marine w tidal

and coastal plain. In this stage of basin fill, sedimentanon proceeded within the Goulbum
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Graben and the nerthern platform, as well as cavering the Money Shoal area during one of
the Devonian or carly Carboniferous sequences. Visean spore/potlen forms are a common
reworked constituen: of late Carbonifezous and Permian sedinwents indicating that Visean
sediments, although not identified in any wells, were deposited and extensively eroded.
Wells that could kave preserved a section of Visean. such as Tasman 1 and Arafura 1. are
faulted with Jate Carboniferous ardd Permian superposed on the Devonian or early
Carboniferous.

Tectonic movement in the late Visean resulted in exposure of much of the area 1o extensive
erasion as a prelude to reactvativn of the faulung in a nfiing event that led 10 the late
Carboniferous to carly Pemman sedimentation. Lute Carboniferous sediments contain a high
proportion of labile minerals thaz are probably volcanic in origin, suggesting that igneous
activity accompanied or preceded the Visean tectonism. The early Permian in the Arafura
Basin was accompanied by igneous activity, exemplified by the doleriie intrusion in Kulka 1,
and the resetting of the fission tack dates. This activity was a prelude to middle Permian
tectonic episodes.

Late Permian and Triassic sediments have not been penetrated in the Arafura Basin buta
well fromn offshore Irarn Jaya (ASM-1X) records earliest Pernian sediments overlain by late
Permian and carly Trniassic sediments. A similar section, that bas not been intersected by
drilling, is expected in the Goulbum Graben, preserved on the flanks of the central anticline.
An episode of convergeat wrenching resulted in the folding of the Goulburn Graben
scdiments into a large northwest-southeast trerding anticling. Subsequent deep erosion has
stnpped the top of the Palaeozoic and Tnassic section, leaving the younger section
preserved only on the flanks of the fold (Enclosure 5). The carly phases of rifiing on the
northwest shelf were probably contemporaneous with wrench rmovement in the Arafura

Basin. These movements cauld have initiated as eurly as the Permo-Triassic and continued
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through und! around the tumge of the Triassic o Jurassic boundary, The early phases coincide
with northward drift of the Shan Thai Malaya block from a region near the present day
position of Timor (McKermow & Scotese. 1990). The later movements also established
northeast-southwest rending troughs on the NW Shelf. Such structuring of similar age 1s
apperent in the Bonaparte Basin in the Petrel area where several thousand metres of
Carboniferous to Triassic (predomnanly Carbonifcrous) sediments have been folded (G.
O'Brien pers. comin., 1992).

Early Jurassic, Hettangian to Bajocian. sedimentation was confined to the western part of
the Goulbum Grzben around Tuatara 1. while the eustern part was exposed and undergoing
erasion (Erclosures 3, 4). There are signs of ronheast-southwest and east-west fault trends
in the westem pan of the basin around Tuatara 1, which may be situated in a differemt
depositignal system o the Goulburn Graben, The Jurassic sediments are considered o be
filling troughs predomunantly along these oends as well as extending into the Goulburn
Graben.

Bathonian deposition extended to the Tasman area hut dhd not reach the Torres or castem
areas. The greatest erosion was along the flanks of the anticline ard in the vicinity of the
graben bounding faulis. where these aseas were filletl with the thickest laie Jurassic and early
Cretaceous seciments as in Money Shoal ! and Tasman | (Enclosure 3), Knlka 1 and Torres
1 are located more towards the centre of the anticline and have a thinner section of Jurassic.
The main sedimentary toughs extended along the murging of the Goulbum Graben as two
prongs extending castwards, straddling the anucline to the rornh and south of Torres 1 and
pinching out towards the Arafura ! area.

Late Callovian 10 Kimmendgian sediments are represented by sandstones in the late
Callovian and early Oxiordian sequence followad by a shale prone, condensed section of

several marine sequences through the late Oxfordian to Kimmeridgian. The shoreward
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direction is indicated by ihe sandy sections in Tasman 1 and Torres 1. Much of this section
has been eraded from Kulka @ and Tuatara 1 where only a thin, older part of the seciion is
preserved. Moncy Shoal 1 has the thickest section of these sequences and was located near
the centre of a depaositional rough at this time (Enclosure §, al, a2 and b).

A sea level fall in the early Tithonian resulted in deposition of & thick section of shallow
marine to non marine sandstones of the D. jurassicum sequence. Similar conditions
continued through the P. iehiense sequerce with widespread sedimentaten arvund the ime
of the maximum flooding surface. Shatlowing occurred through the progradadonal highstand
that is preserved in Kulka | and wells to the west. The P. fehtense sequence also has an
extensive distribution in the Timor Sea and Browse Basin

The C. deficata sequence follows a sea level fall which resulted in erosion of the highstand
sediments of the P. iehiense sequence and deposition of predominantly marine, shaly
sediments, The sequence 15 confined to the Tuatar are2 where there is a thin sand at the
base followed by a thick section of marine shale. Tuatara 1 is located in a more basinal
setting and shallower equivalents should occur eastwards in the Goulbumn Graben. C.
delicate has been recorded from the lowstand of the overlying sequence, indicaung that the
sequence had a wider distribution and has been eroded.

A major se2 level fall and erosion of the C. delicata sequence was followed by inundation of
large areas of the basin during the D. lobispinasum sequence which together with the P.
iehiense sequence expenenced an extensive maximum flooding interval and is one of the few
sequences to prescrve a progradanonal highsiand. The depositional pattern and thickness of
this sequence is stimilar to that s the Barrow Sub-bas:n (Barrow Group) and unlike the
Timor Sea and Browse Basins where the sequence 1s usually ubsent.

The E. tarynum sequence 1§ confed 10 the Teawira and Kulka areas reflecting the

withdrawal of the sea westwards to the deepest parts of the graben.
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Deposition of sequences after the Valanginian is restiicied 10 the wesiern part of the graben,
leaving at least from Kulka 1 eastwards expoced to erosion. The distribinion of these
sequences follows the nurthzasi-sauthwest wends initiated in the early Jurassic with the
younger sequences cropping out on Bathursi Iatund. Subsequently, the furst sign of
sedimentation in the Goalburn Graben isin the Aptian-Albian in Torres 1. Further erasion
wias terminated by the flooding during the Cenomamian D. mulftispirum sequence which has
a regional distribution over the Arafura Basin, extending to the Carpentaria Basin,

The castern part of the basin received very little sediment after this ame with more and
thicker late Cretaceous and Teriiary sequences deposized towards the west.

The srratigraphy of the basin is summanzed in Enclosure 2.

SEQUENCE STRATIGRAPHY

The concepts of sequence stratigraphy applied in this report follow the definitions of Van
Wagoner er al. (1988). Each sequence has been distinguished on palacontological data and
the sequence boundaries identified on well logs, The pulueantolugy used for the definition
and correlation of sequences includes palynomarphs, condonts anil wilobites.

The Jurassic and Cretaceous sequences are based on the analysis of over 200 wells from the
Timor Sea, Bonaparie, Browse and Carnarven Basins, some of which have been
documented by Labutis (1991, 1992), The idennfication of sequences from the Jurassic and
Cretaceous is now at a stage where a cycle chart could be drawn up. based on an Australian
palacantolagical zonation. The absolute dating remains a problem and significant
discrepancies wil! not be resolved until more SHRIMP dates are available to te the
Australian, Amencan and Europezr. zonations, The sequence boundaries identified in this
report are tied o the palacortological zonatien without applying absolute dates.

The identification of sequences in the Palacazoic is wt an early stage and has been imnated in
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the Canning Busin by Jacksor e al. (1992). The identification of the faunal and fleral zones
that characiense eacl sequeance is necessary before Palacozoic sequences can be correlated
into other Australian basins. The Palasozoic sequences identified in the Arafura Basin are
preliminary and require confirmation from areas with a better palaeontological base.
Sequences in a predominantly skoreline 10 non marirne envirozment present difficulties in
distinguishing sequence boundaries as wel: as having sparse and poor palaconiology with
long ranging forms, Much of the Palzeozoic and easly Mesozoic falls into this catzgory.
Detailed palacontology can help in resolving this problem in some cases but requires many
samples to find any forms that could be used as a marker Reworking the spore/pollen and
fish faunas would be the most approgriate for the Palaeazoic.

There have been no signs of deep water deposits. such as submarine fans or wrbidites., in any
of the seguences from the Arafura Basin, There 1s also no indication of a shelf-slope break
developed in the pre-Tertiary of the basin. The model most applicable 10 deposition within
shallow water troughs, such as the Goulbum Graben, is ke remp margin, Type 2
unconformity of Van Wagoner etal.. (1938, 1990). From the Devonian to the Bemasian,
the enviranments in the Goulbum Graben have ranged froam manne (o fluvial-estarnine.
Sequences correlated with the lithostraugraphic subdivisions of Bradshaw ef al., (1990) for
the Arafura Basin are shown on the stratigraphic chart (Enclosure 2). Lithoswratigraphic
equivalents of formations named in tke Bonaparte Basin have been avoided because of the
puor and long ranging dates of the Carbeniferous and Permmuan sections. The tops. bottoms
and 1hicknesses of each sequence for al! the wells examuned are listed in Table 1.

Well correlation within the Aratura Basin has been plagued by misleading dates, both

absolute and palaeontological. Absolute dates from beth onshore and oftshore sediments
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have indicatec a Proterozoic age for rocks that have subsequendy viclded middle Cambrian
faunas (Bradshaw et al.. 1990). Fission track daung seems 10 have been reset by an early
Permian heating event (Petroconseltants, 1989), which is corrunenly seen as a major event
on the entire Australian continent (Bradshaw & Vizy. 1991). Spore/poilen dates, from the
Palaeozoic in particular, should be wreated with caution because of the pervasive reworking
and caving that affects sidewall cores and even cores from many of the wells, The same
problems apply to geochemical daw processed from sediments caved and unrepresentative
of the section under examinanon.

PROTERQZOIC

Proterozoic sediments crop out onshore but have only been penetrated in the Money Shoal 1
well in the Arafura Basin where they occuar below the equivalents of the Antnm Plateau
valcanics. The section consists of shales and indurated sandstones. No other wells have
pencetrated the Proterozoic ard the section at the bottom of Arafura 1, previously considered
Proterozoic in age, has been dated as early middle Cambrian fram trilobite favnas (J.

Shergold pers. comm. 1992; Bradshaw et al, 1990).

CAMBRIAN

Cambrian sediments overlie Proterozoic Macarthur Basin sediments cropping out on
Armhem Land and the Wessel Islands, marking the southemn and eastem boundaries of the
Arafura Basin. J. Shergold (pers. comm. 1992) kas idertified early Middle Carmbrian
agnostid trilabise faunas from Arafura 1, the oldest of which comrelate with the trilobite
faunas from the Elcho Island Formation cropping out on Elcho Island. Plumb et al. (1976)
have compilad a composite stratigraphic section for the enshore Camhnan outcrops. The
Marchinbar Sandstone near the 1ep of :he secrion 1s considered here 1o represent the

lowstand of the X' templetonensis Sequence, although there could be another intervening
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sequence that has not been penetrated. The luwermaost section of Arafura 1, dated a5 7,
gibbus or older. is considered to be part ot the X. templetanensis sequence. The thick

Raiwalla Shale and the Buckingham Bay Sandstone are older and part of an underlying, and
as yet undated. series of sequences that have rot been penetrated by any wells in the Arafura

Basin, but have well documented equivalents in the Amadeus Basin.

Ordian/early Templetonian X. templicionensis Sequence.
Xystridura templetonensisiRedlichia chinensisrilobite zone.
The lowermost beds of Arafura 1 are included in this sequence which is pooriy defined but

the dates tend to indicate an age older than the 7. gihbus. zone.

Floran/late Templetonian 7. gibbus Sequence.
Triplagnostus ¢ibbus tnliobite zone.
T. gibbus is diagnostic of this sequence but its range may extend lower into the underlying

X. templetonensis sequence.

Late Cambrian Sequences.
The Cambrian sequenve boundaries in ihe dolomite section (Enclosure A), are lentauve and

based purely on log character. since none of this section has been dazed.

ORDOVICIAN

Tremadocian Sequence

This sequence is represented by the upper pant of the dolomitic section undlerlving the
Devonian terrigenous saction in Tasman 1 and Torres 1. and the Ordovician carbonate and

terrigenous secuon in Arafura 1 and Goulburn 1. The sequence is dated as Tremadocian on
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conodorts (Cordyladus spp. fram cuttings 2t 2150-2160 m1 in Taorres 1 and from core 5 in

Arafura 1 (R. Nicoll. pers comm 1992}

Early Arenigian P. elegans Sequence

Prioniodus elegans-Bergsiroemograthus extensus corodont zone.

This early Arenigian sequence is dated on conodonis from core 3 in Arafura 1 (R. Nicoll,
pers comm. 1992). The sequence is thickest in Goulbern 1, the top of the sequence 15
somewhat more eroded in Arafura 1 and ertirely absent from the Torres and Tasman areas
{Enclosure A). The absence o this sequer:ce frumn the Torres area may also be due panly 10
onlap relationships where the sediments piach ot onto a palacohigh 2t Torres 1. The Upper
Cambrian and Lower Ordovician dolomitic section shows only siight thinning towards
Torres | whereas the Middle Cambrian and underlying sediments thin markedly and are

absent in the Torres area (Enclosure A).

DEVONIAN

Sediments overlying the volcamics near the buttom of Money Shoal 1 were repornted as
containing Chitinozoa and have been variously dated as Silurian and Devonian (Balke et al..
1973 Petroconsuliants, 1989). Chitinozoa range from the Middle Ordovician to the
Carboniferous, thus ruling out the possibility of a Proterozoic or Cambrian age for these
sediments or an early Permian age for the volcanics and any relationship with the dolerite in
Kulka 1. The lack of Middle Ordovician to Silunian age sedimenis in wells penetrating the
Palacozoic section in the Goulbum Graben suggests 1hat these ages are also unlikely for the
Money Shoal section. The most likely age is lale Devonian 10 early Carbonifervus, related to

one of the sequences of this age penetrated in the Tasman | and Torres 1 wells.
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Frasnian-?Givetian A, parva Sequence,

Ancyrospora. parva -G .eminosperd temtrata spore/pollen zores.

A. parva and G. lemirata characiense this sequence in Tasman 1 and Torres 1. A specimen
of Palmatolepis was recorded from Amfura | and a P. crepidu assemblage from cuttings

(690 m) in Goulbum 1.

Early Famennian P. erepida (Falb) Sequence.

Palmatrolepis crepida (Falb) conodont zone.

Age control for this sequence is derived from cuttings (690m) in Goulbum 1 and cores 1 and
2 (1419 - 1437m) from Arafura i coniairing an Falb conodont assemblage. The Arafura
cores were cul in the interpreted lowstand of the Fa2c sequence ard the conodont
assemnblages are considered to be reworked from the underlying Falb sequence. The
conodont assemblage is nat definitive and is descabed as araund the P. crepida zone. The
age of the sequence could be as young 2s the P_marginifera conodort zone (R. Nicoll, pers.
comm. 1992).
The carbonate in Tasmar 1 was ¢ated as the 'ate Carboniferous (S. yvberiii zone) from core.
The date was taken from the very top of the cere in a mud. rather than from the rest of the
core which is dominantly Yimesione and is considered to represent caving from higherin the
well. Permian and Visean fonns 2re also commonly present in samples from the core and the
Permian and Carboniferous secsion, Correlations with other wells suggest that this carbonate

horizon falls within the P, crepida Sequence rather than the S, vberiii zone,
Late Famennian P. expansa (Fa2e) Sequence.

Palmatolepis expansa (Fa2c) conodont zane.

Age control for this sequence is limited 1o core 1 (426 - 1335 m) from Goulbum 1. This
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core was cut within a flooding surface of the Fa2e sequence and is considered a reliable date
for this sequence. Long ranging palynomorphs, such as Diasphanospora, have been
recorded in cuttings from the upper pan of the sequence in Arafura 1. The section in
Tasman | is daved as §, yberiii - D. hirkkeadensis and is considered to be caved. The
corrclauan is on log characier alone and depends on where the faultintzrcepts the well. If
the fault is as low as the interval above the carborate section then all of this section would
be late Carboniferous. If the fault is kigher, then the underlying section would be Devonian

as n the present carrelation.

Strunian 1

All of the Strunian sequences have been identificd mamnly on log character because of the
long ranges of the spore/polien zones and the general lack of flora or fauna, The sequences

are near shore marine (¢ non marine,

Retispora lepidophyta sporefpollen zone.

The R. lepidophyta flosa first appears in tins sequence, recorded in cuutings from Arafura 1.

Strunian 2

Retispora lepidaphyta spore/pollen zone,

R. lepidaphyta has been recorded e curtings from this sequence.

Strunian 3

This sequence is not well charactensad in the Arafura Basin and is picked on log character

B
L)
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CARBONIFEROUS

?Tournaisian Sequence,.

Early Carboniferous, probably Toumaisian, sequences have been penctrated in Arafura 1 and
Viscan palynomorphs dre a commaon reworked compornent in sample residues from late
Carboniferous and younger sections. The lower part of Kulka 1 that has been dated as §.
yberiii - D. birkheadensis and 1he underlying undased section may actually be carly
Carboniferous in age. S. ybertfi in parocular tends (o swamp ind:genous forms either by
rewgrking into younger sediments and cavirg into older sediments.

The section overlying the interpreted fauli in Arafura 115 coasidered to be early
Carboniferous in age. with the fault intersecting the well higher in the section and down
faulting late Carboniferous §. vhertii sequences onto early Carboniferous and Devenian

sequences.

Late Carboniferous - S. ybertii -D. birkireadensis Sequences.
S? yberiii - D? birkheadensis sporefpollen zone
These sequences have been identified 10 Kulka 1, Tasman | and Arafura 1 wells but

individual sequences have not been correlated.

PERMIAN

Sequences are tentatively correlated beiween Kulka 1 and Tasman 1, based mainly on log

character because of the long ranges of G. confluens and M. teninla.
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Asselian 1 Sequence,

Granulatisporites confluens spore/pollen zone.

This sequence contns elements of the late Carboniferaus D. burkheadensis zone as well as

early Permian G. confluens zone.

Asselian 2 Sequence.

G. confluens sporefpollen zone.

M. tentula was recorded from this sequence in Tasman 1. M. tentnla could represent the
lower part of the G. confluens zone or 11 could be cantiemporareous. Detiled work on the

spore/pollen assemblages is necessary before o subdivision of these zones is possible.

Asselian 3 Sequence.

G. confluens sporefpolien zone.

Asselian 4 Sequence.

G. confluens sporefpollen zone.

This sequence includes the dolerite intrusion that has been dated at 293 Ma The R. aemula
datz reported from the section above the ininusion and below ke Jurassic sandstones
(Diamond Shamrock, 1984), is considered 10 be cavings. This sequence, which was
recorded only in Kulka 1. is the youngest Palazozoic sequence so far fournd in the Arafura

Basin
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Younger Permian and Triassic sequences have not been penetrated by any wellsn the

Goulbum Graben Basin region.

JURASSIC
C. turbatus to C. lorosa Sequences.

Callialasporites nirbanes to Corolling toresa sporefpollen zones.

Sediments of ewrly Jurassic age have been penetratzd only in Tuatara 1 in the western part of
the basin and have not begn subdivided into individual sequences. Kekrypkallaspora
distincra is recorded at 36047m, This distincuve form is a good correlanion marker in the
Timar Sea, occurring around the boundary of the C. turbarus and C. torosa zones. Tuatara |
bottomed in sedimerts of C. taresa age and it 1s expected that sediments underlying this
seclion would be of Triassic age. BHPP have suggested that the sediments in the bottom

part of Tuatara I are possibly Devonian.

D. caddaense (7d) Sequence,

Dissiliodinium caddaense dinoflagellate zone - Lower Dicnyotosporites. complex
spore/pollen zone.

Assemblages of this sequence have only been recarded from Tuatara 1. Sequence boundaries

have not been distinguished in the sand prone sect:on
C. halosa (7cii) Sequence.

Caddasphaera hualosa dinoflageliaie zone - Uppear Dicryolospardes. complex spore/pollen

zone,
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This sequence is represented near the base of the Mesozoic in most wells. It is also possible
that the sequence has been eroded and elements of the C. kufnsa assemblage are rewarked

into the lowstands of the overlving sequences

R. aemula to D. swanense (Q. monigomeryi) Sequences.

Rigaudella aemula w0 Dingodinium swanense (Omaiia montgomeryi; dinoflagellate zones

There are several sequences inclodest within this group and the oldest, probably the R
aemula - W, spectabilis seauence. is the only one with a sandy lowstand. The ather
sequences are condensed and several sequences are represented, spanning a ime range from
the D. swanense 1o O. montgomeryi zones. The thickest section is in Money Shoal 1 which

is also the only well to record the O. manigemeryi assemblage.

TITHONIAN TO BERRIASIAN
Tithonian
D. jurassicum (5a/5b) Sequence.

Dingodinium purassicum (S5a/5b) dinoflagellate zones.

The number of sequences within this zone are not yet resolved but there may be two
sequences involved. The sequences in the Arafura Basin aren are treated as a single sequence

as in Labutis (1992)

Tithonian to Berriasian P. iehiense Sequence,

Kalypiea wisemaniae (4bin}. Pseudoceratiem iehicnse (dcvden) and upper Dingodinivm

t.J
59
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Jurassicum (521) dinoflagellate zones.

The maximum flooding surface of this sequence occurs within the P. {chiense zone and
represents the Jurassic - Cretaceous (T:thonian -Berriasian) boundary. This honizon kas also
been used as the datum for the smaligraphic cross section (Enclosare 4). The P. ichiense
sequence i the most widespread of the Jurassic to early Cretaceous sequences in the Money
Shoal and other basins of the Northwest Skelf. 1t 18 the ane sequence that extends onto highs
in all basins where it has been observed. It is therefore likely to have the most extensive

distributian of the Jurassic-Creticeous sequences extending the furthest eastwards.

Berriasian C. delicata (4biia/b) Sequence.

Cassiculosphaenidea delicata (1biiaf4bib) dinoflagellate zane.

Tuatara 1 is the only well where this sequence could be recognised. Elemenis of the C.
delicata zone have been recorded from Kulka 1 and Money Shoal 1 but the sequence has

been eroded from those areas.

Berriasian D. lobispinosum (4aiv - 4bi) Sequence.
Lower Batioladinium reticulatum (daiv) 1o Dissimulidiniim lobispinosium (4bi)

dinoflagellate zones.

This sequence is particularly well developed in Kulka § with a thick, sardy lowstand, a well
defined maximuin floading surfzce amld a thick progradanoaat highstand with caasial plain
sands at the top of the progrades. The progrades in this and in the P. iehiense sequence are

characterised by long, straight reflectors rather than sigmoidal. The D. lobispinosum

[N
LT
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sequence is absent or rarely represented in the Timer Sea and Browse Basins, but attains a

similar thickness and pattiern ir: the Barrow Seb-basin.

Berriasian to early Valanginian E. terynum Sequence,
Egmontodinium torynm (4ai) wo upper Batinladinuim rericulatim (4aiit) dinoflagellate

ZONnESs.

This sequence has been identified in Tuatara I and may also be present in Kulka 1 in the
upper pant of the sands that have been daled as B. eneabbaensis and D. eirltispinuem. The D.

multispinum components are considered cavings.
CRETACEOQUS

Valanginian to Aplian S. areolata to O. operculata Sequences.

Systematophora areolata 10 Qdontochiting eperculutu dinoftagellare zones.
The sequence boundary of the § arealato sequence represents the Intra Valanginian
Unconformity. These sequences occur only in Tuatara [ and none of them s found in any

other wells in the Goulburn Graben,

Aptian to Albian D. davidii to P. ludbrookiae Sequences.

Diconodinium davidii w0 P ludbrookiae dinoflagellate zones.

1se sequences have only been idenizfied in Torres 1, underlying the Cenomanian shales.

Cenomanian to Turonian D. multispinum to P, infusorioides Sequences.

hJ
O
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The sequence boundary of the D. mrultispinum sequence 1s a strong reflector and extensive,
covering all of the sediments of the Morey Shoal Basin and most of the Arafura Basin. The
D. multispinum sequence is predomunantly shaley comprising a regional seal over underlying

sediments.

Younger Cretaceous and Ternary sequences have not been identified in this report. Some of
these sequences, particularly the Maastrichtian. become sandy in the westen part of the

Goulburn Graben but are absent from the eastem portion.

STRUCTURE

The acquisition and interpretation of new seismic dita, the interpreiation of some existng
company seismic, and the study of eight petrolenm wells, have enabled a revision of the
structural and straugraphic framewcerk for the Arafura and Money Sheal Basins. The basin-
wide grid of seismic established by AGSO (the Arufura Basin Reconnatssance) in 1990 and
1991 and used as the primary seismic gnd in this study is shown on Enclosure 1. The wells,
the water depth contours at 200m, 100m and 40m, pre-existing permit boundaries and the
limnits of sorme mayor swructural and stratipraphic elements. are also shown,

Time structure maps have been drawn on the Base of Arafura Basin and the Base of Money
Shoal Basin as well as a total sediment thickness map of the Arafura Basin succession
(Enclosures 6 to 8). The Base of Arafura Basin (horizon 3) is the unconformity or
disconformity between the Proterozoic McAnhur Basin sediments and the Cambrian 1o
Tnassic Arafura Basin. The Base of Morey Shoal Basin (honzan 10) is the unconformity
between the Palazozoic Arafurt Basin and the mainly-Mesozoic Money Shoal Basin

(Enclosure 2), Line drawings have been made of the interpretation of key seismic lines.
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These are presented in a montace (Enclosure 5). The base map. the contour maps and the

line drawings on Enclosures 5 ta 8 are 2t a common hanzental scale - 1:1 million.

The three basins that lie beneath the Arafura Sea are descnbed below with reference w the
time-structure maps (Enclosares 6 o &) ard the line drawings of key seismic section

interpretadions (Enclosure 5).

The Money Shoal Basin occupies the westemn parts of the Arafura Sea, shallowing rapidly
castwanl from a thickness of areund 2500m west of longitude 133 degrees East, o a
thickness of only a few hundred mewes east of longitude 134 degrees East, and south of

lauwde 11 degrees South. The base of the succession (horizon 10) 1s surongly lime-

transgressive, ranging from Heltangian in the west, to Cenomanian or younger in the east. [t

is shawn contoured in seismic two-way time on Enclosure 6. Approximately 1 s-c-cond on
this map is in the order of 1100 m depth, and 2 seconds is around 2500 m. Diagrams 5a. 5¢
and 5g show this structure in scetion. On these cross-seciions, made from digitised seismic
interpretations, horizon 13 is rthe major flooding surface at the base of the D multispinim
dinoflagellate zone, overlyiny the mid-Cretaceous uncanformity. Horizon 13 onlaps the top
of the Palaeozoic Arafura Basin. The base of this enlap is shown on Enclosure 1. The shales

associated with this flooding surface may seal the unconformmty.

The Arafura Basin consists of three pans. In ascending order of area these are, the southern
plazform, the Gaulburn Graber, and the northern sub-basin. These three elements in tum
vary markedly from west to east. The buse of the succession (korizon 3, the base of the
Wessel Formation, nom:nal base of Cambzian) has been mapped, and is shown contoured in

seismic two-way ume on Enclosure 7. Approximately 2 seconds on this map is in the order
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of 3 kilometres depth. and 3 seco:tds is more than 5§ kilometres. The time-thickness of the
Arafura Basin succession has been inapped, and is shown contoured in seismic two-way time
on Enclosure 8. On this map. 1 second is approximately 2 kilometres of thickness, and 2
seconds represents about § kilometres thickness.

The southern platform lies between the southem boundiag fault of the Goulbum Graben and
the edge of the basin which, onshore, is substantally erosional. In the west, a thin veneer of
clastics of uncertain Lower Palacozoic, possibly Devonian, age. overlies the indurated
Lower Proterozoic basemen: near the Money Shozl 1 well. This is illusrated on the
southern end of Enclosure 5b. The older marize sediments of the Arafura Basin, e.g. the
Ordovician and the Cambrian, may never have been deposited sowb of the graben in the
Money Shoal area. The McAnhur Basin is absent in this area also, and the Maney Shoal
high appears to be an ancient basement high visible on acromagnet:cs maps. Further to the
west and south it merges with the Darwin Shetf.

Eastward from Money Shoul 1, the Cambrian is present on the southern platform, and it

crops out onshare. The McArthur Basin underlies the Arafura Basin in this area.

The Goulbum Graben is a very heterogeneoos feature. At Money Shoal 1 it is less than 20
kilomermres in width. Eastward, it becomes broader, opening out seuthward into a series of
fault ermaces, and the Canbnian seecession thickens eastward, The difierence between the
graben and the southern platform lessens. Enclosure Se illustrates the structure in the
central area, and the lack of distinction between the graben and the soutkern pladorm in this
region. On this cross-section the honzons designated by letiers, A and B, are Palaeozoic
horizons that have been intersected in wells, aml whose age is known, The Cambrian
succession lics between horizons 3 and A, where A 15 the 10p of the Wesszl Group,

intersected near the base of the Arafura 1 well {Petrofina’s honizon F. now redated as Lower
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Cambrian}, The Ordovician dolomites between harizons A and B(top of dolomites in
Arafura 1 and Goulbum 1, Petrofind’'s horizon Ej, and the averlying Devanian are not
faulted out but rise to the south and are truncated at the base of the Morey Shoal Basin
(horizon 10). The relazive role of erosion and of thinking is not clear on the existing seismic.
The base of the Cambrian Wessel Group (horizon 3) continues rising to the south off-section
undl it crops out onshore. At some stage. therefore, the Lower Cambrian, containing a
proposed regional seal and source rock, is both accessible and concetvibly within the oil
generation window on the southern ptaiform.

The nerthern bounding fault is prominen: from west of Kutka  to about 135° E. There is no
recagnisable correlation of the graben sequences across this fault into the northemn basin,
hence the throw is unknown. It must be large, in the order of kilometres, but the relative
proportions of horizontat and verucal movement rematn unknown. The fault trace shows
some offsets east of longirude 1359 on Enclosure 7. Funher to the east, the throw on the
rorthern bounding fauli becomes small near tongitude 1359, and the graben gives way 1o

the castem flank of the basin,

The undrilled northern sub-basin of the Arafura Basin extends from the northarn bounding
fault of the Goulbum Graben to the limnit of Australiun territorial waters, and beyond into
Indonesian waters. The age of the successian is unknown, but is presumed to be Palacozaic.
This opinion is based on 1ts seismic sipnature, which is stmtified, though of high velocity.
and does not resemble the signature of :he indurated sediments drilled on the southern
plaiform at Money Shoal 1. These lanter also appear on acromagnetics maps as shallow
basement. The tnckness of the Arafura Basin succession in the northem sub-basin varies
from a minimum of between one and two kilomearres in the wast, where it is runcated by an

angular unconformity at the base of the Money Shoal Basin, to greater than seven kilometres
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in the central aren, where it overhies the disconfarmable McArthur Basin, The siructure of
the basin in the west is iiJustrated in cross-section oa Enciosure Sh. Here the base. horizon 3,
is also the top of basement {or tap of intrusionshindurated sediments) and the succession is
older than etsewhere in the study area. The basinal succession is younger on the next hne to
the cast, illusoatzd on Enclosure 8c. and it is younger stull near the centsal area, on
Enclosure 53, Enclosure 5g illustrates how the Arafura Basin succession becomes younger
to the east. The nature of the lithological changes producing reflectors 5, 7 and 8 is not
known. Some have claimed to recognise the high-amplitude reflector 5 as the signature of
the Jurassic Plover Fermauen of the Timor Sea, others the Permian [yland Bay Formation
of the Bonaparie Basin. It is referred to here simply as Palacnzoic. On the eastern flank of
the basin, near the Wessel Islunds. the basie shuws signs of thinming, and mild onlap of the
McArhur Basin at an almost peaeplaned surface. The Cambran succession is partially

exposed in the Wessel [slands, ard the estimated hickness of the Wessel Group. added 1o

the intersection of its top in Arafura 1. was used to define seismic honzon 3. the base of the
Arafura Basin succession. Horizon 3, the predicied base of the Wessel Group and base of
Cambrian, thus represents the top of the McArthur Basin where that basin is present, or the

wp of basement elsewhere.

The McAnhur Basin has not been intersecied offshore. hence its presence is inferred from
seismic. The top of the succession where it exisis 18 horizon 3, mapped and contoured in
seismic time on Enclosure 7. The bottom of the succession is horizon 1. defined only on
seismic lines in the northern sub-basin and shown s cross-section on Enclosure 5f and 5g, In
the west of the study area, the basin 1s probably absent both north and south of the Money
Shoal 1 well. The east-west faul: rends in the western part of the northemn sub-basin may

represent structenng in the Mid or Lower Proterozo:c, but are also typical of areas
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bordering highs where rorthwest-southeast and northeast-southwest rending troughs
intersecl. Thc same fault trends are present to the north of the Londonderry High near the
intersection of the Sahul Syncline and the Cartier Trough as weli as in the northern Browse
Basin. In the gazeted area the McArthur Basin thickens rapidly from the west, east and
south to form a sequence several kitoinetres thick under the center of the Arafura Basin and
disconformable with iL. In that area, the McAnhur Basin is likely to be uppermost
Proterozoic (Roper Group), but towand the Wessel Islands in the east an angular
unconformity at an almost peneplaned surface separates older, probably Middle Proterozow,
McAnhar Basin sediments from the mildly onlapping Cambrian. Signs of a nonth-south
trending rift (the Walker Trough) are visible undemeath the pencplaned base of Cambrian
near the Wessel Islands, but the interpretation of this feature has not been resolved at this

date,

HYDROCARBON DISCOVERIES AND POTENTIAL

RESERVQOIRS

Palacozoic clastic reservoirs penetrated have proven to be of gencrally poor quality with Jow
porosity and permeability. Carbonate cementation, the breakdown of voleanic and hthie
fragments and silica overgrowths have occluded the pamary porosity in many of the
Palacozoic sandstones Jurassic sandsiones have also suffered diagenctic effects that have
reduced porosity.

Log analysis of sandstones based on sonic and nevtron calculaticns in Kulka 1 and other
wells penetrating the Palacozoic elastics. have shown mirimal porosity (less than 7%) in the
Carboniferous and Permian section. Kulka 1 shows several zones of washouts and bad hole
conditions where the porosity measurements are unrcliable. These zones, generally those

representing the lowstand systems tracts. are considered o represent sandstone sections

-l
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with reasonable porosity. Porosity estimations are based on visual observation of cuttings
and log derived determinations Visual detenminations wsually record cemented aggregates
of grains and may not be representauve of the sundstone as a whole since loose grains can
pass through the shakers and not bz detected in that part of the section. This does not mean
that all of the washed out zones are porous sandstane reservoirs. but that at least some of
them are likely o contsin sands of reasonable reservoir quality. particularly in the Permian
section.

Core measurements in the Fameanian clastic saction of Armfura 1 and Gouiburn 1, that are
interpreted to represent the lowstand and wansgressive systems tracts, have shown some
sands to be of fair quality with up 10 195 porosity. Beter quality sands are vsually found in
the lowstand system wact but this also depends on ihe [ocation of the well, whether in an
incised valley, towards the edges ar downdip from the shoreline. The Devonian sequences
were dzposited in a tidal to sabkha environment conducive to the deposition of a large
proportion of mud with the sands as well as the formation of dalomite and carbonate
cements. The Devoman and younger Palacozoic depositional systems were generalty
confined to the Goulbum Graben area and not ar extensive, shallow shelfal environment as
in the Cambrian and Ordovician. This type of confined estuarine environment should sull

produce arcas with sands of good porosity, particularly within the main depositonal

channels.

Cambrian, Ordovician and Devonian limestones and delomies show negligible primary
porosity and permeability. The Carbrian doloinites are vuggy and fractured, so the
development of porosity and permeability in these sedimenis depends on their locarion near
faults and folds where fracturing could be enhanced. Goutburn | had several zones of lost

circulation in the dolomites that were also associated wath oxidised 0!l and bitumen. These

Las
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zones may represent karstic porosity developed curing exposure of the carbonates as a
consequence of major relazive falls in sea level, They shouk! therefore occur around
sequence bourdaries ard lowstand system tracts. Karstic reservoirs still require fracturing of
the carbonates Lo provide & conduit for the magraton of o.l.

The late Jurassic (Tithanian to Bemrids:an) sandstones, it particular, generally show good

porosity ranging up to 33%

SEALS

Seals are plenciful in the Palieozoic sequences where every flooding surface (manne
incursion) has the capacity to act as A source aml a seal. Both Arafura 1 and Gowlbum i
recorded live oil, bitumen and dead ol shows throughout the Cambrian to Devonian section.
Oil shows in both wells extend up to the flooding surface of the laie Famennian P. expansa
sequence and are absent in sands above that surface. The floading surface therefore, 2cts as
an cffective seal preventing migration ot o1l into reservoirs higher in the section.

The shows of bitumen n the Permo-Carboniferous sediments below the D, mulnsptrum
unconformity in Arafura | are lixely 1o be a result of fuult migmation from the deeper
Cambrian since there are no shows in the intervening Devonian and Carboniferous secuon.
There ars no shows in the D. multispinum section and it Is acting as an effective seal, where
any migradng oil is trapped beneath 1his uncoaformity. as supgested by Arafura 1,
Reservoirs are oftzn tight in the Curboniferous section and Vutrinite Reflectance und
Conclont Alteranion Indices suggest taat these sediments have been buried a few thousand
metres decper than the present day. This section would act as a sealing rather than a
reservoir interval.

The maximum floading surfaces, that are well displayed by the P iehiense, D. lobispinosum

and the Oxfordian sequences (Enclosures 3, 4}, form effective seals as well as comprising
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good sources where maiure. Thexe surfaces are coafined to the wesiem part of the basin and
are unlikely to exert any influcnce in the gazetted arca Egmvidert surfaces within the
Palaeozoic sequences, us ta Arafura | and Goulburn [, will act as szals in the eastern pan of

the basin.

SOURCE AND MATURATION

Bitumen strandings have been a commran occurmense in the Arafura Basin and these have
becn considered to possibly represeat Palaeozoic or Proterozoic oil seepages (Wade, 1924).
Analysis of this bitumen by McKirdy & Hervath (1976) and recently (J. Bradshaw, pers,
comm., 1992) has revealed that all have o Cretaceous to Ternasy origin.

The richest source rocks (up 10 8.65% Toul Organic Carbon) in the Arafura Basin occur in
the early Middle Cambnan T. gibhus Sequence in Arafura 1. The Raiwalla Shale section,
immediatelv underlying this interval, is potentially alxo a rich oil source but has not been
sampled geochemically,

Proterozeic sediments of the McAnhur Basin underlying the Arafura Basin also have TOC
contents up to 10 % (Summons et al., 1988). If latest Proterozoic sediments are present
within the basin, as they are suspected in the ronth-western region, then excellent source
potential is likely in these sequences. Duning this period, Oman was located on the nonthern
margin of Gondwana faciag northward onto the Tethyan ocean in a similar sening 1o the

Arafura region. This laie Protzrozoic sequence in Oman has sourced 12 thousand mitlion

barrels of qil.

Arafura Basin samples from Ordovieian rocks have revealed low TOC values, although
equivalent aged sediments from other basins are good source rocks {(Bradshaw et al, 1990).

The distribution of the Arenigran and ¢arty to meldie Cambrizn has a beanng on the oil

(3]
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shows since these sequences contain the richest saurce rocks. Arafura 1 and Goulbum 1 are
both located i n the area of thick Arenigian and middle Cambrian and display hydrocarbon
shows up ta the Devonian, even in the dolomitic section. All of these shows are considered
10 be sourced from the middle Cambrian. The middle Cambrian and Ordovician pinch out 1o

the east of Tasman ! and Tormres 1. neither of which have shows in the dokomtic section.

Tasman | had shows in the Famenman limestones that may have been souwrced locally or also

from the Cambrian. The presence of the source rocks, the middie Cambrian in this case.
determines the dismbution of 0il shows and accuinulzrions. The source rock section is
expected to thicken to the north and east of the Goulburn Graben in the gazetted area.
The Devonian sediments also show high TOC values, ranging vp 1o 0.69% in the A. pana
sequence, 0.9% in the P, crepida sequence and 4.88% in the P. expansa sequence. All of
these values however, are derived from oil stained sections and may nai represent the rue
source potential. High values kave not been reporied from the Struman section which does
not have any oil shows,

Carboniferaus samples are imsanly from Kulka | which shows values up to 1% TOC. with
many of the samples over 0.5%. The sediments are goad, but gas prone sources.

The Permian sediments are sampled from Kulka 1 and Tasman I reaching 1.09% TOC
values with much of the shale section over 0.5%. Geochemical analysis by Diamond

Shamrock (1985) suggest a gas prone spurce but with modernte oil potential. All of the

shows in Kulka | occurin the Permian sediments with some migration ino the overlying late

Jurassic section,

Late Permian and Triassic sediznents could also contain good source rocks. but sediments of
this age have not yei been penetrated in the Arafurn Basin,

Jurassic and younger sedimenis also show good source charactenstics but are unlikely 1o

provide any source poteniial in the gazetied area.
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Mawration in the Arafura Basin is quile variable and depends on present depth of burial and
past depth of busial before the wrenching cpisode. The difterence 15 well shown by Kulka 1
where the Vitrinite Reflectance values show a marked increase below the Base Mesozoic
Unconformity. Vitrinite Reflectane values do not apply to sediments of pre Devonian age
and in these sediments are applied 1o Viminite-like organic matenal, if available. The
Conodont Alteration Index is a better measure when conodants accur. Geochemical data
suffers the same problems as palacontological d.ting and is panticularly prone to
contarination. There is no method of determining whether geochemical samples are
representative of the section or are caved ar even a miature of both. This has obviously
occurred in cases where chromatograms are indicating immature source rocks where CAl
and other indicators show overmarurity.

Bradshaw et al.. (1990) have discussed the mairation profiles for wells within the Goulburn
Graben. Goulbum 1 and Amfura I have not been buried much deeper than the present day.
Therefore, the Middle Cambrian and Proterozoic sourse rocks in the Gazeted area should
li¢ within the oil window. This area has not been deformed as much as the western part of
the Goulbum Graben, so that oil accumulahiens may be mtact and not as affected by
structural movemenis.

Permo-Triassic sediments in the western pan of the grahen are well within the oil window o
source hydrocarbens into the Jurassic sandstones, althaugh Carboniferous sediments would

be sourcing dry gas,

PLAYS
All of the plays previcusly documenied have been largely restricted to the graben, due to the
structuning that has occurred in this regivn and the subsequent concentration of the seismic

daL: acquisiuon 1o this area. The existence of structuring north of the graben has only now

L)
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become apparent with the acquisition of Surveys 94 and 106.

Goutburn Graben Plays

Structural Plays

The wells drilled in the Goulbum Graben have been Jocated on a variety of struciural
closures. The eastern part of the basin includes the thickest section of Middle Cambrian and
Proterozoic source rocks which have sourced the oil in Arafura [ and Goutburn 1.
Structures in this area have a proven scurce and seal but have a risk of poor reservoir quality
in the Devonian clastics and are dependent on fracturing or karstic porosity in the dolomite
units. Better quality rescrvoirs do exist and are related o estuanne or river systems within
the graben.

Arfura 1 recorded hive oii and oil biceding from cores Thas suggests that Arafura 1 may
have been drilled near the edge of closure arl in the vicinity of 1he oil-water contact, thus
leaving updip potendal for an oil accumalanoa on the same swucture. The favlt in Arafura 1
is interpreted 10 penetraie the well closer to the Mesvzoic unconformity, downfaulting late
Carboniferous/Permian onte early Carbonifereus. There are races of biturmnen just below the
Cenomanian shales which suggest that the faclts are acung as conduits for oil migration.
Fuult retared closures in the gazewned aren are likely to be accumulznorns of Cambrian cil in
clastc reservoirs as well as carbonaie reservoirs since fracturing would be enhanced. There
are a number of undnitled souctural leads within the gazeried area inciading fauit related
closures. transpressional anticlines, trapdoor sTuctures and flower structures. Hydrocarbon

accumulations are likely 0 be oil rather than gas becaase ot the Cambrian algal source.

Reef Plays
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The carbonatcs in Tasman 1 and Torres | kave been included wish the Famennian P. crepida
wauence rather thar: in the Carboniferous, The Canning Basin has reefal development of this
ge and 1t is likely that reefs were formed in the Arafura Basin since the area was located in
¢ even more tropical setting during the late Devonian than the Canning Basin.
The Famennian carbonates recorded fram the Arufura Basin ire not reefal but basinal,
geflecting a reduction of clastic sediment supply. These carbonates were deposited in the
ntre of the graben in its pre-transpressional configuration (Figure 3) and are unrelated to
f5. Reef development would have been resiricted to high blocks along the graben
i:ounding faults of the northern and southemn margins of the Goulbum Graben as they are in
-’e Canning Basin. The eastern part of the Goulbum Graben consists predomirantly of
astic sediments during the Famennian. Casbonates appear around the Tasman and Torres
&-\-,as. It is unhkely that reefs would be {cund further 10 the east and should be restricied to
e western part of the gazened area,
.itmn'gmphic Plays
The folding of the Palacozoic and Triassic sediments of the Goulbum Graben (Figure 3) sets
op a smutigraphic play irvolving the Jurassic sediments. The P. fehiense sequence has the
most extensive distibetion of the Jurassic sequences, as well as a thick, sand prone lowstand
section with excellent reservorr quality. The distributzon of the sequence is in two
embayments along the graben bounding fault systems and bordering the Torres anticline,
These embayments extend into the gazetied area and have been erodded, eventually covered
by the shale prone Cenomanian D multispinum sequence that acts as a regional scal (Figure
4). The source is likely 10 be the Permian und Carbonifarous sediments truncated by the
reservoir sards since these are the only sediments in direct. angular contact with the sands,
Fault migration could also include the Cambrian as a source. Permian and Carboniferous

sources are principally gas prone but alse comprise a fair oil source 1a the Permian, so that

Lo
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hvdrocarbon acctimulatuons are likely to ke gas with oil.

Bottom seal is the risk associated wih this type of play, since it depends on some form of
seal below the Cenomanian shales o enclosz the pinchout. The Palaeozotc sediments that
would form the bottom seal are predominanily fine grained. scaling sediments bu: also

include reservoir sand intzervals that could lead to leakage.

Plays in the Northern Sub-basin

Examunation of plays outside the grabea are speculative because of the lack of well data
narth of 1the bourding fault svstem, and the vaniely of differences in interprearion of the age
of the sequences that are preseat. However taking this iato account four aress can be bricfly
described. Examination of seismic daw from surveys 94 and 106 reveals a regional syncline
north of the graben, which could huve a core of Devonian sediment. [t forms a basinal shape
in the sub-crop map beneath the Mesozoic unconionmity (Figure ). The regional structure
of the northern sub-basin and relative thickness compared 10 the graben, can be appreciated

in Figure 10, which shows the central and western parts of the basin. and oa Enclosures §

and 8.

Faulted anticlines - adjacent to graben

Adjacent to the nerthem bounding fault are a senies of fau!t blocks which locally appear to
form a region of arching (Figures 6 & 7). This structuring occurs in lale Palacozoic
sediments probably of Devoniar 1o Cambriar age and at TW's of 1.5 seconds. The major

nsks are porosity amt laterl fault seal. Migration of hydrocarbons could have occurred from

the syncline to the nomh, and perhaps also eut of the graben.

Tilted fault blocks - northwestern area

The north-wesiem edge of the basin contains a series of ulted fault blocks overlain by a nft
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infill sequence (Firure 8). The tops of the faul blocks uccur aa Line 94-4 at TWTs of
around 2 seconds (Figure 9 and Enclosure 7). Reactivaunn has occurred, producing folding
in the overlying rift infill sequence with some downside roll-over. A varicty of ages for this
sequence are possible. however the fault blocks are most likely Miditle Proterozoic in age
from the McArthur Basin sequence. The overlying rift infill is prebably also Proterozoic. but
could potartially be latest Proterazoic and perhaps lower Palaeozoic in age. The obvious
nsk is porosity as these seqquences are on the flanks of a thick sedimenmary section that
appears to have been buried and subsequently eroded ar the uplified cdge of the basin,
However, speculation that features such as the Money Shoal block have been emergent for a
long period of time could imply that deep burial may not cecessarily have occurred, and
thus porosity may kave been preserved, s occurs in uiny places in the onshore McArnbur
Basin.

If 1he fault blacks are of Mid Prozerozoic age then they may be equivalents of the
Kombolgie Sandsione which forms the Amhem Land escarpment and crops out on
Goulbum Island south of Line 4. On Goulbum Island, the Kombolgie Sandstone consists of
coarse grained, fluvially deposited sandstone, which on visual inspection cortained excellent
porosity. The risk i1s that such porosity imay have beea enhanced by surface weathening
effects, however the mono-munzrahe nuture of the outcrops (Guurtz) could suggest that no
feldspathic or clay based matrix had origanally been present. Reworking of the tops of the
faults blocks and enhancement of the existing porosity prior o deposition of the rift infill
sequence 15 also possible, as a very coarse grained lag of quanz oceurs on Goulbum Island

overlying the ourops of Kombolgie Sandsiene.
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(a) Stratigraphic Play

Cenomanian seal
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Fipure 4 Schemanc diagram showing the onlap of the sand prone Jurassic sediments ot
the westers end of the Goulbum Graben,
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The other risk in this play is east-west closure as the line spacing is very coarse. The
Mesozoic sequence dips westwasd and the fualt blocks sinke approximately east-west but
dip to the east, whilst the Aftinfill thins to the west. As such, premium well locations may
exist where the fault blocks are at their shallowest sructural positions, overlain by a
minimum of Mesozoic sedimernt, and which coincide with the stratigraphic pinch out of the
rift infill sequence. If such a position coincides with reactivation of the overlying Mesozoic
sequence then a multiple wrgel could exist. If the sequence contains Jatest Proterozowe
sediments then excellent source potential is possible. Such a play can only be determined

with 2 much closer seismic grid

Northern and north-eastern regions

In this region the structural dip is low in an overall synclinal seting, although a very thick
sedimentary section i$ evident from szismic data (Figure 6 - northern end of line, and
Enclosure 5). A tghter grid of seismic may define broad fault block structures in this region,
although considered unlikely. The sedimenis sub-cropping the Mesozoic are most likely
Cambrian to Devonian in age (Figure 5). As this area appears to noi have been buried any
more deeply than it is woday, the risk of porosity is minimised, however finding viable
structures may be the largest nsk

In the northeast, the geology and structure 1s similar except immediately adjacent to Elcho
Island, were a chick north south graben of undoubedly Pro:erozoic sedimert occurs,
probably related to the Batien Walker faclt zone. Stictunng on the flanks of this graben in
the overlying Palacozoic sediments is a possible structural target with migration of
hydrocarbons updip from the Palazazoic depocenire 10 the west and out of the adjacent

Proterozoic graben. Agan this play dependds on closer seismic control to properly define it

o
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SUBCROP BENEATH MESOZOIC UNCONFORMITY
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Figure 5. Arafura Basin subcrop map beneath the Mesozoic uncorformiry.,
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Figure 10. Line diagram of selected seismic lines from Survey 94 showing the relative
scale of the Goulburn Graben to the sub-basin 10 the north.
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