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Geology and petroleum prospectivity of State Acreage
Release Areas L12-3, L12-4 and L12-5, Officer Basin,
Western Australia

by

PW Haines

Introduction

State Acreage Release Areas L12-3 (18306 km?), L12-4
(22476 km?) and L12-5 (22694 km?) lie in the western
Officer Basin in south-central Western Australia (Figs 1
and 2). The intracratonic Officer Basin is intermittently
exposed over 1500 km from west-central South Australia,
to the flank of the Pilbara Craton in central Western
Australia (WA). It ranges in age from Neoproterozoic
to late Paleozoic, although the portion in WA (about
310000 km?) is predominantly of Neoproterozoic age.
The Officer Basin overlies older Precambrian rocks,
including metamorphic and igneous provinces, and older
sedimentary basins of unknown petroleum potential. It
is also extensively covered by relatively thin, younger
Phanerozoic deposits that are not considered to have
hydrocarbon prospectivity due to insufficient burial. The
area is relatively flat, arid, and very sparsely populated.
The most significant site of habitation in the area is
Warburton Aboriginal Community, which lies 32 km north
of L12-5. The unsealed Great Central Road passes across
the northern parts of L12-3 and L12-4. Side roads and
tracks provide access to some other parts of the Release
Areas in dry weather. Previous hydrocarbon exploration
has mainly focused on the thicker and more deformed
parts of the basin in the northeastern portion of the Release
Areas, and further to the north (commonly referred to as
the Yowalga area). Although no significant hydrocarbon
discoveries have been made in the western Officer Basin,
oil and gas shows have been reported from a number
of wells. Importantly, the area remains significantly
underexplored. Similar Neoproterozoic successions in
Russia and Oman have commercial accumulations of oil
and gas (Ghori et al., 2009).

Regional geology and stratigraphy

The Western Australian Officer Basin is predominantly
of Neoproterozoic age with a total sedimentary thickness
of up to 8 km. Its depositional history shows marked
similarities to similar-aged basins (Amadeus, Ngalia,
Georgina) elsewhere in central Australia, leading to the
concept of a Neoproterozoic Centralian Superbasin that
was tectonically fragmented during the Petermann and
Alice Springs Orogenies in the latest Neoproterozoic and

mid to late Paleozoic (Walter et al., 1995). The current
interpretation of the basin stratigraphy is summarized in
Grey et al. (2005) and Haines et al. (2008).

The basin infill is a mixed carbonate, siliciclastic, and
evaporitic succession, of shallow marine, glacial, and
non-marine facies (Fig. 3). It has been subdivided into
four supersequences common throughout the Centralian
Superbasin. Supersequence 1 (collectively Buldya Group)
includes basal sandy and coarser siliciclastics (Townsend
Quartzite), overlain by a mixed siltstone, shale, carbonate,
and evaporite succession (Lefroy, Browne, Hussar,
Kanpa, and Steptoe Formations). The Browne Formation
contains one or more salt intervals that are associated
with extensive halotectonics in thicker parts of the basin
(Simeonova and Iasky, 2005). Supersequence 2, including
the older (Sturt) glacial succession, is probably absent in
the Release Areas, and only locally preserved elsewhere in
WA (Haines et al., 2008). Supersequence 3 is represented
by the glacial Wahlgu Formation, inferred to be the local
representative of the widespread Elatina Glaciation (Grey
et al., 2005). Supersequence 4 includes the non-marine
Lungkarta Formation deposited synchronously with
the latest Neoproterozoic — early Cambrian Petermann
and Paterson Orogenies. Post-Supersequence 4 rocks
(collectively ‘Gunbarrel Basin’ in some publications;
Figs 1 and 3) include the Cambrian basaltic Table Hill
Volcanics, and overlying Lennis and Wanna Formations
of uncertain Paleozoic age. Permian and younger strata
are excluded from the Officer Basin. The basin succession
will be most complete over the thicker, northern parts of
the Release Areas, but is expected to be attenuated and
incomplete in the south and west.

The main structural zones of the basin are defined by
halotectonic style, with salt mobilisation occurring
during several tectonic episodes, principally the mid-
Neoproterozoic (correlated with the Areyonga Movement
of the Amadeus Basin) and the latest Neoproterozoic
to early Cambrian (Petermann/Paterson Orogeny)
(Simeonova and Iasky, 2005). Four distinct structural
zones (Figs 2 and 4) are present in the main part of the
basin in WA: a Marginal Overthrust Zone along the
northeastern margin of the basin adjacent to the basement
Musgrave Province, an adjoining Salt-ruptured Zone, a
central Thrusted Zone, and a thin Western Platform Zone
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Figure 1.

Regional map of the western Officer Basin showing the location of State Acreage Release Areas L12-3 to L12-5
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Figure 2. Detailed map of the central part the western Officer Basin showing tectonic zones, petroleum exploration wells,
seismic lines, and the location of State Acreage Release Areas L12-3 to L12-5. Boundaries of structural zones are
approximate only; see Simeonova and lasky (2005) for details
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(Simeonova and lasky, 2005). A large part of the combined
Release Areas lies over the Western Platform Zone, with
the Thrusted Zone and Salt Ruptured Zone present in the
northern parts of L12-4 and L12-5. A small area of the
Marginal Overthrust Zone is present at the northern end
of L12-5 (Fig. 2).

Petroleum exploration history
of State Acreage Release Areas
L12-3,L12-4 and L12-5

The first petroleum exploration in the Release Areas
involved limited seismic acquisition in the 1960s by Hunt
Oil Company. This program culminated in the drilling of
four stratigraphic wells, Browne 1 and 2, and Yowalga 1,
to the north of L12-4, and Lennis 1 in L12-5 (Hunt Oil
Company, 1965). Browne | and 2 encountered minor oil
and gas shows in the Browne Formation. A second phase
of exploration was undertaken by Shell Company of
Australia, commencing in the early 1980s. Shell acquired
a sparse seismic grid across the northern halves of L12-4
and L12-5, and the northeastern corner of L12-3. The
program culminated in the drilling of three exploration
wells, of which Kanpa 1/1A was within L12-4. This well
encountered a minor oil show in the Steptoe Formation
and located three potential source intervals in the Browne
Formation (Shell Company of Australia, 1983). Japan
National Oil Corporation held a Special Prospecting
Authority (SPA) over a large area of the Officer Basin,
including northern parts of the Release Areas, in 1995-96.
The company aquired a high resolution aeromagnetic
survey, reprocessed 50 key seismic lines (2165 line-km),
and analysed existing drill cuttings for source rock
potential and maturation history (Japan National Oil
Corporation, 1997).

The area has also been studied by State and Federal
Government agencies. The Bureau of Mineral Resources
(BMR; now Geoscience Australia) drilled a number of
shallow stratigraphic holes across the area in the early
1970s (Jackson and van der Graaff, 1981), and the
Geological Survey of Western Australia (GSWA) drilled
a deep stratigraphic hole, Empress 1/1A in L12-3 in 1997
(Stevens and Apak, 1999). This hole provides a complete
cored stratigraphic section through the basin succession,
terminating in a late Mesoproterozoic basin beneath. A
deep crustal seismic line, sponsored in part by Geoscience
Australia and GSWA, was shot along the Great Central
Road in 2011. A preliminary interpretation of this line,
which crosses L.12-3 and L12-4, is due for release at the
2012 APPEA Conference.

There has also been sparse mineral exploration through
the area, which provides some additional data of relevance
to hydrocarbon prospectivity. Of greatest significance is
WMC NJD 1, drilled about 9 km southwest of L12-3 in
1981 (Hocking et al., 2002). Although the Neoproterozoic
succession is thin and shallow at this location, the core
displayed oil staining and excellent source rock potential
was identified in a thin interval of shaly siltstone near the
base of the Neoproterozoic succession (probably in the
lowermost Kanpa Formation).

Summary of petroleum
prospectivity in State Acreage
Release Areas L12-3, L12-4
and L12-5

The petroleum prospectivity of the western Officer Basin
has previously been discussed by Perincek (1998), Ghori
(1998, 2002, 2007), Carlsen et al. (1999, 2003), Apak and
Moors (2000), Apak et al. (2002), D’ Ercole et al. (2005),
and Simeonova and lasky (2005). Based on these studies,
the prospectivity of the Release Areas is largely restricted
to the early to middle Neoproterozoic Buldya Group,
although it is also possible that hydrocarbons sourced in
that group may migrate to traps higher in the stratigraphy.
There is also the possibility that hydrocarbons could be
sourced from underlying (probably Mesoproterozoic)
basins, although the geology of such basins is very poorly
known. Although hydrocarbon shows have been small,
the Neoproterozoic of the western Officer Basin shows
similarities to Neoproterozoic Basins overseas with
commercial hydrocarbon accumulations, such as those
in Oman and Russia (Ghori et al., 2009). As part of the
former Centralian Superbasin, the succession is also very
similar to the nearby Amadeus Basin, which has recorded
more significant Neoproterozoic oil and gas occurrences,
including the subeconomic Dingo gasfield.

Potential source rocks have been identified within the
Browne, Kanpa, and Hussar Formations. If the richest
of these, that identified in WMC NIJD 1, thickens and
extends into deeper and more mature locations within
the Release Areas, it has potential to source significant
volumes of hydrocarbons. Potential sandstone reservoirs
with porosities greater than 20% and permeabilities
ranging from hundreds of millidarcies to more than one
darcy, are present at several levels, particularly in the
Hussar Formation. Halite in the Browne Formation,
intraformational shales at higher levels in the Buldya
Group, and glacial diamictite overlying the Buldya Group
offer potential seals. The presence of salt is particularly
significant as halotectonic activity has resulted in wide
range of possible trapping configurations (Fig. 4).
Movement of salt during the Neoproterozoic produced two
laterally persistent structural domains: the Salt-ruptured
and Thrusted Zones which cross the northern part of the
release areas. Japan National Oil Company (1997) mapped
numerous structural leads within these zones, some of
which extend into the far northern part of L12-4 (Fig. 5).

The widespread, though minor, hydrocarbon shows in
wells across the western Officer Basin (including Kanpa
1/1A in L12-4) indicate that at least small volumes of
hydrocarbons have been generated and have migrated
through the system. Maturity modelling suggests that the
most significant hydrocarbon traps formed before most
of the potential source rocks entered the oil window, and
much of the prospective section within the thicker parts
of the western Officer Basin remains in the oil-maturation
window today (Ghori, 1998, 2002). The northeastern
third of the Release Areas (north and east of the Western
Platform Zone) is likely to be more prospective due
to somewhat thicker successions and more extensive
halotectonic structuring; a region that also coincides with
most of the existing seismic and other exploration data.



Geology and petroleum prospectivity of State Acreage Release Areas L12-3, L12-4 and L12-5, Officers Basin, Western Australia

Western Officer Basin Central Officer Basin
(Gibson-Yowalga) | (Lennis—Waigen)

400
Devonian B <?_ e >

Wanna Fm.

Ma Age NW Paterson Orogen NW Officer Basin (Savory)

Silurian

450 : : ; !
C Lennis Formation| , 2 >

Ordovician

Gunbarrel Basin in
Western Australia

(K—Ar)yr
Table Hill Volcanics Y

500 —

Disappointment - (U-Pb)x

Group Vines Formation

Cambrian
Durba Sandstone

L Woora Woora Formation
<

550 < } McFadden Formation @ Lungkarta Formation >

Tchukardine Formation unnamed sandstone

Boondawari
Formation

600 @ _ Wahigu Formation >

Ediacaran

“Weedy
(K—Ar) basalt

650 | — % (U-Pb) /

?

% Pirrilyungka
700 4 N P Fm. é '
Lamil Group
o
o Broadhurst Steptoe Formation‘ F ()
w Formation —
5 ¢ \n Wilki Fm. (U-Pb)%
E < Puntapuntal
750 4 O g /‘T\ Fm. Kanpa Formation oo
w2 W ~Malu Fm) nnamed ss)
z = Ss. Isdell o
o Formation 3 -
Keene Basalt @ Jima Fm.
Nooloo Fm. ﬁ ’ ’
800 — Wongarlong Fm: é‘
Yandanunyah Fm. Skates Hills ‘@ Hussar Formation @ |@
Brownrigg Fm. $ Choorun € Mundadjini Formation
Fm. Waters | & o Formation : :
Waroongunyah Fm. Fm. 23 Browne Formation .G..O. @ Browne Formation
850 Gunanya Ss.
b and Karara Fm. i
) Lefroy Formation Townsend Quartzite
S Tarcunyah Group Watch Point and
z Coondra Formations
i)
900 ~ARGaaa 06.03.12
@ Source @ Oil show Cgl. Conglomerate
@ Reservoir O Gas show Fm. Formation
@ Seal @ Oil and gas show Ss. Sandstone

Figure 3. Simplified stratigraphy and petroleum systems of the Officer Basin (modified after Grey et al., 2005 and Haines
et al., 2008). The western and central Officer Basin columns are of most significance to the Release Areas.

Lungkarta Formation

Wahlgu Formation
y;

I:I Sr?géggigte%y rocks 1 normal fault trap 8 stratigraphic facies-change trap
2 drag fold on a salt-lubricated thrust 9 erosional channel filled by reservoir sands that
Leached zone 3 drape over a salt-movement high are sealed by a transgressive seal
4 tilted salt-abutment trap 10 isolated offshore sandbar within shale or carbonate rocks
EI Karsting 5 salt-wall abutment trap 11 fractured carbonate rocks in a flexured area
6 leached-zone porosity enhancement in 12 fractured carbonate rocks in a fault zone
\\ Faulting sands and carbonate rocks 13 possible compressional folding proximal to
wannan - Unconformity 7 stratigraphic pinchout trap the Musgrave Province thrusts
NA75b 06.03.12

Figure 4. Schematic cross section showing play types relevant to the Release Areas (after Apak et al., 2002). Play type
13 is off section



Haines

A U N3 T
\ 128°00 \ % 127°00'
\ \ A
\ ¢ A CANNING BASIN
\ BMR
\ \ @ Browne 1 \
\ . K
5 \ \
\ ‘O Q \
\ .
\ O
\ N
. S
\ )’3,0 3 Browne 1 g
y G N\
— 26°00' \ G"éo Q% Browne 2 ® . I\gg%(\;l IF:\I%I;
Lun‘gkarta 1 % R N\, N
D RN S 3o,
\ (J .\Q Yowalga 3 X
\\ YYowalga 1 an/c_ig =
, p\N 7e0
\ &> % 80
\, Q N W %
b .T' ﬁ(/
\’\ 2 > Q\\y %, .
'Y O ([ N )(’\ ’00 ~ ~
% Kanpa 1A /' ~, N S~
‘~~ /’\/ N, Oo
.\O AN ~ (J
~\ é&Q‘ *y N,
BMR S\ \.\
Yowalga 4 : N
o/ '\, N
GSWA |~ 2N N,
e Empress < ‘N GUNBARREL BASIN .
- 27700 1A . over | MO
OFFICER BASIN Q0 i
BMR < .
BIVIHWestwood 1 0@’ \,\ \.\
u () _ . 5
Westwood 2 L12-3 » L12-4 \'\, \\
A, . KN
% Lennis\T\ L12-5 2N
) ® . .
7 s \,
% S \
o .
% See
.,
N,
1 | S
PWH113 26.03.12
| 50 km |
Phanerozoic and .
Neoproterozoic basins Basin boundary
I:I Precambrian basement Zone boundary

Road

L12-3] Acreage Release Area Seismic line

<  Structural lead
Y Well

Figure 5. Distribution of structural leads extending into the northern part of L12-4 (after Japan National Oil
Company, 1997). Boundaries of structural zones are approximate only; see Simeonova and lasky (2005)
for details



Geology and petroleum prospectivity of State Acreage Release Areas L12-3, L12-4 and L12-5, Officers Basin, Western Australia

uonelodio) Buuly uielsap JNM elep oN -

P ‘elensny jo Auedwo |jBys [EIS] pauopueqe pue pabbnid v8d

Auedwo) 110 unH uny ojoy oiydeibiens H1s

BlfelsNY UIBISeM Jo Aoning [eolbojos YMSD Yeopiim piel meN MdN

$80IN0SeY [BIBUIN JO NEBING HINg Buiusnq Aljex woay yidep fejoL aL  :S3LON

Jood Jood 1-086} IEEIS) v8d M4N 0lozolsjoid G96LYy L1¥6916°GCH 188¥6¥1°9¢- € ebjemop
Jed - 1861 ONM ved [eJaUIN ol0zosejoidossN, LE°L1S ccole el 1681182 L ArN OAM
IIN IIN G961 uny v3d H1S ueLqwe) GlL9 g9zt €682 L2- I sluue
Jood I'IN €-2861 I’ys v8d M4N 0lozolsoid €08¢€ 8G1/519'GCl 29989¢5°'9¢- V1/1 eduey
IIN IIN 1661 VYMSD v8d SHES) ol0zossjoidosa|y 9've9l 90€18S1'GCl Gcees0'Le V1/1L sseidwg YMSD
1004 1004 G961 unHy ved ISHES) ueliquedald 9'c6c 8698€96'GCH 61961£6°'GC- ¢ dumoig
lood lood G961 wunH v3d H1s uelquedaId /8¢ 6£10918°G2l 220058 'Ge- | sumoig
- - cl6l HINg v8d SHES) uelulisd 16°cy c¢cllle9'act 2¢9¢0€€e8'9¢- ¥ eBlemoA HiNg
I'N I'N cl6l dINg v8d SHES) 0l0zoJsj0.d g'lok VI8ELLL Vel ¥65980¢} LS~ ¢ POOMISSM HING
I'IN I'N cl6l diNg v3R8d dls 0l0zoJ8j0id €°G8 6C1/618v¢cl GGE9EV0 LC- | POOMISOM HING
I'IN I'N cl6l HINg v8d d1s uenque) cl'861 /81.60¥'vCl ov/L6LLC LS | l18ss0IyL HING
I'IN I'IN cl6l HINg v38d [SHES uelwisd 1'8€ ¥98€12¢8'Gcl £€991°8¢- € 9[edN HINg
- - cl6l HINg v8d d1s uelulisd 8L YE6€1LL°GC) 68€€56/.'8¢- ¢ 9eaN dINg
I'N I'N cl6l dNg ved SHES) 0l0zolsj0id G/'S0¢ ¥02.¥v6°9CH 82€9€0€'8¢- gl-VI 9[eaN HINg
m\_\_omw, m\_\_mww Jegf  Jojesedo smejs sse|D dl e eby (w)ai (3) epnybuo] (S) epnuze aweN [[em

‘syiodal uonejdwos [j|am pue (SINIdYM) walsAS Juswabeueyy UoBWION| [BWIBYI09K) PUB WNajo11ed UBljellsny UISISaA\ WOy pajoelixe ejeq
‘G-Z11 PuUe p-g11 ‘g-g 1 Seely asesjay abealoy alels o} Juadelpe ssjoy [|1Ip [eJaUIW pue S||oM 199|aS pue ‘ulyum sjiam oiydesbijesis pue uonelojdxs wnsjosed | 9|qel



Haines

Conclusions

State Acreage Release Areas L12-3, L12-4 and L12-5
lie in the remote and poorly unexplored western Officer
Basin. Known prospectivity is largely restricted to the
early to middle Neoproterozoic Buldya Group, which
has at least local source potential and is associated with
minor oil and gas shows in a number of wells and mineral
exploration drill holes, including Kanpa 1/1A within
L12-4. A cored mineral exploration drill hole, WMC
NID 1, sited just outside L12-3, displayed minor oil
shows and an interval, probably in the lowermost Kanpa
Formation, with excellent source potential. The Buldya
Group contains a lower salt unit in the Browne Formation,
responsible for extensive halotectonic structuring within
the thicker sedimentary succession in the northeastern
part of the combined Release Areas. Existing seismic data
in this area is mostly sparse, but has been used to map a
number of structural leads at the northern end of L12-4.
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